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. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not
mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
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intellectual property rights.
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MICROCHIP

PIC16F193X/LF193X

28/40/44-Pin Flash-Based, 8-Bit CMOS Microcontrollers

Devices Included In This Data Sheet:
PIC16F193X Devices:

+ PIC16F1933 + PIC16F1934
+ PIC16F1936 + PIC16F1937
+ PIC16F1938 + PIC16F1939

PIC16LF193X Devices:

+ PIC16LF1933 + PIC16LF1934
+ PIC16LF1936 * PIC16LF1937
+ PIC16LF1938 + PIC16LF1939

High-Performance RISC CPU:

* Only 49 Instructions to Leamn:
- All single-cycle instructions except branches
* Operating Speed:
- DC - 32 MHz oscillator/clock input
- DC - 125 ns instruction cycle
» Up to 16K x 14 Words of Flash Program Memory
» Up to 1024 Bytes of Data Memory (RAM)
* Interrupt Capability
» 16-Level Deep Hardware Stack
+ Direct, Indirect and Relative Addressing modes
* Processor Read Access to Program Memory
* Pinout Compatible to other 28/40-pin PIC16CXXX
and PIC16FXXX Microcontrollers

Special Microcontroller Features:

* Precision Internal Oscillator:
- Factory calibrated to £1%, typical
- Software selectable frequency range from
32 MHz to 31 kHz
» Power-Saving Sleep mode
* Industrial and Extended Temperature Range
» Power-on Reset (POR)
» Power-up Timer (PWRT) and Oscillator Start-up
Timer (OST)
» Brown-out Reset (BOR)
- Selectable between two trip points
- Disable in Sleep option
» Multiplexed Master Clear with Pull-up/Input Pin
* Programmable Code Protection
» High Endurance Flash/EEPROM cell:
- 100,000 write Flash endurance
- 1,000,000 write EEPROM endurance
- Flash/Data EEPROM retention: > 40 years
» Wide Operating Voltage Range:
- 1.8V-5.5V (PIC16F193X)
- 1.8V-3.6V (PIC16LF193X)

Low-Power Features:

+ Standby Current:
- 100 nA @ 2.0V, typical (PIC16LF193X)
» Operating Current:
- 6.0 pA @ 32 kHz, 2.0V, typical (PIC16LF193X)
- 54 pA @ 1 MHz, 2.0V, typical (PIC16LF193X)
» Low-Power Watchdog Timer Current:
- 1.0 pA @ 2.0V, typical (PIC16LF193X)

Peripheral Features:

» Up to 35 I/O Pins and 1 Input-only pin:
- High-current source/sink for direct LED drive
- Individually programmable Interrupt-on-pin
change pins
- Individually programmable weak pull-ups
« A/D Converter:
- 10-bit resolution and up to 14 channels
- Can operate during Sleep
- Selectable 1.024/2.048/4.096V voltage
reference
+ Timer0: 8-Bit Timer/Counter with 8-Bit
Programmable Prescaler
» Enhanced Timer1
- Dedicated low-power 32 kHz oscillator
- 16-bit timer/counter with prescaler
- External Gate Input mode with toggle and
single shot modes
- Interrupt-on-gate completion
» Timer2, 4, 6: 8-Bit Timer/Counter with 8-Bit Period
Register, Prescaler and Postscaler
» Two Capture, Compare, PWM Modules (CCP)
- 16-bit Capture, max. resolution 12.5 ns
- 16-bit Compare, max. resolution 200 ns
- 10-bit PWM, max. frequency 20 kHz
» Three Enhanced Capture, Compare, PWM
modules (ECCP)
- Software selectable time-bases
- Auto-shutdown and auto-restart
- PWM steering
» Master Synchronous Serial Port (SSP) with SPI
and 12C™ with:
- 7-bit address masking
- SMBUS/PMBUS™ compatibility
» Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART)
- RS-232, RS 485 and LIN compatible
- Auto-Baud Detect
- Auto-wake-up on start

@ 2008 Microchip Technology Inc.
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PIC16F193X/LF193X

Peripheral Features (Continued):

» SR Latch (555 Timer):
- Multiple Set/Reset input options
* Integrated LCD Controller:
- Up to 96 segments
- Variable clock input
- Contrast control
- Internal voltage reference selections
« 2 Comparators:
- Rail-to-rail inputs/outputs
- Power mode control
- Software enable hysteresis
» Voltage Reference module:
- Fixed Voltage Reference (FVR) with 1.024V,
2.048V and 4.096V output levels
- b-bit rail-to-rail resistive DAC with positive
and negative reference selection

PIC16F193X/LF193X Family Types

Program .
Device M:Ir::l:y EE[I:'T?%M (i;‘:':) I0s 13?[3;" Comparators ;;1“‘;‘_’;"',‘ EUSART M;;?" Elg_:lﬁlp EIEI_::I:fP CCP | LCD
(words) (bytes) (ch) Bridge | Bridge
E:gg[gfg; 4006 | 256 | 256 | 25 | 11 2 4n Yes | Yes 1 2 2 |16a
E:g} g[g?gg 4| 4096 | 256 | 256 | 36 | 14 2 4n Yes | Yes 2 1 2 | 2414
E:gg[g?ggs 8192 256 | 512 | 25 | 11 2 4n Yes | Yes 1 2 2 |16
E:gg[gfgg? 8192 256 | 512 | 36 | 14 2 4n Yes | Yes 2 1 2 | 2414
E:gg[gfggg 16384 | 256 | 1024 | 25 | 14 2 4n Yes | Yes 1 2 2 |16a
E:gg[g?ggg 16384 | 256 | 1024 | 36 | 14 2 4n Yes | Yes 2 1 2 | 2414

Note 1: COM3 and SEG15 share the same physical pin on PIC16F1933/1936/1938/PIC16LF1933/1936/1938, therefore, SEG15 is not
available when using 1/4 multiplex displays.

DS41364A-page 2 Preliminary © 2008 Microchip Technology Inc.



PIC16F193X/LF193X

Pin Diagram — 28-Pin SPDIP/SOIC/SSOP (PIC16F1933/1936/1938, PIC16LF1933/1936/1938)

28-pin SPDIP, SOIC, SSOP

VePIMCLR/RE3 —»[]1 S 28[ ] == RB7/ICSPDAT/ICDDAT/SEG13
SEG12vear@/SSMsrRNQMC20UTIIC12INO/ANO/RAD <=2 27[]=—= RB6/ICSPCLK/ICDCLK/SEG14
SEG7/C12IN1-/AN1/RAT —=—»[]3 26[] == RB5/AN13/CPSSs/P2BICCP3Paamictlicomt
COM2/CVREF/VREF-/C2IN+/AN2/RA2 -4 o 8 25[]=» RB4/AN11/CPS4/P1D/COMO
SEG15/COM3/VREF+CIN+HANY/RA3 =[5 32 »u [] <> RB3/ANY/C12IN2-/CPS3/CCP2(P2AMVLCD3
o o
SEG4/CCPS/SRQITOCKICPS6/CIOUT/RA4 =—=[]6 & §  23[]=» RB2ANS/CPS2P1B/VLCD2
SEGENVCAPDSSI/SRNQIICPSTIC20UTIANARAS «»[]7 S &  22[]—> RB1AN10/C12IN3-/CPS1/P1C/VLCD1
vss —»[]8 8 & 21[]-» RBOUAN12CPSO/CCP4/SRIINT/SEGO
SEG2/CLKINIOSC1/RA7 <»{|9 i & 20[J=<— VoD
SEGINCAPR/CLKOUTIOSC2RAS =—=[[10 & &  19[J=—Vss
PR TI1CKITI0SORCD ==L |11 & &  18[]<=—» RC7/RX/DT/P3B/SEGS
PoAlceP2T10SIIRGT <—»[]12 17[] == RCBTX/CKICCP3MP3AYSEGY
SEG3/P1AICCP1/RC2 ——=] |13 16[ ] <= RC5/SDO/SEG10
SEG6/SCLISCKIRC3 -] 14 15[ ] == RC4/SDI/SDAT1G1SEG11

MNote 1: Pin function is selectable via the APFCON register.
2:  PIC16F193X devices only.
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PIC16F193X/LF193X

Pin Diagram — 28-Pin QFN (PIC16F1933/1936/1938, PIC16LF1933/1936/1938)

28-pin QFN

- RAOAND/C12IND-C20UTN/SRNANES Dy capt@/SEG1 2
—-— RE3MCLRVPP

-—» RB5/AN13/CPS5/P2B Y ceP3MrsaMTicMicomt

-—= RB7/CSPDAT/ICDDAT/SEG13
——= RB6/|CSPCLK/ CDCLK/SEG14
-—» RB4/AN11/CPS4/P1D/COMO

——»-RAT/ANT/C12INI-/SEGT

COM2/CVREF/VREF-/C2IN+/AN2/RA2 - 1

SEG15/COM3/NVREF+C1IN+AN3/RAS <
SEG4/CCP5/SRQITOCKI/CPSE/C10UT/RAS <
SEG5 M vear!2/SSMISRNQICPSTIC20UTANA/RAS ~»

Vss—=| 5
SEG2/CLKIN/OSC1/RAT <a»| 6

SEG1/VcaP2/CLKOUT/OSC2/RAS <] 7

Note 1:
2:

28
27
26
25
24
23
22

|12

I 3PIC16F1933/1936/1938 19 |

| 4PIC16LF1933/1936/193818 |
1

0
1

2
3
4

211
201

71
16 1
151

P28"T1CKIT10SO/RCO =—»| 8
SEGB3/P1A/CCP1/RC2 -—»|
SEG6/SCL/SCKIRC3 —=—» |
SEG11/T1GW/SDA/SDI/RCA <—»|
SEG10/SDO/RCS =—»|
SEGO/P3ANICCPINCK/TX/RCE ~-—a|]

Mp2AMNCCP2IT10SIIRC! w9

Pin function is selectable via the APFCON register.

PIC16F193X devices only.

~—=RB3/AN9/C12IN2-/CPS3/cCP2MP2aMvLCD3
= RB2/ANS/CPS2/P1B/VLCD2

<—» RB1/AN10/C12IN3-/CPS1/P1C/VLCD1

~—»= RBO/AN12/CPS0/CCP4/SRIINT/SEGO

-— VDD

- \/s8

<= RCT/RX/DT/P3BISEGS

DS41364A-page 4
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PIC16F193X/LF193X

TABLE 1 28-PIN SUMMARY (PIC16F1933/1936/1938, PIC16LF1933/1936/1938)
o = @ ‘6 -
AR 2 g i @ a & o a 3 o o
° |=lg| & | & 5 5 g g & 8 S E | 2 2
A S £ & = © > = = g | g @
& -] o S (] i <
RAO | 2 | 27| AND — | C12INOY/ ol — — — ==(1) | SEG1Z | — — Veap )
Co0uT | SRNQ SS
RA1 | 3 |28 AN1 — | c12in1- — — — — — SEGT — — —
RA2 1] ANz | — C2IN+ — — — — — COM2 — — —
VREF- CVREF
RA3 [ 5|2 AN3r | — C1IN+ — — — — — SEG15/ | — — —
VREF+ COM3
Ra4 [6]3] — [ cPse | ciour | SRQ | TocK CCP5 — — SEG4 — — —
RAS | 7| 4| aNg | cPs7 | czouT | sSRNQM — — — el SEG5 — — Veap(@
RA6 [10] 7] — — — — — — — — SEG1 — — 0SC2/
CLKOUT
vcapl@
RA7T |96 ] — — — — — — — — SEG2 — — 0SC1/
CLKIN
RBO |21[18]| AN12 | CPSO — SRI — CCP4 — — SEGD | INT/ Y —
10C
RB1 [22[19] AN10 | CPS1 | C12IN3- — — P1C — — VLCD1 | 10C Y —
RB2 [23[20] Ans | cPs2 — — — P1B — — VLCD2 | 10C Y —
RB3 [24[21] ANg | cPs3 | c12IN2- — — CCPQ[‘:]’I — — VLCD3 | 10C Y —
P24
RB4 [25|22| AN11 | CPS4 — — — P1D — — comMo | 10C Y —
RB5 |26|23| AN13 | CPS5 — — 71610 p2gt — — COM1 10C Y —
ccralty
paall)
RB6 |27|24] — — — — — — — — SEG14 | 10C Y ICSPCLK/
ICDCLK
RB7 |28[25| — — — — — — — — SEG13 | 10C Y ICSPDAT/
ICDDAT
Rco [11|s| — — — — T1080/ | P2BM — — — — — —
T1CKI
RC1 [12] 9] — — — — T1081 | ccr2ly — — — — — —
poall
rRc2 [13[10] — — — — — CCP1/ — — SEG3 — — —
P1A
RC3 [14]1] — — — — — — — | sckiscL| SEG6 — — —
RC4 [15[12] — — — — 11610 — — | SDUSDA | SEGM — — —
RCs [16[13] — — — — — — — SDO | SEG10 | — — —
RC6 |17[14] — — — — — ccra | Txick — SEG9 — — —
paall
rRc7 |18[15] — — — — — P3B RX/DT — SEGS — — —
RE3 [1|26] — — — — — — — — — — Y MCLR/\VPP
VDD 20117 — — — — — J— — — — — _ \/DD
Vss | 8 |5, — — — — — — — — — — — Vs
1916
MNote 1: Pinfunctions can be moved using the APFCON register.

2:  PIC16F193X devices only.
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PIC16F193X/LF193X

Pin Diagram — 40-Pin PDIP (PIC16F1934/1937/1939, PIC16LF1934/1937/1939)

40-Pin PDIP

VPRIMCLR/RES — [ |1 -/ 40[ = RB7/ICSPDAT/ICDDAT/SEG13
SEG12/veari?/5SSRNQM/C20UTIC12INO-/ANO/RAD ~—»-[ |2 39[ > RB6/ICSPCLK/ICDCLK/ISEG14
SEGT/C12IN1/ANT/RAT <-—»{ |3 38| ] RB5/AN13/CPS5/CCPIMPIAMTIGIICOMY
COM2/CVREFIVREF-/C2IN+AN2/RA2 ~a—m=| 4 37[ - RB4/AN11/CPS4/COMO
SEG15/VREF+/C1IN+ANIRAS <a—»] |5 36[ =+ RB3/ANY/C12IN2-/CPS3/CCP2P2ATIVLCD3
SEGA4/SRQITOCKICPSE/C10UT/RA4 <[ |6 35[ |-+ RB2/ANS/ICPS2/VL.CD2
SEGENVcar@ssisrNQY CcPsT/Ic2oUuTI ANA/RAS ..._..[ 7 — 34 ]—q—h— RB1/AN10/C12IN3-/CPS1/VLCD1
sSEG21/CCP3 N p3aAlN ANS/RED -1—--[ g E E 33]-1—> RBO/AN12/CPSO/SRI/INT/SEGO
SEG22/P3B/ANG/RET <—=[ |9 E E._E 32| J— VoD
SEG23/CCP5/ANT/RE2 -a— | 10 E 3 s1[Je—vss
voo —»[|11 2 2 30[ ]« RD7/CPS15/P1D/SEG20
vss —»[]12 2 g 29[ J=-» RDB/CPS14/P1C/SEG19
SEG2/CLKINIOSC1/RA7 <—[[13 = & 28] |=» RDS/CPS13/P1B/SEG1S
SEG1NVCAPICLKOUT/OSC2/RAG ~—m-| | 14 27| |-+ RD4/CPS12/P2D/SEG17
P2BMT1CKIT10SO/RCO <[] 15 26| J=» RC7/RX/DT/SEGS
P2aMiceP2)T10SIRCT <] |16 25| J-» RCBITX/CKISEGY
SEG3/P1AICCP1/RC2 <+ |17 24| ] RC5/SDO/SEG10
SEGB/SCK/ISCLIRC3 =[] 18 23[ J» RC4/SDISDAT1G/SEG11
COM3/CPS8/RD0 ~e—=[ | 19 29[ J=» RD3/CPS11/P2C/SEG16
CCP4/CPSY/RD1 ~a—»| |20 21[ J=> RD2/CPs10/P2B1"

MNote 1: Pin function is selectable via the APFCON register.

2:  PIC16F193X devices only.
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PIC16F193X/LF193X

Pin Diagram — 44-Pin QFN (PIC16F1934/1937/1939, PIC16LF1934/1937/1939)

44-pin QFN

3/CPS 1IP2QE%EG1 5

-— RD2/CPS10/P2B

<—= RC4/SDI/SDAT1GYSEG 11
~—= RD1/CPS9/CCP4

<—= RC3/SCLISCKISEGS

< RC2/CCP1/P1A/SEG3
= RC1T10sI/ccP2Mp2al
~—= RCO/T10SOMICKI/P2BM

-—= RCB/TX/CKISEGY
<— RC5/SDO/SEG10
-—= RDO/CPSB/COM3

®44
43
42
41
40
39
38
37
36
35
34

SEGS/DT/RX/RCT ==
SEG17/P2D/ICPS12/RD4 ——»
SEG18/P1B/CPS13/RD5 ~—» 311 =— Vss
SEG19/P1C/ICPS14/RD6 =—= 30] =— vss
SEG20/P1D/CPS15/RD7 —=—» 15 PIC16F1934/1937/1939 o9 NC
Vss —= 16 p|c16LF1934/1937/193928] <— VDD
VDD — 27| =—= RE2/ANT/CCP5/SEG23
261 == RE1/AN6/P3B/SEG22
25| == RED;AN5;CCP3“lqﬂaAUMSEGm .
<— RA5/AN4/C20UTN/CPS7/SRNQY/SSMveari2SEGS

RAB/OSC2/CLKOUTVcAPZYSEG1
32| =— RAT/OSC1/CLKIN/SEG2

!

BWN =

VDD
SEGO/INT/SRI/CPSO/AN12/RB0 ——»

== (000 =]
-0

VLCD1/CPS1/C12IN3-/AN10/RB1 = 24
VLCD2/CPS2/ANS/RB2 ~=— qummhmmgagim =—= RA4/C10UT/CPS6/TOCKI/SRQ/SEG4

moammhloigm
PpiERiEE
Z soxk52222
< ZzZo0p=EIT <
& 320053223
Z BOPOOEZZRZ
S BB2E>TEQ0
O 5538 Q947
B S R0 =L
© QECC EQ=E
S
T £oa 8 w
o IHH £ S0
o & g Z
= s < 8
= o o
T 2 B
[ =
g =z [

G

=

o

@

L

w

MNote 1: Pin function is selectable via the APFCON register.
2:  PIC16F193X devices only.
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PIC16F193X/LF193X

Pin Diagram — 44-Pin TQFP (PIC16F1934/1937/1939, PIC16LF1934/1937/1939)

Note 1:
2:

44-pin TQFP

SEGS/DT/RX/RCT ==
SEG17/P2D/CPS12/RD4 =»r]
SEG18/P1B/CPS13/RD5 =>L1I]
SEG19/P1C/ICPS14/RD6 <]
SEG20/P1D/CPS15/RD7 <-»r]
VS5 —=17]

VDD —w11]
SEGO/INT/SRI/CPSO/AN12/RB0 ==CII|
VLCD1/CPS1/C12IN3-/AN10/RB1 =-=LTI]
VLCD2/CPS2/ANS/RB2 ==TI|
vLCD3P2AMICccP2()/CPS3/C12IN2-/ANS/RB3 =-=C1T]

NC

== OO =dm Wk =

2=°

044 e RCH/TX/CK/SEGY

42 == RC4/SDI/SDAT1GYSEG 11
41 == RD3/CPS11/P2C/SEGT 6

40 M= RD2/CPS10/P2BM

39 == RD1/CPS9/CCP4

38 == RD0/CPS8/COM3
35t RC1/T10SI/CCP2MP2AlN

34mm

37 == RC3/SCL/SCK/SEGH
36 [T== RC2/CCP1/P1A/SEG3

43 == RC5/SDO/SEG10

33
32
31
30
PIC16F1934/1937/1939 29
PIC16LF1934/1937/1939 %g
26
25
24
73

3
4
5
5
7
8
]

VPPMCLRRES —=Cj

SEG 12 cap@3sisrNGMc2 oUTIN C1 2IND-/AND/RAD <=
SEGT/C12IN1-/AN1T/RAT ==LI120

COMO/CPS4/AN11/RB4 ==
COM 2/CVREFNVREF-/C2IN+AN2/RAZ =121

com1T1GMP3AMY CeP3/CPS5/AN1 3/RBS ~-=-C1
SEG 14/|CDCLK/I CSPCLK/RBE=» CI1]
SEG 13/ICDDAT/|CSPDAT/RB 1M

SEG 15MVREF +C 1IN+HAN3/RA3 ==LCTI{22

Pin function is selectable via the APFCON register.

PIC16F193X devices only.

I NC

= RCOM10S0m1cKIP28!1

[ == RAG/OSC2/CLKOUTNVCAP'YYSEG1
[ == RA7/OSC1/CLKIN/SEG2

] -— V55

I -=— VDD

H <= RE2/AN7/CCP5/SEG23

o «= RE1/ANG/PIB/SEG22

H - REO/ANS/CCP3N/P3A/SEG21

I == RAS/AN4/C20UTICPST/SRNQMSSNear@)SEGS

O == RA4/C10UT/CPSB/TOCKI/SRQ/SEG4
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PIC16F193X/LF193X

TABLE 2: 40/44-PIN SUMMARY(PIC16F1934/1937/1939, PIC16LF1934/1937/1939)
o o = o —
—3 [T -
2885 F | E s s | B s | g |Els s
Q = = c = w 2 - £ Q 5 7] o i = -
= = | E = o = 5] | ] =
o |a| & e £ [ F o = E a o
g|3| 3 o 8 @ =
RAO| 2 [19] 19 | AND C12INO/ a — — ==() | SEG12 | — — Vcap
C20uT | SRNQ 55
RA1| 3 [20] 20 | ANt — | c12IN1- — — — — — SEG7 — — —
RA2| 4 [21] 21 [ AN [ — C2IN+/ — — — — — COM2 — — —
VREF- CVREF
RA3| 5 22| 22 | aN3/ [ — C1IN+ — — — — — SEG15 | — — —
VREF+
Rad| 6 [23] 23 | — [ cpse | clouT SRQ TOCKI — — SEG4 — — —
RA5 | 7 24| 24 | anga | cPs7 | c2ouT | srna™® — — — ssi SEG5 — — Vcap
RA6 |14 [31] 33 | — — — — — — — — SEG1 — — 0SC2/
CLKOUT
Vcap
rRa7 |13 30| 32 | — — — — — — — — SEG2 — — 0SC1/
CLKIN
RBO|33| 8| 9 |[AN12| CPSO — SRI — — — — SEGO | INT/ Y —
l0C
RB1[34| 9| 10 | AN10O| CPS1 | C12IN3- — — — — — VvLCD1 | 10C Y —
RB2|[35[10] 11 | AN8 | cPs2 — — — — — — vLcD2 | 1oc Y —
RB3 |36 11| 12 | AN9 | CPS3 | C12IN2- — — cer2y | — — VLCD3 | I0C Y —
paall)
RB4 |37 [14] 14 | AN11 | CPS4 — — — — — — como | 10C Y —
RB5|38[15| 15 | AN13 | CPS5 — — 716N | cera®y | — — COM1 l1oC Y —
paall
RB6 |39 [16] 16 | — — — — — — — — SEG14 | 10C Y |IcspcLk
ICDCLK
RB7 |40 [17] 17 | — — — — — — — — SEG13 | 10C Y | ICSPDAT/
ICDDAT
RCO|15(32| 34 | — — — — T1080/ | P2 — — — — — —
T1CKI
RC1|16(35| 35 | — — — — T108l | ccp2ll | — — — — — —
p2al
Rc2|17[36] 36 | — — — — — CCP1/ — — SEG3 — — —
P1A
Rc3 |18 37| 37 | — — — — — — — |sckscL| sEcs — — —
RC4 |23 42| 42 | — — — — T161M — — | SDIUSDA | SEGM — — —
RC5|24 [43] 43 | — — — — — — — sDo | sEG10 | — — —
RC6 |25 (44| 44 | — — — — — — TX/ICK — SEG9 — — —
RC7T|26 | 1] 1 — — — — — — RX/DT — SEGS — — —
RDO| 19 [38] 38 | — | crss — — — — — — COM3 — — —
RD1|20 39| 39 | — | cpse — — — CCP4 — — — — — _
RD2|21|40| 40 | — |CPS10 — — — p2gi) — — — — — —
RD3 |22 [41] 41 | — [cPst1 — — — P2C — — SEG16 | — — —
RD4 |27 | 2] 2 — |cps12 — — — P2D — — SEG17 | — — —
RD5|28| 3] 3 — | cPs13 — — — P1B — — SEG18 | — — —
RD6 |29 | 4| 4 — | crs14 — — — P1C — — SEG19 | — — —
RD7|30| 5] 5 — |cPsis — — — P1D — — SEG20 | — — —
REO| 8 [25| 25 | ANS — — — — ccpath — — SEG21 — — —
P3AM
RE1| 9 [26] 26 | AN6 | — — — — P3B — — SEG22 | — — —
RE2|10|27] 27 | AN7 | — — — — CCP5 — — SEG23 | — — —
RE3| 1 18] 18 | — — — — — — — — — — Y | MCLRrvep
voo [11,| 7,78 | — — — — — — — — — — — VoD
32 (28| 28
Vss |12, ] 6, |6,30,] — — — — — — — — — — — Vss
31 29| 31

MNote 1: Pin functions can be moved using the APFCON register.

© 2008 Microchip Technology Inc. Preliminary DS41364A-page 9
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PIC16F193X/LF193X

TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@mail.microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150.
We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:
» Microchip’s Worldwide Web site; http://www.microchip.com

» Your local Microchip sales office (see last page)

» The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

When contacting a sales office or the literature center, please specify which device, revision of silicon and data sheet (include
literature number) you are using.

Customer Notification System

Register on our web site at www.microchip.com/cn to receive the most current information on all of our products.

© 2008 Microchip Technology Inc. Preliminary DS41364A-page 11
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PIC16F193X/LF193X

1.0 DEVICE OVERVIEW

The PIC16F193X/LF193X devices are described within
this data sheet. They are available in 28/40/44-pin
packages. Figure 1-1 shows a block diagram of the
PIC16F193X/LF193X devices. Table 1-1 shows the
pinout descriptions.

FIGURE 1-1: PIC16F193X/LF193X BLOCK DIAGRAM
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Program Counter = 1. RA1
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é Program . RA3
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.y - RE3MCLR
L
Timer0 Timer1 Timer2/4/6 Timer1 Data EEPROM
256 bytes
Comparators CCP4/5 ECCP1/2/3 MSSP Addressable SR Latch LCD
EUSART
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11 Enhanced Mid-range CPU

PIC16F193X/LF193X devices contain an enhanced
mid-range 8-bit CPU core. The CPU has 49
instructions. Interrupt capability includes automatic
context saving. The hardware stack is 16 levels deep
and has Overflow and Underflow Reset capability.
Direct, indirect, and relative addressing modes are
available. Two File Select Registers (FSRs) provide the
ability to read program and data memory.

During interrupts, certain registers are automatically
saved in shadow registers and restored when returning
from the interrupt. This saves stack space and user
code. See Section 4.5 “Context Saving”, for more
information.

1.11 16-LEVEL STACKWITH OVERFLOW
AND UNDERFLOW RESET

The PIC16F193X/LF193X devices have an external
stack memory 15 bits wide and 16 deep. During normal
operation, the stack is assumed to be 16 words deep.
If enabled, a Stack Overflow or Underflow will set the
appropriate bit (STKOVF or STKUNF) in the PCON
register, and cause a software Reset. See section
Section 2.4 “Stack” for more details.

1.1.2 FILE SELECT REGISTERS

There are two 16-bit File Select Registers (FSR). FSRs
can access all file registers and program memory,
which allows one data pointer for all memory. When an
FSR points to program memory, there is 1 additional
instruction cycle in instructions using INDF to allow the
data to be fetched. There are also new instructions to
support the FSRs. See Section2.5 “Indirect
Addressing, INDF and FSR Registers” for more
details.

1.1.3 INSTRUCTION SET

There are 48 instructions for the enhanced mid-range
CPU to support the features of the CPU. See
Section 26.0 “Instruction Set Summary” for more
details.

DS41364A-page 14 Preliminary
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PIC16F193X/LF193X

TABLE 1-1: PIC16F193X/LF193X PINOUT DESCRIPTION

Name Function Input | Output Description
Type Type
RAO/AN0/C12IN0-/c20UT(1) RAO TTL | CMOS | General purpose I/O.
SRNQ(/SSMvearl2SEGT2 ANO AN — | A/D channel 0 input.
C12INO- AN — Comparator C1 or C2 negative input.
C20UT — CMOS | Comparator C2 output.
SRNQ — CMOS | SR Latch inverting output.
SS ST — | Slave Select input.
Vcap Power | Power | Filter capacitor for Voltage Regulator (PIC16F 193X only).
SEG12 — AN LCD Analog output.
RA1/AN1/C12IN1-/SEGT7 RA1 TTL | CMOS | General purpose l/O.
AN1 AN — A/D Channel 1 input.
C12IN1- AN — Comparator C1 or C2 negative input.
SEG7 — AN LCD Analog output.
RA2/AN2/C2IN+/\VVREF-/CVREF/ RA2 TTL | CMOS | General purpose 1/0.
com2 AN2 AN — | A/D Channel 2 input.
C2IN+ AN — Comparator C2 positive input.
VREF- AN — AJD Negative Voltage Reference input.
CVREF — AN | Comparator Voltage Reference output.
CcOom2 — AN LCD Analog output.
RA3/AN3/C1IN+/VREF+/ RA3 TTL | CMOS | General purpose 1/0.
COM3PYSEG15 AN3 AN — | A/D Channel 3 input.
C1IN+ AN — Comparator C1 positive input.
VREF+ AN — AJD Voltage Reference input.
com3B | — AN | LCD Analog output.
SEG15 — AN LCD Analog output.
RA4/C10UT/CPS6/TOCKI/SRQ/ RA4 TTL | CMOS | General purpose 1/O.
CCP5/SEG4 C10UT | — | CMOS |Comparator C1 output.
CPS6 AN — Capacitive sensing input 6.
TOCKI ST — Timer0 clock input.
SRQ — CMOS | SR Latch non-inverting output.
CCP5 ST CMOS | Capture/Compare/PWMS5.
SEG4 — AN LCD Analog output.
RAS5/AN4/C20UT)/CPS7/ RA5 TTL | CMOS | General purpose 1/O.
srRNaM/ssMveard/SEGS AN4 AN — | A/D Channel 4 input.
C20UT — | CMOS | Comparator C2 output.
CPSs7 AN — Capacitive sensing input 7.
SRNQ — CMOS | SR Latch inverting output.
S ST — | Slave Select input.
Vcap Power | Power | Filter capacitor for Voltage Regulator (PIC16F 193X only).
SEGS — AN LCD Analog output.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels 12C™ = Schmitt Trigger input with 1’c
HV = High Voltage XTAL = Crystal levels

Note 1: Pin function is selectable via the APFCON register.

2:  PIC16F193X devices only.

3: PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices only.

4: PORTD is available on PIC16F1934/1937/1939/PIC16LF1934/1937/1939 devices only.
5

RE<2:0> are available on PIC16F1934/1937/1939/PIC16LF 1934/1937/1939 devices only

© 2008 Microchip Technology Inc. Preliminary DS41364A-page 15
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TABLE 1-1: PIC16F193X/LF193X PINOUT DESCRIPTION (CONTINUED)
Name Function Input | Qutput Description
Type | Type
RA6/0SC2/CLKOUT/N AP RAB TTL | CMOS | General purpose I/O.
SEGT 0SC2 — | XTAL | Crystal/Resonator (LP, XT, HS modes).
CLKOUT — CMOS | Fosc/4 output.
\VCAP Power | Power | Filter capacitor for Voltage Regulator (PIC16F 193X only).
SEG1 — AN LCD Analog output.
RAT7/OSC1/CLKIN/SEG2 RAT7 TTL | CMOS | General purpose I/O.
0SsC1 XTAL — Crystal/Resonator (LP, XT, HS modes).
CLKIN | CMOS — External clock input (EC mode).
SEG2 — AN LCD Analog output.
RBO/AN12/CPS0/CCP4/SRIJINT/ RBO TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-change.
SEGO Individually enabled pull-up.
AN12 AN — A/D Channel 12 input.
CPS0 AN — Capacitive sensing input 0.
CCP4 ST CMOS | Capture/Compare/PWM4.
SRI — ST SR Latch input.
INT ST — External interrupt.
SEGO — AN LCD analog output.
RB1/AN10/C12IN3-/CPS1/P1C/ RB1 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-change.
VLCD1 Individually enabled pull-up.
AN10 AN — A/D Channel 10 input.
C12IN3- AN — Comparator C1 or C2 negative input.
CPS1 AN — Capacitive sensing input 1.
P1C — CMOS | PWM output.
VLCD1 AN — LCD analog input.
RB2/ANE/CPS2/P1B/NLCD2 RB2 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
ANS AN — A/D Channel & input.
CPS2 AN — Capacitive sensing input 2.
P1B — CMOS | PWM output.
VLCD2 AN — LCD analog input.
RB3/AN9/C12IN2-/CPS3/ RB3 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-change.
copP2p2avLCD3 Individually enabled pull-up.
AN9 AN — A/D Channel 9 input.
C12IN2- AN — Comparator C1 or C2 negative input.
CPS3 AN — Capacitive sensing input 3.
CCP2 ST CMOS | Capture/Compare/PWM2.
P2A — CMOS | PWM output.
VLCD3 AN — LCD analog input.

Legend: AN = Analog input or output CMOS= CMOS compatible input or output
TTL = TTL compatible input

HV = High Voltage
Note

ST

PIC16F 193X devices only.

OD = Open Drain

= Schmitt Trigger input with CMOS levels 12C™ = Schmitt Trigger input with 12c
XTAL = Crystal

Pin function is selectable via the APFCON register.

levels

PORTD is available on PIC16F1934/1937/1939/PIC16LF1934/1937/1939 devices only.
RE<2:0> are available on PIC16F1934/1937/1939/PIC16LF1934/1937/1939 devices only

1:
2:
3:  PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices only.
4
5

DS41364A-page 16
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PIC16F193X/LF193X

TABLE 1-1: PIC16F193X/LF193X PINOUT DESCRIPTION (CONTINUED)

Name Function Input | Output Description
Type Type
RB4/AN11/CPS4/P1D/COMO RB4 TTL | CMOS | General purpose I/0. Individually controlled interrupt-on-change.
Individually enabled pull-up.
AN AN — AJ/D Channel 11 input.
CPSs4 AN — Capacitive sensing input 4.
P1D — CMOS | PWM output.
COMO — AN LCD Analog output.
RB5/AN13/CPS5/P2B/CCP3 RB5 TTL | CMOS | General purpose I/0. Individually controlled interrupt-on-change.
p3aMT1cicomt Individually enabled pull-up.
AN13 AN — AJ/D Channel 13 input.
CPS5 AN — Capacitive sensing input 5.
P2B — CMOS | PWM output.
CCP3 ST CMOS | Capture/Compare/PWM3.
P3A — CMOS | PWM output.
T1G ST — Timer1 Gate input.
COM1 — AN LCD Analog output.
RB6/ICSPCLK/ICDCLK/SEG14 RB6 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
ICSPCLK ST — Serial Programming Clock.
ICDCLK ST — In-Circuit Debug Clock.
SEG14 — AN LCD Analog output.
RB7/ICSPDAT/ICDDAT/SEG13 RB7 TTL | CMOS | General purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
ICSPDAT ST CMOS | ICSP™ Data I/O.
ICDDAT ST CMOS | In-Circuit Data 1/O.
SEG13 — AN LCD Analog output.
RCO/T10SO/T1CKIP2BM RCO ST | CMOS | General purpose 1/0.
T10S0 XTAL | XTAL | Timer1 oscillator connection.
T1CKI ST — Timer1 clock input.
P2B — CMOS | PWM output.
Rc1/T10siiccp2tpaal RC1 ST | CMOS | General purpose 1/0.
T108I XTAL | XTAL | Timer1 oscillator connection.
CCP2 ST CMOS | Capture/Compare/PWM2.
P2A — CMOS | PWM output.
RC2/CCP1/P1A/SEG3 RC2 ST CMOS | General purpose /0.
CCP1 ST CMOS | Capture/Compare/PWM1.
P1A — CMOS | PWM output.
SEG3 — AN LCD Analog output.
RC3/SCK/ISCL/SEGH RC3 ST CMOS | General purpose /0.
SCK ST CMOS | SPI clock.
SCL 1’c OD |I’C™ clock.
SEG6E — AN LCD Analog output.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels 12C™ = Schmitt Trigger input with 1’c
HV = High Voltage XTAL = Crystal levels

Note

PIC16F 193X devices only.

Pin function is selectable via the APFCON register.

PORTD is available on PIC16F1934/1937/1939/PIC16LF1934/1937/1939 devices only.
RE<2:0> are available on PIC16F1934/1937/1939/PIC16LF 1934/1937/1939 devices only

1

2:

3:  PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices only.
4:

5

@ 2008 Microchip Technology Inc.
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TABLE 1-1: PIC16F193X/LF193X PINOUT DESCRIPTION (CONTINUED)

Name Function Input | Qutput Description
Type | Type
RC4/SDI/SDAT1GT/SEG11 RC4 ST | cMOS | General purpose I/0.
SDI ST — SPI data input.
SDA 1’c OD |I2C™ data input/output.
TG ST — Timer1 Gate input.
SEG11 — AN LCD Analog output.
RC5/SDO/SEG10 RCS ST CMOS | General purpose I/O.
SDO — CMOS | SPI data output.
SEG10 — AN LCD Analog output.
RCB/TX/CK/CCP3/P3A/SEGY RC6 ST CMOS | General purpose /0.
™ — CMOS | USART asynchronous transmit.
CK ST CMOS | USART synchronous clock.
CCP3 ST CMOS | Capture/Compare/PWM3.
P3A — CMOS | PWM output.
SEGY — AN LCD Analog output.
RC7/RX/DT/P3B/SEGS RC7 ST CMOS | General purpose /0.
RX ST — USART asynchronous input.
DT ST CMOS | USART synchronous data.
P3B — CMOS | PWM output.
SEGS — AN LCD Analog output.
RDOW/CPS8/COM3 RDO ST | CMOS | General purpose I/0.
CPS8 AN — Capacitive sensing input 8.
COM3 — AN LCD analog output.
RD1@cPs9/ccP4 RD1 ST | cMOS | General purpose 1/0.
CPS9 AN — Capacitive sensing input 9.
CCP4 ST CMOS | Capture/Compare/PWM4.
RD2¥/CPS10/P2B RD2 ST | cMOS | General purpose 1/0.
CPS10 AN — Capacitive sensing input 10.
P2B — CMOS | PWM output.
RD3™/CPS11/P2C/SEG16 RD3 ST | CMOS | General purpose I/0.
CPS1 AN — Capacitive sensing input 11.
P2C — CMOS | PWM output.
SEG16 — AN LCD analog output.
RD44)/CPS12/P2DISEG17 RD4 ST | CMOS | General purpose I/O.
CPS512 AN — Capacitive sensing input 12.
P2D — CMOS | PWM output.
SEG17 — AN LCD analog output.
RD5(4)/CPS13/P1B/SEG18 RD5 ST | CMOS | General purpose I/0.
CPS513 AN — Capacitive sensing input 13.
P1D — CMOS | PWM output.
SEG18 — AN LCD analog output.
Legend: AN = Analog input or output CMOS= CMOS compatible input or output OD = Open Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels 12C™ = Schmitt Trigger input with 12c
HV = High Voltage XTAL = Crystal levels

Note 1: Pin function is selectable via the APFCON register.

2:  PIC16F193X devices only.

3:  PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices only.

4: PORTD is available on PIC16F1934/1937/1939/PIC16LF1934/1937/1939 devices only.
5

RE<2:0> are available on PIC16F1934/1937/1939/PIC16LF1934/1937/1939 devices only
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TABLE 1-1: PIC16F193X/LF193X PINOUT DESCRIPTION (CONTINUED)
Name Function Input | Output Description
Type | Type
RD6M/CPS14/P1CISEG19 RD6 ST | CMOS | General purpose 1/0.
CPS14 AN — Capacitive sensing input 14.
P1C — CMOS | PWM output.
SEG19 — AN LCD analog output.
RD7/CPS15/P1D/SEG20 RD7 ST | CMOS | General purpose 1/O.
CPS15 AN — Capacitive sensing input 15.
P1D — CMOS | PWM output.
SEG20 — AN LCD analog output.
RE0B)ANS/P3AMN/CCP3) REO ST | CMOS | General purpose /0.
SEG21 AN5 AN — | A/D Channel 5 input.
P3A — CMOS | PWM output.
CCP3 ST CMOS | Capture/Compare/PWM3.
SEG21 — AN LCD analog output.
RE1)/AN6/P3B/SEG22 RE1 ST | CMOS | General purpose 1/0.
ANBG AN — A/D Channel 6 input.
P3B — CMOS | PWM output.
SEG22 — AN LCD analog output.
RE2)AN7/CCP5/SEG23 RE2 ST | CMOS | General purpose 1/0.
ANT AN — AJ/D Channel 7 input.
CCP5 ST CMOS | Capture/Compare/PWMS5.
SEG23 — AN LCD analog output.
RE3/MCLR/NPP RE3 TTL — General purpose input.
MCLR ST — Master Clear with internal pull-up.
VPP HV — Programming voltage.
VDD VDD Power — Positive supply.
Vss Vss Power — Ground reference.

Legend: AN = Analog input or output CMOS= CMOS compatible input or output
TTL = TTL compatible input

HV = High Voltage
Note

ST

PIC16F 193X devices only.

OD = Open Drain

= Schmitt Trigger input with CMOS levels 12C™ = Schmitt Trigger input with 1’c
XTAL = Crystal

Pin function is selectable via the APFCON register.

levels

PORTD is available on PIC16F1934/1937/1939/PIC16LF1934/1937/1939 devices only.
RE<2:0> are available on PIC16F1934/1937/1939/PIC16LF 1934/1937/1939 devices only

1:
2:
3: PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices only.
4
5

@ 2008 Microchip Technology Inc.
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2.0 MEMORY ORGANIZATION

21 Program Memory Organization

The enhanced mid-range core has a 15-bit program
counter capable of addressing 32K x 14 program
memory space. Table 2-1 shows the memory sizes
implemented for the PIC16F193X/LF193X device family.
Accessing a location above these boundaries will cause
a wrap-around within the implemented memory space.
The Reset vector is at 0000h and the interrupt vector is
at 0004h (see Figures 2-1, 2-2 and 2-3).

TABLE 2-1: DEVICE SIZES AND ADDRESSES

Device Program Memory Space (Words) Last Program Memory Address
PIC16F1933/PIC16LF1933 4,096 OFFFh
PIC16F1934/PIC16LF 1934 4,096 OFFFh
PIC16F1936/PIC16LF1936 8,192 1FFFh
PIC16F1937/PIC16LF1937 8,192 1FFFh
PIC16F1938/PIC16LF1938 16,384 3FFFh
PIC16F1939/PIC16LF 1939 16,384 3FFFh

@ 2008 Microchip Technology Inc.
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FIGURE 2-1:

PROGRAM MEMORY MAP

AND STACK FOR THE
PIC16F1933/PIC16LF1933/

FIGURE 2-2:

PROGRAM MEMORY MAP

AND STACK FOR THE
PIC16F1936/PIC16LF1936/
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FIGURE 2-3: PROGRAM MEMORY MAP

AND STACK FOR THE
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211 READING PROGRAM MEMORY AS
DATA

There are two methods of accessing constants in pro-
gram memory. The first method is to use tables of
RETLW instructions. The second method is to set an
FSR to point to the program memory.

2111 RETLW Instruction

The RETLW instruction can be used to provide access
to tables of constants. The recommended way to create
such a table is shown in Example 2-1.

EXAMPLE 2-1: RETLW INSTRUCTION

constants
brw
retlw DATAL
retlw DATRZ
retlw DATA3
retlw DATR4

my function
;.. LOTS OF COLE..
movlw DATZ INDEX
call constants
;.. THE CONSTANT IS IN W

The BRW instruction makes this type of table very sim-
ple to implement. If your code must remain portable
with previous generations of microcontrollers, then the
BRW instruction is not available so the older table read
method must be used.

21.1.2 Indirect Read with FSR

The program memory can be accessed as data by set-
ting bit 7 of the FSRxH register and reading the match-
ing INDFx register. The MOV IW instruction will place the
lower 8 bits of the addressed word in the W register.
Writes to the program memory cannot be performed via
the INDF registers. Instructions that access the pro-
gram memory via the FSR require one extra instruction
cycle to complete. Example 2-2 demonstrates access-
ing the program memory via an FSR.

EXAMPLE 2-2: ACCESSING PROGRAM
MEMORY VIA FSR

bsf FSR1H,7
moviw 0[INDF1]
; THE PROGRAM MEMCRY IS IN W

@ 2008 Microchip Technology Inc.
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2.2 Data Memory Organization

The data memory is partitioned in up to 32 memory
banks with up to 128 bytes in a bank. Each bank
consists of 12 core registers, 20 Special Function
Registers (SFR), 16 common registers, and up to 80
bytes of General Purpose Registers (GPR). The active
bank is selected by writing the bank number into the
Bank Select Register (BSR). Unimplemented memory
will read as ‘0". All banks contain the core SFRs and
common registers. Unimplemented SFRs or GPRs will
read as ‘0. All data memory can be accessed either
directly (via instructions that use the file registers) or
indirectly via the two File Select Registers (FSR). See
Section 2.5 “Indirect Addressing, INDF and FSR
Registers” for more information.

221 GENERAL PURPOSE REGISTER
FILE

The general purpose register file is an 8-bit RAM
memory for use by your application. There are up to
80 bytes of GPR in each data memory bank.

222 SPECIAL FUNCTION REGISTER

The Special Function Registers are registers used by
the application to control the desired operation of
peripheral functions in the device. The Special Function
Registers can be classified into two sets: core and
peripheral. The Special Function Registers associated
with the “core” are described in the following sections.
The registers associated with the operation of the
peripherals are described in the appropriate peripheral
chapter of this data sheet.
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PIC16F193X/LF193X

TABLE 2-10: PIC16F1933/1936/1938 TABLE 2-11: PIC16F1934/1937/1939
MEMORY MAP, BANK 15 MEMORY MAP, BANK 15
Bank 15 Bank 15
791h LCDCON 791h LCDCON
792h LCDPS 792h LCDPS
793h LCDREF 793h LCDREF
794h LCDCST 794h LCDCST
795h LCDRL 795h LCDRL
796h — 796h =
797h = 797h =
798h LCDSED 798h LCDSED
799h LCDSE1 795h LCDSE1
79Ah — 79Ah LCDSE2
79Bh — 79Bh =
79Ch = 79Ch =
79Dh — 79Dh =
79Eh = 79Eh =
79Fh = 79Fh =
7A0h LCDDATAOD 7A0h LCDDATAD
7A1h LCDDATA1 7A1h LCDDATA1
7AZh — 7A2h LCDDATA2
7A3h LCDDATA3 7A3n LCDDATAS
7A4h LCDDATA4 TA4h LCDDATA4
7A5h — 7A5h LCDDATAS
7A6h LCDDATAG ;ﬁ?: ‘8%3?—-13?
TATh LCDDATA7 ZA%h [CDDATAS
TA8h — 7ASh LCDDATAS
7ASh LCDDATAS 7AAR LCDDATA10
TAAR LCDDATA10 7ABh LCDDATA11
TABh — 7ACh =
7ACh — 7ADh _
7ADh — TAEh —
TAEh — 7AFh _
7AFh = 7B0h _
7B0h — 7B1h _
7B1h — 7B2h _
782h — 7B3h =
7B3h — 7B4h =
7B4h — 7B5h —
7B5h — 7B6h _
7B6h = 7B7h _
7B7h — 7B8h
7B8h
Unimplemented
Unimplemented Read as ‘0’
Read as "0’
7EFh
7EFh . —1Ini ;
Legend: = Unimplemented data memory locations,
Legend: = Unimplemented data memory locations, read as "0".
read as ‘0’
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PIC16F193X/LF193X

TABLE 2-12: PIC16F193X/LF193X MEMORY
MAP, BANK 31
Bank 31

F8Ch

Unimplemented

Read as ‘0’
FE3h
FE4h STATUS_SHAD
FE5h WREG_SHAD
EE6h BSRE_SHAD
FETh PCLATH_SHAD
FE&h FSROL_SHAD
FESh FSROH_SHAD
FEAh FSR1L_SHAD
FEEh FSR1H_SHAD
FECh —
FEDh STKPTR
FEEh TOSL
FEFh TOSH
Legend: = Unimplemented data memory locations,

read as ‘0"
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PIC16F193X/LF193X

TABLE 2-13: SPECIAL FUNCTION REGISTER SUMMARY

Address [ Name Bit7 Bit6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 F‘,’g";‘,"a"gﬁ Va:cl:h‘:: !

esets
Bank 0
000h(2 INDFO Addressing this location uses contents of FSROH/FSROL to address data memory HAUMH HHHK | HHHH HHHK
(not a physical register)
001h@ INDF1 Addressing this location uses contents of FSR1H/FSR1L to address data memory HAUMH HHHK | HHHH HHHK
(not a physical register)
002h@  |PCL Program Counter (PC) Least Significant Byte 0000 0000|0000 0000
003n®  |sTATUS — | - 1T = T0 PD z DC C |1 1000]—g quuu
004h@  |FSROL Indirect Data Memory Address 0 Low Pointer 0000 0000 |uuuu uuuu
005h@  |FSROH Indirect Data Memory Address 0 High Pointer 0000 0000|0000 0000
006h@  |FSRIL Indirect Data Memory Address 1 Low Pointer 0000 0000 |uuuu uuuu
007h@  |FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000|0000 0000
0osh® [BsR — — | — | esra | BSR3 | BSR2 | BSR1 | BSRO |--—-0 000o|---0 0000
009h®d  |WREG Working Register 0000 0000 |uuuu uuuu
00AR": 2 | PCLATH — Wite Buffer for the upper 7 bits of the Program Counter -000 0000|-000 0000
008h? [INTCON GIE PEE | T™RoE [ INTE | 1ociE | TMROF | INTF | 10CIF [0000 00ox[o000 ooou
00Ch PORTA PORTA Data Latch when written: PORTA pins when read UM HHEX | UUUU uuuu
00Dh PORTB PORTB Data Latch when written: PORTB pins when read UM HHEX | UUUU uuuu
00Eh PORTC PORTC Data Latch when written: PORTC pins when read UM HHEX | UUUU uuuu
00Fht?  [PORTD PORTD Data Latch when written: PORTD pins when read xxxx xxxx | Guun uuuu
010h PORTE — — — — RE3 rRe2®) | RE1® | REOP |- socex|-—-- uuuu
011h PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF |0000 0000|0000 0000
012h PIR2 OSFIF C2IF C1IF EEIF BCLIF LCDIF — CCP2IF |0000 00-0|0000 00-0
013h PIR3 — CCP5IF CCP4IF CCP3IF TMR6IF — TMR4IF — -000 0-0-|-000 0-0-
014h PIR4 Unimplemented — —
015h TMRO Timer0 Module Register EHHM XXMM | uuuu uuuu
016h TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXX HHXK | UULL Tuuu
017h TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXX HHXK | UULL Tuuu
018h T1CON TMR1CS1| TMR1CS0 | TICKPS1 | TICKPSO | T1IOSCEN | T1SYNC — TMR1ON | 0000 00-0|uuuu uu-u
019h T1GCON TMR1GE | T1GPOL T1GTM T1GSPM T%gga’ T1GVAL | T1GSS1 | T1GSS0 0000 0x00|uuuu uxuu
01Ah TMR2 Timer 2 Module Register 0000 0000|0000 0000
01Bh PR2 Timer 2 Period Register 1111 11111111 1111
01Ch T2CON — T20UTPS3 | T20UTPS2 | T20UTPS1 | T20UTPS0 | TMR20ON | T2CKPS1 | T2CKPS0 | -000 0000 |(-000 0000
01Dh — Unimplemented — —
01Eh CPSCONOD CPSON — — — CPSRNG1 |CPSRNGO| CPSOUT | TOXCS |0--- 0000|0-—— 0000
01Fh CPSCON1 — — — — CPSCH3 | CPSCH2 | CPSCH1 | CPSCHO | -——- 0000 |-——— 0000
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as "0’, r = reserved.
Shaded locations are unimplemented, read as 0.
MNote 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<14:8>, whose contents are transferred
to the upper byte of the program counter.
2:  These registers can be addressed from any bank.
3: These registers/bits are not implemented on PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices, read as ‘0"
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PIC16F193X/LF193X

TABLE 2-13: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Address | Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit 0 :SE,EB%‘I:Q Va:;flﬂ: a
esets
Bank 1
080h12  |INDFO Addressing this location uses contents of FSROH/FSROL to address data memory HEXK HXKH | KHHHX XXXX
(not a physical register)
081h@ INDF1 Addressing this location uses contents of FSR1H/FSR 1L to address data memory HHHH HHMN | HHH HHHXK
(not a physical register)
082n2  |pCL Program Counter (PC) Least Significant Byte 0000 0000|0000 0000
083h2  |sTATUS — | = | = TO PD z DC G |---1 1000|---g quuu
084h12  |FSROL Indirect Data Memory Address 0 Low Pointer 0000 0000 |uuuu uuuu
085h12  |FSROH Indirect Data Memory Address 0 High Pointer 0000 0000|0000 0000
086ht2  |FSRIL Indirect Data Memory Address 1 Low Pointer 0000 0000 |uuuu uuuu
087h2  |FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000|0000 0000
0ssh@ |BSR — — | — | Bsre | BsrR3 | BSR2 [ BSR1 | BSRO |--—-0 0000|--—-0 o000
089h2 | WREG Working Register 0000 0000 |uuuu uuuu
08Ah":2) | PCLATH — Wite Buffer for the upper 7 bits of the Program Counter -000 0000|-000 0000
088h@  [INTCON GIE PEE | TMROE | INTE [ 10ciE | TMROF | INTF | 10CIF [0000 000x|0000 000w
08Ch TRISA PORTA Data Direction Register 1111 11111111 1111
08Dh TRISB PORTE Data Direction Register 1111 11111111 1111
08Eh TRISC PORTC Data Direction Register 1111 11111111 1111
osFh® | TRISD PORTD Data Direction Register 1111 1111]1111 1111
090h TRISE = = = = TRISE3 | TRISE2® | TRISE1® | TRISEO®) | -—— 1111|--— 1111
091h PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE | TMRZIE | TMRI1IE |0000 0000|0000 0000
092h PIE2 OSFIE C2IE C1IE EEIE BCLIE LCDIE — CCP2IE |0000 00-0|0000 00-0
093h PIE3 — CCP5IE CCP4IE CCP3IE TMR6IE — TMR4IE — -000 0-0-|-000 0-0-
094h — Unimplemented — —
095h OPTION_REG| WPUEN | INTEDG TOCS TOSE PSA Ps2 PS1 PS0 1111 11111111 1111
096h PCON STKOVF | STKUNF = = RMCLR RI POR BOR |00-- 1lgg|gg— gouu
097h WDTCON — — WDTPS4 | WDTPS3 | WDTPS2 | WDTPS1 | WDTPSO0 | SWDTEN | --01 0110|--01 0110
098h OSCTUNE — — TUN5 TUN4 TUN3 TUN2 TUNA1 TUNO |--00 0000|--00 0000
099h OSCCON SPLLEN IRCF3 IRCF2 IRCF1 IRCFO — SCS1 SCS0 |0011 1-00{0011 1-00
09Ah OSCSTAT T10SCR PLLR OSTS HFIOFR HFIOFL MFIOFR | LFIOFR | HFIOFR |00g0 0g0-|ggag gg0-
09Bh ADRESL A/D Result Register Low HHHH HHHH | UUUL ULl
09Ch ADRESH A/D Result Register High HHHH HHHH | UUUL ULl
09Dh ADCONO — CHS4 CHS3 CHS2 CHS1 CHS0 |GO/DONE| ADON |-000 0000|-000 0000
09Eh ADCON1 ADFM ADCS2 ADCS1 ADCS0 — ADNREF | ADPREF1 |ADPREFO| 0000 —000|0000 -000
09Fh — Unimplemented — —
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0, = = reserved.
Shaded locations are unimplemented, read as '0".
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<14:8>, whose contents are transferred
to the upper byte of the program counter.
2: These registers can be addressed from any bank.
3: These registers/bits are not implemented on PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices, read as ‘0.
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PIC16F193X/LF193X

TABLE 2-13: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Address | Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0 F‘,’g";“’a"gﬁ Vah;teh‘:: !

' Resets
Bank 2
100n@ | INDFO Addressing this location uses contents of FSROH/FSROL to address data memory HHHK HKKK | XEXK KXKX
(not a physical register)
101h{2 INDF1 Addressing this location uses contents of FSR1H/FSR1L to address data memory HAUMH HHHK | HHHH HHHK
(not a physical register)
102h2 | pPCL Program Counter (PC) Least Significant Byte 0000 0000|0000 0000
103n@  |STATUS — | = 1 = TO PD z DC C |---1 1000|---g quuu
1042 |FSROL Indirect Data Memory Address 0 Low Pointer 0000 0000 |uuuu uuuu
1052 |FSROH Indirect Data Memory Address 0 High Pointer 0000 0000|0000 0000
10612 |FSRIL Indirect Data Memory Address 1 Low Pointer 0000 0000 |uuuu uuuu
10702 |FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000|0000 0000
102h@ |BSR — — | — | Bsre | BSR3 | BSR2 | BSR1 | BSRO |--—-0 0000|---0 0000
109h2 | WREG Working Register 0000 0000 |uuuu uuuu
104h(": 2 | PCLATH — Wite Buffer for the upper 7 bits of the Program Counter -000 0000|-000 0000
108h@  [INTCON GIE PEE | TMROE | INTE | 10CE | TMROF | INTF | 10CIF [0000 00ox|o000 ooou
10Ch LATA PORTA Data Latch MHUHH HMKH | UULUL UUUL
10Dh LATB PORTB Data Latch MHUHH HMKH | UULUL UUUL
10Eh LATC PORTC Data Latch MHUHH HMKH | UULUL UUUL
10Fht3 LATD PORTD Data Latch MHUHH HMKH | UULUL UUUL
110h LATE — — — — LATE3 | LATE2®) | LATE1®) | LATEO® |- —sxx|-—-- —uuu
111h CM1CONO C10N c10ouUT C10E C1POL — C18P C1HYS | C1SYNC | 0000 -100|0000 -100
112h CM1CON1 C1INTP C1INTN C1PCH1 C1PCHO — — CA1NCH1 | CINCHO | 0000 —-00| 0000 —-00
113h CM2CONO C20N C20UT C20E C2POL — C2SP C2HYS | C2SYNC | 0000 -100|0000 -100
114h CM2CON1 C2INTP C2INTN C2PCH1 C2PCHO — — C2NCH1 | C2NCHO | 0000 —-00| 0000 —-00
115h CMOUT — — — — — — MC20UT | MC10OUT | ————- —- 00|-——- —— 00
116h BORCON SBOREN — — — — — — BORRDY |1-— -— g|lu—— —— u
117h FVRCON FVREN | FVRRDY TSEN TSRNG | CDAFVR1 | CDAFVRO | ADFVR1 | ADFVRO | 0g00 0000 |0g00 0000
118h DACCONO DACEN | DACLPS DACOE — DACPSS1 | DACPSS0 — DACNSS |000- 00-0|000- 00-0
119h DACCON1 — - — DACR4 DACR3 DACR2 | DACR1 | DACRO |[---0 0000|-—-0 0000
11Ah SRCONO SRLEN | SRCLK2 | SRCLK1 SRCLKO SRQEN | SRNQEN | SRPS SRPR | 0000 0000|0000 0000
11Bh SRCON1 SRSPE | SRSCKE | SRSC2E | SRSCI1E SRRPE | SRRCKE | SRRC2E | SRRC1E | 0000 0000|0000 0000
11Ch — Unimplemented — —
11Dh APFCON — CCP3SEL | T1GSEL P2BSEL | SRNQSEL |C20UTSEL| SSSEL |CCP2SEL|-000 0000|-000 0000
11Eh — Unimplemented — —
11Fh — Unimplemented — —
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as "0’, r = reserved.
Shaded locations are unimplemented, read as 0.
MNote 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<14:8>, whose contents are transferred
to the upper byte of the program counter.
2:  These registers can be addressed from any bank.
3: These registers/bits are not implemented on PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices, read as ‘0"
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PIC16F193X/LF193X

TABLE 2-13: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

. " . " . " . . Value on: Value onall

Address Name Bit7 Bit 6 Bit§ Bit4 Bit3 Bit 2 Bit1 Bit 0 POR. BOR other
' Resets
Bank 3
180n@ | INDFO Addressing this location uses contents of FSROH/FSROL to address data memory HEXK HXKH | KHHHX XXXX
(not a physical register)
181h(2 INDF1 Addressing this location uses contents of FSR1H/FSR 1L to address data memory HHHH HHMN | HHH HHHXK
(not a physical register)
182n@  |PCL Program Counter (PC) Least Significant Byte 0000 0000|0000 0000
183n@  |STATUS — | = | = TO PD z DC G |---1 1000|---g quuu
184n@  |FSROL Indirect Data Memory Address 0 Low Pointer 0000 0000 |uuuu uuuu
185h2  |FSROH Indirect Data Memory Address 0 High Pointer 0000 0000|0000 0000
18602 |FSRIL Indirect Data Memory Address 1 Low Pointer 0000 0000 |uuuu uuuu
187h2  |FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000|0000 0000
188n12  |BSR = = = BSR4 BSR3 BSR2 BSR1 BSRO |---0 0000|---0 0000
189h@  |WREG Working Register 0000 0000 |uuuu uuuu
18Ah1 2 | PCLATH — Wite Buffer for the upper 7 bits of the Program Counter -000 0000|-000 0000
18Bh@ | INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF IOCIF | 0000 000x|0000 000u
18Ch ANSELA — — ANSAS ANSA4 ANSA3 ANSA2 ANSA1 ANSAQ |--11 1111|--11 1111
18Dh ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO |--11 1111|--11 1111
18Eh — Unimplemented — —
18Fhi3 | ANSELD ANSD7 ANSDB ANSD5 ANSD4 ANSD3 ANSD2 | ANSD1 | ANSDO [1111 1111|1111 1111
190n® | ANSELE = = = = — ANSE2 | ANSE1 | ANSEQ |---—- -111|---—- -111
191h EEADRL EEPROM / Program Memory Address Register Low Byte 0000 0000|0000 0000
192h EEADRH — EEPROM / Program Memory Address Register High Byte -000 0000|-000 0000
193h EEDATL EEPROM / Program Memory Read Data Register Low Byte HEHH HEXK [ UUUU uuuun
194h EEDATH — — EEPROM / Program Memory Read Data Register High Byte ——XX XXX |-—Uu uuuu
195h EECON1 EEPGD CFGS LWLO FREE WRERR WREN WR RD 0000 x000|0000 g000
196h EECON2 EEPROM control register 2 0000 0000|0000 0000
197h — Unimplemented — —
198h — Unimplemented — —
199h RCREG USART Receive Data Register 0000 0000|0000 0000
19Ah TXREG USART Transmit Data Register 0000 0000|0000 0000
19Bh SPBRGL BRGT7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO |0000 0000|0000 0000
19Ch SPBRGH BRG15 BRG14 BRG13 BRG12 BRG11 BRG10 BRG9 BRG8& |0000 0000|0000 0000
19Dh RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D |0000 000x|0000 000x
19Eh TXSTA CSRC X9 TXEN SYNC SENDB BRGH TRMT TX9D |o0000 0010|0000 0010
19Fh BAUDCON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN |01-0 0-00|01-0 0-00
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0, = = reserved.
Shaded locations are unimplemented, read as '0".
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<14:8>, whose contents are transferred
to the upper byte of the program counter.
2: These registers can be addressed from any bank.
3: These registers/bits are not implemented on PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices, read as ‘0.
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PIC16F193X/LF193X

TABLE 2-13: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Address | Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0 F‘,’g";“’a"gﬁ Vah;teh‘:: !

' Resets
Bank 4
200h(2 INDFO Addressing this location uses contents of FSROH/FSROL to address data memory HAUMH HHHK | HHHH HHHK
(not a physical register)
201h@  |INDF1 Addressing this location uses contents of FSR1H/FSR1L to address data memory HHHK HKKK | XEXK KXKX
(not a physical register)
202h2 | pPCL Program Counter (PC) Least Significant Byte 0000 0000|0000 0000
203h@  |STATUS — | = 1 = TO PD z DC C |---1 1000|---g quuu
2042 |FSROL Indirect Data Memory Address 0 Low Pointer 0000 0000 |uuuu uuuu
205h  |FSROH Indirect Data Memory Address 0 High Pointer 0000 0000|0000 0000
206hi2  |FSRIL Indirect Data Memory Address 1 Low Pointer 0000 0000 |uuuu uuuu
207h@  |FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000|0000 0000
208h@ [BSR — — | — | Bsre | BSR3 | BSR2 | BSR1 | BSRO |--—-0 0000|---0 0000
209h2  |WREG Working Register 0000 0000 |uuuu uuuu
20Ah(":2) | PCLATH — Wite Buffer for the upper 7 bits of the Program Counter -000 0000|-000 0000
208h@  [INTCON GIE PEE | TMROE | INTE | 10cE | TMROF | INTF | 10CIF |0000 00ox|o000 ooou
20Ch — Unimplemented — —
200h  |WPUB WPUB7 | WPUBS | WPUBS | WPUB4 | WPUB3 | WPUB2 | WPUB1 | WPUBO [1111 11111111 1111
20Eh — Unimplemented — —
20Fh — Unimplemented — —
210h  |WPUE — | — | — | —= [weues| — | — — | 1] 1
211h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register XXHX KHXX [Uuuu uuuu
212h SSPADD ADD7 ADDB ADD5 ADD4 ADD3 ADD2 ADD1 ADDO |0000C 0000|0000 0000
213h SSPMSK MSK7 MSKB MSK5 MSK4 MSK3 MSK2 MSK1 MSKO |1111 11111111 1111
214h SSPSTAT SMP CKE D/A P S RW UA BF |0000 0000|0000 0000
215h SSPCON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 | SSPM1 | SSPMO |0000 0000|0000 0000
216h SSPCON2 GCEN | ACKSTAT | ACKDT ACKEN RCEN PEN RSEN SEN |0000 0000|0000 0000
217h SSPCON3 ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN |0000 0000|0000 0000
218h — Unimplemented — —
219h — Unimplemented — —
21Ah — Unimplemented — —
21Bh — Unimplemented — —
21Ch — Unimplemented — —
21Dh — Unimplemented — —
21Eh — Unimplemented — —
21Fh — Unimplemented — —
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as "0’, r = reserved.
Shaded locations are unimplemented, read as 0.
MNote 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<14:8>, whose contents are transferred
to the upper byte of the program counter.
2:  These registers can be addressed from any bank.
3: These registers/bits are not implemented on PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices, read as ‘0"
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PIC16F193X/LF193X

TABLE 2-13: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Address | Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit 0 F\,’SL;‘EB%‘E Va'iﬁil? a
' Resets
Bank 5
280n1@  |INDFO Addressing this location uses contents of FSROH/FSROL to address data memory HEXK HXKH | KHHHX XXXX
(not a physical register)
281h2 INDF1 Addressing this location uses contents of FSR1H/FSR 1L to address data memory HHHH HHMN | HHH HHHXK
(not a physical register)
282n2  |pCL Program Counter (PC) Least Significant Byte 0000 0000|0000 0000
283h2 | STATUS — | = | = TO PD z DC G |---1 1000|---g quuu
284h12  |FSROL Indirect Data Memory Address 0 Low Pointer 0000 0000 |uuuu uuuu
285h2  |FSROH Indirect Data Memory Address 0 High Pointer 0000 0000|0000 0000
286h12  |FSRIL Indirect Data Memory Address 1 Low Pointer 0000 0000 |uuuu uuuu
287h2  |FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000|0000 0000
288h@ |BSR — — | — | Bsre | BsrR3 | BSR2 [ BSR1 | BSRO |--—-0 0000|--—-0 o000
289h2 | WREG Working Register 0000 0000 |uuuu uuuu
28Ah1":2) | PCLATH — Wite Buffer for the upper 7 bits of the Program Counter -000 0000|-000 0000
288h@  [INTCON GIE PEE | TMROE | INTE [ 10ciE | TMROF | INTF | 10CIF [0000 000x|0000 000w
28Ch — Unimplemented — —
28Dh — Unimplemented — —
28Eh — Unimplemented — —
28Fh — Unimplemented — —
290h — Unimplemented — —
291h CCPR1L Capture/Compare/PWM Register 1 (LSB) HEHH HEXK [ UUUU uuuun
292h CCPR1H Capture/Compare/PWM Register 1 (MSB) HEHH HEXK [ UUUU uuuun
293h CCP1CON P1M1 P1MO DC1B1 DC1BO CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO | 0000 0000|0000 0000
294h PWM1CON P1RSEN P1DC6 P1DC5 P1DC4 P1DC3 P1DC2 P1DCA1 P1DCO |0000 0000|0000 0000
295h CCP1AS CCP1ASE| CCP1AS2 | CCP1AS1 | CCP1ASO | PSS1AC1 | PSS1ACO | PSS1BD1|PSS1BDO | 0000 0000|0000 0000
296h PSTR1CON — — — STR1SYNC| STR1D STR1C STR1B | STR1A |[-—-0 0001|--—0 0001
297h — Unimplemented — —
298h CCPR2L Capture/Compare/PWM Register 2 (LSB) HEHH HEXK [ UUUU uuuun
299h CCPR2H Capture/Compare/PWM Register 2 (MSB) HEHH HEXK [ UUUU uuuun
29Ah CCP2CON P2M1 P2MO DC2B1 DC2B0 CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO | 0000 0000|0000 0000
29Bh PWM2CON P2RSEN P2DC6 P2DC5 P2DC4 P2DC3 P2DC2 P2DCA1 P2DCO |0000 0000|0000 0000
29Ch CCP2AS CCP2ASE| CCP2AS2 | CCP2AS1 | CCP2AS0 | PSS2AC1 | PSS2ACO0 |PSS2BD1|PSS2BD0O | 0000 0000|0000 0000
29Dh PSTR2CON — — — STR2SYNC| STR2D STR2C STR2B | STR2A |[---0 0001|---0 0001
29Eh CCPTMRS0 | CATSEL1 | CATSELO | C3TSEL1 | C3TSELO | C2TSEL1 | C2TSELO | C1TSEL1 | C1TSELQ | 0000 0000|0000 0000
29Fh CCPTMRS1 — — — — — — C5TSEL1 | C5TSELO | ———— —- 00— —- 00
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0, = = reserved.
Shaded locations are unimplemented, read as '0".
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<14:8>, whose contents are transferred
to the upper byte of the program counter.
2: These registers can be addressed from any bank.
3: These registers/bits are not implemented on PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices, read as ‘0.
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PIC16F193X/LF193X

TABLE 2-13: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

. . . . " . " . Value on: Value onall

Address Name Bit7 Bit6 Bit5 Bit4 Bit 3 Bit2 Bit 1 Bit0 POR. BOR other
' Resets
Bank 6
300n@ | INDFO Addressing this location uses contents of FSROH/FSROL to address data memory HHHK HKKK | XEXK KXKX
(not a physical register)
301h@ INDF1 Addressing this location uses contents of FSR1H/FSR1L to address data memory HAUMH HHHK | HHHH HHHK
(not a physical register)
302n@  |PCL Program Counter (PC) Least Significant Byte 0000 0000|0000 0000
303n@  |sSTATUS — — | — TO PD z DC o} ——-1 1000|---g quuu
304h@  |FSROL Indirect Data Memory Address 0 Low Pointer 0000 0000 |uuuu uuuu
305h@  |FSROH Indirect Data Memory Address 0 High Pointer 0000 0000|0000 0000
306h@  |FSRIL Indirect Data Memory Address 1 Low Pointer 0000 0000 |uuuu uuuu
307h@  |FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000|0000 0000
308h@ |BsR — — | — | Bsre | BSR3 | BSR2 | BSR1 | BSRO |--—-0 0000|---0 0000
309n@  |WREG Working Register 0000 0000 |uuuu uuuu
30Ah(1 2 | PCLATH — Wite Buffer for the upper 7 bits of the Program Counter -000 0000|-000 0000
308h@ [INTCON GIE PEE | TMROE | INTE | 10cE | TMROF | INTF | 10CIF |0000 00ox|o000 ooou
30Ch — Unimplemented — —
30Dh — Unimplemented — —
30Eh — Unimplemented — —
30Fh — Unimplemented — —
310h — Unimplemented — —
311h CCPR3L Capture/Compare/PWM Register 3 (LSB) HHHHX HHHK | BULL BELL
312h CCPR3H Capture/Compare/PWIM Register 3 (MSB) HHHHX HHHK | BULL BELL
313h CCP3CON P3M1 P3MO DC3B1 DC3B0 CCP3M3 | CCP3M2 | CCP3M1 | CCP3MO | 0000 0000|0000 0000
314h PWM3CON P3RSEN P3DC6 P3DC5 P3DC4 P3DC3 P3DC2 P3DC1 P3DCO |0000 0000|0000 0000
315h CCP3AS CCP3ASE| CCP3AS2 | CCP3AS1 | CCP3AS0 | PSS3AC1 | PSS3ACO |PSS3BD1 |PSS3BDO| 0000 0000|0000 0000
316h PSTR3CON — — — STR3SYNC| STR3D STR3C STR3B | STR3A |-—-0 0001|--—-0 0001
317h — Unimplemented — —
318h CCPR4L Capture/Compare/PWM Register 4 (LSB) HHHHX HHHK | BULL BELL
319h CCPR4H Capture/Compare/PWIM Register 4 (MSB) HHHHX HHHK | BULL BELL
31Ah CCP4CON — — DC4B1 ] DC4B0 ] CCP4M3 | CCP4M2 | CCP4M1 | CCP4MO | --00 0000 |--00 0000
31Bh — Unimplemented — —
31Ch CCPR5L Capture/Compare/PWM Register 5 (LSB) HHHHX HHHK | BULL BELL
31Dh CCPR5H Capture/Compare/PWIM Register 5 (MSB) HHHHX HHHK | BULL BELL
31Eh CCP5CON — — DC5B1 ] DC5B0 ] CCP5M3 | CCP5M2 | CCP5M1 | CCP5MO | —-00 0000| --00 0000
31Fh — Unimplemented — —
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as "0’, r = reserved.
Shaded locations are unimplemented, read as 0.

MNote 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<14:8>, whose contents are transferred

2:
3:

to the upper byte of the program counter.
These registers can be addressed from any bank.
These registers/bits are not implemented on PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices, read as "0".
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TABLE 2-13: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

. " . " . " . . Value on: Value onall

Address Name Bit7 Bit 6 Bit§ Bit4 Bit3 Bit 2 Bit1 Bit 0 POR. BOR other
' Resets
Bank 7
380n12  |INDFO Addressing this location uses contents of FSROH/FSROL to address data memory HEXK HXKH | KHHHX XXXX
(not a physical register)
381h1@ INDF1 Addressing this location uses contents of FSR1H/FSR 1L to address data memory HHHH HHMN | HHH HHHXK
(not a physical register)

382n2  |pCL Program Counter (PC) Least Significant Byte 0000 0000|0000 0000
383h2  |sTATUS — | = | = TO PD z DC G |---1 1000|---g quuu
384h12  |FSROL Indirect Data Memory Address 0 Low Pointer 0000 0000 |uuuu uuuu
385h2  |FSROH Indirect Data Memory Address 0 High Pointer 0000 0000|0000 0000
386h2  |FSRIL Indirect Data Memory Address 1 Low Pointer 0000 0000 |uuuu uuuu
387h2  |FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000|0000 0000
388h@ |BSR — — | — | Bsre | BsrR3 | BSR2 [ BSR1 | BSRO |--—-0 0000|--—-0 o000
389h2  |WREG Working Register 0000 0000 |uuuu uuuu
38Ah1":2) | PCLATH — Wite Buffer for the upper 7 bits of the Program Counter -000 0000|-000 0000
388h@  [INTCON GIE PEE | TMROE | INTE [ 10ciE | TMROF | INTF | 10CIF [0000 000x|0000 000w
38Ch — Unimplemented — —
38Dh — Unimplemented — —
38Eh — Unimplemented — —
38Fh — Unimplemented — —
390h — Unimplemented — —
391h — Unimplemented — —
392h — Unimplemented — —
393h — Unimplemented — —
394h I0CBP IOCBP7 | 10CBP6 I0CBP5 I0CBP4 I0CBP3 IOCBP2 | IOCBP1 | IOCBPO |0000 0000|0000 0000
395h IOCBN IOCBN7 | I0OCBN6 IOCBN5 IOCBN4 IOCBN3 IOCBN2 | IOCBN1 | IOCBNO |0000 0000|0000 0000
396h IOCBF IOCBF7 | IOCBF6 IOCBF5 IOCBF4 IOCBF3 IOCBF2 | IOCBF1 | IOCBFO |0000 0000|0000 0000
397h — Unimplemented — —
398h — Unimplemented — —
399h — Unimplemented — —
394h — Unimplemented — —
39Bh — Unimplemented — —
39Ch — Unimplemented — —
39Dh — Unimplemented — —
3J9EhR — Unimplemented — —
39Fh — Unimplemented — —
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0, = = reserved.

Shaded locations are unimplemented, read as '0".
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<14:8>, whose contents are transferred
to the upper byte of the program counter.
2: These registers can be addressed from any bank.
3: These registers/bits are not implemented on PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices, read as ‘0.
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TABLE 2-13: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Address | Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0 F‘,’g";“’a"gﬁ Vah;teh‘:: !

' Resets
Bank 8
400n@ | INDFO Addressing this location uses contents of FSROH/FSROL to address data memory HHHK HKKK | XEXK KXKX
(not a physical register)
401h(@ INDF1 Addressing this location uses contents of FSR1H/FSR1L to address data memory HAUMH HHHK | HHHH HHHK
(not a physical register)

402h2 | pPCL Program Counter (PC) Least Significant Byte 0000 0000|0000 0000
403n@ | STATUS — | = 1 = TO PD z DC C |---1 1000|---g quuu
4042 |FSROL Indirect Data Memory Address 0 Low Pointer 0000 0000 |uuuu uuuu
4050  |FSROH Indirect Data Memory Address 0 High Pointer 0000 0000|0000 0000
406hi2  |FSRIL Indirect Data Memory Address 1 Low Pointer 0000 0000 |uuuu uuuu
407h@  |FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000|0000 0000
408n@ [BSR — — | — | Bsre | BSR3 | BSR2 | BSR1 | BSRO |--—-0 0000|---0 0000
409h2  |WREG Working Register 0000 0000 |uuuu uuuu
40ah1":2) | PCLATH — Wite Buffer for the upper 7 bits of the Program Counter -000 0000|-000 0000
40Bh@  [INTCON GIE PEE | TMROE | INTE | 10cE | TMROF | INTF | 10CIF |0000 00ox|o000 ooou
40Ch — Unimplemented — —
40Dh — Unimplemented — —
40Eh — Unimplemented — —
40Fh — Unimplemented — —
410h — Unimplemented — —
411h — Unimplemented — —
412h — Unimplemented — —
413h — Unimplemented — —
414h — Unimplemented — —
415h TMR4 Timer 4 Module Register 0000 0000|0000 0000
416h PR4 Timer 4 Period Register 1111 11111111 1111
417h T4CON — T40UTPS3 | T40OUTPS2 | T4AOUTPS1 | T4OUTPS0 | TMR40ON | TACKPS1 | TACKPS0 | -000 0000|-000 0000
418h — Unimplemented — —
419h — Unimplemented — —
41Ah — Unimplemented — —
41Bh — Unimplemented — —
41Ch TMRGE Timer 6 Module Register 0000 0000|0000 0000
41Dh PRG Timer 6 Period Register 1111 11111111 1111
41Eh TECON — TEOUTPS3 | TBOUTPS2 | TBOUTPS1 | TBOUTPS0 | TMREBON | TEBCKPS1 | TBCKPS0 | -000 0000|-000 0000
41Fh — Unimplemented — —
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as "0’, r = reserved.

Shaded locations are unimplemented, read as 0.

Note 1:

to the upper byte of the program counter.
2:  These registers can be addressed from any bank.
3: These registers/bits are not implemented on PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices, read as ‘0"

The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<14:8>, whose contents are transferred
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TABLE 2-13: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Value on: Value onall

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit3 Bit 2 Bit1 Bit 0 POR BOR other
' Resets
Banks 9-14
x00h/ INDFO Addressing this location uses contents of FSROH/FSROL to address data memory HHHH HHMN | HHH HHHXK
x80h(2) (not a physical register)
x00h/ INDF1 Addressing this location uses contents of FSR1H/FSR 1L to address data memory HHHH HHMN | HHH HHHXK
x81h(2 (not a physical register)
x02h/ PCL Program Counter (PC) Least Significant Byte 0000 0000|0000 0000
x82h)
x03h/ STATUS — — — TO PD z DC c -—-1 1000|---g quuu
x83h2
x04h/ FSROL Indirect Data Memory Address 0 Low Pointer 0000 0000 | wuuu uuuu
x84h(2
xDSh{Z) FSROH Indirect Data Memory Address 0 High Pointer 0000 0000|0000 0000
x85h
xDBh{Z) FSR1L Indirect Data Memory Address 1 Low Pointer 0000 0000 | wuuu uuuu
x86h
x07h/ FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000|0000 0000
x87h(2
x08h/ BSR — — — BSR4 BSR3 BSR2 BSR1 BSRO |---0 0000|-——0 0000
x88h2
x09h/ WREG Working Register 0000 0000 | wuuu uuuu
x89h(2)
XDAh{ﬂIZ) PCLATH — Wite Buffer for the upper 7 bits of the Program Counter -000 0000|-000 0000
x8AR
x0Bh/ INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF IOCIF | 0000 000x|0000 000u
x8Bhl2)
x0Ch/ — Unimplemented — —
x8Ch
x1Fh/
x9Fh
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0, = = reserved.
Shaded locations are unimplemented, read as '0".
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<14:8>, whose contents are transferred
to the upper byte of the program counter.
2: These registers can be addressed from any bank.
3: These registers/bits are not implemented on PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices, read as ‘0.
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TABLE 2-13: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Address | Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0 F‘,’g";“’a"gﬁ Vah;teh‘:: !
' Resets
Bank 15
780n@ | INDFO Addressing this location uses contents of FSROH/FSROL to address data memory HHHK HKKK | XEXK KXKX
(not a physical register)
781h@ INDF1 Addressing this location uses contents of FSR1H/FSR1L to address data memory HAUMH HHHK | HHHH HHHK
(not a physical register)
782n@  |pPCL Program Counter (PC) Least Significant Byte 0000 0000|0000 0000
78302  [sTATUS — | = 1 = TO PD z DC C |---1 1000|---g quuu
784h@  |FSROL Indirect Data Memory Address 0 Low Pointer 0000 0000 |uuuu uuuu
785h@  |FSROH Indirect Data Memory Address 0 High Pointer 0000 0000|0000 0000
786h@  |FSRIL Indirect Data Memory Address 1 Low Pointer 0000 0000 |uuuu uuuu
787h@  |FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000|0000 0000
7e8h@ |BSR — — | — | Bsre | BSR3 | BSR2 | BSR1 | BSRO |--—-0 0000|---0 0000
789n@  |WREG Working Register 0000 0000 |uuuu uuuu
78An1 2 | PCLATH — Wite Buffer for the upper 7 bits of the Program Counter -000 0000|-000 0000
788h@  [INTCON GIE PEE | TMROE | INTE | 10cE | TMROF | INTF | 10CIF [0000 00ox|o000 ooou
78Ch — Unimplemented — —
78Dh — Unimplemented — —
T78Eh — Unimplemented — —
78Fh — Unimplemented — —
790h — Unimplemented — —
791h LCDCON LCDEN SLPEN WERR — Cs1 CS0 LMUX1 | LMUX0 |000- 0011|000- 0011
792h LCDPS WFT BIASMD LCDA WA LP3 LP2 LP1 LPO 0000 0000|0000 0000
793h LCDREF LCDIRE | LCDIRS LCDIRI — VLCD3PE | VLCD2PE |VLCD1PE — 000- 000-|000- 000-
794h LCDCST — — — — — LCDCST2 |LCDCST1|LCDCSTO | ——-- -000|-——— -000
795h LCDRL LRLAP1 | LRLAPO LRLBP1 LRLBPO — LRLAT2 | LRLAT1 | LRLATO |0000 -000|0000 -000
796h — Unimplemented — —
797h — Unimplemented — —
798h LCDSED SE7 SEB SE5 SE4 SE3 SE2 SE1 SE0 |0000 0000 |uuuu uuuu
79%h LCDSE1 SE15 SE14 SE13 SE12 SEN SE10 SE9 SE8 |0000 0000 |uuuu uuuu
79Ah LCDSE2() SE23 SE22 SE21 SE20 SE19 SE18 SE17 SE16 | 0000 0000 |uuuu uuuu
79Bh — Unimplemented — —
79Ch — Unimplemented — —
79Dh — Unimplemented — —
T79Eh — Unimplemented — —
79Fh — Unimplemented — —
7AOh LCDDATAD SEG7 SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 SEGO | mmxxx xxxx|uuuu uuuu
COMO0 COMO COMO0 COMO COomo COMO COMO COMO0
7A1h LCDDATA1 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEGY SEGS | mmxwxx xxxx|uuuu uuuu
COMO0 COMO COMO0 COMO COomo COMO COMO COMO0
TA2h LCDDATA283) | SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 | SEG16 |xxxx xxxx|uuuu uuuu
COMO0 COMO COMO0 COMO COomo COMO COMO COMO0
7A3h LCDDATA3 SEG7 SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 SEGO | mmxxx xxxx|uuuu uuuu
COom1 COom1 COom1 COom1 COom1 COM1 COM1 COoMm1
7A4h LCDDATA4 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEGY SEGS | mmxxx xxxx|uuuu uuuu
COom1 COom1 COom1 COom1 COom1 COM1 COM1 COoMm1
TA5h LCDDATASH) | SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 | SEG16 |xxxx xxxx|uuuu uuuu
COom1 COom1 COom1 COom1 COom1 COM1 COM1 COoMm1
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as "0’, r = reserved.

Shaded locations are unimplemented, read as 0.

Note 1:

to the upper byte of the program counter.

These registers can be addressed from any bank.
These registers/bits are not implemented on PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices, read as "0".

The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<14:8>, whose contents are transferred
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TABLE 2-13: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Value on: Value onall
Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit3 Bit 2 Bit1 Bit 0 - other
POR, BOR R
esets
Bank 15 (Continued)

7ABh LCDDATAB SEG7 SEG6B SEGbS SEG4 SEG3 SEG2 SEG1 SEGO |axxx xxxx|uuuu uuuu
comz2 comz2 comz2 comz2 comz2 Ccomz2 Ccomz2 com2

7ATh LCDDATA7 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8 |axmxx xxxx|uuuu uuuu
comz2 comz2 comz2 comz2 comz2 Ccomz2 Ccomz2 com2

7A8h LCDDATA8S) SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 |x:xxx xxxx|uuuu uuun
comz2 comz2 comz2 comz2 comz2 Ccomz2 Ccomz2 com2

7ASh LCDDATAS SEG7 SEG6B SEGbS SEG4 SEG3 SEG2 SEG1 SEGO |axxx xxxx|uuuu uuuu
COM3 Ccom3 COM3 Ccom3 CcOom3 com3 Ccom3 COM3

7AARh LCDDATA10 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEG8 |axmxx xxxx|uuuu uuuu
COM3 Ccom3 COM3 Ccom3 CcOom3 com3 Ccom3 COM3

7ABh LCDDATAT®) | SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 |x:xxx xxxx|uuuu uuun
COM3 Ccom3 COM3 Ccom3 CcOom3 com3 Ccom3 COM3

TACh — Unimplemented — —

7EFh

Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0, = = reserved.

Shaded locations are unimplemented, read as '0".
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<14:8>, whose contents are transferred
to the upper byte of the program counter.
2: These registers can be addressed from any bank.
3: These registers/bits are not implemented on PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices, read as ‘0.
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TABLE 2-13: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Value on: Valueonall
Address Name Bit7 Bit6 Bit 5 Bit4 Bit3 Bit2 Bit 1 Bit0 - other

POR, BOR R

esets
Banks 16-30
x00h/ INDFO Addressing this location uses contents of FSROH/FSROL to address data memory HAUMH HHHK | HHHH HHHK
x80ht2 (not a physical register)
x00h/ INDF1 Addressing this location uses contents of FSR1H/FSR1L to address data memory HAUMH HHHK | HHHH HHHK
x81ht2 (not a physical register)
x02h/ PCL Program Counter (PC) Least Significant Byte 0000 0000|0000 0000
x82h)
x03h/ STATUS — — — TO PD z DC o} ——-1 1000|---g quuu
x83hd
x04h/ FSROL Indirect Data Memory Address 0 Low Pointer 0000 0000 |uuuu uuuu
x84h@
x05h/ FSROH Indirect Data Memory Address 0 High Pointer 0000 0000|0000 0000
x85h2
XOSh{ZI FSR1L Indirect Data Memory Address 1 Low Pointer 0000 0000 |uuuu uuuu
x86h
x07h/ FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000|0000 0000
x87h?
x08h/ BSR — — — BSR4 BSR3 BSR2 BSR1 BSRO |---0 0000|-—-0 0000
x88hd
x09h/ WREG Working Register 0000 0000 |uuuu uuuu
x89h(2)
XOAh{ﬂ @ PCLATH — Wite Buffer for the upper 7 bits of the Program Counter -000 0000|-000 0000
x8AR
x0Bh/ INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF IOCIF |0000 000x|0000 000u
x8Bh(2)
x0Ch/ — Unimplemented — —
x8Ch
x1Fh/
x9Fh
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as "0’, r = reserved.
Shaded locations are unimplemented, read as 0.

MNote 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<14:8>, whose contents are transferred

2:
3:

to the upper byte of the program counter.
These registers can be addressed from any bank.
These registers/bits are not implemented on PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices, read as "0".
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TABLE 2-13: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

. " . " . " . . Value on: Value onall
Address Name Bit7 Bit 6 Bit§ Bit4 Bit3 Bit 2 Bit1 Bit 0 POR, BOR R?ther
esets
Bank 31
Fson? | INDFO Addressing this location uses contents of FSROH/FSROL to address data memory HHHH HHMN | HHH HHHXK
(not a physical register)
F81h2  |INDF1 Addressing this location uses contents of FSR1H/FSR 1L to address data memory HHHH HHMN | HHH HHHXK
(not a physical register)
Fa2h2  |pPCL Program Counter (PC) Least Significant Byt 0000 0000|0000 0000
Fean@  |sTATUS — [ = T — To PD z DC C  |—1 1000|——gq quun
F84h2  |FSROL Indirect Data Memory Address 0 Low Pointer 0000 0000 |uuuu uuuu
Fs5h?  |FSROH Indirect Data Memory Address 0 High Pointer 0000 0000|0000 0000
Fs6ht2  |FSRIL Indirect Data Memory Address 1 Low Pointer 0000 0000 |uuuu uuuu
Fe7h?  |FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000|0000 0000
Fesh@ |BSR — — | — | Bsre | BsrR3 | BSR2 [ BSR1 | BSRO |--—-0 0000|--—-0 o000
Feon?  |WREG Working Register 0000 0000 |uuuu uuuu
r“i.hhm’(2 PCLATH — Wite Buffer for the upper 7 bits of the Program Counter -000 0000|-000 0000
F8Bh@ [INTCON GIE PEE | TMROE | INTE [ 1ociE | TMROF | INTF | 10CIF [0000 000x[0000 000w
F&Ch — Unimplemented — —
FE3h
FE4h STATUS_ z DC C ———— —xxx|-——- —uuu
SHAD
FESh WREG_  |Working Register Normal (Non-ICD) Shadow HEHH HEXK [ UUUU uuuun
SHAD
FEBh BSR_ Bank Select Register Normal (Non-ICD) Shadow ———x x¥xx|-——u uuuu
SHAD
FETh PCLATH_ Program Counter Latch High Register Normal (Non-ICD) Shadow —HEH HAHH | UUUL Uuul
SHAD
FE&h FSROL_ Indirect Data Memory Address 0 Low Pointer Normal (Non-1CD) Shadow HEHH HEXK [ UUUU uuuun
SHAD
FESh FSROH_  |Indirect Data Memory Address 0 High Pointer Normal (Non-ICD) Shadow HEHH HEXK [ UUUU uuuun
SHAD
FEAh FSR1L_ Indirect Data Memory Address 1 Low Pointer Normal (Non-1CD) Shadow HEHH HEXK [ UUUU uuuun
SHAD
FEBh FSR1H_  |Indirect Data Memory Address 1 High Pointer Normal (Non-ICD) Shadow HEHH HEXK [ UUUU uuuun
SHAD
FECh — Unimplemented — —
FEDh STKPTR — | — — Current Stack pointer ---1 1111|---1 1111
FEEh TOSL Top of Stack Low byte HHHH HHHH | UUUL ULl
FEFh TOSH — |T0p of Stack High byte —®XXX HHHX | -UuUL wuunl
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0, = = reserved.
Shaded locations are unimplemented, read as '0".
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<14:8>, whose contents are transferred
to the upper byte of the program counter.
2: These registers can be addressed from any bank.
3: These registers/bits are not implemented on PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices, read as ‘0.
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223 CORE REGISTERS

The core registers contain the registers that directly
affect the basic operation of the PIC16F193X/LF193X.
These registers are listed below:

» INDFO

» INDF1

« PCL

« STATUS

* FSRO Low

» FSRO High

* FSR1 Low

» FSR1 High

» BSR

+ WREG

» PCLATH

» INTCON

Note: The core registers are the first 12
addresses of every data memory bank.
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2231 STATUS Register
The STATUS register, shown in Register 2-1, contains:

+ the arithmetic status of the ALU
+ the Reset status
« the bank select bits for data memory (SRAM)

The STATUS register can be the destination for any
instruction, like any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not

For example, CLRF STATUS will clear the upper three
bits and set the Z bit. This leaves the STATUS register
as ‘000u uluu’ (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWE instructions are used to alter the
STATUS register, because these instructions do not
affect any Status bits. For other instructions not
affecting any Status bits (Refer to Section 26.0
“Instruction Set Summary”).

Note 1: The C and DC bits operate as Borrow and
Digit Borrow out bits, respectively, in

writable. Therefore, the result of an instruction with the subtraction.

STATUS register as destination may be different than

intended.

REGISTER 2-1: STATUS: STATUS REGISTER
u-0 u-0 uU-0 R-1/q R-1/q R/W-x/x R/W-x/x R/W-x/x
— — — TO PD z pc ch

bit 7 bit 0

Legend:

R = Readable bit
u = bit is unchanged

W = Writable bit
x = Bit is unknown

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

1" = Bit is set ‘0" = Bit is cleared g = Value depends on condition
bit 7-5 Unimplemented: Read as ‘0’
bit 4 TO: Time-out bit
1 = After power-up, CLRWDT instruction or SLEEP instruction
0 = AWDT time-out occurred
bit 3 PD: Power-down bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction
bit 2 Z: Zero bit

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1 DC: Digit Carry/Digit Borrow bit (ADDWE, ADDLW, SUBLW, SUBWF instructions (1)

1 = A carry-out from the 4th low-order bit of the result occurred
0 = No carry-out from the 4th low-order bit of the result

bit 0 C: Carry/Borrow bitl!) (aDDWE, ADDLW, SUBLW, SUBWE instructions)(!)

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note 1: For Borrow, the polarity is reversed. A subtraction is executed by adding the two’s complement of the
second operand. For rotate (RRF, RLF) instructions, this bit is loaded with either the high-order or low-order

bit of the source register.
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2232 OPTION register

The OPTION register, shown in Register 2-2, is a
readable and writable register, which contains various
control bits to configure:

» External INT interrupt
+ Timer0
» Weak pull-ups

REGISTER 2-2: OPTION_REG: OPTION REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
WPUEN INTEDG TOCS TOSE PSA pPs2 PS1 PSO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared
bit 7 WPUEN: Weak Pull-up Enable bit

1 = All weak pull-ups are disabled (except MCLR, if it is enabled)
0 = Weak pull-ups are enabled by individual WPUXx latch values
bit 6 INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin
bit 5 TOCS: Timer0 Clock Source Select bit
1 = Transition on RA4/TOCKI pin
0 = Internal instruction cycle clock (Fosc/4)
bit 4 TOSE: Timer0 Source Edge Select bit
1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin
bit 3 PSA: Prescaler Assignment bit
1 = Prescaler is inactive and has no effect on the Timer0 interrupt rate
0 = Prescaler is active and affects the TimerO interrupt rate
bit 2-0 PS<2:0>: Prescaler Rate Select bits

Bit Value  Timer0 Rate

000 1:2
001 1:4
010 1:8
011 1:16
100 1:32
101 1:64
110 1:128
111 1:256
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2.3 PCL and PCLATH

The Program Counter (PC) is 15 bits wide. The low byte
comes from the PCL register, which is a readable and
writable register. The high byte (PC<14:8>) is not directly
readable or writable and comes from PCLATH. On any
Reset, the PC is cleared. Figure 2-4 shows the five
situations for the loading of the PC.

FIGURE 2-4: LOADING OF PC IN
DIFFERENT SITUATIONS
14  PCH PCL 0 Instruction with
PCLITTTTTTTTTTTTT] PCL as
T T
6 T 0 84’
PCLATH ALU Result
14 PCH PCL 0
PCCITTTTTTTTTITTI] soro, car
T T
I
647 0 11$
PCLATHEL [ [ T 9™ OPCODE <10:0=
14 _PCH PCL 0
I I I I
T T
6 7 0 8
PCLAT w
14 _PCH PCL 0
PC LI IIITTTITITIIT] BRU
T
15
PC+W
14 PCH PCL 0
PCCITITITITITITTITTIT]) o=ea
T
15
PC + OPCODE =8:0=

2.31 MODIFYING PCL

Executing any instruction with the PCL register as the
destination simultaneously causes the Program Coun-
ter PC<14:8> bits (PCH) to be replaced by the contents
of the PCLATH register. This allows the entire contents
of the program counter to be changed by writing the
desired upper 7 bits to the PCLATH register. When the
lower 8 bits are written to the PCL register, all 15 bits of
the program counter will change to the values con-
tained in the PCLATH register and those being written
to the PCL register.

232 COMPUTED GoTo

A computed GOTO is accomplished by adding an offset to
the program counter (ADDWF PCL). When performing a
table read using a computed GOTO method, care should
be exercised if the table location crosses a PCL memory
boundary (each 256-byte block). Refer to the Application
Note AN556, “Implementing a Table Read” (DS00556).

233 COMPUTED FUNCTION CALLS

A computed function CALL allows programs to maintain
tables of functions and provide another way to execute
state machines or look-up tables. When performing a
table read using a computed function CALL, care
should be exercised if the table location crosses a PCL
memory boundary (each 256-byte block).

If using the CALL instruction, the PCH<2:0> and PCL
registers are loaded with the operand of the CALL
instruction. PCH<6:3> is loaded with PCLATH<6:3>.

The CALLW instruction enables computed calls by com-
bining PCLATH and W to form the destination address.
A computed CALLW is accomplished by loading the W
register with the desired address and executing CALLW.
The PCL register is loaded with the value of W and
PCH is loaded with PCLATH.

234 BRANCHING

The branching instructions add an offset to the PC.
This allows relocatable code and code that crosses
page boundaries. There are two forms of branching,
BRW and BRA. The PC will have incremented to fetch
the next instruction in both cases. When using either
branching instruction, a PCL memory boundary may be
crossed.

If using BRW, load the W register with the desired
unsigned address and execute ERW. The entire PC will
be loaded with the address PC + 1 + W.

If using BRA, the entire PC will be loaded with PC + 1 +,
the signed value of the operand of the BRA instruction.

24  Stack

All devices have a 16-level x 15-bit wide hardware
stack (refer to Figures 2-1 and 2-3). The stack space is
not part of either program or data space. The PC is
PUSHed onto the stack when CALL or CALLW instruc-
tions are executed or an interrupt causes a branch. The
stack is POPed in the event of a RETURN, RETLW or a
RETFIE instruction execution. PCLATH is not affected
by a PUSH or POP operation.

The stack operates as a circular buffer, if the STVREN
bit = 0 (Configuration Word 2). This means that after
the stack has been PUSHed sixteen times, the seven-
teenth PUSH overwrites the value that was stored from
the first PUSH. The eighteenth PUSH overwrites the
second PUSH (and so on).

Note 1: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the
CALL, CALLW, RETURN, RETLW and
RETFIE instructions or the vectoring to
an interrupt address.
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241 ACCESSING THE STACK

The stack is available through the TOSH, TOSL and
STKPTR registers. STKPTR is the current value of the
Stack Pointer. TOSH:TOSL register pair points to the
TOP of the stack. Both registers are read/writable. TOS
is splitinto TOSH and TOSL due to the 15-bit size of the
PC. To access the stack, adjust the value of STKPTR,
which will position TOSH:TOSL, then read/write to
TOSH:TOSL. STKPTR is 5 bits to allow detection of
overflow and underflow.

During normal program operation, CALL, CALLW and
Interrupts will increment STKPTR while RETURN and
RETFIE will decrement STKPTR. At any time STKPTR
can be inspected to see how much stack is left. The
STKPTR always points at the currently used place on
the stack. Therefore, a CALL or CALLW will write the
PC and then increment the STKPTR, and a return will
decrement the PC and then unload the PC.

242 OVERFLOW/UNDERFLOW RESET

If the STVREN bit in Configuration Word 2 is
programmed, the device will be reset if the stack is
PUSHed beyond the sixteenth level or POPed beyond
the first level, setting the appropriate bits (STKOVF or
STKUNF, respectively) in the PCON register.

2.5 Indirect Addressing, INDF and
FSR Registers

The INDFn registers are not physical registers. Any
instruction that accesses an INDFn register actually
accesses the register at the address specified by the
File Select Registers (FSR). If the FSRn address
specifies one of the two INDFn registers, the read will
return ‘0’ and the write will not occur (though Status bits
may be affected). The FSRn register value is created
by the pair FSRnH and FSRnL.

The FSR registers form a 16-bit address that allows an
addressing space with 65536 locations. These locations
are divided into three memory regions:

+ Traditional Data Memory

* Linear Data Memory

* Program Flash Memory

@ 2008 Microchip Technology Inc.
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FIGURE 2-5: INDIRECT ADDRESSING
|/ 0x0000 0x0000
Traditional
Data Memory
0xOFFF 0x0FFF
0x1000 - -
Ox1FFF esene
0x2000
Linear
Data Memory
.' O0x29AF
/ 0x29B0
FSR Reserved
Address < OX7TFFF
Range \ 0x8000 0x0000
'|
Program
Flash Memory
|\ OXFFFF OX7FFF
Note:  Not all memory regions are completely implemented. Consult device memory tables for
memory limits.
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2.5.1 TRADITIONAL DATA MEMORY

The traditional data memory is a region from FSR
address 0x000 to FSR address 0xFFF. The addresses
correspond to the absolute addresses of all SFR, GPR
and common registers.

FIGURE 2-6: TRADITIONAL DATA MEMORY MAP
Direct Addressing Indirect Addressing
4 BSR 0 6 From Opcode T FSRxH 07 FSRxL 0
ENEREEEEEEN Lofefefol TP P JLT T TITT]
p AN J A A J
\LBank Select [ Location Select Bank Selectj 1 Location Select
» 0000 0001 0010 1111 J
0x00
(XN )
Ox7F
Bank 0 Bank 1 Bank 2 Bank 31
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252 LINEAR DATA MEMORY

The linear data memory is the region from FSR
address 0x2000 to FSR address 0x29AF. This region is
a virtual region that points back to the 80-byte blocks of
GPR memory in all the banks.

Unimplemented memory reads as 0x00. Use of the
linear data memory region allows buffers to be larger
than 80 bytes because incrementing the FSR beyond
one bank will go directly to the GPR memory of the next
bank.

The 16 bytes of common memory are not included in
the linear data memory region.

FIGURE 2-7: LINEAR DATA MEMORY
MAP
7 FSRnH 0o 7 FSRnL 0
ofol f I TTTJCITTTTIT]

Location Select

[ 0x2000 0x020

Bank 0
0x06F

0x0A0
Bank 1
OxOEF
0x120

S Bank 2
Ox16F

0xF20
Bank 30

\_ 0x20AF | OxFBF

253 PROGRAM FLASH MEMORY

To make constant data access easier, the entire
program Flash memory is mapped to the upper half of
the FSR address space. When the MSB of FSRnH is
set, the lower 15 bits are the address in program
memory which will be accessed through INDF. Only the
lower 8 bits of each memory location is accessible via
INDF. Writing to the program Flash memory cannot be
accomplished via the FSR/INDF interface. All
instructions that access program Flash memory via the
FSR/INDF interface will require one additional
instruction cycle to complete.

FIGURE 2-8: PROGRAM FLASH
MEMORY MAP
7 FSRnH 0o 7 FSRnL 0

DNEEEEEEREEEEEEEE

Location Select

/‘ 0x8000 0x0000

Program
Flash
—p 4 Memory
(low 8
bits)

\_ OxFFFF|_OX/FFF
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3.0 RESETS

The PIC16F193X/LF193X differentiates between
various kinds of Reset:

a) Power-on Reset (POR)

b) WDT Reset during normal operation

c) MCLR Reset

d) Brown-out Reset (BOR)

e) RESET instruction

f)  Stack Overflow

g) Stack Underflow

Some registers are not affected in any Reset condition;
their status is unknown on POR and unchanged in any
other Reset. Most other registers are reset to a “Reset
state” on:

* Power-on Reset (POR)

+ MCLR Reset

+ WDT Reset

» Brown-out Reset (BOR)

Most registers are not affected by a WDT wake-up
since this is viewed as the resumption of normal
operation. TO and PD bits are set or cleared differently
in different Reset situations, as indicated in Table 3-6.
These bits are used in software to determine the nature
of the Reset.

A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 3-1.

The MCLR Reset path has a noise filter to detect and
ignore small pulses. See Section 28.0 “Electrical
Specifications” for pulse width specifications.

FIGURE 3-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT
RESET
Instruction
Stack Stack Full/lUnderflow Reset
Pointer
External Reset
v
MCLR MCLRE —
Sleep 1
WDT
Time-out
VDD Rise| POR Pulse
Detect
VDD
Brown-out
Reset
BOR :] ) S
Enable
;— OST/PWRT —;
(20 1024 Cycles T ——
OST y Chip_Reset
10-bit Ripple Counter @ | R ol
0SC1| |
| *-
| PWRT® 64 ms |
| |LFINTOSG—E> 11-bit Ripple Counter | — |
| |
L e e e e e = — .| Enable PWRT
Enable 0ST("
Note 1: See Table 3-5 for time-out situations.

2: PWRT and OST counters are reset by POR and BOR.
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TABLE 3-1: STATUS BITS AND THEIR SIGNIFICANCE
STKOVF | STKUNF | RMCLR | RI | POR | BOR | TO | PD Condition

0 0 1 1 0 X 1 1 | Power-on Reset or LDO Reset

0 0 1 1 0 X 0 % |lllegal, TO is set on POR

0 0 1 1 0 X X 0 |lllegal, PD is set on POR

0 0 1 1 u 0 1 1 | Brown-out Reset

u u u u u u 0 u |WDT Reset

u u u u u u 0 0 | WDT Wake-up from Sleep

u u u u u u 1 0 | Interrupt Wake-up from Sleep

u u 0 u u u u u | MCLR Reset during normal operation

u u 0 u u u 1 0 |MCLR Reset during Sleep

u u u 0 u u u u |RESET Instruction Executed

1 u u u u u u u | Stack Overflow Reset (STVREN = 1)

u 1 u u u u u u | Stack Underflow Reset (STVREN = 1)
TABLE 3-2: RESET CONDITION FOR SPECIAL REGISTERS?

Condition Program STA_TUS PC_ON
Counter Register Register

Power-on Reset 0000h -——1 1000 00-— 110x
MCLR Reset during normal operation 0000h ———u uuuu uu-- Ouuu
MCLR Reset during Sleep 0000h -—-1 Ouuu uu-- Ouuu
WDT Reset 0000h -——0 uuuu uu-—- uuuu
WDT Wake-up from Sleep PC +1 -——0 Ouuu uu-—- uuuu
Brown-out Reset 0000h -———1 luuu 00-— 11u0
Interrupt Wake-up from Sleep pC +1(1 -—-1 Ouuu uu-—- uuuu
RESET Instruction Executed 0000h -——u uuuu uu-- uluu
Stack Overflow Reset (STVREN = 1) 0000h -——u uuuu lu-- uuuu
Stack Underflow Reset (STVREN = 1) 0000h -——u uuuu ul-- uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, reads as ‘0".

Note1: When the wake-up is due to an interrupt and Global Enable bit (GIE) is set, the return address is pushed on
the stack and PC is loaded with the interrupt vector (0004h) after execution of PC + 1.
2: If a Status bit is not implemented, that bit will be read as ‘0’.
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3.1 MCLR

The PIC16F193X/LF193X has a noise filter in the
MCLR Reset path. The filter will detect and ignore
small pulses.

It should be noted that a Reset does not drive the
MCLR pin low.

Voltages applied to the pin that exceed its specification
can result in both MCLR Resets and excessive current
beyond the device specification during the ESD event.
For this reason, Microchip recommends that the MCLR
pin no longer be tied directly to VDD. The use of an RC
network, as shown in Figure 3-2, is suggested.

An internal MCLR option is enabled by clearing the
MCLRE bit in the Configuration Word register. When
MCLRE = 0, the Reset signal to the chip is generated
internally. When the MCLRE = 1, the RE3/MCLR pin
becomes an external Reset input. In this mode, the
RE3/MCLR pin has a weak pull-up to VDD. In-Circuit
Serial Programming is not affected by selecting the
internal MCLR option.

Low-voltage programming (LVP) mode will override
MCLRE.

FIGURE 3-2: RECOMMENDED MCLR
CIRCUIT
VDD
PIC® MCU
R1
10kQ
MCLR

C1
i ’ 0.1 uF

3.2 Power-on Reset (POR)

The on-chip POR circuit holds the chip in Reset until VDD
has reached a high enough level for proper operation. A
maximum rise time for VDD is required. See
Section 28.0 “Electrical Specifications” for details. If
the BOR is enabled, the maximum rise time specification
does not apply. The BOR circuitry will keep the device in
Reset untii VDD reaches VBOR (see Section 3.5
“Brown-Out Reset (BOR)").

When the device starts normal operation (exits the
Reset condition), device operating parameters (i.e.,
voltage, frequency, temperature, etc.) must be met to
ensure operation. If these conditions are not met, the
device must be held in Reset until the operating
conditions are met.

For additional information, refer to Application Note
ANB607, “Power-up Trouble Shooting” (DS00607).

3.3 Power-up Timer (PWRT)

The Power-up Timer provides a fixed 64 ms (nominal)
time-out on power-up only, from POR or Brown-out
Reset. The Power-up Timer operates from the WDT
oscillator. For more information, see Section 8.5
“Internal Clock Modes”. The chip is kept in Reset as
long as PWRT is active. The PWRT delay allows the
VDD to rise to an acceptable level. A Configuration bit,
PWRTE, can disable (if set) or enable (if cleared or pro-
grammed) the Power-up Timer. The Power-up Timer
should be enabled when Brown-out Reset is enabled,
although it is not required.

The Power-up Timer delay will vary from chip-to-chip
and vary due to:

» VDD variation

» Temperature variation

» Process variation

See DC parameters for details (Section 28.0
“Electrical Specifications”).

Note: The Power-up Timer is enabled by the
PWRTE bit in the Configuration Word.

3.4  Watchdog Timer (WDT)

The WDT has the following features:

* Independent prescaler from TimerQ

» Time-out period is from 1.024 ms to 268 seconds,
typical

» Enabled by Configuration bits WDTE<1:0>

» Can be disabled during Sleep

» Controlled by WDTCON register

WODT is cleared under certain conditions described in
Table 3-3.

3.4.1 WDT OSCILLATOR

The WDT derives its time base from the 31 kHz internal
oscillator.

Note:  When the Oscillator Start-up Timer (OST)
is invoked, the WDT is held in Reset.
When the OST count has expired, the
WDT will begin counting (if enabled).
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3.4.2 WDT CONTROL

The WDTE<1:0> bits are located in the Configuration
Word Register 1. When set to ‘11°, the WDT runs
continuously. When entering Sleep the WDT is always
cleared. When set to ‘10, the WDT is enabled while
running, and disabled during Sleep. When ‘01’ the
WDT is under control of the SWDTEN bit, and when
‘00" the WDT is always disabled.

The WDTCON register contains the SWDTEN bit and
WDTPS<4:0> bits. When the WDTE<1:0> bits in the
Configuration Word 1 register are anything but ‘01’, the
SWDTEN bit has no effect. When WDTE = 01, the
SWDTEN bit can be used to enable and disable the
WDT. Setting the bit will enable the WDT and clearing
the bit will disable the WDT.

The WDTPS<4:0> bits control the prescaler. See
Register 3-1. The Reset value of WDTCON gives a
nominal WDT interval of ~2s. Upon Reset, the
SWDTEN value will leave the WDT disabled if
WDTE<1:0> is ‘01" in the Configuration Word. The
prescaler will always be cleared on a Reset.

FIGURE 3-3: WATCHDOG TIMER BLOCK DIAGRAM

WDTE<1:0= = 00

LFINTOSC

|| 23-bit Programmable

WDTE<1:0> =01
SWDTEN

WDTE<1:0> =11

WDTE<1:0> = 10
Sleep

—» WDT Time-out
Prescaler WDT

WDTPS<4:0>

TABLE 3-3: WDT STATUS

Conditions

WDT

WDTE<1:0> =00

Cleared

WDTE<1:0> =01 and SWDTEN =10

WDTE<1:0> =10 and enter Sleep

CLEWDT Command

Oscillator Fail Detected

Exit Sleep + System Clock = T10SC, EXTRC, INTOSC, EXTCLK

Exit Sleep + System Clock = XT, HS, LP

Cleared until the end of OST

Change INTOSC divider (IRCF bits)

Unaffected
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REGISTER 3-1: WDTCON: WATCHDOG TIMER CONTROL REGISTER

uU-0 u-0 R/W-0/0 R/W-1/1 R/W-0/0 R/W-1/1 R/W-1/1 R/W-0/0
— — WDTPS4 WDTPS3 WDTPS2 WDTPS1 WDTPSO SWDTEN
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-1 WDTPS<4:0>: Watchdog Timer Period Select bits

Bit Value = Prescale Rate

00000 = 1:32 (Interval 1 ms typ)

00001 = 1:64 (Interval 2 ms typ)

00010 = 1:128 (Interval 4 ms typ)

00011 = 1:256 (Interval 8 ms typ)

00100 = 1:512 (Interval 16 ms typ)

00101 = 1:1024 (Interval 32 ms typ)

00110 = 1:2048 (Interval 64 ms typ)

00111 = 1:4096 (Interval 128 ms typ)
01000 = 1:8192 (Interval 256 ms typ)
01001 = 1:16384 (Interval 512 ms typ)
01010 = 1:32768 (Interval 1s typ)

01011 = 1:65536 (Interval 2s typ) (Reset value)
01100 = 1:131072 (2'7) (Interval 4s typ)
01101 = 1:262144 (2'8) (Interval 8s typ)
01110 = 1:524288 (21°) (Interval 16s typ)
01111 = 1:1048576 (22°) (Interval 32s typ)
10000 = 1:2097152 (227) (Interval 64s typ)
10001 = 1:4194304 (2%2) (Interval 128s typ)
10010 = 1:8388608 (22%) (Interval 256s typ)

10011 = Reserved. Results in minimum interval (1:32)

11111 = Reserved. Results in minimum interval (1:32)
bit 0 SWDTEN: Software Enable/Disable for Watchdog Timer bit
If WDTE<1:0> = 0o0:
This bit is ignored.
If WDTE<1:0> = 01:
1= WDT is turned on
0= WDT is turned off
If WDTE<1:0> = 1x:
This bit is ignored.
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3.5 Brown-Out Reset (BOR)

Brown-out Reset is enabled by programming the
BOREN<1:0> bits in the Configuration register. The
brown-out trip point is selectable from two trip points
via the BORV bit in the Configuration register.

Between the POR and BOR, complete voltage range
coverage for execution protection can be imple-
mented.

Two bits are used to enable the BOR. When
BOREN =11, the BOR is always enabled. When
BOREN = 10, the BOR is enabled, but disabled during

Sleep. When BOREN = 01, the BOR is controlled by
the SBOREN bit of the BORCON register. When
BOREN = 00, the BOR is disabled.

If VDD falls below VBOR for greater than parameter
(TBOR) (see Section 28.0 “Electrical Specifica-
tions”), the Brown-out situation will reset the device.
This will occur regardless of VDD slew rate. A Reset is
not ensured to occur if VDD falls below VBOR for more
than parameter (TBOR).

If VDD drops below VBOR while the Power-up Timer is
running, the chip will go back into a Brown-out Reset
and the Power-up Timer will be re-initialized. Once VDD
rises above VBOR, the Power-up Timer will execute a
64 ms Reset.

TABLE 3-4: BOR OPERATING MODES
- Device
Device ]
BO.REIN.I SBOREN Device Mode BOR Mode | Operation upon Operation upon
Config bits wake- up from
release of POR
Sleep
BOR_ON (11) X X Active Waits for BOR ready(?)
BOR_NSLEEP (10) X Awake Active
Waits for BOR ready
BOR_NSLEEP (10) X Sleep Disabled
BOR_SBOREN (01) 1 X Active Begins immediately
BOR_SBOREN (01) 0 X Disabled Begins immediately
BOR_OFF (00) X X Disabled Begins immediately
Note 1: Even though this case specifically waits for the BOR, the BOR is already operating, so there is no delay in
startup.
FIGURE 3-4: BROWN-OUT SITUATIONS
VDD
______________ \_J[ D C———____ \BOR
| I
Internal
Reset 64 ms(!)
VDD
—____________W ______________ VBOR
Internal [<64ms -
Reset - 64ms()

Internal
Reset

Note 1: 64 ms delay only if PWRTE bit is programmed to 0"

VDD
_____ \_____________jﬂ_____________ VEOR
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REGISTER 3-2: BORCON: BEROWN-OUT RESET CONTROL REGISTER

R = Readable bit
u = bit is unchanged
1" = Bitis set

W = Writable bit
x = Bit is unknown

‘0’ = Bit is cleared

R/W-1/u u-0 u-0 u-0 uU-0 uU-0 u-0 R/W-g/u
SBOREN — — — — — — BORRDY
bit 7 bit 0

Legend:

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets
g = Value depends on condition

bit 7 SBOREN: Software Brown-out Reset Enable bit

If BOREN = 01:

SBOREN is read/write, but has no effect on the BOR.

If BOREN = 01:
1= BOR Enabled
0 = BOR Disabled

bit 6-1 Unimplemented: Read as ‘0’

bit 0 BORRDY: Brown-out Reset Circuit Ready Status bit

1 = The Brown-out Reset circuit is active and armed
0 = The Brown-out Reset circuit is disabled or is warming up

@ 2008 Microchip Technology Inc.
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3.5.1 BOR HIBERNATE/REARM

The BOR circuit has an output that feeds into the POR
circuit and rearms the POR within the operating range
of the BOR. This early rearming of the POR ensures
that the device will remain in Reset in the event that
VDD falls below the operating range of the BOR
circuitry.

3.6 Reset Instruction

A RESET instruction will cause a device Reset. The Rl
bit in the PCON register will be set to ‘0°. See Table 3-6
for default conditions after a RESET instruction has
occurred.

3.7 Stack Overflow/Underflow

Device Resets on Stack Overflow and Stack Underflow
conditions are enabled by setting the STVREN bit in
Configuration Word 2. When STVREN is set, an overflow
or underflow condition will set the appropriate STKOVF
or STKUNF bit in the PCON register and then cause a
device Reset. When STVREN is cleared, an overflow or
underflow condition will set the appropriate STKOVF or
STKUNF bit, but not cause a device Reset. The STKOVF
or STKUNF bit is cleared by user software or a Power-on
Reset.

3.8 Power-Up Time-out Sequence

On power-up, the time-out sequence is as follows: first,
PWRT time-out is invoked after POR or BOR has
expired, then OST is activated after the PWRT time-out
has expired. The total time-out will vary based on oscil-
lator configuration and PWRTE bit status. For example,
in EC mode with PWRTE bit = 1 (PWRT disabled),
there will be no time out at all. Figure 3-5, Figure 3-6
and Figure 3-7 depict time-out sequences.

Since the time outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire. Then,
bringing MCLR high will begin execution immediately
(see Figure 3-6). This is useful for testing purposes or
to synchronize more than one PIC16F193X/LF193X
device operating in parallel.

Table 3-7 shows the Reset conditions for some special
registers.

DS41364A-page 64 Preliminary

© 2008 Microchip Technology Inc.



PIC16F193X/LF193X

3.9 Power Control (PCON) Register

The Power Control (PCON) register has six Status bits
to indicate what type of Reset that last occurred.

3.9.1 PCON REGISTER

The Power Control (PCON) register contains flag bits
(refer to Table 3-6) to differentiate between a:

+ Power-on Reset (POR)

« Brown-out Reset (BOR)

+ Reset Instruction Reset (RI)

+ Stack Overflow Reset (STKOVF)

» Stack Underflow Reset (STKUVF)

The PCON register also controls the software enable of
the BOR.

The PCON register bits are shown in Register 3-3.

REGISTER 3-3: PCON: POWER CONTROL REGISTER
R/W-0/q R/W-0/q U-0 U-0 R/W-1/q R/W-1/q R/W-g/u R/W-qg/u
STKOVF STKUNF — — RMCLR RI POR BOR
bit 7 bit 0
Legend:

R = Readable bit
u = bit is unchanged

W = Writable bit
x = Bit is unknown

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

1" = Bitis set ‘0" = Bit is cleared g = Value depends on condition
bit 7 STKOVF: Stack Overflow Flag bit
1 = A Stack Overflow occurred (more CALLs than fit on the stack)
0 = A Stack Overflow has not occurred or set to ‘0’ by firmware
bit 6 STKUNF: Stack Underflow Flag bit
1 = A Stack Underflow occurred (more RETURNS than CALLs)
0 = A Stack Underflow has not occurred or set to ‘0’ by firmware
bit 5-4 Unimplemented: Read as ‘0’
bit 3 RMCLR: MCLR Reset Flag bit
1 = AMCLR Reset has not occurred or set to ‘1’ by firmware
0 = A MCLR Reset has occurred (set to ‘0" in hardware when a MCLR Reset occurs)
bit 2 RI: RESET Instruction Flag bit
1 = A RESET instruction has not been executed or set to ‘1’ by firmware
0 = ARESET instruction has been executed (set to ‘0" in hardware upon executing a RESET instruction)
bit 1 POR: Power-on Reset Status bit
1 = No Power-on Reset occurred
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)
bit 0 BOR: Brown-out Reset Status bit

1 = No Brown-out Reset occurred

0 = A Brown-out Reset occurred (must be set in software after a Power-on Reset or Brown-out Reset

occurs)
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TABLE 3-5: TIME-OUT IN VARIOUS SITUATIONS
Power-up and Brown-out Reset .
Oscillator Configuration Wake up from Sl_eep
PWRTE = 0 PWRTE=1 or Oscillator Switch
XT, HS, LP 64 ms + 1024 « Tosc 1024 « Tosc 1024 - Tosc
External RC 64 ms — —
EC 64 ms — —
INTOSC 64 ms 1ps 1 us
Note 1: LP mode with T10SC disabled.
TABLE 3-6: RESET BITS AND THEIR SIGNIFICANCE
STKOVF | STKUNF | RMCLR | RI POR BOR T0 PD Condition
0 0 1 1 0 b4 1 1 Power-on Reset
0 0 1 1 0 X 0 X lllegal, TO is set on POR
0 0 1 1 0 X X 0 lllegal, PD is set on POR
0 0 1 u u 0 1 1 Brown-out Reset
u u u u u u 0 u WDT Reset
u u u u u u 0 0 WDT Wake-up from Sleep
u u u u u u 1 0 Interrupt Wake-up from Sleep
u u 0 u u u u u MCLR Reset during normal operation
u u 0 u u u 1 0 MCLR Reset during Sleep
u u u 0 u u u u RESET instruction executed
1 u u u u u u u Stack Overflow Reset (STVREN = 1)
u 1 u u u u u u Stack Underflow Reset (STVREN = 1)
Legend: u =unchanged, x = unknown
FIGURE 3-5: TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 1
VDD —/
MCLR —
Internal POR ﬂ
: TPWRT :
PWRT Time-out L—TOST—-J
OST Time-out

Internal Reset
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FIGURE 3-6: TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 2

VDD —/ '
MCLR - a

Internal POR ﬂ .

TPWRT -

PWRT Time-out | l

OST Time-out ‘ .

Internal Reset

FIGURE 3-7: TIME-OUT SEQUENCE ON POWER-UP (MCLR WITH VDD): CASE 3
VDD —/
MCLR
Internal POR H
TPWRT !
PWRT Time-out LTOST—-»'
OST Time-out [

Internal Reset ‘
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TABLE 3-7: RESET CONDITION FOR SPECIAL REGISTERS(?

Contion Counter Register Register

Power-on Reset 0000h -——-1 1000 00-- 110x
MCLR Reset during normal operation 0000h ———u uuuu uu-- Ouuu
MCLR Reset during Sleep 0000h -—-1 Ouuu uu-- Ouuu
WDT Reset 0000h -——0 uuuu uu-— uuuu
WDT Wake-up from Sleep PC+1 --—0 Ouuu uu-— uuuu
Brown-out Reset 0000h ——-1 1luuu 00-—— 11u0
Interrupt Wake-up from Sleep pPC+ 11 -—-1 Ouuu uu-- uuuu
RESET Instruction Executed 0000h -—-u uuuu uu-- uluu
Stack Overflow Reset (STVREN = 1) 0000h -——u uuuu lu-- uuuun
Stack Underflow Reset (STVREN = 1) 0000h -——u uuuu ul-- uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, reads as ‘0".

Note 1: When the wake-up is due to an interrupt and Global Interrupt Enable bit, GIE, is set, the PC is loaded with
the interrupt vector (0004h) after execution of PC + 1.

2: |f a Status bit is not implemented, that bit will be read as ‘0.

TABLE 3-8: SUMMARY OF REGISTERS ASSOCIATED WITH RESETS

Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ‘:ﬁg;zt;
BORCON | SBOREN — — — — — — BORRDY 63
PCON STKOVF | STKUNF — — RMCLR RI POR BOR 65
STATUS — — — TO PD z DC C 50
WDTCON — — WDTPS4 | WDTPS3 | WDTPS2 | WDTPS1 | WDTPS0 | SWDTEN 61
Legend: u =unchanged, x = unknown, — = unimplemented bit, reads as ‘0’, g = value depends on condition.

Shaded cells are not used by Resets.
Note 1: Other (non Power-up) Resets include MCLR Reset and Watchdog Timer Reset during normal operation.
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40 INTERRUPTS + Timer0 Overflow Interrupt

+ Timer1 Gate Int t
The PIC16F193X/LF193X device family features an : Tfme: Oa erﬂn erlrl:p t
interruptible core, allowing certain events to preempt imert Lvertiow Interrup

normal program flow. An Interrupt Service Routine * Timer2 Match with PR2 Interrupt
(ISR) is used to determine the source of the interrupt » Timer4 Match with PR4 Interrupt
and act accordingly. Some interrupts can be configured » Timer6 Match with PR6 Interrupt
to wake the MCU from Sleep mode. « Comparator C1 Interrupt
The PIC16F193X/LF193X device family has 23 inter- » Comparator C2 Interrupt
rupt sources, differentiated by corresponding interrupt « CCP1 Event Interrupt
enable and flag bits: « CCP2 Event Interrupt
+ External Edge Detect on INT Pin Interrupt « CCP3 Event Interrupt
* Interrupt-on-Change Interrupt + CCP4 Event Interrupt
« A/D Conversion Complete Interrupt + CCP5 Event Interrupt
+ EEPROM Write Complete Interrupt + MSSP Event Interrupt
* EUSART Receive Interrupt + MSSP Bus Collision Interrupt
* EUSART Transmit Interrupt A block diagram of the interrupt logic is shown in
+ LCD Module Interrupt Figure 4-1.
*» Oscillator Fail Interrupt
FIGURE 4-1: INTERRUPT LOGIC
Wake-up (If in Sleep mode)
TMROIF —}
TMROIE |
INTF — % _T\ Interrupt to CPU
INTE —] J/
IOCIF —}_
IOCIE ]
From Peripheral Interrupt
Logic (Figure 4-2)
PEIE
GIE
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FIGURE 4-2: PERIPHERAL INTERRUPT LOGIC

TMR1GIF ——
TMR1GIE —

ADIF  —
ADIE —

RCIF  —
RCIE —
TXIF  —
TXIE —
SSPIF ——
SSPIE —
CCP1IF —
CCP1E —

CCP3IF —
CCP3IE —
OSFIF ——
OSFIE —
TMR1IF —
TMR1IE —

—

To Interrupt Logic

TMRGIF —
TMRGIE —
C2IF —
C2lE —
C1IF  —
C1lE —
EEIF —
EEIE —
BCLIF —
BCLIE —

LCDIF —
LCDIE —

R A

—] )

(Figure 4-1)
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41

Interrupts are disabled upon any device Reset. They
are enabled by setting the following bits:

» GIE bit of the INTCON register

* Interrupt Enable bit(s) for the specific interrupt
event(s)

» PEIE bit of the INTCON register (if the Interrupt

Enable bit of the interrupt event is contained in the
PIE1, PIE2 and PIE3 registers)

The INTCON, PIR1, PIR2 and PIR3 registers record
individual interrupts via interrupt flag bits. Interrupt flag
bits will be set, regardless of the status of the GIE, PEIE
and individual interrupt enable bits.

Operation

The following events happen when an interrupt event
occurs while the GIE bit is set:

» Current prefetched instruction is flushed
* GIE bit is cleared

» Current Program Counter (PC) is pushed onto the
stack

» PC is loaded with the interrupt vector 0004h

The ISR determines the source of the interrupt by
polling the interrupt flag bits. The interrupt flag bits must
be cleared before exiting the ISR to avoid repeated
interrupts. Because the GIE bit is cleared, any interrupt

that occurs while executing the ISR will be recorded
through its interrupt flag, but will not cause the
processor to redirect to the interrupt vector.

The RETFIE instruction exits the ISR by popping the
previous address from the stack, restoring the saved
context from the shadow registers and setting the GIE
bit.

For additional information on a specific interrupt's
operation, refer to its peripheral chapter.

Note 1: Individual interrupt flag bits are set,
regardless of the state of any other
enable bits.

2: All interrupts will be ignored while the GIE
bit is cleared. Any interrupt occurring
while the GIE bit is clear will be serviced

when the GIE bit is set again.

4.2

Interrupt latency is defined as the time from when the
interrupt event occurs to the time code execution at the
interrupt vector begins. The latency for synchronous
interrupts is 3 or 4 instruction cycles. For asynchronous
interrupts, the latency is 3 to 5 instruction cycles,
depending on when the interrupt occurs. See Figure 4-3
for timing details.

Interrupt Latency

FIGURE 4-3: INT PIN INTERRUPT TIMING
' Q1] @] @3] @4 Q1] Q2] @3] @4 Q1| Q2| @3] @4 Q1] Q2| @3| Q4. Q1] Q2| Q3] Q4.
0SC1 j ' l
clkout® . g - . . . l
1 ) {4] ' 1 i 1 [ | 1
INTpin T\ : : : :
. Lo : . 3 (1) . i . i
INTF flag # (5) ! ' Interrupt Latency(zlI ! : '
(INTCON<1>) . : ; : l . l
GIE bit : ; : \ : : :
(INTCON<T7>) , ' ' : : s
INSTRUCTION FLOW : ' : : :
PC { PC X PC + 1 X PC +1 P4 0004h X 0005h '
Instruction [ . : : : : :
Fetched { ' Inst (PC) ' Inst (PC + 1) 1 — ' Inst (0004h) ' Inst (0005h)
Instruction ( : : : : :
Executed Inst(PC—-1) | Inst (PC) : Dummy Cycle | Dummy Cycle | Inst (0004h) :
Note 1: INTF flag is sampled here (every Q1).
2: Asynchronous interrupt latency = 3-5 Tcy. Synchronous latency = 3-4 Tcy, where Tcy = instruction cycle time.
Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction.
3: CLKOUT is available only in INTOSC and RC Oscillator modes.
For minimum width of INT pulse, refer to AC specifications in Section 28.0 “Electrical Specifications”.
5: INTF is enabled to be set any time during the Q4-Q1 cycles.
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4.3 Interrupts During Sleep

Some interrupts can be used to wake from Sleep. To
wake from Sleep, the peripheral must be able to
operate without the system clock. The interrupt source
must have the appropriate Interrupt Enable bit(s) set
prior to entering Sleep.

On waking from Sleep, if the GIE bit is also set, the
processor will branch to the interrupt vector. Otherwise,
the processor will continue executing instructions after
the SLEEP instruction. The instruction directly after the
SLEEP instruction will always be executed before
branching to the ISR. Refer to the Section 24.0
“Power-Down Mode (Sleep)” for more details.

44 INTPin

The external interrupt, INT pin, causes an
asynchronous, edge-triggered interrupt. The INTEDG bit
of the OPTION register determines on which edge the
interrupt will occur. When the INTEDG bit is set, the
rising edge will cause the interrupt. When the INTEDG
bit is clear, the falling edge will cause the interrupt. The
INTF bit of the INTCON register will be set when a valid
edge appears on the INT pin. If the GIE and INTE bits
are also set, the processor will redirect program
execution to the interrupt vector. This interrupt is
disabled by clearing the INTE bit of the INTCON register.

4.5 Context Saving

Upon entering an interrupt, the return PC address is
saved on the stack. Additionally, the following registers
are automatically saved in the shadow registers:

* W register

« STATUS register (except for TO and PD)

* BSR register

* FSR registers

* PCLATH register

Upon exit from the Interrupt Service Routine, these reg-
isters are automatically restored. Any modifications to
these registers during the ISR will be lost. Depending

on the user’s application, other registers may also need
to be saved.
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4.5.1 INTCON REGISTER

The INTCON register is a readable and writable
register, which contains the various enable and flag bits
for TMRO register overflow, interrupt-on-change and
external INT pin interrupts.

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE of the INTCON register.
User software should ensure the appropri-
ate interrupt flag bits are clear prior to
enabling an interrupt.

REGISTER 4-1: INTCON: INTERRUPT CONTROL REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R-0/0
GIE PEIE TMROIE INTE IOCIE TMROIF() INTF IOCIF

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
1" = Bitis set ‘0" = Bit is cleared
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts
0 = Disables all interrupts
bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
bit 5 TMROIE: Timer0 Overflow Interrupt Enable bit
1 = Enables the Timer0 interrupt
0 = Disables the Timer0 interrupt
bit 4 INTE: RBO/INT External Interrupt Enable bit
1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt
bit 3 IOCIE: Interrupt-on-Change Enable bit(!)
1 = Enables the interrupt-on-change
0 = Disables the interrupt-on-change
bit 2 TMROIF: Timer0 Overflow Interrupt Flag bit?)
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1 INTF: INT External Interrupt Flag bit
1 = The INT external interrupt occurred (must be cleared in software)
0 = The INT external interrupt did not occur
bit 0 IOCIF: Interrupt-on-Change Interrupt Flag bit
1 = When at least one of the interrupt-on-change pins changed state (must be cleared in software)
0 = None of the interrupt-on-change pins have changed state

Note 1: TMROIF bit is set when Timer0 rolls over. Timer0 is unchanged on Reset and should be initialized before
clearing TMROIF bit.
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452 PIE1 REGISTER
The PIE1 register contains the interrupt enable bits, as Note:  Bit PEIE of the INTCON register must be

shown in Register 4-2.

set to enable any peripheral interrupt.

REGISTER 4-2: PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1
R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0

TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bit is cleared
bit 7 TMR1GIE: Timer1 Gate Interrupt Enable bit

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

1 = Enable the Timer1 Gate Acquisition complete interrupt
0 = Disable the Timer1 Gate Acquisition complete interrupt

ADIE: A/D Converter (ADC) Interrupt Enable bit

1 = Enables the ADC interrupt
0 = Disables the ADC interrupt

RCIE: USART Receive Interrupt Enable bit

1 = Enables the USART receive interrupt
0 = Disables the USART receive interrupt

TXIE: USART Transmit Interrupt Enable bit

1 = Enables the USART transmit interrupt
0 = Disables the USART transmit interrupt

SS8PIE: Synchronous Serial Port (SSP) Interrupt Enable bit

1 = Enables the SSP interrupt
0 = Disables the SSP interrupt

CCP1IE: CCP1 Interrupt Enable bit

1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the Timer2 to PR2 match interrupt

0 = Disables the Timer2 to PR2 match interrupt
TMRA1IE: Timer1 Overflow Interrupt Enable bit

1 = Enables the Timer1 overflow interrupt
0 = Disables the Timer1 overflow interrupt
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453 PIE2 REGISTER

The PIE2 register contains the interrupt enable bits, as Note: Bit PEIE of the INTCON register must be
shown in Register 4-3. set to enable any peripheral interrupt.

REGISTER 4-3: PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 R/W-0/0
OSFIE C2IE C1lE EEIE BCLIE LCDIE — CCP2IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared
bit 7 OSFIE: Oscillator Fail Interrupt Enable bit

1 = Enables the Oscillator Fail interrupt
0 = Disables the Oscillator Fail interrupt

bit 6 C2IE: Comparator C2 Interrupt Enable bit

1 = Enables the Comparator C2 interrupt
0 = Disables the Comparator C2 interrupt

bit 5 C1IE: Comparator C1 Interrupt Enable bit

1 = Enables the Comparator C1 interrupt
0 = Disables the Comparator C1 interrupt

bit 4 EEIE: EEPROM Write Completion Interrupt Enable bit

1 = Enables the EEPROM Write Completion interrupt
0 = Disables the EEPROM Write Completion interrupt

bit 3 BCLIE: MSSP Bus Collision Interrupt Enable bit

1 = Enables the MSSP Bus Collision Interrupt
0 = Disables the MSSP Bus Collision Interrupt

bit 2 LCDIE: LCD Module Interrupt Enable bit

1 = Enables the LCD module interrupt
0 = Disables the LCD module interrupt

bit 1 Unimplemented: Read as ‘0’
bit 0 CCP2IE: CCP2 Interrupt Enable bit

1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt
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454 PIE3 REGISTER

The PIE3 register contains the interrupt enable bits, as Note:  Bit PEIE of the INTCON register must be
shown in Register 4-4. set to enable any peripheral interrupt.

REGISTER 4-4: PIE3: PERIPHERAL INTERRUPT ENABLE REGISTER 3

u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 R/W-0/0 u-0
— CCPSIE CCP4IE CCP3IE TMRSGIE — TMRA4IE —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bit is cleared
bit 7 Unimplemented: Read as ‘0’
bit 6 CCPS5IE: CCP5 Interrupt Enable bit

1 = Enables the CCP5 interrupt
0 = Disables the CCP5 interrupt

bit 5 CCPA4IE: CCP4 Interrupt Enable bit

1 = Enables the CCP4 interrupt
0 = Disables the CCP4 interrupt

bit 4 CCP3IE: CCP3 Interrupt Enable bit

1 = Enables the CCP3 interrupt
0 = Disables the CCP3 interrupt

bit 3 TMRG6IE: TMR6 to PR6 Match Interrupt Enable bit

1 = Enables the TMR6 to PR6 Match interrupt
0 = Disables the TMR6 to PR6 Match interrupt

bit 2 Unimplemented: Read as ‘0’
bit 1 TMRAIE: TMR4 to PR4 Match Interrupt Enable bit

1 = Enables the TMR4 to PR4 Match interrupt
0 = Disables the TMR4 to PR4 Match interrupt

bit 0 Unimplemented: Read as ‘0’
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455 PIR1 REGISTER

The PIR1 register contains the interrupt flag bits, as Note: Interrupt flag bits are set when an interrupt
shown in Register 4-5. condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE, of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear prior
to enabling an interrupt.

REGISTER 4-5: PIR1: PERIPHERAL INTERRUPT REQUEST REGISTER 1

R/W-0/0 R/W-0/0 R-0/0 R-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
TMR1GIF ADIF RCIF TXIF ‘ SSPIF | CCP1IF TMR2IF TMR1IF
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared

bit 7 TMR1GIF: Timer1 Gate Interrupt Flag bit

1 = Timer1 Gate is inactive
0 = Timer1 Gate is active
bit 6 ADIF: A/D Converter Interrupt Flag bit
1 = A/D conversion complete (must be cleared in software)
0 = A/D conversion has not completed or has not been started
bit 5 RCIF: USART Receive Interrupt Flag bit
1 = The USART receive buffer is full (cleared by reading RCREG)
0 = The USART receive buffer is not full
bit 4 TXIF: USART Transmit Interrupt Flag bit
1 = The USART transmit buffer is empty (cleared by writing to TXREG)
0 = The USART transmit buffer is full
bit 3 SS8PIF: Synchronous Serial Port (SSP) Interrupt Flag bit
1 = The Transmission/Reception is complete (must be cleared in software)
0 = Waiting to Transmit/Receive
bit 2 CCP1IF: CCP1 Interrupt Flag bit
Capture mode:

1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMR1 register capture occurred

Compare mode:
1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred
PWM mode:
Unused in this mode
bit 1 TMR2IF: Timer2 to PR2 Interrupt Flag bit
1 = A Timer2 to PR2 match occurred (must be cleared in software)
0 = No Timer2 to PR2 match occurred
bit 0 TMR1IF: Timer1 Overflow Interrupt Flag bit

1 = The TMR1 register overflowed (must be cleared in software)
0 = The TMR1 register did not overflow
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456 PIR2 REGISTER

The PIR2 register contains the interrupt flag bits, as Note: Interrupt flag bits are set when an interrupt
shown in Register 4-6. condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear prior
to enabling an interrupt.

REGISTER 4-6: PIR2: PERIPHERAL INTERRUPT REQUEST REGISTER 2

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 R/W-0/0
OSFIF C2IF C1IF EEIF | BCLIF | LCDIF — CCP2IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bit is cleared
bit 7 OSFIF: Oscillator Fail Interrupt Flag

1 = System oscillator failed, clock input has changed to INTOSC (must be cleared in software)
0 = No oscillator failure has been detected

bit 6 C2IF: Comparator C2 Interrupt Flag
1 = An enabled edge was detected on Comparator C2 (must be cleared in software)
0 = No enabled edge was detected on Comparator C2

bit 5 C1IF: Comparator C1 Interrupt Flag
1 = An enabled edge was detected on Comparator C1 (must be cleared in software)
0 = No enabled edge was detected on Comparator C1

bit 4 EEIF: EEPROM Write Completion Interrupt Flag bit
1 = The EEPROM Write operation has completed (must be cleared in software)
0 = The EEPROM Write operation has not completed or has not been started

bit 3 BCLIF: MSSP Bus Collision Interrupt Flag bit
1 = A Bus Collision was detected (must be cleared in software)
0 = No Bus collision was detected

bit 2 LCDIF: LCD Module Interrupt Flag bit
1 = The LCD module has completed displaying a frame (must be cleared in software).
0 = The LCD module has not completed displaying a frame

bit 1 Unimplemented: Read as ‘0’

bit 0 CCP2IF: CCP2 Interrupt Flag bit

Capture Mode

1= A TMR1 register capture occurred (must be cleared in software)

0 = No TMR1 register capture occurred

Compare Mode

1= A TMR1 register compare match occurred (must be cleared in software)
0= No TMR1 register compare match occurred

PWM Mode

Unused in this mode
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457 PIR3 REGISTER

The PIR3 register contains the interrupt enable bits, as
shown in Register 4-7.

REGISTER 4-7: PIR3: PERIPHERAL INTERRUPT REQUEST REGISTER 3

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— CCP5IF CCP4IF CCP3IF ‘ TMR6IF | — TMRA4IF —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared
bit 7 Unimplemented: Read as ‘0’
bit 6 CCP5IF: CCP5 Interrupt Flag bit

Capture Mode
1= A TMR1 register capture occurred (must be cleared in software)
0= No TMR1 register capture occurred
Compare Mode
1= A TMR1 register compare match occurred (must be cleared in software)
0= No TMR1 register compare match occurred
PWM Mode
Unused in this mode
bit 5 CCPA4IF: CCP4 Interrupt Flag bit
Capture Mode
1= A TMR1 register capture occurred (must be cleared in software)
0= No TMR1 register capture occurred
Compare Mode
1= A TMR1 register compare match occurred (must be cleared in software)
0= No TMR1 register compare match occurred
PWM Mode
Unused in this mode

bit 4 CCP3IF: CCP3 Interrupt Flag bit

Capture Mode
1= A TMR1 register capture occurred (must be cleared in software)

0= No TMR1 register capture occurred

Compare Mode
1= A TMR1 register compare match occurred (must be cleared in software)

0= No TMR1 register compare match occurred
PWM Mode
Unused in this mode
bit 3 TMR6IF: TMR6 to PR6 Match Interrupt Flag bit
1 = TMR®6 to PR6 post-scaled match occurred (must be cleared in software)
0 = No TMR6 to PR6 match occurred
bit 2 Unimplemented: Read as ‘0’
bit 1 TMRA4IF: TMR4 to PR4 Match Interrupt Flag bit
1 = TMR4 to PR4 post-scaled match occurred (must be cleared in software)
0 = No TMR4 to PR4 match occurred

bit 0 Unimplemented: Read as ‘0’
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TABLE 4-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPTS

Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 ‘:ﬁg;zt;
INTCON GIE PEIE | TMROIE | INTE IOCIE | TMROIF | INTF IOCIF 73
OPTION_REG| WPUEN [ INTEDG | TOCS TOSE PSA PS2 PS1 PS0 51
PIE1 TMR1GIE| ADIE RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMRI1IE 74
PIE2 OSFIE C2IE C1IE EEIE | BCLIE | LCDIE — CCP2IE 75
PIE3 — CCPS5IE | CCP4IE | CCP3IE | TMR6IE — TMRA4IE — 76
PIR1 TMR1GIF | ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 77
PIR2 OSFIF C2IF C1IF EEIF BCLIF | LCDIF — CCP2IF 78
PIR3 — CCP5IF | CCP4IF | CCP3IF | TMR6IF — TMR4IF — 79
Legend: =x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by

Interrupts.
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5.0 LOW DROPOUT (LDO)
VOLTAGE REGULATOR

The PIC16F 193X devices differ from the PIC16LF193X
devices due to an internal Low Dropout (LDO) voltage
regulator. The PIC16F193X contain an internal LDO,
while the PIC16LF 193X do not.

The lithography of the die allows a maximum operating
voltage of 3.6V on the internal digital logic. In order to
continue to support 5.0V designs, a LDO voltage
regulator is integrated on the die. The LDO voltage
regulator allows for the internal digital logic to operate
at 3.2V, while I/O’s operate at 5.0V (VDD).

The LDO voltage regulator requires an external bypass
capacitor for stability. One of three pins, denoted as
VcAP, can be configured for the external bypass
capacitor. It is recommended that the capacitor be a
ceramic cap between 0.1 to 1.0 pF.

On power-up, the external capacitor will look like a
large load on the LDO voltage regulator. To prevent
erroneous operation, the device is held in Reset while
a constant current source charges the external
capacitor. After the cap is fully charged, the device is
released from Reset. For more information, refer to
Section 28.0 “Electrical Specifications”.

See Configuration Word 2 register (Register 10-2) for
VAP enable bits.
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NOTES:
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6.0 /O PORTS

Depending on the device selected and peripherals
enabled, there are up to five ports available. In general,
when a peripheral is enabled, that pin may not be used
as a general purpose /O pin.

Each port has three registers for its operation. These
registers are:

» TRISx registers (data direction register)

» PORTXx registers (reads the levels on the pins of
the device)

» LATXx registers (output latch)

The Data Latch (LATx registers) is useful for
read-modify-write operations on the value that the 1/0
pins are driving.

Ports with analog functions also have an ANSELx
register which can disable the digital input and save
power. A simplified model of a generic I/O port, without
the interfaces to other peripherals, is shown in
Figure 6-1.

FIGURE 6-1: GENERIC I/O PORT
OPERATION
Read LATx
1 D Q
Write LATx

Wiite PORTx] CK_A™

Data Register

Data Bus {
N

Read PORTx j

To peripherals 4———
ANSELx

/O pin

Vss
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6.1 Alternate Pin Function These bits have no effect on the values of any TRIS

The Alternate Pin Function Control (APFCON) register

register. PORT and TRIS overrides will be routed to the
correct pin. The unselected pin will be unaffected.

is used to steer specific peripheral input and output
functions between different pins. The APFCON register
is shown in Register 6-1. For this device family, the
following functions can be moved between different

pins.

+ SS (Slave Select)

+ CCP2
+ CCP3

* Timer1 Gate

* SR Latch SRNQ output
» Comparator C2 output

REGISTER 6-1: APFCON: ALTERNATE PIN FUNCTION CONTROL REGISTER

U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— | CCP3SEL | TIGSEL | P2BSEL | SRNQSEL | C20UTSEL | SSSEL | CCP2SEL
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0
u = bit is unchanged X = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1" =Bitis set ‘0’ = Bit is cleared
bit 7 Unimplemented: Read as "0’
bit 6 CCP3SEL: CCP3 Input/Qutput Pin Selection bit
For 28-Pin Devices (PIC16F 1933/1936/1938):
0= CCP3/P3A function is on RC6/TX/CK/CCP3/P3A/SEGY
1= CCP3/P3A function is on RB5/AN13/CPS5/CCP3/P3A/T1G/COM1
For 40-Pin Devices (PIC16F 1934/1937/1939):
0= CCP3/P3A function is on REO/ANS/CCP3/P3A/SEG21
1= CCP3/P3A function is on RB5/AN13/CPS5/CCP3/P3A/T1G/COM1
bit 5 T1GSEL: Timer1 Gate Input Pin Selection bit
0 = T1G function is on RB5/AN13/CPS5/CCP3/P3A/T1G/COM1
1 = T1G function is on RC4/SDI/SDA/T1G/SEG11
bit 4 P2BSEL: CCP2 PWM B Output Pin Selection bit
For 28-Pin Devices (PIC16F 1933/1936/1938):
0 = P2B function is on RCO/T10SO/T1CKI/P2B
1 = P2B function is on RB5/AN13/P2B/CPS5/T1G/COM1
For 40-Pin Devices (PIC16F 1934/1937/1939):
0 = P2B function is on RCO/T10SO/T1CKI/P2B
1 = P2B function is on RD2/CP510/P2B
bit 3 SRNQSEL: SR Latch nQ Output Pin Selection bit
0 = SRnQ function is on RA5!AN4!CZOUT!SRnOJE!CPS?;’_SEGSNCAP
1 = SRnQ function is on RAJ/ANO/C12INO-/C20UT/SRNQ/SS/SEG12/VCAP
bit 2 C20UTSEL: Comparator C2 Output Pin Selection bit
0= C20UT function is on RAS/AN4/C20UT/SRnQ/SS/CPST/SEGS/VCAP
1= C20UT function is on RAO/ANO/C12INO-/C20UT/SRnQ/SS/SEG12/VCAP
bit 1 SSSEL: SS Input Pin Selection bit
0= 88 function is on RAS/AN4/C20UT/SRNQ/SS/CPST/SEGS/VCAP
1 = 88 function is on RAOD/ANO/C12INO-/C20UT/SRNQ/SS/SEG12/VCAP
bit 0 CCP2SEL: CCP2 Input/Output Pin Selection bit

0= CCP2/P2A function is on RC1/T10SI/CCP2/P2A
1= CCP2/P2A function is on RB3/AN9/C12IN2-/CPS3/CCP2/P2A/NLCD3
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6.2 PORTA Registers

TRISA register are maintained set when using them as
analog inputs. /O pins configured as analog input

PORTA is a 8-bit wide, bidirectional port. The always read ‘0'.
corresponding data direction register is TRISA . —
(Register 6-4). Setting a TRISA bit (= 1) will make the Note:  The ANSELA register must be |n|t|3||21|9d_ to
corresponding PORTA pin an input (i.e., disable the configure an analog channel as a digital
output driver). Clearing a TRISA bit (= 0) will make the input. Pins configured as analog inputs will
corresponding PORTA pin an output (i.e., enables read ‘0.
output driver and puts the contents of the output latch .
on the selected pin). Example 6-1 shows how to EXAMPLE 6-1: INITIALIZING PORTA
initialize PORTA. BANKSEL PORTA i
Reading the PORTA register (Register 6-2) reads the EEEESEL E‘Zﬁﬂ [I)I;t; i;}izi
status of the pins, whereas writing to it will write to the CIRF  IATA .
PORT latch. All write operations are read-modify-write BANKSEL ANSELL :
operations. Therefore, a write to a port implies that the CLRF  RNSELR ;digital I/0
port pins are read, this value is modified and then BANKSEL TRISA ;
written to the PORT data latch (LATA). MOVLW  0Ch ;Set RR<3:2> as inputs
. ) MOVWE  TRISAR ;and set RA<LT7:4,1:0>
The TRISA register (Register 6-4) controls the PORTA :as outputs
pin output drivers, even when they are being used as
analog inputs. The user should ensure the bits in the
REGISTER 6-2: PORTA: PORTA REGISTER
R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
RA7 RAB RA5 RA4 RA3 RA2 RA1 RAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged x = Bit is unknown

-n/n = Value at POR and BOR/Value at all other Resets

1" = Bitis set ‘0" = Bit is cleared
bit 7-0 RA<7:0>: PORTA I/O Value bits")
Note 1: Wirites to PORTA are actually written to corresponding LATA register. Reads from PORTA register is return

of actual I/O pin values.

REGISTER 6-3: LATA: PORTA DATA LATCH REGISTER
R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
LATA7 LATAB LATAS LATA4 LATA3 LATA2 LATA1 LATAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
1" = Bitis set ‘0" = Bit is cleared
bit 7-0 LATA<7:0>: PORTA Output Latch Value bits(!)
Note 1: Wirites to PORTA are actually written to corresponding LATA register. Reads from PORTA register is return

of actual I/O pin values.
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6.2.1 ANSELA REGISTER

The ANSELA register (Register6-5) is used to
configure the Input mode of an /O pin to analog.
Setting the appropriate ANSELA bit high will cause all
digital reads on the pin to be read as ‘0’ and allow
analog functions on the pin to operate correctly.

The state of the ANSELA bits has no affect on digital
output functions. A pin with TRIS clear and ANSEL set
will still operate as a digital output, but the Input mode
will be analog. This can cause unexpected behavior
when executing read-modify-write instructions on the
affected port.

REGISTER 6-4: TRISA: PORTA TRI-STATE REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
TRISAT TRISAB TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bit is cleared
bit 7-0 TRISA<7:0>: PORTA Tri-State Control bit

1 = PORTA pin configured as an input (tri-stated)
0 = PORTA pin configured as an output

REGISTER 6-5: ANSELA: PORTA ANALOG SELECT REGISTER

u-0 u-0 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
— — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bitis cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 ANSA<5:0>: Analog Select between Analog or Digital Function on pins RA<5:0>, respectively

0 = Digital /0. Pin is assigned to port or digital special function.
1 = Analog input. Pin is assigned as analog input“]. Digital input buffer disabled.

Note 1: When setting a pin to an analog input, the corresponding TRIS bit must be set to Input mode in order to
allow external control of the voltage on the pin.
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6.2.2

PORTA FUNCTIONS AND QUTPUT
PRIORITIES

Each PORTA pin is multiplexed with other functions. The
pins, their combined functions and their output priorities

are

briefly described here. For additional information,

refer to the appropriate section in this data sheet.

When multiple outputs are enabled, the actual pin
control goes to the peripheral with the lowest number in

SEG4 (LCD)

SRQ (SR Latch)

C10UT (Comparator)
CCP5 (CCP), 28-pin only
RA4

RA4
1.
2.
3.
4.
5.
RA5
the following lists. 1. Vcapr (enabled by Configuration Word)
RAO 2. SEG5 (LCD)
1. Vcap (enabled by Configuration Word) 3. SRNQ (SR Latch)
2. SEG12(LCD) 4. C20UT (Comparator)
3. SRNQ (SR Latch) 5 RAS
4. C20UT (Comparator) RAG6
5. RAO 1. Vcap (enabled by Configuration Word)
RA1 2. 0SC2 (enabled by Configuration Word)
TSEGT (LCD) 3. CLKOUT (enabled by Configuration Word)
2 RA1 4. SEG1 (LCD)
RA2 5. RAB6
RAT
1. COM2 (LCD) .
2. DACOUT (DAC) 1. OSC1/CLKIN (enabled by Configuration Word)
3 RA2 2. SEG2 (LCD)
RA3 3. RA7
1. COM3 (LCD), 28-pin only
2. SEG15 (LCD)
3. RA3
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TABLE 6-1: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Name Bit7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 ':ﬁgFi,:;e;
ADCONO = CHS4 CHS3 CHS2 CHS1 CHS0O |GO/DONE| ADON 137
ADCON1 ADFM ADCS2 | ADCS1 | ADCSO = ADREF | ADREF1 | ADREF0 138
ANSELA = — ANSA5 | ANSA4 | ANSA3 | ANSA2 | ANSA1 | ANSA0 36
APFCON = CCP3SEL | T1GSEL | P2BSEL |SRNQSEL | C20UTSEL | SSSEL | CCP2SEL 84
CM1CONO C10N c10UT C10E C1POL = C1SP C1HYS | c1synC 148
CM2CONO C20N C20UT C20E C2POL = C2SP C2HYS | c2sYNC 148
CPSCONO CPSON — — — CPSRNG1 | CPSRNGO | CPSOUT | ToOXCS 180
CPSCON1 = — — — CPSCH3 | CPSCH2 | CPSCH1 | CPSCHO 181
CONFIG2(" — — VCAPEN1 | VCAPENO — — — — 128
DACCONO DACEN | DACLPS | DACOE = DACPSS1 | DACPSS0 = DACNSS 153
LATA LATA7 LATAG LATA5 LATA4 LATA3 LATA2 LATA1 LATAO 85
LCDCON LCDEN | SLPEN WERR — cs1 CS0 LMUX1 LMUXO0 243
LCDSEQ SE7 SE6 SE5 SE4 SE3 SE2 SE1 SEO 247
LCDSE1 SE15 SE14 SE13 SE12 SE11 SE10 SE9 SE8 247
OPTION_REG | WPUEN | INTEDG | TMROCS | TMROSE PSA Ps2 PS1 PS0 51
PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO 85
SRCOND SRLEN | SRCLK2 | SRCLK1 | SRCLKO | SRQEN | SRNQEN | SRPS SRPR 122
SSPCONA WCOL SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO 277
TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO 86
Legend: x =unknown, u = unchanged, — = unimplemented locations read as '0°. Shaded cells are not used by PORTA.

Note 1: PIC16F193X only.
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6.3 PORTB and TRISB Registers

PORTB is an 8-bit wide, bidirectional port. The
corresponding data direction register is TRISB
(Register 6-9). Setting a TRISB bit (= 1) will make the
corresponding PORTB pin an input (i.e., put the
corresponding output driver in a High-Impedance mode).
Clearing a TRISB bit (= 0) will make the corresponding
PORTB pin an output (i.e., enable the output driver and
put the contents of the output latch on the selected pin).
Example 6-2 shows how to initialize PORTB.

Reading the PORTB register (Register 6-6) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then written
to the PORT data latch.

The TRISB register (Register 6-9) controls the PORTB
pin output drivers, even when they are being used as
analog inputs. The user should ensure the bits in the
TRISB register are maintained set when using them as
analog inputs. I/O pins configured as analog input always
read ‘0". Example 6-2 shows how to initialize PORTB.

EXAMPLE 6-2: INITIALIZING PORTB
BANKSEL PORTB

CLRF PORTB ;Init PORTB

BANKSEL ANSELB

CLRF RNSELB ;Make RB<7:0> digital

BANKSEL TRISB

MOVLW B'11110000° ;Set RB<7:4> as inputs
;and RB<3:0> as outputs

MOVWE TRISB

Note:  The ANSELB register must be initialized to
configure an analog channel as a digital
input. Pins configured as analog inputs will
read ‘0.

6.3.1 WEAK PULL-UPS

Each of the PORTB pins has an individually configurable
internal weak pull-up. Control bits WPUB<7:0> enable or
disable each pull-up (see Register 6-8). Each weak
pull-up is automatically turned off when the port pin is
configured as an output. All pull-ups are disabled on a
Power-on Reset by the WPUEN bit of the OPTION
register.

6.3.2 INTERRUPT-ON-CHANGE

All of the PORTB pins are individually configurable as an
interrupt-on-change pin. Control bits IOCB<7:0> enable
or disable the interrupt function for each pin. The
interrupt-on-change feature is disabled on a Power-on
Reset. Reference Section 7.0 “Interrupt-On-Change”
for more information.
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REGISTER 6-6: PORTE: PORTB REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bit is cleared
bit 7-0 RB<7:0>: PORTB /O Pin bit

1 = Port pin is > VIH
0 = Port pin is < VIL

REGISTER 6-7: LATB: PORTB DATA LATCH REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bit is cleared
bit 7-0 LATB<7:0>: PORTB Output Latch Value bits(!)

Note 1: Writes to PORTB are actually written to corresponding LATB register. Reads from PORTB register is
return of actual I/O pin values.

REGISTER 6-8:  WPUB: WEAK PULL-UP PORTE REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
WPUB7 WPUB6 WPUBS WPUB4 WPUB3 WPUB2 WPUB1 WPUBO
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bit is cleared

bit 7-0 WPUB<7:0>: Weak Pull-up Register bits

1 = Pull-up enabled
0 = Pull-up disabled
Note 1: Global WPUEN bit of the OPTION register must be cleared for individual pull-ups to be enabled.
2: The weak pull-up device is automatically disabled if the pin is in configured as an output.
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6.3.3 ANSELB REGISTER

The ANSELB register (Register 6-10) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELB bit high will cause all
digital reads on the pin to be read as ‘0’ and allow
analog functions on the pin to operate correctly.

The state of the ANSELB bits has no affect on digital
output functions. A pin with TRIS clear and ANSELB set
will still operate as a digital output, but the Input mode
will be analog. This can cause unexpected behavior
when executing read-modify-write instructions on the
affected port.

REGISTER 6-9: TRISB: PORTB TRI-STATE REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared

bit 7-0 TRISB<7:0>: PORTB Tri-State Control bit

1 = PORTB pin configured as an input (tri-stated)
0 = PORTB pin configured as an output

REGISTER 6-10: ANSELB: PORTB ANALOG SELECT REGISTER

uU-0 u-0 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
— — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 ANSB<5:0>: Analog Select between Analog or Digital Function on Pins RB<5:0>, respectively

0 = Digital I/0. Pin is assigned to port or digital special function.
1 = Analog input. Pin is assigned as analog input(”. Digital input buffer disabled.

Note 1: When setting a pin to an analog input, the corresponding TRIS bit must be set to Input mode in order to
allow external control of the voltage on the pin.
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6.3.4 PORTB FUNCTIONS AND OQUTPUT

PRIORITIES

Each PORTB pin is multiplexed with other functions. The
pins, their combined functions and their output priorities
are briefly described here. For additional information,

refer to the appropriate section in this data sheet.

When multiple outputs are enabled, the actual pin
control goes to the peripheral with the lowest number in

the following lists.
RBO
1. SEGO (LCD)

2. CCP4, 28-pin only

3. RBO

RB1

1. P1C (ECCP1), 28-pin only
2. RB1

RB2

1. P1B (ECCP1), 28-pin only
2. RB2

EY)
[o]
[

CCP2/P2A

|JU!\3.—“
g
S 3
S &
o

P1D, 28-pin only

g wh o~
m
n

S 3
S @

P2B, 28-pin only
P3A
RB5

o N

o
(o3}

ICSPCLK (Programming)

SEG14 (LCD)

A
m
(=3}

ICSPDAT (Programming)

SEG13 (LCD)
RB7

PON2 D AN
m
-~

TABLE 6-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

ICDCLK (enabled by Configuration Word)

ICDDAT (enabled by Configuration Word)

Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page

ADCONO — CHS4 CHS3 CHS2 CHS1 CHSO0 |GO/DONE| ADON 137
ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO 91
APFCON — CCP3SEL | T1IGSEL | P2BSEL SRNQSEL | C20UTSEL | SSSEL | CCP2SEL 84
CCPxCON PxM1 PxMO DCxB1 DCxB0 CCPxM3 CCPxM2 | CCPxM1 | CCPxMO 184
CPSCONO CPSON — — — CPSRNG1 |CPSRNGO| CPSOUT | TOXCS 180
CPSCON1 — — — — CPSCH3 CPSCH2 | CPSCH1 | CPSCHO 181
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF 10CIF 73
I0CBP I0CBP7 | IOCBP6 | IOCBP5 | I0OCBP4 I0CBP3 10CBP2 | 10CBP1 I0CBPO 104
I0OCBN IOCBN7 | IOCBN6 | IOCBN5 | IOCBN4 I0CBN3 IOCBNZ | IOCBN1 | IOCBNO 104
I0CBF IOCBF7 | IOCBF6 | IOCBF5 | IOCBF4 I0CBF3 I0CBF2 I0OCBF1 I0CBFO 104
LATB LATBY LATB6 LATBS LATB4 LATB3 LATB2 LATB1 LATBO 90
LCDCON LCDEN SLPEN WERR — Cs1 CS0 LMUX1 LMUX0 243
LCDSEO SE7 SE6 SE5 SE4 SE3 SE2 SE1 SEO 247
LCDSE1 SE15 SE14 SE13 SE12 SE11 SE10 SE9 SE8 247
OPTION_REG | WPUEN | INTEDG | TMROCS | TMROSE PSA PSs2 PS1 PS0 51
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO 90
T1GCON TMR1GE | TIGPOL | T1GTM | T1GSPM |T1GGO/DONE| T1GVAL | T1GSS1 | T1GSS0 170
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 91
WPUB WPUB7 | WPUB6 | WPUB5 | WPUB4 WPUB3 WPUB2 | WPUB1 WPUBO 90
Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0°. Shaded cells are not used by PORTB.
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6.4 PORTC and TRISC Registers

PORTC is a 8-bit wide, bidirectional port. The
corresponding data direction register is TRISC
(Register 6-13). Setting a TRISC bit (= 1) will make the
corresponding PORTC pin an input (i.e., put the
corresponding output driver in a High-Impedance mode).
Clearing a TRISC bit (= 0) will make the corresponding
PORTC pin an output (i.e., enable the output driver and
put the contents of the output latch on the selected pin).
Example 6-3 shows how to initialize PORTC.

Reading the PORTC register (Register 6-11) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then written
to the PORT data latch.

REGISTER 6-11:

PORTC: PORTC REGISTER

The TRISC register (Register 6-13) controls the PORTC
pin output drivers, even when they are being used as
analog inputs. The user should ensure the bits in the
TRISC register are maintained set when using them as
analog inputs. I/O pins configured as analog input always
read ‘0.

EXAMPLE 6-3:

BANKSEL PORTC

CLRF PORTC

BANKSEL TRISC ;

MOVLW B'00001100" ;Set RC<«3:2> as inputs

MOVWE  TRISC ;and set RC<7:4,1:0>
;as outputs

INITIALIZING PORTC

;Init PORTC

The location of the CCP2 function is controlled by the
CCP2SEL bit in the APFCON register (refer to
Register 6-1).

u = bit is unchanged x = Bit is unknown

‘1" = Bit is set

‘0’ = Bit is cleared

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n/n = Value at POR and BOR/Value at all other Resets

bit 7-0
1 = Port pin is > VIH
0 = Port pin is < VIL

REGISTER 6-12:

RC<7:0>: PORTC General Purpose /O Pin bits

LATC: PORTC DATA LATCH REGISTER

u = bit is unchanged x = Bit is unknown

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
LATC7 LATC6 LATCS LATC4 LATC3 LATC2 LATC1 LATCO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n/n = Value at POR and BOR/Value at all other Resets

“1" = Bitis set ‘0" = Bit is cleared
bit 7-0 LATC<7:0>: PORTC Output Latch Value bits(?)
Note 1: Wirites to PORTC are actually written to corresponding LATC register. Reads from PORTC register is

return of actual 1/O pin values.
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REGISTER 6-13: TRISC: PORTC TRI-STATE REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
TRISC7 TRISC6B TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bit is cleared

bit 7-0 TRISC<7:0>: PORTC Tri-State Control bits

1 = PORTC pin configured as an input (tri-stated)
0 = PORTC pin configured as an output
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6.4.1 PORTC FUNCTIONS AND OUTPUT RC5
PRIORITIES 1. SEG10 (LCD)
Each PORTC pin is multiplexed with other functions. The 2. SDL (MSSP)
pins, their combined functions and their output priorities 3. RC5
are briefly describe_d here._ For ad_dilional information, RC6
refer to the appropriate section in this data sheet. E—
When multiple outputs are enabled, the actual pin 1. SEGO(LCD)
control goes to the peripheral with the lowest number in 2. TX(EUSART)
the following lists. 3. CK(EUSART)
RCO 4. P3A (CCP), 28-pin only
1. T10SO (Timer1 Oscillator) 5 RCe
2. P2B (CCP) RC7
3. RCO 1. SEGS8 (LCD)
RC1 2. DT (EUSART)
1. T10SI (Timer1 Oscillator) 3. P3B (CCP), 28 pin only
2. P2A(CCP) 4. RC7
3. RC1
RC1
1. SEG3 (LCD)
2. P1A (CCP)
3. RC2
RC3
1. SEGS6 (LCD)
2. SCL (MSSP)
3. SCK(MSSP)
4. RC3
RC4
1. SEG11 (LCD)
2. SDA (MSSP)
3. RC4
TABLE 6-3: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC
Name Bit7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 E:@g:':;
APFCON — CCP3SEL | T1GSEL P2BSEL | SRNQSEL | C20UTSEL | SSSEL | CCP2SEL 84
CCPxCON PxM1 PxMO DCxB1 DCxBO CCPxM3 | CCPxM2 | CCPxM1 CCPxMO0 184
LATC LATC7 LATCG LATC5 LATC4 LATC3 LATC2 LATC1 LATCO 93
LCDCON LCDEN SLPEN WERR — CSs1 CS0 LMUX1 LMUX0 243
LCDSEO SE7 SE6 SE5 SE4 SE3 SE2 SE1 SEO 247
LCDSE1 SE15 SE14 SE13 SE12 SEN SE10 SE9 SE8 247
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO 93
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 223
SSPCON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO 277
SSPSTAT SMP CKE D/A P S RIW UA BF 276
T1CON TMR1CS1 | TMR1CSO0 | TICKPS1 | TICKPSO | T1IOSCEN | T1SYNC — TMR10N 169
TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 222
TRISC TRISCT7 TRISC6E TRISCS TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 94
Legend: X = unknown, u = unchanged, - = unimplemented locations read as ‘0". Shaded cells are not used by PORTC.
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6.5 PORTD and TRISD Registers

PORTD) is a 8-bit wide, bidirectional port. The
comresponding data direction register is TRISD
(Register 6-16). Setting a TRISD bit (= 1) will make the
corresponding PORTD pin an input (i.e., put the
corresponding output driver in a High-Impedance mode).
Clearing a TRISD bit (= 0) will make the corresponding
PORTD pin an output (i.e., enable the output driver and
put the contents of the output latch on the selected pin).
Example 6-4 shows how to initialize PORTD.

Reading the PORTD register (Register 6-14) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then written
to the PORT data latch.

The TRISD register (Register 6-16) controls the
PORTD pin output drivers, even when they are being
used as analog inputs. The user should ensure the bits
in the TRISD register are maintained set when using
them as analog inputs. /O pins configured as analog
input always read ‘0’.

EXAMPLE 6-4: INITIALIZING PORTD

BANKSEL PORTD
CLRF PORTD
BANKSEL ANSELD
CLRF ANSELD
BANKSEL TRISD ;
MOVLW B'00001100" ;Set RD«3:2> as inputs
MOVWE  TRISD ;and set RD<7:4,1:0>
;as outputs

;Init PORTD

;Make PORTD digital

Note 1: PORTD is available on PIC16F1936 and

PIC16F 1938 only.

REGISTER 6-14: PORTD: PORTD REGISTER?

W = Writable bit
x = Bit is unknown

R = Readable bit
u = bit is unchanged

‘1" = Bit is set ‘0" = Bit is cleared

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO
bit 7 bit 0
Legend:

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

bit 7-0 RD<7:0>;: PORTD General Purpose I/O Pin bits

1 = Port pin is > VIH
0 = Port pin is < VIL

Note 1: PORTD is not implemented on PIC16F1933/1936/1938 devices, read as ‘0".

REGISTER 6-15: LATD: PORTD DATA LATCH REGISTER

W = Writable bit
x = Bit is unknown

R = Readable bit
u = bit is unchanged

‘1" = Bit is set ‘0" = Bit is cleared

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
LATD7 LATD6 LATD5 LATD4 LATD3 LATD2 LATD1 LATDO
bit 7 bit 0
Legend:

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

bit 7-0 LATD<7:0>: PORTD Output Latch Value bits(1-2)

Note 1: Writes to PORTD are actually written to corresponding LATD register. Reads from PORTD register is

return of actual I/O pin values.

2: PORTD implemented on PIC16F1934/1937/1939/PIC16LF1934/1937/1939 devices only.
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6.5.1 ANSELD REGISTER will be analog. This can cause unexpected behavior
The ANSELD register (Register 6-17) is used to when executing read-modify-write instructions on the

configure the Input mode of an I/O pin to analog. affected port.

Setting the appropriate ANSELD bit high will cause all Note: The ANSELD register must be initialized
digital reads on the pin to be read as ‘0’ and allow to configure an analog channel as a digital
analog functions on the pin to operate correctly. input. Pins configured as analog inputs will
The state of the ANSELD bits has no affect on digital read '0'.

output functions. A pin with TRIS clear and ANSEL set
will still operate as a digital output, but the Input mode

REGISTER 6-16: TRISD: PORTD TRI-STATE REGISTER!")

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISDO
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared

bit 7-0 TRISD<7:0>: PORTD Tri-State Control bits

1 = PORTD pin configured as an input (tri-stated)
0 = PORTD pin configured as an output

Note 1: TRISD is not implemented on PIC16F1933/1936/1938 devices, read as ‘0.
2: PORTD implemented on PIC16F1934/1937/1939/PIC16LF1934/1937/1939 devices only.

REGISTER 6-17: ANSELD: PORTD ANALOG SELECT REGISTER(?

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
ANSD7 ANSD6 ANSD5 ANSD4 ANSD3 ANSD2 ANSD1 ANSDO
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared

bit 7-0 ANSD<7:0>: Analog Select between Analog or Digital Function on Pins RD<7:0>, respectively

0 = Digital /0. Pin is assigned to port or digital special function.
1 = Analog input. Pin is assigned as analog input“}. Digital input buffer disabled.

Note 1: When setting a pin to an analog input, the corresponding TRIS bit must be set to Input mode in order to
allow external control of the voltage on the pin.

2: ANSELD register is not implemented on the PIC16F1933/1936/1938. Read as ‘0".
3: PORTD implemented on PIC16F1934/1937/1939/PIC16LF1934/1937/1939 devices only.
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6.5.2 PORTD FUNCTIONS AND OUTPUT RD4

PRIORITIES 1. SEG17(LCD)
Each PORTD pin is multiplexed with other functions. The 2. P2D (CCP)
pins, their combined functions and their output priorities 3. RD4
are briefly described here. For additional information, RD5
refer to the appropriate section in this data sheet. —
When multiple outputs are enabled, the actual pin 1. SEG18(LCD)
control goes to the peripheral with the lowest number in 2. P1B(CCP)
the following lists. 3. RD5
RDO RD6
1. COM3 (LCD) 1. SEG19(LCD)
2. RDO 2. P1C(CCP)
RD1 3. RD6
1. CCP4 (CCP) RD7
2. RD1 1. SEG20 (LCD)
RD2 2. P1D (CCP)
1. P2B (CCP) 3. RD7
2. RD2
RD3
1. SEG16 (LCD)
2. P2C (CCP)
3. RD3
TABLE 6-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD("

Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 gito | edisteron
Page

ANSELD ANSDY ANSD6 ANSD5 ANSD4 ANSD3 ANSD2 ANSD1 ANSDO a7
CCPxCON PxM1 PxMO DCxB1 DCxBO0 CCPxM3 | CCPxM2 | CCPxM1 CCPxMO0 184
CPSCONO CPSON — — — CPSRNG1 | CPSRNGO | CPSOUT TOXCS 180
CPSCON1 — — — — CPSCH3 | CPSCH2 | CPSCH1 | CPSCHO 181
LATD LATD7 LATD6 LATDS LATD4 LATD3 LATD2 LATD1 LATDO 96
LCDCON LCDEN SLPEN WERR — CS1 CS0 LMUX1 LMUX0 243
LCDSE2 SE23 SE22 SE21 SE20 SE19 SE18 SE17 SE16 247
PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO 96
TRISD TRISD7 TRISD6 TRISDS TRISD4 TRISD3 TRISD2 TRISD1 TRISDO a7
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0°. Shaded cells are not used by PORTD.
Note 1: These registers are not implemented on the PIC16F1933/1936/1938 devices, read as "0’
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6.6 PORTE and TRISE Registers

PORTE(") is a 4-bit wide, bidirectional port. The
corresponding data direction register is TRISE. Setting a
TRISE bit (= 1) will make the corresponding PORTE pin
an input (i.e., put the corresponding output driver in a
High-Impedance mode). Clearing a TRISE bit (= 0) will
make the corresponding PORTE pin an output (i.e.,
enable the output driver and put the contents of the
output latch on the selected pin). The exception is RE3,
which is input only and its TRIS bit will always read as
‘1'. Example 6-5 shows how to initialize PORTE.

Reading the PORTE register (Register 6-18) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the

REGISTER 6-18: PORTE: PORTE REGISTER

port pins are read, this value is modified and then
written to the PORT data latch. RE3 reads ‘0" when
MCLRE = 1.

Note 1: RE<2:0> and TRISE<2:0> pins are
available on PIC16F1936 and
PIC16F1938 only.

EXAMPLE 6-5:

BANKSEL PORTE
CLRF PORTE
BANKSEL ANSELE
CLRF ANSELE
BANKSEL TRISE
MoviWw B'00001100"
MOVWE  TRISE

INITIALIZING PORTE

;Init PORTE
;digital I/0
;5et RE<3:2> as inputs

;and set RE<1:0>
;as outputs

W = Writable bit
x = Bit is unknown

R = Readable bit
u = bit is unchanged

u-0 u-0 u-0 U-0 R-x/u R/W-x/u R/W-x/u R/W-x/u
— — — — RE3 RE2(1) Re1(1 Reo)
bit 7 bit 0
Legend:

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

‘1" = Bit is set ‘0’ = Bit is cleared
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 RE<3:0>: PORTE /O Pin bits(1)

1 = Port pin is > VIH
0 = Port pin is < VIL

Note 1: RE<2:0> are not implemented on the PIC16F1933/1936/1938. Read as ‘0.

REGISTER 6-19: LATE: PORTE DATA LATCH REGISTER

W = Writable bit
x = Bit is unknown

R = Readable bit
u = bit is unchanged

uU-0 u-0 u-0 u-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u
— — — — LATE3 LATEZ2 LATE1 LATEO
bit 7 bit 0
Legend:

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

‘1" = Bit is set ‘0’ = Bit is cleared
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 LATE<3:0>: PORTE Output Latch Value bits(?)

Note 1: Writes to PORTE are actually written to corresponding LATE register. Reads from PORTE register is

return of actual 1/O pin values.
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REGISTER 6-20: WPUE: WEAK PULL-UP PORTE REGISTER

u-0 u-0 uU-0 u-0 R/W-1/1 u-0 u-0 u-0
— — — — WPUE3 — — _
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bit is cleared
bit 7-4 Unimplemented: Read as ‘0’
bit 3 WPUE: Weak Pull-up Register bit

1 = Pull-up enabled
0 = Pull-up disabled

bit 2-0 Unimplemented: Read as ‘0’
Note 1: Global WPUEN bit of the OPTION register must be cleared for individual pull-ups to be enabled.
2: The weak pull-up device is automatically disabled if the pin is in configured as an output.
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6.6.1 ANSELE REGISTER

The ANSELE register (Register 6-22) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELE bit high will cause all
digital reads on the pin to be read as ‘0’ and allow
analog functions on the pin to operate correctly.

The state of the ANSELE bits has no affect on digital
output functions. A pin with TRIS clear and ANSEL set
will still operate as a digital output, but the Input mode

The TRISE register (Register 6-21) controls the PORTE
pin output drivers, even when they are being used as
analog inputs. The user should ensure the bits in the
TRISE register are maintained set when using them as
analog inputs. I/O pins configured as analog input always
read ‘0.

Note:  The ANSELE register must be initialized to
configure an analog channel as a digital
input. Pins configured as analog inputs will

will be analog. This can cause unexpected behavior read 0.
when executing read-modify-write instructions on the
affected port.
REGISTER 6-21: TRISE: PORTE TRI-STATE REGISTER

uU-0 U-0 u-0 u-0 R-1 R/W-1 RMW-1 R/AW-1

— — — — TRISE3 TRISE2(1) TRISE1(M TRISEO(
bit 7 bit 0
Legend:

R = Readable bit
u = bit is unchanged

W = Writable bit
X = Bit is unknown

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

1’ = Bitis set ‘0" = Bit is cleared
bit 7-4 Unimplemented: Read as "0’
bit 3 TRISE3: RE3 Port Tri-state Control bit

This bit is always "1" as RE3 is an input only
bit 2-0 TRISE<2:0>: RE<2:0> Tri-State Control bits(!)
1 = PORTE pin configured as an input (tri-stated)

0 = PORTE pin configured as an output

Note 1: TRISE<2:0> are not implemented on the PIC16F1933/1936/1938/PIC16LF1933/1936/1938. Read as "0’

REGISTER 6-22: ANSELE: PORTE ANALOG SELECT REGISTER

u-0 u-0 u-0 u-0

u-0 R/W-1 R/W-1 R/W-1

_ ANSE2(2) ANSE12) ANSEO0@

bit 7

bit 0

Legend:
R = Readable bit
u = bit is unchanged

W = Writable bit
X = Bit is unknown

U = Unimplemented bit, read as ‘0
-n/n = Value at POR and BOR/Value at all other Resets

‘1" = Bit is set ‘0" = Bit is cleared
bit 7-3 Unimplemented: Read as ‘0’
bit 2-0 ANSE=<2:0>=: Analog Select between Analog or Digital Function on Pins RE<2:0>, respectively

0 = Digital I)O. Pin is assigned to port or digital special function.
1= Analog input. Pin is assigned as analog input{!). Digital input buffer disabled.

Note 1: When setting a pin to an analog input, the corresponding TRIS bit must be set to Input mode in order to allow external

control of the voltage on the pin.

2:  ANSELE register is not implemented on the PIC16F1933/1936/1938/PIC16LF1933/1936/1938. Read as "0’
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6.6.2

PORTE FUNCTIONS AND OQUTPUT

PRIORITIES

Each PORTE pin is multiplexed with other functions. The
pins, their combined functions and their output priorities
are briefly described here. For additional information,

refer to the appropriate section in this data sheet.

When multiple outputs are enabled, the actual pin
control goes to the peripheral with the lowest number in
the following lists.

REO

1. SEG21 (LCD)
2. CCP3/P3A (CCP)
3. REO

RE1

1. SEG22 (LCD)
2. P3B(CCP)

3. RE1

RE2

1. SEG23 (LCD)
2. CCP5 (CCP)

3. RE2

TABLE 6-5: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE(")

Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 Bit 1 Bit 0 ‘:ﬁg;zt;
ADCONO — CHS4 CHS3 CHS2 CHS1 CHSO |GO/DONE| ADON 137
ANSELE — — — — — ANSE2 | ANSE1 ANSEO 101
CCPxCON PxM1 PxMO DCxB1 DCxB0O | CCPxM3 | CCPxM2 | CCPxM1 | CCPxMO 184
LATE — — — — LATE3 LATE2 LATE1 LATEO 99
LCDCON LCDEN | SLPEN | WERR — CS1 CS0 LMUX1 LMUX0 243
LCDSE2 SE23 SE22 SE21 SE20 SE19 SE18 SE17 SE16 247
PORTE — — — — RE3 RE2 RE1 REO 99
TRISE — — — — TRISE3 | TRISE2 | TRISE1 | TRISEO 101
WPUE — — — — WPUE3 — — — 100
Legend: =x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by

PORTE.

Note1: These registers are not implemented on the PIC16F1933/1936/1938 devices, read as ‘0".
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7.0 INTERRUPT-ON-CHANGE

The PORTB pins can be configured to operate as
Interrupt-On-Change (IOC) pins. An interrupt can be
generated by detecting a signal that has either a rising
edge or a falling edge. Any individual PORTB pin, or
combination of PORTB pins, can be configured to
generate an interrupt. The interrupt-on-change module
has the following features:

* Interrupt-on-Change enable (Master Switch)
* Individual pin configuration

» Rising and falling edge detection

* Individual pin interrupt flags

Figure 7-1 is a block diagram of the |IOC module.

71 Enabling the Module

To allow individual PORTB pins to generate an interrupt,
the IOCIE bit of the INTCON register must be set. If the
IOCIE bit is disabled, the edge detection on the pin will
still occur, but an interrupt will not be generated.

7.2 Individual Pin Configuration

For each PORTB pin, a rising edge detector and a falling
edge detector are present. To enable a pin to detect a
rising edge, the associated IOCBPx bit of the |IOCBP
register is set. To enable a pin to detect a falling edge,
the associated IOCBNXx bit of the IOCBN register is set.

A pin can be configured to detect rising and falling
edges simultaneously by setting both the IOCBPx bit
and the IOCBNXx bit of the IOCBP and IOCBN registers,
respectively.

7.3 Interrupt Flags

The IOCBFx bits located in the IOCBF register are
status flags that correspond to the Interrupt-on-change
pins of PORTB. If an expected edge is detected on an
appropriately enabled pin, then the status flag for that pin
will be set, and an interrupt will be generated if the IOCIE
bit is set. The IOCIF bit of the INTCON register reflects
the status of all IOCBFx bits.

7.4 Clearing Interrupt Flags

The individual status flags, (IOCBFx bits), can be
cleared by resetting them to zero. If another edge is
detected during this clearing operation, the associated
status flag will be set at the end of the sequence,
regardless of the value actually being written.

In order to ensure that no detected edge is lost while
clearing flags, only AND operations masking out known
changed bits should be performed. The following
sequence is an example of what should be performed.

EXAMPLE 7-1:

MOVLW Oxff
XORWE IOCBE, W
ANDWE  IOCBF, F

7.5 Operation in Sleep

The Interrupt-on-change interrupt sequence will wake
the device from Sleep mode, if the IOCIE bit is set.

If an edge is detected while in Sleep mode, the IOCBF
register will be updated prior to the first instruction
executed out of Sleep.

@ 2008 Microchip Technology Inc.
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REGISTER 7-1: IOCBP: INTERRUPT-ON-CHANGE POSITIVE EDGE REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
IOCBP7 IOCBP6 IOCBP5 IOCBP4 IOCBP3 IOCBP2 IOCBP1 IOCBPO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bit is cleared
bit 7-0 IOCBP<7:0>: Interrupt-on-Change Positive Edge Enable bits

1 = Interrupt-on-Change enabled on the pin for a positive going edge. Associated Status bit and
interrupt flag will be set upon detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin.

REGISTER 7-2: IOCBN: INTERRUPT-ON-CHANGE NEGATIVE EDGE REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
IOCBN7 IOCBNG6 IOCBN5 IOCBN4 IOCBN3 IOCBN2 IOCBN1 IOCBNO
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bit is cleared

bit 7-0 IOCBN<7:0>: Interrupt-on-Change Negative Edge Enable bits

1 = Interrupt-on-Change enabled on the pin for a negative going edge. Associated Status bit and
interrupt flag will be set upon detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin.

REGISTER 7-3: IOCBF: INTERRUPT-ON-CHANGE FLAG REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
IOCBF7 IOCBF6 IOCBF5 IOCBF4 IOCBF3 IOCBF2 IOCBF1 IOCBFO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bit is cleared
bit 7-0 IOCBF<7:0>: Interrupt-on-Change Flag bits

1 = An enabled change was detected on the associated pin.
Set when IOCBPx = 1 and a rising edge was detected on RBx, or when IOCBNx = 1 and a falling
edge was detected on RBx.

0 = No change was detected, or the user cleared the detected change.
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FIGURE 7-1: INTERRUPT-ON-CHANGE BLOCK DIAGRAM

IOCIE
IOCBNx D Q TE> IOCBFx
.
; pcK From all other IOCBFx
X individual pin detectors :
R 10C Interrupt to
RBx CPU Core
IOCBPx D Q
—pok A
R

Q2 Clock Cycle

TABLE 7-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPT-ON-CHANGE

Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 Eﬁggzt;
ANSELB — — ANSB5 | ANSB4 | ANSB3 | ANSB2 | ANSB1 | ANSBO 91
INTCON GIE PEIE TMROIE INTE IOCIE | TMROIF INTF IOCIF 73
IOCBF IOCBF7 | IOCBF6 | IOCBF5 | IOCBF4 | IOCBF3 | IOCBF2 | IOCBF1 | IOCBFO 104
IOCBN IOCBN7 | IOCBN6 | IOCBN5 | IOCBN4 | IOCBN3 | IOCBN2 | IOCBN1 | IOCBNO 104
IOCBP IOCBP7 | IOCBP6 | IOCBP5 | I0OCBP4 | IOCBP3 | IOCBP2 | IOCBP1 | IOCBPO 104
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO 91
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0". Shaded cells are not used by

Interrupt-on-Change.
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NOTES:
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8.0 OSCILLATOR MODULE (WITH
FAIL-SAFE CLOCK MONITOR)
8.1 Overview

The oscillator module has a wide variety of clock
sources and selection features that allow it to be used
in a wide range of applications while maximizing perfor-
mance and minimizing power consumption. Figure 8-1
illustrates a block diagram of the oscillator module.

Clock sources can be configured from external
oscillators, quartz crystal resonators, ceramic resonators
and Resistor-Capacitor (RC) circuits. In addition, the
system clock source can be configured from one of three
internal oscillators, with a choice of speeds selectable via
software. Additional clock features include:

Selectable system clock source between external
or internal via software.

Two-Speed Start-up mode, which minimizes
latency between external oscillator start-up and
code execution.

Fail-Safe Clock Monitor (FSCM) designed to
detect a failure of the external clock source (LP,
XT, HS, EC or RC modes) and switch
automatically to the internal oscillator.

The oscillator module can be configured in one of six
clock modes.

1. EC - External clock.

2. LP—-32kHz Low-Power Crystal mode.

3.  XT —Medium Gain Crystal or Ceramic Resonator
Oscillator mode.

4. HS — High Gain Crystal or Ceramic Resonator
mode.

5. RC - External Resistor-Capacitor (RC).

6. INTOSC — Internal oscillator.

Clock Source modes are configured by the FOSC<2:0>
bits in the Configuration Word Register 1 (CONFIG1).
The internal clock can be generated from two internal

oscillators. The HFINTOSC is a calibrated
high-frequency oscillator. The MFINTOSC is a
calibrated medium-frequency  oscillator.  The

LFINTOSC is an uncalibrated low-frequency oscillator.

FIGURE 8-1: SIMPLIFIED PIC® MCU CLOCK SOURCE BLOCK DIAGRAM
External |
JOscillator M~ LP, XT, HS, RC, EC
0s5C2 & Iy L -
Sleep o
__D >l 4 xPLL [ - Sleep
+Oscillator: Timer1 0> = CPU and
My P [ FOSC<2:0== 100 T105C | x LD_,
T1080 |XI . . = = 2 Peripherals
! : E OSCEN
nable
! i IRCF=3:0>
T10sI + Oscillator Internal Oscillator
16 MHz \I\ =
8 MHz | LA
Internal 4 MHz
Oscillator 2MHz
Block % 1 MHz : g'OCk |
16 MHz . 500 kHz é ontrol
Source [[ 16 MHz b =
(HFINTOSC)| & 250 kHz
|| 31kHz 125kHz FOSC<2:0= SCS<1.0=
Source 625 |'(HZ= )
500 khz | N 3125 kHz Clock Source Option -
Source 00 kHz | 31 kit for other modules
(MFINTOSC) 7y /
31 kHz (LFINTOSC) WDT, PWRT, Fail-Safe Clock Monitor _
Two-Speed Start-up and other modules
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8.2 Oscillator Control

The Oscillator Control (OSCCON) register (Figure 8-1)
controls the system clock and frequency selection
options. The OSCCON register contains the following
bits:

» Frequency selection bits (IRCF)

« System clock select bits (SCS)

« Software PLL enable bit (SPLLEN)

REGISTER 8-1: OSCCON: OSCILLATOR CONTROL REGISTER

R/W-0/0 R/W-0/0 R/W-1/1 R/W-1/1

R/W-1/1 u-0 R/W-0/0 R/W-0/0

SPLLEN IRCF3 IRCF2 IRCF1

IRCFO — SCS1 SCSs0

bit 7

bit 0

Legend:
R = Readable bit

‘1" = Bit is set

W = Writable bit U = Unimplemented bit, read as ‘0
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘0" = Bit is cleared

bit 7

bit 6-3

bit 2
bit 1-0

SPLLEN: Software PLL Enable bit
IFPLLEN = 1:

SPLLEN bit is ignored. 4x PLL is always enabled (subject to oscillator requirements)

ITPLLEN = 0:

1= 4x PLL Is enabled
0= 4xPLL is disabled

IRCF<3:0=: Internal Oscillator Frequency Select bits
000x = 31 kHz LF

0010 = 31.25 kHz MF

0011 = 31.25 kHz HF)

0100 = 62.5 kHz MF

0101 = 125 kHz MF

0110 = 250 kHz MF

0111 = 500 kHz MF (default upon Reset)
1000 = 125 kHz HF(?

1001 = 250 kHz HF(@

1010 = 500 kHz HF(@

1011 = 1 MHz HF

1100 = 2 MHz HF

1101 = 4 MHz HF

1110 = 8 MHz HF

1111 = 16 MHz HF

Unimplemented: Read as "0’
8CS<1:0>: System Clock Select bits
1x = Internal oscillator block

01 = Timer1 oscillator
00 = Clock determined by CONFIG1[FOSC<2:0>].

Note 1: Reset state depends on state of the IESO Configuration bit.
2:  Duplicate frequency derived from HFINTOSC.
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8.3 Clock Source Modes

Clock Source modes can be classified as external or
internal.

» External Clock modes rely on external circuitry for
the clock source. Examples are: oscillator mod-
ules (EC mode), quartz crystal resonators or
ceramic resonators (LP, XT and HS modes) and
Resistor-Capacitor (RC) mode circuits.

* Internal clock sources are contained internally
within the oscillator module. The oscillator module
has two internal oscillators: the 16 MHz
High-Frequency Internal Oscillator (HFINTOSC),
500 kHZ (MFINTOSC) and the 31 kHz
Low-Frequency Internal Oscillator (LFINTOSC).

The system clock can be selected between external or
internal clock sources via the System Clock Select
(SCS) bit of the OSCCON register. See Section 8.6
“Clock Switching” for additional information. When
switching between clock sources, a delay is required to
allow the new clock to stabilize. These oscillator delays
are shown in Table 8-1.

8.4 External Clock Modes
8.4.1 OSCILLATOR START-UP TIMER (OST)

If the oscillator module is configured for LP, XT or HS
modes, the Oscillator Start-up Timer (OST) counts
1024 oscillations from OSC1. This occurs following a
Power-on Reset (POR) and when the Power-up Timer
(PWRT) has expired (if configured), or a wake-up from
Sleep. During this time, the program counter does not
increment and program execution is suspended. The
OST ensures that the oscillator circuit, using a quartz
crystal resonator or ceramic resonator, has started and
is providing a stable system clock to the oscillator
module.

In order to minimize latency between external oscillator
start-up and code execution, the Two-Speed Clock
Start-up mode can be selected (see Section 8.6.3
“Timer1 Oscillator Ready (T10SCR) Bit”).

TABLE 8-1:  OSCILLATOR SWITCHING DELAYS

Switch From Switch To Frequency Oscillator Delay
LFINTOSC( 31 kHz

Sleep/POR MFINTOSC) 31.25 kHz-500 kHz Oscillator Warm-up Delay (TWARM)
HFINTOSC() 31.25 kHz-16 MHz

Sleep/POR EC, RC!) DC - 32 MHz 2 cycles

LFINTOSC EC, RC!) DC - 32 MHz 1 cycle of each

Sleep/POR TFr,"‘;"(r; a"éfL','a“’r 32 kHz-20 MHz 1024 Clock Cycles (OST)

Any clock source MFINTOSC!) 31.25 kHz-500 kHz 2 s (approx.)
HFINTOSC() 31.25 kHz-16 MHz

Any clock source LFINTOSC(") 31 kHz 1 cycle of each

Any clock source Timer1 Oscillator 32 kHz 1024 Clock Cycles (OST)

PLL inactive PLL active 16-32 MHz 2 ms (approx.)

Note 1: PLL inactive.

8.4.2 EC MODE

The External Clock (EC) mode allows an externally
generated logic level as the system clock source. When
operating in this mode, an external clock source is
connected to the OSC1 input. OSC2/CLKOUT is
available for general purpose /O or CLKOUT.
Figure 8-2 shows the pin connections for EC mode.

The Oscillator Start-up Timer (OST) is disabled when
EC mode is selected. Therefore, there is no delay in
operation after a Power-on Reset (POR) or wake-up
from Sleep. Because the PIC® MCU design is fully
static, stopping the external clock input will have the
effect of halting the device while leaving all data intact.
Upon restarting the external clock, the device will
resume operation as if no time had elapsed.

FIGURE 8-2: EXTERNAL CLOCK (EC)
MODE OPERATION
Clock from ~I>o—> OSC1/CLKIN
Ext. System
PIC® MCU
Fosci/4 or 1
P T 0sc2/CLKoUT(!
Note 1: Output depends upon CLKOUTEN bit of the
Configuration Word 1.
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8.4.3 LP, XT, HS MODES

The LP, XT and HS modes support the use of quartz
crystal resonators or ceramic resonators connected to
0OSC1 and OSC2 (Figure 8-3). The mode selects a low,
medium or high gain setting of the internal
inverter-amplifier to support various resonator types
and speed.

LP Oscillator mode selects the lowest gain setting of the
internal inverter-amplifier. LP mode current consumption
is the least of the three modes. This mode is designed to
drive only 32.768 kHz tuning-fork type crystals (watch
crystals).

XT Oscillator mode selects the intermediate gain
setting of the internal inverter-amplifier. XT mode
current consumption is the medium of the three modes.
This mode is best suited to drive resonators with a
medium drive level specification.

HS Oscillator mode selects the highest gain setting of the
internal inverter-amplifier. HS mode current consumption
is the highest of the three modes. This mode is best
suited for resonators that require a high drive setting.

Figure 8-3 and Figure 8-4 show typical circuits for
quartz crystal and ceramic resonators, respectively.

FIGURE 8-3: QUARTZ CRYSTAL
OPERATION (LP, XT OR
HS MODE)
PIC® MCU
A e O.SCUCLKIN _________
il
C1
Quartz
_’__" - Crystal
—éz Rs(!) 0SC2/CLKOUT
Note 1: A series resistor (Rs) may be required for
quartz crystals with low drive level.
2: The value of RF varies with the Oscillator mode
selected (typically between 2 MQ to 10 MQ).

Note 1:

Quartz crystal characteristics vary according
to type, package and manufacturer. The
user should consult the manufacturer data
sheets for specifications and recommended
application.

Always verify oscillator performance over
the VDD and temperature range that is
expected for the application.

For oscillator design assistance, reference
the following Microchip Applications Notes:

» AN826, “Crystal Oscillator Basics and
Crystal Selection for rfPIC® and PIC®
Devices” (DS00826)

+ AN849, “Basic PIC® Oscillator Design”
(DS00849)

+ AN943, “Practical PIC® Oscillator
Analysis and Design” (DS00943)

» AN949, “Making Your Oscillator Work”
(DS00949)

FIGURE 8-4:

CERAMIC RESONATOR
OPERATION
(XT OR HS MODE)

PIC® MCU

c2

Note 1:

Ceramic Rst | OSC2/CLKOUT

Resonator

A series resistor (Rs) may be required for
ceramic resonators with low drive level.

: The value of RF varies with the Oscillator mode

selected (typically between 2 MQ to 10 MQ).

: An additional parallel feedback resistor (RP)

may be required for proper ceramic resonator
operation.
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8.4.4 EXTERNAL RC MODE

The external Resistor-Capacitor (RC) modes support
the use of an external RC circuit. This allows the
designer maximum flexibility in frequency choice while
keeping costs to a minimum when clock accuracy is not
required.

The RC circuit connects to OSC1. OSC2/CLKOUT is
available for general purpose /O or CLKOUT.
Figure 8-5 shows the external RC mode connections.

FIGURE 8-5: EXTERNAL RC MODES
Vob PIC® MCU
REXT
OSCA/CLKIN Internal

CEXTl > Clock
L

Vss =

Fosc/4 or -— OSC2/CLKOUT
o

Recommended values: 10 kQ < REXT = 100 kQ), <3V
3 kO = REXT < 100 kO, 3-5V
CEXT > 20 pF, 2-5V

Note 1: Output depends upon CLKOUTEN bit of the
Configuration Word 1.

The RC oscillator frequency is a function of the supply
voltage, the resistor (REXT) and capacitor (CEXT) values
and the operating temperature. Other factors affecting
the oscillator frequency are:

« threshold voltage variation
» component tolerances
» packaging variations in capacitance

The user also needs to take into account variation due
to tolerance of external RC components used.

8.5 Internal Clock Modes

The oscillator module has three independent, internal
oscillators that can be configured or selected as the
system clock source.

1. The HFINTOSC (High-Frequency Internal
Oscillator) is factory calibrated and operates at
16 MHz. The frequency of the HFINTOSC can
be user-adjusted via software using the
OSCTUNE register (Register 8-3).

2. The MFINTOSC (Medium-Frequency Internal
Oscillator) is factory calibrated and operates at
500 kHz. The frequency of the MFINTOSC can
be user-adjusted via software using the
OSCTUNE register (Register 8-3).

3. The LFINTOSC (Low-Frequency Internal
Oscillator) is uncalibrated and operates at
31 kHz.

The system clock speed can be selected via software
using the Internal Oscillator Frequency Select bits
IRCF<2:0> of the OSCCON register.

The system clock can be selected between external or
internal clock sources via the System Clock Selection
(SCS) bits of the OSCCON register. See Section 8.6
“Clock Switching” for more information.

8.5.1 INTOSC MODE

The INTOSC mode configures the internal oscillators
as the system clock source when the device is
programmed using the oscillator selection or the
FOSC<2:0> bits in the Configuration Word Register 1
(CONFIG1).

In INTOSC mode, OSC1/CLKIN is available for general
purpose /0. OSC2/CLKOUT is available for general
purpose /O or CLKOUT.

@ 2008 Microchip Technology Inc.
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8.5.2 HFINTOSC

The High-Frequency Internal Oscillator (HFINTOSC) is
a factory calibrated 16 MHz internal clock source. The
frequency of the HFINTOSC can be altered via
software using the OSCTUNE register (Register 8-3).

The output of the HFINTOSC connects to a postscaler
and multiplexer (see Figure 8-1). One of nine
frequencies derived from the HFINTOSC can be
selected via software using the IRCF<3:0> bits of the
OSCCON register. See Section 8.5.7 “Frequency
Select Bits (IRCF)” for more information.

The HFINTOSC is enabled by:

« Configure the IRCF<3:0> bits for the desired HF
frequency (see Register 8-1), and

« FOSC<2:0>=100, or

» Set the System Clock Source (SCS) bits of the
OSCCON register to ‘1%’

The High Frequency Internal Oscillator Ready bit
(HFIOFR) of the OSCSTAT register indicates when the
HFINTOSC is running and can be utilized.

The High Frequency Internal Oscillator Status Locked
bit (HFIOFL) of the OSCSTAT register indicates when
the HFINTOSC is running within 2% of its final value.

The High Frequency Internal Oscillator Status Stable
bit (HFIOFS) of the OSCSTAT register indicates when
the HFINTOSC is running within 0.5% of its final value.

8.5.3 MFINTOSC

The Medium-Frequency Internal Oscillator
(MFINTOSC) is a factory calibrated 500 kHz internal
clock source. The frequency of the MFINTOSC can be
altered via software using the OSCTUNE register
(Register 8-3).

The output of the MFINTOSC connects to a postscaler
and multiplexer (see Figure 8-1). One of nine
frequencies derived from the MFINTOSC can be
selected via software using the IRCF<3:0> bits of the
OSCCON register. See Section 8.5.7 “Frequency
Select Bits (IRCF)” for more information.

The MFINTOSC is enabled by:

« Configure the IRCF<3:0> bits for the desired HF
frequency (see Register 8-1), and

« FOSC<2:0>=100, or

» Set the System Clock Source (SCS) bits of the
OSCCON register to ‘1%’

The Medium Frequency Internal Oscillator Ready bit
(MFIOFR) of the OSCSTAT register indicates when the
MFINTOSC is running and can be utilized.

8.54 LFINTOSC

The Low-Frequency Internal Oscillator (LFINTOSC) is
an uncalibrated 31 kHz internal clock source.

The output of the LFINTOSC connects to a postscaler
and multiplexer (see Figure 8-1). Select 31 kHz, via
software, using the IRCF<2:0> bits of the OSCCON
register. See Section 8.5.7 “Frequency Select Bits
(IRCF)” for more information. The LFINTOSC is also the
frequency for the Power-up Timer (PWRT), Watchdog
Timer (WDT) and Fail-Safe Clock Monitor (FSCM).

The LFINTOSC is enabled by selecting 31 kHz
(IRCF<3:0> bits of the OSCCON register = 000) as the
system clock source (SCS bits of the OSCCON
register = 1x), or when any of the following are
enabled:

» Configure the IRCF<3:0> bits for the desired LF
frequency (see Register 8-1), and

« FOSC<2:0>=100, or

» Set the System Clock Source (SCS) bits of the
OSCCON register to ‘1%’

Peripherals that use the LFINTOSC are:

+ LCD

* Power-up Timer (PWRT)

» Watchdog Timer (WDT)

« Fail-Safe Clock Monitor (FSCM)

The Low Frequency Internal Oscillator Ready bit

(LFIOFR) of the OSCSTAT register indicates when the
LFINTOSC is running and can be utilized.
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8.5.5 OSCSTAT REGISTER

The OSCSTAT register contains flags that represent
the current status of the oscillators module.

REGISTER 8-2: OSCSTAT: OSCILLATOR STATUS REGISTER

R-0/q R-0/q R-q/q R-0/q R-0/q R-q/q R-0/0 R-0/q
T10SCR PLLR OSTS HFIOFR HFIOFL MFIOFR LFIOFR HFIOFS
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared

bit 7 T10S8CR: Timer1 Oscillator Ready bit

If the Timer1 oscillator is enabled (T1OSCEN = 1)
1 = Timer1 oscillator is ready and can be switched to
0 = Timer1 oscillator is not ready

else Timer1 oscillator is disabled - clock source is T1CKI
1 = Timer1 oscillator is always ready

bit 6 PLLR 4x PLL Ready bit
1= 4xPLL is ready and can be switched to
0= 4x PLL oscillator is not ready

bit 5 OSTS: Oscillator Start-up Time-out Status bit

1 = Device running from the clock defined by FOSC<3:0> of the CONFIG1 register

0 = Device running from the internal oscillator (HFINTOSC, MFINTOSC or LFINTOSC)
bit 4 HFIOFR: High Frequency Internal Oscillator Ready bit

1 = 16 MHz Internal Oscillator (HFINTOSC) is ready and can be switched to
0 = 16 MHz Internal Oscillator (HFINTOSC) is not ready

bit 3 HFIOFL: High Frequency Internal Oscillator Status Locked bit (2% Stable)

1 = 16 MHz Internal Oscillator (HFINTOSC) is in lock
0 = 16 MHz Internal Oscillator (HFINTOSC) has not yet locked

bit 2 MFIOFR: Medium Frequency Internal Oscillator (500 kHz HFINTOSC Output) Ready bit

1 = 500 kHz Internal Oscillator (MFINTOSC) is ready and can be switched to
0 = 500 kHz Internal Oscillator (MFINTOSC) is not ready

bit 1 LFIOFR: Low Frequency Intemal Oscillator Ready bit

1 = 31 kHz Internal Oscillator (LFINTOSC) is ready and can be switched to
0 = 31 kHz Internal Oscillator (LFINTOSC) is not ready

bit 0 HFIOFS: High Frequency Internal Oscillator Stable bit (0.5% Stable)

1 = 16 MHz Internal Oscillator (HFINTOSC) is in communications stable
0 = 16 MHz Internal Oscillator (HFINTOSC) is not yet communications stable
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8.5.6 OSCTUNE REGISTER

The HFINTOSC and MFINTOSC are factory calibrated
but can be adjusted in software by writing to the
OSCTUNE register (Register 8-3).

The default value of the OSCTUNE register is ‘0". The
value is a 5-bit two’s complement number.

When the OSCTUNE register is modified, the oscillator
frequency will begin shifting to the new frequency. Code
execution continues during this shift. There is no
indication that the shift has occurred.

The OSCTUNE register applies the same adjustment to
both the HFINTOSC and the MFINTOSC
simultaneously.

OSCTUNE does not affect the LFINTOSC frequency.
Operation of features that depend on the LFINTOSC
clock source frequency, such as the Power-up Timer
(PWRT), Watchdog Timer (WDT), Fail-Safe Clock
Monitor (FSCM) and peripherals, are not affected by the
change in frequency.

REGISTER 8-3: OSCTUNE: OSCILLATOR TUNING REGISTER
u-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — TUN5 TUN4 TUN3 TUNZ2 TUN1 TUNO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bitis cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 TUN<4:0>: Frequency Tuning bits
011111 = Maximum frequency
011110 =
000001 =

000000 = Oscillator module is running at the factory-calibrated frequency.

111111 =

100000 = Minimum frequency
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8.5.7 FREQUENCY SELECT BITS (IRCF)

The output of the 16 MHz HFINTOSC and 31 kHz
LFINTOSC connects to a postscaler and multiplexer
(see Figure 8-1). The Internal Oscillator Frequency
Select bits IRCF<2:0> of the OSCCON register select
the frequency output of the internal oscillators. One of
eight frequencies can be selected via software:

» 16 MHz

+ 8 MHz

*+ 4 MHz

*+ 2MHz

+ 1MHz

» 500 kHz (Default after Reset)

» 250 kHz

» 125 kHz

» 31 kHz (LFINTOSC)

Note: Following any Reset, the IRCF<2:0> bits of
the OSCCON register are set to ‘110" and
the frequency selection is set to 4 MHz.
The user can modify the IRCF bits to
select a different frequency.

8.5.8 INTERNAL OSCILLATOR CLOCK
SWITCH TIMING

When switching between the HFINTOSC, MFINTOSC
and the LFINTOSC, the new oscillator may already be
shut down to save power (see Figure 8-8). If this is the
case, there is a delay after the IRCF<3:0> bits of the
OSCCON register are modified before the frequency
selection takes place. The OSCSTAT register will
reflect the current active status of the HFINTOSC,
MFINTOSC and LFINTOSC oscillators. The sequence
of a frequency selection is as follows:

1. IRCF<3:0> bits of the OSCCON register are
modified.

2. If the new clock is shut down, a clock start-up
delay is started.

3. Clock switch circuitry waits for a falling edge of
the current clock.

4. The current clock is held low and the clock
switch circuitry waits for a rising edge in the new
clock.

5. The new clock is now active.

6. The OSCSTAT register is updated as required.

7. Clock switch is complete.

See Figure 8-6 for more details.

If the internal oscillator speed is switched between two
clocks of the same source, there is no start-up delay
before the new frequency is selected. Clock switching
time delays are shown in Table 8-1.

Start-up delay specifications are located in the
oscillator tables of Section 28.0 “Electrical
Specifications”.
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FIGURE 8-6: INTERNAL OSCILLATOR SWITCH TIMING

HFINTOSC/— LFINTOSC (FSCM and WDT disabled)
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System Clock | | |

HFINTOSC/— LFINTOSC (Either FSCM or WDT enabled)

MFINTOSC
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" 2-cycle Sync . Running
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System Clock | | | ]

LFINTOSC — HFINTOSC/MFINTOSC
LFINTOSC turns off unless WDT or FSCM is enabled
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8.6 Clock Switching

The system clock source can be switched between
external and internal clock sources via software using
the System Clock Select (SCS) bits of the OSCCON
register.

8.6.1 SYSTEM CLOCK SELECT (SCS) BIT

The System Clock Select (SCS) bits of the OSCCON
register selects the system clock source that is used for
the CPU and peripherals.

* When the SCS bits of the OSCCON register = 00,
the system clock source is determined by
configuration of the FOSC<2:0> bits in the
Configuration Word Register 1 (CONFIG1).

* When the SCS bits of the OSCCON register = 01,
the system clock source is the Timer1 oscillator.

* When the SCS bits of the OSCCON register = 1x,
the system clock source is chosen by the internal
oscillator frequency selected by the IRCF<3:0>
bits of the OSCCON register. After a Reset, the
SCS bit of the OSCCON register is always
cleared.

Note:  Any automatic clock switch, which may
occur from Two-Speed Start-up or Fail-Safe
Clock Monitor, does not update the SCS
bits of the OSCCON register. The user can
monitor the OSTS bit of the OSCSTAT
register to determine the current system
clock source.

8.6.2 OSCILLATOR START-UP TIME-OUT
STATUS (OSTS) BIT

The Oscillator Start-up Time-out Status (OSTS) bit of
the OSCSTAT register indicates whether the system
clock is running from the external clock source, as
defined by the FOSC<2:0> bits in the Configuration
Word Register 1 (CONFIG1), or from the internal clock
source. In particular, OSTS indicates that the Oscillator
Start-up Timer (OST) has timed out for LP, XT or HS
modes.

8.6.3  TIMER1 OSCILLATOR READY
(T10SCR) BIT

The Timer1 Oscillator Ready (T10SCR) bit of the
OSCSTAT register indicates whether the Timer1
oscillator is ready to be used. After the T1IOSCR bit is
set, the SCS bits can be configured to select the Timer1
oscillator.

8.7 Two-Speed Clock Start-up Mode

Two-Speed Start-up mode provides additional power
savings by minimizing the latency between external
oscillator start-up and code execution. In applications
that make heavy use of the Sleep mode, Two-Speed
Start-up will remove the external oscillator start-up
time from the time spent awake and can reduce the
overall power consumption of the device.

This mode allows the application to wake-up from
Sleep, perform a few instructions using the INTOSC
as the clock source and go back to Sleep without
waiting for the external oscillator to become stable.

Note: Executing a SLEEP instruction will abort
the oscillator start-up time and will cause
the OSTS bit of the OSCSTAT register to
remain clear.

When the oscillator module is configured for LP, XT or
HS modes, the Oscillator Start-up Timer (OST) is
enabled (see Section 8.4.1 “Oscillator Start-up
Timer (OST)”). The OST will suspend program execu-
tion until 1024 oscillations are counted. Two-Speed
Start-up mode minimizes the delay in code execution
by operating from the internal oscillator as the OST is
counting. When the OST count reaches 1024 and the
OSTS bit of the OSCSTAT register is set, program exe-
cution switches to the external oscillator.

8.7.1 TWO-SPEED START-UP MODE
CONFIGURATION

Two-Speed Start-up mode is configured by the
following settings:

» |ESO (of the Configuration Word Register 1) = 1;
Internal/External Switchover bit (Two-Speed
Start-up mode enabled).

» SCS (of the OSCCON register) = 00.

» FOSC<2:0> bits in the Configuration Word
Register 1 (CONFIG1) configured for LP, XT or
HS mode.

Two-Speed Start-up mode is entered after:

» Power-on Reset (POR) and, if enabled, after
Power-up Timer (PWRT) has expired, or

» Wake-up from Sleep.

If the external clock oscillator is configured to be

anything other than LP, XT or HS mode, then

Two-speed Start-up is disabled. This is because the

external clock oscillator does not require any
stabilization time after POR or an exit from Sleep.

@ 2008 Microchip Technology Inc.
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8.7.2 TWO-SPEED START-UP
SEQUENCE

1. Wake-up from Power-on Reset or Sleep.

2. Instructions begin execution by the internal
oscillator at the frequency set in the IRCF<3:0>
bits of the OSCCON register.

3. OST enabled to count 1024 clock cycles.

4. OST timed out, wait for falling edge of the
internal oscillator.

5. OSTSis set.

6. System clock held low until the next falling edge
of new clock (LP, XT or HS mode).

7. System clock is switched to external clock
source.

FIGURE 8-7: TWO-SPEED START-UP

8.7.3 CHECKING TWO-SPEED CLOCK
STATUS

Checking the state of the OSTS bit of the OSCSTAT
register will confirm if the microcontroller is running
from the extemnal clock source, as defined by the
FOSC<2:0> bits in the Configuration Word Register 1
(CONFIG1), or the internal oscillator.

NTose \_/\ AN/

I« TosT »

osct < o X 1§ (1022( 1023\

osc2 X))y \_/

Program Counter [ PC-N_ PC

PC + 1
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8.8 Fail-Safe Clock Monitor

The Fail-Safe Clock Monitor (FSCM) allows the device
to continue operating should the external oscillator fail.
The FSCM can detect oscillator failure any time after
the Oscillator Start-up Timer (OST) has expired. The
FSCM is enabled by setting the FCMEN bit in the
Configuration Word Register 1 (CONFIG1). The FSCM
is applicable to all external Oscillator modes (LP, XT,
HS, EC, Timer1 Oscillator and RC).

FIGURE 8-8: FSCM BLOCK DIAGRAM
Clock Monitor
Ext : Latch
xterma
Clock =St Q
r— — — — — — — 1
| LFIN_TOSC - 64
| Oscillator
| 31kHz 488 Hz
| (32ps) (~2 ms)
| Sample Clock | Clock
Lo _| i
Failure
Detected

8.8.1 FAIL-SAFE DETECTION

The FSCM module detects a failed oscillator by
comparing the external oscillator to the FSCM sample
clock. The sample clock is generated by dividing the
LFINTOSC by 64. See Figure 8-8. Inside the fail
detector block is a latch. The external clock sets the
latch on each falling edge of the external clock. The
sample clock clears the latch on each rising edge of the
sample clock. A failure is detected when an entire
half-cycle of the sample clock elapses before the
external clock goes low.

8.8.2 FAIL-SAFE OPERATION

When the external clock fails, the FSCM switches the
device clock to an internal clock source and sets the bit
flag OSFIF of the PIR2 register. Setting this flag will
generate an interrupt if the OSFIE bit of the PIE2
register is also set. The device firmware can then take
steps to mitigate the problems that may arise from a
failed clock. The system clock will continue to be
sourced from the internal clock source until the device
firmware successfully restarts the external oscillator
and switches back to external operation.

The internal clock source chosen by the FSCM is
determined by the IRCF<3:0> bits of the OSCCON
register. This allows the internal oscillator to be
configured before a failure occurs.

8.8.3 FAIL-SAFE CONDITION CLEARING

The Fail-Safe condition is cleared after a Reset,
executing a SLEEP instruction or changing the SCS bits
of the OSCCON register. When the SCS bits are
changed, the OST is restarted. While the OST is
running, the device continues to operate from the
INTOSC selected in OSCCON. When the OST times
out, the Fail-Safe condition is cleared and the device
will be operating from the external clock source. The
Fail-Safe condition must be cleared before the OSFIF
flag can be cleared.

8.8.4 RESET OR WAKE-UP FROM SLEEP

The FSCM is designed to detect an oscillator failure
after the Oscillator Start-up Timer (OST) has expired.
The OST is used after waking up from Sleep and after
any type of Reset. The OST is not used with the EC or
RC Clock modes so that the FSCM will be active as
soon as the Reset or wake-up has completed. When
the FSCM is enabled, the Two-Speed Start-up is also
enabled. Therefore, the device will always be executing
code while the OST is operating.

Note:  Due to the wide range of oscillator start-up
times, the Fail-Safe circuit is not active
during oscillator start-up (i.e., after exiting
Reset or Sleep). After an appropriate
amount of time, the user should check the
Status bits in the OSCSTAT register to
verify the oscillator start-up and that the
system clock switchover has successfully
completed.
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FIGURE 8-9: FSCM TIMING DIAGRAM

Sample Clock _[—[—,—1—]—]—

System : ! . » Oscillator
Clock ' ' : 4~ Failure :

Output : : | | : | : :

Clock Monitor Output
o . ] .

: : ! ' ! Failure :
' ' . ' . Detected ‘Q—
OSCFIF | | | : | |

Test Test Test

Note: The system clock is normally at a much higher frequency than the sample clock. The relative frequencies in
this example have been chosen for clarity.

TABLE 8-2: SUMMARY OF REGISTERS ASSOCIATED WITH CLOCK SOURCES

Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 Eﬁg;if;'
CONFIG1?| CPD CP MCLRE | PWRTE | WDTE FOSC2 | FOSC1 | FOSCO 126
OSCCON | SPLLEN | IRCF3 IRCF2 IRCF1 IRCFO — SCS1 SCS0 108
OSCSTAT T10SCR PLLR OSTS HFIOFR HFIOFL MFIOFR LFIOFR HFIOFS M3
OSCTUNE — — TUN5S TUN4 TUN3 TUNZ2 TUNA1 TUNO 14
PIE2 OSFIE C2IE C1IE EEIE BCLIE LCDIE — CCP2IE 75
PIR2 OSFIF C2IF C1IF EEIF BCLIF LCDIF — CCP2IF 78
T1CON TMR1CS1 | TMR1CS0 | TICKPS1 | TICKPSO | TIOSCEN | T1SYNC — TMR10N 169
Legend: =x =unknown, u =unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by

oscillators.

Note 1: Other (non Power-up) Resets include MCLR Reset and Watchdog Timer Reset during normal operation.
2: See Configuration Word Register 1 (Register 10-1) for operation of all register bits.
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9.0 SRLATCH

The module consists of a single SR Latch with multiple
Set and Reset inputs as well as separate latch outputs.
The SR Latch module includes the following features:

» Programmable input selection

» SR Latch output is available internally/externally
» Separate Q and Q outputs

* Firmware Set and Reset

9.1 Latch Operation

The latch is a Set-Reset latch that does not depend on a
clock source. Each of the Set and Reset inputs are
active-high. The latch can be Set or Reset by CxOUT,
SRI pin, or variable clock. Additionally the SRPS and the
SRPR bits of the SRCONO register may be used to Set
or Reset the SR Laich, respectively. The latch is
Reset-dominant, therefore, if both Set and Reset inputs
are high the latch will go to the Reset state. Both the
SRPS and SRPR bits are self resetting which means
that a single write to either of the bits is all that is
necessary to complete a latch Set or Reset operation.

9.2 Latch Output

The SRQEN and SRNQEN bits of the SRCONO regis-
ter control the Q and Q latch outputs. Both of the SR
latch outputs may be directly output to an I/O pin at the
same time.

The applicable TRIS bit of the corresponding port must
be cleared to enable the port pin output driver.

9.3 Effects of a Reset

Upon any device Reset, the SR latch is not initialized.
The user’s firmware is responsible to initialize the latch
output before enabling it to the output pins.

FIGURE 9-1: SR LATCH SIMPLIFIED BLOCK DIAGRAM
SRPS SRLEN —}
Pulse
N 2) SRQEN — |
Gen |
1
S ——T |
SRSPE— J e /
SRCLK — ) SRQ
SRSCKE —
SYNCC20UTE)— )
SRSC2E—
(3)—
smeciourd s
Latch(1)
SRPR Pulse
Gen@
X
swreE—|_) é:} ? @ X
SRCLK — : | : SRNQ
SRRCKE —1 SRLEN ——] 1
SYNCC20UTB)—— ) SRNQEN _}
SRRC2E—1
SYNCC10UTE — )
SRRC1E —
Note 1: IfR=1andS =1 simultaneously, Q =0, Q=1
2: Pulse generator causes a 1 Q-state pulse width.
3: Name denotes the connection point at the comparator output.
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TABLE 9-1: SRCLK FREQUENCY TABLE

SRCLK Divider | Fosc =32 MHz | Fosc =20 MHz | Fosc =16 MHz | Fosc =4 MHz | Fosc =1 MHz
111 512 62.5 kHz 39.0 kHz 31.3 kHz 7.81 kHz 1.95 kHz
110 256 125 kHz 78.1 kHz 62.5 kHz 15.6 kHz 3.90 kHz
101 128 250 kHz 156 kHz 125 kHz 31.25 kHz 7.81 kHz
100 64 500 kHz 313 kHz 250 kHz 62.5 kHz 15.6 kHz
011 32 1 MHz 625 kHz 500 kHz 125 kHz 31.3kHz
010 16 2 MHz 1.25 MHz 1 MHz 250 kHz 62.5 kHz
001 8 4 MHz 2.5 MHz 2 MHz 500 kHz 125 kHz
000 4 8 MHz 5 MHz 4 MHz 1 MHz 250 kHz

REGISTER 9-1: SRCONO: SR LATCH CONTROL 0 REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/S-0/0 R/S-0/0
SRLEN SRCLK2 SRCLK1 SRCLKO SRQEN SRNQEN SRPS SRPR

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged X = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

1" = Bit is set ‘0’ = Bit is cleared S = Bitis setonly -

bit 7 SRLEN: SR Latch Enable bit

1= SR latch is enabled
0= SR latch is disabled

bit 6-4 SRCLK<2:0>: SR Latch Clock Divider bits
000 = Generates a 1 Fosc wide pulse every 4th Fosc cycle clock
001 = Generates a 1 Fosc wide pulse every 8th Fosc cycle clock
010 = Generates a 1 Fosc wide pulse every 16th Fosc cycle clock
011 = Generates a 1 Fosc wide pulse every 32th Fosc cycle clock
100 = Generates a 1 Fosc wide pulse every 64th Fosc cycle clock
101 = Generates a 1 Fosc wide pulse every 128th Fosc cycle clock
110 = Generates a 1 Fosc wide pulse every 256th Fosc cycle clock
111 = Generates a 1 Fosc wide pulse every 512th Fosc cycle clock
bit 3 SRQEN: SR Latch Q Output Enable bit
If SRLEN = 1:
1= Qis present on the SRQ pin
0= Qisinternal only
If SRLEN = o:
SR latch is disabled
bit 2 SRNQEN: SR Latch Q Output Enable bit
If SRLEN = 1:
1= Qis present on the SRnQ pin
0= Qisinternal only
If SRLEN = o:
SR latch is disabled
bit 1 SRPS: Pulse Set Input of the SR Latch bit
1= Pulse input for 1 Q-clock period
0 = Do not generate pulse. Always reads back ‘0.
bit 0 SRPR: Pulse Reset Input of the SR Latch bit
1= Pulse input for 1 Q-clock period
0 = Do not generate pulse. Always reads back ‘0.
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REGISTER 9-2: SRCON1: SR LATCH CONTROL 1 REGISTER
R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
SRSPE SRSCKE SRSC2E SRSC1E SRRPE SRRCKE SRRC2E SRRC1E
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared
bit 7 SRSPE: SR Latch Peripheral Set Enable bit

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

1 = SRI pin status sets SR Latch
0 = SRI pin status has no effect on SR Latch
SRSCKE: SR Latch Set Clock Enable bit

1 = Set input of SR latch is pulsed with SRCLK
0 = Set input of SR latch is not pulsed with SRCLK

SRSC2E: SR Latch C2 Set Enable bit

1 = C2 Comparator output sets SR Latch
0 = C2 Comparator output has no effect on SR Latch

SRSC1E: SR Latch C1 Set Enable bit

1 = C1 Comparator output sets SR Latch
0 = C1 Comparator output has no effect on SR Latch

SRRPE: SR Latch Peripheral Reset Enable bit

1 = SRI pin resets SR Latch
0 = SRI pin has no effect on SR Latch

SRRCKE: SR Latch Reset Clock Enable bit

1 = Reset input of SR latch is pulsed with SRCLK
0 = Reset input of SR latch is not pulsed with SRCLK

SRRC2E: SR Latch C2 Reset Enable bit

1 = C2 Comparator output resets SR Latch

0 = C2 Comparator output has no effect on SR Latch
SRRC1E: SR Latch C1 Reset Enable bit

1 = C1 Comparator output resets SR Latch
0 = C1 Comparator output has no effect on SR Latch

® 2008 Microchip Technology Inc. Prelimina ry
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NOTES:
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10.0 DEVICE CONFIGURATION

Device Configuration consists of Configuration Word 1
and Configuration Word 2 registers, Code Protection
and Device ID.

10.1 Configuration Words

There are several Configuration Word bits that allow
different oscillator and memory protection options.
These are implemented as Configuration Word 1
register at 8007h and Configuration Word 2 register at
8008h.
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REGISTER 10-1: CONFIGURATION WORD 1

R/P-1/1 R/P-1/1 R/P-1/1 R/P-1/1 R/P-1/1 R/P-1/1 R/P-1/1
FCMEN | IESO | CLKOUTEN | BORENT BORENO CPD cpP

bit 13 bit 7
R/P-1/1 R/P-1/1 R/P-1/1 R/P-1/1 R/P-1/1 R/P-1/1 R/P-1/1
MCLRE PWRTE WDTE1 WDTEO FOSC2 FOSC1 FOSCO

bit 6 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged X = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1" =Bitis set ‘0" = Bit is cleared

bit 13 FCMEN: Fail-Safe Clock Monitor Enable bit

1 = Fail-Safe Clock Monitor is enabled
0 = Fail-Safe Clock Monitor is disabled

bit 12 IESO: Internal External Switchover bit
1 = Intemal/External Switchover mode is enabled
0 = Interal/External Switchover mode is disabled

bit 11 CLKOUTEN: Clock Out Enable bit
1 = CLKOUT function is disabled. I/O or oscillator function on RAG6/CLKOUT
0 = CLKOUT function is enabled on RAG/CLKOUT

bit 10-9 BOREN<1:0>: Brown-out Reset Enable bits{")
11 = BOR enabled
10 = BOR enabled during operation and disabled in Sleep
01 = BOR controlled by SBOREN bit of the PCON register
00 = BOR disabled

bit 8 CPD: Data Code Protection bit(2)
1 = Data memory code protection is disabled
0 = Data memory code protection is enabled

bit 7 CP: Code Protection bit(?)
1 = Program memory code protection is disabled
0 = Program memory code protection is enabled

bit 6 MCLRE: RE3/MCLR/VPP Pin Function Select bit
If LVP bit = 1:
This bit is ignored.
If LVP bit = 0:
1 = RE3/MCLR/VPP pin function is MCLR; Weak pull-up enabled.
0 = RE3/MCLR/NPP pin function is digital input; MCLR internally disabled; Weak pull-up under control of WPUE3
bit..

bit 5 PWRTE: Power-up Timer Enable bit(")
1= PWRT disabled
0 = PWRT enabled

bit 4-3 WDTE=<1:0>=: Watchdog Timer Enable bit
11 = WDT enabled
10 = WDT enabled while running and disabled in Sleep
01 = WDT controlled by the SWDTEN bit in the WDTCON register
00 = WDT disabled

Note 1: Enabling Brown-out Reset does not automatically enable Power-up Timer.
2: The entire data EEPROM will be erased when the code protection is turned off during an erase.
3:  The entire program memory will be erased when the code protection is turned off.
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REGISTER 10-1: CONFIGURATION WORD 1 (CONTINUED)

bit 2-0 FOS3C<2:0=: Oscillator Selection bits
111 = ECH: External Clock, High-Power mode: CLKIN on RA7/OSC1/CLKIN
110 = ECM: External Clock, Medium-Power mode: CLKIN on RA7/OSC1/CLKIN
101 = ECL: External Clock, Low-Power mode: CLKIN on RA7/OSC1/CLKIN
100 = INTOSC oscillator: 1/0 function on RA7/OSC1/CLKIN
011 = EXTRC oscillator: RC function on RA7/OSC1/CLKIN
010 = HS oscillator: High-speed crystal/resonator on RAG/OSC2/CLKOUT pin and RA7/OSC1/CLKIN
001 = XT oscillator: Crystal/resonator on RA6/0OSC2/CLKOUT pin and RA7/OSC1/CLKIN
000 = LP oscillator: Low-power crystal on RA6/OSC2/CLKOUT pin and RA7/OSC1/CLKIN

Note 1: Enabling Brown-out Reset does not automatically enable Power-up Timer.
2: The entire data EEPROM will be erased when the code protection is turned off during an erase.
3: The entire program memory will be erased when the code protection is turned off.
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REGISTER 10-2: CONFIGURATION WORD 2

R/P-1/1 R/P-1/1 U-1 R/P-1/1 R/P-1/1 R/P-1/1 U-1
LVP DEBUG | — | BORV STVREN PLLEN —
bit 13 bit 7
U-1 R/P-1/1 R/P-1/1 U-1 U-1 R/P-1/1 R/P-1/1
— VCAPEN1 VCAPENO — — WRT1 WRTO
bit 6 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged X = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1" =Bitis set ‘0" = Bit is cleared
bit 13 LVP: Low-Voltage Programming Enable bit(1)
1 = Low-voltage programming enabled
0 = High-voltage on MCLR/VPP must be used for programming
bit 12 DEBUG: In-Circuit Debugger Mode bit
1 = In-Circuit Debugger disabled, RB6/ICSPCLK and RB7/ICSPDAT are general purpose 1/0 pins
0 = In-Circuit Debugger enabled, RB6/ICSPCLK and RB7/ICSPDAT are dedicated to the debugger
bit 11 Unimplemented: Read as ‘1’
bit 10 BORV: Brown-out Reset Voltage Selection bit
1 = Brown-out Reset voltage set to 1.9V
0 = Brown-out Reset voltage set to 2.7V
bit 9 STVREN: Stack Overflow/Underflow Reset Enable bit
1 = Stack Overflow or Underflow will cause a Reset
0 = Stack Overflow or Underflow will not cause a Reset
bit 8 PLLEN: PLL Enable bit
1 = 4xPLL enabled
0 = 4xPLL disabled
bit 7-6 Unimplemented: Read as ‘1’
bit 5-4 VCAPEN<1:0>: Voltage Regulator Capacitor Enable bits'?)
00 = VcaPr functionality is enabled on RAD
01 = Vcap functionality is enabled on RAS
10 = VcaPr functionality is enabled on RAG
11 = No capacitor on VCAP pin
bit 3-2 Unimplemented: Read as ‘1’
bit 1-0 WRT=<1:0=: Flash Memory Self-Write Protection bits
4 KW FLASH memory (PIC16F1933/PIC16LF1933 and PIC16F1934/PIC16LF 1934 only):
11 = Wirite protection off
10 = 000h to 1FFh write-protected, 200h to FFFh may be modified by EECON control
01 = 000h to 7FFh write-protected, 800h to FFFh may be modified by EECON control
00 = 000h to FFFh write-protected, no addresses may be modified by EECON control
8 kW FLASH memory (PIC16F1936/PIC16LF1936 and PIC16F1937/PIC16LF1937 only):
11 = Wirite protection off
10 = 000h to 1FFh write-protected, 200h to 1FFFh may be modified by EECON control
01 = 000h to FFFh write-protected, 1000h to 1FFFh may be modified by EECON control
00 = 000h to 1FFFh write-protected, no addresses may be modified by EECON control
16 kW FLASH memory (PIC16F1938/PIC16LF1938 and PIC16F1939/PIC16LF 1939 only):
11 = Wirite protection off
10 = 000h to 1FFh write-protected, 200h to 3FFFh may be modified by EECON control
01 = 000h to 1FFFh write-protected, 2000h to 3FFFh may be modified by EECON control
00 = 000h to 3FFFh write-protected, no addresses may be modified by EECON control
Note 1: The LVP bit cannot be programmed to '0° when Programming mode is entered via LVP.

2:

Reads as "11" on PIC16LF193X only.
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10.2 Code Protection

Code protection is controlled using the CP bit in
Configuration Word 1. When code protection is
enabled, all program memory locations (0000h-7FFFh)
read as all ‘0’. Further programming is disabled for the
program memory (0000h-7FFFh).

Data memory is protected with its own Code-Protect bit
(CPD). When data code protection is enabled (CPD = 0),
all data memory locations read as ‘0. Further
programming is disabled for the data memory. Data
memory can stil be programmed and read during
program execution.

The user ID locations and Configuration Words can be
programmed and read out regardless of the code
protection settings.

10.3 UserlID

Four memory locations (8000h-8003h) are designated
as ID locations where the user can store checksum or
other code identification numbers. These locations are
not accessible during normal execution, but are read-
able and writable during Program/Verify mode. Only
the Least Significant 7 bits of the ID locations are
reported when using MPLAB® IDE. See the
“PIC16193X/PIC16LF193X Memory Programming
Specification” (DS41360A) for more information.
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NOTES:
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11.0 ANALOG-TO-DIGITAL
CONVERTER (ADC) MODULE

The Analog-to-Digital Converter (ADC) allows
conversion of an analog input signal to a 10-bit binary
representation of that signal. This device uses analog
inputs, which are multiplexed into a single sample and
hold circuit. The output of the sample and hold is
connected to the input of the converter. The converter
generates a 10-bit binary result via successive
approximation and stores the conversion result into the
ADC result register (ADRES). Figure 11-1 shows the
block diagram of the ADC.

The ADC voltage reference is software selectable to be
either internally generated or externally supplied.

The ADC can generate an interrupt upon completion of
a conversion. This interrupt can be used to wake-up the
device from Sleep.

FIGURE 11-1: ADC BLOCK DIAGRAM
VREF- ADNREF =1 o
ADNREF =0 o -
AVDD AVSs
ADPREF = 0x o
ADPREF =11 o
VREF+  ADPREF =10 o
AND Q0000
AN1 00001
AN2 00010
AN3 00011
AN4 00100
ANS 00101
ANG 00110
ANT 00111
ANS 01000 ADC
AN9 01001 GO/DONE —~ j\‘;w
AN10 01010
AN 01011 ADFM —| 0= L(_aft Justif)_;
AN12 01100 1 = Right Justify
ADON—| 16
AN13 01101
Temp Sens 11101 vss_L [ ADRESH | ADRESL |
DAC 11110
FVR Buffer1 11111
CHS<4:0j/
Note 1: When ADON = 0, all multiplexer inputs are disconnected.
2: See Section 10.0 “Fixed Voltage Reference” for more information.

@ 2008 Microchip Technology Inc.
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11.1  ADC Configuration

When configuring and using the ADC the following
functions must be considered:

« Port configuration

* Channel selection

» ADC voltage reference selection

« ADC conversion clock source

* Interrupt control

» Results formatting

11.1.1 PORT CONFIGURATION

The ADC can be used to convert both analog and
digital signals. When converting analog signals, the 1/O
pin should be configured for analog by setting the
associated TRIS and ANSEL bits. Refer to Section 6.0
“I/Q Ports” for more information.

Note:  Analog voltages on any pin that is defined
as a digital input may cause the input buf-

fer to conduct excess current.

11.1.2 CHANNEL SELECTION

The CHS bits of the ADCONO register determine which
channel is connected to the sample and hold circuit.

When changing channels, a delay is required before
starting the next conversion. Refer to Section 11.2
“ADC Operation” for more information.

11.1.3 ADC VOLTAGE REFERENCE

The ADPREF bits of the ADCON1 register provides
control of the positive voltage reference. The positive
voltage reference can be:

* VREF+

* AVDD

* FVR (Fixed Voltage Reference)

The ADNREF bits of the ADCON1 register provides
control of the negative voltage reference. The negative
voltage reference can be:

* VREF-

« AVss

See Section 14.0 “Fixed Voltage Reference” for
more details on the fixed voltage reference.

11.1.4 CONVERSION CLOCK

The source of the conversion clock is software select-
able via the ADCS bits of the ADCON1 register. There
are seven possible clock options:

» Fosc/2

» Fosc/4

» Fosc/8

» Fosc/16

» Fosc/32

» Fosc/64

* FRC (dedicated internal oscillator)

The time to complete one bit conversion is defined as

TaD. One full 10-bit conversion requires 11.5 TAD peri-
ods as shown in Figure 11-2.

For correct conversion, the appropriate TAD specifica-
tion must be met. Refer to the A/D conversion require-
ments in Section 28.0 “Electrical Specifications” for
more information. Table 11-1 gives examples of appro-
priate ADC clock selections.

Note:  Unless using the FRC, any changes in the
system clock frequency will change the
ADC clock frequency, which may
adversely affect the ADC resullt.
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TABLE 11-1: ADC CLOCK PERIOD (Tap) Vs. DEVICE OPERATING FREQUENCIES

ADC Clock Period (o) Do Frecuenes (0%
ADC .

Clock Source | ADCS<2:0> 32 MHz 20 MHz 16 MHz 8 MHz 4 MHz 1 MHz
Fosc/2 000 62.5ns!2) 100 ns(? 125 ns(?) 250 nst? 500 nsl?) 20ps
Fosc/4 100 125 nst?) 200 ns(? 250 ns(? 500 nst? 1.0 ps 40ps
Fosc/8 001 0.5 ps@® 400 ns(@ 0.5 ps@ 1.0 us 20upus 8.0 pst?)

Fosc/16 101 800 ns 800 ns 1.0 pus 20us 40us 16.0 ust)

Fosc/32 010 1.0 us 16 ps 20us 40us 8.0 pst? 32.0 pst?

Fosc/64 110 20 pus 32ps 40us 8.0 ust) 16.0 pst) 64.0 pst?
FRC x11 1.0-6.0 ps(™* | 1.0-6.0 pus!"¥ | 1.0-6.0 ps™ | 1.0-6.0 ps"¥ | 1.0-6.0 us™ | 1.0-6.0 ps(¥

Legend: Shaded cells are outside of recommended range.
Note 1: The FRC source has a typical TAD time of 1.6 ps for VDD.
2: These values violate the minimum required TAD time.
3: For faster conversion times, the selection of another clock source is recommended.

4: When the device frequency is greater than 1 MHz, the FRC clock source is only recommended if the conversion will be
performed during Sleep.

FIGURE 11-2: ANALOG-TO-DIGITAL CONVERSION Tap CYCLES

‘[CY - TAq TaD1 : TaD2 : TaD3 : Tan4 =T.c\D5 : TaD6 : TaD7 : TADS8 : TAaD9 =TAD10=TAD11
T b9 b8 b7 b6 bbs b4 b3 b2 b1 b0

Conversion starts

Holding capacitor is disconnected from analog input (typically 100 ns)

Set GO bit

On the following cycle:
ADRESH:ADRESL is loaded, GO bit is cleared,
ADIF bit is set, holding capacitor is connected to analog input.
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11.1.5 INTERRUPTS

The ADC module allows for the ability to generate an
interrupt upon completion of an Analog-to-Digital
conversion. The ADC Interrupt Flag is the ADIF bit in
the PIR1 register. The ADC Interrupt Enable is the
ADIE bit in the PIE1 register. The ADIF bit must be
cleared in software.

Note 1: The ADIF bit is set at the completion of
every conversion, regardless of whether

or not the ADC interrupt is enabled.
The ADC operates during Sleep only

when the FRC oscillator is selected.

This interrupt can be generated while the device is
operating or while in Sleep. If the device is in Sleep, the
interrupt will wake-up the device. Upon waking from
Sleep, the next instruction following the SLEEP instruc-
tion is always executed. If the user is attempting to
wake-up from Sleep and resume in-line code execu-
tion, the GIE and PEIE bits of the INTCON register
must be disabled. If the GIE and PEIE bits of the
INTCON register are enabled, execution will switch to
the Interrupt Service Routine.

Please refer to Section 11.1.5 “Interrupts” for more
information.

11.1.6 RESULT FORMATTING

The 10-bit A/D conversion result can be supplied in two
formats, left justified or right justified. The ADFM bit of
the ADCON1 register controls the output format.

Figure 11-3 shows the two output formats.

FIGURE 11-3: 10-BIT A/D CONVERSION RESULT FORMAT
ADRESH ADRESL

worm=0) [mss| | | [ [ [ [ | [ Jes[ [ | [ [ [ |
bit 7 bit 0 bit 7 bit 0
p. _""‘“\/—""'_ (. _"\\/'_ ;

10-bit A/D Result Unimplemented: Read as ‘0’

worm=1) [ | | | [ | fwss| | [ | | [ [ [ | [is8]
bit 7 bit 0 bit 7 bit 0
- ~ e —_—— .

Unimplemented: Read as ‘0’ 10-bit A/D Result
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11.2 ADC Operation

11.2.1 STARTING A CONVERSION

To enable the ADC module, the ADON bit of the
ADCONO register must be set to a ‘1. Setting the GO/
DONE bit of the ADCONO register to a ‘1" will start the
Analog-to-Digital conversion.

Note: The GO/DONE bit should not be set in the
same instruction that turns on the ADC.
Refer to Section 11.2.6 “A/D Conversion
Procedure”.

11.22 COMPLETION OF A CONVERSION
When the conversion is complete, the ADC module will:

+ Clear the GO/DONE bit
» Set the ADIF Interrupt Flag bit

» Update the ADRESH and ADRESL registers with
new conversion result

11.2.3 TERMINATING A CONVERSION

If a conversion must be terminated before completion,
the GO/DONE bit can be cleared in software. The
ADRESH and ADRESL registers will be updated with
the partially complete Analog-to-Digital conversion
sample. Incomplete bits will match the last bit
converted.

Note: A device Reset forces all registers to their
Reset state. Thus, the ADC module is
turned off and any pending conversion is
terminated.

11.24 ADC OPERATION DURING SLEEP

The ADC module can operate during Sleep. This
requires the ADC clock source to be set to the FRC
option. When the FRC clock source is selected, the
ADC waits one additional instruction before starting the
conversion. This allows the SLEEP instruction to be
executed, which can reduce system noise during the
conversion. If the ADC interrupt is enabled, the device
will wake-up from Sleep when the conversion
completes. If the ADC interrupt is disabled, the ADC
module is turned off after the conversion completes,
although the ADON bit remains set.

When the ADC clock source is something other than
FRC, a SLEEP instruction causes the present conver-
sion to be aborted and the ADC module is turned off,
although the ADON bit remains set.

11.2.5 SPECIAL EVENT TRIGGER

The Special Event Trigger of the CCP5 module allows
periodic ADC measurements without software inter-
vention. When this trigger occurs, the GO/DONE bit is
set by hardware and the Timer1 counter resets to zero.

Using the Special Event Trigger does not assure proper
ADC timing. It is the user’s responsibility to ensure that
the ADC timing requirements are met.

Refer to Section 19.0 “Capture/Compare/PWM Mod-
ules (ECCP1, ECCP2, ECCP3, CCP4, CCP5)” for
more information.

@ 2008 Microchip Technology Inc.
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11.2.6 A/D CONVERSION PROCEDURE

This is an example procedure for using the ADC to
perform an Analog-to-Digital conversion:
1.  Configure Port:
+ Disable pin output driver (Refer to the TRIS
register)
» Configure pin as analog (Refer to the ANSEL
register)
2. Configure the ADC module:
+ Select ADC conversion clock
» Configure voltage reference
» Select ADC input channel
* Turn on ADC module
3. Configure ADC interrupt (optional):
* Clear ADC interrupt flag
» Enable ADC interrupt
» Enable peripheral interrupt
» Enable global interrupt{”
4. Wait the required acquisition time(2).
Start conversion by setting the GO/DONE bit.

6. Wait for ADC conversion to complete by one of
the following:

+ Polling the GO/DONE bit

» Waiting for the ADC interrupt (interrupts
enabled)

7. Read ADC Result.

8. Clearthe ADC interrupt flag (required if interrupt
is enabled).

o

EXAMPLE 11-1:

A/D CONVERSION

;This code block configures the ADC
;for polling, Vvdd reference, Frc clock
;and ANO input.

r

;Conversion start & polling for completion
; are included.

BANESEL
MOVLW
MOVWE
BANESEL
BSFEF
BANESEL
BSFEF
BANESEL
MOVLW
MOVWE
CALL
BSFEF
BTFESC
GOTO
BANESEL
MOVE
MOVWE
BANESEL
MOVE
MOVWE

ADCON1

BT 01110000
ADCON1
TRISA
TRISA, O
ANSEL
ANSEL, 0
ADCONO

BT 10000001
ADCONO
SampleTime
ADCONO, GO
ADCONO, GO
5-1

ADRESH
ADRESH, W
RESULTHI
ADRESL
ADRESL, W
RESULTLO

;BADC Frc clock

;Set RAD to input
;Set RAD to analog
;Right justify,
;vdd Vref, ANO, On
;Acquisiton delay
;Start conversion
;Is conversion done?
;No, test again
;Read upper 2 bits
;store in GPR space
;Read lower 8 bits
;Store in GPR space

Note 1: The global interrupt can be disabled if the
user is attempting to wake-up from Sleep
and resume in-line code execution.

2: Refer to Section 11.3 “A/D Acquisition
Requirements”.
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11.2.7 ADC REGISTER DEFINITIONS

The following registers are used to control the
operation of the ADC.

REGISTER 11-1: ADCONO: A/D CONTROL REGISTER 0

u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— CHS4 CHS3 CHS2 CHS1 CHSO0 GO/DONE ADON
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared

bit 7 Unimplemented: Read as ‘0’

bit 6-2 CHS<4:0>: Analog Channel Select bits

00000 =ANO
00001 =AN1
00010 =AN2
00011 =AN3
00100 =AN4
00101 =AN5
00110 =ANG6
00111 =ANY7
01000 =ANS8
01001 =AN9
01010 =AN10
01011 =AN11
01100 =AN12
01101 =AN13
01110 = Reserved. No channel connected.

11100 = Reserved. No channel connected.

11101 = Temperature Reference from band gap

11110 = DAC output (aka CVREF output)

11111 =Fixed Voltage Reference (FVR) Buffer 1 Output

bit 1 GO/DONE: A/D Conversion Status bit
1 = A/D conversion cycle in progress. Setting this bit starts an A/D conversion cycle.

This bit is automatically cleared by hardware when the A/D conversion has completed.
0 = A/D conversion completed/not in progress

bit 0 ADON: ADC Enable bit
1 =ADC is enabled
0 = ADC is disabled and consumes no operating current

Note 1: See Section 10.0 “Fixed Voltage Reference” for more information.
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REGISTER 11-2: ADCON1: A/D CONTROL REGISTER 1

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0
ADFM ADCS2 ADCS1 ADCSO0 — ADNREF ADPREF1 | ADPREFO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bitis cleared
bit 7 ADFM: A/D Result Format Select bit
1 = Right justified. Six Most Significant bits of ADRESH are set to ‘0" when the conversion result is
loaded.
0 = Left justified. Six Least Significant bits of ADRESL are set to ‘0" when the conversion result is
loaded.
bit 6-4 ADCS<2:0>: A/D Conversion Clock Select bits
000 =Fosc/2
001 =Fosc/8

010 =Fosc/32
011 =FRC (clock supplied from a dedicated RC oscillator)
100 =Fosc/4
101 =Fosc/16
110 =Fosc/64
111 =FRC (clock supplied from a dedicated RC oscillator)
bit 3 Unimplemented: Read as ‘0’
bit 2 ADNREF: A/D Negative Voltage Reference Configuration bit
0= VREF-is connected to AVss
1= VREF-is connected to external VREF-
bit 1-0 ADPREF<1:0>: A/D Positive Voltage Reference Configuration bits
00 = VREF+ is connected to AVDD
01 = Reserved
10 = VREF+ is connected to external VREF+
11 = VREF+ is connected to internal fixed voltage reference

REGISTER 11-3: ADRESH: ADC RESULT REGISTER HIGH (ADRESH) ADFM =0

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
ADRES9 ADRESS ADRES7 ADRES6 ADRES5 ‘ ADRES4 | ADRES3 ADRES2
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bitis cleared

bit 7-0 ADRES<9:2>: ADC Result Register bits

Upper 8 bits of 10-bit conversion result
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REGISTER 11-4: ADRESL: ADC RESULT REGISTER LOW (ADRESL) ADFM =0

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
ADRES1 | ADRESO — — - | = | = —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared
bit 7-6 ADRES<1:0>: ADC Result Register bits
Lower 2 bits of 10-bit conversion result
bit 5-0 Reserved: Do not use.

REGISTER 11-5: ADRESH: ADC RESULT REGISTER HIGH (ADRESH) ADFM =1

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u

— — — — — | — | ADRES9 | ADRES8
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared
bit 7-2 Reserved: Do not use.
bit 1-0 ADRES<9:8>: ADC Result Register bits

Upper 2 bits of 10-bit conversion result

REGISTER 11-6: ADRESL: ADC RESULT REGISTER LOW (ADRESL) ADFM =1

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
ADRES7 ADRES6 ADRES5 ADRES4 ADRES3 ‘ ADRES2 ‘ ADRES1 ADRESO
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared

bit 7-0 ADRES<7:0>: ADC Result Register bits

Lower 8 bits of 10-bit conversion result
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11.3 A/D Acquisition Requirements

For the ADC to meet its specified accuracy, the charge
holding capacitor (CHOLD) must be allowed to fully
charge to the input channel voltage level. The Analog
Input model is shown in Figure 11-4. The source
impedance (Rs) and the internal sampling switch (Rss)
impedance directly affect the time required to charge
the capacitor CHoLD. The sampling switch (Rss)
impedance varies over the device voltage (VDD), refer
to Figure 11-4. The maximum recommended
impedance for analog sources is 10 kQ. As the

EQUATION 11-1: ACQUISITION TIME EXAMPLE

source impedance is decreased, the acquisition time
may be decreased. After the analog input channel is
selected (or changed), an A/D acquisition must be
done before the conversion can be started. To calculate
the minimum acquisition time, Equation 11-1 may be
used. This equation assumes that 1/2 LSb error is used
(256 steps for the ADC). The 1/2 LSb error is the
maximum error allowed for the ADC to meet its
specified resolution.

Assumptions:  Temperature = 50°C and external impedance of 10k2 5.0V VDD

Taco = Amplifier Settling Time + Hold Capacitor Charging Time + Temperature Coefficient

TAmpP + Tc + TCOFF

The value for It can be approximated with the following equations:

VAPPUED(} — +
2" -1
~Tc

VAPPLIED(I —eRCJ = VecHoLD

-Tec
VAPPLIED(I —eRC] = VAPPLIED(I —

Note: Where n = number of bits of the ADC.

2us + Tc + [(Temperature - 25°C)(0.05us/°C)]

j = VecHoLD

(2

;[1] VcHOLD charged to within 1/2 Isb

;[2] VCHOLD charge response to VAPPLIED

) ;combining [1] and [2]
)—1

Solving for Tc:
Tc = —Crorp(RIc + Rss + RS) In(1/511)
= —I10pF(1kQ2+ 7k 2+ 10k) In(0.001957)
= 1.12us
Therefore:
Taco = 2ms + 1.12M5 + [(50°C- 25°C)(0.05M5/°C)]
= 4.42Mm5

Note 1: The reference voltage (VREF) has no effect on the equation, since it cancels itself out.
2: The charge holding capacitor (CHOLD) is not discharged after each conversion.

3: The maximum recommended impedance for analog sources is 10 kQ. This is required to meet the pin
leakage specification.
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FIGURE 11-4:

ANALOG INPUT MODEL

VDD s i
ampliing
. VT ~ 06V | Switeh
. Rs « ANx Ric<1k ' SS Rss:
: . CPIN _L 1
! @ L SpF T VT ~ 0.6v( ) LEAKAGE() CHOLD = 10 pF
= - _T_ l V/SS/VREF-
g
Legend: CHOLD = Sample/Hold Capacitance VDD 4
CPIN = Input Capacitance g
| LEAKAGE = Leakage current at the pin due to
various junctions
RIC = Interconnect Resistance ga?néliﬁg? é\?\nl:;h
Rss = Resistance of Sampling Switch (kQ)
S5 = Sampling Switch
VT = Threshold Voltage
Note 1: Referto Section 28.0 “Electrical Specifications”.
FIGURE 11-5: ADC TRANSFER FUNCTION

Full-Scale Range

FFh
FEh
FDh
FCh
FBh

—~

Y
04h -
03h -
02h -

01h -
00h

ADC Output Code

=— 1 LSB ideal

__ Full-Scale
Transition

—-—‘ |-— 1 LSB ideal

Vas Zero-Scale

Transition

» Analog Input Voltage

VREF
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TABLE 11-2: SUMMARY OF ASSOCIATED ADC REGISTERS

Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 5:%:':;
ADCONO — CHS4 CHS3 CHS2 CHS1 CHSO0 GO/DONE | ADON 137
ADCON1 ADFM ADCS2 ADCS1 ADCS0 — ADNREF | ADPREF1 | ADPREFO 138
ADRESH A/D Result Register High 138
ADRESL AJD Result Register Low 139
ANSELA — — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSA0 a6
ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO 91
ANSELE — — — — — ANSE2 ANSE1 ANSEO 101
CCP2CON P1M1 P1MO DC1B1 DC1BO CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO 184
INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF 73
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 74
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 77
TRISA TRISA7 TRISAG TRISAS TRISA4 TRISA3 TRISA2 TRISA1 TRISAO a6
TRISB TRISB7 TRISB6 TRISBS TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 91
TRISE — — — — TRISE3 TRISE2 TRISE1 TRISEO 101
FVRCON FVREN FVRRDY TSEN TSRNG | CDAFVR1 | CDAFVRO | ADFVR1 | ADFVRO 156
DACCONO DACEN DACLPS | DACOE — DACPSS1 | DACPSS0 — DACNSS 153
DACCON1 — — — DACR4 DACR3 DACR2 DACR1 DACRO 153
Legend: x =unknown, u = unchanged, — = unimplemented read as "0’, g = value depends on condition. Shaded cells are not

used for ADC module.
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12.0 COMPARATOR MODULE

Comparators are used to interface analog circuits to a
digital circuit by comparing two analog voltages and
providing a digital indication of their relative magnitudes.
Comparators are very useful mixed signal building
blocks because they provide analog functionality
independent of program execution. The analog
comparator module includes the following features:

* Independent comparator control

» Programmable input selection

» Comparator output is available internally/externally
» Programmable output polarity

* Interrupt-on-change

» Wake-up from Sleep

» Programmable Speed/Power optimization

* PWM shutdown

» Programmable and fixed voltage reference

121 Comparator Overview

A single comparator is shown in Figure 12-1 along with
the relationship between the analog input levels and
the digital output. When the analog voltage at VIN+ is
less than the analog voltage at VIN-, the output of the
comparator is a digital low level. When the analog
voltage at VIN+ is greater than the analog voltage at
VIN-, the output of the comparator is a digital high level.

FIGURE 12-1: SINGLE COMPARATOR
VIN+ +
Output
VIN- ———— P
-=-- VIN- )
— VIN+

Output l . l .

Note: The black areas of the output of the
comparator represents the uncertainty
due to input offsets and response time.
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FIGURE 12-2: COMPARATOR MODULE SIMPLIFIED BLOCK DIAGRAM

CxNCH=<1:0= CXON“]
2 Interrupt
b A det
CxINO- 0 Set CxIF
CxIN1- 1
MUX Interrupt CxINTN
CxIN2- 2@ 1 TN det
CxPOL
CXIN3- 3 VN \
CxoOUT
To Data Bus
ox® D poQ MCXOUT ™
+
Q1—EN
cxin+ DG
CxHYS
DAC —
OxSP To ECCP PWM Logic
FVR Bufferz— 2
CXSYNC
Vas = CxON CxOE TRIS bit
|
CxPCH=<1:0= 0 | CxouUT
2 p
—D Q 1
(from Timer1) _\_ o Timert
T1CLK o Timer
— =  SYNCCxOUT
Note 1: When CxON = 0, the Comparator will produce a ‘0" at the output
2:  When CxON = 0, all multiplexer inputs are disconnected.
3:  Output of comparator can be frozen during debugging.
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12.2 Comparator Control

Each comparator has 2 control registers: CMxCONO and
CMxCON1.

The CMxCONO registers (see Register 12-1) contain
Control and Status bits for the following:

» Enable

» OQutput selection

» Qutput polarity

» Speed/Power selection

» Hysteresis enable

» Qutput synchronization

The CMxCONT1 registers (see Register 12-2) contain
Control bits for the following:

* Interrupt enable

* Interrupt edge polarity

+ Positive input channel selection

» Negative input channel selection

12.21 COMPARATOR ENABLE

Setting the CxON bit of the CMxCONQO register enables
the comparator for operation. Clearing the CxON bit
disables the comparator resulting in minimum current
consumption.

12.2.2 COMPARATOR OUTPUT
SELECTION

The output of the comparator can be monitored by

reading either the CxOUT bit of the CMxCONO register

or the MCxOUT bit of the CMOUT register. In order to

make the output available for an external connection,

the following conditions must be true:

» CxOE bit of the CMxCONO register must be set

» Corresponding TRIS bit must be cleared

» CxON bit of the CMxCONO register must be set

Note 1: The CxOE bit overrides the PORT data
latch. Setting the CxON has no impact on
the port override.

2: The internal output of the comparator is
latched with each instruction cycle.
Unless otherwise specified, external

outputs are not latched.

12.2.3 COMPARATOR OUTPUT POLARITY

Inverting the output of the comparator is functionally
equivalent to swapping the comparator inputs. The
polarity of the comparator output can be inverted by
setting the CxPOL bit of the CMxCONO register.
Clearing the CxPOL bit results in a non-inverted output.

Table 12-1 shows the output state versus input

conditions, including polarity control.

TABLE 12-1: COMPARATOR OUTPUT
STATE VS. INPUT

CONDITIONS
Input Condition CxPOL CxOuUT
CxVN > CxVp 0 0
CxVN < CxVp 0 1
CxVN > CxVp 1 0
CxVN < CxVp 1 1

12.24 COMPARATOR SPEED/POWER
SELECTION

The trade-off between speed or power can be opti-
mized during program execution with the CxSP control
bit. The default state for this bit is ‘1’ which selects the
normal speed mode. Device power consumption can
be optimized at the cost of slower comparator propaga-
tion delay by clearing the CxSP bit to ‘0’.

@ 2008 Microchip Technology Inc.
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12.3 Comparator Hysteresis

A selectable amount of separation voltage can be
added to the input pins of each comparator to provide
a hysteresis function to the overall operation.

These hysteresis levels change as a function of the
comparator’'s Speed/Power mode selection.

Table 12-2 shows the hysteresis levels.

TABLE 12-2: HYSTERESIS LEVELS
CxSP CxHYS Enabled | CxHYS Disabled
0 1+ 3mV <<t 1mV
1 t+ 20mV t 3mV
These levels are approximate.

See Section 28.0 “Electrical Specifications” for
more information.

124 Timer1 Gate Operation

The output resulting from a comparator operation can
be used as a source for gate control of Timer1. See
Section 16.6 “Timer1 Gate” for more information.
This feature is useful for timing the duration or interval
of an analog event.

It is recommended that the comparator output be syn-
chronized to Timer1. This ensures that Timer1 does not
increment while a change in the comparator is occur-
ring.

12.4.1 COMPARATOR OUTPUT
SYNCHRONIZATION

The output from either comparator, C1 or C2, can be
synchronized with Timer1 by setting the CxSYNC bit of
the CMxCONO register.

Once enabled, the comparator output is latched on the
falling edge of the Timer1 source clock. If a prescaler is
used with Timer1, the comparator output is latched after
the prescaling function. To prevent a race condition, the
comparator output is latched on the falling edge of the
Timer1 clock source and Timer1 increments on the
rising edge of its clock source. See the Comparator
Block Diagram (Figure 12-2) and the Timer1 Block
Diagram (Figure 16-1) for more information.

12.5 Comparator Interrupt

An interrupt can be generated upon a change in the
output value of the comparator for each comparator, a
rising edge detector and a Falling edge detector are
present.

When either edge detector is triggered and its associ-
ated enable bit is set (CxINTP and/or CxINTN bits of
the CMxCONT1 register), the Corresponding Interrupt
Flag bit (CxIF bit of the PIR2 register) will be set.

To enable the interrupt, you must set the following bits:

+ CxON, CxPOL and CxSP bits of the CMxCONO
register

» CxIE bit of the PIEZ2 register

* CxINTP bit of the CMxCON1 register (for a rising
edge detection)

* CxINTN bit of the CMxCON1 register (for a falling
edge detection)

* PEIE and GIE bits of the INTCON register

The associated interrupt flag bit, CxIF bit of the PIR2
register, must be cleared in software. If another edge is
detected while this flag is being cleared, the flag will still
be set at the end of the sequence.

Note:  Although a comparator is disabled, an
interrupt can be generated by changing
the output polarity with the CxPOL bit of
the CMxCONO register, or by switching the
comparator on or off with the CxON bit of
the CMxCONQO register.

12.6 Comparator Positive Input
Selection

Configuring the CxPCH<1:0> bits of the CMxCON1
register directs an internal voltage reference or an
analog pin to the non-inverting input of the comparator:
* CxIN+ analog pin

+ DAC

* FVR (Fixed Voltage Reference)

* AVss (Analog Ground)

See Section 14.0 “Fixed Voltage Reference” for

more information on the fixed voltage reference
module.

See Section 11.0 “Analog-to-Digital Converter
(ADC) Module” for more information on the CVDAC
input signal.

Any time the comparator is disabled (CxON = 0), all
comparator inputs are disabled.

12.7 Comparator Negative Input
Selection

The CxNCH<1:0> bits of the CMxCONO register direct
one of four analog pins to the comparator inverting
input.

Note:  To use CxIN+ and CxINx- pins as analog
input, the appropriate bits must be set in
the ANSEL register and the corresponding
TRIS bits must also be set to disable the
output drivers.
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12.8 Comparator Response Time

The comparator output is indeterminate for a period of
time after the change of an input source or the selection
of a new reference voltage. This period is referred to as
the response time. The response time of the comparator
differs from the settling time of the voltage reference.
Therefore, both of these times must be considered when
determining the total response time to a comparator
input change. See the Comparator and Voltage Refer-
ence Specifications in Section 28.0 “Electrical Specifi-
cations” for more details.

12.9 Interaction with ECCP Logic

The C1 and C2 comparators can be used as general
purpose comparators. Their outputs can be brought
out to the C10OUT and C20UT pins. However, when
the ECCP Auto-Shutdown is active it can use one or
both comparators. If auto-restart is also enabled the
comparators can be configured as a closed loop
analog feedback to the ECCP thereby, creating an
analog controlled PWM.

12.10 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 12-3. Since the analog input pins share their
connection with a digital input, they have reverse
biased ESD protection diodes to VDD and Vss. The
analog input, therefore, must be between Vss and VDD.
If the input voltage deviates from this range by more
than 0.6V in either direction, one of the diodes is for-
ward biased and a latch-up may occur.

A maximum source impedance of 10 kQ is recommended
for the analog sources. Also, any external component
connected to an analog input pin, such as a capacitor or
a Zener diode, should have very little leakage current to
minimize inaccuracies introduced.

Note 1: When reading a PORT register, all pins
configured as analog inputs will read as a
‘0’. Pins configured as digital inputs will
convert as an analog input, according to
the input specification.

2: Analog levels on any pin defined as a
digital input, may cause the input buffer to

consume more current than is specified.

FIGURE 12-3: ANALOG INPUT MODEL
VDD
Rs< 10K | Vr=~0.6V RIC
: % * AN, » To Comparator
' AIN .
' ILEAKAGE
(W) S vr~o6v (§
S n
Legend: CPIN = Input Capacitance
ILEAKAGE = Leakage Current at the pin due to various junctions
Ric = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage
VT = Threshold Voltage

Note 1: See Section 28.0 “Electrical Specifications”

® 2008 Microchip Technology Inc. Prelimina ry
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REGISTER 12-1: CMxCONO: COMPARATOR X CONTROL REGISTER 0

R/W-0/0 R-0/0 R/W-0/0 R/W-0/0 uU-0 R/W-1/1 R/W-0/0 R/W-0/0

CxON CxOuUT CxOE CxPOL — CxSP CxHYS CxSYNC
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bitis cleared
bit 7 CXON: Comparator Enable bit

1 = Comparator is enabled and consumes no active power
0 = Comparator is disabled
bit 6 CxOUT: Comparator Output bit
If CxPOL = 1 (inverted polarity):
1= CxVP < CxVN
0= CxVP > CxVN
If CxPOL = 0 (non-inverted polarity):
1= CxVP > CxVN
0= CxVP <CxVN
bit 5 CxOE: Comparator Output Enable bit
1 = CxOUT is present on the CxOUT pin. Requires that the associated TRIS bit be cleared to actually
drive the pin. Not affected by CxON.
0 = CxOUT is internal only
bit 4 CxPOL: Comparator Output Polarity Select bit
1 = Comparator output is inverted
0 = Comparator output is not inverted
bit 3 Unimplemented: Read as ‘0’
bit 2 CxSP: Comparator Speed/Power Select bit

1 = Comparator operates in normal power, higher speed mode
0 = Comparator operates in low-power, low-speed mode

bit 1 CxHYS: Comparator Hysteresis Enable bit
1 = Comparator hysteresis enabled
0 = Comparator hysteresis disabled
bit 0 CXxSYNC: Comparator Output Synchronous Mode bit

1 = Comparator output to Timer1 and /O pin is synchronous to changes on tmr1_clk. Output updated
on the falling edge of tmr1_clk.

0 = Comparator output to Timer1 and I/O pin is asynchronous.

Refer to Figure 12-2.
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REGISTER 12-2: CMxCON1: COMPARATOR CX CONTROL REGISTER 1

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 u-0 R/W-0/0 R/W-0/0
CxINTP CxINTN CxPCH1 CxPCHO — — CxNCH1 CxNCHO
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared

bit 7 CxXINTP: Comparator Interrupt on Positive Going Edge Enable bits

1 = The CxIF interrupt flag will be set upon a positive going edge of the CxOUT bit
0 = No interrupt flag will be set on a positive going edge of the CxOUT bit

bit 6 CXINTN: Comparator Interrupt on Negative Going Edge Enable bits
1 = The CxIF interrupt flag will be set upon a negative going edge of the CxOUT bit
0 = No interrupt flag will be set on a negative going edge of the CxOUT bit

bit 5-4 CxPCH<1:0>: Comparator Positive Input Channel Select bits

00 = CxVP connects to CxIN+ pin

01 = CxVP connects to CVDAC

10 = CxVP connects to FVR Voltage Reference
11 = CxVP connects to AVss

bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 CXNCH<1:0>: Comparator Negative Input Channel Select bits

00 = CxVN connects to CxINO- pin
01 = CxVN connects to CxIN1- pin
10 = CxVN connects to CxIN2- pin
11 = CxVN connects to CxIN3- pin

Note 1: Comparator output requires the following three conditions: C20E = 1, C20N = 1 and corresponding port
TRIS bit = 0.

REGISTER 12-3: CMOUT: COMPARATOR OUTPUT REGISTER

uU-0 u-0 u-0 u-0 u-0 u-0 R/W-0/0 R/W-0/0
— — — — — — MC20UT MC10UT
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared
bit 7-2 Unimplemented: Read as ‘0’
bit 1 MC20UT:. Mirror Copy of C20UT bit
bit 0 MC10UT:. Mirror Copy of C10UT bit
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TABLE 12-3: REGISTERS ASSOCIATED WITH COMPARATOR MODULE
Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁg;ige;

CM1CONO C10N Cc10UT C10E C1POL - C1SP C1HYS C1SYNC 148
CM2CONO C20N C20UT C20E C2POL — C25P C2HYS C2SYNC 148
CM1CON1 CINTP C1INTN C1PCH1 | C1PCHO — — C1NCH1 | C1NCHO 149
CM2CON1 C2NTP C2INTN C2PCH1 | C2PCHO — — C2NCH1 | C2NCHO 149
CMOUT — — — — — — MC20UT | MC10UT 149
FVRCON FVREN FVRRDY TSEN TSRNG | CDAFVR1 | CDAFVRO | ADFVR1 | ADFVRO 156
DACCONO DACEN DACLPS DACOE — DACPSS1 | DACPSS0 — DACNSS 153
DACCON1 — — — DACR4 DACR3 DACR2 DACRA1 DACRO 153
INTCON GIE PEIE TMROIE INTE 10CIE TMROIF INTF I0CIF 73
PIR2 OSFIF C2IF C1IF EEIF BCLIF LCDIF — CCP2IF 78
PIE2 OSFIE C2IE C1IE EEIE BCLIE LCDIE — CCP2IE 75
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO 93
LATC LATC7 LATC6E LATCS LATC4 LATC3 LATC2 LATC1 LATCO 93
TRISC TRISC7 TRISC6 TRISCS TRISC4 TRISC3 TRISC2 TRISCA TRISCO 94
ANSELA — — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSAOD 86
ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO 91
Legend: — =unimplemented, read as ‘0’. Shaded cells are unused by the comparator module.
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13.0 DIGITAL-TO-ANALOG
CONVERTER (DAC) MODULE

The Digital-to-Analog Converter supplies a variable
voltage reference, ratiometric with VDD, with 32 select-
able output levels. The output of the DAC can be con-
figured to supply a reference voltage to the following:

» Comparator positive input

» ADC input channel

« DACOUT device pin

The Digital-to-Analog Converter (DAC) can be enabled
by setting the DACEN bit of the DACCONO register.

13.1  Output Voltage Selection

The DAC has 32 voltage level ranges. The 32 levels
are set with the DACR<4:0> bits of the DACCON1
register.

The DAC output voltage is determined by the following
equations:

EQUATION 13-1:

Vour = [(VSOL‘RCE+ — VSOURCE-) x w}

2a5
+ VSOURCE-

VSOURCE+ = VDD, VREF+or FVR1

VSOURCE+ = V55 or VREF-

13.2 Output Clamped to Vss

The DAC output voltage can be set to Vss with no
power consumption by setting the DACEN bit of the
DACCONQO register to ‘0’: This allows the comparator to
detect a zero-crossing while not consuming additional
current from the DAC.

13.3 Output Ratiometric to VbD

The DAC is VDD derived and therefore, the DAC output
changes with fluctuations in VDD. The tested absolute
accuracy of the DAC can be found in Section 28.0
“Electrical Specifications”.

13.4 \Voltage Reference Output

The DAC can be output to the device DACOUT pin by
setting the DACOE bit of the DACCONO register to ‘1'.
Selecting the reference voltage for output on the
DACOUT pin automatically overrides the digital output
buffer and digital input threshold detector functions of
that pin. Reading the DACOUT pin when it has been
configured for reference voltage output will always
return a ‘0’.

Due to the limited current drive capability, a buffer must
be used on the voltage reference output for external
connections to DACOUT. Figure 13-1 shows an exam-
ple buffering technique.

13.5 Operation During Sleep

When the device wakes up from Sleep through an
interrupt or a Watchdog Timer time-out, the contents of
the DACCONO register are not affected. To minimize
current consumption in Sleep mode, the voltage
reference should be disabled.

13.6 Effects of a Reset

A device Reset affects the following:

» Voltage reference is disabled

» Fixed voltage reference is disabled

» DAC is removed from the DACOUT pin

» The DACR<4:0> range select bits are cleared

@ 2008 Microchip Technology Inc.
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FIGURE 13-1:

DIGITAL-TO-ANALOG CONVERTER BLOCK DIAGRAM

FVR_BUFFER2

DACPSS<1:0>

DACEN

DACNSS<1:0

Digital-to-Analog Converter (DAC)

%T DACR<4:0>

|
R< |
|
R |
R |
x |
32 Ll . g
Steps Lo . = DAC
[ é | (To Comparator and
o ADC Modules)
© |
|
CVREF
R
\ L1l pacoe
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REGISTER 13-1: DACCONO: VOLTAGE REFERENCE CONTROL REGISTER 0

R/W-0/0 R/W-0/0 R/W-0/0 u-0 R/W-0/0 R/W-0/0 u-0 R/W-0/0
DACEN DACLPS DACOE - DACPSS1 DACPSS0 - DACNSS
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared
bit 7 DACEN: DAC Enable bit

0= DAC is disabled
1= DAC is enabled

bit 6 DACLPS: DAC Low-Power Voltage State Select bit
0 = VDAC = DAC Negative reference source selected
1 = VDAC = DAC Positive reference source selected

bit 5 DACOE: DAC Voltage Output Enable bit
1 = DAC voltage level is also an output on the DACOUT pin
0 = DAC voltage level is disconnected from the DACOUT pin

bit 4 Unimplemented: Read as ‘0’

bit 3-2 DACPSE<1:0>: DAC Positive Source Select bits
00= VDD
01 = VREF+

10 = FVR1 output
11 = Reserved, do not use

bit 1 Unimplemented: Read as ‘0’

bit 0 DACNSS: DAC Negative Source Select bits
0= Vss
1= VREF-

REGISTER 13-2: DACCON1: VOLTAGE REFERENCE CONTROL REGISTER 1

uU-0 u-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
- - DACR4 DACR3 DACR2 DACR1 DACRO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 DACR<4:0>: DAC Voltage Output Select bits

VouT = ((VSOURCE+) - (VSOURCE-))*(DACR<4:0>/(2"5)) + VSOURCE-

Note 1: The output select bits are always right justified to ensure that any number of bits can be used without
affecting the register layout
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TABLE 13-1: REGISTERS ASSOCIATED WITH THE DIGITAL-TO-ANALOG CONVERTER

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register

on page
FVRCON FVREN | FVRRDY | TSEN | TSRNG | CDAFVR1 | CDAFVRO | ADFVR1 | ADFVRO 156
DACCONO DACEN | DACLPS | DACOE — DACPSS1 | DACPSS0 — DACNSS 153
DACCON1 — — — DACR4 | DACR3 | DACR2 | DACR1 DACRO 153

Legend: Shaded cells are not used with the DAC.
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14.0 FIXED VOLTAGE REFERENCE

The Fixed Voltage Reference, or FVR, is a stable
voltage reference, independent of VDD, with 1.024V,
2.048V or 4.096V selectable output levels. The output
of the FVR can be configured to supply a reference
voltage to the following:

» ADC input channel

» ADC positive reference

» Comparator positive input

» Programmable voltage reference

» LCD bias generator

The FVR can be enabled by setting the FVREN bit of
the FVRCON register.

14.1  Independent Gain Amplifiers

The output of the FVR supplied to the ADC and
comparator modules is routed through two
independent programmable gain amplifiers. Each
amplifier can be configured to amplify the reference
voltage by 1x, 2x or 4x.

The ADFVR<1:0> bits of the FVRCON register are
used to enable and configure the gain amplifier settings
for the reference supplied to the ADC module. Refer-
ence Section11.0 “Analog-to-Digital Converter
(ADC) Module” for additional information on selecting
the appropriate input channel.

The CDAFVR<1:0> bits of the FVRCON register are
used to enable and configure the gain amplifier settings
for the reference supplied to the comparator module.
Reference Section 12.0 “Comparator Module” for
additional information on selecting the appropriate
input channel.

14.2 FVR Stabilization Period

When the fixed voltage reference module is enabled, it
requires time for the reference and amplifier circuits to
stabilize. Once the circuits stabilize and are ready for use,
the FVRRDY bit of the FVRCON register will be set. See
Section 28.0 “Electrical Specifications” for the
minimum delay requirement.

FIGURE 14-1: VOLTAGE REFERENCE BLOCK DIAGRAM
ADFVR=1:0= 5
X1
— X2 FVR_BUFFER1
x4 (To ADC Module)
CDAFVR<1:0> —57——
X1
— X2 FVR_BUFFER2
x4 (To Comparators, DAC)
= FVR_VREF
(To LCD Bias Generator)
FVREN "\ 1.024V Fixed
FVRRDY — J Reference
FIGURE 14-2: VOLTAGE REFERENCE OUTPUT BUFFER EXAMPLE
PIC16F193X/
PIC16LF193X
CVREF
Module | R _ +
Voltage CVREF _ —— Buffered CVREF Output
Reference l /—
Output
Impedance
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REGISTER 14-1: FVRCON: FIXED VOLTAGE REFERENCE CONTROL REGISTER

R/W-0/0 R-q/q R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
FVREN FVRRDY(") — — CDAFVR1 | CDAFVRO | ADFVR1 ADFVRO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
1" = Bit is set ‘0" = Bit is cleared g = Value depends on condition
bit 7 FVREN: Fixed Voltage Reference Enable bit

0 = Fixed Voltage Reference is disabled
1 = Fixed Voltage Reference is enabled
bit 6 FVRRDY: Fixed Voltage Reference Ready Flag bit(1)
0 = Fixed Voltage Reference output is not active or stable
1 = Fixed Voltage Reference output is ready for use
bit 5-4 Reserved: Read as ‘0'. Maintain these bits clear.

bit 3-2 CDAFVR<1:0>: Comparator and D/A Converter Fixed Voltage Reference Selection bit
00 = Comparator and D/A Converter Fixed Voltage Reference Peripheral output is off.
01 = Comparator and D/A Converter Fixed Voltage Reference Peripheral output is 1x (1.024V)
10 = Comparator and D/A Converter Fixed Voltage Reference Peripheral output is 2x (2.048V)2)
11 = Comparator and D/A Converter Fixed Voltage Reference Peripheral output is 4x (4.096V)2)
bit 1-0 ADFVR<1:0>: A/D Converter Fixed Voltage Reference Selection bit
00 = A/D Converter Fixed Voltage Reference Peripheral output is off.
01 = A/D Converter Fixed Voltage Reference Peripheral output is 1x (1.024V)
10 = A/D Converter Fixed Voltage Reference Peripheral output is 2x (2.048V)(2)
11 = A/D Converter Fixed Voltage Reference Peripheral output is 4x (4.096V)(2)

Note 1: FVRRDY is always ‘1’ on regulated parts (PIC16F193X).
2: Fixed Voltage Reference output cannot exceed VDD.

TABLE 14-1: REGISTERS ASSOCIATED WITH VOLTAGE REFERENCE

Name Bit7 Bit6 Bit 5 Bit4 Bit3 Bit 2 Bit 1 Bit 0 Register
on page
FVRCON FVREN | FVRRDY | TSEN | TSRNG | CDAFVR1 | CDAFVRO | ADFVR1 | ADFVRO 156

Legend: Shaded cells are not used with the voltage reference.
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15.0 TIMERO MODULE

The Timer0 module is an 8-bit timer/counter with the
following features:

8-bit timer/counter register (TMRO)

8-bit prescaler (independent of Watchdog Timer)
Programmable internal or external clock source
Programmable external clock edge selection
Interrupt on overflow

TMRO can be used to gate Timer1

Figure 15-1 is a block diagram of the Timer0 module.

15.1

The Timer0 module can be used as either an 8-bit timer
or an 8-bit counter.

TimerQ Operation

15.11 8-BIT TIMER MODE

The Timer0 module will increment every instruction
cycle, if used without a prescaler. 8-Bit Timer mode is
selected by clearing the TMROCS bit of the OPTION
register.

When TMRO is written, the increment is inhibited for
two instruction cycles immediately following the write.

Note:

The value written to the TMRO register can
be adjusted, in order to account for the two
instruction cycle delay when TMRO is
written.

15.1.2 8-BIT COUNTER MODE

In 8-Bit Counter mode, the Timer0 module will increment
on every rising or falling edge of the TOCKI pin or the
Capacitive Sensing Oscillator (CPSCLK) signal.

8-Bit Counter mode using the TOCKI pin is selected by
setting the TMROCS bit in the OPTION register to ‘1’
and resetting the TOXCS bit in the CPSCONO register to
‘0.

8-Bit Counter Mode using the Capacitive Sensing
Oscillator (CPSCLK) signal is selected by setting the
TMROCS bit in the OPTION register to ‘1" and setting
the TOXCS bit in the CPSCONO register to ‘1'.

The rising or falling transition of the incrementing edge
for either input source is determined by the TMROSE bit
in the OPTION register.

FIGURE 15-1: BLOCK DIAGRAM OF THE TIMERO
Fosc/4
Data Bus
’ 8
TOCKI 1  J
0 Sync -
0] .
From CPSCLK ] Set Fla% bltr'rII'MRDI
TMROSE TMROCS a-bit on Qvertlow
Prescaler
PSA Overflow to Timer1

TOXCS

=

PS<2:0>
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15.1.3 SOFTWARE PROGRAMMABLE
PRESCALER

A software programmable prescaler is available for
exclusive use with Timer0. The prescaler is enabled by
clearing the PSA bit of the OPTION register.

Note:  The Watchdog Timer (WDT) uses its own
independent prescaler.

There are 8 prescaler options for the Timer0 module
ranging from 1:2 to 1:256. The prescale values are
selectable via the PS<2:0> bits of the OPTION register.
In order to have a 1:1 prescaler value for the TimerQ
module, the prescaler must be disabled by setting the
PSA bit of the OPTION register.

The prescaler is not readable or writable. All instructions
writing to the TMRO register will clear the prescaler.

15.1.4 TIMERO INTERRUPT

Timer0 will generate an interrupt when the TMRO
register overflows from FFh to 00Oh. The TMROIF
interrupt flag bit of the INTCON register is set every
time the TMRO register overflows, regardless of
whether or not the TimerQ interrupt is enabled. The
TMROIF bit can only be cleared in software. The TimerQ
interrupt enable is the TMROIE bit of the INTCON
register.

Note: The TimerO interrupt cannot wake the
processor from Sleep since the timer is
frozen during Sleep.

15.1.5 8-BIT COUNTER MODE
SYNCHRONIZATION

When in 8-Bit Counter mode, the incrementing edge on
the TOCKI pin must be synchronized to the instruction
clock. Synchronization can be accomplished by
sampling the prescaler output on the Q2 and Q4 cycles
of the instruction clock. The high and low periods of the
external clocking source must meet the timing
requirements as shown in Section 28.0 “Electrical
Specifications”.

15.1.6 OPERATION DURING SLEEP

Timer0 cannot operate while the processor is in Sleep
mode. The contents of the TMRO register will remain
unchanged while the processor is in Sleep mode.
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REGISTER 15-1: OPTION_REG: OPTION REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
WPUEN INTEDG TMROCS TMROSE PSA pPs2 PS1 PSO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared
bit 7 WPUEN: Weak Pull-up Enable bit

1 = All weak pull-ups are disabled (except MCLR, if it is enabled)
0 = Weak pull-ups are enabled by individual WPUXx latch values

bit 6 INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin

bit 5 TMROCS: Timer0 Clock Source Select bit

1 = Transition on RA4/TOCKI pin
0 = Internal instruction cycle clock (Fosc/4)

bit 4 TMROSE: Timer0 Source Edge Select bit

1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin

bit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

bit 2-0 P8<2:0>: Prescaler Rate Select bits
Bit Value  Timer0O Rate

000 1:2
001 1:4
010 1:8
011 1:16
100 1:32
101 1:64
110 1:128
111 1:256

TABLE 15-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMERO

Name Bit7 | Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit1 | Bit0 Eﬁggzt;;
CPSCONO CPSON — — — CPSRNG1|CPSRNGO0| CPSOUT | TOXCS 180
INTCON GIE PEIE | TMROIE | INTE RBIE TMROIF INTF RBIF 73
OPTION_REG| WPUEN | INTEDG | TMROCS | TMROSE PSA pPs2 PS1 PSO 51
TMRO Timer0 Module Register 157*
TRISA TRISA7 | TRISA6 | TRISAS | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO 86
Legend: - = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the

TimerO module.
Page provides register information.

*
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NOTES:
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16.0 TIMER1 MODULE WITH GATE

CONTROL

The Timer1 module is a 16-bit timer/counter with the

following features:

» 16-bit timer/counter register pair (TMR1H: TMR1L)

» Programmable internal or external clock source

» 3-bit prescaler

* Dedicated LP oscillator circuit

» Optionally synchronized comparator out

» Multiple Timer1 gate (count enable) sources

* Interrupt on overflow

» Wake-up on overflow (external clock,

Asynchronous mode only)

» Time base for the Capture/Compare function
» Special Event Trigger (with CCP)
» Selectable Gate Source Polarity

FIGURE 16-1:

TIMER1 BLOCK DIAGRAM

» Gate Toggle Mode

» Gate Single-pulse Mode
* Gate Value Status

» Gate Event Interrupt

Figure 16-1 is a block diagram of the Timer1 module.

T1GSS<1:0= 1\
TG 00 T1GSPM
From Timer0Q 01
Overflow T G_lN T1GVAL 5 a Data Bus
Comparator 1 10 p | Single Pulse RD
SYNCC10UT ] Acg. Control Q1— EN T1GCON
Comparator 2 —— 11 _
SYNCC20UT T1GGO/DONE Interrupt | Set
TN det TMR1GIF
T1GPOL
TMR1GE
Set flag bit
TMR1IF on
= To Comparator Module
Overflow TMR1@ i
EN I/D Synchronized
T1CLK - clock II"Ilet
TMR1H TMRIL 4—la D
Lk
TMR1CS=1:0= [ E—
T1SYNC
T10S0 El_ ouT
Cap. Sensing »
T10SC > Oscillator ™| ™| [ prescaler Synchronizel?)
1,2, 4 8
11081 [X}— EN 10 /1/ _A det
2
0
Fosc T1CKPS<1:0=
Internal —1 01
Clock Fosc/2 .
T1OSCEN Internal Sleep input
Fosc/4 Clock
" Internal — 00
Clock
T1ck X {4}
To LCD and Clock Switching Modules
Note 1: ST Buffer is high speed type when using T1CKI.
2: Timer1 register increments on rising edge.
3: Synchronize does not operate while in Sleep.
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16.1 Timer1 Operation

The Timer1 module is a 16-bit incrementing counter
which is accessed through the TMR1H:TMR1L register
pair. Writes to TMR1H or TMR1L directly update the
counter.

When used with an internal clock source, the module is
a timer and increments on every instruction cycle.
When used with an external clock source, the module
can be used as either a timer or counter and incre-
ments on every selected edge of the external source.

Timer1 is enabled by configuring the TMR10ON and
TMR1GE bits in the T1CON and T1GCON registers,
respectively. Table 16-1 displays the Timer1 enable
selections.

TABLE 16-1: TIMER1 ENABLE

SELECTIONS
TMR1ON TMR1GE 0:;?;2:}“
0 0 Off
0 1 Off
1 0 Always On
1 1 Count Enabled

TABLE 16-2: CLOCK SOURCE SELECTIONS

16.2 Clock Source Selection

The TMR1CS<1:0> and T10SCEN bits of the TICON
register are used to select the clock source for Timer1.
Table 16-2 displays the clock source selections.

16.2.1 INTERNAL CLOCK SOURCE

When the internal clock source is selected the
TMR1H:TMR1L register pair will increment on multiples
of FOsC as determined by the Timer1 prescaler.

16.2.2 EXTERNAL CLOCK SOURCE

When the external clock source is selected, the Timer1
module may work as a timer or a counter.

When enabled to count, Timer1 is incremented on the
rising edge of the external clock input T1CKI or the
capacitive sensing oscillator signal. Either of these
external clock sources can be synchronized to the
microcontroller system clock or they can run
asynchronously.

When used as a timer with a clock oscillator, an
external 32.768 kHz crystal can be used in conjunction
with the dedicated internal oscillator circuit.

Note: In Counter mode, a falling edge must be
registered by the counter prior to the first
incrementing rising edge after any one or
more of the following conditions:

* Timer1 enabled after POR
* Write to TMR1H or TMR1L
* Timer1 is disabled

» Timer1 is disabled (TMR1ON = 0)
when T1CKl is high then Timer1 is
enabled (TMR10N=1) when T1CKl is
low.

TMR1C81 TMR1CS0 T10SCEN Clock Source
0 1 X System Clock (Fosc)
0 0 X Instruction Clock (Fosc/4)
1 1 X Capacitive Sensing Oscillator
1 0 0 External Clocking on T1CKI Pin
1 0 1 Osc.Circuit On T10SI/T10S0 Pins
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16.3 Timer1 Prescaler

Timer1 has four prescaler options allowing 1, 2, 4 or 8
divisions of the clock input. The T1CKPS bits of the
T1CON register control the prescale counter. The
prescale counter is not directly readable or writable;
however, the prescaler counter is cleared upon a write to
TMR1H or TMR1L.

16.4 Timer1 Oscillator

A dedicated low-power 32.768 kHz oscillator circuit is
built-in between pins T10SI (input) and T10SO
(amplifier output). This internal circuit is to be used in
conjunction with an external 32.768 kHz crystal.

The oscillator circuit is enabled by setting the
T10SCEN bit of the T1CON register. The oscillator will
continue to run during Sleep.

Note: The oscillator requires a start-up and
stabilization time before use. Thus,
T10SCEN should be set and a suitable
delay observed prior to enabling Timer1.

16.5 Timer1 Operation in
Asynchronous Counter Mode

If control bit T1SYNC of the T1CON register is set, the
external clock input is not synchronized. The timer
increments asynchronously to the internal phase
clocks. If external clock source is selected then the
timer will continue to run during Sleep and can
generate an interrupt on overflow, which will wake-up
the processor. However, special precautions in
software are needed to read/write the timer (see
Section 16.5.1 “Reading and Writing Timer1 in
Asynchronous Counter Mode”).

Note: When switching from synchronous to
asynchronous operation, it is possible to
skip an increment. When switching from
asynchronous to synchronous operation,
it is possible to produce an additional
increment.

16.5.1 READING AND WRITING TIMER1 IN
ASYNCHRONOUS COUNTER
MODE

Reading TMR1H or TMR1L while the timer is running
from an external asynchronous clock will ensure a valid
read (taken care of in hardware). However, the user
should keep in mind that reading the 16-bit timer in two
8-bit values itself, poses certain problems, since the
timer may overflow between the reads.

For writes, it is recommended that the user simply stop
the timer and write the desired values. A write
contention may occur by writing to the timer registers,
while the register is incrementing. This may produce an
unpredictable value in the TMR1H: TMR1L register pair.

16.6 Timer1 Gate

Timer1 can be configured to count freely or the count
can be enabled and disabled using Timer1 Gate
circuitry. This is also referred to as Timer1 Gate Enable.

Timer1 Gate can also be driven by multiple selectable
sources.

16.6.1 TIMER1 GATE ENABLE

The Timer1 Gate Enable mode is enabled by setting
the TMR1GE bit of the T1IGCON register. The polarity
of the Timer1 Gate Enable mode is configured using
the T1GPOL bit of the T1GCON register.

When Timer1 Gate Enable mode is enabled, Timer1
will increment on the rising edge of the Timer1 clock
source. When Timer1 Gate Enable mode is disabled,
no incrementing will occur and Timer1 will hold the
current count. See Figure 16-3 for timing details.

TABLE 16-3: TIMER1 GATE ENABLE

SELECTIONS
TICLK | TIGPOL TG Timer1 Operation
T 0 0 Counts
T 0 1 Holds Count
T 1 0 Holds Count
T 1 1 Counts

16.6.2 TIMER1 GATE SOURCE
SELECTION

The Timer1 Gate source can be selected from one of
four different sources. Source selection is controlled by
the T1GSS bits of the TIGCON register. The polarity
for each available source is also selectable. Polarity
selection is controlled by the T1GPOL bit of the
T1GCON register.

TABLE 16-4: TIMER1 GATE SOURCES

TI1GSS Timer1 Gate Source

00 Timer1 Gate Pin

01 Overflow of Timer0
(TMRO increments from FFh to 00h)

10 Comparator 1 Output SYNCC10UT
(optionally synchronized out)

11 Comparator 2 Output SYNCC20UT

(optionally synchronized out)
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16.6.2.1 T1G Pin Gate Operation

The T1G pin is one source for Timer1 Gate Control. It
can be used to supply an external source to the Timer1
Gate circuitry.

16.6.2.2 Timer0 Overflow Gate Operation

When Timer0 increments from FFh to 00h, a
low-to-high pulse will automatically be generated and
internally supplied to the Timer1 Gate circuitry.

16.6.2.3 Comparator C1 Gate Operation

The output resulting from a Comparator 1 operation can
be selected as a source for Timer1 Gate Control. The
Comparator 1 output (SYNCC10UT) can be
synchronized to the Timer1 clock or left asynchronous.
For more information see Section 12.4.1 “Comparator
Output Synchronization”.

16.6.2.4 Comparator C2 Gate Operation

The output resulting from a Comparator 2 operation
can be selected as a source for Timer1 Gate Control.
The Comparator 2 output (SYNCC20UT) can be
synchronized to the Timer1 clock or left asynchronous.
For more information see Section 12.4.1 “Comparator
Output Synchronization”.

16.6.3 TIMER1 GATE TOGGLE MODE

When Timer1 Gate Toggle mode is enabled, it is possi-
ble to measure the full-cycle length of a Timer1 gate
signal, as opposed to the duration of a single level
pulse.

The Timer1 Gate source is routed through a flip-flop
that changes state on every incrementing edge of the
signal. See Figure 16-4 for timing details.

Timer1 Gate Toggle mode is enabled by setting the
T1GTM bit of the T1IGCON register. When the T1GTM
bit is cleared, the flip-flop is cleared and held clear. This
is necessary in order to control which edge is
measured.

Note:  Enabling Toggle mode at the same time as
changing the gate polarity may result in
indeterminate operation.

16.6.4 TIMER1 GATE SINGLE-PULSE
MODE

When Timer1 Gate Single-Pulse mode is enabled, it is
possible to capture a single pulse gate event. Timer1
Gate Single-Pulse mode is first enabled by setting the
T1GSPM bit in the T1GCON register. Next, the
T1GGO/DONE bit in the T1GCON register must be set.
The Timer1 will be fully enabled on the next
incrementing edge. On the next trailing edge of the
pulse, the T1GGO/DONE bit will automatically be
cleared. No other gate events will be allowed to
increment Timer1 until the T1GGO/DONE bit is once
again set in software.

Clearing the T1GSPM bit of the TIGCON register will
also clear the TIGGO/DONE bit. See Figure 16-5 for
timing details.

Enabling the Toggle mode and the Single-Pulse mode
simultaneously will permit both sections to work
together. This allows the cycle times on the Timer1
Gate source to be measured. See Figure 16-6 for
timing details.

16.6.5 TIMER1 GATE VALUE STATUS

When Timer1 Gate Value Status is utilized, it is possible
to read the most current level of the gate control value.
The value is stored in the T1GVAL bit in the TIGCON
register. The T1IGCON bit is valid even when the
Timer1 Gate is not enabled (TMR1GE bit is cleared).

16.6.6  TIMER1 GATE EVENT INTERRUPT

When Timer1 Gate Event Interrupt is enabled, it is pos-
sible to generate an interrupt upon the completion of a
gate event. When the falling edge of T1GVAL occurs,
the TMR1GIF flag bit in the PIR1 register will be set. If
the TMR1GIE bit in the PIE1 register is set, then an
interrupt will be recognized.

The TMR1GIF flag bit operates even when the Timer1
Gate is not enabled (TMR1GE bit is cleared).
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16.7 Timer1 Interrupt

The Timer1 register pair (TMR1H:TMR1L) increments
to FFFFh and rolls over to 0000h. When Timer1 rolls
over, the Timer1 interrupt flag bit of the PIR1 register is
set. To enable the interrupt on rollover, you must set
these bits:

* TMR1ON bit of the T1CON register

» TMR1IE bit of the PIE1 register

» PEIE bit of the INTCON register

» GIE bit of the INTCON register

The interrupt is cleared by clearing the TMR1IF bit in
the Interrupt Service Routine.

Note: The TMR1H:TMR1L register pair and the
TMR1IF bit should be cleared before
enabling interrupts.

16.8 Timer1 Operation During Sleep

Timer1 can only operate during Sleep when setup in
Asynchronous Counter mode. In this mode, an external
crystal or clock source can be used to increment the
counter. To set up the timer to wake the device:

* TMR1ON bit of the T1CON register must be set

» TMR1IE bit of the PIE1 register must be set

» PEIE bit of the INTCON register must be set

» T1SYNC bit of the T1CON register must be set

* TMR1CS bits of the T1CON register must be
configured

» T10SCEN bit of the T1CON register must be
configured

The device will wake-up on an overflow and execute
the next instructions. If the GIE bit of the INTCON
register is set, the device will call the Interrupt Service
Routine (0004h).

Timer1 oscillator will continue to operate in Sleep
regardless of the T1SYNC bit setting.

FIGURE 16-2:

TIMER1 INCREMENTING EDGE

16.9 ECCP/CCP Capture/Compare Time
Base

The CCP modules uses the TMR1H:TMR1L register
pair as the time base when operating in Capture or
Compare mode.

In Capture mode, the value in the TMR1H:TMR1L
register pair is copied into the CCPR1H:CCPR1L
register pair on a configured event.

In Compare mode, an event is triggered when the value
CCPR1H:CCPRI1L register pair matches the value in
the TMR1H:TMR1L register pair. This event can be a
Special Event Trigger.

For more information, see Section 19.0
“Capture/Compare/PWM Modules (ECCP1, ECCP2,
ECCP3, CCP4, CCP5)”.

16.10 ECCP/CCP Special Event Trigger

When any of the CCP’s are configured to trigger a spe-
cial event, the trigger will clear the TMR1H: TMR1L reg-
ister pair. This special event does not cause a Timer1
interrupt. The CCP module may still be configured to
generate a CCP interrupt.

In this mode of operation, the CCPR1H:CCPR1L
register pair becomes the period register for Timer1.

Timer1 should be synchronized to the FOsc/4 to utilize
the Special Event Trigger. Asynchronous operation of
Timer1 can cause a Special Event Trigger to be
missed.

In the event that a write to TMR1H or TMR'1L coincides
with a Special Event Trigger from the CCP, the write will
take precedence.

For more information, see Section 11.2.5 “Special
Event Trigger”.

TICKI =1
when TMR1

Enabled +

T1CKI= 0

when TMR1
Enabled f

Note 1: Arrows indicate counter increments.

2: In Counter mode, a falling edge must be registered by the counter prior to the first incrementing rising edge of the clock.
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FIGURE 16-3: TIMER1 GATE ENABLE MODE
TMR1GE
T1GPOL
T1G_IN
L e O A s O o B N B

T1GVAL | | '
TIMERA N XN+ 1) N+ 2 X N+3X N+4

FIGURE 16-4: TIMER1 GATE TOGGLE MODE

TMR1GE |
T1GPOL |

TIGTM |

TG IN | |

TICKI ]ll |'| | ]l || |'| ||

T1GVAL ] l [ |
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FIGURE 16-5: TIMER1 GATE SINGLE-PULSE MODE

TMR1GE
T1GPOL
T1GSPM

Cleared by hardware on
T1GGO/ )4— Set by software | ¢ falling edge of T1IGVAL
DONE

Counting enabled on
rising edge of T1G

CiplnlninlnlnHelnEnlnl

T1GVAL |

TIMERT N Ne1y . Ne2

: Cleared by
TMRAGIF )4— Cleared by software }4— Set by hardware on software
falling edge of TIGVAL I;
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FIGURE 16-6: TIMER1 GATE SINGLE-PULSE AND TOGGLE COMBINED MODE

TMR1GE
T1GPOL
T1GSPM

T1GTM

Cleared by hardware on
T1GGO/ |<— Set by software | ¢ falling edge of TIGVAL
DONE

Counting enabled on
rising edge of T1G

CiplnlnlninSnlnlnSninl

T1GVAL | | 5 ]

TIMER1 N XN+1>(N+2}< N+ 3% N+4‘I

Set by hardware on Cleared by
TMR1GIF [« Cleared by software falling edge of T1GVAL —b’—“;mﬂware
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16.11 Timer1 Control Register

The Timer1 Control register (T1CON), shown in
Register 16-1, is used to control Timer1 and select the
various features of the Timer1 module.

REGISTER 16-1: T1CON: TIMER1 CONTROL REGISTER

R/W-0/u

R/W-0/u R/W-0/u R/W-0/u R/W-0fu R/W-0/u u-0 R/W-0/u

TMR1CS1

TMR1CS0 | T1CKPS1 T1CKPS0 | T1OSCEN T1SYNC — TMR1ON

bit 7

bit 0

Legend:

‘1" = Bit is set

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘0" = Bit is cleared

bit 7-6

bit 5-4

bit 3

bit 2

bit 1
bit 0

TMR1CS<1:0>: Timer1 Clock Source Select bits

11 =Timer1 clock source is Capacitive Sensing Oscillator (CAPOSC)
10 =Timer1 clock source is pin or oscillator:
If TTOSCEN = 0:
External clock from T1CKI pin (on the rising edge)
If TTOSCEN = I:
Crystal oscillator on T10SI/T10SO0 pins
01 =Timer1 clock source is system clock (Fosc)
00 =Timer1 clock source is instruction clock (Fosc/4)

T1CKPS<1:0>: Timer1 Input Clock Prescale Select bits

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

T10SCEN: LP Oscillator Enable Control bit

1 = Dedicated Timer1 oscillator circuit enabled

0 = Dedicated Timer1 oscillator circuit disabled

T1SYNC: Timer1 External Clock Input Synchronization Control bit

TMR1CS<1:0> = 1X
1 = Do not synchronize external clock input
0 = Synchronize external clock input with system clock (Fosc)

TMR1CS<1:0> = 0X

This bit is ignored. Timer1 uses the internal clock when TMR1CS<1:0> = 1x.
Unimplemented: Read as ‘0’

TMR10ON: Timer1 On bit

1 = Enables Timer1
0 = Stops Timer1
Clears Timer1 Gate flip-flop
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16.12 Timer1 Gate Control Register

The Timer1 Gate Control register (T1GCON), shown in
Register 16-2, is used to control Timer1 Gate.

REGISTER 16-2: T1GCON: TIMER1 GATE CONTROL REGISTER

R/W-0/u R/W-0/u R/W-0/u R/W-0/u R/W-0/u R-x/x R/W-0/u R/W-0/u
TMR1GE T1GPOL T1GTM T1GSPM T1GGO/ T1GVAL T1GSS1 T1GSS0
DONE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bitis cleared
bit 7 TMR1GE: Timer1 Gate Enable bit
If TMR10ON = 0:
This bit is ignored
If TMR1ON = 1:

1 = Timer1 counting is controlled by the Timer1 gate function
0 = Timer1 counts regardless of Timer1 gate function
bit 6 T1GPOL: Timer1 Gate Polarity bit
1 = Timer1 gate is active-high (Timer1 counts when gate is high)
0 = Timer1 gate is active-low (Timer1 counts when gate is low)
bit 5 T1GTM: Timer1 Gate Toggle Mode bit
1 = Timer1 Gate Toggle mode is enabled
0 = Timer1 Gate Toggle mode is disabled and toggle flip flop is cleared
Timer1 gate flip-flop toggles on every rising edge.
bit 4 T1GSPM: Timer1 Gate Single-Pulse Mode bit
1 = Timer1 gate Single-Pulse mode is enabled and is controlling Timer1 gate
0 = Timer1 gate Single-Pulse mode is disabled
bit 3 T1GGO/DONE: Timer1 Gate Single-Pulse Acquisition Status bit
1 = Timer1 gate single-pulse acquisition is ready, waiting for an edge
0 = Timer1 gate single-pulse acquisition has completed or has not been started
This bit is automatically cleared when T1GSPM is cleared.
bit 2 T1GVAL: Timer1 Gate Current State bit
Indicates the current state of the Timer1 gate that could be provided to TMR1H:TMR1L.
Unaffected by Timer1 Gate Enable (TMR1GE).
bit 1-0 T1G88<1:0>: Timer1 Gate Source Select bits
00 = Timer1 Gate pin
01 = Timer0 overflow output
10 = Comparator 1 optionally synchronized output (SYNCC10UT)
11 = Comparator 2 optionally synchronized output (SYNCC20UT)
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TABLE 16-5: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER1
Name Bit 7 Bt 6 Bit5 | Bit4 Bit 3 Bit2 | Bit1 | Bito Eﬁggzt;
ANSELB — — ANSB5 | ANSB4 | ANSB3 | ANSB2 | ANSB1 | ANSBO 91
CCP1CON — — DC1B1 DC1B0O | CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO 184
CCP2CON — — DC2B1 DC2B0 | CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO 184
INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF 73
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE 74
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 77
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO 90
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register 165*
TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register 165*
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO 91
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 94
T1CON TMR1CS1 | TMR1CS0 | T1ICKPS1 | T1CKPS0 | TTOSCEN | T1SYNC — TMR1ON 169
T1GCON | TMR1GE | TIGPOL | TIGTM | T1IGSPM | T1GGO/ | TIGVAL | T1GSS1 | T1GSS0 170
DONE
Legend: x =unknown, u = unchanged, — = unimplemented, read as ‘0. Shaded cells are not used by the Timer1
module.
* Page provides register information.
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17.0 TIMER2/4/6 MODULES

There are three identical Timer2-type modules
available. To maintain pre-existing naming conventions,
the Timers are called Timer2, Timer4 and Timer6 (also
Timer2/4/6).

The Timer2/4/6 modules incorporate the following
features:

+ 8-bit Timer and Period registers (TMRx and PRx,
respectively)
» Readable and writable (both registers)

» Software programmable prescaler (1:1, 1:4, 1:18,
and 1:64)

» Software programmable postscaler (1:1 to 1:16)

* Interrupt on TMRx match with PRx, respectively

» Optional use as the shift clock for the MSSPx
modules (Timer2 only)

See Figure 17-1 for a block diagram of Timer2/4/6.

Sets Flag
bit TMRxIF

A

FIGURE 17-1: TIMER2/4/6 BLOCK DIAGRAM
TMRx
Qutput
Fosc/d Prescaler
0sc ™11, 1:4. 116, 1:64
} 2 Postscaler
1:1t0 1:16

TxCKPS<1:0>

b

TxOUTPS<3:0>
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17.1 Timer2/4/6 Operation

The clock input to the Timer2/4/6 modules is the
system instruction clock (Fosc/4).

TMRx increments from 00h on each clock edge.

A 4-bit counter/prescaler on the clock input allows direct
input, divide-by-4 and divide-by-16 prescale options.
These options are selected by the prescaler control bits,
TxCKPS<1:0> of the TxCON register. The value of
TMRXx is compared to that of the Period register, PRx, on
each clock cycle. When the two values match, the
comparator generates a match signal as the timer
output. This signal also resets the value of TMRx to 00h
on the next cycle and drives the output
counter/postscaler (see Section17.2 “Timer2/4/6
Interrupt”).

The TMRx and PRx registers are both directly readable
and writable. The TMRx register is cleared on any
device Reset, whereas the PRx register initializes to
FFh. Both the prescaler and postscaler counters are
cleared on the following events:

» a write to the TMRx register

« a write to the TxCON register

* Power-on Reset (POR)

» Brown-out Reset (BOR)

+ MCLR Reset

» Watchdog Timer (WDT) Reset

» Stack Overflow Reset

» Stack Underflow Reset

* RESET Instruction

Note: TMRXx is not cleared when TxCON is written.

17.2 Timer2/4/6 Interrupt

Timer2/4/6 can also generate an optional device
interrupt. The Timer2/4/6 output signal (TMRx-to-PRx
match) provides the input for the 4-bit
counter/postscaler. This counter generates the TMRx
match interrupt flag which is latched in TMRxIF of the
PIRx register. The interrupt is enabled by setting the
TMRx Match Interrupt Enable bit, TMRXIE of the PIEx
register.

A range of 18 postscale options (from 1:1 through 1:16
inclusive) can be selected with the postscaler control
bits, TxOUTPS<3:0>, of the TXCON register.

17.3 Timer2/4/6 Output

The unscaled output of TMRx is available primarily to
the CCP modules, where it is used as a time base for
operations in PWM mode.

Timer2 can be optionally used as the shift clock source
for the MSSPx modules operating in SPI mode.
Additional information is provided in Section 17.0
“S88P Module Overview”

17.4 Timer2/4/6 Operation During Sleep

The Timerx timers cannot be operated while the
processor is in Sleep mode. The contents of the TMRx
and PRx registers will remain unchanged while the
processor is in Sleep mode.
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REGISTER 17-1: TXCON: TIMER2-TYPE TIMER CONTROL REGISTER

uU-0 R/W-0/u R/W-0/u R/W-0/u R/W-0/u R/W-0/u R/W-0/u R/W-0/u
— TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO TMRxON TxCKPS1 TxCKPS0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared
bit 7 Unimplemented: Read as ‘0’
bit 6-3 TOUTPS<3:0>: Timer Output Postscaler Select bits

0000 = 1:1 Postscaler
0001 = 1:2 Postscaler
0010 = 1:3 Postscaler
0011 = 1:4 Postscaler
0100 = 1:5 Postscaler
0101 = 1:6 Postscaler
0110 = 1:7 Postscaler
0111 = 1:8 Postscaler
1000 = 1:9 Postscaler
1001 = 1:10 Postscaler
1010 = 1:11 Postscaler
1011 = 1:12 Postscaler
1100 = 1:13 Postscaler
1101 = 1:14 Postscaler
1110 = 1:15 Postscaler
1111 = 1:16 Postscaler

bit 2 TMRXON: Timerx On bit
1= Timerxis on
0 = Timerx is off
bit 1-0 TXCKPS<1:0>: Timer2-type Clock Prescale Select bits
00 =Prescaleris 1
01 =Prescaleris 4

10 =Prescaler is 16
11 = Prescaler is 64
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TABLE 17-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER2/4/6

Name | Bit7 Bt 6 Bit 5 Bit 4 Bit3 | Bit2 | Bit1 Bit 0 ‘:ﬁg;zt;
CCP1CON — — DC1B1 DC1B0 | CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO 184
CCP2CON — — DC2B1 DC2B0 | CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO 184
INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF 73
PIE1 TMR1GIE| ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 74
PIR1 TMR1GIF | ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 77
PIE3 — CCP5IE | CCP4IE | CCP3IE | TMRSBIE — TMRA4IE = 76
PIR3 — CCP5IF | CCP4IF | CCP3IF | TMREIF — TMRA4IF — 79
PR2 Timer2 Module Period Register 173*
TMR2 Holding Register for the 8-bit TMR2 Register 173*
T2CON — TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPSO0 175
Legend: =x = unknown, u = unchanged, — = unimplemented read as ‘0. Shaded cells are not used for Timer2 module.

*

Page provides register information.
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18.0 CAPACITIVE SENSING
MODULE

The capacitive sensing module allows for an interaction
with an end user without a mechanical interface. In a
typical application, the capacitive sensing module is
attached to a pad on a Printed Circuit Board (PCB),
which is electrically isolated from the end user. When the
end user places their finger over the PCB pad, a
capacitive load is added, causing a frequency shift in the
capacitive sensing module. The capacitive sensing
module requires software and at least one timer
resource to determine the change in frequency. Key
features of this module include:

» Analog MUX for monitoring multiple inputs
» Capacitive sensing oscillator

» Multiple timer resources

+ Software control

» Operation during Sleep

FIGURE 18-1: CAPACITIVE SENSING BLOCK DIAGRAM
Timer0 Module
Set
TOXCS TMROCS _%MROIF
Foscl4
TOCKI a
1
—  CPSCH<3:0-2
( CPSON®)
CPS0 B—
CPS1 X—|
CPS2 [X—|
CPS3 X Timer1 Module
CP54
D<X— CPSON T1CS<1:0>
CPS5 [X—|
5G— Fosc
CPs6 Capacitive
CPS7 [X}— Sensing Fosc/4 5
cpsg [g—| —  Oscillator 4+ CPSCLK TMRTH-TMR1L
) T10SC/ —EN
crss X CPSOSC CPSOUT TicKl
cPs10 53— L
1 :
cps11M X CPSRNG<1.0= T1GSEL<1:0=
cPs12t) pg—|
(1) & TG
CPS13[1] Timer1 Gate
CPS514 ZI— Control Logi
p SYNCC10UT onre g
cpPs15 p—
1
cPs16 [— SYNCC20UT
MNote 1: Reference Register 18-2 for channels implemented on each device
2: CPSCH3 is not implemented on PIC16F1933/1936/1938/PIC16LF1933/1936/1938.
3: If CPSON = 0, disabling capacitive sensing, no channel is selected.
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18.1 Analog MUX

The capacitive sensing module can monitor up to 16
inputs. The capacitive sensing inputs are defined as
CPS<15:0>. To determine if a frequency change has
occurred the user must:

» Select the appropriate CPS pin by setting the
CPSCH<3:0> bits of the CPSCON1 register

» Set the corresponding ANSEL bit
« Set the corresponding TRIS bit
* Run the software algorithm

Selection of the CPSx pin while the module is enabled
will cause the capacitive sensing oscillator to be on the
CPSx pin. Failure to set the corresponding ANSEL and
TRIS bits can cause the capacitive sensing oscillator to
stop, leading to false frequency readings.

18.2 Capacitive Sensing Oscillator

The capacitive sensing oscillator consists of a constant
current source and a constant current sink, to produce
a triangle waveform. The CPSOUT bit of the
CPSCONO register shows the status of the capacitive
sensing oscillator, whether it is a sinking or sourcing
current. The oscillator is designed to drive a capacitive
load (single PCB pad) and at the same time, be a clock
source to either TimerO or Timer1. The oscillator has
three different current settings as defined by
CPSRNG<1:0> of the CPSCONO register. The different
current settings for the oscillator serve two purposes:

* Maximize the number of counts in a timer for a
fixed time base

» Maximize the count differential in the timer during
a change in frequency

18.3 Timer resources

To measure the change in frequency of the capacitive
sensing oscillator, a fixed time base is required. For the
period of the fixed time base, the capacitive sensing
oscillator is used to clock either TimerO or Timer1. The
frequency of the capacitive sensing oscillator is equal
to the number of counts in the timer divided by the
period of the fixed time base.

18.4 Fixed Time Base

To measure the frequency of the capacitive sensing
oscillator, a fixed time base is required. Any timer
resource or software loop can be used to establish the
fixed time base. Itis up to the end user to determine the
method in which the fixed time base is generated.

Note:  The fixed time base can not be generated
by the timer resource that the capacitive
sensing oscillator is clocking.

18.4.1 TIMERO

To select Timer0 as the timer resource for the capacitive
sensing module:

» Set the TOXCS bit of the CPSCONO register
* Clear the TMROCS bit of the OPTION register

When Timer0Q is chosen as the timer resource, the
capacitive sensing oscillator will be the clock source for
Timer0. Refer to Section 15.0 “Timer0 Module” for
additional information.

18.4.2 TIMER1

To select Timer1 as the timer resource for the
capacitive sensing module, set the TMR1CS<1:0> of
the T1CON register to ‘11'. When Timer1 is chosen as
the timer resource, the capacitive sensing oscillator will
be the clock source for Timer1. Because the Timer1
module has a gate control, developing a time base for
the frequency measurement can be simplified by using
the TimerO overflow flag.

It is recommend that the Timer0 overflow flag, in con-
junction with the Toggle mode of the Timer1 Gate, be
used to develop the fixed time base required by the
software portion of the capacitive sensing module.
Refer to Section 16.12 “Timer1 Gate Control Regis-
ter” for additional information.

TABLE 18-1: TIMER1 ENABLE FUNCTION

TMR10ON TMR1GE Timer1 Operation
0 0 Off
0 1 Off
1 0 On
1 1 Count Enabled by input
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18.5 Software Control

The software portion of the capacitive sensing module
is required to determine the change in frequency of the
capacitive sensing oscillator. This is accomplished by
the following:

» Setting a fixed time base to acquire counts on
TimerO or Timer1

» Establishing the nominal frequency for the
capacitive sensing oscillator

« Establishing the reduced frequency for the
capacitive sensing oscillator due to an additional
capacitive load

+ Set the frequency threshold

18.5.1 NOMINAL FREQUENCY
(NO CAPACITIVE LOAD)

To determine the nominal frequency of the capacitive
sensing oscillator:

» Remove any extra capacitive load on the selected
CPSx pin

» At the start of the fixed time base, clear the timer
resource

» At the end of the fixed time base save the value in
the timer resource

The value of the timer resource is the number of
oscillations of the capacitive sensing oscillator for the
given time base. The frequency of the capacitive
sensing oscillator is equal to the number of counts on
in the timer divided by the period of the fixed time base.

18.5.2 REDUCED FREQUENCY
(ADDITIONAL CAPACITIVE LOAD)

The extra capacitive load will cause the frequency of the
capacitive sensing oscillator to decrease. To determine
the reduced frequency of the capacitive sensing
oscillator:

» Add a typical capacitive load on the selected
CPSx pin

» Use the same fixed time base as the nominal
frequency measurement

» At the start of the fixed time base, clear the timer
resource

» At the end of the fixed time base save the value in
the timer resource

The value of the timer resource is the number of oscil-
lations of the capacitive sensing oscillator with an addi-
tional capacitive load. The frequency of the capacitive
sensing oscillator is equal to the number of counts on
in the timer divided by the period of the fixed time base.
This frequency should be less than the value obtained
during the nominal frequency measurement.

18.5.3 FREQUENCY THRESHOLD

The frequency threshold should be placed midway
between the value of nominal frequency and the
reduced frequency of the capacitive sensing oscillator.
Refer to Application Note AN1103, “Software Handling
for Capacitive Sensing” (DS01103) for more detailed
information on the software required for capacitive
sensing module.

Note:  For more information on general capacitive
sensing refer to Application Notes:

* AN1101, “Introduction to Capacitive
Sensing” (DS01101)

* AN1102, “Layout and Physical Design
Guidelines for Capacitive Sensing”

(DS01102)

18.6 Operation during Sleep

The capacitive sensing oscillator will continue to run as
long as the module is enabled, independent of the part
being in Sleep. In order for the software to determine if
a frequency change has occurred, the part must be
awake. However, the part does not have to be awake
when the timer resource is acquiring counts.

Note:  TimerO does not operate when in Sleep,
and therefore cannot be wused for
capacitive sense measurements in Sleep.

@ 2008 Microchip Technology Inc.
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REGISTER 18-1: CPSCONO0: CAPACITIVE SENSING CONTROL REGISTER 0

R/W-0/0 u-0 uU-0 u-0 R/W-0/0 R/W-0/0 R-0/0 R/W-0/0
CPSON — — — CPSRNG1 | CPSRNGO CPSOUT TOXCS
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bit is cleared

bit 7 CPSON: Capacitive Sensing Module Enable bit

1 = Capacitive sensing module is operating
0 = Capacitive sensing module is shut off and consumes no operating current

bit 6-4 Unimplemented: Read as ‘0’

bit 3-2 CPSRNG<1:0>: Capacitive Sensing Oscillator Range bits
00 = Oscillator is off
01 = Oscillator is in low range. Charge/discharge current is nominally 0.1 pA.
10 = Oscillator is in medium range. Charge/discharge current is nominally 1.2 pA.
11 = Oscillator is in high range. Charge/discharge current is nominally 18 pA.

bit 1 CPSOUT: Capacitive Sensing Oscillator Status bit
1 = Oscillator is sourcing current (Current flowing out the pin)
0 = Oscillator is sinking current (Current flowing into the pin)

bit 0 TOXCS: Timer0 External Clock Source Select bit
If TMROCS =1
The TOXCS bit controls which clock external to the core/TimerQ module supplies TimerO:
1 = TimerO clock source is the capacitive sensing oscillator
0 = Timer0 clock source is the TOCKI pin
If TMROCS =0
Timer0 clock source is controlled by the core/Timer0 module and is Fosc/4

DS41364A-page 180 Preliminary © 2008 Microchip Technology Inc.



PIC16F193X/LF193X

REGISTER 18-2: CPSCON1: CAPACITIVE SENSING CONTROL REGISTER 1

u-0 u-0 u-0 R/W-0/01:2)  R/w-p/0M R/W-0/0 R/W-0/0 R/W-0/0
— — — CPSCH4 CPSCH3 CPSCH2 CPSCH1 CPSCHO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged X = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1" = Bit is set ‘0’ = Bit is cleared
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 CPSCH<3:0>: Capacitive Sensing Channel Select bits
If CPSON = 0:
These bits are ignored. No channel is selected.
If CPSON = 1:
0000 = channel 0, (CPS0)
0001 = channel 1, (CPS1)
0010 = channel 2, (CPS2)
0011 = channel 3, (CPS3)
0100 = channel 4, (CPS4)
0101 = channel 5, (CPS5)
0110 = channel 6, (CPS6)
0111 = channel 7, (CPST)
1000 = channel 8, (CPS8(1h
1001 = channel 9, (CPS9!h
1010 = channel 10, (CPS10(")
1011 = channel 11, (CPS11(")
1100 = channel 12, (CPS12(1)
1101 = channel 13, (CPS13(1)
1110 = channel 14, (CPS14(1)
1111 = channel 15, (CPS15(1)
Note 1: These channels are not implemented on the PIC16F1933/1936/1938/PIC16LF1933/1936/1938.

2: This bit is not implemented on PIC16F1933/1936/1938/PIC16LF1933/1936/1938, read as ‘0’

TABLE 18-2: SUMMARY OF REGISTERS ASSOCIATED WITH CAPACITIVE SENSING
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ':ﬁgFi,:;e;

ANSELA — — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSAOD 36
ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO 91
ANSELD ANSD7 ANSD6 ANSD5 ANSD4 ANSD3 ANSD2 ANSD1 ANSDO 97
INTCON GIE PEIE TMROIE INTE I0CIE TMROIF INTF I0CIF 73
OPTION_REG| WPUEN | INTEDG | TMROCS | TMROSE PSA PS2 PS1 PS0 51
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE | TMR1IE 74
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 77
T1CON TMR1CS1 | TMR1CS0 | TICKPS1 | TICKPSO | TIOSCEN | T1SYNC — TMR10ON 169
TxCON — TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMRXON | TXCKPS1 | TXCKPSO0 175
TRISA TRISA7 TRISAB TRISAS TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 86
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 91
TRISD TRISD7 TRISD6 TRISDS TRISD4 TRISD3 TRISD2 TRISD1 TRISDO 97
Legend: - = Unimplemented locations, read as ‘0°, u = unchanged, x = unknown. Shaded cells are not used by the capacitive

sensing module.
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19.0 CAPTURE/COMPARE/PWM
MODULES (ECCP1, ECCP2,
ECCP3, CCP4, CCP5)

This device contains three Enhanced
Capture/Compare/PWM (ECCP1, ECCP2, ECCP3)
and two standard Capture/Compare/PWM module
(CCP4 and CCP5). The CCP4 and CCP5 modules are
identical in operation. The ECCP1, ECCP2 and ECCP3
modules may also be referred to as CCP1, CCP2,
CCP3, as required.
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19.1 Capture/Compare/PWM TABLE 19-1: REQUIRED TIMER
The Capture/Compare/PWM module is a peripheral RESOURCES
which allows the user to time and control different CCP Mode Timer Resource
e_vgnts. In Capturg mode, the peripheral allows the Capture Timer
timing of the duration of an event. The Compare mode -

Compare Timer1

allows the user to trigger an external event when a

predetermined amount of time has expired. The PWM PWM

Timer2 or4 or 6

mode can generate a Pulse-Width Modulated signal of
varying frequency and duty cycle.

Table 19-1 shows the timer resources required by the
CCP module.

REGISTER 19-1: CCPXCON: CCPX CONTROL REGISTER

R/W-00 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
pavi® | pPxvo | DCxB1 | DCxBO | CCPxVM3 | CCPxM2 CCPXM1 CCPXMO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Reset
‘1" =Bitis set ‘0’ = Bit is cleared
bit 7-6 PxM<1:0>: Enhanced PWM Output Configuration bits!!)

If CCPxM<3:2> = 00, 01, 10:

xx = PxA assigned as Capture/Compare input; PxB, PxC, PxD assigned as port pins

If CCPxM<3:2> = 11:
00 = Single output; PxA modulated; PxB, PxC, PxD assigned as port pins

01 = Full-Bridge output forward; P1D modulated; P1A active; P1B, P1C inactive
10 = Half-Bridge output; P1A, P1B modulated with dead-band control; P1C, P1D assigned as port pins
11 = Full-Bridge output reverse; P1B modulated; P1C active; P1A, P1D inactive

bit 5-4 DCxB<1:0=: PWM Duty Cycle Least Significant bits
Capture mode:
Unused
Compare mode:
Unused
PWM mode:

These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRxL.

bit 3-0 CCPxM=<3:0>: ECCPx Mode Select bits

0000 = Capture/Compare/PWM off (resets ECCPx module)
0001 = Reserved

0010 = Compare mode: toggle output on match

0011 = Capture mode

0100 = Capture mode: every falling edge

0101 = Capture mode: every rising edge

0110 = Capture mode: every 4th rising edge

0111 = Capture mode: every 16th rising edge

1000 = Compare mode: initialize ECCPx pin low; set output on compare match (set CCPxIF)

1001 = Compare mode: initialize ECCPx pin high; clear output on compare match (set CCPxIF)

1010 = Compare mode: generate software interrupt only; ECCPx pin reverts to I/O state

1011 = Compare mode: trigger special event (ECCPx resets TMR1(ﬂr TMR3, sets CCPxIF bit, ECCP2

trigger also starts A/D conversion if A/D module is enabled)

CCP<5:4> only:
11xx= PWM mode

ECCP<3:1> only:

1100 = PWM mode: PxA, PxC active-high; PxB, PxD active-high
1101 = PWM mode: PxA, PxC active-high; PxB, PxD active-low
1110 = PWM mode: PxA, PxC active-low; PxB, PxD active-high
1111 = PWM mode: PxA, PxC active-low; PxB, PxD active-low

Note 1: These bits are not implemented on CCP<5:4>.
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19.2 CCP Clock Selection

The PIC16F193X/LF193X allows each individual CCP
module to select the timer source that controls the CCP
module. Each module has an independent selection.

As the PIC16F193X/LF193X has only one 16-bit timer
(Timer1), the Capture and Compare modes of the CCP
modules always uses Timer1. As there are three 8-bit

REGISTER 19-2:

timers with auto-reload (Timer2, Timer4 and Timer6),
PWM mode on the CCP modules can use any of these
timers.

The following registers are used to select which timer is
used:

» CCP Timers Control Register 0 (CCPTMRSO0)

» CCP Timers Control Register 1 (CCPTMRS1)

CCPTMRSO0: CCP TIMERS CONTROL REGISTER 0

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
CA4TSEL1 CATSELO C3TSEL1 C3TSELO C2TSEL1 C2TSELO C1TSEL1 C1TSELO
bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged x = Bit is unknown

‘1" = Bit is set ‘0" = Bit is cleared

-n/n = Value at POR and BOR/Value at all other Resets

bit 7-6 CATSEL<1:0>: CCP4 Timer Selection

00 = CCP4 is based off Timer 2 in PWM Mode
01 = CCP4 is based off Timer 4 in PWM Mode
10 = CCP4 is based off Timer 6 in PWM Mode

11 = Reserved

bit 5-4 C3TSEL<1:0>: CCP3 Timer Selection

00 = CCP3 is based off Timer 2 in PWM Mode
01 = CCP3 is based off Timer 4 in PWM Mode
10 = CCP3 is based off Timer 6 in PWM Mode

11 = Reserved

bit 3-2 C2TSEL<1:0>: CCP2 Timer Selection

00 = CCP2 is based off Timer 2 in PWM Mode
01 = CCP2 is based off Timer 4 in PWM Mode
10 = CCP2 is based off Timer 6 in PWM Mode

11 = Reserved

bit 1-0 C1TSEL<1:0>: CCP1 Timer Selection

00 = CCP1 is based off Timer 2 in PWM Mode
01 = CCP1 is based off Timer 4 in PWM Mode
10 =CCP1 is based off Timer 6 in PWM Mode

11 = Reserved

@ 2008 Microchip Technology Inc.
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REGISTER 19-3: CCPTMRS1: CCP TIMERS CONTROL REGISTER 1

u-0 u-0 u-0 u-0 uU-0 u-0 R/W-0/0 R/W-0/0
— — — — — — C5TSEL1 C5TSELO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bitis cleared
bit 7-2 Unimplemented: Read as ‘0’
bit 1-0 C5TSEL<1:0>: CCP5 Timer Selection

00 = CCP5 is based off Timer 2 in PWM Mode
01 = CCP5 is based off Timer 4 in PWM Mode
10 = CCP5 is based off Timer 6 in PWM Mode
11 = Reserved
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19.3 Capture Mode

In Capture mode, the CCPRxH, CCPRxL register pair
captures the 16-bit value of the TMR1 register when an
event occurs on pin CCPx. An event is defined as one
of the following and is configured by the CCPxM<3:0>
bits of the CCPxCON register:

» Every falling edge

» Every rising edge

» Every 4th rising edge

» Every 16th rising edge

When a capture is made, the Interrupt Request Flag bit
CCPxIF of the PIRx register is set. The interrupt flag
must be cleared in software. If another capture occurs
before the value in the CCPRxH, CCPRXxL register pair

is read, the old captured value is overwritten by the new
captured value (see Figure 19-1).

19.3.1 CCPX PIN CONFIGURATION

In Capture mode, the CCPx pin should be configured
as an input by setting the associated TRIS control bit.

Also, the CCPx pin function can be moved to
alternative pins using the APFCON register. Refer to
Section 6.1 “Alternate Pin Function” for more
details.

Note: If the CCPx pin is configured as an output,
a write to the port can cause a capture

condition.
FIGURE 19-1: CAPTURE MODE
OPERATION BLOCK
DIAGRAM
Set Flag bit CCPxIF
Prescaler (PIRx register)
%— =1,4 16
CCPx | COPRxH | CCPRxL |
pin
and | Caplure
Edge Detect Enable
i [ MR1H | TMRIL |
CCPxCON<3:0>
System Clock (Fosc)

19.3.2 TIMER1 MODE SELECTION

Timer1 must be running in Timer mode or Synchronized
Counter mode for the CCP module to use the capture
feature. In Asynchronous Counter mode, the capture
operation may not work.

19.3.3 SOFTWARE INTERRUPT MODE

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep the
CCPXxIE interrupt enable bit of the PIEx register clear to
avoid false interrupts. Additionally, the user should
clear the CCPxIF interrupt flag bit of the PIRx register
following any change in Operating mode.

Note: Clocking Timer1 from the system clock
(Fosc) should not be used in Capture
mode. In order for Capture mode to
recognize the trigger event on the CCPx
pin, Tlmer1 must be clocked from the
instruction clock (Fosc/4) or from an
external clock source.

19.34 CCP PRESCALER

There are four prescaler settings specified by the
CCPxM<3:0> bits of the CCPxCON register. Whenever
the CCP module is turned off, or the CCP module is not
in Capture mode, the prescaler counter is cleared. Any
Reset will clear the prescaler counter.

Switching from one capture prescaler to another does not
clear the prescaler and may generate a false interrupt. To
avoid this unexpected operation, turn the module off by
clearing the CCPxCON register before changing the
prescaler (see Example 19-1).

EXAMPLE 19-1: CHANGING BETWEEN
CAPTURE PRESCALERS

;3et Bank bits to point
;to CCP1CON

CLEF CCP1CON ;Turn CCP module off
MOVLW NEW CAPT PS;Load the W reg with
;the new prescaler
;move value and CCP ON
;Load CCP1CON with this
;value

BANKSEL CCP1CON

MOVWE  CCP1CON

19.3.5 CAPTURE DURING SLEEP

Capture mode depends upon the Timer1 module for
proper operation. There are two options for driving the
Timer1 module in Capture mode. It can be driven by the
instruction clock (FOsc/4), or by an external clock source.

If Timer1 is clocked by Fosc/4, then Timer1 will not
increment during Sleep. When the device wakes from
Sleep, Timer1 will continue from its previous state.

If Timer1 is clocked by an external clock source, then
Capture mode will operate as defined in Section 19.1
“Capture/Compare/PWM”.

@ 2008 Microchip Technology Inc.
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TABLE 19-2: REGISTERS ASSOCIATED WITH CAPTURE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 '::g;:':;
ccPxCON | Pxm1™ | Pxvio™ | DCxB1 | DCxBO CCPxM3 | CCPxM2 | CCPxM1 | CCPxMO 184
CCPRxL Capture/Compare/PWM Register x Low Byte (LSB) 187
CCPRxH Capture/Compare/PWM Register x High Byte (MSB) 187
CM1CONO C10N C10UT C10E C1POL — C1SP C1HYS | C1SYNC 148
CM1CON1 | C1INTP | C1INTN | C1PCH1 | C1PCHO — — C1NCH1 | CINCHO 149
CMZ2CONO C20N Cc20UT C20E C2POL — C2SP C2HYS | C28YNC 148
CMZ2CON1 | C2INTP | C2INTN | C2PCH1 | C2PCHO — — C2NCH1 | C2ZNCHO0 149
INTCON GIE PEIE TMROIE INTE 10CIE TMROIF INTF 10CIF 73
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE 74
PIE2 OSFIE C2IE C1IE EEIE BCLIE LCDIE — CCP2IE 75
PIE3 — CCP5IE | CCP4IE | CCP3IE TMR6IE — TMRAIE — 76
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 77
PIR2 OSFIF C2IF C1IF EEIF BCLIF LCDIF — CCP2IF 78
PIR3 — CCP5IF | CCP4IF | CCP3IF TMREIF — TMRAIF — 79
T1CON TMR1CS1 | TMR1CS0 | TICKPS1 | TICKPS0 | T10SCEN T1SYNC — TMR10N 169
T1GCON TMR1GE | T1IGPOL | T1GTM | T1IGSPM |T1GGO/DONE| T1GVAL | T1GSS1 | T1GSS0 170
TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register 165
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register 165
TRISA TRISA7 | TRISA6 | TRISAS | TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 86
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 91
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 TRISC3 TRISC2 | TRISC1 TRISCO 94
TRISD TRISD7 | TRISD6 | TRISD5 | TRISD4 TRISD3 TRISD2 | TRISD1 TRISDO a7
TRISE — — — — TRISE3 | TRISE2(® | TRISE1?) | TRISEO?) 101
Legend: — = Unimplemented locations, read as ‘0°, u = unchanged, x = unknown. Shaded cells are not used by the Capture

and Compare.
Note 1: Applies to ECCP modules only.
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19.4 Compare Mode

In Compare mode, the 16-bit CCPRx register value is
constantly compared against the TMR1 register pair
value. When a match occurs, the CCPx module may:
» Toggle the CCPx output

» Set the CCPx output

*+ Clear the CCPx output

» Generate a Special Event Trigger

» Generate a Software Interrupt

The action on the pin is based on the value of the

CCPxM<3:0> control bits of the CCPxCON register. At
the same time, the interrupt flag CCPxIF bit is set.

All Compare modes can generate an interrupt.

FIGURE 19-2: COMPARE MODE
OPERATION BLOCK
DIAGRAM
CCPxCON=3:0=
Mode Select
Set CCPxIF Interrupt Flag
cop 4 (PIRx)
X
Pin CCPRxH | CCPRxL
a sk V
| | Logic Viah Comrator
TMR1H| TMR1L
RIS | TMRIH] TMRIL
Output Enable
Special Event Trigger
Special Event Trigger will:
+ CCP=4:1= Reset Timer1, but not set interrupt flag bit
TMR1IF.
+ CCP5: Reset Timer1, but not set interrupt flag bit and set bit
GO/DONE (ADCONO0<1=).

19.41 CCPX PIN CONFIGURATION

The user must configure the CCPx pin as an output by
clearing the associated TRIS bit.

Also, the CCPx pin function can be moved to
alternative pins using the APFCON register. Refer to
Section 6.1 “Alternate Pin Function” for more
details.

Note: Clearing the CCPxCON register will force
the CCPx compare output latch to the
default low level. This is not the PORT I/O
data latch.

19.4.2 TIMER1 MODE SELECTION

In Compare mode, Timer1 must be running in either
Timer mode or Synchronized Counter mode. The
compare operation may not work in Asynchronous
Counter mode.

Note: Clocking Timer1 from the system clock
(Fosc) should not be used in Capture
mode. In order for Capture mode to
recognize the trigger event on the CCPx
pin, Tlmer1 must be clocked from the
instruction clock (Fosc/4) or from an
external clock source.

19.4.3 SOFTWARE INTERRUPT MODE

When Generate Software Interrupt mode is chosen
(CCPxM<3:0> = 1010), the CCPx module does not
assert control of the CCPx pin (see the CCP1CON
register).

19.4.4 SPECIAL EVENT TRIGGER

When Special Event Trigger mode is chosen
(CCPxM<3:0>=1011), the CCPx module does the
following:

* Resets Timer1

» Starts an ADC conversion if ADC is enabled
(CCP5 only)

The CCPx module does not assert control of the CCPx
pin in this mode (see the CCPxCON register).

The Special Event Trigger output of the CCP occurs
immediately upon a match between the TMR1H,
TMR1L register pair and the CCPRxH, CCPRxL
register pair. The TMR1H, TMR1L register pair is not
reset until the next rising edge of the Timer1 clock. The
Special Event Trigger output starts an A/D conversion
(if the A/D module is enabled). This feature is only
available on CCP5). This allows the CCPRxH,
CCPRxL register pair to effectively provide a 16-bit
programmable period register for Timer1.

Note 1: The Special Event Trigger from the CCP
module does not set interrupt flag bit
TMR1IF of the PIR1 register.

2: Removing the match condition by
changing the contents of the CCPRxH
and CCPRxL register pair, between the
clock edge that generates the Special
Event Trigger and the clock edge that
generates the Timer1 Reset, will preclude
the Reset from occurring.

19.4.5 COMPARE DURING SLEEP

The Compare mode is dependent upon the system
clock (FOsc) for proper operation. Since FOSC is shut
down during Sleep mode, the Compare mode will not
function properly during Sleep.

@ 2008 Microchip Technology Inc.
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TABLE 19-3: REGISTERS ASSOCIATED WITH COMPARE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Loaister
on Page
ccPxCON | Pxm1™ | Pxvio™ | DCxB1 | DCxBO CCPxM3 | CCPxM2 | CCPxM1 | CCPxMO 184
CCPRxL Capture/Compare/PWM Register x Low Byte (LSB) 187
CCPRxH Capture/Compare/PWM Register x High Byte (MSB) 187
CM1CONO C10N C10UT C10E C1POL — C1SP C1HYS | C1SYNC 148
CM1CON1 | C1INTP | C1INTN | C1PCH1 | C1PCHO — — C1NCH1 | CINCHO 149
CMZ2CONO C20N Cc20UT C20E C2POL — C2SP C2HYS | C28YNC 148
CMZ2CON1 | C2INTP | C2INTN | C2PCH1 | C2PCHO — — C2NCH1 | C2ZNCHO0 149
INTCON GIE PEIE TMROIE INTE 10CIE TMROIF INTF 10CIF 73
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE 74
PIE2 OSFIE C2IE C1IE EEIE BCLIE LCDIE — CCP2IE 75
PIE3 — CCP5IE | CCP4IE | CCP3IE TMR6IE — TMRAIE — 76
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 77
PIR2 OSFIF C2IF C1IF EEIF BCLIF LCDIF — CCP2IF 78
PIR3 — CCP5IF | CCP4IF | CCP3IF TMREIF — TMRAIF — 79
T1CON TMR1CS1 | TMR1CS0 | TICKPS1 | TICKPS0 | T10SCEN T1SYNC — TMR10N 169
T1GCON TMR1GE | T1IGPOL | T1GTM | T1IGSPM |T1GGO/DONE| T1GVAL | T1GSS1 | T1GSS0 170
TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register 165
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register 165
TRISA TRISA7 | TRISA6 | TRISAS | TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 86
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 91
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 TRISC3 TRISC2 | TRISC1 TRISCO 94
TRISD TRISD7 | TRISD6 | TRISD5 | TRISD4 TRISD3 TRISD2 | TRISD1 TRISDO a7
TRISE — — — — TRISE3 | TRISE2(® | TRISE1?) | TRISEO?) 101
Legend: — = Unimplemented locations, read as ‘0°, u = unchanged, x = unknown. Shaded cells are not used by the Capture

and Compare.
Note 1: Applies to ECCP modules only.
2: These bits are not implemented on PIC16F1933/1936/1938/PIC16LF1933/1936/1938 devices, read as "0'.
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19.5 PWM Mode

The PWM mode generates a Pulse-Width Modulated
signal on the CCPx pin. The duty cycle, period and
resolution are determined by the following registers:

* PRx

» TxCON

» CCPRxL

» CCPxCON

The ECCP modules have the following additional
registers:

+ ECCPxAS

+ PSTRxCON

+ PWMxCON

In Pulse-Width Modulation (PWM) mode, the CCPx
module produces up to a 10-bit resolution PWM output
on the CCPx pin. Since the CCPx pin is multiplexed

with the PORT data latch, the TRIS for that pin must be
cleared to enable the CCPx pin output driver.

Note: Clearing the CCPxCON register will
relinquish CCPx control of the CCPx pin.

The CCPx module in PWM mode can have the PWM
based off of either Timer2, Timerd or TImer6. This is
controlled by the CCPTMRS0 and CCPTMRS1
registers. Reference Section19.2 “CCP Clock
Selection” for more information.

Figure 19-3 shows a simplified block diagram of PWM
operation.

Figure 19-4 shows a typical waveform of the PWM
signal.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 19.5.7
“Setup for PWM Operation”.

FIGURE 19-3: SIMPLIFIED PWM BLOCK
DIAGRAM
CCPxCON<5:4=
Duty Cycle Registers ,,——"
‘ CCPRL |
[ CCPRxH®@ (Slave) [
JC : CCPx
‘ Comparator i R Q
‘ VR ‘ ) | 5
TRIS
Comparator
Clear Timerx,
4 toggle CCPx pin and

Note 1: The 8-bit timer TMR2 register is concatenated
with the 2-bit internal system clock (Fosc), or
2 bits of the prescaler, to create the 10-bit time
base.

2:  In PWM mode, CCPRxH is a read-only register.

The PWM output (Figure 19-4) has a time base
(period) and a time that the output stays high (duty
cycle).

FIGURE 19-4: CCP PWM OUTPUT

Period

—! Pulse Width l—l

~—TMRx = PRx

LI

~—TMRx\2 = CCPRxH:CCPxCON<5:4>

=—TMRX =0
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19.5.1 PWM PERIOD

The PWM period is specified by the PRx register of
Timerx. The PWM period can be calculated using the
formula of Equation 19-1.

EQUATION 19-1: PWM PERIOD

PWM Period = [(PR2x) +1]e4eToSCe
(TMRx Prescale Value)

Note 1: Tosc = 1/Fosc

When TMRXx is equal to PRXx, the following three events

occur on the next increment cycle:

* TMRx is cleared

* The CCPx pin is set. (Exception: If the PWM duty
cycle = 0%, the pin will not be set.)

* The PWM duty cycle is latched from CCPRXxL into
CCPRxH.

Note:  The Timerx postscaler (see Section 17.1
“Timer2/4/6 Operation”) is not used in the
determination of the PWM frequency.

19.5.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing a 10-bit
value to multiple registers: CCPRxL register and
DCxB<1:0> bits of the CCPxCON register. The
CCPRXxL contains the eight MSbs and the DCxB<1:0>
bits of the CCPxCON register contain the two LSbs.
CCPRxL and DCxB<1:0> bits of the CCPxCON
register can be written to at any time. The duty cycle
value is not latched into CCPRxH until after the period
completes (i.e., a match between PRx and TMRx
registers occurs). While using the PWM, the CCPRxH
register is read-only.

Equation 19-2 is used to calculate the PWM pulse
width.

Equation 19-3 is used to calculate the PWM duty cycle
ratio.

EQUATION 19-2: PULSE WIDTH

Pulse Width = (CCPRxL:CCPxCON<35:4>) e
Tosc e (TMRx Prescale Value)

EQUATION 19-3: DUTY CYCLE RATIO

__ (CCPRXL:CCPXCON<5:4>)
Duty Cycle Ratio =
uy Cycle Ratio 4PRx+ 1)

The CCPRxH register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

The 8-bit timer TMRXx register is concatenated with either
the 2-bit internal system clock (FOsC), or 2 bits of the
prescaler, to create the 10-bit time base. The system
clock is used if the Timerx prescaler is set to 1:1.

When the 10-bit time base matches the CCPRxH and
2-bit latch, then the CCPx pin is cleared (see
Figure 19-3).
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19.5.3 PWM RESOLUTION

The resolution determines the number of available duty
cycles for a given period. For example, a 10-bit resolution
will result in 1024 discrete duty cycles, whereas an 8-bit
resolution will result in 256 discrete duty cycles.

The maximum PWM resolution is 10 bits when PRx is
255. The resolution is a function of the PRx register
value as shown by Equation 19-4.

EQUATION 19-4: PWM RESOLUTION

log[4(PRx + 1)] bits

Resolution = 102(2)

Note:  If the pulse width value is greater than the
period the assigned PWM pin(s) will
remain unchanged.

TABLE 19-4: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 32 MHz)

PWM Frequency 1.95 kHz 7.81 kHz 31.25 kHz 125 kHz 250 kHz 333.3 kHz
Timer Prescale (1, 4, 16) 16 4 1 1 1 1
PRx Value OxFF OxFF OxFF Ox3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 6.6
TABLE 19-5: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc =20 MHz)

PWM Frequency 1.22 kHz 4.88 kHz 19.53 kHz | 78.12kHz | 156.3kHz | 208.3 kHz
Timer Prescale (1, 4, 16) 16 4 1 1 1 1
PRx Value OxFF OxFF OxFF Ox3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 6.6
TABLE 19-6: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 8 MHz)

PWM Frequency 1.22 kHz 4.90 kHz 19.61 kHz | 76.92 kHz | 153.85 kHz | 200.0 kHz
Timer Prescale (1, 4, 16) 16 4 1 1 1 1
PRx Value 0x65 0x65 0x65 0x19 0x0C 0x09
Maximum Resolution (bits) 8 8 8 6 5 5

@ 2008 Microchip Technology Inc.
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19.54 OPERATION IN SLEEP MODE

In Sleep mode, the TMRx register will not increment
and the state of the module will not change. If the CCPx
pin is driving a value, it will continue to drive that value.
When the device wakes up, TMRx will continue from its
previous state.

19.5.5 CHANGES IN SYSTEM CLOCK
FREQUENCY

The PWM frequency is derived from the system clock
frequency. Any changes in the system clock frequency
will result in changes to the PWM frequency. See
Section 8.0 “Oscillator Module (With Fail-Safe
Clock Monitor)” for additional details.

19.5.6 EFFECTS OF RESET

Any Reset will force all ports to Input mode and the
CCP registers to their Reset states.

19.5.7 SETUP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for PWM operation:

1. Disable the PWM pin (CCPx) output driver(s) by
setting the associated TRIS bif(s).

2. Load the PRx register with the PWM period value.

3. Configure the CCP module for the PWM mode
by loading the CCPxCON register with the
appropriate values.

4. Load the CCPRXxL register and the DCxBx bits of
the CCPxCON register, with the PWM duty cycle
value.

5. Configure and start Timerx:

» Clear the TMRXxIF interrupt flag bit of the PIRx
register. See Note below.

» Configure the TxCKPS bits of the TxCON
register with the Timerx prescale value.

» Enable Timerx by setting the TMRxON bit of
the T2CON register.

6. Enable PWM output pin:

*  Wait until Timerx overflows, TMRxIF bit of the
PIR1 register is set. See Note below.

» Enable the PWM pin (CCPx) output driver(s) by
clearing the associated TRIS bif(s).

Note: Inorder to send a complete duty cycle and
period on the first PWM output, the above
steps must be included in the setup
sequence. If it is not critical to start with a
complete PWM signal on the first output,
then step 6 may be ignored.
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19.6 PWM (Enhanced Mode)

The Enhanced PWM mode can generate a PWM signal
on up to four different output pins with up to 10-bits of
resolution. It can do this through four different PWM
output modes:

» Single PWM

» Half-Bridge PWM

» Full-Bridge PWM, Forward mode

» Full-Bridge PWM, Reverse mode

To select an Enhanced PWM mode, the P1M bits of the
CCP1CON register must be set appropriately.

Note:  The PWM Enhanced mode is available on
the Enhanced Capture/Compare/PWM
module (CCP1) only.

FIGURE 19-5:

The PWM outputs are multiplexed with I/O pins and are
designated P1A, P1B, P1C and P1D. The polarity of the
PWM pins is configurable and is selected by setting the
CCP1M bits in the CCP1CON register appropriately.

Table 19-7 shows the pin assignments for each
Enhanced PWM mode.

Figure 19-5 shows an example of a simplified block
diagram of the Enhanced PWM module.

Note: To prevent the generation of an
incomplete waveform when the PWM is
first enabled, the ECCP module waits until
the start of a new PWM period before

generating a PWM signal.

EXAMPLE SIMPLIFIED BLOCK DIAGRAM OF THE ENHANCED PWM MODE

DCxB=1:0= PxM=<1-0=

CCPxM=<3:0=

Duty Cycle Registers {—"

*4

‘ CCPRxH (Slave) ‘

Jb

‘ Comparator | R Q

ﬁ

‘ TMRx ‘{1} ‘

Comparator

Clear Timerx,

{«2
‘ CCPRXL ‘

CCPx/P1A CCPx/P1A
TRISx
P1B P1B
TRISx
Controller

P1C P1C
TRISx

P1D P1D
TRISx

4 toggle PWIM pin and

BT B

time base.

PWMxCON

MNote 1: The 8-bit timer TMRx register is concatenated with the 2-bit internal Q clock, or 2 bits of the prescaler to create the 10-bit

Note 1: The TRIS register value for each PWM output must be configured appropriately.
2: Clearing the CCPxCON register will relinquish ECCP control of all PWM output pins.
3: Any pin not used by an Enhanced PWM mode is available for alternate pin functions.

TABLE 19-7: EXAMPLE PIN ASSIGNMENTS FOR VARIOUS PWM ENHANCED MODES

ECCP Mode PxM<1:0> CCPx/P1A P1B P1C P1D
Single 00 Yes(1) Yes(?) Yes(1) Yes(1)
Half-Bridge 10 Yes Yes No No
Full-Bridge, Forward 01 Yes Yes Yes Yes
Full-Bridge, Reverse 11 Yes Yes Yes Yes

Note 1: Pulse Steering enables outputs in Single mode.
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FIGURE 19-6: EXAMPLE PWM (ENHANCED MODE) OUTPUT RELATIONSHIPS (ACTIVE-HIGH

STATE)
PRX+1
i Pulse '
PxM=<1:0= Signal o |
° —~ Width — > .
- | Period ————————#
00 (Single Output) P1AModulated —__ ! .
- Delay! Delay !
P1A Modulated __  _  a—w[  |=&= T
10 (Half-Bridge) P1B Modulated : e
P1A Active _ : : ;
(Full-Bridge, P1B Inactive - X : :
01 Forward) o : X .
P1C Inactive . . ' '
P1D Modulated .[ l i
P1A Inactive _ : : :
., (Full-Bridge, P1B Modulated | [ '
Reverse) o ! ' :
P1C Active e : !
P1D Inactive —_ : ! :
Relationships:

+ Period = 4 * Tosc * (PRx + 1) * (TMRx Prescale Value)
» Pulse Width = Tosc * (CCPRxL=7:0>:CCPxCON<5:4>) * (TMRx Prescale Value)
+ Delay = 4 * Tosc * (PWMxCON<6:0>)
MNote 1: Dead-band delay is programmed using the PWMxCON register (Section 19.6.6 “Programmable Dead-Band Delay
Mode”).
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FIGURE 19-7: EXAMPLE ENHANCED PWM OUTPUT RELATIONSHIPS (ACTIVE-LOW STATE)

: Pulse PRx+1
PxM=1:0= Signal o, ' \
9 . Width » ' !

oo (Single Output) P1A Modulated _ ] | )
P1AModulated —— B L

) o 'Delay!! Delay™ |
10 (Half-Bridge) P1B Modulated — 1 T 1 . ,—

P1A Active _ ! : l

(Full-Bridge, P1B Inactive _ : : :

o1 Forward) . : : !

P1C Inactive I X . '

P1D Modulated l [ I

P1A Inactive _ : : :

., (FulBridge, P1B Modulated ~ ___ ] [ :

Reverse) _ ' ! !

P1C Active — L X '

P1D Inactive J— X . '

Relationships:

+ Period = 4 * Tosc * (PRx + 1) * (TMRx Prescale Value)
* Pulse Width = Tosc * (CCPRxL<7:0>:CCPxCON<5:4>) * (TMRx Prescale Value)
+ Delay = 4 * Tosc * (PWMxCON<6:0>)
MNote 1: Dead-band delay is programmed using the PWMxCON register (Section 19.6.6 “Programmable Dead-Band Delay
Mode”).
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19.6.1 HALF-BRIDGE MODE

In Half-Bridge mode, two pins are used as outputs to
drive push-pull loads. The PWM output signal is output
on the CCPx/P1A pin, while the complementary PWM
output signal is output on the P1B pin (see
Figure 19-9). This mode can be used for Half-Bridge
applications, as shown in Figure 19-9, or for Full-Bridge
applications, where four power switches are being
modulated with two PWM signals.

In Half-Bridge mode, the programmable dead-band delay
can be used to prevent shoot-through current in
Half-Bridge power devices. The value of the PDC<6:0>
bits of the PWMxCON register sets the number of
instruction cycles before the output is driven active. If the
value is greater than the duty cycle, the corresponding
output remains inactive during the entire cycle. See
Section 19.6.6 “Programmable Dead-Band Delay
Mode” for more details of the dead-band delay
operations.

FIGURE 19-9: EXAMPLE OF HALF-BRIDGE APPLICATIONS

Since the P1A and P1B outputs are multiplexed with
the PORT data latches, the associated TRIS bits must
be cleared to configure P1A and P1B as outputs.

(1 (1)

FIGURE 19-8: EXAMPLE OF
HALF-BRIDGE PWM
OUTPUT
Period Period
| Pulse Width | | |
P1A@) ! | '
_, 1 I 1
(] [ 1
I tdr ! 1
P1B2) | = I
I

I
(1
td = Dead-Band Delay

Note 1: At this time, the TMRx register is equal to the
PRx register.

2:  Output signals are shown as active-high.

Standard Half-Bridge Circuit (“Push-Pull”)

FET
Driver +
™~ [ —
Load
FET
Driver .
™~ I gy
P1B L It - _
Half-Bridge Output Driving a Full-Bridge Circuit N
V+
FET ) FET
Driver Driver
™ e Y| ]
P1A e hs i <
Moaql
Driver Driver
™~ e 3
P1B > I |
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19.6.2 FULL-BRIDGE MODE

In Full-Bridge mode, all four pins are used as outputs.
An example of Full-Bridge application is shown in
Figure 19-10.

In the Forward mode, pin CCPx/P1A is driven to its active
state, pin P1D is modulated, while P1B and P1C will be
driven to their inactive state as shown in Figure 19-11.

In the Reverse mode, P1C is driven to its active state,
pin P1B is modulated, while P1A and P1D will be driven
to their inactive state as shown Figure 19-11.

P1A, P1B, P1C and P1D outputs are multiplexed with
the PORT data latches. The associated TRIS bits must
be cleared to configure the P1A, P1B, P1C and P1D
pins as outputs.

FIGURE 19-10: EXAMPLE OF FULL-BRIDGE APPLICATION

V+
FET QA ' QC  FET
Driver Driver
™~ e | 1
P1A e | t j | <~
P1B "
FET FET
Driver y Driver
IS e 3
L 8
P1C QB QD
V-
P1D —
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FIGURE 19-11:

EXAMPLE OF FULL-BRIDGE PWM OUTPUT

Forward Mode

:1 Period o ;
P1A@) | . , |
' Pulse Width : :
l—————

| I 1 I
(2) I I 1 I
P1B | | | .
[ I | I
| I | |
p1cl | [ 1 [
T i T T
| I 1 |
| | 1 |

P1DI2) [ |
| | | |
! | 1(1) |

Reverse Mode
' Period |

P1A[2)

' Pulse Width '
-—— -

PiB

p1cld

P1D(2)

(1

Note 1: At this time, the TMRX register is equal to the PRx register.

2: Output signal is shown as active-high.
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19.6.2.1 Direction Change in Full-Bridge

Mode

In the Full-Bridge mode, the PxM1 bit in the CCPxCON
register allows users to control the forward/reverse
direction. When the application firmware changes this
direction control bit, the module will change to the new
direction on the next PWM cycle.

A direction change is initiated in software by changing
the PxM1 bit of the CCPxCON register. The following
sequence occurs four Timerx cycles prior to the end of
the current PWM period:

» The modulated outputs (P1B and P1D) are placed
in their inactive state.

» The associated unmodulated outputs (P1A and
P1C) are switched to drive in the opposite
direction.

+ PWM modulation resumes at the beginning of the
next period.

See Figure 19-12 for an illustration of this sequence.

FIGURE 19-12:

The Full-Bridge mode does not provide dead-band
delay. As one output is modulated at a time, dead-band
delay is generally not required. There is a situation
where dead-band delay is required. This situation
occurs when both of the following conditions are true:

1. The direction of the PWM output changes when
the duty cycle of the output is at or near 100%.

2. The turn off time of the power switch, including
the power device and driver circuit, is greater
than the turn on time.

Figure 19-13 shows an example of the PWM direction
changing from forward to reverse, at a near 100% duty
cycle. In this example, at time t1, the output P1A and
P1D become inactive, while output P1C becomes
active. Since the turn off time of the power devices is
longer than the turn on time, a shoot-through current
will flow through power devices QC and QD (see
Figure 19-10) for the duration of ‘. The same
phenomenon will occur to power devices QA and QB
for PWM direction change from reverse to forward.

If changing PWM direction at high duty cycle is required
for an application, two possible solutions for eliminating
the shoot-through current are:

1. Reduce PWM duty cycle for one PWM period
before changing directions.

2. Use switch drivers that can drive the switches off
faster than they can drive them on.

Other options to prevent shoot-through current may
exist.

EXAMPLE OF PWM DIRECTION CHANGE

Signal R Period(

> - Period ——»

P1A (Active-High)

P1B (Active-High)

| ! |

i Pulse Width

P1C (Active-High) '

P1D (Active-High) ]

-
" Pulse Width

Note 1: The direction bit PxM1 of the CCPxCON register is written any time during the PWM cycle.

2: When changing directions, the P1A and P1C signals switch before the end of the current PWM cycle. The
modulated P1B and P1D signals are inactive at this time. The length of this time is four Timerx counts.

@ 2008 Microchip Technology Inc.
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FIGURE 19-13: EXAMPLE OF PWM DIRECTION CHANGE AT NEAR 100% DUTY CYCLE

Forward Period 1 Reverse Period
: - _|r__ - 7/ >
P1A : L
P1B : : | < PW .
PIC i
PID [ PW > /
: — a— TON
External Switch C ' C
: — ' 1 a— TOFF
External SwitthD | a—— ,
Potential L
—

Shoot-Through Current

Note 1: All signals are shown as active-high.
2: ToN is the turn on delay of power switch QC and its driver.
3: ToFF is the tumn off delay of power switch QD and its driver.

‘—i,. T = ToFF — TON
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19.6.3 START-UP CONSIDERATIONS

When any PWM mode is used, the application
hardware must use the proper external pull-up and/or
pull-down resistors on the PWM output pins.

Note:  When the microcontroller is released from
Reset, all of the I/O pins are in the
high-impedance state. The external cir-
cuits must keep the power switch devices
in the Off state until the microcontroller
drives the 1/O pins with the proper signal
levels or activates the PWM output(s).

The CCPxM<1:0> bits of the CCPxCON register allow
the user to choose whether the PWM output signals are
active-high or active-low for each pair of PWM output pins
(P1A/P1C and P1B/P1D). The PWM output polarities
must be selected before the PWM pin output drivers are
enabled. Changing the polarity configuration while the
PWM pin output drivers are enable is not recommended
since it may result in damage to the application circuits.

The P1A, P1B, P1C and P1D output latches may not be
in the proper states when the PWM module is
initialized. Enabling the PWM pin output drivers at the
same time as the Enhanced PWM modes may cause
damage to the application circuit. The Enhanced PWM
modes must be enabled in the proper Output mode and
complete a full PWM cycle before enabling the PWM
pin output drivers. The completion of a full PWM cycle
is indicated by the TMRxIF bit of the PIRx register
being set as the second PWM period begins.

19.6.4 ENHANCED PWM
AUTO-SHUTDOWN MODE

The PWM mode supports an Auto-Shutdown mode that
will disable the PWM outputs when an external
shutdown event occurs. Auto-Shutdown mode places
the PWM output pins into a predetermined state. This
mode is used to help prevent the PWM from damaging
the application.

The auto-shutdown sources are selected using the
CCPxAS<2:0> bits of the CCPxAS register. A shutdown
event may be generated by:

» Alogic ‘0’ on the INT pin

» Comparator Cx

» Setting the CCPxASE bit in firmware

A shutdown condition is indicated by the CCPxASE
(Auto-Shutdown Event Status) bit of the CCPxAS
register. If the bit is a ‘0’, the PWM pins are operating

normally. If the bit is a ‘1’, the PWM outputs are in the
shutdown state.

When a shutdown event occurs, two things happen:

The CCPxASE bit is set to ‘1. The CCPxASE will
remain set until cleared in firmware or an auto-restart
occurs (see Section 19.6.5 “Auto-Restart Mode”).

The enabled PWM pins are asynchronously placed in
their shutdown states. The PWM output pins are
grouped into pairs [P1A/P1C] and [P1B/P1D]. The state
of each pin pair is determined by the PSSxAC and
PSSxBD bits of the CCPxAS register. Each pin pair may
be placed into one of three states:

* Drive logic ‘1’
* Drive logic ‘0’
« Tri-state (high-impedance)

@ 2008 Microchip Technology Inc.
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REGISTER 19-4:

CCPXAS: CCPX AUTO-SHUTDOWN CONTROL REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
CCPxASE CCPxAS2 | CCPxAS1 CCPxASO PSSxAC1 PSSxACO PSSxBD1 PSSxBDO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bitis cleared
bit 7 CCPxASE: CCPx Auto-Shutdown Event Status bit
1 = A shutdown event has occurred; CCPx outputs are in shutdown state
0 = CCPx outputs are operating
bit 6-4 CCxPAS<2:0>: CCPx Auto-Shutdown Source Select bits
000 = Auto-shutdown is disabled
001 = Comparator C1 output low(?)
010 = Comparator C2 output low(")
011 = Either Comparator C1 or C2 low("
100 =VIL on INT pin
101 =VIL on INT pin or Comparator C1 low("
110 =VIL on INT pin or Comparator C2 low("
111 =VIL on INT pin or Comparator C1 or Comparator C2 low("
bit 3-2 PSSXACX: Pins P1A and P1C Shutdown State Control bits
00 = Drive pins P1A and P1C to ‘0’
01 = Drive pins P1A and P1C to ‘1’
1x = Pins P1A and P1C tri-state
bit 1-0 P8SxBDx: Pins P1B and P1D Shutdown State Control bits

00 = Drive pins P1B and P1D to ‘0’
01 = Drive pins P1B and P1D to ‘1’
1x = Pins P1B and P1D ftri-state

Note 1: If CxSYNC is enabled, the shutdown will be delayed by Timer1.

Note 1: The auto-shutdown conditon is a
level-based signal, not an edge-based
signal. As long as the level is present, the
auto-shutdown will persist.

2: Writing to the CCPxASE bit is disabled
while an auto-shutdown condition
persists.

3: Once the auto-shutdown condition has
been removed and the PWM restarted
(either through firmware or auto-restart)
the PWM signal will always restart at the
beginning of the next PWM period.
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FIGURE 19-14:

PWM AUTO-SHUTDOWN WITH FIRMWARE RESTART (PXRSEN = 0)

PWM Activity

Missing Pulse

(Auto-Shutdown)
Timer Timer
QOverflow Overflow

~——PWM Period —#={

Timer
Qverflow

Missing Pulse
(CCPXASE not clear)

Timer
Qverflow

tStart of

PWM Period
Shutdown Event

CCPxASE bit

Timer
Overflow

Shutdown J Shutdown

Event Occurs

Event Clears

A

PWM
Resumes

CCPxASE

— Cleared by
Firmware

19.6.5 AUTO-RESTART MODE

The Enhanced PWM can be configured to automati-
cally restart the PWM signal once the auto-shutdown
condition has been removed. Auto-restart is enabled by
setting the PxRSEN bit in the PWMxCON register.

If auto-restart is enabled, the CCPxASE bit will remain
set as long as the auto-shutdown condition is active.
When the auto-shutdown condition is removed, the
CCPxASE bit will be cleared via hardware and normal
operation will resume.

FIGURE 19-15: PWM AUTO-SHUTDOWN WITH AUTO-RESTART (PXRSEN =1)
Missing Pulse Missing Pulse
(Auto-Shutdown) (CCPXASE not clear)
Timer Timer Timer Timer Timer
Overflow Overflow Overflow Overflow Overflow
=——PWM Period —i ) N + +
PWM Activity

tStart of

PWM Period
Shutdown Event

CCPXASE bit
' | PWM
Shutdown Resumes
Event Occurs '

Shutdown . CCPxASE

Event Clears = ' Cleared by
Hardware
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19.6.6 PROGRAMMABLE DEAD-BAND FIGURE 19-16: EXAMPLE OF
DELAY MODE HALF-BRIDGE PWM

In Half-Bridge applications where all power switches OUTPUT
are modulated at the PWM frequency, the power Period Period
switches normally require more time to turn off than to |

: | Pulse Width_,
turn on. If both the upper and lower power switches are 1 rulse Yidih,

1
1
switched at the same time (one turned on, and the P1Al2) ! '| !
|
1
1
1

other turned off), both switches may be on for a short
period of time until one switch completely turns off.
During this brief interval, a very high current P12
(shoot-through current) will flow through both power —
switches, shorting the bridge supply. To avoid this :(11
potentially destructive shoot-through current from |

flowing during switching, turning on either of the power
switches is normally delayed to allow the other switch
to completely turn off. Note 1: At this time, the TMRx register is equal to the

In Half-Bridge mode, a digitally programmable PRx register.

dead-band delay is available to avoid shoot-through 2:  Output signals are shown as active-high.
current from destroying the bridge power switches. The
delay occurs at the signal transition from the non-active
state to the active state. See Figure 19-16 for
illustration. The lower seven bits of the associated
PWMxCON register (Register 19-5) sets the delay
period in terms of microcontroller instruction cycles
(Tcy or 4 Tosc).

I

(1 (1)

4

td = Dead-Band Delay

FIGURE 19-17: EXAMPLE OF HALF-BRIDGE APPLICATIONS
lAs

Standard Half-Bridge Circuit (“Push-Pull”)

FET
Driver

P1A S

[
<+

Load

FET
Driver }

P1B — > |

|1
|+

T+
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REGISTER 19-5: PWMxCON: ENHANCED PWM CONTROL REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
PxRSEN PxDC6 PxDC5 PxDC4 PxDC3 PxDC2 PxDC1 PxDCO
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared

bit 7 PXRSEN: PWM Restart Enable bit

1 = Upon auto-shutdown, the CCPxASE bit clears automatically once the shutdown event goes away;
the PWM restarts automatically
0 = Upon auto-shutdown, CCPxASE must be cleared in software to restart the PWM
bit 6-0 PxDC<6:0>: PWM Delay Count bits

PxDCx = Number of Fosc/4 (4 * Tosc) cycles between the scheduled time when a PWM signal
should transition active and the actual time it transitions active

Note 1: Bitresets to ‘0’ with Two-Speed Start-up and LP, XT or HS selected as the Oscillator mode or Fail-Safe
mode is enabled.
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19.6.7 PULSE STEERING MODE

In Single Output mode, pulse steering allows any of the
PWM pins to be the modulated signal. Additionally, the
same PWM signal can be simultaneously available on
multiple pins.

Once the Single Output mode is selected
(CCPxM<3:2>=11 and PxM<1:.0>=00 of the
CCPxCON register), the user firmware can bring out
the same PWM signal to one, two, three or four output
pins by setting the appropriate STRx<D:A> bits of the
PSTRxCON register, as shown in Table 19-7.

Note:  The associated TRIS bits must be set to
output (‘0’) to enable the pin output driver
in order to see the PWM signal on the pin.

While the PWM Steering mode is active, CCPxM<1:0>
bits of the CCPxCON register select the PWM output
polarity for the P1<D:A> pins.

The PWM auto-shutdown operation also applies to
PWM Steering mode as described in Section 19.6.4
“Enhanced PWM Auto-shutdown mode”. An
auto-shutdown event will only affect pins that have
PWM outputs enabled.

REGISTER 19-6: PSTRXCON: PULSE STEERING CONTROL REGISTER(")

u-0 u-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-1/1

— — — STRxSYNC STRxD STRxC STRxB STRxA
bit 7 bit 0
Legend:

R = Readable bit
u = bit is unchanged

W = Writable bit
x = Bit is unknown

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

“1" = Bit is set ‘0" = Bitis cleared
bit 7-5 Unimplemented: Read as ‘0’
bit 4 STRXSYNC: Steering Sync bit
1 = Output steering update occurs on next PWM period
0 = Output steering update occurs at the beginning of the instruction cycle boundary
bit 3 STRxD: Steering Enable bit D
1 = P1D pin has the PWM waveform with polarity control from CCPxM<1:0>
0 = P1D pin is assigned to port pin
bit 2 STRXC: Steering Enable bit C
1 = P1C pin has the PWM waveform with polarity control from CCPxM<1:0>
0 = P1C pin is assigned to port pin
bit 1 STRxB: Steering Enable bit B
1 = P1B pin has the PWM waveform with polarity control from CCPxM<1:0>
0 = P1B pin is assigned to port pin
bit 0 STRXxA: Steering Enable bit A

1 = P1A pin has the PWM waveform with polarity control from CCPxM<1:0>

0 = P1A pin is assigned to port pin

Note 1: The PWM Steering mode is available only when the CCPxCON register bits CCPxM<3:2> = 11 and

PxM<1:0> = 00.
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FIGURE 19-18: SIMPLIFIED STEERING
BLOCK DIAGRAM

STRxA

“cepanit )] -

PORT Data

g

P1A pin

TRIS
STRxB

cepxmo )]

PORT Data

P1B pin

H/L \

\c:

TRIS
STRxC

CCPXM1 ":)D 1 P1C pin

PORT Data A

TRIS
STRxD

CCPXMO }D 1 P1D pin

PORT Data

TRIS

Note 1: Port outputs are configured as shown when
the CCPxCON register bits PxM<1:0> =00
and CCPxM<3:2> = 11.

2: Single PWM output requires setting at least
one of the STRx bits.
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19.6.7.1 Steering Synchronization Figures 19-19and 19-20 illustrate the timing diagrams

The STRXSYNC bit of the PSTRXCON register gives of the PWM steering depending on the STRXSYNC
the user two selections of when the steering event will setting.

happen. When the STRxSYNC bit is ‘0’, the steering

event will happen at the end of the instruction that

writes to the PSTRxCON register. In this case, the

output signal at the P1<D:A> pins may be an

incomplete PWM waveform. This operation is useful

when the user firmware needs to immediately remove

a PWM signal from the pin.

When the STRxSYNC bit is ‘1", the effective steering
update will happen at the beginning of the next PWM
period. In this case, steering on/off the PWM output will
always produce a complete PWM waveform.

FIGURE 19-19: EXAMPLE OF STEERING EVENT AT END OF INSTRUCTION (STRXSYNC =0)

= PWM Period ——=

o | L L || L

STRx | |

P1<D:A> —(mmy; \ \ /Y PORT Data

P1n = PWM f

FIGURE 19-20: EXAMPLE OF STEERING EVENT AT BEGINNING OF INSTRUCTION
(STRXSYNC =1)

PWM |_| L | \_‘ I
STRx | |

P1<D:A> 4( PORT Data X \ / \ .{I PORT Data

PIn=PWM—— ="
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TABLE 19-8: REGISTERS ASSOCIATED WITH PWM

Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bito | Redister
on Page

ccPxCON | Pxmi1™ | pxvo | DCxB1 DCxBO | CCPxM3 | CCPxM2 | CCPxM1 | CCPxMO 184
CCPxAS CCPxASE | CCPxAS2 | CCPxAS1 | CCPxAS0 | PSSxAC1T | PSSxACO | PSSxBD1 | PSSxBDO 204
CCPTMRSO | C4TSEL1 | C4TSELO | C3TSEL1 | C3TSELO | C2TSEL1 | C2TSELO | C1TSEL1 | C1TSELO 185
CCPTMRS1 — — — — — — C5TSEL1 | C5TSELO 186
INTCON GIE PEIE TMROIE INTE 10CIE TMROIF INTF 10CIF 73
PRx Timerx Period Register 173%
PSTRxCON — — — STRxSYNC| STRxD STRxC STRxB STRxA 208
PWMxCON PxRSEN PxDC6 PxDC5 PxDC4 PxDC3 PxDC2 PxDC1 PxDCO 207
TxCON — TxOUTPS3 | TxOUTPS2 | TxOUTPS1 | TXOUTPS0 | TMRxON | TxCKPS1 | TxCKPS0 175
TMRx Timerx Module Register 173
TRISB TRISB7Y TRISB6 TRISBS TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 91
TRISC TRISCT TRISC6 TRISCS TRISC4 TRISC3 TRISC2 TRISC1 TRISCO a4
TRISD TRISD7 TRISD6 TRISDS TRISD4 TRISD3 TRISD2 TRISD1 TRISDO a7
Legend: — = Unimplemented locations, read as "0°, u = unchanged, x = unknown. Shaded cells are not used by the PWM.

Note 1: Applies to ECCP modules only.
*  Page provides register information.
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NOTES:
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20.0 ENHANCED UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (EUSART)

The Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART) module is a serial 1/0
communications peripheral. It contains all the clock
generators, shift registers and data buffers necessary
to perform an input or output serial data transfer
independent of device program execution. The
EUSART, also known as a Serial Communications
Interface (SCI), can be configured as a full-duplex
asynchronous system or half-duplex synchronous
system.  Full-Duplex mode is useful for
communications with peripheral systems, such as CRT
terminals and personal computers. Half-Duplex
Synchronous mode is intended for communications
with peripheral devices, such as A/D or D/A integrated
circuits, serial EEPROMs or other microcontrollers.
These devices typically do not have internal clocks for
baud rate generation and require the external clock
signal provided by a master synchronous device.

FIGURE 20-1:

The EUSART module includes the following capabilities:

Full-duplex asynchronous transmit and receive
Two-character input buffer

One-character output buffer

Programmable 8-bit or 9-bit character length
Address detection in 9-bit mode

Input buffer overrun error detection

Received character framing error detection
Half-duplex synchronous master

Half-duplex synchronous slave

Programmable clock polarity in synchronous
modes

Sleep operation
The EUSART module implements the following

additional features, making it ideally suited for use in
Local Interconnect Network (LIN) bus systems:

» Automatic detection and calibration of the baud rate
» Wake-up on Break reception
» 13-bit Break character transmit

Block diagrams of the EUSART transmitter and
receiver are shown in Figure 20-1 and Figure 20-2.

EUSART TRANSMIT BLOCK DIAGRAM

Data Bus

TXREG Register I I

Interrupt

TX/CK pin

' Baud Rate Generator

' BRG16 '
! .—I—‘.—> Multiplier | x4 | x16 |x64|'
: SYNC |1|x|o|o| 0|
:[SPBRGH‘ SPBRG | BRGH |x|1|1|0o| 0!
! BRG16 |x|1|o|1]| 0 |!

—

___________
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FIGURE 20-2: EUSART RECEIVE BLOCK DIAGRAM

SPEN | CREN ‘ CERR RCIDL

RX/DT pin ' ! MSb RSR Register LSb

Pin Buffer | Data ' e |
Ei ™ and Control Recovery | Stop | (8)] 7 1] O|START|

Baud Rate Generator

' BRG16 '
: Muttiplier | x4 [ x16 [x64]—" :
! SYNC |1|x|o|of o ' [

I‘SPBRGH SPBRG BRGH |x|1|1)0] 0 l | FERR J RX9D| RCREG Register JHFO

Data Bus

RCIF Interrupt
RCIE

The operation of the EUSART module is controlled
through three registers:

* Transmit Status and Control (TXSTA)

* Receive Status and Control (RCSTA)

+ Baud Rate Control (BAUDCON)

These registers are detailed in Register 20-1,
Register 20-2 and Register 20-3, respectively.

When the receiver or transmitter section is not enabled
then the corresponding RX or TX pin may be used for
general purpose input and output.
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20.1 EUSART Asynchronous Mode

The EUSART transmits and receives data using the
standard non-return-to-zero (NRZ) format. NRZ is
implemented with two levels: a VOH mark state which
represents a ‘1’ data bit, and a VoL space state which
represents a ‘0’ data bit. NRZ refers to the fact that
consecutively transmitted data bits of the same value
stay at the output level of that bit without retuming to a
neutral level between each bit transmission. An NRZ
transmission port idles in the mark state. Each character
transmission consists of one Start bit followed by eight
or nine data bits and is always terminated by one or
more Stop bits. The Start bit is always a space and the
Stop bits are always marks. The most common data
format is 8 bits. Each transmitted bit persists for a period
of 1/(Baud Rate). An on-chip dedicated 8-bit/16-bit Baud
Rate Generator is used to derive standard baud rate
frequencies from the system oscillator. See Table 20-5
for examples of baud rate configurations.

The EUSART transmits and receives the LSb first. The
EUSART's transmitter and receiver are functionally
independent, but share the same data format and baud
rate. Parity is not supported by the hardware, but can
be implemented in software and stored as the ninth
data bit.

20.11 EUSART ASYNCHRONOQUS
TRANSMITTER

The EUSART transmitter block diagram is shown in
Figure 20-1. The heart of the transmitter is the serial
Transmit Shift Register (TSR), which is not directly
accessible by software. The TSR obtains its data from
the transmit buffer, which is the TXREG register.

20.1.1.1 Enabling the Transmitter

The EUSART transmitter is enabled for asynchronous
operations by configuring the following three control
bits:

« TXEN=1
+ SYNC=0
+ SPEN=1

All other EUSART control bits are assumed to be in
their default state.

Setting the TXEN bit of the TXSTA register enables the
transmitter circuitry of the EUSART. Clearing the SYNC
bit of the TXSTA register configures the EUSART for
asynchronous operation. Setting the SPEN bit of the
RCSTA register enables the EUSART and automatically
configures the TX/CK I/O pin as an output.

Note 1: The TXIF Transmitter Interrupt flag is set
when the TXEN enable bit is set.

20.1.1.2 Transmitting Data

A transmission is initiated by writing a character to the
TXREG register. If this is the first character, or the
previous character has been completely flushed from
the TSR, the data in the TXREG is immediately
transferred to the TSR register. If the TSR still contains
all or part of a previous character, the new character
data is held in the TXREG until the Stop bit of the
previous character has been transmitted. The pending
character in the TXREG is then transferred to the TSR
in one Tcy immediately following the Stop bit
transmission. The transmission of the Start bit, data bits
and Stop bit sequence commences immediately
following the transfer of the data to the TSR from the
TXREG.

20.1.1.3 Transmit Interrupt Flag

The TXIF interrupt flag bit of the PIR1 register is set
whenever the EUSART transmitter is enabled and no
character is being held for transmission in the TXREG.
In other words, the TXIF bit is only clear when the TSR
is busy with a character and a new character has been
queued for transmission in the TXREG. The TXIF flag bit
is not cleared immediately upon writing TXREG. TXIF
becomes valid in the second instruction cycle following
the write execution. Polling TXIF immediately following
the TXREG write will return invalid results. The TXIF bit
is read-only, it cannot be set or cleared by software.

The TXIF interrupt can be enabled by setting the TXIE
interrupt enable bit of the PIE1 register. However, the
TXIF flag bit will be set whenever the TXREG is empty,
regardless of the state of TXIE enable bit.

To use interrupts when transmitting data, set the TXIE
bit only when there is more data to send. Clear the
TXIE interrupt enable bit upon writing the last character
of the transmission to the TXREG.

@ 2008 Microchip Technology Inc.
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20114 TSR Status

The TRMT bit of the TXSTA register indicates the
status of the TSR register. This is a read-only bit. The
TRMT bit is set when the TSR register is empty and is
cleared when a character is transferred to the TSR
register from the TXREG. The TRMT bit remains clear
until all bits have been shifted out of the TSR register.
No interrupt logic is tied to this bit, so the user has to
poll this bit to determine the TSR status.

Note: The TSR register is not mapped in data
memory, so it is not available to the user.
20.1.1.5  Transmitting 9-Bit Characters

The EUSART supports 9-bit character transmissions.
When the TX9 bit of the TXSTA register is set the
EUSART will shift 9 bits out for each character transmit-
ted. The TX9D bit of the TXSTA register is the ninth,
and Most Significant, data bit. When transmitting 9-bit
data, the TX9D data bit must be written before writing
the 8 Least Significant bits into the TXREG. All nine bits
of data will be transferred to the TSR shift register
immediately after the TXREG is written.

A special 9-bit Address mode is available for use with
multiple receivers. See Section 20.1.2.7 “Address
Detection” for more information on the address mode.

20116
1.

Asynchronous Transmission Set-up:

Initialize the SPBRGH, SPBRG register pair and
the BRGH and BRG16 bits to achieve the desired
baud rate (see Section 20.3 “EUSART Baud
Rate Generator (BRG)”).

Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.

If 9-bit transmission is desired, set the TX9 con-
trol bit. A set ninth data bit will indicate that the 8
Least Significant data bits are an address when
the receiver is set for address detection.

Enable the transmission by setting the TXEN
control bit. This will cause the TXIF interrupt bit
to be set.

If interrupts are desired, set the TXIE interrupt
enable bit of the PIE1 register. An interrupt will
occur immediately provided that the GIE and
PEIE bits of the INTCON register are also set.
If 9-bit transmission is selected, the ninth bit
should be loaded into the TX9D data bit.

Load 8-bit data into the TXREG register. This
will start the transmission.

FIGURE 20-3: ASYNCHRONOUS TRANSMISSION
Write to TXREG ) ((
BRG Output Worgd1 3 )
(Shift Clock) — L ' I S—l ' — r
TX/CK , .
pin N Startbit £ bitd X bitd 5 bt /Sopbit |
TXIF bit . Word 1 : :
(Transmit Buffer -+ =1TCY (( :
Reg. Empty Flag) Ll ) ;
) Word1 — '
(Tranlrﬁi'{ghti’g Transmit Shift Reg. ;
Reg. Empty Flag) —| (C
)
FIGURE 20-4: ASYNCHRONOUS TRANSMISSION (BACK-TO-BACK)
Write to TXREG il rn ((
Word 1 Word 2 ))
BRG Qutput ' .
(Shift Clock) 1 L ' b ﬁ—‘ ' ' '
TXICK o '
pin TN Startbit < hit0 X D( bit7/8 Stopbit N\Startbit < bit0
TXIF bit 1TCY =+t -y s Word 1 f=——Word 2
(Transmit Buffer L ' ((
Reg. Empty Flag) - = 1TcY J)
TRMT bit Word 1 ——» o
. (Tré'pnspnt;jthlgi%; Transmit Shift Reg. Word 2. onit Req.
eg. o) ——— 5 5

Note: This timing diagram shows two consecutive transmissions.
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TABLE 20-1: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION
Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 ‘:ﬁ%‘,ﬁg’;
BAUDCON | ABDOVF | RCIDL — SCKP | BRG16 — WUE | ABDEN 224
INTCON GIE PEIE | TMROIE | INTE | IOCIE | TMROIF | INTF | IOCIF 73
PIE1 TMRIGIE| ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE 74
PIR1 TMR1GIF| ADIF RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF 77
RCSTA SPEN RX9 | SREN | CREN | ADDEN | FERR | OERR | RX9D 223
SPBRG BRG7 | BRG6 | BRG5 | BRG4 | BRG3 | BRG2 | BRG1 | BRGO 225
SPBRGH BRG15 | BRG14 | BRG13 | BRG12 | BRG11 | BRG10 | BRG9 | BRGS8 205+
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 94
TXREG EUSART Transmit Data Register 215*
TXSTA CSRC \ TX9 \ TXEN [ SYNC | SENDB \ BRGH \ TRMT \ TX9D 299
Legend: x =unknown, — = unimplemented read as ‘0’. Shaded cells are not used for Asynchronous Transmission.

*

Page provides register information.
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20.1.2 EUSART ASYNCHRONOQOUS
RECEIVER

The Asynchronous mode is typically used in RS-232
systems. The receiver block diagram is shown in
Figure 20-2. The data is received on the RX/DT pin and
drives the data recovery block. The data recovery block
is actually a high-speed shifter operating at 16 times
the baud rate, whereas the serial Receive Shift
Register (RSR) operates at the bit rate. When all 8 or 9
bits of the character have been shifted in, they are
immediately transferred to a two character
First-In-First-Out (FIFO) memory. The FIFO buffering
allows reception of two complete characters and the
start of a third character before software must start
servicing the EUSART receiver. The FIFO and RSR
registers are not directly accessible by software.
Access to the received data is via the RCREG register.

20.1.2.1 Enabling the Receiver

The EUSART receiver is enabled for asynchronous
operation by configuring the following three control bits:

+ CREN=1
+ SYNC=0
+ SPEN=1

All other EUSART control bits are assumed to be in
their default state.

Setting the CREN bit of the RCSTA register enables the
receiver circuitry of the EUSART. Clearing the SYNC bit
of the TXSTA register configures the EUSART for
asynchronous operation. Setting the SPEN bit of the
RCSTA register enables the EUSART and automatically
configures the RX/DT I/O pin as an input.

Note:  When the SPEN bit is set the TX/CK 1/O
pin is automatically configured as an
output, regardless of the state of the
corresponding TRIS bit and whether or not
the EUSART transmitter is enabled. The
PORT latch is disconnected from the
output driver so it is not possible to use the

TX/CK pin as a general purpose output.

20.1.2.2 Receiving Data

The receiver data recovery circuit initiates character
reception on the falling edge of the first bit. The first bit,
also known as the Start bit, is always a zero. The data
recovery circuit counts one-half bit time to the center of
the Start bit and verifies that the bit is still a zero. If it is
not a zero then the data recovery circuit aborts
character reception, without generating an error, and
resumes looking for the falling edge of the Start bit. If
the Start bit zero verification succeeds then the data
recovery circuit counts a full bit time to the center of the
next bit. The bit is then sampled by a majority detect
circuit and the resulting ‘0" or ‘1" is shifted into the RSR.
This repeats until all data bits have been sampled and
shifted into the RSR. One final bit time is measured and
the level sampled. This is the Stop bit, which is always
a ‘1. If the data recovery circuit samples a ‘0’ in the
Stop bit position then a framing error is set for this
character, otherwise the framing error is cleared for this
character. See Section 20.1.2.4 “Receive Framing
Error” for more information on framing errors.

Immediately after all data bits and the Stop bit have
been received, the character in the RSR is transferred
to the EUSART receive FIFO and the RCIF interrupt
flag bit of the PIR1 register is set. The top character in
the FIFO is transferred out of the FIFO by reading the
RCREG register.

Note: If the receive FIFO is overrun, no additional
characters will be received until the overrun
condition is cleared. See Section 20.1.2.5
“Receive Overrun Error” for more
information on overrun errors.

20.1.2.3 Receive Interrupts

The RCIF interrupt flag bit of the PIR1 register is set
whenever the EUSART receiver is enabled and there is
an unread character in the receive FIFO. The RCIF
interrupt flag bit is read-only, it cannot be set or cleared
by software.

RCIF interrupts are enabled by setting all of the
following bits:
» RCIE interrupt enable bit of the PIE1 register
» PEIE peripheral interrupt enable bit of the
INTCON register
» GIE global interrupt enable bit of the INTCON
register

The RCIF interrupt flag bit will be set when there is an
unread character in the FIFO, regardless of the state of
interrupt enable bits.
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20.1.24 Receive Framing Error

Each character in the receive FIFO buffer has a
corresponding framing error Status bit. A framing error
indicates that a Stop bit was not seen at the expected
time. The framing error status is accessed via the
FERR bit of the RCSTA register. The FERR bit
represents the status of the top unread character in the
receive FIFO. Therefore, the FERR bit must be read
before reading the RCREG.

The FERR bit is read-only and only applies to the top
unread character in the receive FIFO. A framing error
(FERR = 1) does not preclude reception of additional
characters. It is not necessary to clear the FERR bit.
Reading the next character from the FIFO buffer will
advance the FIFO to the next character and the next
corresponding framing error.

The FERR bit can be forced clear by clearing the SPEN
bit of the RCSTA register which resets the EUSART.
Clearing the CREN bit of the RCSTA register does not
affect the FERR bit. A framing error by itself does not
generate an interrupt.

Note: If all receive characters in the receive
FIFO have framing errors, repeated reads
of the RCREG will not clear the FERR bit.

20.1.25 Receive Overrun Error

The receive FIFO buffer can hold two characters. An
overrun error will be generated if a third character, in its
entirety, is received before the FIFO is accessed. When
this happens the OERR bit of the RCSTA register is set.
The characters already in the FIFO buffer can be read
but no additional characters will be received until the
error is cleared. The error must be cleared by either
clearing the CREN bit of the RCSTA register or by
resetting the EUSART by clearing the SPEN bit of the
RCSTA register.

20.1.2.6 Receiving 9-bit Characters

The EUSART supports 9-bit character reception. When
the RX9 bit of the RCSTA register is set the EUSART
will shift 9 bits into the RSR for each character
received. The RX9D bit of the RCSTA register is the
ninth and Most Significant data bit of the top unread
character in the receive FIFO. When reading 9-bit data
from the receive FIFO buffer, the RX9D data bit must
be read before reading the 8 Least Significant bits from
the RCREG.

20.1.2.7 Address Detection

A special Address Detection mode is available for use
when multiple receivers share the same transmission
line, such as in RS-485 systems. Address detection is
enabled by setting the ADDEN bit of the RCSTA
register.

Address detection requires 9-bit character reception.
When address detection is enabled, only characters
with the ninth data bit set will be transferred to the
receive FIFO buffer, thereby setting the RCIF interrupt
bit. All other characters will be ignored.

Upon receiving an address character, user software
determines if the address matches its own. Upon
address match, user software must disable address
detection by clearing the ADDEN bit before the next
Stop bit occurs. When user software detects the end of
the message, determined by the message protocol
used, software places the receiver back into the
Address Detection mode by setting the ADDEN bit.

@ 2008 Microchip Technology Inc.
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20.1.2.8  Asynchronous Reception Set-up:

1. Initialize the SPBRGH, SPBRG register pair and
the BRGH and BRG16 bits to achieve the

20.1.2.9 9-bit Address Detection Mode Set-up

This mode would typically be used in RS-485 systems.
To set up an Asynchronous Reception with Address

desired baud rate (see Section 20.3 “EUSART
Baud Rate Generator (BRG)”).

Detect Enable:

1.

Initialize the SPBRGH, SPBRG register pair and

2. Enable the serial port by setting the SPEN bit. the BRGH and BRG16 bits to achieve the
The SYNC bit must be clear for asynchronous desired baud rate (see Section 20.3 “EUSART
operation. Baud Rate Generator (BRG)”).

3. If interrupts are desired, set the RCIE bit of the 2. Enable the serial port by setting the SPEN bit.
PIE1 register and the GIE and PEIE bits of the The SYNC bit must be clear for asynchronous
INTCON register. operation_

4. If 9-bit reception is desired, set the RX9 bit. 3. If interrupts are desired, set the RCIE bit of the

5. Enable reception by setting the CREN bit. PIE1 register and the GIE and PEIE bits of the

6. The RCIF interrupt flag bit will be set when a INTCON register.
character is transferred from the RSR to the 4. Enable 9-bit reception by setting the RX9 bit.
receive buffer. An interrupt will be generated if 5. Enable address detection by setting the ADDEN
the RCIE interrupt enable bit was also set. bit.

7. Read the RCSTA register to get the error flags 6. Enable reception by setting the CREN bit.
and, if 9-bit data reception is enabled, the ninth 7. The RCIF interrupt flag bit will be set when a
data bit. character with the ninth bit set is transferred

8. Get the received 8 Least Significant data bits from the RSR to the receive buffer. An interrupt
from the receive buffer by reading the RCREG will be generated if the RCIE interrupt enable bit
register. was also set.

9. If an overrun occurred, clear the OERR flag by 8. Read the RCSTA register to get the error flags.
clearing the CREN receiver enable bit. The ninth data bit will always be set.

9. Get the received 8 Least Significant data bits
from the receive buffer by reading the RCREG
register. Software determines if this is the
device's address.

10. If an overrun occurred, clear the OERR flag by
clearing the CREN receiver enable bit.

11. If the device has been addressed, clear the
ADDEN bit to allow all received data into the
receive buffer and generate interrupts.

FIGURE 20-5: ASYNCHRONOUS RECEPTION

Start Start Start
RX/DT pin ( \(oit 7/8/ stt)?tp\ bit {bit 0 Y 5 S it 7/8/ Stt)%p\ bit ,(:S S \bit ?;3:73&?
Aoyt (( I (( I (( '
Rcv Buffer Reg. J) IT Word 1 )) Word 2 )) :
iDL /| RCREG RCREG |
| 5 5 . N e B
Read R ' !
et $ { j—
RCREG . )
(( ((
RCIF ((
(Interrupt Flag) ) ) I ) ))
i (( (( ((
OERR bit 5§ 35 ) [
CREN (( (( (( 3
)) )) )] .
Note: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word,
causing the OERR (overrun) bit to be set.
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TABLE 20-2: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION
Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 Eﬁggzt;;

BAUDCON | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 224
INTCON GIE PEIE TMROIE INTE IOCIE | TMROIF INTF |IOCIF 73
PIE1 TMR1GIE| ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 74
PIR1 TMR1GIF | ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 77
RCREG EUSART Receive Data Register 218*
RCSTA SPEN RX9 SREN CREN | ADDEN FERR OERR RX9D 223
SPBRG BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO 205*
SPBRGH BRG15 | BRG14 | BRG13 | BRG12 | BRG11 BRG10 BRG9 BRG8 205*
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 94
TXSTA CSRC TX9 TXEN SYNC | SENDB | BRGH TRMT TX9D 222
Legend: x =unknown, — = unimplemented read as ‘0’. Shaded cells are not used for Asynchronous Reception.

*

Page provides register information.
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20.2 Clock Accuracy with
Asynchronous Operation

The factory calibrates the internal oscillator block out-
put (INTOSC). However, the INTOSC frequency may
drift as VDD or temperature changes, and this directly
affects the asynchronous baud rate. Two methods may
be used to adjust the baud rate clock, but both require
a reference clock source of some kind.

REGISTER 20-1:

The first (preferred) method uses the OSCTUNE
register to adjust the INTOSC output. Adjusting the
value in the OSCTUNE register allows for fine resolution
changes to the system clock source. See Section 8.5
“Internal Clock Modes” for more information.

The other method adjusts the value in the Baud Rate
Generator. This can be done automatically with the
Auto-Baud Detect feature (see Section 20.3.1
“Auto-Baud Detect”). There may not be fine enough
resolution when adjusting the Baud Rate Generator to
compensate for a gradual change in the peripheral
clock frequency.

TXSTA: TRANSMIT STATUS AND CONTROL REGISTER

RIW-/0 R/W-0/0 RIW-0/0 R/IW-0/0 RIW-0/0 RIW-0/0 R-1/1 RIW-0/0
csRc | ™9 | TeN® | sync | SENDB | BRGH | TRMT TX9D

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0

u = bit is unchanged X = Bit is unknown

‘1" = Bit is set

‘0" = Bitis cleared

-n/n = Value at POR and BOR/Value at all other Resets

bit 7 CSRC: Clock Source Select bit
Asynchronous mode:
Don't care

Synchronous mode:

1= Master mode (clock generated internally from BRG)

0= Slave mode (clock from external source)

bit 6 TX9: 9-bit Transmit Enable bit

1= Selects 9-bit transmission
0= Selects 8-bit transmission
TXEN: Transmit Enable bit(")

1 = Transmit enabled

0 = Transmit disabled

SYNC: EUSART Mode Select bit
1 = Synchronous mode

0 = Asynchronous mode
SENDB: Send Break Character bit
Asynchronous mode:

bit 5

bit 4

bit 3

1 = Send Sync Break on next transmission (cleared by hardware upon completion)

0 = Sync Break transmission completed
Synchronous mode:

Don't care

BRGH: High Baud Rate Select bit
Asynchronous mode:

1 = High speed

0= Low speed

Synchronous mode:

Unused in this mode

TRMT: Transmit Shift Register Status bit
1= TSR empty

0= TSRull

TX9D: Ninth bit of Transmit Data

Can be address/data bit or a parity bit.

bit 2

bit 1

bit 0

Note 1: SREN/CREN overrides TXEN in Sync mode.
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REGISTER 20-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER(")

R/W-0/0

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R-0/0 R-0/0 R-x/x

SPEN

RX9 SREN CREN ADDEN FERR OERR RX9D

bit 7

bit 0

Legend:

‘1" = Bit is set

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘0’ = Bit is cleared

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SPEN: Serial Port Enable bit

1 = Serial port enabled (configures RX/DT and TX/CK pins as serial port pins)
0 = Serial port disabled (held in Reset)

RX9: 9-bit Receive Enable bit

1 = Selects 9-bit reception

0 = Selects 8-bit reception

SREN: Single Receive Enable bit

Asynchronous mode:

Don't care
Synchronous mode — Master:

1 = Enables single receive
0 = Disables single receive
This bit is cleared after reception is complete.
Synchronous mode — Slave

Don't care
CREN: Continuous Receive Enable bit
Asynchronous mode:

1 = Enables receiver
0 = Disables receiver
Synchronous mode:

1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive

ADDEN: Address Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1):

1 = Enables address detection, enable interrupt and load the receive buffer when RSR<8> is set
0 = Disables address detection, all bytes are received and ninth bit can be used as parity bit
Asynchronous mode 8-bit (RX9 = 0):

Don't care
FERR: Framing Error bit

1 = Framing error (can be updated by reading RCREG register and receive next valid byte)
0 = No framing error

OERR: Overrun Error bit

1 = Overrun error (can be cleared by clearing bit CREN)
0 = No overrun error

RX9D: Ninth bit of Received Data
This can be address/data bit or a parity bit and must be calculated by user firmware.
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REGISTER 20-3: BAUDCON: BAUD RATE CONTROL REGISTER

R-0/0 R-111 uU-0 R/W-0/0 R/W-0/0 u-0 R/W-0/0 R/W-0/0
ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bit is cleared

bit 7 ABDOVF: Auto-Baud Detect Overflow bit

Asynchronous mode:

1 = Auto-baud timer overflowed

0 = Auto-baud timer did not overflow
Synchronous mode:

Don't care

bit 6 RCIDL: Receive Idle Flag bit
Asynchronous mode:
1 = Receiver is Idle

0 = Start bit has been received and the receiver is receiving
Synchronous mode:

Don't care
bit 5 Unimplemented: Read as ‘0’
bit 4 SCKP: Synchronous Clock Polarity Select bit

Asynchronous mode:
1 = Transmit inverted data to the RB7/TX/CK pin
0 = Transmit non-inverted data to the RB7/TX/CK pin
Synchronous mode:
1 = Data is clocked on rising edge of the clock
0 = Data is clocked on falling edge of the clock
bit 3 BRG16: 16-bit Baud Rate Generator bit
1 = 16-bit Baud Rate Generator is used
0 = 8-bit Baud Rate Generator is used
bit 2 Unimplemented: Read as ‘0’
bit 1 WUE: Wake-up Enable bit
Asynchronous mode:

1 = Receiver is waiting for a falling edge. No character will be received, byte RCIF will be set. WUE
will automatically clear after RCIF is set.

0 = Receiver is operating normally

Synchronous mode:

Don't care
bit 0 ABDEN: Auto-Baud Detect Enable bit
Asynchronous mode:

1 = Auto-Baud Detect mode is enabled (clears when auto-baud is complete)
0 = Auto-Baud Detect mode is disabled

Synchronous mode:

Don't care
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20.3 EUSART Baud Rate Generator
(BRG)

The Baud Rate Generator (BRG) is an 8-bit or 16-bit
timer that is dedicated to the support of both the
asynchronous and synchronous EUSART operation.
By default, the BRG operates in 8-bit mode. Setting the
BRG16 bit of the BAUDCON register selects 16-bit
mode.

The SPBRGH, SPBRG register pair determines the
period of the free running baud rate timer. In
Asynchronous mode the multiplier of the baud rate
period is determined by both the BRGH bit of the TXSTA
register and the BRG16 bit of the BAUDCON register. In
Synchronous mode, the BRGH bit is ignored.

Table 20-3 contains the formulas for determining the
baud rate. Example 20-1 provides a sample calculation
for determining the baud rate and baud rate error.

Typical baud rates and error values for various
asynchronous modes have been computed for your
convenience and are shown in Table 20-3. It may be
advantageous to use the high baud rate (BRGH = 1),
or the 16-bit BRG (BRG16 = 1) to reduce the baud rate
error. The 16-bit BRG mode is used to achieve slow
baud rates for fast oscillator frequencies.

Writing a new value to the SPBRGH, SPBRG register
pair causes the BRG timer to be reset (or cleared). This
ensures that the BRG does not wait for a timer overflow
before outputting the new baud rate.

If the system clock is changed during an active receive
operation, a receive error or data loss may result. To
avoid this problem, check the status of the RCIDL bit to
make sure that the receive operation is Idle before
changing the system clock.

EXAMPLE 20-1: CALCULATING BAUD
RATE ERROR

For a device with Fosc of 16 MHz, desired baud rate
of 9600, Asynchronous mode, 8-bit BRG:

Fosc
64([SPBRGH-SPBRG] + 1)

Solving for SPBRGH:SPBRG:

Fosc
Desired Baud Rate
x = 2 am e
064

16000000
9600
64

Desired Baud Rate =

-1

= [25.042] = 25

16000000
64(25 + 1)

Calculated Baud Rate

9615

Calc. Baud Rate — Desired Baud Rate

E =
rror Desired Baud Rate

_ (9615 - 9600)

= o,
9600 0.10%
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TABLE 20-3: BAUD RATE FORMULAS
Configuration Bits
BRG/EUSART Mode Baud Rate Formula
SYNC BRG16 BRGH
0 0 0 8-bit/Asynchronous Fosc/[64 (n+1)]
0 0 1 8-bit/Asynchronous
Fosc/[16 (n+1)]
0 1 0 16-bit/Asynchronous
0 1 1 16-bit/Asynchronous
1 0 b4 8-bit/Synchronous Fosc/4 (n+1)]
1 1 b4 16-bit/Synchronous
Legend: x =Don'’t care, n = value of SPBRGH, SPBRG register pair
TABLE 20-4: REGISTERS ASSOCIATED WITH THE BAUD RATE GENERATOR
Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 E:ggif;’
BAUDCON | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 224
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 223
SPBRG BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO 225*
SPBRGH BRG15 BRG14 | BRG13 | BRG12 BRG11 BRG10 BRG9 BRG8 295*
TXSTA CSRC X9 TXEN SYNC SENDB BRGH TRMT TX9D 222
Legend: =x =unknown, — = unimplemented read as ‘0’. Shaded cells are not used for the Baud Rate Generator.

* Page provides register information.
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TABLE 20-5:

BAUD RATES FOR ASYNCHRONOUS MODES

SYNC =0,BRGH=0,BRG16=0

Fosc = 32.000 MHz

Fosc =20.000 MHz

Fosc = 18.432 MHz

Fosc = 11.0592 MHz

BAUD
RATE | aActual % s":a?ff Actual % S\ZEI’L';‘;G Actual % s\:lEl’L';‘;G Actual % s:;?i(;
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — — — — — — — — — —
1200 — — — 1221 173 255 1200 0.00 239 1200 0.00 143
2400 2404 0.16 207 2404 0.16 129 2400 0.00 119 2400 0.00 71
9600 9615 0.16 51 9470 -1.36 32 9600 0.00 29 9600 0.00 17
10417 | 10417 0.00 47 10417 0.00 29 10286 -1.26 27 10165 -2.42 16
192k | 1923k 0.16 25 1953k 173 15 1920k 0.00 14 1920k  0.00 8
576k | 5555k -3.55 3 — — — 5760k 0.00 7 5760k 0.00
1152k — — — — — — — — — — — —
SYNC =0,BRGH=0,BRG16=0
BAUD Fosc = 8.000 MHz FosC = 4.000 MHz FosC = 3.6864 MHz Fosc = 1.000 MHz
RATE | Actual % s":a?ff Actual % S\ZEI’L';‘;G Actual % s\:lEl’L';‘;G Actual % s:;?i(;
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — 300 0.16 207 300 0.00 191 300 0.16 51
1200 1202 0.16 103 1202 0.16 51 1200 0.00 47 1202 0.16 12
2400 2404 0.16 51 2404 0.16 25 2400 0.00 23 — — —
9600 9615 0.16 12 — — — 9600 0.00 5 — — —
10417 | 10417 0.00 11 10417 0.00 5 — — — — — —
19.2k — — — — — — 1920k 0.00 2 — — —
57 6k — — — — — — 5760k  0.00 0 — — —
1152k — — — — — — — — — — — —
SYNC=0,BRGH=1,BRG16=0
BAUD Fosc = 32.000 MHz Fosc = 20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz
RATE | Actual % s":a?ff Actual % S\ZEI’L';‘;G Actual % s\:lEl’L';‘;G Actual % s:;?i(;
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — — — — — — — — — —
1200 — — — — — — — — — — — —
2400 — — — — — — — — — — — —
9600 9615 0.16 207 9615 0.16 129 9600 0.00 119 9600 0.00 71
10417 | 10417 0.00 191 10417 0.00 119 10378  -0.37 110 10473 053 65
192k | 1923k 0.16 103 1923k 016 64 1920k 0.00 59 1920k  0.00 35
576k | 5714k -0.79 34 56.82k  -1.36 21 5760k  0.00 19 5760k 0.00 1"
1152k | 11764k 212 16 11364k -1.36 10 1152k  0.00 9 1152k 0.00 5
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TABLE 20-5: BAUD RATES FOR ASYNCHRONOUS MODES (CONTINUED)
SYNC =0,BRGH=1,BRG16=0
BAUD Fosc = 8.000 MHz Fosc = 4.000 MHz Fosc = 3.6864 MHz Fosc =1.000 MHz
RATE | Actual % s:;?lf Actual % Sfa?feG Actual % S:a'lafeG Actual % s":a?ff
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 — — — — — — — — — 300 0.16 207
1200 — — — 1202 0.16 207 1200 0.00 191 1202 0.16 51
2400 2404 0.16 207 2404 0.16 103 2400 0.00 95 2404 0.16 25
9600 9615 0.16 51 9615 0.16 25 9600 0.00 23 — — —
10417 | 10417 0.00 A7 10417 0.00 23 10473 0.53 21 10417 0.00 5
19.2k 19231 0.16 25 1923k 016 12 192k 0.00 11 — — —
576k | 55556 -3.55 8 — — — 5760k  0.00 3 — — —
1152k — — — — — — 1152k 0.00 1 — — —
SYNC =0,BRGH=0,BRG16=1
BAUD Fosc = 32.000 MHz Fosc =20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz
RATE | Actual % s:;?i(; Actual % Sfa?feG Actual % Sfa?ff Actual % s":a?ff
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 300.0 0.00 6666 300.0 -0.01 4166 300.0 0.00 3839 300.0 0.00 2303
1200 1200 -0.02 3332 1200 -0.03 1041 1200 0.00 959 1200 0.00 575
2400 2401 -0.04 832 2399 -0.03 520 2400 0.00 479 2400 0.00 287
9600 9615 0.16 207 9615 0.16 129 9600 0.00 119 9600 0.00 7
10417 | 10417 0.00 191 10417 0.00 119 10378  -0.37 110 10473 0.53 65
192k | 1923k 016 103 1923k 016 64 19.20k  0.00 59 1920k  0.00 35
576k | 5714k -0.79 34 56.818 -1.36 21 5760k  0.00 19 5760k  0.00 11
1152k | 1176k 212 16 113636 -1.36 10 1152k 0.00 9 1152k 0.00 5
SYNC =0,BRGH=0,BRG16=1
BAUD Fosc = 8.000 MHz Fosc = 4.000 MHz Fosc = 3.6864 MHz Fosc =1.000 MHz
RATE | Actual % s:;?i(; Actual % Sfa?feG Actual % Sfa?ff Actual % s":a?ff
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 2999 -002 1666 300.1 0.04 832 300.0 0.00 767 300.5 0.16 207
1200 1199 -0.08 416 1202 0.16 207 1200 0.00 191 1202 0.16 51
2400 2404 0.16 207 2404 0.16 103 2400 0.00 95 2404 0.16 25
9600 9615 0.16 51 9615 0.16 25 9600 0.00 23 — — —
10417 | 10417 0.00 A7 10417 0.00 23 10473 0.53 21 10417 0.00 5
192k | 1923k 016 25 1923k 016 12 19.20k  0.00 11 — — —
576k | 55556 -3.55 8 — — — 5760k  0.00 3 — — —
1152k — — — — — — 1152k 0.00 1 — — —
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TABLE 20-5: BAUD RATES FOR ASYNCHRONOUS MODES (CONTINUED)
SYNC=0,BRGH=1,BRG16=10or SYNC=1,BRG16=1
BAUD Fosc = 32.000 MHz Fosc = 20.000 MHz Fosc = 18.432 MHz Fosc = 11.0592 MHz
RATE | Actual % s":a?ff Actual % S\ZEI’L';‘;G Actual % S\Z?LT Actual % s:;?lf
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 300.0 0.00 26666 300.0 0.00 16665 300.0 0.00 15359 300.0 0.00 9215
1200 1200 0.00 6666 1200 -0.01 4166 1200 0.00 3839 1200 0.00 2303
2400 2400 0.01 3332 2400 0.02 2082 2400 0.00 1919 2400 0.00 1151
9600 9604 0.04 832 9597 -0.03 520 9600 0.00 479 9600 0.00 287
10417 | 10417 0.00 767 10417 0.00 479 10425 0.08 441 10433 0.16 264
192k | 1918k -0.08 416 1923k 016 259 1920k 0.00 239 1920k  0.00 143
576k | 5755k -0.08 138 5747k 022 86 5760k  0.00 79 5760k 0.00 A7
1152k | 1159k 064 68 1163k 094 42 1152k  0.00 39 1152k 0.00 23
SYNC=0,BRGH=1,BRG16=10or SYNC=1,BRG16=1
BAUD Fosc = 8.000 MHz Fosc = 4.000 MHz Fosc = 3.6864 MHz Fosc = 1.000 MHz
RATE | Actual % s":a?ff Actual % S\ZEI’L';‘;G Actual % s\:lEl’L';‘;G Actual % s:;?i(;
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)
300 300.0 0.00 6666 300.0 0.01 3332 300.0 0.00 3071 300.1 0.04 832
1200 1200 -0.02 1666 1200 0.04 832 1200 0.00 767 1202 0.16 207
2400 2401 0.04 832 2398 0.08 416 2400 0.00 383 2404 0.16 103
9600 9615 0.16 207 9615 0.16 103 9600 0.00 95 9615 0.16 25
10417 | 10417 0 191 10417 0.00 95 10473 053 87 10417 0.00 23
192k | 1923k 0.16 103 1923k 016 51 1920k 0.00 47 1923k  0.16 12
576k | 5714k -0.79 34 5882k 212 16 5760k  0.00 15 — — —
1152k | 1176k 212 16 1111k -355 8 1152k  0.00 7 — — —
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20.3.1 AUTO-BAUD DETECT

The EUSART module supports automatic detection
and calibration of the baud rate.

In the Auto-Baud Detect (ABD) mode, the clock to the
BRG is reversed. Rather than the BRG clocking the
incoming RX signal, the RX signal is timing the BRG.
The Baud Rate Generator is used to time the period of
a received 55h (ASCII “U") which is the Sync character
for the LIN bus. The unigue feature of this character is
that it has five rising edges including the Stop bit edge.

Setting the ABDEN bit of the BAUDCON register starts
the auto-baud calibration sequence (Figure 20-6).
While the ABD sequence takes place, the EUSART
state machine is held in Idle. On the first rising edge of
the receive line, after the Start bit, the SPBRG begins
counting up using the BRG counter clock as shown in
Table 20-6. The fifth rising edge will occur on the RX pin
at the end of the eighth bit period. At that time, an
accumulated value totaling the proper BRG period is
left in the SPBRGH, SPBRG register pair, the ABDEN
bit is automatically cleared and the RCIF interrupt flag
is set. The value in the RCREG needs to be read to
clear the RCIF interrupt. RCREG content should be
discarded. When calibrating for modes that do not use
the SPBRGH register the user can verify that the
SPBRG register did not overflow by checking for 00h in
the SPBRGH register.

The BRG auto-baud clock is determined by the BRG16
and BRGH bits as shown in Table 20-6. During ABD,
both the SPBRGH and SPBRG registers are used as a
16-bit counter, independent of the BRG16 bit setting.
While calibrating the baud rate period, the SPBRGH

and SPBRG registers are clocked at 1/8th the BRG
base clock rate. The resulting byte measurement is the
average bit time when clocked at full speed.

Note 1:

If the WUE bit is set with the ABDEN bit,
auto-baud detection will occur on the byte
following the Break character (see
Section 20.3.3 “Auto-Wake-up on
Break”).

It is up to the user to determine that the
incoming character baud rate is within the
range of the selected BRG clock source.
Some combinations of oscillator frequency
and EUSART baud rates are not possible.

During the auto-baud process, the
auto-baud counter starts counting at 1.
Upon completion of the auto-baud
sequence, to achieve maximum accuracy,
subtract 1 from the SPBRGH:SPBRG
register pair.

TABLE 20-6:

BRG COUNTER CLOCK RATES

BRG16

BRG Base BRG ABD

BRGH Clock Clock

Fosc/e4

L]

Fosc/b12

Fosc/16

[y

Fosc/128

Fosc/16 Fosc/128

0
0
1
1

1 Foscl4 Fosc/32

Note:

During the ABD sequence, SPBRG and
SPBRGH registers are both used as a 16-bit
counter, independent of BRG16 setting.

FIGURE 20-6: AUTOMATIC BAUD RATE CALIBRATION
BRGValue __ X00h ' 0000h OO OO OO OO0 oorch
I : Edge #1 Edge #2 Edge #3 Edge #4 Edge #5
RX pin | Start [0 | _bit1 [Thitz | bit3 [Bt4 | bits [Tbie | bit7 [ Stopbit
BRG Clock
Set by User ! : E Auto Cleared
ABDEN bit N ]’(._
RCIDL : \ '
[ ,—:—
RCIF bit : \ :
(Interrupt) : it
Read : \ :
RCREG . v
SPBRG ' XXh 0 1Ch
SPBRGH XXh X 00h

MNote 1: The ABD sequence requires the EUSART module to be configured in Asynchronous mode.
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20.3.2  AUTO-BAUD OVERFLOW

During the course of automatic baud detection, the
ABDOVF bit of the BAUDCON register will be set if the
baud rate counter overflows before the fifth rising edge
is detected on the RX pin. The ABDOVF bit indicates
that the counter has exceeded the maximum count that
can fit in the 16 bits of the SPBRGH:SPBRG register
pair. After the ABDOVF has been set, the counter con-
tinues to count until the fifth rising edge is detected on
the RX pin. Upon detecting the fifth RX edge, the hard-
ware will set the RCIF interrupt flag and clear the
ABDEN bit of the BAUDCON register. The RCIF flag
can be subsequently cleared by reading the RCREG
register. The ABDOVF flag of the BAUDCON register
can be cleared by software directly.

To terminate the auto-baud process before the RCIF
flag is set, clear the ABDEN bit then clear the ABDOVF
bit of the BAUDCON register. The ABDOVF bit will
remain set if the ABDEN bit is not cleared first.

20.3.3  AUTO-WAKE-UP ON BREAK

During Sleep mode, all clocks to the EUSART are
suspended. Because of this, the Baud Rate Generator
is inactive and a proper character reception cannot be
performed. The Auto-Wake-up feature allows the
controller to wake-up due to activity on the RX/DT line.
This feature is available only in Asynchronous mode.

The Auto-Wake-up feature is enabled by setting the
WUE bit of the BAUDCON register. Once set, the normal
receive sequence on RX/DT is disabled, and the
EUSART remains in an Idle state, monitoring for a
wake-up event independent of the CPU mode. A
wake-up event consists of a high-to-low transition on the
RX/DT line. (This coincides with the start of a Sync Break
or a wake-up signal character for the LIN protocaol.)

The EUSART module generates an RCIF interrupt
coincident with the wake-up event. The interrupt is
generated synchronously to the Q clocks in normal CPU
operating modes (Figure 20-7), and asynchronously if
the device is in Sleep mode (Figure 20-8). The interrupt
condition is cleared by reading the RCREG register.

The WUE bit is automatically cleared by the low-to-high
transition on the RX line at the end of the Break. This
signals to the user that the Break event is over. At this
point, the EUSART module is in Idle mode waiting to
receive the next character.

20.3.3.1 Special Considerations
Break Character

To avoid character errors or character fragments during
a wake-up event, the wake-up character must be all
zeros.

When the wake-up is enabled the function works
independent of the low time on the data stream. If the
WUE bit is set and a valid non-zero character is
received, the low time from the Start bit to the first rising
edge will be interpreted as the wake-up event. The
remaining bits in the character will be received as a
fragmented character and subsequent characters can
result in framing or overrun errors.

Therefore, the initial character in the transmission must
be all ‘0’s. This must be 10 or more bit times, 13-bit
times recommended for LIN bus, or any nhumber of bit
times for standard RS-232 devices.

Oscillator Startup Time

Oscillator start-up time must be considered, especially
in applications using oscillators with longer start-up
intervals (i.e., LP, XT or HS/PLL mode). The Sync
Break (or wake-up signal) character must be of
sufficient length, and be followed by a sufficient
interval, to allow enough time for the selected oscillator
to start and provide proper initialization of the EUSART.

WUE Bit

The wake-up event causes a receive interrupt by
setting the RCIF bit. The WUE bit is cleared in
hardware by a rising edge on RX/DT. The interrupt
condition is then cleared in software by reading the
RCREG register and discarding its contents.

To ensure that no actual data is lost, check the RCIDL
bit to verify that a receive operation is not in process
before setting the WUE bit. If a receive operation is not
occurring, the WUE bit may then be set just prior to
entering the Sleep mode.

@ 2008 Microchip Technology Inc.
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FIGURE 20-7: AUTO-WAKE-UP BIT (WUE) TIMING DURING NORMAL OPERATION

1010203104 102034 Q1020304010203 Q4 Q1023 Q4Q1a2|a3a4,a102a3a4a1a2a3e4,a1a2Q3a4a1a2Q3a4;

oscafuwuimnnnnnnnannnnannnannnana U aImdmauUnugmuguTL

1 1 1

+ Bitsetbyuser — Co . ' : Lo '+ —— AutoCleared '

WUE bit - : { D Y . . T : )\ : .
RX/DT Line ' ' ' — I I e ' '
RCIF : : = — ' :

Cleared due to User Read of RCREG —"I

Note 1: The EUSART remains in Idle while the WUE bit is set.

FIGURE 20-8: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING SLEEP

Q1Q2ja3a4,a1qQ2jQ3a4,Q1|Q2QslQ4, a1 |Q2|Q3|Q4:Q1|02|Q3|Q4:Q1|Q2|03.|Q4:Q1 |Q2jQ3jQ4,Q1Q2|Q3lQs
osc1 U U Uy L O O O O Y O O O O O
Bt Set by User —_ ' . Do R Auto,Cleared |
WUE bit; ; 4 : : Lo : } ; :
RX/DT Line ; I l “ . s Fipte 1 . I
l : l : Y : - i X l
RCIF | \ ) .
: . f Cleared due to User Read of RCREG —# .

Sleep Command Executed Sleep Ends

MNote 1: If the wake-up event reguires long oscillator warm-up time, the automatic clearing of the WUE bit can occur while the stposc signal is
still active. This sequence should not depend on the presence of Q clocks.

2:  The EUSART remains in Idle while the WUE bit is set.
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20.34 BREAK CHARACTER SEQUENCE

The EUSART module has the capability of sending the
special Break character sequences that are required by
the LIN bus standard. A Break character consists of a
Start bit, followed by 12 ‘0’ bits and a Stop bit.

To send a Break character, set the SENDB and TXEN
bits of the TXSTA register. The Break character trans-
mission is then initiated by a write to the TXREG. The
value of data written to TXREG will be ignored and all
‘0’'s will be transmitted.

The SENDB bit is automatically reset by hardware after
the corresponding Stop bit is sent. This allows the user
to preload the transmit FIFO with the next transmit byte
following the Break character (typically, the Sync
character in the LIN specification).

The TRMT bit of the TXSTA register indicates when the
transmit operation is active or Idle, just as it does during
normal transmission. See Figure 20-9 for the timing of
the Break character sequence.

20.3.4.1

The following sequence will start a message frame
header made up of a Break, followed by an auto-baud
Sync byte. This sequence is typical of a LIN bus
master.

1. Configure the EUSART for the desired mode.

2. Set the TXEN and SENDB bits to enable the
Break sequence.

3. Load the TXREG with a dummy character to
initiate transmission (the value is ignored).

4. Write ‘565h’ to TXREG to load the Sync character
into the transmit FIFO buffer.

Break and Sync Transmit Sequence

5. After the Break has been sent, the SENDB bit is
reset by hardware and the Sync character is
then transmitted.

When the TXREG becomes empty, as indicated by the
TXIF, the next data byte can be written to TXREG.

20.3.5 RECEIVING A BREAK CHARACTER

The Enhanced EUSART module can receive a Break
character in two ways.

The first method to detect a Break character uses the
FERR bit of the RCSTA register and the Received data
as indicated by RCREG. The Baud Rate Generator is
assumed to have been initialized to the expected baud
rate.

A Break character has been received when;

* RCIF bit is set
* FERR bit is set
« RCREG = 00h

The second method uses the Auto-Wake-up feature
described in Section 20.3.3 “Auto-Wake-up on
Break”. By enabling this feature, the EUSART will
sample the next two transitions on RX/DT, cause an
RCIF interrupt, and receive the next data byte followed
by another interrupt.

Note that following a Break character, the user will
typically want to enable the Auto-Baud Detect feature.
For both methods, the user can set the ABDEN bit of
the BAUDCON register before placing the EUSART in
Sleep mode.

FIGURE 20-9: SEND BREAK CHARACTER SEQUENCE
Write to TXREG i ((
Dummy Write )
BRG Output : (
(shit Clo?;k) [ L I | [ | I | ) S_I | | | I | [
TX (pin) : Start bit bit 0 it 1 5 5 bit 11 Stop bit .
.- Break L
TXIF bit : (¢ l
(Transmit 1] ) T
Interrupt Flag) !
TRMT bit
(Transmit Shift (¢
Empty Flag) ) )

. — SENDB Sampled Here

Auto Cleared_\:

SENDB e
(send Break g
control bit)

L
e
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20.4 EUSART Synchronous Mode

Synchronous serial communications are typically used
in systems with a single master and one or more
slaves. The master device contains the necessary cir-
cuitry for baud rate generation and supplies the clock
for all devices in the system. Slave devices can take
advantage of the master clock by eliminating the inter-
nal clock generation circuitry.

There are two signal lines in Synchronous mode: a bidi-
rectional data line and a clock line. Slaves use the
external clock supplied by the master to shift the serial
data into and out of their respective receive and trans-
mit shift registers. Since the data line is bidirectional,
synchronous operation is half-duplex only. Half-duplex
refers to the fact that master and slave devices can
receive and transmit data but not both simultaneously.
The EUSART can operate as either a master or slave
device.

Start and Stop bits are not used in synchronous trans-
missions.

2041 SYNCHRONOUS MASTER MODE

The following bits are used to configure the EUSART
for Synchronous Master operation:

+ SYNC=1
*+ CSRC=1
* SREN = 0 (for transmit); SREN = 1 (for receive)
* CREN = 0 (for transmit); CREN = 1 (for receive)
*+ SPEN=1

Setting the SYNC bit of the TXSTA register configures
the device for synchronous operation. Setting the CSRC
bit of the TXSTA register configures the device as a
master. Clearing the SREN and CREN bits of the RCSTA
register ensures that the device is in the Transmit mode,
otherwise the device will be configured to receive. Setting
the SPEN bit of the RCSTA register enables the
EUSART.

20411 Master Clock

Synchronous data transfers use a separate clock line,
which is synchronous with the data. A device config-
ured as a master transmits the clock on the TX/CK line.
The TX/CK pin output driver is automatically enabled
when the EUSART is configured for synchronous
transmit or receive operation. Serial data bits change
on the leading edge to ensure they are valid at the trail-
ing edge of each clock. One clock cycle is generated
for each data bit. Only as many clock cycles are gener-
ated as there are data bits.

20412 Clock Polarity

A clock polarity option is provided for Microwire
compatibility. Clock polarity is selected with the SCKP
bit of the BAUDCON register. Setting the SCKP bit sets
the clock Idle state as high. When the SCKP bit is set,
the data changes on the falling edge of each clock.

Clearing the SCKP bit sets the Idle state as low. When
the SCKP bit is cleared, the data changes on the rising
edge of each clock.

20413

Data is transferred out of the device on the RX/DT pin.
The RX/DT and TX/CK pin output drivers are automat-
ically enabled when the EUSART is configured for syn-
chronous master transmit operation.

Synchronous Master Transmission

A transmission is initiated by writing a character to the
TXREG register. If the TSR still contains all or part of a
previous character the new character data is held in the
TXREG until the last bit of the previous character has
been transmitted. If this is the first character, or the pre-
vious character has been completely flushed from the
TSR, the data in the TXREG is immediately transferred
to the TSR. The transmission of the character com-
mences immediately following the transfer of the data
to the TSR from the TXREG.

Each data bit changes on the leading edge of the mas-
ter clock and remains valid until the subsequent leading
clock edge.

Note: The TSR register is not mapped in data
memory, so it is not available to the user.

20414 Synchronous Master Transmission

Set-up:

1. Initialize the SPBRGH, SPBRG register pair and
the BRGH and BRG16 bits to achieve the
desired baud rate (see Section 20.3 “EUSART
Baud Rate Generator (BRG)”).

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

3. Disable Receive mode by clearing bits SREN
and CREN.

4. Enable Transmit mode by setting the TXEN bit.

5. If 9-bit transmission is desired, set the TX9 bit.

6. If interrupts are desired, set the TXIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

7. If 9-bit transmission is selected, the ninth bit
should be loaded in the TX9D bit.

8. Start transmission by loading data to the TXREG
register.
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FIGURE 20-10: SYNCHRONOUS TRANSMISSION

RX/DT
pin Kbt > bit T x_ b2 X< Sb( bit 7 bit0 < bit1 X )ds X bty

Word 1 Word 2

R "—"—"—"_55—‘""""_55—'—';
Ren) I ey I oy Ny L O s IO (T

Write to M_ [ (¢ (s
TXREGReg  write Word 1 Write Word 2
TXIF bit : (¢
(Interrupt Flag) L | 5 {; | ) )
TRMT bit — (( (C —
) JJ
it L (( (( Y
TXEN bit ) ) ) )
Note: Sync Master mode, SPBRG = 0, continuous transmission of two 8-bit words.

FIGURE 20-11: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RX/DT pin X bito X bit1 XbitZSS X bit6 X bit7

moken /N N/ N /S NN

Write to
TXREG reg J

e

TXIF bit (
T )

TRMT bit _‘
TXEN bit |

—

N P S
N

TABLE 20-7: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

Name Bit 7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register
on Page

BAUDCON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 224
INTCON GIE PEIE TMROIE INTE 10CIE TMROIF INTF I0CIF 73
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE | TMRIIE 74
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 77
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 223
SPBRG BRG7 BRG6 BRGS BRG4 BRG3 BRG2 BRG1 BRGO 205%
SPBRGH BRG15 BRG14 BRG13 BRG12 BRG11 BRG10 BRG9 BRG8 295*
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 94
TXREG EUSART Transmit Data Register 215*
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 222
Legend: x =unknown, - = unimplemented read as ‘0. Shaded cells are not used for Synchronous Master Transmission.

*  Page provides register information.
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20415 Synchronous Master Reception

Data is received at the RX/DT pin. The RX/DT pin
output driver is automatically disabled when the
EUSART is configured for synchronous master receive
operation.

In Synchronous mode, reception is enabled by setting
either the Single Receive Enable bit (SREN of the
RCSTA register) or the Continuous Receive Enable bit
(CREN of the RCSTA register).

When SREN is set and CREN is clear, only as many
clock cycles are generated as there are data bits in a
single character. The SREN bit is automatically cleared
at the completion of one character. When CREN is set,
clocks are continuously generated untili CREN is
cleared. If CREN is cleared in the middle of a character
the CK clock stops immediately and the partial charac-
ter is discarded. If SREN and CREN are both set, then
SREN is cleared at the completion of the first character
and CREN takes precedence.

To initiate reception, set either SREN or CREN. Data is
sampled at the RX/DT pin on the trailing edge of the
TX/CK clock pin and is shifted into the Receive Shift
Register (RSR). When a complete character is
received into the RSR, the RCIF bit is set and the char-
acter is automatically transferred to the two character
receive FIFO. The Least Significant eight bits of the top
character in the receive FIFO are available in RCREG.
The RCIF bit remains set as long as there are unread
characters in the receive FIFO.

20416 Slave Clock

Synchronous data transfers use a separate clock line,
which is synchronous with the data. A device configured
as a slave receives the clock on the TX/CK line. The
TX/CK pin output driver is automatically disabled when
the device is configured for synchronous slave transmit
or receive operation. Serial data bits change on the
leading edge to ensure they are valid at the trailing edge
of each clock. One data bit is transferred for each clock
cycle. Only as many clock cycles should be received as
there are data bits.

20417 Receive Overrun Error

The receive FIFO buffer can hold two characters. An
overrun error will be generated if a third character, in its
entirety, is received before RCREG is read to access
the FIFO. When this happens the OERR bit of the
RCSTA register is set. Previous data in the FIFO will
not be overwritten. The two characters in the FIFO
buffer can be read, however, no additional characters
will be received until the error is cleared. The OERR bit
can only be cleared by clearing the overrun condition.
If the overrun error occurred when the SREN bit is set
and CREN is clear then the error is cleared by reading
RCREG. If the overrun occurred when the CREN bit is

set then the error condition is cleared by either clearing
the CREN bit of the RCSTA register or by clearing the
SPEN bit which resets the EUSART.

204.1.8 Receiving 9-bit Characters

The EUSART supports 9-bit character reception. When
the RX9 bit of the RCSTA register is set the EUSART
will shift 9-bits into the RSR for each character
received. The RX9D bit of the RCSTA register is the
ninth, and Most Significant, data bit of the top unread
character in the receive FIFO. When reading 9-bit data
from the receive FIFO buffer, the RX9D data bit must
be read before reading the 8 Least Significant bits from
the RCREG.

204.1.9 Synchronous Master Reception
Set-up:

1. Initialize the SPBRGH, SPBRG register pair for
the appropriate baud rate. Set or clear the
BRGH and BRG16 bits, as required, to achieve
the desired baud rate.

2. Enable the synchronous master serial port by

setting bits SYNC, SPEN and CSRC.

Ensure bits CREN and SREN are clear.

4. If interrupts are desired, set the RCIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

5. If 9-bit reception is desired, set bit RX9.

6. Start reception by setting the SREN bit or for
continuous reception, set the CREN bit.

7. Interrupt flag bit RCIF will be set when reception
of a character is complete. An interrupt will be
generated if the enable bit RCIE was set.

8. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

9. Read the 8-bit received data by reading the
RCREG register.

10. If an overrun error occurs, clear the error by
either clearing the CREN bit of the RCSTA
register or by clearing the SPEN bit which resets
the EUSART.

o
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FIGURE 20-12:

SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

RX/DT
pin

> bito X bit1 X btz X bit3 X bita X bits5 X bit6 X bit7

TX/CK pin

(SCKP = 0)

TX/CK pin
(SCKP =1)

Wirite to

bit SREN |

SREN bit

CREN bit _ 0
RCIF bit

(Interrupt)
Read

7

RXREG
Note:

Timing diagram demonstrates Sync Master mode with bit SREN = 1 and bit BRGH = 0.

TABLE 20-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION
Name Bit 7 Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 Bit 0 Eﬁg;zt;;
BAUDCON | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 224
INTCON GIE PEIE TMROIE INTE IOCIE | TMROIF INTF |IOCIF 73
PIE1 TMR1GIE | ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 74
PIR1 TMR1GIF | ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 77
RCREG EUSART Receive Data Register 218*
RCSTA SPEN RX9 SREN CREN | ADDEN FERR OERR RX9D 223
SPBRG BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO 205*%
SPBRGH BRG15 | BRG14 | BRG13 | BRG12 | BRG11 BRG10 BRG9 BRG8 225*
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 94
TXSTA CSRC TX9 TXEN SYNC | SENDB | BRGH TRMT TX9D 222
Legend: x =unknown, — = unimplemented read as ‘0’. Shaded cells are not used for Synchronous Master
Reception.
* Page provides register information.
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204.2 SYNCHRONOUS SLAVE MODE

The following bits are used to configure the EUSART
for Synchronous slave operation:

« SYNC=1

*« CSRC=0

* SREN = 0 (for transmit); SREN = 1 (for receive)

* CREN = 0 (for transmit); CREN = 1 (for receive)

« SPEN=1

Setting the SYNC bit of the TXSTA register configures the
device for synchronous operation. Clearing the CSRC bit
of the TXSTA register configures the device as a slave.
Clearing the SREN and CREN bits of the RCSTA register
ensures that the device is in the Transmit mode,
otherwise the device will be configured to receive. Setting

the SPEN bit of the RCSTA register enables the
EUSART.

20421 EUSART Synchronous Slave

Transmit

The operation of the Synchronous Master and Slave
modes are identical (see  Section 20.4.1.3
“Synchronous Master Transmission”), except in the
case of the Sleep mode.

If two words are written to the TXREG and then the
SLEEP instruction is executed, the following will occur:

1. The first character will immediately transfer to
the TSR register and transmit.

2. The second word will remain in TXREG register.

3. The TXIF bit will not be set.

4. After the first character has been shifted out of
TSR, the TXREG register will transfer the second
character to the TSR and the TXIF bit will now be
set.

5. If the PEIE and TXIE bits are set, the interrupt
will wake the device from Sleep and execute the
next instruction. If the GIE bit is also set, the
program will call the Interrupt Service Routine.

20422 Synchronous Slave Transmission
Set-up:
1. Set the SYNC and SPEN bits and clear the
CSRC bit.

2. Clear the CREN and SREN bits.

3. If interrupts are desired, set the TXIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

4. If 9-bit transmission is desired, set the TX9 bit.
5. Enable transmission by setting the TXEN bit.

6. If 9-bit transmission is selected, insert the Most
Significant bit into the TX9D bit.

7. Start transmission by writing the Least
Significant 8 bits to the TXREG register.

TABLE 20-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION
Name Bit 7 Bit6é | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 Bit 0 E:ggzg’;

BAUDCON | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 224
INTCON GIE PEIE TMROIE INTE IOCIE | TMROIF INTF IOCIF 73
PIE1 TMR1GIE| ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 74
PIR1 TMR1GIF | ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 77
RCSTA SPEN RX9 SREN CREN | ADDEN FERR OERR RX9D 223
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 94
TXREG EUSART Transmit Data Register 215*
TXSTA CSRC TX9 TXEN SYNC | SENDB | BRGH TRMT TX9D 222
Legend: =x =unknown, — = unimplemented read as ‘0’. Shaded cells are not used for Synchronous Slave

Transmission.

*

Page provides register information.

DS41364A-page 238

Preliminary

© 2008 Microchip Technology Inc.




PIC16F193X/LF193X

20.4.2.3 EUSART Synchronous Slave

Reception

The operation of the Synchronous Master and Slave
modes is identical (Section 20.4.1.5 “Synchronous
Master Reception”), with the following exceptions:

» Sleep

» CREN bit is always set, therefore the receiver is
never ldle

* SREN bit, which is a “don’t care” in Slave mode

A character may be received while in Sleep mode by
setting the CREN bit prior to entering Sleep. Once the
word is received, the RSR register will transfer the data
to the RCREG register. If the RCIE enable bit is set, the
interrupt generated will wake the device from Sleep
and execute the next instruction. If the GIE bit is also
set, the program will branch to the interrupt vector.

20.4.2.4 Synchronous Slave Reception
Set-up:
1. Set the SYNC and SPEN bits and clear the
CSRC bit.

2. If interrupts are desired, set the RCIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

If 9-bit reception is desired, set the RX9 bit.
Set the CREN bit to enable reception.

5. The RCIF bit will be set when reception is
complete. An interrupt will be generated if the
RCIE bit was set.

6. |If 9-bit mode is enabled, retrieve the Most
Significant bit from the RX9D bit of the RCSTA
register.

7. Refrieve the 8 Least Significant bits from the
receive FIFO by reading the RCREG register.

8. If an overrun error occurs, clear the error by
either clearing the CREN bit of the RCSTA
register or by clearing the SPEN bit which resets
the EUSART.

A w

TABLE 20-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 Eﬁggzt;;
BAUDCON | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 224
INTCON GIE PEIE TMROIE INTE IOCIE | TMROIF INTF IOCIF 73
PIE1 TMR1GIE| ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 74
PIR1 TMR1GIF | ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 77
RCREG EUSART Receive Data Register 218*
RCSTA SPEN RX9 SREN CREN | ADDEN FERR OERR RX9D 223
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 94
TXSTA CSRC TX9 TXEN SYNC | SENDB | BRGH TRMT TX9D 222
Legend: x =unknown, — = unimplemented read as ‘0’. Shaded cells are not used for Synchronous Slave

Reception.

*

Page provides register information.
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20.5 EUSART Operation During Sleep

The EUSART will remain active during Sleep only in the
Synchronous Slave mode. All other modes require the
system clock and therefore cannot generate the neces-
sary signals to run the Transmit or Receive Shift regis-
ters during Sleep.

Synchronous Slave mode uses an externally generated
clock to run the Transmit and Receive Shift registers.

20.51 SYNCHRONOUS RECEIVE DURING
SLEEP

To receive during Sleep, all the following conditions
must be met before entering Sleep mode:

+ RCSTA and TXSTA Control registers must be
configured for Synchronous Slave Reception (see
Section 20.4.2.4 “Synchronous Slave
Reception Set-up:”).

« [f interrupts are desired, set the RCIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

* The RCIF interrupt flag must be cleared by read-
ing RCREG to unload any pending characters in
the receive buffer.

Upon entering Sleep mode, the device will be ready to
accept data and clocks on the RX/DT and TX/CK pins,
respectively. When the data word has been completely
clocked in by the external device, the RCIF interrupt
flag bit of the PIR1 register will be set. Thereby, waking
the processor from Sleep.

Upon waking from Sleep, the instruction following the
SLEEP instruction will be executed. If the GIE global
interrupt enable bit of the INTCON register is also set,
then the Interrupt Service Routine at address 004h will
be called.

20.5.2 SYNCHRONOUS TRANSMIT
DURING SLEEP

To transmit during Sleep, all the following conditions
must be met before entering Sleep mode:

+ RCSTA and TXSTA Control registers must be
configured for Synchronous Slave Transmission
(see Section 20.4.2.2 “Synchronous Slave
Transmission Set-up:”).

* The TXIF interrupt flag must be cleared by writing
the output data to the TXREG, thereby filling the
TSR and transmit buffer.

« [f interrupts are desired, set the TXIE bit of the
PIE1 register and the PEIE bit of the INTCON reg-
ister.

« Interrupt enable bits TXIE of the PIE1 register and
PEIE of the INTCON register must set.

Upon entering Sleep mode, the device will be ready to
accept clocks on TX/CK pin and transmit data on the
RX/DT pin. When the data word in the TSR has been
completely clocked out by the external device, the
pending byte in the TXREG will transfer to the TSR and
the TXIF flag will be set. Thereby, waking the processor
from Sleep. At this point, the TXREG is available to
accept another character for transmission, which will
clear the TXIF flag.

Upon waking from Sleep, the instruction following the
SLEEP instruction will be executed. If the GIE global
interrupt enable bit is also set then the Interrupt Service
Routine at address 0004h will be called.

DS41364A-page 240

Preliminary

© 2008 Microchip Technology Inc.



PIC16F193X/LF193X

21.0 LIQUID CRYSTAL DISPLAY * Segment pins up to:
(LCD) DRIVER MODULE - 16 (PIC16F1933/1936/1938/
PIC16LF1933/1936/1938)
The Liquid Crystal Display (LCD) driver module - 24 (PIC16F1934/1937/1939/
generates the timing control to drive a static or PIC16LF1934/1937/1939)

muIFipIexed LCD panel_. In the PIC16F193X/LF193X + Static, 1/2 or 1/3 LCD Bias
device, the module drives the panels of up to four

commons and up to 24 segments. The LCD module Note: = COMS3 and SEG15 share the same physical
also provides control of the LCD pixel data. pin on the PIC16F1933/1936/1938/
PIC16LF1933/1936/1938, therefore SEG15
is not available when using 1/4 multiplex

The LCD driver module supports:

+ Direct driving of LCD panel displays.
» Three LCD clock sources with selectable prescaler
+ Up to four common pins: 211 LCD Registers

- Static (1 common)

- 1/2 multiplex (2 commons)
- 1/3 multiplex (3 commons)
- 1/4 multiplex (4 commons)

The module contains the following registers:
» LCD Control register (LCDCON)

» LCD Phase register (LCDPS)

» LCD Reference Ladder register (LCDRL)
» LCD Contrast Control register (LCDCST)

» LCD Reference Voltage Control register
(LCDREF)

» Up to 3 LCD Segment Enable registers (LCDSER)
» Up to 12 LCD data registers (LCDDATAR)

FIGURE 21-1: LCD DRIVER MODULE BLOCK DIAGRAM

™~

LCDDATAX SEG<23:0>(1:3)

_ MUX =——=A—=> Tol/O Pads")
Registers

——

Timing Control

Data Bus

LCDCON
COM<3:0>1%)
LCDPS :> To I/0 Pads(1)
LCDSEnN

v 1

Fosc/256

Clock Source
T10sc Select and
LFINTOSC Prescaler

Note 1: These are not directly connected to the I/O pads, but may be tri-stated, depending on the configuration of
the LCD module.

2: SEG<23:0> on PIC16F1934/1937/1939, SEG<15:0> on PIC16F1933/1936/1938/
PIC16LF1933/1936/1938.

3: COMS3 and SEG15 share the same physical pin on the PIC16F1933/1936/1938/PIC16LF1933/1936/1938,
therefore SEG15 is not available when using 1/4 multiplex displays.
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TABLE 21-1: LCD SEGMENT AND DATA

REGISTERS
# of LCD Registers
Device Segment

Enable Data
PIC16F1933/1936/1938/ 2 8
PIC16LF1933/1936/1938
PIC16F1934/1937/1939/ 3 12
PIC16LF1934/1937/1939

The LCDCON register (Register 21-1) controls the
operation of the LCD driver module. The LCDPS regis-
ter (Register 21-2) configures the LCD clock source
prescaler and the type of waveform; Type-A or Type-B.
The LCDSE registers (Register 21-5) configure the
functions of the port pins.

The following LCDSE registers are available:

+ LCDSE0 SE<7:0>
+ LCDSE1 SE<15:8>
« LCDSE2 SE<23:16>(1

Note 1: PIC16F1934/1937/1939/

PIC16LF1934/1937/1939 only.

Once the module is initialized for the LCD panel, the
individual bits of the LCDDATA<11:0> registers are
cleared/set to represent a clear/dark pixel, respectively:

+ LCDDATA0 SEG<7:0>COMO0
+ LCDDATA1 SEG<15:8>COMO0

« LCDDATA2 SEG<23:16>comMo("
+ LCDDATA3 SEG<7:0>COM1

+ LCDDATA4 SEG<15:8>COM1

« LCDDATA5 SEG<23:16>coM1"
+ LCDDATA6 SEG<7:0>COM2

+ LCDDATA7 SEG<15:8>COM2

+ LCDDATA8 SEG<23:16>COom2(1)
+ LCDDATA9 SEG<7:0>COM3

+ LCDDATA10 SEG<15:8>COM3

+ LCDDATA11 SEG<23:16>COM3(1)

Note 1: PIC16F1934/1937/1939/

PIC16LF1934/1937/1939 only.

As an example, LCDDATAx is detailed in
Register 21-6.

Once the module is configured, the LCDEN bit of the
LCDCON register is used to enable or disable the LCD
module. The LCD panel can also operate during Sleep
by clearing the SLPEN bit of the LCDCON register.
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REGISTER 21-1:

LCDCON: LIQUID CRYSTAL DISPLAY (LCD) CONTROL REGISTER

u = bit is unchanged x = Bit is unknown

R/W-0/0 R/W-0/0 R/C-0/0 u-0 R/W-0/0 R/W-0/0 R/W-1/1 R/W-1/1
LCDEN SLPEN WERR — CS1 | Cso LMUX1 LMUXO0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n/n = Value at POR and BOR/Value at all other Resets

1" = Bitis set ‘0’ = Bit is cleared C = Only clearable bit
bit 7 LCDEN: LCD Driver Enable bit
1 = LCD driver module is enabled
0 = LCD driver module is disabled
bit 6 SLPEN: LCD Driver Enable in Sleep Mode bit
1 = LCD driver module is disabled in Sleep mode
0 = LCD driver module is enabled in Sleep mode
bit 5 WERR: LCD Write Failed Error bit
1 = LCDDATAX register written while the WA bit of the LCDPS register = 0 (must be cleared in
software)
0 = No LCD write error
bit 4 Unimplemented: Read as ‘0’
bit 3-2 C8<1:0>: Clock Source Select bits
00 = Fosc/256
01 =T10SC (Timer1)
1x = LFINTOSC (31 kHz)
bit 1-0 LMUX<1:0>: Commons Select bits
Maximum Number of Pixels
LMUX<1:0>|  Multiplex | pic16F1933/1936/1938/ | PIC16F1934/1937/1939/ | Bias
PIC16LF1933/1936/1938 | PIC16LF1934/1937/1939
00 Static (COMO) 16 24 Static
01 1/2 (COM<1:0>) 32 48 1/2 or 1/3
10 1/3 (COM<2:0>) 48 72 1/2 or 1/3
11 1/4 (COM<3:0>) 6o 96 1/3
Note 1: On these devices, COM3 and SEG15 are shared on one pin, limiting the device from driving 64 pixels.
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REGISTER 21-2: LCDPS: LCD PHASE REGISTER

R/W-0/0 R/W-0/0 R-0/0 R-0/0 R/W-0/0 R/W-0/0 R/W-1/1 R/W-1/1
WFT BIASMD LCDA WA LP3 LP2 LP1 LPO

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
1" = Bit is set ‘0" = Bit is cleared C = Only clearable bit
bit 7 WFT. Waveform Type bit

1 = Type-B phase changes on each frame boundary

0 = Type-A phase changes within each common type
bit 6 BIASMD: Bias Mode Select bit

When LMUX<1:0> = 00:

0 = Static Bias mode (do not set this bit to ‘1')
When LMUX<1:0> = 01:

1 = 1/2 Bias mode
0 = 1/3 Bias mode
When LMUX<1:0=>=10:

1 = 1/2 Bias mode
0 = 1/3 Bias mode
When LMUX<1:0> =11:

0 = 1/3 Bias mode (do not set this bit to ‘1’)
bit 5 LCDA: LCD Active Status bit

1 = LCD driver module is active

0 = LCD driver module is inactive
bit 4 WA: LCD Write Allow Status bit

1 = Write into the LCDDATAX registers is allowed
0 = Write into the LCDDATAX registers is not allowed

bit 3-0 LP<3:0>: LCD Prescaler Selection bits
1111 = 1:16
1110= 1:15
1101 = 1:14
1100 = 1:13
1011 = 1:12
1010= 111
1001 = 1:10
1000= 19
0111=1:8
0110=1:7
0101= 16
0100=1:5
0011=14
0010=1:3
0001 =1:2
0000 =11
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REGISTER 21-3: LCDREF: LCD REFERENCE VOLTAGE CONTROL REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 u-0
LCDIRE LCDIRS LCDIRI — VLCD3PE VLCD2PE VLCD1PE —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
1" = Bitis set ‘0’ = Bit is cleared C = Only clearable bit
bit 7 LCDIRE: LCD Internal Reference Enable bit
1 = Internal LCD Reference is enabled and connected to the Internal Contrast Control circuit
0 = Internal LCD Reference is disabled
bit 6 LCDIRS: LCD Internal Reference Source bit
If LCDIRE=1:
0 = Internal LCD Contrast Control is powered by VDD
1 = Internal LCD Contrast Control is powered by a 3.072V output of the FVR.
If LCDIRE = o:
Internal LCD Contrast Control is unconnected. LCD bandgap buffer is disabled.
bit 5 LCDIRI: LCD Internal Reference Ladder Idle Enable bit
Allows the Internal FVR buffer to shut down when the LCD Reference Ladder is in power mode ‘B’
1= When the LCD Reference Ladder is in power mode ‘B’, the LCD Internal FVR buffer is disabled.
0= The LCD Internal FVR Buffer ignores the LCD Reference Ladder Power mode.
bit 4 Unimplemented: Read as ‘0’
bit 3 VLCD3PE: VLCD3 Pin Enable bit
1 = The VLCD3 pin is connected to the internal bias voltage LcDBIAS3()
0 = The VLCD3 pin is not connected
bit 2 VLCD2PE: VLCD2 Pin Enable bit
1 = The VLCD2 pin is connected to the internal bias voltage LcDBIAS2(M
0 = The VLCD2 pin is not connected
bit 1 VLCD1PE: VLCD1 Pin Enable bit
1= The VLCD1 pin is connected to the internal bias voltage LCDBIAS1(1)
0 = The VLCD1 pin is not connected
bit 0 Unimplemented: Read as ‘0’
Note 1: Normal pin controls of TRISx and ANSELx are unaffected.
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REGISTER 21-4: LCDCST: LCD CONTRAST CONTROL REGISTER

u-0 u-0 uU-0 u-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — — LCDCST2 LCDCST1 LCDCSTO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
1" = Bit is set ‘0" = Bit is cleared C = Only clearable bit
bit 7-3 Unimplemented: Read as ‘0’
bit 2-0 LCDCS8T<2:0>: LCD Contrast Control bits

Selects the resistance of the LCD contrast control resistor ladder

Bit Value = Resistor ladder

000 = Minimum Resistance (Maximum contrast). Resistor ladder is shorted.
001 = Resistor ladder is at 1/7th of maximum resistance

010 = Resistor ladder is at 2/7th of maximum resistance

011 = Resistor ladder is at 3/7th of maximum resistance

100 = Resistor ladder is at 4/7th of maximum resistance

101 = Resistor ladder is at 5/7th of maximum resistance

110 = Resistor ladder is at 6/7th of maximum resistance

111 = Resistor ladder is at maximum resistance (Minimum contrast).
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REGISTER 21-5: LCDSEn: LCD SEGMENT ENABLE REGISTERS

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
SEn SEn SEn SEn SEn SEn SEn SEn

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared
bit 7-0 SEn: Segment Enable bits

1 = Segment function of the pin is enabled
0 = I/O function of the pin is enabled

REGISTER 21-6: LCDDATAx: LCD DATA REGISTERS

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
SEGx-COMy | SEGx-COMy | SEGx-COMy | SEGx-COMy | SEGx-COMy | SEGx-COMy | SEGx-COMy | SEGx-COMy
bit 7 bit 0
Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = bit is unchanged X = Bit is unknown -n/n = Value at POR and BOR/Nalue at all other Resets
“1" = Bitis set ‘0’ = Bit is cleared

bit 7-0 SEGx-COMy: Pixel On bits

1 = Pixel on (dark)
0 = Pixel off (clear)
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21.2 LCD Clock Source Selection

The LCD module has 3 possible clock sources:

+ Fosc/256
« T10SC
« LFINTOSC

The first clock source is the system clock divided by
256 (Fosc/256). This divider ratio is chosen to provide
about 1 kHz output when the system clock is 8 MHz.
The divider is not programmable. Instead, the LCD
prescaler bits LP<3:0> of the LCDPS register are used
to set the LCD frame clock rate.

The second clock source is the T10SC. This also gives
about 1 kHz when a 32.768 kHz crystal is used with the
Timer1 oscillator. To use the Timer1 oscillator as a
clock source, the T1OSCEN bit of the T1CON register
should be set.

The third clock source is the 31 kHz LFINTOSC, which
provides approximately 1 kHz output.

The second and third clock sources may be used to
continue running the LCD while the processor is in
Sleep.

FIGURE 21-2:

LCD CLOCK GENERATION

Using bits CS<1:0> of the LCDCON register can select
any of these clock sources.

21.21 LCD PRESCALER

A 4-bit counter is available as a prescaler for the LCD
clock. The prescaler is not directly readable or writable;
its value is set by the LP<3:0> bits of the LCDPS register,
which determine the prescaler assignment and prescale
ratio.

The prescale values are selectable from 1:1 through
1:16.

Fosc —

+256

To Reference
Ladder Control

—1 +4 — Stati
T10SC 32 kHz 4 ate 15 T T T T
Crystal Osc. 4-bit Prog . <1,2,3,4
2 172 Prescaler 32 Ring Counter
1/3, T
1/4 T
LFINTOSC
Nominal = 31 kHz
T { LP<3:0> LMUX<1:0>
(LCDPS<3:0>) (LCDCON<1:0=)
CS<1:0> LMUX<1:0>
(LCDCON<3:2>)  (LCDCON<1:05)
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21.3 LCD Bias Voltage Generation

The LCD module can be configured for one of three
bias types:
+ Static Bias (2 voltage levels: Vss and VLCD)
» 1/2 Bias (3 voltage levels: Vss, 1/2 VLcD and
VLCD)
» 1/3 Bias (4 voltage levels: Vss, 1/3 VLCD,
2/3 VLcp and VLeD)

TABLE 21-2: LCD BIAS VOLTAGES
Static Bias 1/2 Bias 1/3 Bias
LCD Bias 0 Vss Vss Vss
LCD Bias 1 — 1/2 VDD 1/3 VDD
LCD Bias 2 — 1/2 VDD 2/3 VDD
LCD Bias 3 VLcD3 VLcD3 VLCD3

So that the user is not forced to place external compo-
nents and use up to three pins for bias voltage generation,
internal contrast control and an internal reference ladder
are provided internally to the PIC16F193X/LF193X. Both
of these features may be used in conjunction with the
external VLCD<3:1> pins, to provide maximum flexibility.
Refer to Figure 21-3.

FIGURE 21-3: LCD BIAS VOLTAGE GENERATION BLOCK DIAGRAM
VDD LCDIRE
T LCDIRS
_ LCDA
1.024V from
FVR | 3.072v
x3 -
|/|/ l LCDIRE LCDRLP1
o CE LCDIRS LCDRLPO
LCDA
j LCDCST<2:0>
VLCD3PE ? LCDA
VLCD3
g ] Icdbias3
,,_/J
VLCD2PE § -
VLCD2
‘E _ Icdbias2
.._/J
| I BIASMD
VLCD1PE g
VLCD1 |
|Z Icdbias
% Icdbias0
+
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21.4 LCD Bias Internal Reference
Ladder

The internal reference ladder can be used to divide the
LCD bias voltage two or three equally spaced voltages
that will be supplied to the LCD segment pins. To create
this, the reference ladder consists of three matched
resistors. Refer to Figure 21-3.

2141 BIAS MODE INTERACTION

When in 1/2 Bias mode (BIASMD = 1), then the middle
resistor of the ladder is shorted out so that only two
voltages are generated. The current consumption of the
ladder is higher in this mode, with the one resistor
removed.

TABLE 21-3: LCD INTERNAL LADDER

POWER MODES (1/3 BIAS)
Power Nominal Resistance of | Nominal
Mode Entire Ladder oD
Low 3 Mohm 1 pA
Medium 300 kohm 10 pA
High 30 kohm 100 pA

2142 POWER MODES

The internal reference ladder may be operated in one of
three power modes. This allows the user to trade off LCD
contrast for power in the specific application. The larger
the LCD glass, the more capacitance is present on a
physical LCD segment, requiring more current to
maintain the same contrast level.

Three different power modes are available, LP, MP and
HP. The internal reference ladder can also be turned off
for applications that wish to provide an external ladder
or to minimize power consumption. Disabling the
internal reference ladder results in all of the ladders
being disconnected, allowing external voltages to be
supplied.

Whenever the LCD module is inactive (LCDA = 0), the
internal reference ladder will be turned off.
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2143  AUTOMATIC POWER MODE
SWITCHING

As an LCD segment is electrically only a capacitor, cur-
rent is drawn only during the interval where the voltage
is switching. To minimize total device current, the LCD
internal reference ladder can be operated in a different
power mode for the transition portion of the duration.
This is controlled by the LCDRL Register
(Register 21-7).

FIGURE 21-4:
TYPEA

The LCDLAD register allows switching between two
power modes, designated ‘A’ and ‘B’. ‘A" Power mode
is active for a programmable time, beginning at the
time win the LCD segments transition. ‘B’ Power mode
is the remaining time before the segments or com-
mons change again. The LRLAT<2:0> bits select how
long, if any, that the ‘A" Power mode is active. Refer
to Figure 21-4.

To implement this, the 5-bit prescaler used to divide
the 32 kHz clock down to the LCD controller's 1 kHz
base rate is used to select the power mode.

LCD INTERNAL REFERENCE LADDER POWER MODE SWITCHING DIAGRAM —

Single Segment Time

30kHz ck | | | | | | SS m

enti:0] | Y Hoo) o1 X Hoz) Ho3) Hoax Hos X Ho6X ‘Hovm HOEX "HOFY "H00 X "HO1|

lcd_ck

LRLAT[2:0] |

Segment Data D

le—— LRLAT<2:0>—»

Power Mode D Power Mode A )

A

Power Mode B ) Mode A |

FIGURE 21-5:
TYPEB

LCD INTERNAL REFERENCE LADDER POWER MODE SWITCHING DIAGRAM —

Single Segment Time

30kHz ck | | | | | | SS m

cnt[4:D]D H00) Ho1X Ho2) "HO3X "HoaX ‘HO5X "HO6Y ‘Hovm H1EX HIFY Ho0X HO1|

lcd_ck H
LRLAT[2:0] | H3 )) |
Segment Data D ) |
— LRLAT<2:0>—>] N
PowerMode | X PowerMode A K PowerMode B ) Mode A |
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REGISTER 21-7:

LCDRL: LCD REFERENCE LADDER CONTROL REGISTERS

R = Readable bit
u = bit is unchanged
1" = Bit is set

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 R/W-0/0 R/W-0/0 R/W-0/0
LRLAP1 LRLAPO LRLBP1 LRLBPO — LRLAT2 LRLAT1 LRLATO
bit 7 bit 0
Legend:

W = Writable bit U = Unimplemented bit, read as ‘0’
X = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘0’ = Bit is cleared

bit 7-6 LRLAP<1:0>: LCD Reference Ladder A Time Power Control bits
During Time interval A (Refer to Figure 21-4):
00 = Internal LCD Reference Ladder is powered down and unconnected
01 = Internal LCD Reference Ladder is powered in low-power mode
10 = Internal LCD Reference Ladder is powered in medium-power mode
11 = Internal LCD Reference Ladder is powered in high-power mode

bit 5-4 LRLBP<1:0>: LCD Reference Ladder B Time Power Control bits
During Time interval B (Refer to Figure 21-4):
00 = Internal LCD Reference Ladder is powered down and unconnected
01 = Internal LCD Reference Ladder is powered in low-power mode
10 = Internal LCD Reference Ladder is powered in medium-power mode
11 = Internal LCD Reference Ladder is powered in high-power mode

bit 3 Unimplemented: Read as ‘0’

bit 2-0 LRLAT<2:0>: LCD Reference Ladder A Time interval control bits
Sets the number of 32 kHz clocks that the A Time interval power mode is active

For type A waveforms (WFT = 0):

ooo =
001 =
010 =
011 =
100 =
101 =
110 =

Internal LCD Reference Ladder is always in ‘B’ power mode

Internal LCD Reference Ladder is in ‘A’ power mode for 1 clock and ‘B’ power mode for 15 clocks
Internal LCD Reference Ladder is in “A’ power mode for 2 clocks and ‘B’ power mode for 14 clocks
Internal LCD Reference Ladder is in ‘A’ power mode for 3 clocks and ‘B’ power mode for 13 clocks
Internal LCD Reference Ladder is in “A’ power mode for 4 clocks and ‘B’ power mode for 12 clocks
Internal LCD Reference Ladder is in ‘A’ power mode for 5 clocks and ‘B’ power mode for 11 clocks
Internal LCD Reference Ladder is in “A’ power mode for 6 clocks and ‘B’ power mode for 10 clocks

111 = Internal LCD Reference Ladder is in ‘A’ power mode for 7 clocks and ‘B’ power mode for 9 clocks

For type B waveforms (WFT = 1):

000 = Internal LCD Reference Ladder is always in ‘B’ power mode.

001 =
010 =
011 =
100 =
101 =
110 =

Internal LCD Reference Ladder is in ‘A’ power mode for 1 clock and ‘B’ power mode for 31 clocks
Internal LCD Reference Ladder is in “A’ power mode for 2 clocks and ‘B’ power mode for 30 clocks
Internal LCD Reference Ladder is in “A’ power mode for 3 clocks and ‘B’ power mode for 29 clocks
Internal LCD Reference Ladder is in “A’ power mode for 4 clocks and ‘B’ power mode for 28 clocks
Internal LCD Reference Ladder is in ‘A’ power mode for 5 clocks and ‘B’ power mode for 27 clocks
Internal LCD Reference Ladder is in “A’ power mode for 6 clocks and ‘B’ power mode for 26 clocks

111 = Internal LCD Reference Ladder is in ‘A’ power mode for 7 clocks and ‘B’ power mode for 25 clocks

DS41364A-page 252

Prelimi nary ® 2008 Microchip Technology Inc.




PIC16F193X/LF193X

2144 CONTRAST CONTROL

The LCD contrast control circuit consists of a
seven-tap resistor ladder, controlled by the LCDCST
bits. Refer to Figure 21-6.

The contrast control circuit is used to decrease the
output voltage of the signal source by a total of
approximately 10%, when LCDCST = 111.

Whenever the LCD module is inactive (LCDA = 0), the
contrast control ladder will be turned off (open).

FIGURE 21-6: INTERNAL REFERENCE AND CONTRAST CONTROL BLOCK DIAGRAM
|
\VDDIO | 7 Stages
1 | N
| R R R R
3.072v }—4—0—’\%—' oee
| Analo
From FVR 9
Buffer | MUX
| |7
| esee To top of _
| Reference Ladder
0
|
| LCDCST<2:0> |
| 3
Internal Reference | Contrast control

21.4.5 INTERNAL REFERENCE

Under firmware control, an internal reference for the
LCD bias voltages can be enabled. When enabled, the
source of this voltage can be either VDDIO or a voltage
3 times the main fixed voltage reference (3.072V).
When no internal reference is selected, the LCD con-
trast control circuit is disabled and LCD bias must be
provided externally.

Whenever the LCD module is inactive (LCDA = 0), the
internal reference will be turned off.

When the internal reference is enabled and the Fixed
Voltage Reference is selected, the LCDIRI bit can be
used to minimize power consumption by tieing into the
LCD reference ladder automatic power mode switch-
ing. When LCDIRI = 1, the power mode that the inter-
nal LCD reference ladder enables the buffer when in
power mode ‘A’ and disables it when in power mode ‘B'.

Note:  The LCD module automatically turns on the
fixed voltage reference when needed.

2146 VLCD<3:1> PINS

The VLCD<3:1> pins provide the ability for an external
LCD bias network to be used instead of the internal lad-
der. Use of the VLCD<3:1> pins does not prevent use
of the internal ladder. Each VLCD pin has an indepen-
dent control in the LCDREF register (Register 21-3),
allowing access to any or all of the LCD Bias signals.
This architecture allows for maximum flexibility in differ-
ent applications

For example, the VLCD<3:1> pins may be used to add
capacitors to the internal reference ladder, increasing
the drive capacity.

For applications where the internal contrast control is
insufficient, the firmware can choose to only enable the
VLCD3 pin, allowing an external contrast control circuit
to use the internal reference divider.
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21.5 LCD Multiplex Types TABLE 21-5: FRAME FREQUENCY

The LCD driver module can be configured into one of FORMULAS

four multiplex types: Multiplex Frame Frequency =

« Static (only COMO is used) Static Clock source/(4 x 1 x (LP<3:0> + 1))
* 1/2 multiplex (COM<1:0> are used) 1/2 Clock source/(2 x 2 x (LP<3:0> + 1))
+ 1/3 multiplex (COM<2:0> are used) 13 Clock source/(1 x 3 x (LP<3:0> + 1))
* 1/4 multiplex (COM<3:0> are used) 1/4 Clock source/(1 x 4 x (LP<3:0> + 1))
The LMUX<1:0> bit setting of the LCDCON register Note: Clock source is Fosc/256, T10SC or
decides which of the LCD common pins are used (see LFINTOSC.

Table 21-4 for details).

If the pin is a digital /O, the corresponding TRIS bit TABLE 21-6: APPROXIMATE FRAME
controls the data direction. If the pin is a COM drive, FREQUENCY (IN Hz) USING
then the TRIS setting of that pin is overridden. Fosc @ 8 MHz, TIMER1 @

32.768 kHz OR LFINTOSC

TABLE 21-4: COMMON PIN USAGE :

LP<3:0> Static 112 13 1/4
. LMUX

Multiplex <1:0> COM3 COM2 COM1 2 85 85 114 85
Static 00 Unused | Unused | Unused 3 64 64 85 64
1/2 01 Unused | Unused Active 4 51 51 68 51
1/3 10 Unused Active Active ° 43 43 o7 43
1/4 11 Active Active Active 6 37 37 49 37
7 32 32 43 32

21.6 Segment Enables

The LCDSEn registers are used to select the pin
function for each segment pin. The selection allows
each pin to operate as either an LCD segment driver or
as one of the pin’s alternate functions. To configure the
pin as a segment pin, the corresponding bits in the
LCDSERN registers must be set to ‘1’

If the pin is a digital I/O, the corresponding TRIS bit
controls the data direction. Any bit set in the LCDSEn
registers overrides any bit settings in the corresponding
TRIS register.

Note: On a Power-on Reset, these pins are
configured as normal I/O, not LCD pins.

21.7 Pixel Control

The LCDDATAX registers contain bits which define the
state of each pixel. Each bit defines one unique pixel.

Register 21-6 shows the correlation of each bit in the
LCDDATAXx registers to the respective common and
segment signals.

Any LCD pixel location not being used for display can
be used as general purpose RAM.
21.8 LCD Frame Frequency

The rate at which the COM and SEG outputs change is
called the LCD frame frequency.

DS41364A-page 254 Preliminary © 2008 Microchip Technology Inc.




PIC16F193X/LF193X

TABLE 21-7: LCD SEGMENT MAPPING WORKSHEET

LCD COMO0 COM1 Ccom2 COoMm3
Function
LCDDATAX LCD LCDDATAX LCD LCDDATAX LCD LCDDATAX LCD
Address Segment Address Segment Address Segment Address Segment
SEGO LCDDATAO, 0 LCDDATA3, 0 LCDDATAS, 0 LCDDATA9, 0
SEG1 LCDDATAO, 1 LCDDATA3, 1 LCDDATAS, 1 LCDDATAGY, 1
SEG2 LCDDATAO, 2 LCDDATA3, 2 LCDDATAS, 2 LCDDATAY, 2
SEG3 LCDDATAO, 3 LCDDATA3, 3 LCDDATAS, 3 LCDDATAY, 3
SEG4 LCDDATAO, 4 LCDDATA3, 4 LCDDATAS, 4 LCDDATAY, 4
SEG5 LCDDATAO, 5 LCDDATA3, 5 LCDDATAS, 5 LCDDATAY, 5
SEG6 LCDDATAO, 6 LCDDATA3, 6 LCDDATAS, 6 LCDDATAY, 6
SEGT LCDDATAO, 7 LCDDATA3, 7 LCDDATAS, 7 LCDDATA9, 7
SEG8 LCDDATA1, 0 LCDDATA4, 0 LCDDATA7, 0 LCDDATA10, 0
SEG9Y LCDDATA1, 1 LCDDATA4, 1 LCDDATAT, 1 LCDDATA10, 1
SEG10 LCDDATA1, 2 LCDDATA4, 2 LCDDATA7, 2 LCDDATA10, 2
SEG11 LCDDATA1, 3 LCDDATA4, 3 LCDDATA7, 3 LCDDATA10, 3
SEG12 LCDDATA1, 4 LCDDATA4, 4 LCDDATA7, 4 LCDDATA10, 4
SEG13 LCDDATA1, 5 LCDDATA4, 5 LCDDATA7, 5 LCDDATA10, 5
SEG14 LCDDATA1, 6 LCDDATA4, 6 LCDDATA7, 6 LCDDATA10, 6
SEG15 LCDDATA1, 7 LCDDATA4, 7 LCDDATA7, 7 LCDDATA10, 7
SEG16 LCDDATAZ, 0 LCDDATAS, 0 LCDDATAS, 0 LCDDATA11, 0
SEG17 LCDDATAZ, 1 LCDDATAS, 1 LCDDATAS, 1 LCDDATA11, 1
SEG18 LCDDATAZ, 2 LCDDATAS, 2 LCDDATAS, 2 LCDDATA11, 2
SEG19 LCDDATAZ, 3 LCDDATAS, 3 LCDDATAS, 3 LCDDATA11, 3
SEG20 LCDDATAZ, 4 LCDDATAS, 4 LCDDATAS, 4 LCDDATA11, 4
SEG21 LCDDATAZ, 5 LCDDATAS, 5 LCDDATAS, 5 LCDDATA11, 5
SEG22 LCDDATAZ, 6 LCDDATAS, 6 LCDDATAS, 6 LCDDATA11, 6
SEG23 LCDDATAZ, 7 LCDDATAS, 7 LCDDATAS, 7 LCDDATA11, 7
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21.9 LCD Waveform Generation

LCD waveforms are generated so that the net AC
voltage across the dark pixel should be maximized and
the net AC voltage across the clear pixel should be
minimized. The net DC voltage across any pixel should
be zero.

The COM signal represents the time slice for each
common, while the SEG contains the pixel data.

The pixel signal (COM-SEG) will have no DC
component and it can take only one of the two RMS
values. The higher RMS value will create a dark pixel
and a lower RMS value will create a clear pixel.

As the number of commons increases, the delta
between the two RMS values decreases. The delta
represents the maximum contrast that the display can
have.

FIGURE 21-7:

The LCDs can be driven by two types of waveform:
Type-A and Type-B. In Type-A waveform, the phase
changes within each common type, whereas in Type-B
waveform, the phase changes on each frame
boundary. Thus, Type-A waveform maintains 0 VDC
over a single frame, whereas Type-B waveform takes
two frames.

Note 1: If Sleep has to be executed with LCD
Sleep disabled (LCDCON<SLPEN> is
‘1"), then care must be taken to execute
Sleep only when VDC on all the pixels is
‘0.

2: When the LCD clock source is FOSC/258,
if Sleep is executed, irrespective of the
LCDCON<SLPEN> setting, the LCD
immediately goes into Sleep. Thus, take
care to see that VDC on all pixels is ‘0’

when Sleep is executed.

Figure 21-7 through Figure 21-17 provide waveforms

for static, half-multiplex, 1/3-multiplex and 1/4-multiplex

drives for Type-A and Type-B waveforms.

TYPE-A/TYPE-B WAVEFORMS IN STATIC DRIVE

V4
COMO
COMO Vo
1 V1
SEGO
Vo
1 V1
Vo
. v
COMO-SEGO - - - S D (N N A D T S RV
-V_]
%’* COMO-SEGH ' Vo
—'1 Frame'+=—
~OWw=rom (o] — QO
BOBOB O OO
LU LU Ll L L L
[N NI RTpN)] w ww

DS41364A-page 256

Preliminary

© 2008 Microchip Technology Inc.



PIC16F193X/LF193X

FIGURE 21-8: TYPE-A WAVEFORMS IN 1/2 MUX, 1/2 BIAS DRIVE
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FIGURE 21-9: TYPE-B WAVEFORMS IN 1/2 MUX, 1/2 BIAS DRIVE
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FIGURE 21-10: TYPE-A WAVEFORMS IN 1/2 MUX, 1/3 BIAS DRIVE
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FIGURE 21-11: TYPE-B WAVEFORMS IN 1/2 MUX, 1/3 BIAS DRIVE
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FIGURE 21-12: TYPE-A WAVEFORMS IN 1/3 MUX, 1/2 BIAS DRIVE
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FIGURE 21-13: TYPE-B WAVEFORMS IN 1/3 MUX, 1/2 BIAS DRIVE
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FIGURE 21-14: TYPE-A WAVEFORMS IN 1/3 MUX, 1/3 BIAS DRIVE

COMO

COMZ—W

COM1
COoM1
COMO

CoM2

SEGO
SEG2

-
r

SEG2
SEG1
SEGO
<
[95]

SEG1

: —
COMO-SEGO ‘ ‘ ‘ : ‘ ‘ : Vo

COMO-SEG1T ---1-

© 2008 Microchip Technology Inc. Preliminary DS41364A page 263



PIC16F193X/LF193X

FIGURE 21-15: TYPE-B WAVEFORMS IN 1/3 MUX, 1/3 BIAS DRIVE
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FIGURE 21-16: TYPE-A WAVEFORMS IN 1/4 MUX, 1/3 BIAS DRIVE
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FIGURE 21-17: TYPE-B WAVEFORMS IN 1/4 MUX, 1/3 BIAS DRIVE
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21.10 LCD Interrupts

The LCD module provides an interrupt in two cases. An
interrupt when the LCD controller goes from active to
inactive controller. An interrupt also provides unframe
boundaries for Type B waveform. The LCD timing gen-
eration provides an interrupt that defines the LCD
frame timing.

21.10.1  LCD INTERRUPT ON MODULE
SHUTDOWN

An LCD interrupt is generated when the module com-
pletes shutting down (LCDA goes from ‘1" to ‘0).

21.10.2 LCD FRAME INTERRUPTS

A new frame is defined to begin at the leading edge of
the COMO common signal. The interrupt will be set
immediately after the LCD controller completes access-
ing all pixel data required for a frame. This will occur at
a fixed interval before the frame boundary (TFINT), as
shown in Figure 21-18. The LCD controller will begin to
access data for the next frame within the interval from
the interrupt to when the controller begins to access
data after the interrupt (TFWR). New data must be writ-
ten within TFWR, as this is when the LCD controller will
begin to access the data for the next frame.

When the LCD driver is running with Type-B waveforms
and the LMUX<1:0> bits are not equal to ‘00 (static
drive), there are some additional issues that must be
addressed. Since the DC voltage on the pixel takes two
frames to maintain zero volts, the pixel data must not
change between subsequent frames. If the pixel data
were allowed to change, the waveform for the odd
frames would not necessarily be the complement of the
waveform generated in the even frames and a DC
component would be introduced into the panel.
Therefore, when using Type-B waveforms, the user
must synchronize the LCD pixel updates to occur within
a subframe after the frame interrupt.

To correctly sequence writing while in Type-B, the
interrupt will only occur on complete phase intervals. If
the user attempts to write when the write is disabled,
the WERR bit of the LCDCON register is set and the
write does not occur.

Note: The LCD frame interrupt is not generated
when the Type-A waveform is selected and
when the Type-B with no multiplex (static)
is selected.
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FIGURE 21-18: WAVEFORMS AND INTERRUPT TIMING IN QUARTER-DUTY CYCLE DRIVE
(EXAMPLE - TYPE-B, NON-STATIC)
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21.11 Operation During Sleep

The LCD module can operate during Sleep. The
selection is controlled by bit SLPEN of the LCDCON
register. Setting the SLPEN bit allows the LCD module
to go to Sleep. Clearing the SLPEN bit allows the
module to continue to operate during Sleep.

If a SLEEP instruction is executed and SLPEN = 1, the
LCD module will cease all functions and go into a very
low-current Consumption mode. The module will stop
operation immediately and drive the minimum LCD
voltage on both segment and common lines.
Figure 21-19 shows this operation.

The LCD module can be configured to operate during
Sleep. The selection is controlled by bit SLPEN of the
LCDCON register. Clearing SLPEN and correctly con-
figuring the LCD module clock will allow the LCD mod-
ule to operate during Sleep. Setting SLPEN and
correctly executing the LCD module shutdown will dis-
able the LCD module during Sleep and save power.

If a SLEEP instruction is executed and SLPEN = 1, the
LCD module will immediately cease all functions, drive
the outputs to Vss and go into a very low-current mode.
The SLEEP instruction should only be executed after
the LCD module has been disabled and the current
cycle completed, thus ensuring that there are no DC
voltages on the glass. To disable the LCD module,
clear the LCDEN bit. The LCD module will complete the
disabling process after the current frame, clear the
LCDA bit and optionally cause an interrupt.

The steps required to properly enter Sleep with the
LCD disabled are:

+ Clear LCDEN
» Wait for LCDA = 0 either by polling or by interrupt
» Execute SLEEP

If SLPEN = 0 and SLEEP is executed while the LCD
module clock source is Fosc/4, then the LCD module
will halt with the pin driving the last LCD voltage pat-
tern. Prolonged exposure to a fixed LCD voltage pat-
tern will cause damage to the LCD glass. To prevent
LCD glass damage, either perform the proper LCD
module shutdown prior to Sleep, or change the LCD
module clock to allow the LCD module to continue
operation during Sleep.

If a SLEEP instruction is executed and SLPEN = 0 and
the LCD module clock is either T10SC or LFINTOSC,
the module will continue to display the current contents
of the LCDDATA registers. While in Sleep, the LCD
data cannot be changed. If the LCDIE bit is set, the
device will wake from Sleep on the next LCD frame
boundary. The LCD module current consumption will
not decrease in this mode; however, the overall device
power consumption will be lower due to the shutdown
of the CPU and other peripherals.

Table 21-8 shows the status of the LCD module during
a Sleep while using each of the three available clock
sources.

Note:  When the LCDEN bit is cleared, the LCD
module will be disabled at the completion
of frame. At this time, the port pins will
revert to digital functionality. To minimize
power consumption due to floating digital
inputs, the LCD pins should be driven low
using the PORT and TRIS registers.

If a SLEEP instruction is executed and SLPEN = 0, the
module will continue to display the current contents of
the LCDDATA registers. To allow the module to
continue operation while in Sleep, the clock source
must be either the LFINTOSC or T10SC external
oscillator. While in Sleep, the LCD data cannot be
changed. The LCD module current consumption will
not decrease in this mode; however, the overall
consumption of the device will be lower due to shut
down of the core and other peripheral functions.

Table 21-8 shows the status of the LCD module during
Sleep while using each of the three available clock
sources:

TABLE 21-8: LCD MODULE STATUS
DURING SLEEP

Operational
Clock Source SLPEN During Sleep
T10SC 2 ves
1 No
0 Yes
LFINTOSC
1 No
0 No
Fosc/4
1 No
Note: The LFINTOSC or external T10SC
oscillator must be used to operate the LCD
module during Sleep.

If LCD interrupts are being generated (Type-B wave-
form with a multiplex mode not static) and LCDIE = 1,
the device will awaken from Sleep on the next frame
boundary.

@ 2008 Microchip Technology Inc.
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FIGURE 21-19:
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21.12 Configuring the LCD Module

The following is the sequence of steps to configure the
LCD module.

1. Select the frame clock prescale using bits
LP<3:0> of the LCDPS register.
2. Configure the appropriate pins to function as
segment drivers using the LCDSEn registers.
3. Configure the LCD module for the following
using the LCDCON register:
- Multiplex and Bias mode, bits LMUX<1:0>
- Timing source, bits CS5<1:0>
- Sleep mode, bit SLPEN
4. Write initial values to pixel data registers,

LCDDATAQ through LCDDATA11 (LCDDATA23
on PIC16F1938).

5. Clear LCD Interrupt Flag, LCDIF bit of the PIR2
register and if desired, enable the interrupt by
setting bit LCDIE of the PIE2 register.

6. Configure bias voltages by setting the LCDRL,
LCDREF and the associated ANSELx
registers as needed.

7. Enable the LCD module by setting bit LCDEN of
the LCDCON register.

21.13 Disabling the LCD Module

To disable the LCD module, write all ‘0's to the
LCDCON register.

21.14 LCD Current Consumption

When using the LCD module the current consumption
consists of the following three factors:

» Oscillator Selection
* LCD Bias Source
» Capacitance of the LCD segments

The current consumption of just the LCD module can
be considered negligible compared to these other
factors.

21141 OSCILLATOR SELECTION

The current consumed by the clock source selected
must be considered when using the LCD module. See
Section 28.0 “Electrical Specifications” for oscillator
current consumption information.

21142 LCD BIAS SOURCE

The LCD bias source, internal or external, can contrib-
ute significantly to the current consumption. Use the
highest possible resistor values while maintaining
contrast to minimize current.

21143 CAPACITANCE OF THE LCD
SEGMENTS

The LCD segments which can be modeled as capaci-
tors which must be both charged and discharged every
frame. The size of the LCD segment and its technology
determines the segment’s capacitance.

@ 2008 Microchip Technology Inc.
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TABLE 21-9: REGISTERS ASSOCIATED WITH LCD OPERATION
Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register
on Page
INTCON GIE PEIE TMROIE INTE 10CIE TMROIF INTF I0CIF 73
LCDCON LCDEN SLPEN WERR — CS1 CSs0 LMUX1 LMUXO0 243
LCDCST — — — — — LCDCST2 | LCDCST1 | LCDCSTO 246
LCDDATAOD SEGT7 SEG6E SEG5 SEG4 SEG3 SEG2 SEG1 SEGO 247
COMO COMO COMO COMO COMO COMO COMO COMO
LCDDATA1 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEGS 247
COMO COMO COMO COMO COMO COMO COMO COMO
LCDDATA2 SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 247
COMO COMO COMO COMO COMO COMO COMO COMO
LCDDATA3 SEGT7 SEG6E SEG5 SEG4 SEG3 SEG2 SEG1 SEGO 247
COM1 COMA1 COM1 COM1 COM1 COM1 COMA1 COM1
LCDDATA4 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEGS 247
COM1 COMA1 COM1 COM1 COM1 COM1 COMA1 COM1
LCDDATAS SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 247
COM1 COMA1 COM1 COM1 COM1 COM1 COMA1 COM1
LCDDATAB SEGT7 SEG6E SEG5 SEG4 SEG3 SEG2 SEG1 SEGO 247
COm2 COom2 COM2 COM2 COm2 COM2 Ccomz2 COM2
LCDDATAT SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEGS 247
COm2 COom2 COM2 COM2 COm2 COM2 Ccomz2 COM2
LCDDATAS SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 247
COm2 COom2 COM2 COM2 COm2 COM2 Ccomz2 COM2
LCDDATAS9 SEGT7 SEG6E SEG5 SEG4 SEG3 SEG2 SEG1 SEGO 247
COM3 COM3 COM3 COM3 COM3 COM3 COM3 COM3
LCDDATA10 SEG15 SEG14 SEG13 SEG12 SEG11 SEG10 SEG9 SEGS 247
COM3 COM3 COM3 COM3 COM3 COM3 COM3 COM3
LCDDATA11 SEG23 SEG22 SEG21 SEG20 SEG19 SEG18 SEG17 SEG16 247
COM3 COM3 COM3 COM3 COM3 COM3 COM3 COM3
LCDPS WFT BIASMD LCDA WA LP3 LP2 LP1 LPO 244
LCDREF LCDIRE LCDIRS LCDIRI — VLCD3PE | VLCD2PE | VLCD1PE — 245
LCDRL LRLAP1 LRLAPO LRLBP1 LRLBPO — LRLAT2 LRLATH1 LRLATO 252
LCDSEO SE7 SE6 SE5 SE4 SE3 SE2 SE1 SEO 247
LCDSE1 SE15 SE14 SE13 SE12 SE11 SE10 SE9 SE8 247
LCDSE2 SE23 SE22 SE21 SE20 SE19 SE18 SE17 SE16 247
PIE2 OSFIE C2IE C1lE EEIE BCLIE LCDIE — CCP2IE 75
PIR2 OSFIF C2IF C1IF EEIF BCLIF LCDIF — CCP2IF 78
T1CON TMR1CS1 | TMR1CSO0 | TICKPS1 | TICKPSO | TIOSCEN | T1SYNC — TMR10ON 160
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0’. Shaded cells are not used by the LCD module.

DS41364A-page 272

Preliminary

© 2008 Microchip Technology Inc.




PIC16F193X/LF193X

22.0 MASTER SYNCHRONOUS Figure 22-1 is a block diagram of the SPI interface
SERIAL PORT (MSSP) module.
MODULE

221 Master SSP (MSSP) Module
Overview

The Master Synchronous Serial Port (MSSP) module is
a serial interface useful for communicating with other
peripheral or microcontroller devices. These peripheral
devices may be Serial EEPROMSs, shift registers, dis-
play drivers, A/D converters, etc. The MSSP module
can operate in one of two modes:

+ Serial Peripheral Interface (SPI)

+ Inter-Integrated Circuit (I2C™)

The SPI interface supports the following modes and
features:

* Master mode

+ Slave mode

» Clock Parity

+ Slave Select Synchronization (Slave mode only)

» Daisy chain connection of Slave devices

FIGURE 22-1: MSSP BLOCK DIAGRAM (SPI MODE)
< > Data Bus
Read *Ziij% Write
SSPBUF Reg
SDI Zi JL
Xf—i2> SSPSR Reg
sSDO bit 0 Shlft
& 1 Clock
SS SS Control 2 (CKP. CKE)
Enable Clock Select
Edge
Select
SSPM<3:.0>
4 TMR2 Output )
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X Select 46 ea—
Baud rate
. generator
TRIS bit (SSPADD)
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The 1°C interface supports the following modes and
features:

* Master mode

» Slave mode

» Byte NACKing (Slave mode)

+ Limited Multi-master support

« 7-bit and 10-bit addressing

« Start and Stop interrupts

* Interrupt masking

» Clock stretching

* Bus collision detection

» General call address matching

» Address masking

* Address Hold and Data Hold modes

» Selectable SDA hold times

Figure 22-2 is a block diagram of the I2C interface mod-

ule in Master mode. Figure 22-3 is a diagram of the 1’c
interface module in Slave mode.

FIGURE 22-2: MSSP BLOCK DIAGRAM (12C™ MASTER MODE)
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FIGURE 22-3: MSSP BLOCK DIAGRAM (IZC“" SLAVE MODE)
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22.2 MSSP Control Registers

The MSSP module has seven associated registers:

» MSSP STATUS register (SSPSTAT)

» MSSP Control Register 1 (SSPCON1)

» MSSP Control Register 2 (SSPCON2)

» MSSP Control Register 3 (SSPCON3)

+ MSSP Address Masking register (SSPMSK)
» MSSP Data Buffer register (SSPBUF)

» MSSP Address register (SSPADD)
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REGISTER 22-1: SSPSTAT: SSP STATUS REGISTER

R/W-0/0

R/W-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0

CKE D/A P S RwW UA BF

bit 7

bit 0

Legend:

R = Readable bit
u = bit is unchanged X = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1" =Bit is set

W = Writable bit U = Unimplemented bit, read as ‘0

‘0" = Bitis cleared

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SMP: SPI Data Input Sample bit

SPI Master mode:

1 = Input data sampled at end of data output time

0 = Input data sampled at middle of data output time

SPI Slave mode:

SMP must be cleared when SPI is used in Slave mode

In I2C Master or Slave mode:

1 = Slew rate control disabled for standard speed mode (100 kHz and 1 MHz)
0 = Slew rate control enabled for high speed mode (400 kHz)

CKE: SPI Clock Edge Select bit (SPI mode only)

CKP =0:

1 = Data transmitted on rising edge of SCK

0 = Data transmitted on falling edge of SCK

CKP = 1:

1 = Data transmitted on falling edge of SCK

0 = Data transmitted on rising edge of SCK

DIA: Data/Address bit (I2C mode only)

1 = Indicates that the last byte received or transmitted was data

0 = Indicates that the last byte received or transmitted was address

P: Stop bit

{IZC mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)
1 = Indicates that a Stop bit has been detected last (this bit is ‘0" on Reset)

0 = Stop bit was not detected last

§: Start bit

{IZC mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)
1 = Indicates that a Start bit has been detected last (this bit is "0’ on Reset)

0 = Start bit was not detected last

RIW: Read/Write bit information {IZC mode only)

This bit holds the RAW bit information following the last address match. This bit is only valid from the address match
to the next Start bit, Stop bit, or not ACK bit.

In I2C Slave mode:
1= Read
0= Write
In 2C Master mode:
1 = Transmit is in progress
0 = Transmit is not in progress
OR-ing this bit with SEN, RSEN, PEN, RCEN or ACKEN will indicate if the MSSP is in Idle mode.

UA: Update Address bit (10-bit 12C mode only)

1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated

BF: Buffer Full Status bit

Receive (SPI and |12C modes):

1 = Receive complete, SSPBUF is full
0 = Receive not complete, SSPBUF is empty

Transmit (I°C mode only):

1 = Data transmit in progress (does not include the ACK and Stop bits), SSPBUF is full
0 = Data transmit complete (does not include the ACK and Stop bits), SSPBUF is empty
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REGISTER 22-2: SSPCON1: SSP CONTROL REGISTER 1

R/W-0/0 R/W-0/0 R/W-0/0 RAW-0/0 RAW-0/0 RAW-0/0 RAW-0/0 R/W-0/0
wcoL | ssPov | sSPEN | ckp | SSPM3 | SSPM2 SSPM1 SSPMO
bit 7 bit 0
Legend:
R = Readable bit W = Witable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged ¥ = Bit is unknown -n/n = Value at POR and BORMValue at all other Resets
‘1" = Bitis set ‘0" = Bitis cleared

bit 7 WCOL: Wnite Collision Detect bit

IMaster mode:
1= Awrite to the SSPBUF register was attempted while the 12C conditions were not valid for a transmission to be started
0= No collision

1 = The SSPBUF register is wntten while it is still transmitting the previous word (must be cleared in software)
0= No collision

bit 6 SSPOV: Receive Overflow Indicator bit!?

1= Anew byte is received while the SSPBUF register is still holding the previous data. In case of overflow, the data in SSPSR s lost.
Overflow can only occur in Slave mode. In Slave mode, the user must read the SSPBUF, even if only transmitting data, to avoid
setting overflow. In Master mode, the overflow bit is not set since each new reception (and transmission) is initiated by writing to the
SSPBUF register (must be cleared in software).

0 :2 No overflow

1= A byte is received while the SSPBUF register is still holding the previous byte. SSPOV is a "don't care” in Transmit mode
(must be cleared in software).
0= No overflow

bit 5 SSPEN: Synchronous Serial Port Enable bit
In both modes, when enabled, these pins must be properly configured as input or output
In SPI mode: —
1= Enables serial port and configures SCK, SDO, SDI and SS as the source of the serial port pins(2)
0 :2 Disables serial port and configures these pins as /O port pins

In1°C mode: ) _ ) 3)
1 = Enables the senal port and configures the SDA and SCL pins as the source of the senal port pins
0= Disables serial port and configures these pins as I/O port pins

bit 4 CKP: Clock Polarity Select bit

In SPI mode:
1 = |dle state for clock is a high level
0 :2Idle state for clock is a low level

5SCK release control

1 = Enable clock

0 = Holds clock low (clock stretch). (Used to ensure data setup time.)
In 12C Master mode:

Unused in this mode

bit 3-0 S$5PM<3:0>: Synchronous Serial Port Mode Select bits
0000 = SPI Master mode, clock = Fosc/4
0001 = SPI Master mode, clock = Fosc/16
0010 = SPI Master mode, clock = Fosc/64
0011 = SPI Master mode, clock = TMR2 output/2
0100 = SPI Slave mode, clock = SCK pin, SS pin control enabled
0101 = SPI Slave mode, clock = SCK pin, SS pin control disabled, SS can be used as /O pin
p110= 4 C Slave mode, 7-bit address
p111= 12 C Slave mode, 10-bit address
1000 = 12C Master mode, clock = FOSC / (4 * (SSPADD+1))14)
1001 = Reserved
1010 = SPI Master mode, clock = Fosc/(4 * (SSPADD+1))
1011 = I2C firmware c.ontrolled Master mode (Slave idle)
1100 = Reserved
1101= Reserved
1110= 2 C Slave mode, 7-bit address with Start and Stop bit interrupts enabled
1111 = I°C Slave mode 10-bit address with Start and Stop bit interrupts enabled

Note In Master mode, the overflow bit is not set since each new reception (and transmission) is initiated by writing to the SSPBUF register.
When enabled, these pins must be properly configured as input or output.
When enabled, the SDA and SCL pins must be configured as inputs.

SSPADD values of 0, 1 or 2 are not supported for 12C Mode.

PoOM2
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REGISTER 22-3: SSPCON2: SSP CONTROL REGISTER 2

R/W-0/0 R-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bit is cleared
bit 7 GCEN: General Call Enable bit (in [2C Slave mode only)

1 = Enable interrupt when a general call address (0x00 or 00h) is received in the SSPSR
0 = General call address disabled
bit 6 ACKSTAT: Acknowledge Status bit (in 12C mode only)
1 = Acknowledge was not received
0 = Acknowledge was received
bit 5 ACKDT: Acknowledge Data bit (in I°C mode only)
In Receive mode:
Value transmitted when the user initiates an Acknowledge sequence at the end of a receive
1 = Not Acknowledge
0 = Acknowledge
bit 4 ACKEN: Acknowledge Sequence Enable bit (in I°C Master mode only)
In Master Receive mode:
1 = Initiate Acknowledge sequence on SDA and SCL pins, and transmit ACKDT data bit.
Automatically cleared by hardware.
0 = Acknowledge sequence idle
bit 3 RCEN: Receive Enable bit (in I°C Master mode only)
1 = Enables Receive mode for I°C
0 = Receive idle
bit 2 PEN: Stop Condition Enable bit (in I°C Master mode only)
SCK Release Control:
1 = Initiate Stop condition on SDA and SCL pins. Automatically cleared by hardware.
0 = Stop condition Idle
bit 1 RSEN: Repeated Start Condition Enabled bit (in [2C Master mode only)
1 = Initiate Repeated Start condition on SDA and SCL pins. Automatically cleared by hardware.
0 = Repeated Start condition Idle
bit 0 SEN: Start Condition Enabled bit (in 12C Master mode only)
In Master mode:
1 = Initiate Start condition on SDA and SCL pins. Automatically cleared by hardware.
0 = Start condition Idle
In Slave mode:
1 = Clock stretching is enabled for both slave transmit and slave receive (stretch enabled)
0 = Clock stretching is disabled

Note 1: For bits ACKEN, RCEN, PEN, RSEN, SEN: If the I2C module is not in the Idle mode, this bit may not be
set (no spooling) and the SSPBUF may not be written (or writes to the SSPBUF are disabled).
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REGISTER 22-4: SSPCON3: SSP CONTROL REGISTER 3

R-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bitis set ‘0" = Bit is cleared
bit 7 ACKTIM: Acknowledge Time Status bit (12C mode only)

1 = Indicates the I2C bus is in an Acknowledge sequence, set on 8™ falling edge of SCL clock
0 = Not an Acknowledge sequence, cleared on 9™ rising edge of SCL clock

bit 6 PCIE: Stop Condition Interrupt Enable bit (|2c mode only)

1 = Enable interrupt on detection of Stop condition
0 = Stop detection interrupts are disabled®

bit 5 SCIE: Start Condition Interrupt Enable bit (IQC mode only)

1 = Enable interrupt on detection of Start or Restart conditions
0 = Start detection interrupts are disabled(®

bit 4 BOEN: Buffer Overwrite Enable bit

In SPI Slave mode:("
1 = SSPBUF updates every time that a new data byte is shifted in ignoring the BF bit
0 = If new byte is received with BF bit of the SSPSTAT register already set, SSPOV bit of the
SSPCONT1 register is set, and the buffer is not updated
In I2C Master mode:
This bit is ignored.
In I2C Slave mode:
1 = SSPBUF is updated and ACK is generated for a received address/data byte, ignoring the state
of the SSPOV bit only if the BF bit = 0.

0 = SSPBUF is only updated when SSPOV is clear
bit 3 SDAHT: SDA Hold Time Selection bit (12C mode only)

1 = Minimum of 300 ns hold time on SDA after the falling edge of SCL
0 = Minimum of 100 ns hold time on SDA after the falling edge of SCL

bit 2 SBCDE: Slave Mode Bus Collision Detect Enable bit (IZC Slave mode only)

If on the rising edge of SCL, SDA is sampled low when the module is outputting a high state, the BCLIF
bit of the PIR2 register is set, and bus goes idle

1 = Enable slave bus collision interrupts
0 = Slave bus collision interrupts are disabled
bit 1 AHEN: Address Hold Enable bit (I2C Slave mode only)
1 = Following the 8th falling edge of SCL for a matching received address byte; CKP bit of the
SSPCONT1 register will be cleared and the SCL will be held low.
0 = Address holding is disabled
bit 0 DHEN: Data Hold Enable bit (I12C Slave mode only)
1 = Following the 8th falling edge of SCL for a received data byte; slave hardware clears the CKP bit
of the SSPCON1 register and SCL is held low.
0 = Data holding is disabled

Note 1: For daisy-chained SPI operation; allows the user to ignore all but the last received byte. SSPOV is still set
when a new byte is received and BF = 1, but hardware continues to write the most recent byte to SSPBUF.

2: This bit has no effect in Slave modes that Start and Stop condition detection is explicitly listed as enabled.
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REGISTER 22-5: SSPMSK: SSP MASK REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 RW-1/1 R/W-1/1
MSK7 MSK6 MSK5 MSK4 MSK3 MSK2 MSK1 Msko

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged X = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
1" = Bit is set ‘0" = Bit is cleared
bit 7-1 MSK<7:1>: Mask bits

1= The received address bit n is compared to SSPADD<n> to detect [°C address match
0= The received address bit n is not used to detect I°C address match
bit 0 MSK<0>: Mask bit for 12C Slave mode, 10-bit Address
I2C Slave mode, 10-bit address (SSPM<3:0> = 0111 or 1111):
1= The received address bit 0 is compared to SSPADD<0> to detect [°C address match

0= The received address bit 0 is not used to detect I2C address match
I2C Slave mode, 7-bit address, the bit is ignored

REGISTER 22-6: SSPADD: MSSP ADDRESS AND BAUD RATE REGISTER (I°C MODE)

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
ADD7 ADD6 ADD5 ADD4 ADD3 ADD2 | ADD1 | ADDO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bitis cleared

Master mode:

bit 7-0 ADD<7:0>: Baud Rate Clock Divider bits
SCL pin clock period = ((ADD<7:0> + 1) *4)/Fosc

10-Bit Slave mode — Most Significant Address byte:

bit 7-3 Not used: Unused for Most Significant Address byte. Bit state of this register is a “don’t care”. Bit pat-
tern sent by master is fixed by 1“C specification and must be equal to ‘11110°. However, those bits are
compared by hardware and are not affected by the value in this register.

bit 2-1 ADD<2:1>: Two Most Significant bits of 10-bit address
bit 0 Not used: Unused in this mode. Bit state is a “don’t care”.

10-Bit Slave mode — Least Significant Address byte:
bit 7-0 ADD<7:0>: Eight Least Significant bits of 10-bit address

7-Bit Slave mode:

bit 7-1 ADD<7:1>: 7-bit address
bit 0 Not used: Unused in this mode. Bit state is a “don’t care”.
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22.3 SPl Mode

The SPI mode allows 8 bits of data to be synchronously
transmitted and received simultaneously. All four clock
modes of SPI are supported in both Master and Slave
modes. To accomplish communication, typically three
pins are used:

» Serial Data Out (SDO)

» Serial Data In (SDI)

» Serial Clock (SCK)

Additionally, a fourth pin may be used when in a Slave
mode of operation:

+ Slave Select (SS)

Figure 22-1 shows the block diagram of the MSSP
module when operating in SPI mode.

22.31 REGISTERS

The MSSP module has five registers for SPI mode
operation. These are:

» MSSP STATUS register (SSPSTAT)

» MSSP Control Register 1 (SSPCON1)
» MSSP Control Register 3 (SSPCON3)
» MSSP Data Buffer register (SSPBUF)
» MSSP Address register (SSPADD)

» MSSP Shift register (SSPSR)
(Not directly accessible)

SSPCON1 and SSPSTAT are the control and STATUS
registers in SPl mode operation. The SSPCON1 regis-
ter is readable and writable. The lower 6 bits of the
SSPSTAT are read-only. The upper two bits of the
SSPSTAT are read/write.

In one SPI master mode, SSPADD can be loaded with
a value used in the Baud Rate Generator. More infor-
mation on the Baud Rate Generator is available in
Section 22.7 “Baud Rate Generator”.

SSPSR is the shift register used for shifting data in and
out. SSPBUF provides indirect access to the SSPSR
register. SSPBUF is the buffer register to which data
bytes are written, and from which data bytes are read.

In receive operations, SSPSR and SSPBUF together
create a buffered receiver. When SSPSR receives a
complete byte, it is transferred to SSPBUF and the
SSPIF interrupt is set.

During transmission, the SSPBUF is not buffered. A
write to SSPBUF will write to both SSPBUF and
SSPSR.

22.3.2 OPERATIONS

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits (SSPCON1<5:0> and SSPSTAT<7:6>).
These control bits allow the following to be specified:

» Master mode (SCK is the clock output)
» Slave mode (SCK is the clock input)
» Clock Polarity (Idle state of SCK)

» Data Input Sample Phase (middle or end of data
output time)

» Clock Edge (output data on rising/falling edge of
SCK)

» Clock Rate (Master mode only)
+ Slave Select mode (Slave mode only)

The MSSP consists of a transmit/receive shift register
(SSPSR) and a buffer register (SSPBUF). The SSPSR
shifts the data in and out of the device, MSb first. The
SSPBUF holds the data that was written to the SSPSR
until the received data is ready. Once the 8 bits of data
have been received, that byte is moved to the SSPBUF
register. Then, the Buffer Full Detect bit, BF of the
SSPSTAT register, and the interrupt flag bit, SSPIF, are
set. This double-buffering of the received data
(SSPBUF) allows the next byte to start reception before
reading the data that was just received. Any write to the
SSPBUF register during transmission/reception of data
will be ignored and the write collision detect bit WCOL
of the SSPCON1 register, will be set. User software
must clear the WCOL bit to allow the following write(s)
to the SSPBUF register to complete successfully.

When the application software is expecting to receive
valid data, the SSPBUF should be read before the next
byte of data to transfer is written to the SSPBUF. The
Buffer Full bit, BF of the SSPSTAT register, indicates
when SSPBUF has been loaded with the received data
(transmission is complete). When the SSPBUF is read,
the BF bit is cleared. This data may be irrelevant if the
SPl is only a transmitter. Generally, the MSSP interrupt
is used to determine when the transmission/reception
has completed. If the interrupt method is not going to
be used, then software polling can be done to ensure
that a write collision does not occur.

The SSPSR is not directly readable or writable and can
only be accessed by addressing the SSPBUF register.
Additionally, the SSPSTAT register indicates the
various Status conditions.
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22.3.3 ENABLING SPI /O

To enable the serial port, SSP Enable bit, SSPEN of the
SSPCONT1 register, must be set. To reset or reconfig-
ure SPl mode, clear the SSPEN bit, re-initialize the
SSPCONKX registers and then set the SSPEN bit. This
configures the SDI, SDO, SCK and SS pins as serial
port pins. For the pins to behave as the serial port func-
tion, some must have their data direction bits (in the
TRIS register) appropriately programmed as follows:

» SDI must have corresponding TRIS bit set
+ SDO must have corresponding TRIS bit cleared

* SCK (Master mode) must have corresponding
TRIS bit cleared

» SCK (Slave mode) must have corresponding
TRIS bit set

+ SS must have corresponding TRIS bit set
Any serial port function that is not desired may be

overridden by programming the corresponding data
direction (TRIS) register to the opposite value.

2234 TYPICAL CONNECTION

Figure 22-4 shows a typical connection between two
microcontrollers. The master controller (Processor 1)
initiates the data transfer by sending the SCK signal.
Data is shifted out of both shift registers on their pro-
grammed clock edge and latched on the opposite edge
of the clock. Both processors should be programmed to
the same Clock Polarity (CKP), then both controllers
would send and receive data at the same time.
Whether the data is meaningful (or dummy data)
depends on the application software. This leads to
three scenarios for data transmission:

» Master sends data (Slave sends dummy data)
» Master sends data (Slave sends data)
* Master sends dummy data (Slave sends data)

FIGURE 22-4: SPI MASTER/SLAVE CONNECTION

: SPI Master SSPM<3:0> = 00xx : : SPI Slave SSPM<3:0> = 010x :
| = 1010 gpo! | sDI |
I I T I
| | | |
: Serial Input Buffer : : Serial Input Buffer :
| (SSPBUF) | | (SSPBUF) |
| |

| | | |
| | | |
| Shift Register Sbl ' SDO Shift Register |
| (SSPSR) | | (SSPSR) |
| |

: MSb LSb : | MSb LSb |
i | |

: SCK : Serial Clock > SCK |
| | | |
: | Slave Select - :
| General /O - — — — , S8 |
| Processor 1 ,  (optional) Processor 2 |
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22.3.5 MASTER MODE The clock polarity is selected by appropriately
programming the CKP bit of the SSPCON1 register
and the CKE bit of the SSPSTAT register. This then,
would give waveforms for SPl communication as
shown in Figure 22-5, Figure 22-6 and Figure 22-7,
where the MSB is transmitted first. In Master mode, the

In Master mode, the data is transmitted/received as SPI clock rate (bit rate) is user programmable to be one
soon as the SSPBUF register is written to. If the SPI is of the following:

only going to receive, the SDO output could be dis-
abled (programmed as an input). The SSPSR register

The master can initiate the data transfer at any time
because it controls the SCK. The master determines
when the slave (Processor 2, Figure 22-4) is to
broadcast data by the software protocol.

» Fosc/4 (or Tcy)

will continue to shift in the signal present on the SDI pin * Fosc/16 (or 4 * Tev)

at the programmed clock rate. As each byte is + Fosc/64 (or 16 * Tcy)
received, it will be loaded into the SSPBUF register as « Timer2 output/2

if a normal received byte (interrupts and Status bits + Fosc/(4 * (SSPADD + 1))
appropriately set).

Figure 22-5 shows the waveforms for Master mode.

When the CKE bit is set, the SDO data is valid before
there is a clock edge on SCK. The change of the input
sample is shown based on the state of the SMP bit. The
time when the SSPBUF is loaded with the received
data is shown.

FIGURE 22-5: SPI MODE WAVEFORM (MASTER MODE)
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22386 SLAVE MODE

In Slave mode, the data is transmitted and received as
external clock pulses appear on SCK. When the last
bit is latched, the SSPIF interrupt flag bit is set.

Before enabling the module in SPI Slave mode, the clock
line must match the proper Idle state. The clock line can
be observed by reading the SCK pin. The Idle state is
determined by the CKP bit of the SSPCON1 register.

While in Slave mode, the external clock is supplied by
the external clock source on the SCK pin. This external
clock must meet the minimum high and low times as
specified in the electrical specifications.

While in Sleep mode, the slave can transmit/receive
data. The shift register is clocked from the SCK pin
input and when a byte is received, the device will gen-
erate an interrupt. If enabled, the device will wake-up
from Sleep.

22.3.6.1 Buffer Overwrite Enable

In SPI daisy-chained configurations only the most
recent byte on the bus is required by the slave. Setting
the BOEN bit of the SSPCON3 register will enable
writes to the SSPBUF register, even if the previous
byte has not been read. Allowing the software to
ignore data that may not apply to it.

22.3.7 SLAVE SELECT SYNCHRONIZATION

The SS pin allows a Synchronous Slave mode. The
SPI must be in Slave mode with SS pin control enabled
(SSPCON1<3:0> = 0100).

When the SS pin is low, transmission and reception are
enabled and the SDO pin is driven.

When the SS pin goes high, the SDO pin is no longer
driven, even if in the middle of a transmitted byte and
becomes a floating output. External pull-up/pull-down
resistors may be desirable depending on the applica-
tion.

Note 1: When the SPI is in Slave mode with SS pin
control enabled (SSPCON1<3:0> =
0100), the SPI module will reset if the SS
pin is set to VDD.

2: When the SPI is used in Slave mode with
CKE set; the user must enable SS pin
control.

3: While operated in SPI Slave mode the
SMP bit of the SSPSTAT register must
remain clear.

When the SPI module resets, the bit counter is forced
to ‘0. This can be done by either forcing the SS pin to
a high level or clearing the SSPEN bit.

FIGURE 22-6: SLAVE SELECT SYNCRONIZATION WAVEFORM
S J \ .
SCK 557
(CKP =0 . B
CKE =10) : 1 1 1 [ [ [ ! :
(S((;:KKP | ' B
=1 ! !
CKE = U) : i I I I i I I’_SS_
Write to ! f | | | |
SSPBUF ! ! : ' ' ' : |
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FIGURE 22-7: SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 0)
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FIGURE 22-8: SPI MODE WAVEFORM (SLAVE MODE WITH CKE =1)
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22.3.8 OPERATION IN POWER-MANAGED
MODES

In SPI Master mode, module clocks may be operating
at a different speed than when in full power mode; in
the case of the Sleep mode, all clocks are halted.

Special care must be taken by the user when the MSSP
clock is much faster than the system clock.

When MSSP interrupts are enabled, after the master
completes sending data, an MSSP interrupt will wake
the controller:

« from Sleep, in Slave mode

« from Ildle, in Slave or Master mode

If an exit from Sleep or Idle mode is not desired, MSSP
interrupts should be disabled.

In SPI Master mode, when the Sleep mode is selected,
all module clocks are halted and the transmis-
sion/reception will remain in that state until the device
wakes. After the device returns to Run mode, the mod-
ule will resume transmitting and receiving data.

In SPI Slave mode, the SPI Transmit/Receive Shift
register operates asynchronously to the device. This
allows the device to be placed in any power-managed
mode and data to be shifted into the SPI
Transmit/Receive Shift register. When all 8 bits have
been received, the MSSP interrupt flag bit will be set
and if enabled, will wake the device.

TABLE 22-1: REGISTERS ASSOCIATED WITH SPI OPERATION

Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 E:Q;:Le;
APFCON = CCP3SEL | T1GSEL | P2BSEL | SRNQSEL | C20UTSEL | SSSEL | CCP2SEL 84
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF I0CIF 73
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMRIIE 74
PIR1 TMR1GIf ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 77
SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register 281*
SSPCON1 wWCoL SSPOV SSPEN CKP SSPM3 | SSPM2 | SSPM1 SSPMO 277
SSPCON3 ACKTIM PCIE SCIE BOEN SDAHT | SBCDE AHEN DHEN 279
SSPSTAT SMP CKE D/A P S R/W UA BF 276
TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO 86
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 04
Legend: Shaded cells are not used by the MSSP in SPI mode.

*

Page provides register information.

DS41364A-page 286

Preliminary

© 2008 Microchip Technology Inc.



PIC16F193X/LF193X

I2c MODE

All MSSP 12C communication is byte oriented and
shifted out MSb first. Six SFR registers and 2 interrupt
flags interface the module with the PIC® microcon-
troller and user software. Two pins, SDA and SCL, are
exercised by the module to communicate with other
external I°C devices.

22.41 SDA AND SCL PINS

224

Selection of any I°C mode with the SSPEN bit set,
forces the SCL and SDA pins to be open-drain. These
pins should be set by the user to inputs by setting the
appropriate TRIS bits.

Note: Data is tied to output zero when an [2C mode
is enabled.

2242 BYTE FORMAT

All communication in 12C is done in 9-bit segments. A
byte is sent from a Master to a Slave or vice-versa, fol-
lowed by an Acknowledge bit sent back. After the 8th
falling edge of the SCL line, the device outputting data
on the SDA changes that pin to an input and reads in
an acknowledge value on the next clock pulse.

The clock signal, SCL, is provided by the master. Data
is valid to change while the SCL signal is low, and
sampled on the rising edge of the clock. Changes on
the SDA line while the SCL line is high define special
conditions on the bus, explained below.

22.4.3 DEFINITION OF I2C TERMINOLOGY

There is language and terminology in the description
of 12C communication that have definitions specific to
I2C. That word usage is defined below and may be
used in the rest of this document without explana-
tion. This table was adapted from the Phillips 12C
specification.

TABLE 22-2: 12C BUS TERMS
TERM Description

Transmitter The device which shifts data out
onto the bus.

Receiver The device which shifts data in
from the bus.

Master The device that initiates a transfer,
generates clock signals and termi-
nates a transfer.

Slave The device addressed by the mas-
ter.

Multi-master A bus with more than one device
that can initiate data transfers.

Arbitration Procedure to ensure that only one

master at a time controls the bus.
Winning arbitration ensures that
the message is not corrupted.

Synchronization

Procedure to synchronize the
clocks of two or more devices on
the bus.

Idle No master is controlling the bus,
and both SDA and SCL lines are
high.

Active Any time one or more master
devices are controlling the bus.

Addressed Slave device that has received a

Slave matching address and is actively
being clocked by a master.

Matching Address byte that is clocked into a

Address slave that matches the value

stored in SSPADD.

Write Request

Slave receives a matching
address with R/W bit clear, and is
ready to clock in data.

Read Request

Master sends an address byte with
the R/W bit set, indicating that it
wishes to clock data out of the
Slave. This data is the next and all
following bytes until a Restart or
Stop.

Clock Stretching

When a device on the bus hold
SCL low to stall communication.

Bus Collision

Any time the SDA line is sampled
low by the module while it is out-
putting and expected high state.
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22.44 START CONDITION

The 12C specification defines a Start condition as a
transition of SDA from a high to a low state while SCL
line is high. A Start condition is always generated by
the master and signifies the transition of the bus from
an Idle to an Active state. Figure 22-8 shows wave
forms for Start and Stop conditions.

A bus collision can occur on a Start condition if the
module samples the SDA line low before asserting it
low. This does not conform to the 1C Specification that
states no bus collision can occur on a Start.

Note: The Philips I2C Specification states that a
bus collision cannot occur on a Start, and
should occur during the address sequence.

2245 STOP CONDITION

A Stop condition is a transition of the SDA line from
low to high state while the SCL line is high.

Note: At least one SCL low time must appear
before a Stop is valid, therefore, if the SDA
line goes low then high again while the SCL
line stays high, only the Start condition is

2246 RESTART CONDITION

A Restart is valid any time that a Stop would be valid.
A master can issue a Restart if it wishes to hold the
bus after terminating the current transfer. A Restart
has the same effect on the slave that a Start would,
resetting all slave logic and preparing it to clock in an
address. The master may want to address the same or
another slave.

In 10-bit Addressing Slave mode a Restart is required
for the master to clock data out of the addressed
slave. Once a slave has been fully address, matching
both high and low address bytes, the master can issue
a Restart and the high address byte with the R/W bit
set. The slave logic will then hold the clock and pre-
pare to clock out data.

After a full match with R/W clear in 10-bit mode, a prior
match flag is set and maintained. Until a Stop condi-
tion, a high address with R/W clear, or high address
match fails.

2247 START/STOP CONDITION INTERRUPT
MASKING

The SCIE and PCIE bits of the SSPCON3 register can

detected. enable the generation of an interrupt in Slave mode.
Slave modes where interrupt on Start and Stop detect
are already enabled, these bits will have no effect.
FIGURE 22-9: I’C START AND STOP CONDITIONS
r =" ' r ="
soA | | ! | . . | |
| i T . : I I
| | ; ! e : !
SCL m : . | |
L T - . Change of : : Change of : L T -
Data Allowed Data Allowed
Start Stop
Condition Condition
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FIGURE 22-10:

I’C RESTART CONDITION
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2248 ACKNOWLEDGE SEQUENCE

The 9th SCL pulse for any transferred byte in I12C is
dedicated as an Acknowledge. It allows receiving
devices to respond back to the transmitter by pulling
the SDA line low. The transmitter must release control
of the line during this time to shift in the response. The
Acknowledge (ACK) is an active-low signal, pulling the
SDA line low indicated to the transmitter that the
device has received the transmitted data and is ready
to receive more.

The result of an ACK is placed in the ACKSTAT bit of
the SSPCONZ2 register.

Slave software, when the AHEN and DHEN bits are
set, allow the user to set the ACK value sent back to
the transmitter. The ACKDT bit of the SSPCON2 regis-
ter is set/cleared to determine the response.

Slave hardware will generate an ACK response if the
AHEN and DHEN bits of the SSPCON3 register are
clear.

There are certain conditions where an ACK will not be
sent by the slave. If the BF bit of the SSPSTAT register
or the SSPOV bit of the SSPCON1 register are set
when a byte is received.

22.5 1°C SLAVE MODE OPERATION

The MSSP Slave mode operates in one of four modes
selected in the SSPM bits of SSPCON1 register. The
modes can be divided into 7-bit and 10-bit Addressing
mode. 10-bit Addressing modes operate the same as
7-bit with some additional overhead for handling the
larger addresses.

Modes with Start and Stop bit interrupts operated the
same as the other modes with SSPIF additionally get-
ting set upon detection of a Start, Restart, or Stop
condition.

2251 SLAVE MODE ADDRESSES

The SSPADD register (Register 22-6) contains the
Slave mode address. The first byte received after a
Start or Restart condition is compared against the
value stored in this register. If the byte matches the
value is loaded into the SSPBUF register and an inter-
rupt is generated. If the value does not match, the
module goes idle and no indication is given to the soft-
ware that anything happened.

The SSP Mask register (Register 22-5) affects the
address matching process. See Section 22.5.9 “SSP
Mask Register” for more information.

22511  I°C Slave 7-bit Addressing Mode

In 7-bit Addressing mode, the LSb of the received data
byte is ignored when determining if there is an address
match.

22512 I°C Slave 10-bit Addressing Mode

In 10-bit Addressing mode, the first received byte is
compared to the binary value of 11110 A9 A8 0. A9
and A8 are the two MSb of the 10-bit address and
stored in bits 2 and 1 of the SSPADD register.

After the acknowledge of the high byte the UA bit is set
and SCL is held low until the user updates SSPADD
with the low address. The low address byte is clocked
in and all 8 bits are compared to the low address value
in SSPADD. Even if there is not an address match;
SSPIF and UA are set, and SCL is held low until
SSPADD is updated to receive a high byte again.
When SSPADD is updated the UA bit is cleared. This
ensures the module is ready to receive the high
address byte on the next communication.

A high and low address match as a write request is
required at the start of all 10-bit addressing communi-
cation. A transmission can be initiated by issuing a
Restart once the slave is addressed, and clocking in
the high address with the R/W bit set. The slave hard-
ware will then acknowledge the read request and pre-
pare to clock out data. This is only valid for a slave
after it has received a complete high and low address
byte match.
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2252 SLAVE RECEPTION

When the R/W bit of a matching received address byte
is clear, the R/W bit of the SSPSTAT register is cleared.
The received address is loaded into the SSPBUF reg-
ister and acknowledged.

When the overflow condition exists for a received
address, then not Acknowledge is given. An overflow
condition is defined as either bit BF bit of the SSPSTAT
register is set, or bit SSPOV bit of the SSPCON1 reg-
ister is set. The BOEN bit of the SSPCON3 register
modifies this operation. For more information see
Register 22-4.

An MSSP interrupt is generated for each transferred
data byte. Flag bit, SSPIF, must be cleared by software.

When the SEN bit of the SSPCON2 register is set, SCL
will be held low (clock stretch) following each received
byte. The clock must be released by setting the CKP
bit of the SSPCON1 register, except sometimes in
10-bit mode. See Section 22.3.5 “Master Mode” for
more detail.

22521 7-bit Addressing Reception

This section describes a standard sequence of events
for the MSSP module configured as an I°C Slave in
7-bit Addressing mode. All decisions made by hard-
ware or software and their effect on reception.
Figure 22-10 and Figure 22-11 is used as a visual
reference for this description.

This is a step by step process of what typically must
be done to accomplish [2C communication.
1. Start bit detected.

2. S bitof SSPSTAT is set; SSPIF is set if interrupt
on Start detect is enabled.

3. Matching address with R/W bit clear is received.

4. The slave pulls SDA low sending an ACK to the
master, and sets SSPIF bit.

5. Software clears the SSPIF bit.

6. Software reads received address from SSPBUF
clearing the BF flag.

7. If SEN=1; Slave software sets CKP bit to
release the SCL line.

8. The master clocks out a data byte.

9. Slave drives SDA low sending an ACK to the
master, and sets SSPIF bit.

10. Software clears SSPIF.

11. Software reads the received byte from SSPBUF
clearing BF.

12. Steps 8-12 are repeated for all received bytes
from the Master.

13. Master sends Stop condition, setting P bit of
SSPSTAT, and the bus goes idle.

22522 T7-bit Reception with AHEN and DHEN

Slave device reception with AHEN and DHEN set
operate the same as without these options with exira
interrupts and clock stretching added after the 8th fall-
ing edge of SCL. These additional interrupts allow the
slave software to decide whether it wants to ACK the
receive address or data byte, rather than the hard-
ware. This functionality adds support for PMBus™ that
was not present on previous versions of this module.

This list describes the steps that need to be taken by
slave software to use these options for I°C commun-
cation. Figure 22-12 displays a module using both
address and data holding. Figure 22-13 includes the
operation with the SEN bit of the SSPCON2 register
set.

1. S bit of SSPSTAT is set; SSPIF is set if interrupt
on Start detect is enabled.

2. Matching address with R/W bit clear is clocked
in. SSPIF is set and CKP cleared after the 8th
falling edge of SCL.

3. Slave clears the SSPIF.

4, Slave can look at the ACKTIM bit of the
SSPCONS3 register to determine if the SSPIF
was after or before the ACK.

5. Slave reads the address value from SSPBUF,
clearing the BF flag.

6. Slave sets ACK value clocked out to the master
by setting ACKDT.

7. Slave releases the clock by setting CKP.
SSPIF is set after an ACK, not after a NACK.

9. If SEN =1 the slave hardware will stretch the
clock after the ACK.

10. Slave clears SSPIF.

®

Note: SSPIF is still set after the 9th falling edge of
SCL even if there is no clock stretching and
BF has been cleared. Only if NACK is sent to
Master is SSPIF not set

11. SSPIF set and CKP cleared after 8th falling
edge of SCL for a received data byte.

12. Slave looks at ACKTIM bit of SSPCON3 to
determine the source of the interrupt.

13. Slave reads the received data from SSPBUF
clearing BF.

14. Steps 7-14 are the same for each received data
byte.

15. Communication is ended by either the slave
sending an ACK = 1, or the master sending a
Stop condition. If a Stop is sent and Interrupt on
Stop Detect is disabled, the slave will only know
by polling the P bit of the SSTSTAT register.

@ 2008 Microchip Technology Inc.

Preliminary

DS41364A-page 291



PIC16F193X/LF193X

0, AHEN = 0, DHEN = 0)

I2C SLAVE, 7-BIT ADDRESS, RECEPTION (SEN

FIGURE 22-11:

-

Ju8s JoU S| MO
N 113s 81 JN3dSS
85NE08( 188 ADASS

S

4nadss u
3|qe| ene
S| Ejep Jo
81Aq 18414

ADdSS

pesalsl 409458 |+

128
Jo afipa Bul|ey

W5 Lo 18s 41dSS 73

uoipuoos doig
spuas lajse | shg

alemyos Ag pales|D J

alemyos Aq pales|D J '

'
'
[
'
T
T

eleq] Bunlaoay \\

1g]SE 0] BARIS WOl

” Jidss

108

vas
eleq] Bunlaoay ssalppy Bulneoey

© 2008 Microchip Technology Inc.

Preliminary

DS41364A-page 292



PIC16F193X/LF193X

1, AHEN = 0, DHEN = 0)

I2C SLAVE, 7-BIT ADDRESS, RECEPTION (SEN

FIGURE 22-12

T=+2¥
8SNEOaY Ma|
Play jou s n_owl*

Jog Buises)al
'9IBAMYOS Ul | 0} USRI S| n_v_ol__

[

Jog Buises)al
'81BMYYOS Ul T, 0 U3 S| n_v_o|+

[ ]

Juss Jou S| YOy
Iy 1188 st 4NAdSS
8sNEoaq 188 AOSS

4Ma4ss Ul
a|qe|leAe
sl ElED JO

peal sl JNg4Ss IJ

81Aq Jsl14

195 Jo aBpa Buyje |
A6 U0 39S JIdSS

alenyos Ag pales|D J

alenyos Ag Um_mm_oj

ADdSS

44

N

Seee oy

uoipuco doig
spuss Jelse sng

(T, 01188 S1 44D [Un MO| pay sl 201D .|—

L

el aAjg08Y

Ele(] aAjg0ay

YOV g-ppeg \ 1Y {2V Nev v fo¥ fov [ v/

ssalppy 8AR0Ey

wa

d1dSs

108

vas

DS41364A-page 293

Preliminary

@ 2008 Microchip Technology Inc.



PIC16F193X/LF193X

0,AHEN =1, DHEN =1)

I2C SLAVE, 7-BIT ADDRESS, RECEPTION (SEN

FIGURE 22-13

_ )4
_ °
05 Jo ebipa Buisu
108 jo abpe Mc___ﬁ i uo 36 Ul auempJey 708 4o abpa Bujiey yig uo
+| alempley Ad 1es || 1O hq pesesp WILMOY «| alempley Ag 1es W LLMOY
! ' | . X ' WILHDY
: _ \ I 108 4o ebpe _ :
: ! ' o Buiey Lag Uo auempley : . aUo18.S S| ue
! ' 'ale, nﬂmmmm_m_mm_ o _ Aq paieapo §1 dHO _ . m_@snhcrm uw_mm_uw_waﬂ_o
: ! e n_v_o@ *_ 1ENEHQ BEE | i [ =NGHY UL
| Moviou ! _ . ; g O
X 0} LaMOV sies ! ) L | Panlzoal syl MOV
: F\ BIEAMYOS BAB|S ' _ . ﬁ ' 0} 1aMOV siesp
X " r : T ' alenyos aAe
! ! ! _ o l _ engy IS
! | _, ! o ©Jnass 1MoV
' ' 4Nadss Wod peal s| Ejeg 1# i Cl «‘ oy peal
' ' ' ' P . Sissalppy
aAB|g WOl ! _|_ “ _|_ ) N _|H 44
MOviouleye ' ' : Moweue 08 0 :
dnuejul oN— ! X alenyos Ag palea|D X _ joebpabuesps ' ! . 188 81 4|dSS

g " _ 1 ' _ uojessiJidss™ ¢ + T =NaHv 4

_ L] L[ L | LI L | 41dSS

uoipuco doig
spues Jajse |y

eleq] Buinaoay

ssalppy Buineoey

souanbes YO o) ae(s 0]
WIS Sesea|ay Jalsely

108

vas

© 2008 Microchip Technology Inc.

iminary

Prel

DS41364A-page 294



PIC16F193X/LF193X

1, AHEN =1, DHEN =1)

I2C SLAVE, 7-BIT ADDRESS, RECEPTION (SEN

FIGURE 22-14

]
=

- ]

MOV jou g

prEepiado [ ]

70g esesjal
'alenyos Ag leg ¥

'
'
'
'
T
[
1

'
'

MOWjou

« 1 SpuBs BAB|S

._ommo abpa Buisu s uo
SEMPpIEY AG peJeap S| IWILYOY ——

—

I

paiesp s| dMO 'e¥q elep
paAlaoal B J0 0S40

H| abpa Bul|ey yig ey uo

T = N3HQ UsUp

L

alojaq el Aue peal
aq UED 4JNH3JSS |*

. pepeo| | 84 e

BAB|S LOJ)
MO iouy
Jaye jdnileu oy K

4NadSs Jo s|qe|leae

«| sl BlEp panjsoay

alemyos Aq palies|D

.l

uoipuco doig
spuss lajsey

Ele(] aAj80ay

Ele(] 8Aj208Y

souanbas YO o) 8AB(S 0] WIS
sesea|al Jalsep

ssalppy Buinlsoay

OHE___.W_

=
=
708 Jo eBpae Buije) yig uo
_ slempley Ad jes s WMoY
_ _ WILMOY
! palesp s| dy0 '8liq
. Ssalppe ue o 70S Jo
t  eBpe Buiie) Lig sy uo
T = NaHw usupp
Mo
! aig paaeoal ey
: MOY 0} LMDV
ﬁ _.m_mm_n_ 2.EMYOS ane|S
) . 1a¥ov
“ . Jngdss
, ﬁ| ol papeo| S| ssalppe
_ panao sy 49
; ﬁ didss
_ IavatIa A ataan S
: 1108
. was

DS41364A-page 295

iminary

Prel

@ 2008 Microchip Technology Inc.



PIC16F193X/LF193X

2253 SLAVE TRANSMISSION

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register, and an ACK pulse is
sent by the slave on the ninth bit.

Following the ACK, slave hardware clears the CKP bit
and the SCL pin is held low (see Section 22.5.6
“Clock Stretching” for more detail). By stretching the
clock, the master will be unable to assert another clock
pulse until the slave is done preparing the transmit
data.

The transmit data must be loaded into the SSPBUF
register which also loads the SSPSR register. Then the
SCL pin should be released by setting the CKP bit of
the SSPCON1 register. The eight data bits are shifted
out on the falling edge of the SCL input. This ensures
that the SDA signal is valid during the SCL high time.

The ACK pulse from the master-receiver is latched on
the rising edge of the ninth SCL input pulse. This ACK
value is copied to the ACKSTAT bit of the SSPCON2
register. If ACKSTAT is set (not ACK), then the data
transfer is complete. In this case, when the not ACK is
latched by the slave, the slave goes idle and waits for
another occurrence of the Start bit. If the SDA line was
low (ACK), the next transmit data must be loaded into
the SSPBUF register. Again, the SCL pin must be
released by setting bit CKP.

An MSSP interrupt is generated for each data transfer
byte. The SSPIF bit must be cleared by software and
the SSPSTAT register is used to determine the status
of the byte. The SSPIF bit is set on the falling edge of
the ninth clock pulse.

22.5.3.1  7-bit Transmission

A Master device can transmit a read request to a
slave, and then clock data out of the slave. The list
below outlines what software for a slave will need to
do to accomplish a standard transmission.
Figure 22-14 can be used as a reference to this list.

1. Master sends a Start condition on SDA and
SCL.

2. Sbit of SSPSTAT is set; SSPIF is set if interrupt
on Start detect is enabled.

3. Matching address with RAW bit set is received by
the Slave setting SSPIF bit.

4. Slave hardware generates an ACK and sets
SSPIF.

5. SSPIF bit is cleared by user.

6. Software reads the received address from SSP-
BUF, clearing BF.

7. R/W is set so CKP was automatically cleared
after the ACK.

8. The slave software loads the transmit data into
SSPBUF.

9. CKP bit is set releasing SCL, allowing the mas-
ter to clock the data out of the slave.

10. SSPIF is set after the ACK response from the
master is loaded into the ACKSTAT register.

11. SSPIF bit is cleared.

12. The slave software checks the ACKSTAT bit to
see if the master wants to clock out more data.

Note 1: If the master ACKs the clock will be
stretched.

2: ACKSTAT is the only bit updated on the
rising edge of SCL (9th) rather than the
falling.

13. Steps 9-13 are repeated for each transmitted
byte.

14. If the master sends a not ACK; the clock is not
held, but SSPIF is still set.

15. The master sends a Restart condition or a Stop.
16. The slave is no longer addressed.
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22.5.3.2 7-bit TRANSMISSION WITH Address Hold
Enabled

Setting the AHEN bit of the SSPCON3 register
enables additional clock stretching and interrupt gen-
eration after the 8th falling edge of a received match-
ing address. Once a matching address has been
clocked in, CKP is cleared and the SSPIF interrupt is
set.

Figure 22-15 displays a standard waveform of a 7-bit

Address Slave Transmission with AHEN enabled.

1. Bus starts Idle.

2. Master sends Start condition; the S bit of
SSPSTAT is set; SSPIF is set if interrupt on Start
detect is enabled.

3. Master sends matching address with R/W bit
set. After the 8th falling edge of the SCL line the
CKP bit is cleared and SSPIF interrupt is gener-
ated.

4. Slave software clears SSPIF.

5. Slave software reads ACKTIM bit of SSPCON3
register, and R/W and D/A of the SSPSTAT reg-
ister to determine the source of the interrupt.

6. Slave reads the address value from the
SSPBUF register clearing the BF bit.

7. Slave software decides from this information if it
wishes to ACK or not ACK and sets ACKDT bit
of the SSPCON2 register accordingly.

8. Slave sets the CKP bit releasing SCL.

9. Master clocks in the ACK value from the slave.

10. Slave hardware automatically clears the CKP bit
and sets SSPIF after the ACK if the R/W bit is
set.

11. Slave software clears SSPIF.

12. Slave loads value to transmit to the master into
SSPBUF setting the BF bit.

Note: SSPBUF cannot be loaded until after the

ACK.

13. Slave sets CKP bit releasing the clock.

14. Master clocks out the data from the slave and
sends an ACK value on the 9th SCL pulse.

15. Slave hardware copies the ACK value into the
ACKSTAT bit of the SSPCON2 register.

16. Steps 10-15 are repeated for each byte transmit-
ted to the master from the slave.

17. If the master sends a not ACK the slave
releases the bus allowing the master to send a
Stop and end the communication.

Note: Master must send a not ACK on the last byte
to ensure that the slave releases the SCL

line to receive a Stop.

DS41364A-page 298 Preliminary

© 2008 Microchip Technology Inc.



PIC16F193X/LF193X

=1)

I2C SLAVE, 7-BIT ADDRESS, TRANSMISSION (AHEN
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2254 SLAVE MODE 10-BIT ADDRESS
RECEPTION

This section describes a standard sequence of events
for the MSSP module configured as an I°C Slave in
10-bit Addressing mode.

Figure 22-16 and is used as a visual reference for this
description.

This is a step by step process of what must be done by
slave software to accomplish I2C communication.
1. Bus starts Idle.

2. Master sends Start condition; S bit of SSPSTAT
is set; SSPIF is set if interrupt on Start detect is
enabled.

3. Master sends matching high address with RAW
bit clear; UA bit of the SSPSTAT register is set.

4. Slave sends ACK and SSPIF is set.
5. Software clears the SSPIF bit.

6. Software reads received address from SSPBUF
clearing the BF flag.

7. Slave loads low address into SSPADD,
releasing SCL.

8. Master sends matching low address byte to the
Slave; UA bit is set.

Note: Updates to the SSPADD register are not
allowed until after the ACK sequence.

9. Slave sends ACK and SSPIF is set.

Note: |[f the low address does not match, SSPIF
and UA are still set so that the slave software
can set SSPADD back to the high address.
BF is not set because there is no match.
CKP is unaffected.

10. Slave clears SSPIF.

11. Slave reads the received matching address
from SSPBUF clearing BF.

12. Slave loads high address into SSPADD.

13. Master clocks a data byte to the slave and
clocks out the slaves ACK on the 9th SCL pulse;
SSPIF is set.

14. If SEN bit of SSPCONZ2 is set, CKP is cleared by
hardware and the clock is stretched.

15. Slave clears SSPIF.

16. Slave reads the received byte from SSPBUF
clearing BF.

17. If SEN is set the slave sets CKP to release the
SCL.

18. Steps 13-17 repeat for each received byte.
19. Master sends Stop to end the transmission.

2255 10-BIT ADDRESSING WITH ADDRESS OR
DATA HOLD

Reception using 10-bit addressing with AHEN or
DHEN set is the same as with 7-bit modes. The only
difference is the need to update the SSPADD register
using the UA bit. All functionality, specifically when the
CKP bit is cleared and SCL line is held low are the
same. Figure 22-17 can be used as a reference of a
slave in 10-bit addressing with AHEN set.

Figure 22-18 shows a standard waveform for a slave
transmitter in 10-bit Addressing mode.
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0, AHEN = 0, DHEN = 0)

I2C SLAVE, 10-BIT ADDRESS, TRANSMISSION (SEN
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2256 CLOCK STRETCHING

Clock stretching occurs when a device on the bus
holds the SCL line low effectively pausing communica-
tion. The slave may stretch the clock to allow more
time to handle data or prepare a response for the mas-
ter device. A master device is not concerned with
stretching as anytime it is active on the bus and not
transferring data it is stretching. Any stretching done
by a slave is invisible to the master software and han-
dled by the hardware that generates SCL.

The CKP bit of the SSPCON1 register is used to con-
trol stretching in software. Any time the CKP bit is
cleared, the module will wait for the SCL line to go low
and then hold it. Setting CKP will release SCL and
allow more communication.

22.56.1 Normal Clock Stretching

Following an ACK if the R/W bit of SSPSTAT is set, a
read request, the slave hardware will clear CKP. This
allows the slave time to update SSPBUF with data to
transfer to the master. If the SEN bit of SSPCON2 is
set, the slave hardware will always stretch the clock
after the ACK sequence. Once the slave is ready; CKP
is set by software and communication resumes.

22586.2 10-bit Addressing Mode

In 10-bit Addressing mode, when the UA bit is set the
clock is always stretched. This is the only time the SCL
is stretched without CKP being cleared. SCL is
releases immediately after a write to SSPADD.

Note: Previous versions of the module did not
stretch the clock if the second address byte
did not match.

22563 Byte NACKing

When AHEN bit of SSPCON3 is set; CKP is cleared by
hardware after the 8th falling edge of SCL for a
received matching address byte. When DHEN bit of
SSPCONS is set; CKP is cleared after the 8th falling
edge of SCL for received data.

Stretching after the 8th falling edge of SCL allows the
slave to look at the received address or data and
decide if it wants to ACK the received data.

2257 CLOCK SYNCHRONIZATION AND
THE CKP BIT

Any time the CKP bit is cleared, the module will wait
for the SCL line to go low and then hold it. However,
clearing the CKP bit will not assert the SCL output low

JJ ) !
I I I

Note 1: The BF bit has no effect_ on ift_he clock will until the SCL output is already sampled low. There-
be s_tretched or not. This is different than fore, the CKP bit will not assert the SCL line until an
previous versions of the module that external 12C master device has already asserted the
would not stretch the clock, clear CKP, if SCL line. The SCL output will remain low until the CKP
SSPBUF was read before the Sth falling bit is set and all other devices on the I2C bus have
edge of SCL. released SCL. This ensures that a write to the CKP bit

2: Previous versions of the module did not will not violate the minimum high time requirement for
stretch the clock for a transmission if SCL (see Figure 22-19).
SSPBUF was loaded before the 9th falling
edge of SCL. It is now always cleared for
read requests.
FIGURE 22-20: CLOCK SYNCHRONIZATION TIMING
|Q1 Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4 Q1|Q2 Q3|Q4
I [ Lo [ : l e [ : [ [
SDA | | DX | | ! I | >< ox, -1 |
n 4 Il 1 | 1 (r 1 1
f | - | ] —) | - |
I | 1o | : | | b |

scL . [ . Pl b——oo I
| [ [ I \ | b I
| | L o S vy |
| I | Master device | | I

CKP | | 1\ ,  asserts clock L e | f | |

| i | —) 1 ¢
| | 1 | | Master device J | : | |
| | | | releases clock | I | |
WR [\ ' ﬂ
SSPCON1 | - | |« | |
I b ! |
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2258 GENERAL CALL ADDRESS SUPPORT

The addressing procedure for the 12C bus is such that
the first byte after the Start condition usually deter-
mines which device will be the slave addressed by the
master device. The exception is the general call
address which can address all devices. When this
address is used, all devices should, in theory, respond
with an acknowledge.

The general call address is a reserved address in the
1°C protocol, defined as address 0x00. When the
GCEN bit of the SSPCON2 register is set, the slave
module will automatically ACK the reception of this
address regardless of the value stored in SSPADD.
After the slave clocks in an address of all zeros with
the R/W bit clear, an interrupt is generated and slave
software can read SSPBUF and respond.
Figure 22-20 shows a General Call reception
sequence.

In 10-bit Address mode, the UA bit will not be set on
the reception of the general call address. The slave
will prepare to receive the second byte as data, just as
it would in 7-bit mode.

If the AHEN bit of the SSPCONS3 register is set, just as
with any other address reception, the slave hardware
will stretch the clock after the 8th falling edge of SCL.
The slave must then set its ACKDT value and release
the clock with communication progressing as it would
normally.

FIGURE 22-21: SLAVE MODE GENERAL CALL ADDRESS SEQUENCE
Address is compared to General Call Address
after ACK, set interrupt
L Receiving Data ACK
oa T\ Genera CallAddres ACK/o7) 06 X 05) 0 X 03X £2) 21X 20)
SCL — .
=3 ;
SSPIF | [
BF (SSPSTAT=0=) T |
‘[ l— Cleared by software
SPBUF is read
GCEN (SSPCON2<7=)

2259 SSP MASK REGISTER

An SSP Mask (SSPMSK) register (Register 22-5) is
available in 12C Slave mode as a mask for the value
held in the SSPSR register during an address
comparison operation. A zero (‘0’) bit in the SSPMSK
register has the effect of making the corresponding bit
of the received address a “don’t care”.

This register is reset to all ‘1's upon any Reset
condition and, therefore, has no effect on standard
SSP operation until written with a mask value.

The SSP Mask register is active during:

+ 7-bit Address mode: address compare of A<7:1>.

» 10-bit Address mode: address compare of A<7:0>
only. The SSP mask has no effect during the
reception of the first (high) byte of the address.

@ 2008 Microchip Technology Inc.
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226 1°C MASTER MODE

Master mode is enabled by setting and clearing the
appropriate SSPM bits in the SSPCON1 register and
by setting the SSPEN bit. In Master mode, the SCL and
SDA lines are set as inputs and are manipulated by the
MSSP hardware.

Master mode of operation is supported by interrupt
generation on the detection of the Start and Stop con-
ditions. The Stop (P) and Start (S) bits are cleared from
a Reset or when the MSSP module is disabled. Control
of the 12C bus may be taken when the P bit is set, or the
bus is Idle.

In Firmware Controlled Master mode, user code
conducts all 12C bus operations based on Start and
Stop bit condition detection. Start and Stop condition
detection is the only active circuitry in this mode. All
other communication is done by the user software
directly manipulating the SDA and SCL lines.

The following events will cause the SSP Interrupt Flag
bit, SSPIF, to be set (SSP interrupt, if enabled):

+ Start condition detected

« Stop condition detected

» Data transfer byte transmitted/received

» Acknowledge transmitted/received

* Repeated Start generated

Note 1: The MSSP module, when configured in
I°C Master mode, does not allow queue-
ing of events. For instance, the user is not
allowed to initiate a Start condition and
immediately write the SSPBUF register to
initiate transmission before the Start con-
dition is complete. In this case, the
SSPBUF will not be written to and the
WCOL bit will be set, indicating that a write
to the SSPBUF did not occur

2: When in Master mode, Start/Stop detec-
tion is masked and an interrupt is gener-
ated when the SEN/PEN bit is cleared and
the generation is complete.

226.1 1°C MASTER MODE OPERATION

The master device generates all of the serial clock
pulses and the Start and Stop conditions. A transfer is
ended with a Stop condition or with a Repeated Start
condition. Since the Repeated Start condition is also
the beginning of the next serial transfer, the 1°C bus will
not be released.

In Master Transmitter mode, serial data is output
through SDA, while SCL outputs the serial clock. The
first byte transmitted contains the slave address of the
receiving device (7 bits) and the Read/Write (R/W) bit.
In this case, the R/W bit will be logic ‘0’. Serial data is
transmitted 8 bits at a time. After each byte is transmit-
ted, an Acknowledge bit is received. Start and Stop
conditions are output to indicate the beginning and the
end of a serial transfer.

In Master Receive mode, the first byte transmitted con-
tains the slave address of the transmitting device
(7 bits) and the R/W bit. In this case, the R/W bit will be
logic ‘1. Thus, the first byte transmitted is a 7-bit slave
address followed by a ‘1’ to indicate the receive bit.
Serial data is received via SDA, while SCL outputs the
serial clock. Serial data is received 8 bits at a time. After
each byte is received, an Acknowledge bit is transmit-
ted. Start and Stop conditions indicate the beginning
and end of transmission.

A Baud Rate Generator is used to set the clock fre-
quency output on SCL. See Section 22.7 “Baud Rate
Generator” for more detail.
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22.6.2 CLOCK ARBITRATION

Clock arbitration occurs when the master, during any
receive, transmit or Repeated Start/Stop condition,
releases the SCL pin (SCL allowed to float high). When
the SCL pin is allowed to float high, the Baud Rate Gen-
erator (BRG) is suspended from counting until the SCL
pin is actually sampled high. When the SCL pin is sam-
pled high, the Baud Rate Generator is reloaded with
the contents of SSPADD<7:0> and begins counting.
This ensures that the SCL high time will always be at
least one BRG rollover count in the event that the clock
is held low by an external device (Figure 22-22).

FIGURE 22-22: BAUD RATE GENERATOR TIMING WITH CLOCK ARBITRATION

SDA DX X DX, —1
SCL deasserted but slave holds SCL allowed to transition high
SCL low (clock arbitration) l_

scL ‘\ ,}_—_”/

BRG decrements on
Q2 and Q4 cycles

/ | ! |

|
| 03h X 02h 01h 00h (hold off) IX 03h >< 02h

|
SCL is sampled high, reload takes
place and BRG starts its count —h

BRG
Value

BRG ’ |

Reload

22.6.3 WCOL STATUS FLAG

If the user writes the SSPBUF when a Start, Restart,
Stop, Receive or Transmit sequence is in progress, the
WCOL is set and the contents of the buffer are
unchanged (the write doesn’t occur). Any time the
WCOL bit is set it indicates that an action on SSPBUF
was attempted while the module was not Idle.

Note: Because queueing of events is not
allowed, writing to the lower 5 bits of
SSPCON2 is disabled until the Start
condition is complete.
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I°’C MASTER MODE START
CONDITION TIMING

2264

To initiate a Start condition, the user sets the Start
Enable bit, SEN bit of the SSPCON2 register. If the
SDA and SCL pins are sampled high, the Baud Rate
Generator is reloaded with the contents of
SSPADD<7:0> and starts its count. If SCL and SDA
are both sampled high when the Baud Rate Generator
times out (TBRG), the SDA pin is driven low. The action
of the SDA being driven low while SCL is high is the
Start condition and causes the S bit of the SSPSTAT1
register to be set. Following this, the Baud Rate Gen-
erator is reloaded with the contents of SSPADD<7:0>
and resumes its count. When the Baud Rate Genera-
tor times out (TBRG), the SEN bit of the SSPCONZ2 reg-

FIGURE 22-23: FIRST START BIT TIMING

ister will be automatically cleared by hardware; the
Baud Rate Generator is suspended, leaving the SDA
line held low and the Start condition is complete.

Note 1: If at the beginning of the Start condition,
the SDA and SCL pins are already sam-
pled low, or if during the Start condition,
the SCL line is sampled low before the
SDA line is driven low, a bus collision
occurs, the Bus Collision Interrupt Flag,
BCLIF, is set, the Start condition is aborted
and the 12C module is reset into its Idle
state.

2: The Philips I2C Specification states that a
bus collision cannot occur on a Start.

Write to SEN bit occurs here

Set S bit (SSPSTAT<3>)

At completion of Start bit,
hardware clears SEN bit
1 and sets SSPIF bit

&Wn’te to SSPBUF occurs here

1t bit X 2nd bit

SDA =1,
SCL=1
{— TBRG —f¢—TBRG
SDA T\
SCL : v
5

l« TBRG+

l«TBRG+
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2265 1°C MASTER MODE REPEATED
START CONDITION TIMING

A Repeated Start condition occurs when the RSEN bit
of the SSPCON2 register is programmed high and the
Master state machine is no longer active. When the
RSEN bit is set, the SCL pin is asserted low. When the
SCL pin is sampled low, the Baud Rate Generator is
loaded and begins counting. The SDA pin is released
(brought high) for one Baud Rate Generator count
(TBRG). When the Baud Rate Generator times out, if
SDA is sampled high, the SCL pin will be deasserted
(brought high). When SCL is sampled high, the Baud
Rate Generator is reloaded and begins counting. SDA
and SCL must be sampled high for one TBRG. This
action is then followed by assertion of the SDA pin
(SDA = 0) for one TBRG while SCL is high. SCL is
asserted low. Following this, the RSEN bit of the

FIGURE 22-24:

SSPCON2 register will be automatically cleared and
the Baud Rate Generator will not be reloaded, leaving
the SDA pin held low. As soon as a Start condition is
detected on the SDA and SCL pins, the S bit of the
SSPSTAT register will be set. The SSPIF bit will not be
set until the Baud Rate Generator has timed out.

Note 1: If RSEN is programmed while any other
event is in progress, it will not take effect.

2: A bus collision during the Repeated Start
condition occurs if:

+ SDA is sampled low when SCL
goes from low-to-high.

» SCL goes low before SDA is
asserted low. This may indicate that
another master is attempting to
transmit a data ‘1’

REPEAT START CONDITION WAVEFORM

Write to SSPCON2
occurs here

SDA =1,

5CL (no change)

SDA V

SDA=1,
SCL= 11 | and sets SSPIF

[+TBRG-*+TBRG—+-TBRG
. = .

: ! : l l+-TBRG
/T N\ L TN N

Repeated Start

5 bit set by hardware

At completion of Start bit,
hardware clears RSEN bit

-I 1
| | \ 1st bit X
[
| | . Write to SSPBUF occurs here

Sr '
Lo +TBrRGH
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226.6 1°C MASTER MODE TRANSMISSION

Transmission of a data byte, a 7-bit address or the
other half of a 10-bit address is accomplished by simply
writing a value to the SSPBUF register. This action will
set the Buffer Full flag bit, BF and allow the Baud Rate
Generator to begin counting and start the next trans-
mission. Each bit of address/data will be shifted out
onto the SDA pin after the falling edge of SCL is
asserted. SCL is held low for one Baud Rate Generator
rollover count (TBRG). Data should be valid before SCL
is released high. When the SCL pin is released high, it
is held that way for TBRG. The data on the SDA pin
must remain stable for that duration and some hold
time after the next falling edge of SCL. After the eighth
bit is shifted out (the falling edge of the eighth clock),
the BF flag is cleared and the master releases SDA.
This allows the slave device being addressed to
respond with an ACK bit during the ninth bit time if an
address match occurred, or if data was received prop-
erly. The status of ACK is written into the ACKSTAT bit
on the rising edge of the ninth clock. If the master
receives an Acknowledge, the Acknowledge Status bit,
ACKSTAT, is cleared. If not, the bit is set. After the ninth
clock, the SSPIF bit is set and the master clock (Baud
Rate Generator) is suspended until the next data byte
is loaded into the SSPBUF, leaving SCL low and SDA
unchanged (Figure 22-24).

After the write to the SSPBUF, each bit of the address
will be shifted out on the falling edge of SCL until all
seven address bits and the R/W bit are completed. On
the falling edge of the eighth clock, the master will
release the SDA pin, allowing the slave to respond with
an Acknowledge. On the falling edge of the ninth clock,
the master will sample the SDA pin to see if the address
was recognized by a slave. The status of the ACK bit is
loaded into the ACKSTAT Status bit of the SSPCON2
register. Following the falling edge of the ninth clock
transmission of the address, the SSPIF is set, the BF
flag is cleared and the Baud Rate Generator is turned
off until another write to the SSPBUF takes place, hold-
ing SCL low and allowing SDA to float.

22.6.6.1 BF Status Flag

In Transmit mode, the BF bit of the SSPSTAT register
is set when the CPU writes to SSPBUF and is cleared
when all 8 bits are shifted out.

22.6.6.2 WCOL Status Flag

If the user writes the SSPBUF when a transmit is
already in progress (i.e., SSPSR is still shifting out a
data byte), the WCOL is set and the contents of the buf-
fer are unchanged (the write doesn't occur).

WCOL must be cleared by software before the next
transmission.

22.6.6.3 ACKSTAT Status Flag

In Transmit mode, the ACKSTAT bit of the SSPCON2
register is cleared when the slave has sent an Acknowl-
edge (ACK = 0) and is set when the slave does not
Acknowledge (ACK = 1). A slave sends an Acknowl-
edge when it has recognized its address (including a
general call), or when the slave has properly received
its data.

22.6.6.4 Typical transmit sequence:

1. The user generates a Start condition by setting
the SEN bit of the SSPCON2 register.

2. SSPIF is set by hardware on completion of the
Start.

3. SSPIF is cleared by software.

4. The MSSP module will wait the required start
time before any other operation takes place.

5. The user loads the SSPBUF with the slave
address to transmit.

6. Address is shifted out the SDA pin until all 8 bits
are transmitted. Transmission begins as soon
as SSPBUF is written to.

7. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
ACKSTAT bit of the SSPCON2 register.

8. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the SSPIF
bit.

9. The user loads the SSPBUF with eight bits of
data.

10. Data is shifted out the SDA pin until all 8 bits are
transmitted.

11. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
ACKSTAT bit of the SSPCON2 register.

12. Steps 8-11 are repeated for all transmitted data
bytes.

13. The user generates a Stop or Restart condition
by setting the PEN or RSEN bits of the
SSPCON2 register. Interrupt is generated once
the Stop/Restart condition is complete.
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I2C MASTER MODE WAVEFORM (TRANSMISSION, 7 OR 10-BIT ADDRESS)

FIGURE 22-25
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226.7 I°C MASTER MODE RECEPTION

Master mode reception is enabled by programming the
Receive Enable bit, RCEN bit of the SSPCON2
register.

Note: The MSSP module must be in an Idle state
before the RCEN bit is set or the RCEN bit

will be disregarded.

The Baud Rate Generator begins counting and on each
rollover, the state of the SCL pin changes
(high-to-low/low-to-high) and data is shifted into the
SSPSR. After the falling edge of the eighth clock, the
receive enable flag is automatically cleared, the con-
tents of the SSPSR are loaded into the SSPBUF, the
BF flag bit is set, the SSPIF flag bit is set and the Baud
Rate Generator is suspended from counting, holding
SCL low. The MSSP is now in Idle state awaiting the
next command. When the buffer is read by the CPU,
the BF flag bit is automatically cleared. The user can
then send an Acknowledge bit at the end of reception
by setting the Acknowledge Sequence Enable, ACKEN
bit of the SSPCONZ2 register.

22.6.7.1 BF Status Flag

In receive operation, the BF bit is set when an address
or data byte is loaded into SSPBUF from SSPSR. It is
cleared when the SSPBUF register is read.

226.7.2  SSPOV Status Flag

In receive operation, the SSPOV bit is set when 8 bits
are received into the SSPSR and the BF flag bit is
already set from a previous reception.

226.7.3 WCOL Status Flag

If the user writes the SSPBUF when a receive is
already in progress (i.e., SSPSR is still shifting in a data
byte), the WCOL bit is set and the contents of the buffer
are unchanged (the write doesn't occur).

22.6.74 Typical Receive Sequence:

1.

10.

1.

12.

13.
14.

15.

The user generates a Start condition by setting
the SEN bit of the SSPCON2 register.

SSPIF is set by hardware on completion of the
Start.

SSPIF is cleared by software.
User writes SSPBUF with the slave address to
transmit and the R/W bit set.

Address is shifted out the SDA pin until all 8 bits
are transmitted. Transmission begins as soon
as SSPBUF is written to.

The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
ACKSTAT bit of the SSPCON2 register.

The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the SSPIF
bit.

User sets the RCEN bit of the SSPCON2 register
and the Master clocks in a byte from the slave.
After the 8th falling edge of SCL, SSPIF and BF
are set.

Master clears SSPIF and reads the received
byte from SSPUF, clears BF.

Master sets ACK value sent to slave in ACKDT
bit of the SSPCON2 register and initiates the
ACK by setting the ACKEN bit.

Masters ACK is clocked out to the Slave and
SSPIF is set.

User clears SSPIF.

Steps 8-13 are repeated for each received byte
from the slave.

Master sends a not ACK or Stop to end
communication.
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I2C MASTER MODE WAVEFORM (RECEPTION, 7-BIT ADDRESS)

FIGURE 22-26
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226.8 ACKNOWLEDGE SEQUENCE

TIMING

An Acknowledge sequence is enabled by setting the
Acknowledge Sequence Enable bit, ACKEN bit of the
SSPCON2 register. When this bit is set, the SCL pin is
pulled low and the contents of the Acknowledge data bit
are presented on the SDA pin. If the user wishes to gen-
erate an Acknowledge, then the ACKDT bit should be
cleared. If not, the user should set the ACKDT bit before
starting an Acknowledge sequence. The Baud Rate
Generator then counts for one rollover period (TBRG)
and the SCL pin is deasserted (pulled high). When the
SCL pin is sampled high (clock arbitration), the Baud
Rate Generator counts for TBRG. The SCL pin is then
pulled low. Following this, the ACKEN bit is automatically
cleared, the Baud Rate Generator is turned off and the
MSSP module then goes into Idle mode (Figure 22-26).

22.6.8.1 WCOL Status Flag

If the user writes the SSPBUF when an Acknowledge
sequence is in progress, then WCOL is set and the
contents of the buffer are unchanged (the write doesn’t
occur).

FIGURE 22-27:

2269 STOP CONDITION TIMING

A Stop bit is asserted on the SDA pin at the end of a
receive/transmit by setting the Stop Sequence Enable
bit, PEN bit of the SSPCON2 register. At the end of a
receive/transmit, the SCL line is held low after the
falling edge of the ninth clock. When the PEN bit is set,
the master will assert the SDA line low. When the SDA
line is sampled low, the Baud Rate Generator is
reloaded and counts down to ‘0’. When the Baud Rate
Generator times out, the SCL pin will be brought high
and one TBRG (Baud Rate Generator rollover count)
later, the SDA pin will be deasserted. When the SDA
pin is sampled high while SCL is high, the P bit of the
SSPSTAT register is set. A TBRG later, the PEN bit is
cleared and the SSPIF bit is set (Figure 22-27).

22.6.9.1 WCOL Status Flag

If the user writes the SSPBUF when a Stop sequence
is in progress, then the WCOL bit is set and the
contents of the buffer are unchanged (the write doesn’t
occur).

ACKNOWLEDGE SEQUENCE WAVEFORM

Acknowledge sequence starts here,
write to SSPCON2
ACKEN =1, ACKDT =0

X

SDA DO

—I l—TBrG ——TERG —]

\

17 ACKEN automatically cleared

scL g

SSPIF

SSPIF set at
the end of receive

Note: TBRG = one Baud Rate Generator period.

Cleared in

software

L Cleared in
software

SSPIF set at the end
of Acknowledge sequence

FIGURE 22-28: STOP CONDITION RECEIVE OR TRANSMIT MODE
Write to SSPCON2 SCL = 1 for TERG, followed by SDA = 1 for TBRG
set PEN after SDA sampled high. P bit (SSPSTAT<4>) is set.
Falling edge of PEN bit (SSPCON2<2>) is cleared by
oth clock l hardware and the SSPIF bit is set
A |
TBRG
o \f—
| |
SDA ACK | / |
. L P \4
“— Tere —**— TerG —1*—Terc —
SCL brought high after TBRG
SDA asserted low before rising edge of clock

Note: TBRG = one Baud Rate Generator period.

to setup Stop condition
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22.6.10 SLEEP OPERATION

While in Sleep mode, the I2C slave module can receive
addresses or data and when an address match or
complete byte transfer occurs, wake the processor
from Sleep (if the MSSP interrupt is enabled).

226.11 EFFECTS OF ARESET

A Reset disables the MSSP module and terminates the
current transfer.

226.12 MULTI-MASTER MODE

In Multi-Master mode, the interrupt generation on the
detection of the Start and Stop conditions allows the
determination of when the bus is free. The Stop (P) and
Start (S) bits are cleared from a Reset or when the
MSSP module is disabled. Control of the 12C bus may
be taken when the P bit of the SSPSTAT register is set,
or the bus is Idle, with both the S and P bits clear. When
the bus is busy, enabling the SSP interrupt will gener-
ate the interrupt when the Stop condition occurs.

In multi-master operation, the SDA line must be
monitored for arbitration to see if the signal level is the
expected output level. This check is performed by
hardware with the result placed in the BCLIF bit.

The states where arbitration can be lost are:
» Address Transfer

» Data Transfer

» A Start Condition

» A Repeated Start Condition

» An Acknowledge Condition

22.6.13 MULTI-MASTER COMMUNICATION,
BUS COLLISION AND BUS

ARBITRATION

Multi-Master mode support is achieved by bus arbitra-
tion. When the master outputs address/data bits onto
the SDA pin, arbitration takes place when the master
outputs a ‘1" on SDA, by letting SDA float high and
another master asserts a ‘0". When the SCL pin floats
high, data should be stable. If the expected data on
SDA s a ‘1’ and the data sampled on the SDA pinis ‘0’,
then a bus collision has taken place. The master will set
the Bus Collision Interrupt Flag, BCLIF and reset the
I2C port to its Idle state (Figure 22-28).

If a transmit was in progress when the bus collision
occurred, the transmission is halted, the BF flag is
cleared, the SDA and SCL lines are deasserted and the
SSPBUF can be written to. When the user services the
bus collision Interrupt Service Routine and if the 12C
bus is free, the user can resume communication by
asserting a Start condition.

If a Start, Repeated Start, Stop or Acknowledge condi-
tion was in progress when the bus collision occurred, the
condition is aborted, the SDA and SCL lines are deas-
serted and the respective control bits in the SSPCON2
register are cleared. When the user services the bus col-
lision Interrupt Service Routine and if the I°C bus is free,
the user can resume communication by asserting a Start
condition.

The master will continue to monitor the SDA and SCL
pins. If a Stop condition occurs, the SSPIF bit will be set.

A write to the SSPBUF will start the transmission of
data at the first data bit, regardless of where the
transmitter left off when the bus collision occurred.

In Multi-Master mode, the interrupt generation on the
detection of Start and Stop conditions allows the deter-
mination of when the bus is free. Control of the I°C bus
can be taken when the P bit is set in the SSPSTAT
register, or the bus is Idle and the S and P bits are

cleared.
FIGURE 22-29: BUS COLLISION TIMING FOR TRANSMIT AND ACKNOWLEDGE
) Sample SDA. While SCL is high,
Data changes SDA line pulled low data doesn’t match what is driven
while SCL =0 by another source by the master
l SDA released Bus collision has occurred.
by master
SDA \ / \

BCLIF

Set bus collision
I interrupt (BCLIF)
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22.6.13.1 Bus Collision During a Start

Condition

During a Start condition, a bus collision occurs if:

a) SDA or SCL are sampled low at the beginning of
the Start condition (Figure 22-29).
b) SCL is sampled low before SDA is asserted low

(Figure 22-30).

During a Start condition, both the SDA and the SCL
pins are monitored.

If the SDA pin is already low, or the SCL pin is already
low, then all of the following occur:

+ the Start condition is aborted,
« the BCLIF flag is set and

+ the MSSP module is reset to its Idle state
(Figure 22-29).

The Start condition begins with the SDA and SCL pins
deasserted. When the SDA pin is sampled high, the
Baud Rate Generator is loaded and counts down. If the
SCL pin is sampled low while SDA is high, a bus colli-
sion occurs because it is assumed that another master
is aftempting to drive a data ‘1’ during the Start
condition.

If the SDA pin is sampled low during this count, the
BRG is reset and the SDA line is asserted early
(Figure 22-31). If, however, a ‘1" is sampled on the SDA
pin, the SDA pin is asserted low at the end of the BRG
count. The Baud Rate Generator is then reloaded and
counts down to zero; if the SCL pin is sampled as ‘0’
during this time, a bus collision does not occur. At the
end of the BRG count, the SCL pin is asserted low.

The reason that bus collision is not a factor
during a Start condition is that no two bus
masters can assert a Start condition at the
exact same time. Therefore, one master
will always assert SDA before the other.
This condition does not cause a bus colli-
sion because the two masters must be
allowed to arbitrate the first address fol-
lowing the Start condition. If the address is
the same, arbitration must be allowed to
continue into the data portion, Repeated
Start or Stop conditions.

Note:

FIGURE 22-30: BUS COLLISION DURING START CONDITION (SDA ONLY)
SDA goes low before the SEN bit is set.
Set BCLIF,
S bit and SSPIF set because
SDA=0,SCL=1.
SDA \ N
SCL . N
Set SEN, enable Start 3 : SEN cleared automatically because of bus collision.
condition if SDA=1, SCL=1 | SSP module reset into Idle state.
SEN I
SDA sampled low before I
Start condition. Set BCLIF. ‘lv
S bit and SSPIF set because
BCLIF SDA=0,8CL=1.
| t_ SSPIF and BCLIF are
I cleared by software
S
SSPIF

r

SSPIF and BCLIF are
cleared by software
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FIGURE 22-31: BUS COLLISION DURING START CONDITION (SCL =0)
SDA=0,8CL=1
k— TerG —+— TBRG —*
SDA h
scL Set SEN, enable Start N
sequence if SDA=1, SCL=1 -
! t scL=0before sDA=0,
bus collision occurs. Set BCLIF.
SEN
SCL = 0 before BRG time-out, —l
bus collision occurs. Set BCLIF.
BCLIF |
T__ Interrupt cleared
by software
S 0’ 0
sspIF O 0’
FIGURE 22-32: BRG RESET DUE TO SDA ARBITRATION DURING START CONDITION
SDA=0,8CL=1
l Set S l Set SSPIF
. A
Less than TBRG ! = ~TERG—’I
SDA  SDA pulled low by other master. |\'\ | :
Reset BRG and assert SDA. :
I 1 i
| I \
SCL : LS K
I I SCL pulled low after BRG
SEN | : time-out
7— Set SEN, enable Start
sequence if SDA=1,8CL=1 .
BCLIF ' . 0
I I
I |
I |
5 |
I
|
SSPIF £
SDA=0,8CL=1, Interrupts cleared
set SSPIF — by software
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22.6.13.2 Bus Collision During a Repeated
Start Condition

During a Repeated Start condition, a bus collision
occurs if:

a) Alow level is sampled on SDA when SCL goes
from low level to high level.

b) SCL goes low before SDA is asserted low,
indicating that another master is attempting to
transmit a data ‘1’

When the user releases SDA and the pin is allowed to
float high, the BRG is loaded with SSPADD and counts
down to zero. The SCL pin is then deasserted and
when sampled high, the SDA pin is sampled.

If SDA is low, a bus collision has occurred (i.e., another
master is attempting to transmit a data ‘0’, Figure 22-32).
If SDA is sampled high, the BRG is reloaded and begins
counting. If SDA goes from high-to-low before the BRG
times out, no bus collision occurs because no two
masters can assert SDA at exactly the same time.

If SCL goes from high-to-low before the BRG times out
and SDA has not already been asserted, a bus collision
occurs. In this case, another master is attempting to
transmit a data ‘1’ during the Repeated Start condition,
see Figure 22-33.

If, at the end of the BRG time-out, both SCL and SDA
are still high, the SDA pin is driven low and the BRG is
reloaded and begins counting. At the end of the count,
regardless of the status of the SCL pin, the SCL pin is
driven low and the Repeated Start condition is
complete.

FIGURE 22-33: BUS COLLISION DURING A REPEATED START CONDITION (CASE 1)
SDA
SCL /
Sample SDA when SCL goes high.
If SDA = 0, set BCLIF and release SDA and SCL.
RSEN ‘
BCLIF
Cleared by software
s 0’
SSPIF 0
FIGURE 22-34: BUS COLLISION DURING REPEATED START CONDITION (CASE 2)
|_ i_ TBRG —i
SDA 7 e e e
SCL /,\
SCL goes low before SDA,
BCLIF set BCLIF. Release SDA and SCL. ‘
Interrupt cleared
by software
RSEN ‘
s 0
SSPIF
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22.6.13.3 Bus Collision During a Stop
Condition

Bus collision occurs during a Stop condition if:

a) After the SDA pin has been deasserted and
allowed to float high, SDA is sampled low after
the BRG has timed out.

b) Afterthe SCL pin is deasserted, SCL is sampled
low before SDA goes high.

The Stop condition begins with SDA asserted low.
When SDA is sampled low, the SCL pin is allowed to
float. When the pin is sampled high (clock arbitration),
the Baud Rate Generator is loaded with SSPADD and
counts down to 0. After the BRG times out, SDA is
sampled. If SDA is sampled low, a bus collision has
occurred. This is due to another master attempting to
drive a data ‘0’ (Figure 22-34). If the SCL pin is sampled
low before SDA is allowed to float high, a bus collision
occurs. This is another case of another master
attempting to drive a data ‘0" (Figure 22-35).

FIGURE 22-35: BUS COLLISION DURING A STOP CONDITION (CASE 1)
‘ TBRG TBRG TBRG | SDA sampled
low after TBRG,
—\ T set BCLIF

SDA

t

SDA asserted low
SCL
PEN Q L
BCLIF |
P 0
SSPIF 0

FIGURE 22-36: BUS COLLISION DURING A STOP CONDITION (CASE 2)

‘ TBRG ‘ TBRG ‘ TBRG ‘

SDA N
T Assert SDA SCL goes low before SDA goes high,
/ N\ / set BCLIF

SCL
PEN 4 \7
BCLIF
P 0’
SSPIF 0
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22.7 BAUD RATE GENERATOR

The MSSP module has a Baud Rate Generator avail-
able for clock generation in both 12C and SPI Master
modes. The Baud Rate Generator (BRG) reload value
is placed in the SSPADD register (Register 22-6).
When a write occurs to SSPBUF, the Baud Rate Gen-
erator will automatically begin counting down.

Once the given operation is complete, the internal clock
will automatically stop counting and the clock pin will
remain in its last state.

An internal signal “Reload” in Figure 22-36 triggers the
value from SSPADD to be loaded into the BRG counter.
This occurs twice for each oscillation of the module

FIGURE 22-37:

clock line. The logic dictating when the reload signal is
asserted depends on the mode the MSSP is being
operated in.

Table 22-3 demonstrates clock rates based on
instruction cycles and the BRG value loaded into
SSPADD.

EQUATION 22-1:

Fosc
(SSPADD + 1)(4)

Fcrock =

BAUD RATE GENERATOR BLOCK DIAGRAM

SSPM<30> ———— SSPADD<70>

SSPM<3:0> ==} Reload

SCL — Control

Reload )

SSPCLK <—| BRG Down Counter |«—— Fosc/2

Note: Values of 0x00, 0x01 and 0x02 are not valid
for SSPADD when used as a Baud Rate
Generator for I2C. This is an implementation
limitation.

TABLE 22-3: MSSP CLOCK RATE W/BRG

Fosc Fcy BRG Value @2 Rollcl:\?;r?scgf BRG)
32 MHz 8 MHz 13h 400 kHz("
32 MHz 8 MHz 19h 308 kHz
32 MHz 8 MHz 4Fh 100 kHz
16 MHz 4 MHz 0%h 400 kHz(1
16 MHz 4 MHz 0Ch 308 kHz
16 MHz 4 MHz 27h 100 kHz
4 MHz 1 MHz 09h 100 kHz
4 MHz 1 MHz 00h 250 kHz(?)

Note 1: The I2C interface does not conform to the 400 kHz I2C specification (which applies to rates greater than
100 kHz) in all details, but may be used with care where higher rates are required by the application.

2: SPI mode only.
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23.0 DATA EEPROM AND FLASH
PROGRAM MEMORY
CONTROL

The Data EEPROM and Flash program memory are
readable and writable during normal operation (full VDD
range). These memories are not directly mapped in the
register file space. Instead, they are indirectly
addressed through the Special Function Registers
(SFRs). There are six SFRs used to access these
memories:

+ EECON1
+ EECON2
+ EEDATL
+ EEDATH
+ EEADRL
+ EEADRH

When interfacing the data memory block, EEDATL
holds the 8-bit data for read/write, and EEADRL holds
the address of the EEDATL location being accessed.
These devices have 256 bytes of data EEPROM with
an address range from Oh to OFFh.

When accessing the program memory block of the
PIC16F1936/PIC16F 1937 devices, the EEDATL and
EEDATH registers form a 2-byte word that holds the
14-bit data for read/write, and the EEADRL and
EEADRH registers form a 2-byte word that holds the
15-bit address of the program memory location being
read.

The EEPROM data memory allows byte read and write.
An EEPROM byte write automatically erases the loca-
tion and writes the new data (erase before write).

The write time is controlled by an on-chip timer. The
write/erase voltages are generated by an on-chip
charge pump rated to operate over the voltage range of
the device for byte or word operations.

Depending on the setting of the Flash Program
Memory Self Write Enable bits WRT<1:0> of the
Configuration Word Register 2, the device may or may
not be able to write certain blocks of the program
memory. However, reads from the program memory
are always allowed.

When the device is code-protected, the device
programmer can no longer access data or program
memory. When code-protected, the CPU may continue
to read and write the data EEPROM memory and Flash
program memory.

23.1 EEADRL and EEADRH Registers

The EEADRL and EEADRH registers can address up
to a maximum of 256 bytes of data EEPROM or up to a
maximum of 32K words of program memory.

When selecting a program address value, the MSB of
the address is written to the EEADRH register and the
LSB is written to the EEADRL register. When selecting
a EEPROM address value, only the LSB of the address
is written to the EEADRL register.

23.11 EECON1 AND EECON2 REGISTERS

EECON1 is the control register for EE memory
accesses.

Control bit EEPGD determines if the access will be a
program or data memory access. When clear, any
subsequent operations will operate on the EEPROM
memory. When set, any subsequent operations will
operate on the program memory. On Reset, EEPROM is
selected by default.

Control bits RD and WR initiate read and write,
respectively. These bits cannot be cleared, only set, in
software. They are cleared in hardware at completion
of the read or write operation. The inability to clear the
WR bit in software prevents the accidental, premature
termination of a write operation.

The WREN bit, when set, will allow a write operation to
occur. On power-up, the WREN bit is clear. The
WRERR bit is set when a write operation is interrupted
by a Reset during normal operation. In these situations,
following Reset, the user can check the WRERR bit
and execute the appropriate error handling routine.

Interrupt flag bit EEIF of the PIR2 register is set when
write is complete. It must be cleared in the software.

Reading EECON2 will read all ‘0’s. The EECON2 reg-
ister is used exclusively in the data EEPROM write
sequence. To enable writes, a specific pattern must be
written to EECONZ2.

@ 2008 Microchip Technology Inc.
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REGISTER 23-1: EEDATL: EEPROM DATA REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
EEDATL7 | EEDATL6 | EEDATLS | EEDATL4 | EEDATL3 | EEDATL2 EEDATL1 | EEDATLO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0
u = bit is unchanged X = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1" =Bitis set ‘0’ = Bit is cleared
bit 7-0 EEDATL<7:0>: & Least Significant data bits of data EEPROM or Read from program memory

REGISTER 23-2: EEDATH: EEPROM DATA HIGH BYTE REGISTER

U-0 U-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
— | — | EEDATHS | EEDATH4 | EEDATH3 | EEDATH2 | EEDATH1 | EEDATHO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0
u = bit is unchanged X = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1" =Bitis set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as "0’
bit 5-0 EEDATH=<5:0>: 6 Most Significant Data bits from program memory

REGISTER 23-3: EEADRL: EEPROM ADDRESS REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
EEADR7 | EEADR6 | EEADR5 | EEADR4 | EEADR3 | EEADR2 EEADR1 EEADRO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0
u = bit is unchanged X = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1" =Bitis set ‘0’ = Bit is cleared
bit 7-0 EEADRL<7:0>: 8 Least Significant Address bits for EEPROM or program memory

REGISTER 23-4: EEADRH: EEPROM ADDRESS HIGH BYTE REGISTER

U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— | EEADRH6 | EEADRH5 | EEADRH4 | EEADRH3 | EEADRH2 | EEADRH1 | EEADRHO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0
u = bit is unchanged X = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1" =Bitis set ‘0’ = Bit is cleared
bit 7 Unimplemented: Read as "0’
bit 6-0 EEADRH=6:0=>: Specifies the 7 Most Significant Address bits or high bits for program memory reads
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REGISTER 23-5: EECON1: EEPROM CONTROL 1 REGISTER

R/W-0/0

R/W-0/0 R/W-0/0  R/MW/HC-0/0 R/MW-x/q R/W-0/0 R/S/HC-0/0 R/S/HC-0/0

EEPGD

CFGS LWLO FREE WRERR WREN WR RD

bit 7

bit 0

Legend:

‘1" = Bit is set

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
S = Bit can only be set x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘0" = Bit is cleared HC = bit is cleared by hardware

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

EEPGD: Flash Program/Data EEPROM Memory Select bit

1 = Accesses program space Flash memory
0 = Accesses data EEPROM memory

CFGS: Flash Program/Data EEPROM or Configuration Select bit

1 = Accesses Configuration, User ID and Device ID Registers
0 = Accesses Flash Program or data EEPROM Memory
LWLO: Load Write Latches Only bit
If EEPGD = 1 or CFGS = 1: (accessing program Flash)
1 = The next WR command does not initiate a write to the PFM; only the program memory
latches are updated.
0 = The next WR command writes a value from EEDATH:EEDATL into program memory latches
and initiates a write to the PFM of all the data stored in the program memory latches.
If EEPGD = 0 and CEGS = 1: (Accessing data EEPROM)
LWLO is ignored. The next WR command initiates a write to the data EEPROM.
FREE: Program Flash Erase Enable bit
If EEPGD = 1 or CEGS = 1: (accessing program Flash)
1 = Perform an program Flash erase operation on the next WR command (cleared by hardware
after completion of erase).
0 = Perform a program Flash write operation on the next WR command.
If EEPGD = 0 and CFGS = 0: (Accessing data EEPROM)
FREE is ignored. The next WR command will initiate both a erase cycle and a write cycle.
WRERR: EEPROM Error Flag bit
1 = Condition could indicate an improper program or erase sequence attempt or termination (bit is set
automatically on any set attempt (write ‘1") of the WR bit.
0 = The program or erase operation completed normally.
WREN: Program/Erase Enable bit
1 = Allows program/erase cycles
0 = Inhibits programming/erasing of program Flash and data EEPROM
WR: Write Control bit
1 = Initiates a program Flash or data EEPROM program/erase operation.
The operation is self-timed and the bit is cleared by hardware once operation is complete.
The WR bit can only be set (not cleared) in software.
0 = Program/erase operation to the Flash or data EEPROM is complete and inactive.
RD: Read Control bit
1 = Initiates an program Flash or data EEPROM read. Read takes one cycle. RD is cleared in
hardware. The RD bit can only be set (not cleared) in software.
0 = Does not initiate a program Flash or data EEPROM data read.
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REGISTER 23-6: EECON2: EEPROM CONTROL 2 REGISTER

R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0
EEUNLK7 EEUNLKS6 EEUNLKS5 | EEUNLK4 | EEUNLK3 EEUNLK2 EEUNLK1 EEUNLKO
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

S = Bit can only be set x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
“1" = Bit is set ‘0" = Bit is cleared

bit 7-0 EEUNLK<7:0>: Data EEPROM Unlock Pattern bits

To unlock writes, a 55h must be written first, followed by an AAh, before setting the WR bit of the
EECON?1 register. The value written to this register is used to unlock the writes. There are specific
timing requirements on these writes. Refer to Section 23.1.3 “Writing to the Data EEPROM
Memory” for more information.
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23.1.2 READING THE DATA EEPROM
MEMORY

To read a data memory location, the user must write the
address to the EEADRL register, clear the EEPGD and
CFGS control bits of the EECON1 register, and then
set control bit RD. The data is available at the very next
cycle, in the EEDATL register; therefore, it can be read
in the next instruction. EEDATL will hold this value until
another read or until it is written to by the user (during
a write operation).

EXAMPLE 23-1: DATA EEPROM READ

BANKSEL EEADRL ;

MOVLW DATA EE ADDR ;

MOVWE EEADRL ;Data Memory
;Bddress to read

BCF EECON1, CFGS ;Deselect Config space
BCF EECON1, EEPGD;Point to DATA memory
BSF EECON1, RD ;EE Read

MOVE EEDATL, W ;W = EEDATL

BCF STATUS, RP1 ;Bank 0

Note: Data EEPROM can be read regardless of
the setting of the CPD bit.

EXAMPLE 23-2: DATA EEPROM WRITE

23.1.3 WRITING TO THE DATA EEPROM
MEMORY

To write an EEPROM data location, the user must first
write the address to the EEADRL register and the data
to the EEDATL register. Then the user must follow a
specific sequence to initiate the write for each byte.

The write will not initiate if the above sequence is not
followed exactly (write 55h to EECONZ2, write AAh to
EECON2, then set WR bit) for each byte. Interrupts
should be disabled during this code segment.

Additionally, the WREN bit in EECON1 must be set to
enable write. This mechanism prevents accidental
writes to data EEPROM due to errant (unexpected)
code execution (i.e., lost programs). The user should
keep the WREN bit clear at all times, except when
updating EEPROM. The WREN bit is not cleared
by hardware.

After a write sequence has been initiated, clearing the
WREN bit will not affect this write cycle. The WR bit will
be inhibited from being set unless the WREN bit is set.

At the completion of the write cycle, the WR bit is
cleared in hardware and the EE Write Complete
Interrupt Flag bit (EEIF) is set. The user can either
enable this interrupt or poll this bit. EEIF must be
cleared by software.

BANKSEL EEADRL ;
MOVLW  DATA EE ADDR  ;
MOVWF  EEADRL
MOVLW  DATA EE DATA  ;
MOVWF  EEDATL

BTFSC EECON1, WR
GOTO -2 ;Done

;Data Memory Address to write

;Data Memory Value to write

BCF EECON1, CFGS ;Deselect Configuration space
BCF EECON1, EEPGD ;Point to DATA memory
ESF EECON1, WREN ;Enable writes
BCF INTCON, GIE ;Disable INTs.
BTFSC INTCON, GIE ;SEE LNST6
GOTO 5-2
MOVLW 55h ;

E g MOVWE EECONZ ;Write 55h

59 MOVLW ARh ;

&E MOVWE  EECON2 ;Write ARh . .
BSF EECON1, WR ;5et WR bit to begin write
ECF EECON1, WREN ;Disable writes

;Wait for write to complete

@ 2008 Microchip Technology Inc.
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2314

To read a program memory location, the user must:
1.

2.
3.

4.

MEMORY

Write the Least and Most Significant address
bits to the EEADRL and EEADRH registers.

Clear the CFGS bit of the EECON1 register.
Set the EEPGD control bit of the EECON1

register.

Then, set control bit RD of the EECON1 register.

READING THE FLASH PROGRAM

EEDATL and EEDATH registers will hold this value until
another read or until it is written to by the user.

Note 1: The two instructions following a program
memory read are required to be NOPs.
This prevents the user from executing a
two-cycle instruction on the next
instruction after the RD bit is set.

2: Data EEPROM can be read regardless of
the setting of the CPD bit.

Once the read control bit is set, the program memory
Flash controller will use the second instruction cycle to
read the data. This causes the second instruction
immediately following the “BSF EECON1, RD” instruction
to be ignored. The data is available in the very next cycle,
in the EEDATL and EEDATH registers; therefore, it can
be read as two bytes in the following instructions.

EXAMPLE 23-3:

FLASH PROGRAM READ

Required

BANKSEL EEADRL

MOVLW MS PROG EE ADDR

MOVWE  EEADRH

MOVLW LS PROG EE ADDR

MOVWE  EEADRL
BANKSEL EECON1

BSF EECON1,
o BSE EECON1,
2
@«
3
o
@
0 NOP
NOF

BANKSEL EEDATL
MOVE EEDATL,

EEPGD
RD

W

MOVWE  LOWFMEBYTE

MOVE EEDATH,

W

MOVWE  HIGHFMBYTE

BCF STATUS, RP1

;MS Byte of Program ARddress to read
;LS Byte of Program ARddress to read
;Point to PROGRAM memory

;EE Read

;First instruction after BSF EECON1,RD executes normally
;Any instructions here are ignored as program

;memory is read in second cycle after BSF EECON1,RD

;W = LS Byte of Program Memory

;W = MS Byte of Program EEDATL

;Bank 0
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EXAMPLE 23-4: FLASH PROGRAM MEMORY READ
* This code block will read 1 word of program
* memory at the memory address:
PROG_ADDR HI : PROG ADDR 1O
* data will be returned in the variables;
*  PROG_DATA HI, PROG DATA 1O
BANESEL EELDRL ; Select Bank for EEPROM registers
MOVLW PROG_ADDR_LO ;
MOVWE EERDRL ; Store LSB of address
MOVLW PROG_ADDR HI ;
MOVWL EERDRH ; Store MSB of address
BCF EECON1, CFGS ; Select configuration Space
BSF EECON1, EEPGD ; Select Program Memory
ECF INTCON, GIE ; Disable interrupts
ESF EECON1,RD ; Initiate read
NOP ; Executed (Figure 23-1)
NOP ; Ignored (Figure 23-1)
BSF INTCON, GIE ; Restore interrupts
MOVE EEDATL,W ; Get LSB of word
MOVWE PROG DATA LO ; Store in user location
MOVE EEDATH, W ; Get MSB of word
MOVWE PROG DATA HI ; Store in user location
FIGURE 23-1: FLASH PROGRAM MEMORY READ CYCLE EXECUTION
IQI QZIQS Q4(Q1|Q2|Q3|Q4 Q‘I|Q2IQ3 Q4/Q1|1Q2|Q3|Q4 Q‘I|Q2IQ3 Q4/Q1|1Q2|Q3|Q4
I
| I | | | I I
Flash ADDR I: PC X PC+1 XEEADRH,EEADRLX PC+3 X PC+4 X PC+5 )
| I | | | I I
I | | !
Flash Data X INSTR (PC) XINSTR (PC + 1) XEEDATH,EEDATLX INSTR (PC + 3) X INSTR (PC + 4) X |
| I | | | I |
| INSTR(PC-1) | BSFEECONIRD| INSTRPC+1) |  Forcedmor | INSTRPC+3) | INsTRPC+4) |
| executed here I executed here | executed here | executed here | executed here I executed here I
| I | | | I |
RD bIt I 1 I/ | \ | ] ]
I 1 1 1 I 1
| I | | | I I
| | | | | | |
EEDATL ) ) ) . ) )
Register | | [ | [ | |
| I | | | I I
EERHLT | | / | A\ | |
I 1 I I I 1 1
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23.2 Erasing Program Memory

While executing code, program memory can only be
erased by rows. A row consists of 32 words where the
EEADRL<4:0> = 0000. To erase a row:

1. Load the EEADRH and EEADRL registers with
the address of new row to be erased.

Clear the CFGS bit of the EECON1 register.
Set the EEPGD bit of the EECON1 register.
Set the FREE bit of the EECON1 register.

Write 5bh, then AAh, to EECON2 (Flash
programming unlock sequence).

6. Set control bit WR of the EECON1 register to
begin the write operation.

ok wN

23.3 Writing to Flash Program Memory

Before writing, program memory should be erased
using the Erase Program Memory command.

No automatic erase occurs upon the initiation of the
write; if the program Flash needs to be erased before
writing, the row (32 words) must be erased previously.

Flash program memory may only be written to if the
destination address is in a segment of memory that is
not write-protected, as defined in bits WRT<1:0> of the
Configuration Word Register 2. Flash program memory
must be written in eight-word blocks. See Figure 23-2
for more details. A block consists of eight words with
sequential addresses, with a lower boundary defined
by an address, where EEADRL<2:0> = 000. All block
writes to program memory are done as 32-word erase
by eight-word write operations. The write operation is
edge-aligned and cannot occur across boundaries.

When the LWLO bit is ‘1, the write sequence will only
load the buffer register and will not actually initiate the
write to program Flash:

1. Set the EEPGD, WREN and LWLO bits of the
EECON1 register.

2. Write 5bh, then AAh, to EECON2 (Flash
programming unlock sequence).

3. Set control bit WR of the EECON1 register to
begin the write operation.

To write program data, it must first be loaded into the
buffer registers (see Figure 23-1). This is accomplished
by first writing the destination address to EEADRL and
EEADRH and then writing the data to EEDATA and
EEDATH. After the address and data have been set up,
then the following sequence of events must be executed:

1. Set the EEPGD control bit of the EECON1
register.

2. Set the LWLO bit of the EECON1 register.

3. Write 55h, then AAh, to EECON2 (Flash
programming sequence).

4. Set the WR control bit of the EECON1 register.

Up to eight buffer register locations can be written to
with correct data. If less than eight words are being writ-
ten to in the block of eight words, then the data for the
unprogrammed words should be set to all ones.

After the “BSF EECON1, WR” instruction, the processor
requires two cycles to set up the erase/write operation.
The user must place two NOP instructions after the WR
bit is set. Since data is being written to buffer registers,
the writing of the first seven words of the block appears
to occur immediately. The processor will halt internal
operations for the typical 2 ms, only during the cycle in
which the erase takes place (i.e., the last word of the
sixteen-word block erase). This is not Sleep mode as
the clocks and peripherals will continue to run. After the
eight-word write cycle, the processor will resume oper-
ation with the third instruction after the EECON1 write
instruction.

An example of the complete eight-word write sequence
is shown in Example 23-5. The initial address is loaded
into the EEADRH and EEADRL register pair; the eight
words of data are loaded using indirect addressing.
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FIGURE 23-2:

BLOCK WRITES TO 8K FLASH PROGRAM MEMORY

First word of block
to be written

EEADRL<2:0> =00

\" Buffer Register ‘

EEADRL<2:0> =001

7 5 07 0
EEDATH EEDATA
R G e
\ J
v

‘ Buffer Register |

}

EEADRL<2:0> = 010

Buffer Register ‘

l

EEADRL<2:0>=111

14

Buffer Register ‘

l

Program Memory
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EXAMPLE 23-5:

WRITING TO FLASH PROGRAM MEMORY

; This write routine assumes the following:

; 1. A valid starting address
; 2. The 8 bytes of data are loaded,

(the least significant bits = 00)is loaded in ADDRH:ADDRL

starting at the address in DATADDR

; 3. ADDRH, RDDRL and DATADDR are zll located in shared data memory 0x70 - 0x7f

BANKSEL EEADRH

MOVE
MOVWE
MOVE
MOVWE
MOVE
MOVWE
MOVE
MOVWE

LOQF MOVIW

MOVWE
MOVIW
MOVWE
BSF
BCF
BSF
BSF
MOVLW
MOVWE
MOVLW
'88 MOVWE
Zc
Sao BSF
S
=4
Lo
e
NOF
NOF

ADDRH, W
EEADRH
ADDRL, W
EEADRL
DATAADDRL, W
FSROL
DATARADDRH, W
FSROH

INDEO++
EEDATL
INDEO++
EEDATH
EECON1, EEPGD
EECON1, CEFGS
EECON1, WREN
EECON1, LWLO

55h
EECONZ
RLh
EECONZ
EECON1,WR

MOVE EEADR,W

XORLW
ANDLW
BTFESC
GOTO

INCFE
GOTO

START WRITE

BCF
MOVLW
MOVAE
MOVLW
MOVAE

?§§ BSF

5 @
2

g8 wNoe
NOP
BCF

0x08

0x08
STATUS, Z
START WRITE

EEADR, F
LOQF

EECON1, LWLO

55h
EECONZ
RLh
EECONZ
EECON1,WR

EECON1, WREN

Bank 3
Load initial address

Load initial data address

Load initial data address

Load first data byte into lower
Load second data byte into upper

Point to program memory

; Not configuration space

Enable writes
only Load Write Latches

Start of required write sequence:

; Write 55h

; Write RARh

Set WR bit to begin write

; Bny instructions here are ignored as processor

halts to begin write sequence

; processor will stop here and wait for write complete

after write processor continues with 3rd instruction
Check if lower two bits of address are ‘007
Check if we're on the last of 8 addresses

Exit if last of eight words,

Still loading latches Increment address

; Write next latches

; No more Latches only; Actually start write

Start of required write sequence:

; Write 55h

; Write RARh

Set WR bit to begin write

; Bny instructions here are ignored as processor

halts to begin write sequence

; processor will stop here and wait for write complete

after write processor continues with 3rd instruction
Disable writes
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23.4 Configuration Word and Device ID
Access

Instead of accessing program memory or EEPROM
data memory, the User ID’s, Device |ID/Revision ID and
Configuration Words can be accessed when
CFGS = 1. This is the region that would be pointed to
by PC<15> = 1, but not all addresses are accessible.
Different access may exist for reads and writes. Refer
to Table 23-1.

When read access is initiated on an unallowed
address, the EEDATH:EEDATL registers are cleared.

Writes can be disabled via the WRT Configuration bits.
Refer to the Configuration Word 2 register.

TABLE 23-1: PFM AND FUSE ACCESS VIA EECON1/EEDATH:EEDATL REGISTERS

(WHEN CFGS = 1)

Address Function Read Access Write Access
8000h-8003h User IDs Yes Yes
8006h Device ID/Revision ID Yes No
8007h-8008h Configuration Words 1 and 2 Yes No

EXAMPLE 23-3: CONFIGURATION WORD AND DEVICE ID ACCESS

* This code block will read 1 word of program
* memory at the memory address:
PROG ADDR HI : PROG ADDR LO

* data will be returned in the variables;
*  PROG_DATA HI, PROG DATA 1O

BANKSEL EEADRL ; Select Bank 2

MOVLW PROG_ADDR_LO

MOVWE EERDRL ; Store LSB of address
MOVLW PROG_ADDR HI

MOVWL EERDRH ; Store MSB of address
ECF EECON1, CFGS ; Deselect Configuration
BSF EECON1, EEPGD ; Select Program Memory
ECF INTCON, GIE ; Disable interrupts

ESF EECON1,RD ; Initiate read

NOP ; Executed (Figure 23-1)
NOP ; Ignored (Figure 23-1)
BSF INTCON, GIE ; Restore interrupts
MOVE EEDATL,W ; Get LSB of word

MOVWE PROG DATA LO ; Store in user location
MOVE EEDATH, W ; Get MSB of word

MOVWE PROG DATA HI ; Store in user location

Space

@ 2008 Microchip Technology Inc.
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23.5 Write Verify

Depending on the application, good programming
practice may dictate that the value written to the data
EEPROM or program memory should be verified (see
Example 23-8) to the desired value to be written.

EXAMPLE 23-6: WRITE VERIFY
BANKSEL EEDATL
MOVFE EEDATL, W ;EEDATL not changed
;from previous write
BSF EECON1, RD ;YES, Read the
;value written
XORWFE EEDATL, W
BTFSS STATUS, Z ;Is data the same
GOTO WRITE ERR ;No, handle error
H ;Yes, continue
23.51 USING THE DATA EEPROM

The data EEPROM is a high-endurance, byte
addressable array that has been optimized for the
storage of frequently changing information (e.g.,
program variables or other data that are updated often).
When variables in one section change frequently, while
variables in another section do not change, it is possible
to exceed the total number of write cycles to the
EEPROM (specification D124) without exceeding the
total number of write cycles to a single byte
(specifications D120 and D120A). If this is the case,
then a refresh of the array must be performed. For this
reason, variables that change infrequently (such as
constants, IDs, calibration, etc.) should be stored in
Flash program memory.

23.6 Protection Against Spurious Write

There are conditions when the user may not want to
write to the data EEPROM memory. To protect against
spurious EEPROM writes, various mechanisms have
been built-in. On power-up, WREN is cleared. Also, the
Power-up Timer (64 ms duration) prevents
EEPROM write.

The write initiate sequence and the WREN bit together
help prevent an accidental write during:

* Brown-out
* Power Glitch
« Software Malfunction

23.7 Data EEPROM Operation During
Code-Protect

Data memory can be code-protected by programming
the CPD bit in the Configuration Word Register 1
(Register 10-1) to ‘0.

When the data memory is code-protected, only the
CPU is able to read and write data to the data
EEPROM. It is recommended to code-protect the
program memory when code-protecting data memory.
This prevents anyone from replacing your program with
a program that will access the contents of the data
EEPROM.

TABLE 23-2: SUMMARY OF REGISTERS ASSOCIATED WITH DATA EEPROM
Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁg;zt;;

EECON1 | EEPGD CFGS LWLO FREE WRERR | WREN WR RD 323
EECON2 |EEPROM Control Register 2 (not a physical register) 324*
EEADRL |EEADRL7|EEADRLG |EEADRLS | EEADRL4 |EEADRL3 |EEADRL2 |EEADRL1 | EEADRLO 322
EEADRH — EEADRH6|EEADRH5 | EEADRH4 | EEADRH3 |[EEADRH2 | EEADRH1|EEADRHO 322
EEDATL |EEDATLY | EEDATL6 | EEDATLS | EEDATL4 | EEDATL3 | EEDATL2 | EEDALT1 | EEDATLO 322
EEDATH — — EEDATHS | EEDATH4 | EEDATH3 | EEDATH2 | EEDATH1 | EEDATHO 322
INTCON GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF 73
PIE2 OSFIE C2IE C1lE EEIE BCLIE LCDIE — CCP2IE 75
PIR2 OSFIF C2IF C1IF EEIF BCLIF LCDIF — CCP2IF 78
Legend: =x =unknown, u = unchanged, — = unimplemented read as ‘0", g = value depends upon condition.

*

Shaded cells are not used by data EEPROM module.
Page provides register information.
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24.0 POWER-DOWN MODE (SLEEP)

The Power-down mode is entered by executing a
SLEEP instruction.

If the Watchdog Timer is enabled:

« WDT will be cleared but keeps running.
« PD bit of the STATUS register is cleared.
« TO bit of the STATUS register is set.

*» Oscillator driver is turned off.

» Timer1 oscillator is unaffected

+ |/O ports maintain the status they had before
SLEEP was executed (driving high, low or high-
impedance).

For lowest current consumption in this mode, all 1/0
pins should be either at VDD or Vss, with no external
circuitry drawing current from the /O pin. I/O pins that
are high-impedance inputs should be pulled high or low
externally to avoid switching currents caused by float-
ing inputs. The TOCKI input should also be at VDD or
Vss for lowest current consumption. The contribution
from on-chip pull-ups on PORTB should be considered.

Enabled Resets remain functional during Sleep.

241 Wake-up from Sleep

The device can wake-up from Sleep through one of the
following events:

1. External Reset input on MCLR pin, if enabled.
2. BOR Reset, if enabled.

3. Watchdog Timer wake-up (if WDT was
enabled).

4. Any external interrupt.

5. Certain peripheral interrupts (see individual
peripheral for more information).

The first two events will cause a device Reset. The last
three events are considered a continuation of program
execution. The TO and PD bits in the STATUS register
can be used to determine the cause of device Reset.
The PD bit, which is set on power-up, is cleared when
Sleep is invoked. TO bit is cleared if WDT wake-up
occurred.

Certain peripherals cannot generate interrupts since
during Sleep, no on-chip clocks are present.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is prefetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction, then branches to the interrupt

address (0004h). In cases where the execution of the
instruction following SLEEP is not desirable, the user
should have a NOP after the SLEEP instruction.

Note: If the global interrupts are disabled (GIE is
cleared), but any interrupt source has both
its interrupt enable bit and the correspond-
ing interrupt flag bits set, the device will
immediately wake-up from Sleep. The

SLEEP instruction is completely executed.

The WDT is cleared when the device wakes up from
Sleep, regardless of the source of wake-up.

@ 2008 Microchip Technology Inc.
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242 Wake-up Using Interrupts

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the execution of a

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOPE.

SLEEP instruction, the SLEEP instruction will
complete as a NOFE. Therefore, the WDT and WDT
prescaler and postscaler (if enabled) will not be
cleared, the TO bit will not be set and the PD bit
will not be cleared.

« If the interrupt occurs during or after the
execution of a SLEEP instruction, the device will
immediately wake-up from Sleep. The SLEEP
instruction will be completely executed before the
wake-up. Therefore, the WDT and WDT prescaler
and postscaler (if enabled) will be cleared, the TO
bit will be set and the PD bit will be cleared.

FIGURE 24-1: WAKE-UP FROM SLEEP THROUGH INTERRUPT

,Q11Q2| Q3] @4, Q1| Q2|Q3| Q4, Q1] . ,Q1]Q2| Q3| Q4, Q11 Q2| Q3| Q4, Q1] Q2] Q3| Q4, Q1] Q2| Q3| Q4,
osc1ih mnmmﬁﬂrmmm

CLKOUTK‘_, \ / \ TosT@)' / i /

INT pin : : ' : . \ :

INTFflag . , l N
(INTCON reg.) /i Interrupt Latency (!

ha ]

GIE bit ' : : : ' : :

(INTCON reg.) ' ' Processor i, : 1 \

Instruction Flow'

PC ) FC i( PC+1 X PC+2 X PC+2Z ¥ PC+2 ¥ _0004h X __0005h

Pgtmgt(ljnn_{ Inst(PC) = Sleep’  Inst(PC + 1) * Inst(PC +2) * Inst(0004h) ' Inst(0005h) !

Instruction

Instuctionf | instpc-1) +  Sleep InsfPC+1) . Dummy Cycle . Dummy Cycle:  Inst(0004h) -
Note 1: XT HS or LP Oscillator mode assumed.
2:  Tost = 1024 Tosc (drawing not to scale). This delay does not apply to EC and RC Oscillator modes.
3: GIE = 1 assumed. In this case after wake-up, the processor jumps to 0004h. If GIE = 0, execution will continue in-line.
4:  CLKOUT is not available in XT, HS, or LP Oscillator modes, but shown here for timing reference.

TABLE 24-1: SUMMARY OF REGISTERS ASSOCIATED WITH POWER-DOWN MODE

Name Bit 7 Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 Bit 0 Re%‘,ﬁg’; on
IOCBF IOCBF7 | IOCBF6 | IOCBF5 | IOCBF4 | IOCBF3 | IOCBF2 | IOCBF1 | IOCBFO 104
IOCBN IOCBN7 | IOCBN6 | IOCBN5 | IOCBN4 | IOCBN3 | IOCBN2 | IOCBN1 | IOCBNO 104
IOCBP IOCBP7 | IOCBP6 | IOCBP5 | IOCBP4 | IOCBP3 | IOCBP2 | IOCBP1 | IOCBPO 104
INTCON GIE PEIE TMROIE INTE IOCIE | TMROIF INTF IOCIF 73
PIE1 TMR1GIE| ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMRI1IE 74
PIE2 OSFIE C2IE C1lE EEIE BCLIE LCDIE — CCP2IE 75
PIR1 TMR1GIF | ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 77
PIR2 OSFIE C2IE C1lE EEIE BCLIE LCDIE — CCP2IE 78
Legend: =x =unknown, u = unchanged, — = unimplemented, read as ‘0". Shaded cells are not used in Power-down

mode.
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25.0 IN-CIRCUIT SERIAL
PROGRAMMING™ (ICSP™)

ICSP™ programming allows customers to manufacture
circuit boards with unprogrammed devices. Programming
can be done after the assembly process allowing the
device to be programmed with the most recent firmware
or a custom firmware. Five pins are needed for ICSP™
programming:

» ICSPCLK

» ICSPDAT

* MCLRN/PP

+ VDD

+ Vss

In Program/Verify mode the Program Memory, User
IDs and the Configuration Words are programmed
through serial communications. The ICSPDAT pin is a
bidirectional 1/0 used for transferring the serial data
and the ICSPCLK pin is the clock input. For more infor-
mation on Icsp™ refer to the
“PIC16193X/PIC16LF193X Memory Programming
Specification” (DS41360A)

25.1 High-voltage Programming Mode

The device is placed into high-voltage Program/Verify
mode by holding the ICSPCLK and ICSPDAT pins low
then raising the voltage on MCLR/\V/PP to VIHH.

FIGURE 25-1:

Note: The ICD 2 produces a VPP voltage greater
than the maximum VPP specification of the
PIC16F193X/LF193X. When using this
programmer, an external circuit is required
to keep the VPP voltage within the device

specifications.

25.2 Low-Voltage Programming Mode

The Low-Voltage Programming mode allows the
PIC16F193X/LF193X devices to be programmed using
VDD only, without high voltage. When the LVP bit of the
Configuration Word 2 register is set to ‘1, the
low-voltage ICSP programming entry is enabled. To
disable the Low-Voltage ICSP mode, the LVP bit must
be programmed to ‘0’

Entry into the Low-Voltage ICSP Program/Verify modes
requires the following steps:

1. MCLR is brought to VIL.
2. A 32-bit key sequence is presented on
ICSPDAT, while clocking ICSPCLK.

Once the key sequence is complete, MCLR must be
held at VIL for as long as Program/Verify mode is to be
maintained.

TYPICAL CONNECTION FOR ICSP™ PROGRAMMING

External
Programming
Signals

Device to be
Programmed

VDD

Vpp

Vss

Vss

VDD
% 10k
- MCLR/VPpP

ICSPDAT

Data
Clock

ICSPCLK

To Normal Connections

* |solation devices (as required).
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NOTES:
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26.0 INSTRUCTION SET SUMMARY

Each PIC16 instruction is a 14-bit word containing the
operation code (opcode) and all required operands.
The opcodes are broken into three broad categories.

» Byte Oriented
» Bit Oriented
» Literal and Control

The literal and control category contains the most var-
ied instruction word format.

Table 26-3 lists the instructions recognized by the
MPASM™ assembler.

All instructions are executed within a single instruction
cycle, with the following exceptions, which may take
two or three cycles:

» Subroutine takes two cycles (CALL, CALLW)

» Returns from interrupts or subroutines take two
cycles (RETURN, RETLW, RETFIE)

* Program branching takes two cycles (GOTO, BRA,
BRW, BTFSS, BTFSC, DECFSZ, INCSFZ)

» One additional instruction cycle will be used when
any instruction references an indirect file register
and the MSb of the appropriate file select register
is set.

One instruction cycle consists of 4 oscillator cycles; for
an oscillator frequency of 4 MHz, this gives a nominal
instruction execution rate of 1 MHz.

All instruction examples use the format ‘Oxhh’ to
represent a hexadecimal number, where ‘h’ signifies a
hexadecimal digit.

26.1 Read-Modify-Write Operations

Any instruction that specifies a file register as part of
the instruction performs a Read-Modify-Write (R-M-W)
operation. The register is read, the data is modified,
and the result is stored according to either the instruc-
tion, or the destination designator ‘d’. A read operation
is performed on a register even if the instruction writes
to that register.

TABLE 26-1: OPCODE FIELD
DESCRIPTIONS

Field Description

Register file address (0x00 to 0x7F)

Working register (accumulator)

Bit address within an 8-bit file register

Literal field, constant data or label

x| ®m|lo|S| =

Don’t care location (= 0 or 1).

The assembler will generate code with x = 0.
It is the recommended form of use for
compatibility with all Microchip software tools.

d | Destination select; d = 0: store result in W,
d = 1: store result in file register f.
Defaultisd=1.

n |FSR or INDF number. (0-1)

mm | Pre-post increment-decrement mode
selection

TABLE 26-2: ABBREVIATION
DESCRIPTIONS

Field Description

PC | Program Counter
TO |Time-out bit

C | Carry bit
DC | Digit carry bit
Z | Zero bit

PD | Power-down bit

@ 2008 Microchip Technology Inc.
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FIGURE 26-1: GENERAL FORMAT FOR

INSTRUCTIONS

Byte-oriented file register operations
13 8 7 6

OPCODE | d| f(FILE #)

d = 0 for destination W
d = 1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 7 6

OPCODE |b(BIT#)| f(FILE #)

b = 3-bit bit address
f = 7-bit file register address

Literal and control operations

General
13 8 7

OPCODE k (literal)

k = 8-bit immediate value

CALL and GOTOC instructions only
13 11 10

OPCODE k (literal)

k = 11-bit immediate value

MOVLP instruction only
13 7 6

OPCODE k (literal)

k = 7-bit immediate value

MOVLE instruction only
13 5 4

OPCODE k (literal)

k = 5-bit immediate value

BRZ instruction only
13 9 8

OPCODE k (literal)

k = 9-bit immediate value

FSR Offset instructions
13 7 6 5

OPCODE | n | k (literal)

n = appropriate FSR
k = 6-bit immediate value

FSR Increment instructions
13 3 2 1

0

OPCODE [ n|m (modej

n = appropriate FSR
m = 2-bit mode value

OPCODE only
13

OPCODE
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TABLE 26-3: PIC16F193X/LF193X ENHANCED INSTRUCTION SET

Mnemonic, L 14-Bit Opcode Status
Description Cycles Notes
Operands MSb LSh Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f d Add W and f 1 00 0111 dfff ffff|C,DC,Z |2
ADDWFC f, d Add with Carry W and f 1 11 1101 dfff f£fff|C,DC,Z |2
ANDWF  f d AND W with f 1 00 0101 dfff ffff|Z 2
ASRF f.d Arithmetic Right Shift 1 11 0111 dfff f£fff|C,Z 2
LSLF f.d Logical Left Shift 1 11 0101 dfff f£fff|C,Z 2
LSRF f.d Logical Right Shift 1 11 0110 dfff f£fff|C,Z 2
CLRF f Clear f 1 00 0001 1fff ffff|Z 2
CLRW - Clear W 1 00 0001 0000 O00xx|Z
COMF f,d Complement f 1 00 1001 dfff ffff|Z 2
DECF f,d Decrement f 1 00 0011 dfff ffff|Z 2
INCF f,d Increment f 1 00 1010 dfff ffff|Z 2
IORWF f.d Inclusive OR W with f 1 00 0100 dfff ffff|Z 2
MOVF f,d Move f 1 00 1000 dfff ffff|Z 2
MOVWF f Move Wio f 1 00 0000 1fff ffff 2
RLF f,d Rotate Left f through Carry 1 00 1101 dfff ffff|C 2
RRF f,d Rotate Right f through Carry 1 00 1100 dfff ffff|C 2
SUBWF f d Subtract W from f 1 00 0010 dfff ffff|C,DC,Z |2
SUBWFB f, d Subtract with Borrow W from f 1 11 1011 dfff ffff|C,DC,Z |2
SWAPF f,d Swap nibbles in f 1 00 1110 dfff ffff 2
XORWF f d Exclusive OR W with f 1 00 0110 dfff ffff|Z 2
BYTE ORIENTED SKIP OPERATIONS
DECFsz |f. d Decrement f, Skip if 0 1(2) 00 1011 |dfff | ££££ 1,2
INCFsz |f. d Increment f, Skip if 0 1(2) 00 1111 |dfff | ££££ 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f.b Bit Clear f 1 01 00bb |bfff | ffff 2
BSF fb Bit Set f 1 01 |0lbb |bfff | ffff 2
BIT-ORIENTED SKIP OPERATIONS

BTFSC f. b Bit Test f, Skip if Clear 1(2) 01 10bb bfff ffff 1,2
BTFSS f. b Bit Test f, Skip if Set 1(2) 01 1lbb bfff ffff 1,2
LITERAL OPERATIONS
ADDLW  k Add literal and W 1 11 1110 kkkk kkkk |C,DC,Z
ANDLW  k AND literal with W 1 11 1001 kkkk kkkk |Z
IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk |Z
MOVLB k Move literal to BSR 1 00 0000 001k kkkk
MOVLP k Move literal to PCLATH 1 11 0001 1kkk kkkk
MOVLW  k Move literal to W 1 11 0000 kkkk kkkk
SUBLW k Subtract W from literal 1 11 1100 kkkk kkkk|C,DC,Z
XORLW Kk Exclusive OR literal with W 1 11 1010 kkkk kkkk |Z

Note 1: I[f the Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles. The second cycle
Is executed as a NOP.
2: Ifthis instruction addresses an INDF register and the MSb of the corresponding FSR is set, this instruction will require one
additional instruction cycle.
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TABLE 26-3: PIC16F193X/LF193X ENHANCED INSTRUCTION SET (CONTINUED)
Mnemonic, Description Cycles 14-8it Opcode Status Notes
Operands MSb Lsb | Affected
CONTROL OPERATIONS
BRA k Relative Branch 2 11 001k kkkk kkkk
BRW - Relative Branch with W 2 00 0000 0000 1011
CALL k Call Subroutine 2 10 Okkk kkkk kkkk
CALLW - Call Subroutine with W 2 00 0000 0000 1010
GOTO k Go to address 2 10 1kkk kkkk kkkk
RETFIE k Return from interrupt 2 00 0000 0000 1001
RETLW k Retumn with literal in W 2 11 0100 kkkk kkkk
RETURN Retumn from Subroutine 2 00 0000 0000 1000
INHERENT OPERATIONS
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100 ﬁ, PD
NOP - No Operation 1 00 0000 0000 0000
OPTION - Load OPTION_REG register with W 1 00 0000 0110 0010
RESET Software device Reset 1 00 0000 0000 0001
SLEEP - Go into Standby mode 1 00 0000 0110 0011 ﬁ, PD
TRIS f Load TRIS register with W 1 00 0000 0110 01kk
C-COMPILER OPTIMIZED
ADDFSR n, k Add Literal to FSRn 1 11 0001 Onkk kkkk
MOVIW mm n Move INDFn to W, with pre/post inc/dec 1 00 0000 0001 Ommn|Z 2
nmm Move INDFn to W, with pre/post inc/dec 1 00 0000 Q001 Onmm |Z 2
k[n] Move INDFn to W, Indexed Indirect. 1 11 1111 Onkk kkkk |Z 2
MOVWI mm n Move W to INDFn, with pre/post inc/dec 1 00 0000 0001 lmmn 2
nmm Move W to INDFn, with pre/post inc/dec 1 00 0000 0001 1nmm 2
k[n] Move W to INDFn, Indexed Indirect. 1 11 1111 1nkk kkkk 2
Note 1: Ifthe Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles. The second cycle

is executed as a NOE.

2: Ifthis instruction addresses an INDF register and the MSb of the corresponding FSR is set, this instruction will require
one additional instruction cycle.
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26.2 Instruction Descriptions

ADDFSR Add Literal to FSRn

Syntax: [ label ] ADDFSR n, k

Operands: -32<k=<31
ne[0,1]

Operation: FSR(n) + k — FSR(n)

Status Affected: None

Description: The signed 6-bit literal 'k’ is added to
the contents of the FSRnH:FSRnL
register pair.
FSRn is limited to the range 0000h -
FFFFh. Moving beyond these bounds
will cause the FSR to wrap around.

ADDLW Add literal and W

Syntax: [ label] ADDLW k

Operands: 0<k=255

Operation: W) +k—= (W)

Status Affected: C,DC Z

Description: The contents of the W register are
added to the eight-bit literal 'k’ and the
result is placed in the W register.

ADDWF AddWand f

Syntax: [ label] ADDWF fd

Operands: 0=f=127
d=[0,1]

Operation: (W) + (f) — (destination)

Status Affected: C,DC, Z

Description: Add the contents of the W register
with register ‘f_ If ‘'d" is "0’ the result is
stored in the W register. If 'd"is "1’, the
result is stored back in register .

ADDWFC ADD W and CARRY bitto f

Syntax: [ label ] ADDWFC  f{d}

Operands: 0=f=127
d [0,1]

Operation: (W) + (f) + (C) — dest

Status Affected: C,DC, Z

Description: Add W, the Carry flag and data mem-

ory location . If 'd"is “0’, the result is
placed in W_If ‘d’ is '1’, the result is
placed in data memory location f.

ANDLW AND literal with W

Syntax: [ label] ANDLW k

Operands: 0<k=255

Operation: (W) AND._ (k) = (W)

Status Affected: z

Description: The contents of W register are
AND’ed with the eight-bit literal 'k’
The result is placed in the W register.

ANDWF AND W with f

Syntax: [label] ANDWF fd

Operands: 0=f<127
d=[0,1]

Operation: (W) _AND. (f) — (destination)

Status Affected: Z

Description: AND the W register with register . If
‘d’is ‘0, the result is stored in the W
register. If ‘d’ is ‘1’, the result is stored
back in register f".

ASRF Arithmetic Right Shift

Syntax: [ label ] ASRF f{d}

Operands: 0=<f=127
de[0,1]

Operation: (f<7>)— dest<7>
(f<7:1*) — dest<6:0>,
(f<0>) — C,

Status Affected: CZ

Description: The contents of register 'f’ are shifted

one bit to the right through the Carry

flag. The MSb remains unchanged. If
‘d’ is 0, the result is placed in W_ If 'd’
is ‘1’, the result is stored back in reg-
ister .

i egser {c]
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BCF Bit Clear f

Syntax: [label]BCF fb

Operands: 0=<7f<127
0=b<7

Operation: 0 — (f<b>)

Status Affected: None

Description: Bit ‘b’ in register f is cleared.

BRA Relative Branch

Syntax: [label]BRA Kk

Operands: -256 £k £255

Operation: (PC)+k—=PC

Status Affected: None

Description: Add the signed 9-bit literal 'k’ to the
PC. Since the PC will have incre-
mented to fetch the next instruction,
the new address willbe PC + 1 + k.
This instruction is a two-cycle instruc-
tion.

BRW Relative Branch with W

Syntax: [ label ] BRW

Operands: None

Operation: (PC) + (W) = PC

Status Affected: None

Description: Add the contents of W (unsigned) to
the PC. Since the PC will have incre-
mented to fetch the next instruction,
the new address willbe PC + 1 + (W).
This instruction is a two-cycle instruc-
tion.

BSF Bit Setf

Syntax: [label ] BSF fb

Operands: 0=<7f<127
0=b<7

Operation: 1 — (f<b>)

Status Affected: None

Description: Bit ‘b" in register f is set.

BTFSC Bit Test f, Skip if Clear

Syntax: [label ] BTFSC fb

Operands: 0=f<127
0=b<7

Operation: skip if (f<b=>) =0

Status Affected: None

Description: If bit ‘b’ in register T is '1’, the next
instruction is executed.
If bit ‘b, in register 'f', is '0°, the next
instruction is discarded, and a NOFE is
executed instead, making this a
2-cycle instruction.

BTFSS Bit Test f, Skip if Set

Syntax: [ label | BTFSS fb

Operands: 0=f=127
0=<b<7

Operation: skip if (f<b>) =1

Status Affected: None

Description: If bit ‘b’ in register f is "0’, the next

instruction is executed.

If bit ‘b" is “1’, then the next
instruction is discarded and a NOF Is
executed instead, making this a
2-cycle instruction.
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CALL Call Subroutine CLRWDT Clear Watchdog Timer
Syntax: [label] CALL k Syntax: [label] CLRWDT
Operands: 0<k=2047 Operands: None
Operation: (PC)+ 1 TOS, Operation: 00h > WDT
K— PC<1 0'_0>' ) 0 — WDT prescaler,
(PCLATH<4:3>) - PC<12:11> 1-TO
Status Affected: None 1—-PD
Description: Call Subroutine. First, return address Status Affected: TO, PD
(PC+1)is DL_'S_hec’ on_to the stack. i Description: CLRWDT instruction resets the Watch-
The eleven-bit immediate address is dog Timer. It also resets the prescaler
loaded into PC bits <10:0>. The upper of the WDT.
bits of the PC are loaded from Status bits TO and PD are set.
PCLATH. CRLL is a two-cycle instruc-
tion.
CALLW Subroutine Call With W COMF Complement f
Syntax: [ label ] CALLW Syntax: [label] COMF fd
Operands: None Operands: 0=<f=127
d 0,1
Operation- (PC) +1 - TOS, 10,1
(W) — PC<7:0>, Operation: (f) — (destination)
(PCLATH<6:0>) — PC<14:8> Status Affected: 7
Description: The contents of register ‘T are com-
Status Affected: None plemented. If ‘d’ is ‘0’, the result is
Description: Subroutine call with W. First, the stored in W. If"d’is "1, the resultis
return address (PC + 1) is pushed stored back in register f.
onto the return stack. Then, the con-
tents of W is loaded into PC<7:0>,
and the contents of PCLATH into
PC<14:8> CRALLW is a two-cycle
instruction.
CLRF Clear f DECF Decrement f
Syntax: [label] CLRF f Syntax: [label] DECFfd
Operands: 0=f<127 Operands: 0=f<127
Operation: 00h — () de[0.1]
17 Operation: (f) - 1 — (destination)
Status Affected: z Status Affected: Z
Description: The contents of register 'f' are cleared Description: Decrement register f'. If ‘d’ is '0", the
and the Z bit is set. result is stored in the W
register. If 'd" is "1, the result is stored
back in register f.
CLRW Clear W
Syntax: [label] CLRW
Operands: None
Operation: 00h — (W)
17
Status Affected: Z
Description: W register is cleared. Zero bit (Z) is

set.
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DECFS2Z Decrement f, Skip if 0

Syntax: [label] DECFSZ fd

Operands: 0=f<127
de[0,1]

Operation: (f) - 1 — (destination);
skip if result = 0

Status Affected: None

Description: The contents of register 'f’ are decre-
mented. If ‘d" is *0’, the result is placed
in the W register. If ‘d’ is “1’, the result
is placed back in register f.
If the result is “1’, the next instruction is
executed. If the result is ‘0’, then a
NOP is executed instead, making it a
2-cycle instruction.

GOTO Unconditional Branch

Syntax: [label] GOTO k

Operands: 0=<k=2047

Operation: k — PC<10:0=
PCLATH<4:3> —» PC<12:11>

Status Affected: None

Description: GOTO is an unconditional branch. The
eleven-bit immediate value is loaded
into PC bits <10:0>. The upper bits of
PC are loaded from PCLATH<4:3>.
GOTO is a two-cycle instruction.

INCF Increment f

Syntax: [label] INCF fd

Operands: 0=f=127
d = [0,1]

Operation: (f) + 1 — (destination)

Status Affected: Z

Description: The contents of register 'f are incre-

mented. If 'd" is ‘0’ the result is placed
in the W register. If ‘'d" is "1’, the result
is placed back in register f".

INCFSZ Increment f, Skip if 0

Syntax: [label] INCFSZ fd

Operands: 0=f<127
d e[0,1]

Operation: (f) + 1 — (destination),
skip if result = 0

Status Affected: None

Description: The contents of register 'f’ are incre-
mented. If 'd" is "0’, the result is placed
in the W register. If ‘d’ is “1’, the result
is placed back in register f.
Ifthe resultis ‘1’, the next instruction is
executed. If the result is ‘0’, a NOP is
executed instead, making it a 2-cycle
instruction.

IORLW Inclusive OR literal with W

Syntax: [label] I10ORLW k

Operands: 0<k=255

Operation: (W) OR. kK —= (W)

Status Affected: z

Description: The contents of the W register are

OR’ed with the eight-bit literal ‘k’. The
result is placed in the W register.

IORWF Inclusive OR W with f

Syntax: [label] 10RWF fd

Operands: 0=<f=127
de[0,1]

Operation: (W) .OR. (f) — (destination)

Status Affected: z

Description: Inclusive OR the W register with regis-

ter 'f.If 'd"is "0, the result is placed in
the W register. If 'd" is "1, the result is
placed back in register .
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LSLF Logical Left Shift MOVFE Move f
Syntax: [label ] LSLF f{d} Syntax: [label] MOVF fd
Operands: 0=f=127 Operands: 0=f<127
d=[0,1] d = [0,1]
Operation: (f<7>)—>C Operation: (f) — (dest)
(f<6:0>) — dest<7:1> Status Affected- 7z
0 — dest<0> ’
) Description: The contents of register f is moved to
Status Affected: Cz a destination dependent upon the
Description: The contents of register 'f' are shifted status of d. Ifd = 0,
one bit to the left through the Carry flag. destination is W register. Ifd = 1, the
A 07 is shifted into the LSb. If ‘d’ is 07, destination is file register fitself. d =1
the result is placed in W_If 'd’ is *1’, the is useful to test a file register since
result is stored back in register . status flag Z is affected.
[regstert o words !
Cycles: 1
Example: MOVE F5R, 0
: : : After Instruction
LSRF Logical Right Shift
9 9 W = value in FSR register
Syntax: [ label ] LSLF f{d} Z =1
Operands: 0=f=127
d=[0,1]
Operation: 0 — dest<7>
(f<7:1>) — dest<6:0>,
(f<0>) —» C,
Status Affected: C Z
Description: The contents of register 'f' are shifted

one bit to the right through the Carry
flag. A “0’ is shifted into the MSb_If ‘'d" is
‘0", the result is placed in W_If 'd’ is ‘1",
the result is stored back in register f.

o—»[ regsiert |
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MOVIW

Move INDFnto W

Syntax:

Operands:

Operation:

Status Affected:

[ label ] MOVIW ++INDFn
[ fabel ] MOVIW —INDFn
[ fabel ] MOVIW INDFn++
[ label ] MOVIW INDFn--
[ fabel ] MOVIW [K]INDFn
[ label ] MOVIW INDFn

ne[0,1]

mm < [00, 01, 10, 11].
-32<k=31

If not present, k = 0.

INDFn — W

Effective address is determined by
+ FSR + 1 (preincrement)

*+ FSR - 1 (predecrement)

+ FSR + k (relative offset)

After the Move, the FSR value will be
either:

+ FSR + 1 (all increments)

+ FSR - 1 (all decrements)

+ Unchanged

Z

mm

Mode ISyntax

00
01
10
11

++I[NDFn
—INDFn
INDFn++
INDFn-—-

Preincrement
Predecrement
Postincrement

Postdecrement

Description:

MOVLB

This instruction is used to move data
between W and one of the indirect
registers (INDFn). Before/after this
move, the pointer (FSRn) is updated by
pre/post incrementing/decrementing it.

FSRn is limited to the range 0000h -
FFFFh. Incrementing/decrementing it
beyond these bounds will cause it to wrap
around.

The increment/decrement operation on
FSRn WILL NOT affect any Status bits.

Move literal to BSR

Syntax:
Operands:

Operation:

Status Affected:

Description:

[ label ] MOVLB k
0<k<15

k — BSR

None

The five-bit literal ‘K’ is loaded into the
Bank Select Register (BSR).

MOVLP Move literal to PCLATH

Syntax: [ label ] MOVLP k

Operands: 0=<k=127

Operation: k — PCLATH

Status Affected: None

Description: The seven-bit literal 'k’ is loaded into the

PCLATH register.

MOVLW Move literal to W

Syntax: [label] MOVLW Kk

Operands: 0=k=255

Operation: k — (W)

Status Affected: None

Description: The eight-bit literal 'K’ is loaded into W
register. The “don’t cares” will assem-
ble as ‘0’s.

Words: 1

Cycles: 1

Example: MOVLW 0x5R
After Instruction

W = O0xbA

MOVWF Move Wto f

Syntax: [label] MOVWF f

Operands: 0=<f=127

Operation: (W) —(f)

Status Affected: None

Description: Move data from W register to register

.

Words: 1

Cycles: 1

Example: MOVWE  OPTION

Before Instruction

OPTION =  OxFF

w =  Ox4F
After Instruction

OPTION =  Ox4F

w =  Ox4F
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MOVWI Move W to INDFn NOP No Operation
Syntax: [ label ] MOVWI ++INDFn Syntax: [label] NOP
[ label ] MOVWI —-INDFn o ds: N
[ fabel ] MOVWI INDFn++ perands. one
[ label ] MOVWI INDFn-- Operation: No operation
[ label ] MOWVWI [K]INDFn Status Affected- None
[ label ] MOVWI INDFn
Operands: n < 0] Description: No operation.
mm e [00, 01, 10, 11]. Words: 1
-32<k=31 Cycles: 1
If not present, k = 0.
Example: NOP
Operation: W — INDFn
Effective address is determined by
+ FSR + 1 (preincrement)
+ FSR - 1 (predecrement)
+ FSR +k (relative offset) OPTION Load OPTION_REG Register
After the Move, the FSR value will be with W
either:
« FSR + 1 (all increments) Syntax: [label] OPTION
+ FSR -1 (all decrements) Operands: None
Unchanged _
Operation: (W) — OPTION_REG
Status Affected: None
Status Affected: None
Description: Move data from W register to
mm Mode Syntax OPTION_REG register.
00 Preincrement ++INDFn
01 Predecrement --INDFn
10 Postincrement INDFn++
RESET Software Reset
11 Postdecrement INDFn—
Syntax: [label] RESET
Description: This instruction is used to move data Operands: None
between W and one of the indirect Operation: Execute a device Reset. Resets the
registers (INDFn). Before/after this nRI flag of the PCON register.
move, the pointer (FSRn) is updated by Status Affected: None
pre/post incrementing/decrementing it. o o _ _
Description: This instruction provides a way to

FSRn is limited to the range 0000h -
FFFFh. Incrementing/decrementing it

execute a hardware Reset by soft-
ware.

beyond these bounds will cause it to wrap
around.

The increment/decrement operation on
FSRn WILL NOT affect any Status bits.
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RETFIE Return from Interrupt

Syntax: [label] RETFIE

Operands: None

Operation: TOS —» PC,
1 - GIE

Status Affected: None

Description: Return from Interrupt. Stack is POPed
and Top-of-Stack (TOS) is loaded in
the PC. Interrupts are enabled by
setting Global
Interrupt Enable bit, GIE
(INTCON<T7=). This is a two-cycle
instruction.

Words: 1

Cycles: 2

Example: RETFIE
After Interrupt

PC = TOS
GIE= 1

RETLW Return with literal in W

Syntax: [label] RETLW Kk

Operands: 0<k=255

Operation: k — (W);
TOS - PC

Status Affected: None

Description: The W register is loaded with the eight
bit literal ‘'k’. The program counter is
loaded from the top of the stack (the
return address). This is a two-cycle
instruction.

Words: 1

Cycles: 2

Example: CALL TABLE;W contains table

;offset value
. ;W now has table wvalue
TABLE .

ADDWE PC ;W = offset
RETLW k1 ;Begin table
EETLW k2 ;

EETIW kn ; End of table

Before Instruction

W = 0x07
After Instruction
W = value of k8

RETURN Return from Subroutine
Syntax: [label] RETURN
Operands: None
Operation: TOS = PC
Status Affected: None
Description: Return from subroutine. The stack is
POPed and the top of the stack (TOS)
is loaded into the program counter.
This is a two-cycle instruction.
RLF Rotate Left f through Carry
Syntax: [ label ] RLF fd
Operands: 0=f=127
de[0,1]
Operation: See description below
Status Affected: C
Description: The contents of register 'f’ are rotated
one bit to the left through the Carry
flag. If 'd" is “0’, the result is placed in
the W register. If 'd" is "1, the result is
stored back in register f.
Register f q—]
Words: 1
Cycles: 1
Example: RLF REG1,0
Before Instruction
REGL = 1110 0110
C = 0
After Instruction
REGL = 1110 0110
W = 1100 1100
C = 1
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i SUBLW Subtract W from literal
RRF Rotate Right f through Carry
Syntax: [label] SUBLW k
Syntax: [label] RRF fd
Operands: 0=<k=255
Operands: 0=f=127 _
d<[0,1] Operation: k- (W) —= (W)
Operation: See description below Status Affected:  C,DC, Z
Status Affected: C Description: The W register is subtracted (2’s com-
L . . plement method) from the eight-bit
Description: The c_ontents o_f register 'f’ are rotated literal ‘K. The result is placed in the W
one bit to the right through the Carry register.
flag. If ‘'d" is "0’, the result is placed in
the W register. If ‘'d’ is "1’, the result is C=0 W =k
laced back in register f.
P ¢ C=1 |w=<k
~[CI+{ Register DC=0 |W<3:0> > k<3:0>
DC=1 W<3:0> < k<3:0>
SLEEP Enter Sleep mode SUBWF Subtract W from f
Syntax: [label] SLEEP Syntax: [label] SUBWF fd
Operands: None Operands: 0<f=127
Operation- 00h — WDT, delod]
0 — WDT prescaler, Operation: (f) - (W) — (destination)
170, Status Affected: C,DC, Z
0—PD
) —_ Description: Subtract (2's complement method) W
Status Affected: TO, PD register from register 'f. If ‘d" is '0’, the
Description: The power-down Status bit, PD is result is stored in the W
cleared. Time-out Status bit, TO is register. If ‘'d" is "1’, the result is stored
set. Watchdog Timer and its pres- back in reqgister f.
caler are cleared.
The processor is put into Sleep mode C=0 W
with the oscillator stopped. C=1 W<t
DC=0 W<3:0> > f<3:0>
DC=1 W<3:0> < f<3:0>
SUBWFB Subtract W from f with Borrow
Syntax: SUBWFB f{d}
Operands: 0=f=127
d = [0,1]
Operation: (f)— (W) — (B) — dest
Status Affected: C,DC, Z
Description: Subtract W and the BORROW flag

(CARRY) from register 'f' (2's comple-
ment method). If ‘d’ is "0’, the result is
stored in W. If 'd" is “1’, the result is
stored back in register f.
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SWAPF Swap Nibbles in f

Syntax: [label] SWAPF fd

Operands: 0=<f=127
d e[0,1]

Operation: (f<3:0>) — (destination<7:4>),
(f<7:4>) — (destination<3:0>)

Status Affected: None

Description: The upper and lower nibbles of regis-
ter ’f are exchanged. If ‘d’ is "0’, the
result is placed in the W register. If ‘d’
is ‘1’, the result is placed in register 'f'.

TRIS Load TRIS Register with W

Syntax: [label] TRIST

Operands: 5<f<7

Operation: (W) — TRIS register f

Status Affected: None

Description: Move data from W register to TRIS

register.

When f = 5, TRISA is loaded.
When ‘f = 6, TRISB is loaded.
When f =7, TRISC is loaded.

XORLW Exclusive OR literal with W
Syntax: [label] XORLW k
Operands: 0<k=255
Operation: (W) XOR. k—= (W)
Status Affected: z
Description: The contents of the W register are
XOR’ed with the eight-bit
literal 'K’. The result is placed in the
W register.
XORWF Exclusive OR W with f
Syntax: [label] XORWF fd
Operands: 0=<f=127
d e[0,1]
Operation: (W) XOR. (f) — (destination)
Status Affected: z
Description: Exclusive OR the contents of the W

register with register _If ‘d’ is ‘0, the
result is stored in the W register. If ‘d’
is ‘1’, the result is stored back in regis-
ter T.
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27.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers are supported with a full
range of hardware and software development tools:
* Integrated Development Environment
- MPLAB®? IDE Software
» Assemblers/Compilers/Linkers
- MPASM™ Assembler
- MPLAB C18 and MPLAB C30 C Compilers

- MPLINK™ Object Linker/
MPLIB™ Object Librarian

- MPLAB ASM30 Assembler/Linker/Library
+ Simulators

- MPLAB SIM Software Simulator
» Emulators

- MPLAB ICE 2000 In-Circuit Emulator

- MPLAB REAL ICE™ [n-Circuit Emulator
* In-Circuit Debugger

- MPLABICD 2
» Device Programmers

- PICSTART® Plus Development Programmer

- MPLAB PM3 Device Programmer

- PICkit™ 2 Development Programmer

» Low-Cost Demonstration and Development
Boards and Evaluation Kits

271 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8/16-bit micro-
controller market. The MPLAB IDE is a Windows®
operating system-based application that contains:
» A single graphical interface to all debugging tools

- Simulator

- Programmer (sold separately)

- Emulator (sold separately)

- In-Circuit Debugger (sold separately)
+ A full-featured editor with color-coded context
» A multiple project manager

* Customizable data windows with direct edit of
contents

» High-level source code debugging

» Visual device initializer for easy register
initialization

» Mouse over variable inspection

» Drag and drop variables from source to watch
windows

» Extensive on-line help

* Integration of select third party tools, such as
HI-TECH Software C Compilers and IAR
C Compilers

The MPLAB IDE allows you to:

« Edit your source files (either assembly or C)

* One touch assemble (or compile) and download
to PIC MCU emulator and simulator tools
(automatically updates all project information)

» Debug using:

- Source files (assembly or C)
- Mixed assembly and C
- Machine code

MPLAB IDE supports multiple debugging tools in a
single development paradigm, from the cost-effective
simulators, through low-cost in-circuit debuggers, to
full-featured emulators. This eliminates the learning
curve when upgrading to tools with increased flexibility
and power.

@ 2008 Microchip Technology Inc.
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27.2 MPASM Assembler

The MPASM Assembler is a full-featured, universal
macro assembler for all PIC MCUs.

The MPASM Assembler generates relocatable object
files for the MPLINK Object Linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol
reference, absolute LST files that contain source lines
and generated machine code and COFF files for
debugging.

The MPASM Assembler features include:

* Integration into MPLAB IDE projects
» User-defined macros to streamline
assembly code

» Conditional assembly for multi-purpose
source files

+ Directives that allow complete control over the
assembly process

27.3 MPLAB C18 and MPLAB C30
C Compilers

The MPLAB C18 and MPLAB C30 Code Development
Systems are complete ANSI C compilers for
Microchip’s PIC18 and PIC24 families of microcon-
trollers and the dsPIC30 and dsPIC33 family of digital
signal controllers. These compilers provide powerful
integration capabilities, superior code optimization and
ease of use not found with other compilers.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

274 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK Object Linker combines relocatable
objects created by the MPASM Assembler and the
MPLAB C18 C Compiler. It can link relocatable objects
from precompiled libraries, using directives from a
linker script.

The MPLIB Object Librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications.

The object linker/library features include:

« Efficient linking of single libraries instead of many
smaller files

« Enhanced code maintainability by grouping
related modules together

» Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

27.5 MPLAB ASM30 Assembler, Linker
and Librarian

MPLAB ASM30 Assembler produces relocatable
machine code from symbolic assembly language for
dsPIC30F devices. MPLAB C30 C Compiler uses the
assembler to produce its object file. The assembler
generates relocatable object files that can then be
archived or linked with other relocatable object files and
archives to create an executable file. Notable features
of the assembler include:

» Support for the entire dsPIC30F instruction set
» Support for fixed-point and floating-point data
» Command line interface

* Rich directive set

» Flexible macro language

+ MPLAB IDE compatibility

27.6 MPLAB SIM Software Simulator

The MPLAB SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC® DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on I/O, most peripherals and internal registers.

The MPLAB SIM Software Simulator fully supports
symbolic debugging using the MPLAB C18 and
MPLAB C30 C Compilers, and the MPASM and
MPLAB ASM30 Assemblers. The software simulator
offers the flexibility to develop and debug code outside
of the hardware laboratory environment, making it an
excellent, economical software development tool.
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27.7 MPLAB ICE 2000
High-Performance
In-Circuit Emulator

The MPLAB ICE 2000 In-Circuit Emulator is intended
to provide the product development engineer with a
complete microcontroller design tool set for PIC
microcontrollers. Software control of the MPLAB ICE
2000 In-Circuit Emulator is advanced by the MPLAB
Integrated Development Environment, which allows
editing, building, downloading and source debugging
from a single environment.

The MPLAB ICE 2000 is a full-featured emulator
system with enhanced trace, trigger and data monitor-
ing features. Interchangeable processor modules allow
the system to be easily reconfigured for emulation of
different processors. The architecture of the MPLAB
ICE 2000 In-Circuit Emulator allows expansion to
support new PIC microcontrollers.

The MPLAB ICE 2000 In-Circuit Emulator system has
been designed as a real-time emulation system with
advanced features that are typically found on more
expensive development tools. The PC platform and
Microsoft® Windows® 32-bit operating system were
chosen to best make these features available in a
simple, unified application.

27.8 MPLAB REAL ICE In-Circuit
Emulator System

MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs PIC® Flash MCUs and dsPIC® Flash DSCs
with the easy-to-use, powerful graphical user interface of
the MPLAB Integrated Development Environment (IDE),
included with each kit.

The MPLAB REAL ICE probe is connected to the design
engineer’s PC using a high-speed USB 2.0 interface and
is connected to the target with either a connector
compatible with the popular MPLAB ICD 2 system
(RJ11) or with the new high-speed, noise tolerant, Low-
Voltage Differential Signal (LVDS) interconnection
(CATS).

MPLAB REAL ICE is field upgradeable through future
firmware downloads in MPLAB IDE. In upcoming
releases of MPLAB IDE, new devices will be supported,
and new features will be added, such as software break-
points and assembly code trace. MPLAB REAL ICE
offers significant advantages over competitive emulators
including low-cost, full-speed emulation, real-time
variable watches, trace analysis, complex breakpoints, a
ruggedized probe interface and long (up to three meters)
interconnection cables.

27.9 MPLAB ICD 2 In-Circuit Debugger

Microchip’s In-Circuit Debugger, MPLAB ICD 2, is a
powerful, low-cost, run-time development tool,
connecting to the host PC via an RS-232 or high-speed
USB interface. This tool is based on the Flash PIC
MCUs and can be used to develop for these and other
PIC MCUs and dsPIC DSCs. The MPLAB ICD 2 utilizes
the in-circuit debugging capability built into the Flash
devices. This feature, along with Microchip’s In-Circuit
Serial Programming™ (ICSP™) protocol, offers cost-
effective, in-circuit Flash debugging from the graphical
user interface of the MPLAB Integrated Development
Environment. This enables a designer to develop and
debug source code by setting breakpoints, single step-
ping and watching variables, and CPU status and
peripheral registers. Running at full speed enables
testing hardware and applications in real time. MPLAB
ICD 2 also serves as a development programmer for
selected PIC devices.

27.10 MPLAB PM3 Device Programmer

The MPLAB PM3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage verification at VDDMIN and VDDMAX for
maximum reliability. It features a large LCD display
(128 x 64) for menus and error messages and a modu-
lar, detachable socket assembly to support various
package types. The ICSP™ cable assembly is included
as a standard item. In Stand-Alone mode, the MPLAB
PM3 Device Programmer can read, verify and program
PIC devices without a PC connection. It can also set
code protection in this mode. The MPLAB PM3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized algorithms for quick programming of large
memory devices and incorporates an SD/MMC card for
file storage and secure data applications.
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27.11 PICSTART Plus Development
Programmer

The PICSTART Plus Development Programmer is an
easy-to-use, low-cost, prototype programmer. It
connects to the PC via a COM (RS-232) port. MPLAB
Integrated Development Environment software makes
using the programmer simple and efficient. The
PICSTART Plus Development Programmer supports
most PIC devices in DIP packages up to 40 pins.
Larger pin count devices, such as the PIC16C92X and
PIC17C76X, may be supported with an adapter socket.
The PICSTART Plus Development Programmer is CE
compliant.

27.12 PICKkit 2 Development Programmer

The PICkit™ 2 Development Programmer is a low-cost
programmer and selected Flash device debugger with
an easy-to-use interface for programming many of
Microchip’s baseline, mid-range and PIC18F families of
Flash memory microcontrollers. The PICkit 2 Starter Kit
includes a prototyping development board, twelve
sequential lessons, software and HI-TECH's PICC™
Lite C compiler, and is designed to help get up to speed
quickly using PIC® microcontrollers. The kit provides
everything needed to program, evaluate and develop
applications using Microchip’s powerful, mid-range
Flash memory family of microcontrollers.

27.13 Demonstration, Development and
Evaluation Boards

A wide variety of demonstration, development and
evaluation boards for various PIC MCUs and dsPIC
DSCs allows quick application development on fully func-
tional systems. Most boards include prototyping areas for
adding custom circuitry and provide application firmware
and source code for examination and modification.

The boards support a variety of features, including LEDs,
temperature sensors, switches, speakers, RS-232
interfaces, LCD displays, potentiometers and additional
EEPROM memory.

The demonstration and development boards can be
used in teaching environments, for prototyping custom
circuits and for learning about various microcontroller
applications.

In addition to the PICDEM™ and dsPICDEM™ demon-
stration/development board series of circuits, Microchip
has a line of evaluation kits and demonstration software
for analog filter design, KEELoQ® security ICs, CAN,
IrDA®, PowerSmart battery management, SEEVAL®
evaluation system, Sigma-Delta ADC, flow rate
sensing, plus many more.

Check the Microchip web page (www.microchip.com)
for the complete list of demonstration, development
and evaluation kits.
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28.0 ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings“')

Ambient temperature UNAer DIas. .........ooiiie oot e e neeeenn

] ol =T T (=Y o =T | (U= OSSOSO

Voltage on VDD with respect to VSS, PICIBF 193X ... e
Voltage on VDD with respect to Vss, PIC16LF193X
Voltage on MCLR with respect to Viss

Clamp current, IK (VPIN < 0 0F VPIN 2 VDD)..oeoieieeeereeeecccreeecre e seneneens N
Maximum output current sunk by any /O pin........coooiiiiie e
Maximum output current sourced by any /O pin ..o

Maximum current sunk by all ports(?), -40°C < Ta < +85°C for industrial .
Maximum current sunk by all ponsm, -40°C < Ta < +125°C for exte
Maximum current sourced by all portsm, 40°C = Ta < +85°C for industh
Maximum current sourced by all ports(2), -40°C < Ta < +125°C ffqf ex
Note 1: Power dissipation is calculated as follows: PDlWDm Z loH} + Z {(VDD — VOH) x loH} + Z(Vol x o).
T NOTICE: Stresses above those listed under “Absolut@um Ratings” may cause permanent damage to the

device. This is a stress rating only and functional opefatijon.ofthe device at those or any other conditions above those
indicated in the operation listings of this specification i t immplied. Exposure above maximum rating conditions for
extended periods may affect device reliability.
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FIGURE 28-1: PIC16F193X VOLTAGE FREQUENCY GRAPH, -40°C <Ta <+125°C
55
S 36
a
> 25
23 \

Note 1: The shaded region indicates the permissible combinati 0 and frequency.
2: Refer to Table 28-1 for each Oscillator mode’s suppo ?”fr&rt.{ i2g.

_/
FIGURE 28-2: PIC16LF193X VOLTAGE FREQI{&/}ER}‘%H, -40°C <TA <+125°C

S /A\
LS
A\

Frequency (MHz)

~._Ahe shaded region indicates the permissible combinations of voltage and frequency.
2: Refer to Table 28-1 for each Oscillator mode’s supported frequencies.
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FIGURE 28-3: HFINTOSC FREQUENCY ACCURACY OVER DEVICE Voo AND TEMPERATURE
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28.1 DC Characteristics: PIC16F193X/LF193X-I/E (Industrial, Extended)

Standard Operating Conditions (unless otherwise stated)
PIC16LF193X Operating temperature -40°C = Ta < +85°C for industrial
-40°C = Ta = +125°C for extended

Standard Operating Conditions (unless otherwise stated)
PIC16F193X Operating temperature -40°C = Ta < +85°C for industrial
-40°C < TA < +125°C for extended ™

Param. Sym. Characteristic Min. | Typt | Max. | Units Conditions \v
No.

D001 |VDD Supply Voltage (( )
PIC16LF193X | 1.8 — 36 V | Fosc = 16 MHz:
23 — 36 V | Fosc <32 MHzy
D001 PIC16F193X| 1.8 — 55 V |Fosc= 1%}\(
23 — 55 V |Fosc=<3 TE 2)
D002* |VDR RAM Data Retention Voltage(!)
PIC16LF193X| 15 | — | — | V [;gwce\\s?,e@p%
D002 PICI6F193X| 17 | — | — | Vv [Dayise ifSieep mode
VPOR* Power-on Reset Release Voltage — 16 — \{/\A w v
VPORR™ Power-on Reset Rearm Voltage \/\’
PIc16LF193X| — [ 08 [ —//" ) [Defdice in Sleep mode
PIC16F193X | — 17 — Q?"*‘Tjevice in Sleep mode

VADFVR Fixed Voltage Reference Voltage for | 0.984 | 1.024 = \b FVRV =00 (1x), VDD = 2.5V

ADC (calibrated) 0.974 125°C
1068 | 2048\ 2158 FVRV = 01 (2x), VDD = 2 5V
1938 448 125°C
3,966 % 4226 FVRV = 10 (4x), VDD = 4 75V

3.990\ 4.226 125°C
VCDAFVR | Fixed Voltage Reference Voltage for [/U8844 ™ 2\( 1.064 \" FVRV =00 (1x), VDD = 2.5V

Comparator and DAC % 1.064 125°C
ﬁ 2048 | 2.158 FVRV =01 (2x), VDD = 2.5V
3

838 2148 125°C
866 | 4096 | 4226 FVRV =10 (4x), VDD = 4. 75V
/> 3.936 4226 125°C
VFVR_REF | Fixed Voltage Reference la6\e/f6 0984 | 1.024 | 1.064 V' FVRV =00 (1x), VDD = 2.5V
LCD Bias 0.974 1.064 125°C
D004* | SvDD VDD Rise Rate to e L@n/ﬁ rhal 0.05 — — VI/ms | See Section 3.2 “Power-on Reset
Power-on Resa(‘&iq (POR)” for details.
*  These parameters are d but not tested.

Note 1: IS imi IC can be lowered in Sleep mode without losing RAM data.
2:
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FIGURE 28-4: POR AND POR REARM WITH SLOW RISING VDD

VDD —

NPOR X o
! .| PORREARM \
Vss ! ' : &
> |- - |-
TvLow(@) Tror

Note 1: When NPOR is low, the device is held in Reset.

2:  TPOR 1 ps typical.
3:  TvLow 2.7 ps typical. @Q
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28.2 DC Characteristics: PIC16F193X/LF193X-I/E (Industrial, Extended)

Standard Operating Conditions (unless otherwise stated)
PIC16LF193X Operating temperature -40°C = Ta < +85°C for industrial
-40°C = TA = +125°C for extended
Standard Operating Conditions (unless otherwise stated)
PIC16F193X Operating temperature -40°C = Ta < +85°C for industrial
-40°C = TA = +125°C for extended
Param Device . . Conditions \v
No Characteristics Min. | Typt | Max. | Units )
- VDD Note /f'\\
Supply Current (IDD)“’ ?) \\_/ /
D009 LDO Regulator — 350 TBD pA — HS, EC OR INTOSC;’ 8-16 MHz)
Clock modes with P pln Isabled
— 50 TBD HA — | All Vcap pins Nled
— 30 TBD pA —  |vear enabled\QWS or RAB
— 5 TBD pA — LP Clo de Sleep (requires FVR and
BOle\
D010 — 70 TBD pA 18
— 9.0 TBD ]JA 30 zfp&s Ofie (Note 4};
@b s
D010 — 95 TBD pA 1_8\ Fdsc =32 kHz
_ 125 TBD : LR (scillator mode (Note 4),
SN 40°C < TA < +85°C
= 135 TBD PA A \\5&-)
D011 — | 70 | B0 | @A b T8 |Fosc=32kHz
_ 9.0 TBD b\ 30 LP Oscillator mode
DO11* — | 95 [ mp{NA YV 18 [Fosc=32kHz
_ 125 Z‘B\D W 30 LP Oscillator mode (Note 4)
— 135 T};Q LA 5.0
DO11A* — 1§E)> TBD v pA 18 Fosc =1 MHz
— é@/ 7§D iy 30 | XT Oscillator mode
DO11A* — 7180 A0 | 1A 18 |Fosc=1MHz
4( ( 2@1 N TBD WA 3.0 XT Oscillator mode (Note 5)
O<N\I290 [ 8D | wA | 50
D012 QMA\ 430 | TBD pA 1.8 | FoscC =4 MHz
~ 750 TBD "y 30 XT Oscillator mode
D012 v ~>— 450 TBD pA 18 Fosc =4 MHz
— 770 TBD WA 3.0 XT Oscillator mode (Note 5)
— 930 TBD pA 50
D013* —~ — 180 | TBD pA 18 |Fosc=1MHz
<_\ — 350 TBD A 30 | EC Oscillator mode

B~ To Be Determined
h

\a/ meters are characterized but not tested.

test conditions for all IDD measurements in active operation mode are: OSC1 = external square wave, from
rail-to-rail; all I/0 pins tri-stated, pulled to VDD; MCLR = VVDD; WDT disabled.
The supply current is mainly a function of the operating voltage and frequency. Other factors, such as I/O pin loading

and switching rate, oscillator type, internal code execution pattern and temperature, also have an impact on the current

consumption.

For RC oscillator configurations, current through REXT is not included. The current through the resistor can be extended
by the formula IR = VDD/2REXT (mA) with REXT in kKQ.

FVR and BOR are disabled.

0.1 pF capacitor on VCAP (RAD).
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28.2 DC Characteristics: PIC16F193X/LF193X-I/E (Industrial, Extended) (Continued)

Standard Operating Conditions (unless otherwise stated)
PIC16LF193X Operating temperature -40°C < Ta = +85°C for industrial
-40°C < Ta £ +125°C for extended
Standard Operating Conditions (unless otherwise stated)
PIC16F193X Operating temperature -40°C = Ta < +85°C for industrial
-40°C < Ta £ +125°C for extended s
. Conditions A
Param Device . .
No. Characteristics Min. Tyt Max. Units VDD Note v
D013* — 200 TBD pA 18 Fosc =1 MHz
_ 370 TBD PA 30 EC Oscillator mode 0
— 450 TBD pA 50 >
Supply Current (Iop)(1:2) \ NV
D014 — | 450 | 1BD | pA 18 [Fosc=4Miz N\
_ 330 TBD ||,J.A 30 EC Osci W
D014 — | 475 | 1BD A 18 |Fogc=4 M%
— [ w0 [ 18D | pa [ 50 AL
D015 — 130 | TBD WA | 1B )FoSe3 500 kHz
_ 190 TBD uA \QB/(MTOSC mode
D015 — 150 TBD A 8\_PFosc = 500 kHz
— [ 270 | 18D J AANT 50
DO16* — 980 TBD Pﬁf 18 Fosc = 8 MHz
HFINTOSC mode
— 1780 T 3.0
ENAY
DO16* — | 10 K] Sma 18 |Fosc=8MHz
_ 18 fBQ\ mA 30 HFINTOSC mode (Note 5)
— [L20 DN\Bp| ma | 50
DO17 — /}? TBD mA 18 Fosc =16 MHz
A N7s 1BD mA 3.0 HFINTOSC mode
& .
D017 {7 | 1BD | mA 18 |Fosc=16 MHz
\_ ) 29 TBD mA 30 HFINTOSC mode (Note 5)
Q N 31 TBD mA 5.0
D018 t X— 410 TBD A 18 Fosc =4 MHz
Y — 710 TBD A 30 EXTRC mode (Note 3, Note 5)
D018 v — 430 TBD pA 18 Fosc = 4 MHz
_ 730 TBD PA 30 EXTRC mode (Note 3, Note 5)
— 860 TBD pA 50
D019 T~ — 53 | TBD | mA 30 |Fosc=32MHz
N — 6.0 TBD mA 36 HS Oscillator mode

* \Khreée/parameters are characterized but not tested.

: D = To Be Determined

The test conditions for all IDD measurements in active operation mode are: OSC1 = external square wave, from

rail-to-rail; all I/O pins tri-stated, pulled to VDD; MCLR = VDD; WDT disabled.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors, such as /0 pin loading
and switching rate, oscillator type, internal code execution pattern and temperature, also have an impact on the current
consumption.

3: For RC oscillator configurations, current through REXT is not included. The current through the resistor can be extended
by the formula IR = VDD/2REXT (mA) with REXT in kQ.

4: FVR and BOR are disabled.

5: 0.1 pF capacitor on VCAP (RAD).
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28.2 DC Characteristics: PIC16F193X/LF193X-I/E (Industrial, Extended) (Continued)

Standard Operating Conditions (unless otherwise stated)
PIC16LF193X Operating temperature -40°C = Ta < +85°C for industrial
-40°C = TA = +125°C for extended
Standard Operating Conditions (unless otherwise stated)
PIC16F193X Operating temperature -40°C = Ta < +85°C for industrial
-40°C = TA = +125°C for extended s
. Conditions A
Param Device . .
. Min. Typt Max. Units
No. Characteristics VDD Note v
D019 — DE TBD mA 3.0 Fosc = 32 MHz
_ 6.0 TBD mA 50 HS Oscillator mode (Nolf\5)

*

These parameters are characterized but not tested.
Legend: TBD = To Be Determined
Note 1: The test conditions for all IDD measurements in active operation mode are: OSC1 = externat'sq wave, from
rail-to-rail; all I/0 pins tri-stated, pulled to VDD; MCLR = VVDD; WDT disabled.
t‘@g uch as /O pin loading

2:  The supply current is mainly a function of the operating voltage and frequency. Other fa
and switching rate, oscillator type, internal code execution pattern and temperatu Isohaye an impact on the current

consumption.

3: For RC oscillator configurations, current through REXT is not included. The ¢ he resistor can be extended
by the formula IR = VDD/2REXT (mA) with REXT in kKQ.

4: FVR and BOR are disabled.

5: 0.1 pF capacitor on VCAP (RAD). O
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28.3 DC Characteristics: PIC16F193X/LF193X-I/E (Power-Down)

Standard Operating Conditions (unless otherwise stated)
PIC16LF193X Operating temperature -40°C = Ta < +85°C for industrial
-40°C = TA < +125°C for extended
Standard Operating Conditions (unless otherwise stated)
PIC16F193X Operating temperature -40°C = Ta < +85°C for industrial %
-40°C = TA < +125°C for extended
Pir:m Device Characteristics | Min. | Typt E;fc': +'1“2"‘;f;c Units — ‘ Cond;;_;&y
Power-down Base Current (IpD)"%) I\‘ _/1 /I
D020 — | 006 | TBD | TBD | pA 18 |WDF “EVR and T10SC
_ 0.08 TBD TBD vy 30 disabled, al ipherals Inactive
D020 — 31 | TBD | TBD | pA 18 | WDT, _FVR, and T10SC
_ 36 TBD TBD A 3_0\ wdi d, all Peripherals Inactive
— 45 | TBD | TBD | pA | /S0
D021 — 05 | TBD | TBD pA N8\ | WPWDT Current (Note 1)
— | 08 | TBD | TBD N30
D021 — | 38 | ™8 | ™BD }uA [\ %8  [LPWDT Current (Note 1)
— | 43 | D | BD{KATS30
— | 53 | ™8 | mBA~[N\uA | 50
DO21A — | 85 | ™80 | [1BD\\pA | 18 |FVRcument(Note 3)
— | 85 | 18D/ \tBD// A 3.0
DO21A —_ 32 | 8B /)TBD | pA 18 | FVR current (Note 3, Note 5)
— | 39 [¢xeD\N\T1BD [ pA | 30
— | 70~I8D V18D | mAa | 50
D022 — | o< TBD | pA 1.8 | BOR Current (Note 1, Note 3)
— | 7aN¥8D | TBD | pA 3.0
D022 4> | — VTBD | TBD | pA 1.8 | BOR Current (Note 1, Note 3,
(&P 34 | BD | TBD | pa | 30 |Noted)
LS </67 | 8D | 1BD [ pA | 50
D026 T 06 | TBD | TBD | pA 1.8 | T10SC Current (Note 1)
(( )L | 18 [ 8D | ™BD | pa | 30
D026 — 45 | TBD | TBD | pA 1.8 | T10SC Current (Note 1)
— 6 TBD | TBD | pA 3.0
~ — 7 TBD | TBD | pA 50

a e characterized but not tested.
JYR €olumn is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are

e Determined
Note A; herperipheral current is the sum of the base IDD or IPD and the additional current consumed when this peripheral is
o ed. The peripheral A current can be determined by subtracting the base IDD or IPD current from this limit. Max
w&fles should be used when calculating total current consumption.
he power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with
the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD.
3: Fixed Voltage Reference is automatically enabled whenever the BOR is enabled.
4: A/D oscillator source is FRC.
5: 0.1 pF capacitor on VCAP (RAD).

© 2008 Microchip Technology Inc. Preliminary DS41364A page 363



PIC16F193X/LF193X

28.3 DC Characteristics: PIC16F193X/LF193X-I/E (Power-Down) (Continued)

Standard Operating Conditions (unless otherwise stated)

PIC16LF193X Operating temperature -40°C < Ta £ +85°C for industrial
-40°C = TA = +125°C for extended
Standard Operating Conditions (unless otherwise stated)
PIC16F193X Operating temperature -40°C < Ta < +85°C for industrial
-40°C = TA < +125°C for extended s
Conditions A
Param . L . Max. Max. .
No. Device Characteristics Min. Typt +85°C | +125°C Units
VDD Note
Power-down Base Current (IpD)\ [ N\
D027 _ o1 | TBD | TBD | paA 18 | AD Current ow’q, no
_ 01 TBD TBD |.lA 30 conversion.) I
D027 _ 35 | TBD | TBD | paA 18 | A/D Gdirent (Note-?, Note 4). no
_ 4 TBD TBD A 30 conversiorn progress
— [ 45 [ B0 | ™BD | pa | 50 m
D0O27A — 250 TBD TBD pA 1_8/\ AD,Cufrent (Note 1, Note 4),
_ 250 TBD TBD |.lA /3\0\\ jon in progress
D0O27A — | 280 | ™BD | ™BD | pA | \O&AD Current (Note 1, Note 4,
ote 5), conversion in progress
— | 280 | TBD [ TBD Mﬁab\ ) prog
— | 280 | BD | TBD | &4 0
D028 — | 35 | 18D | TBD }wAN[\\18 [capsSense
— | 7 [ o | (] m\[ 30
D028 — [ 35 [ D | D\ }3A/ [ 18 [capsense
— [ 7 [0 (D [T [ 30
— [ 32 [ Bn[\1BQ | wA | 50
D029 — 1 | /80N \1BY | pA 36 |LCD Bias Ladder, Low-power
— 10 \FBiD\\‘\:fﬁD LA 36 |LCD Bias Ladder, Medium-power
— 100 i‘a@\ TBD A 36 |LCD Bias Ladder, High-power
D029 — D1 ™6 | TBD | pa 50 |LCD Bias Ladder, Low-power
—< \//fe? A 78D [ TBD | pA 50 |LCD Bias Ladder, Medium-power
%6/ 180D | TBD | pA 50 |LCD Bias Ladder, High-power
7
These parameters are chargclerizedBut not tested.
Data in “Typ” column is &t 3.0V/25°€ linless otherwise stated. These parameters are for design guidance only and are
not tested.
Legend: TBD = To Be Deterfained
Note 1: The peripheral curren ke sum of the base IDD or IPD and the additional current consumed when this peripheral is
enabled. The peppheral Aetrrent can be determined by subtracting the base IDD or IPD current from this limit. Max
values sh o7 m:"-,_-; when calculating total current consumption.
2: rrent in Sleep mode does not depend on the oscillator type. Power-down current is measured with
wde, with all I/O pins in high-impedance state and tied to VDD.
3: ference is automatically enabled whenever the BOR is enabled.
4: ator source is FRC.
5: pacitor on VCAP (RAD).
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28.4 DC Characteristics: PIC16F193X/LF193X-l/E

Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < Ta < +85°C for industrial
-40°C = Ta < +125°C for extended
P:r:m Sym. Characteristic Min. Typt Max. Units Conditions
VIL Input Low Voltage <
/O PORT. /D
D030 with TTL buffer — — 0.8 vV [45v<VvDD<55¥—
DO30A — — |015voD| VvV [1.8V<VDD <46V
D031 with Schmitt Trigger butffer — — |o2voo | v [20v<vpp<bsv /)
with 1°C™ levels — — |o3vop | V ~
with SMBus™ levels — — 0.8 v [27<op 283V
D032 MCLR, 0OSC1 (RC mode)( — — 02VoD | V
DO033A 0SC1 (HS mode) — — 03vop | V ([ N
VIH Input High Voltage R \\7 /\7
/O ports: — —  [COU\ S
D040 with TTL buffer 2.0 — — /W4 BV < VDD < 5.5V
DO40A 0.25 VDD + — — V)| 18v=vop<45v
D041 with Schmiitt Trigger buffer | 0.8 Vb — <A T>Vv [20v<VvDD<55V
with 1°C™ levels 0.7 VDD — N
with SMBus™ levels 2.1 + N \— vV [27v<vbp<55v
D042 MCLR 0.8VDD | A )— v
DO043A 0SC1 (HS mode) 07Vvoo |/ ~ — v
D043B 0SC1 (RC mode) 0.9 VRO [/~ — V  |(Note 1)
i Input Leakage Currentl?) 3
D060 /O ports §> +5 +100 nA |Vss = VPIN < VDD, Pin at high-
impedance
+5 +1000 | nA |125°C
D061 MCLRE) +50 +200 nA |Vss < VPIN <VDD
D063 0SCH1 @ — +50 +100 nA |Vss < VPIN < VDD, XT, HS and LP
oscillator configuration
IPUR Weak Pull-up Curferit
DO70* KU 25 100 200 VDD = 3.3V, VPIN = VsS
25 140 300 pA | VDD = 5.0V, VPIN = Vss
VoL | Output Low Vokage™
D080 /O po [oH = 8mA, VDD = 5V
— 0.6 V' |1oH = 6mA, VDD = 3.3V
[oH = 3mA, VDD = 1.8V

egative current is defined as current sourced by the pin.

he leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels represent
normal operating conditions. Higher leakage current may be measured at different input voltages.

Including OSC2 in CLKOUT mode.
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28.4 DC Characteristics: PIC16F193X/LF193X-I/E (Continued)

Standard Operating Conditions (unless otherwise stated)

Legend: TBD = To Be Determined
*  These parameters are characterized but not tested.

T

Note 1:

Data in “Typ” column is at 3.0V, 25°C unless otherwise stated. These pa

not tested.

In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Tg

clock in RC mode.
Negative current is defined as current sourced by the pin.

Including OSC2 in CLKOUT mode. %

“
&
&

v

DC CHARACTERISTICS Operating temperature -40°C < Ta = +85°C for industrial
-40°C < Ta < +125°C for extended
P:’:m Sym. Characteristic Min. Typt Max. | Units Conditions
VOH Output High Voltage!®
D0S0 1/0O ports IoH = 3.5mA, VDD = 5V @
VoD -0.7 — — V' [loH =3mA, VDD = 3.3V
lot = 2mA, VDD = 18¥— ]
Capacitive Loading Specs on Output Pins ( ( \\
D101 | COSC2 | 0SC2 pin — — 15 pF [ In XT, HS and AP fddes when
external clo, ve
0SC1
D101A* | Clo All /O pins — — 50 pF
Vcap Capacitor Charging T \>
D102 Charging current — 200 — A \\> >
D102A Source/sink capability when — 00 — v
charging complete \
NS
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28.5 Memory Programming Requirements

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +125°C

Param Sym. Characteristic Min. Typt Max. | Units Conditions
No. O\
Program Memory
Programming Specifications
D110 |VIHH | Voltage on MCLR/VPP/RE3 pin 8.0 — 9.0 V  |(Note 3
D111 IDDP | Supply Current during — — 10 mA
Programming
D112 VDD for Bulk Erase 27 — VDD vV
max é &w
D113 |VPEW | VDD for Write or Row Erase VDD — VDD O
min max. S>>
—_— Vv
D114 | IppPGM | Current on MCLR/VPP during Erase/ — — 1. r}uQS
Write N
D115 | IpDPGM | Current on VDD during Erase/\Write — &Q\%\Q\}/‘A
Data EEPROM Memory >1 O
D116 |ED Byte Endurance — 10 E/W |-40°C to +85°C
D117 | VDRw | VDD for Read/Write VDD — VDD \
min. Q max
D118 |TpDeEw [Erase/Write Cycle Time . 5.0 ms
D119 | TRETD | Characteristic Retention — — Year |Provided no other
specifications are violated
D120 |TRerF |Number of Total Erase/Write < 10M — E/W |-40°C to +85°C
Cycles before Refresh(?
Program Flash Memory \>
D121 |EP Cell Endurance b — 10K — E/W |-40°C to +85°C (Note 1)
D122 |VPR VDD for Read VDD — VDD \
min max.
D123 | Tiw Self-timed Writ le Ti — 2 2.5 ms
D124 | TRETD | Characteristic enti 40 — — Year |Provided no other
specifications are violated
T is*gt 3.0V, 25°C unless otherwise stated. These parameters are for design guidance
Note 1:
2: 3.5.1 “Using the Data EEPROM” for a more detailed discussion on data EEPROM
3: if single-supply programming is disabled.

B ICD 2 does not support variable VPP output. Circuitry to limit the ICD 2 VPP voltage must be

d between the ICD 2 and target system when programming or debugging with the ICD 2.
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28.6 Thermal Considerations

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C =< TA < +125°C

P:Irzm Sym. Characteristic Typ. Units Conditions
THO1 BJA Thermal Resistance Junction to Ambient 60 °C/W  |28-pin SPDIP package as
80 °C/W  |28-pin SOIC package
90 °C/W |28 pin SSOP package No—
275 "C/W  |28-pin QFN 6x8mm package
472 *C/W  |40-pin PDIP package [ ()
46 °C/W  [44-pin TQFP package \ "/
244 °C/W  [44-pin QFN 8x8nyfhpaskage
THO2 6Jc  |Thermal Resistance Junction to Case 314 *C/W  |28-pin SPDIP péckage )
24 *C/W  |28-pin SOIC package \,
24 *C/W  |28-pin SSOR.package
24 *C/W | 28-pip QFN\OxErfiTpackage
247 *C/W  |40-pipPDIP hakage
145 °C/W } ackage
20 “C/w 4\4<Q\TF\\QEN 8x8mm package
THO3 Timax  |Maximum Junction Temperature 150 j@’/) )_ S
THO4 PD  |Power Dissipation — WY (fPB="PINTERNAL + Pl/0
THO5 | PINTERNAL | Internal Power Dissipation — W O\JRINTERNAL = IpD x VoD
THO6 Pio |10 Power Dissipation — ([ W) [Pro=x(loL*VoL)+X (IoH * (VDD - VOH))
THO7 PDER |Derated Power > W/ | PDER = PDMAX (TJ - TA)/8JA®)
Note 1: IDD is current to run the chip alone without driving any lo: n output pins.

2: Ta = Ambient Temperature
3: TJ =Junction Temperature

“
&
&

v

D
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28.7 Timing Parameter Symbology

The timing parameter symbols have been created with
one of the following formats:

1. TppS2ppS
2. TppS
' (&
F Frequency T Time
Lowercase letters (pp) and their meanings:
" O
cc CCP1 osc 0scC1
ck CLKOUT rd RD \
cs cs w RD or WR
di SDI sc SCK
do SDO ss SS
dt Data in t0 TOC
io I/0 PORT t1 T1
mc MCLR wr
Uppercase letters and their meanings: N NN
s {/~
F Fall P riod
H High ise
| Invalid (High-impedance) > Valid
L Low / /Z High-impedance

FIGURE 28-5: LOAD CONDITIONS @
Load Condition \?b

Legend: CL= pins, 15 pF for
0&5\8\2 i

\%
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28.8 AC Characteristics: PIC16F193X/LF193X-I/E

FIGURE 28-6: CLOCK TIMING

Q4 Q1 Q2 Q4 Qi !

OSC1/CLKIN !
'— 0S02— ; :
; . 0S04  0S04 :
- 0503 >
OSC2/CLKOUT ' '
(LP.XTHS Modes)
0SC2/CLKOUT /<

(CLKOUT Mode) <%\ X

TABLE 28-1: CLOCK OSCILLATOR TIMING REQUIREMENTS

Standard Operating Conditions (unless otherwise stated) ( O )_ \>
Operating temperature  -40°C < Ta = +125°C
P:‘r:m Sym. Characteristic Min. Typt > m Conditions
0S01 |Fosc |External CLKIN FrequencylV DC — % MHz |EC Oscillator mode (low)
DC 7 4 MHz |EC Oscillator mode (medium)
DC — 32 MHz |EC Oscillator mode (high)
Oscillator Frequency,p'['III — N — kHz |LP Oscillator mode
1< 4 MHz | XT Oscillator mode
& 4 MHz |HS Oscillator mode, VDD < 2.3V
1 > — 20 MHz |HS Oscillator mode, VDD > 2.3V
S DC — 4 MHz |RC Oscillator mode
0S02 [Tosc |Extemal CLKIN Period™ <\ — x us | LP Oscillator mode
% — © ns XT Oscillator mode
50 — a0 ns HS Oscillator mode
31.25 — a0 ns EC Oscillator mode
Oscillator Pepiod! — 30.5 — ps  |LP Oscillator mode
250 — 10,000 ns XT Oscillator mode
50 — 1,000 ns HS Oscillator mode
A % 250 — — ns  |RC Oscillator mode
0s03 [Tcy  |Instiudtion Gycle Time(™ 200 | Tov DC ns |Tcy = 4/Fosc
0S04* |TosH, <%MN High, 2 — — us | LP oscillator
Tos External £LKIN Low 100 — — ns |XT oscillator
(_\ 20 — — ns HS oscillator
0S05* T[)}RQ ?emal CLKIN Rise, 0 — ® ns | LP oscillator
F xternal CLKIN Fall 0 _ o ns XT oscillator
S% 0 — ® ns HS oscillator

* ghese parameters are characterized but not tested.

T ata in “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.

Note 1: Instruction cycle period (TcY) equals four times the input oscillator time base period. All specified values are based on

characterization data for that particular oscillator type under standard operating conditions with the device executing code.

Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con-

sumption. All devices are tested to operate at “min” values with an external clock applied to OSC1 pin. When an external

clock input is used, the “max” cycle time limit is “DC” (no clock) for all devices.

DS41364A-page 370 Preliminary © 2008 Microchip Technology Inc.



PIC16F193X/LF193X

TABLE 28-2: OSCILLATOR PARAMETERS

Standard Operating Conditions (unless otherwise stated)
Operating Temperature  -40°C = TA £+125°C
Param . Freq. . . -
No. Sym. Characteristic Tolerance Min. | Typt | Max. | Units Conditions
0S08 |HFosc |Internal Calibrated HFINTOSC +2% — 16.0 — MHz |0°C = Ta <+85°C
Frequency?) £5% — | 160 | — | MHz |-40°C<Ta<+12§°
OS08A | MFosc | Internal Calibrated MFINTOSC +2% — 500 — kHz
Frequency(®) +5% — | 500 | — | kHz
0S10* | Tiosc sT | HFINTOSC and MFINTOSC — — 5 7 us C
Wake-up from Sleep Start-up Time _ _ 7 us C
— — 7 us "-40°C to +85°C

These parameters are characterized but not tested.

1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for'desi uidance only and are
not tested.

Note 1: Instruction cycle period (TCY) equals four times the input oscillator time base period. d values are based on
characterization data for that particular oscillator type under standard operating e with the device executing
code. Exceeding these specified limits may result in an unstable oscillator gperatiansa r higher than expected current
consumption. All devices are tested to operate at “min” values with an extern; \ applied to the OSC1 pin. When an
external clock input is used, the “max” cycle time limit is “DC” (no clog]

2: To ensure these oscillator frequency tolerances, VDD and VSS mus] decoupled as close to the device as
possible. 0.1 pF and 0.01 pF values in parallel are recommended?
3: By design.
TABLE 28-3: PLL CLOCK TIMING SPECIFICATIRN 2.7V TO 5.5V)
Param s - - o
No Sym. Characteristic Min. Typt Max. | Units| Conditions

F10 Fosc |Oscillator Frequency Range  ,—\ F 4 — 8 MHz

F11  |Fsys |On-Chip VCO System Frequench~_— | 16 — 32 | MHz

F12  |Trc |PLL Start-up Time (Lock Time)\\ "\ — — 2 ms

F13* |Acik |CLKOUT Stability (Jittef) N -0.25% | — | +0.25% | %

* These parameters are ch af;lé ed but not tested.

T Data in “Typ” column j
only and are not tes

5V, unless otherwise stated. These parameters are for design guidance
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FIGURE 28-7: CLKOUT AND /O TIMING
Cycle Write Fetch Read Execute
Q4 L Q1 o Q2 L Q3
Fosc !

/e OS11 - { asr 0812

R . —'0S520 '
CLKOUT ! : l ' .-l 0821 ' :

Jine ~— 0819 o 0516 :—- 081

: 4—-10813 .._..0517

\
N3

o ////////////////////DC X/////////Wﬁ/

i 4—0815—» 0S14

1/O pi ' K/ .
(Ouﬁ; ut) 0ld Value : X : \v\/\y ew Value
: ' '« 0S18, 0819 (&%\5
"
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TABLE 28-4: CLKOUT AND I/O TIMING PARAMETERS

Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < Ta < +125°C
Param - - - .

No Sym. Characteristic Min. Typt | Max. | Units | Conditions
0S11 | TosH2ckL |FoscT to CLKOUTY () — — | 70 | ns |VDD33.35.0V
0812 | TosH2ckH | Fosc? to CLKOUTT () — — | 72 | ns |vpo=33s0v
0813 |TekL2ioV | CLKOUTY to Port out valid(!) — — | 20 | ns
0S14 |TioV2ckH | Port input valid before CLKOUTT!)  [Tosc+200ns| — | — | ng/\)\
0S15 |TosH2ioV |FoscT (Q1 cycle) to Port out valid — 50 70* nk\ ng 3.3-5.0v
0S16 |TosH2iol |FoscT (Q2 cycle) to Port input invalid 50 — — N% =3.3-5.0vV

(/O in hold time) -
0S17 |TioV2osH | Port input valid to FoscT (Q2 cycle) 20 — | & @S
(/0 in setup time) (o
0S18 |TioR Port output rise time(2) — 40 \\ 72~ ns |VbD=1.8V
— & 2 VoD = 3.3-5.0V
0S19 | TioF Port output fall time(2) — V65 ns |VDD =18V
— N\ 30 VDD = 3.3-5.0V
0S20* | Tinp INT pin input high or low time 1) N> | — ns
0S21* |Tioc Interrupt-on-change new input level 5/ 7 — — ns
time i\

Note1: Measurements are taken in RC mode where
2: Includes OSC2 in CLKOUT mode.

* These parameters are characterized but not tested. | ( ;
T Data in “Typ” column is at 3.0V, 25°C unless otherwi !
tis 4 x Tosc

FIGURE 28-8: RESET, WATCHDOG CILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING

N
>

L
et

R
R

MCLR \ /
,-— 30 —=,

Internal
POR

/
= | 5
PWRT SX'@) : ]

Time-out v 2 . .

A : ((
. | )
Start-Up '

: S —
Intern
imer . 5 S —
Resetl) ! :

—= .34 -
/0 pins >—< >7

Note 1: Asserted low.

e ey
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FIGURE 28-9: BROWN-OUT RESET TIMING AND CHARACTERISTICS

VDD

VBOR and VHYST

! (Device not in Brown-out

37 . e ; ; Q
Reset : S — \

33(1)
(due to BOR)

Note 1: 64 ms delay only if PWRTE bit in the Configuration Word register is programm
2 ms delay if PWRTE = 0 and VREGEN = 1.

=
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TABLE 28-5: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER

AND BROWN-OUT RESET PARAMETERS

Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < Ta < +125°C

P?qr:m Sym. Characteristic Min. | Typt | Max. | Units Conditions
30 TmMcL  |MCLR Pulse Width (low) 2 — — us |VDD = 3.3-5V, -40°C t °C
5 — — us |VDD = 3.3-5V
31  |TwotLe |Low-Power Watchdog Timer 10 | 18 | 27 | ms |vop=33V- °C\O+85°C
Time-out Period (No Prescaler) 10 18 33 ms |VDD = 3.3\t8V

32 |Tost |Oscilator Start-up Timer Period™ @] — | 1024 | — | Tosc |(Note 3\ \">—/

33*  |TPwrT |Power-up Timer Period, PNRTE=0| 40 | 65 | 140 | ms NN

34 Tioz I/O high-impedance from MCLR Low | — — 2.0 us

or Watchdog Timer Reset i
35 VBOR Brown-out Reset Voltage 240 | 25 | 2.60 V @ BV
1.80 | 1.9 | 200 [("\_ BGRV=1.9v
36*  |VHYST |Brown-out Reset Hysteresis 25 50 7 @ 40°C to +85°C
100) -40°C to 125°C
37 TBORDC |Brown-out Reset DC Response 1 3 O‘S VDD < VBOR, -40°C to +85°C
Time 1 VDD < VBOR
* These parameters are characterized but not tested.
T Datain “Typ” column is at 3.0V, 25°C unless otherwig These parameters are for design guidance
only and are not tested.

Note1: Instruction cycle period (TCY) equals four time illator time base period. All specified values are
based on characterization data for that parti illator type under standard operating conditions with the
device executing code. Exceeding these spegifi its may result in an unstable oscillator operation and/or
higher than expected current consumption. Aldevices are tested to operate at “min” values with an external
clock applied to the OSC1 pin. Whe oxfe lock input is used, the “max” cycle time limit is “DC” (no
clock) for all devices.

2: By design.
3: Period of the slower clock.
4: To ensure these voltage tol D and Vss must be capacitively decoupled as close to the device as

possible. 0.1 uF and 0. Vi parallel are recommended.

>

v
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FIGURE 28-10:

TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

[*~— 40—-»! |

1 | |
N
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-~ 41— |
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|
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TRI ] X
|
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TABLE 28-6: TIMERO AND TIMER1 EXTERNAL CLOC

UIREMENTS

Standard Operating Conditions (unless otherwise stated)
Operating Temperature -40°C < TA £+125°C

\S)

Pi:lr:m Sym. Characteristic Min. Typt Max. | Units Conditions
40* TTOH TOCKI High Pulse Width No PrQS‘caleQ \9‘5\1'0‘( +20 — — ns
WitpRrescaler] 10 — — ns
417 [TTOL TOCKI Low Pulse Width No Pressaler| 0.5Tcy +20 | — — ns
With Prescaler 10 — — ns
42% TTOP TOCKI Period Greater of: — — ns |N = prescale value
20 or Tcy + 40 (2,4, ..., 256)
7 N
45 [TT1H TACKI High [SynEifronoys) N&'Prescaler | 05Tey +20 | — — | ns
Time ndbrenod 15 — — ns
ﬁi}t\Er er
‘&ﬂ@onous 30 — — ns
46 TT1L T1CKl Low Q‘}Qchronous, No Prescaler 0.5 Tcy + 20 — — ns
Ti v \%%chronous, with Prescaler 15 — — ns
<\ / ?\synchronous 30 — — ns
47* TT1P Q%@ut Synchronous Greater of: — — ns |N = prescale value
i 30 or Tcy + 40 (1,2,4,8)
N
@ Asynchronous 60 — — ns
48 T1 Timer1 Oscillator Input Frequency Range 324 32.768| 331 kHz
<‘k (oscillator enabled by setting bit TTOSCEN)
49* M{EZme Delay from External Clock Edge to Timer 2 Tosc — 7 Tosc — | Timers in Sync
Increment mode

*

These parameters are characterized but not tested.

1 Data in “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.
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FIGURE 28-11: CAPTURE/COMPARE/PWM TIMINGS (CCP)

CCPx
(Capture mode)
'« CCO1—! e CCO2—! |
= ccos -
Note: Refer to Figure 28.5 for load conditions.
TABLE 28-7: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP) ﬁ
Standard Operating Conditions (unless otherwise stated) w
Operating Temperature -40°C < Ta £ +125°C />
)
P:‘r:m Sym. Characteristic Min. Typt | Max. | Units Conditions
CCO1* |TecL |CCPx Input Low Time No Prescaler | 0.5Tcy +20 | — — ﬁﬁ \\7 w
With Prescaler 20 — —/ ns\v(
CCO02* |TecH |CCPx Input High Time | No Prescaler | 05Tcy +20 [ — |~ \\ad\
With Prescaler 20 — DXL s
CCO03* |TecP |CCPx Input Period 3Tcy +40 ([ 1— > ns |N = prescale value (1, 4 or 16)
v |

*  These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated.

tested.
TABLE 28-8: PIC16F193X/LF193X A/D CONV (ADC) CHARACTERISTICS:
Standard Operating Conditions (unless otherwise ﬂ w
Operating temperature  -40°C < Ta £ +125°C
Pm"‘ Sym. Characteristic \r.k t | Max. |Units Conditions
ADO1 |NR Resolution — — 10 bit
AD02 |EL |Integral Error { </~ 1 — | =1 |Lsb|vrer=30v
ADO3 |EpL |Differential Error — — +1 LSb |No missing codes
/{j VREF = 3.0V
AD04 |EoFF |Offset Error \\_J ) — | — | 3 |Lsb|vrer=30v
ADO5 |EGN |Gain Error — — +3 LSb |VREF =3.0V
AD06 |VReF |Reference Yqltage® > 18| — [ wvo | v
ADO7 |VaIN |Full- Sp&le\Rarbe\ Vss — VREF \'
ADOS |ZAIN r}@?déa Impedance of — — 50 kQ |Can go higher if external 0.01uF capacitor is
A@Q ge Source present on input pin.
ADO09* |REF<\h§>ﬂb?:urrent(3? 10 — | 1000 | pA |During VAIN acquisition.
Based on differential of VHOLD to VAIN.
R\\ — — 10 pA | During A/D conversion cycle.

* \N{aﬁé arameters are characterized but not tested.
tadn “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
ested.
otal Absolute Error includes integral, differential, offset and gain errors.
3: The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.
3: ADC VREF is from external VREF, VDD pin or FVREF, whichever is selected as reference input.
4: When ADC is off, it will not consume any current other than leakage current. The power-down current specification
includes any such leakage from the ADC module.
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TABLE 28-9: PIC16F193X/LF193X A/D CONVERSION REQUIREMENTS

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < Ta = +125°C

P‘:gm Sym. Characteristic Min. Typt | Max. | Units Conditions
AD130* | TAD A/D Clock Period 1.0 — 9.0 ps | Tosc-based
A/D Internal RC Oscillator 1.0 16 6.0 ps  |ADCS<1:0= = 11 (ADRC mode)
Period
AD131 |[Tcnv  |Conversion Time (not including — 105 — TaD | Set GO/DONE bit to conversi %
Acquisition Time){1) complete /;%
AD132* [Taca |Acquisition Time — 95 — | ws \\ ))

*  These parameters are characterized but not tested.

1 Data in “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design ance only and are not
tested.
Note 1: The ADRES register may be read on the following Tcy cycle.
FIGURE 28-12: PIC16F193X/LF193X A/D CONVERSION TIMING {NC)R\MAQ%E)
BSF ADCONO, GO : .
AD134 — ><«-— (Toscr2(M) ®§ 1Ty
o AD131 £ !
Q4 : !
A/D CLK Lo | | [ ] oo
AD Data L X7 X 6 X5 2 X 1 X o X
L N .
ADRES L OLD_DATANJY, N\ X I NEW_DATA
Co ) _—
ADIF Lo ( —-| -~ 1TCY
I ] | \ [
1 i '
GO Z )) | DONE
; | Sampling Stopped
Sample AD13.2 - — ﬁ 5 5
Note 1: [fthe A/D clock source is select s RC, a time of Tcy is added before the A/D clock starts. This allows the

SLEEP instruction to
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FIGURE 28-13: PIC16F193X/LF193X A/D CONVERSION TIMING (SLEEP MODE)

BSF ADCONO, GOX
AD134 —=' '«— (Tosc/2 + Tevlh)
' AD131 Lo
Q4 : , , Lo
D —~'AD130/~—— Lo

— 1Ty

AD Data X7X6X5X423X2X1X0X/\3
o ?( ' o UY)
ADRES OLD_DATA X MEW DATA/

p

=

M
Ny Ly T, ey
M T ey S
f H

P

-

X v DONE
Sample W Sampling (S}ODDGd Q I |
J) \> v

Note 1: [fthe A/D clock source is selected as RC, a time of TCY is adde th D clock starts. This allows the
SLEEP instruction to be executed.
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TABLE 28-10: COMPARATOR SPECIFICATIONS
Operating Conditions: 1.8V < VDD < 5.5V, -40°C < TA < +125°C (unless otherwise stated).

P?qr:_m Sym. Characteristics Min. Typ. Max. Units Comments
CMO1 VIOFF Input Offset Voltage — 7.5 15 mV
CMO02 Vicm Input Common Mode Voltage 0 — VDD V &
CMO03 CMRR |Common Mode Rejection Ratio 55 — — dB @
CM04 TRESP Response Time — 150 400 ns |Note-t— \
CMO05 TMmc2ov Comparatqr Mode Change to — — 10 us &O)

Output Valid*
* These parameters are characterized but not tested. %

Note 1: Response time measured with one comparator input at \VVDD/2, while the other in sitio

from Vss to VDD.
TABLE 28-11: DIGITAL-TO-ANALOG CONVERTER (DAC) snmnc;&m%
Operating Conditions: 1.8V < VoD < 5.5V, -40°C < Ta < +125°C (unless othewﬁ\s@@\/

P:lr:m Sym. Characteristics Min. Typ. /@ its Comments
DACO1* [CLss  |Step Size®® — [vopm2 NN |V
DAC02* |Cacc | Absolute Accuracy — H DNy1Z | Lsb
DAC03* |Cr Unit Resistor Value (R) — DBV /— Q
DAC04* |[CsT Settling Time(!) 10 us

*

These parameters are characterized but not E!%

Legend: TBD = To Be Determined
Note 1: Settling time measured while DACR<4% from ‘0000" to *1111".
TABLE 28-12: FIXED VOLTAGE REFERENCE R) SPECIFICATIONS

Operating Conditions: 1.8V < VoD < 55((90/’33 %, TA < +125°C (unless otherwise stated)

o Standard Operating Conditions (unless otherwise stated)
VR Voltage Reference Spemﬂcan@ J/) Operating temperature -40°C = Ta< +85°C
P?qr:m Sym. C@ics Min. Typ. Max. Units Comments
VRO1 |VFWR iXe Itabe\\,Reference 0.984 | 1.024 | 1.064 Vv FVRV =00 (1x), VDD = 2V
0.974 1.064 125°C
al 1.968 | 2.048 | 2.158 FVRV =01 (2x), VDD =
Q 1.938 2.148 2.5V
3.966 | 4.096 | 4.226 125°C
3.936 4226 FVRV =10 (4x), VDD =
Q 475V
/™ 125°C
VRO \7 T | Voltage drift temperature — TBD TBD | ppm/°C
coefficient
VRO3 [MVRouT/ Voltage drift with respect to — TBD — Vv
AVDD VDD regulation
VR04 |TsTABLE |Settling Time — TBD TBD us

Legend: TBD = To Be Determined
* These parameters are characterized but not tested.

DS41364A-page 380 Preliminary © 2008 Microchip Technology Inc.



PIC16F193X/LF193X

FIGURE 28-14: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

w2 N
—»' «—US121—> '=«— US121 Co
o D X
— E-—US120 — = = US122

Note: Refer to Figure I28-5 for load conditions.

N/
TABLE 28-13: USART SYNCHRONOUS TRANSMISSION REQUIREMENTSA
Standard Operating Conditions (unless otherwise stated)

Operating Temperature -40°C < TA<+125°C m
\/
P";"zm' Symbol Characteristic Mi@ \an\/ Units | Conditions
US120 | TckH2DTV | SYNC XMIT (Master and Slave) 3.0-5.5V 3@ 80 ns
Clock high to data-out valid 1.8-55V 100
it | 8-5. /ﬁ% ns
US121 | TckRF Clock out rise time and fall time 3.0-5.&(@ — 45 ns
(Master mode) 1,855V _ 50 ns
US122 |ToTRF | Data-out rise time and fall time 3455y ) | — 45 ns
1.8 — 50 ns

FIGURE 28-15:  USART SYNCHRONO& (MASTER/SLAVE) TIMING
cK ﬂ

v US125 " ¢
ﬁﬁ—"'

X

-———US126———:

DT X
Note: Refer to Figure(@fs% Io; conditions.
B

TABLE 28-14: CHRONOUS RECEIVE REQUIREMENTS
Standard Operat %fnditions (unless otherwise stated)
Operating r -40°C < Ta £+125°C
Para
i

5 [YOPW2CKL | SYNC RCV (Master and Slave)
Data-hold before CK { (DT hold time) 10 — ns

AV
U§126 | TckL20TL | Data-hold after CK L (DT hold time) 15 — | ns
\%

Characteristic Min. Max. | Units Conditions
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FIGURE 28-16: SPI MASTER MODE TIMING (CKE = 0, SMP = 0)

SS

' SP70
SCK
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' SP71 ' SPT2
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' ' SP75.'SP76
SDI bit 6 - -"52-1 )
A : )
© ~——='SPT74
SP73 a—n

Note: Refer to Figure 28-5 for load conditions.

7

FIGURE 28-17: SPI MASTER MODE TIMING (&}-& SMP = 1)
T

, N

SCK
(CKP = 0)

SCK
(CKP = 1)

SP75. SP76

SO
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. MSblin
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Note: Refer to Figure 28-5 for load conditions.
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FIGURE 28-18: SPI SLAVE MODE TIMING (CKE = 0)

T ) !
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Note: Refer to Figure 28-5 for load conditions.

FIGURE 28-19: SPI SLAVE MODE TIMING (CKE = 1)
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Note: Refer to Figure 28-5 for load conditions.
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TABLE 28-15: SPI MODE REQUIREMENTS

Pﬁ’:’“ Symbol Characteristic Min. | Typt | Max. | Units | Conditions
SP70* [TssL2scH, |SSI to SCK or SCKT input Tey — | — | ns
TssL2scL
SP71* | TscH SCK input high time (Slave mode) Tey + 20 — — ns
SP72* |TscL SCK input low time (Slave mode) Tcy + 20 — — | ns
SP73* |TpiV2scH, |Setup time of SDI data input to SCK edge 100 — — | ns
ToiV2scL
SP74* [TscH2pIL, |Hold time of SDI data input to SCK edge 100 — — | ns
TscL2pIL
SP75* |TboR SDO data output rise time 3.0-5.5V — 10 25 ns
1.8-5.5V — 25 50 ns
SP76* | TboF SDO data output fall time — 10 25 ns
SP77* |TssH2poZ |SST to SDO output high-impedance 10 — 50 ns
SP78* |TscR SCK output rise time 3.0-5.5V — 10 25 ns
(Master mode) 1.8-5.5V — 25 | 50 | ns
SP79* | TscF SCK output fall time (Master mode) — 10 25 ns
SP80* | TscH2poV, |SDO data output valid after 3.0-5.5V — — 50 ns
TscL2poV |SCK edge 1.8-5.5V _ _ 145 ns
SP81* | TboV2scH, |SDO data output setup to SCK edge Tey — — ns
TpboV2scL
SP82* |TssL2poV |SDO data output valid after SS edge — — 50 ns
SP83* | TscH2ssH, |SS 1 after SCK edge 1.5Tcy +40| — — ns
TscL2ssH

*

These parameters are characterized but not tested.

T Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

FIGURE 28-20: I’C™ BUS START/STOP BITS TIMING

SCL

Start Stop
Condition Condition

Note: Refer to Figure 28-5 for load conditions.
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TABLE 28-16: I2C™ BUS START/STOP BITS REQUIREMENTS

P:{:m Symbol Characteristic Min. | Typ | Max. | Units Conditions
SP90* |Tsu:sTA |Start condition 100 kHz mode | 4700 | — — ns |Only relevant for Repeated
Setup time 400 kHzmode | 600 | — | — Start condition
SP91* |THD:STA |Start condition 100 kHz mode | 4000 | — — ns |After this period, the first
Hold time 400 kHzmode | 600 | — | — clock pulse is generated
SP92* |Tsu:sTO |Stop condition 100 kHz mode | 4700 | — — ns
Setup time 400 kHz mode 600 | — —
SP93 |THD:sTO |Stop condition 100 kHz mode | 4000 | — — ns
Hold time 400 kHz mode 600 | — —
* These parameters are characterized but not tested.
FIGURE 28-21: I2C™ BUS DATA TIMING
- «—SP103 >P100 —= - SP102
! : SP101 L
SCL
~— SP92
scA —m' S

Note: Refer to Figure 28-5 for load conditions.
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TABLE 28-17: 12C™ BUS DATA REQUIREMENTS

Pe:\lrzm. Symbol Characteristic Min. Max. | Units Conditions
SP100* |THIGH Clock high time 100 kHz mode 4.0 — us |Device must operate at a
minimum of 1.5 MHz
400 kHz mode 0.6 — us |Device must operate at a
minimum of 10 MHz
SSP module 1.5Tcy —
SP101* |TLow Clock low time 100 kHz mode 4.7 — us |Device must operate ata
minimum of 1.5 MHz
400 kHz mode 1.3 — us |Device must operate at a
minimum of 10 MHz
SSP module 1.5Tcy —
SP102* |TRr SDA and SCL rise |100 kHz mode — 1000 ns
time 400 kHz mode |20 +0.1Cs| 300 ns |Cs is specified to be from
10-400 pF
SP103* |TF SDA and SCL fall  |100 kHz mode — 250 ns
time 400 kHzmode |20 +0.1CB| 250 ns |CB is specified to be from
10-400 pF
SP90* |[Tsu:sTA |Start condition 100 kHz mode 4.7 — us |Only relevant for
setup time 400 kHz mode 0.6 _ us Repeated Start condition
SP91* |THD:STA |Start condition hold [100 kHz mode 4.0 — us  |After this period the first
time 400 kHz mode 0.6 — us |clock pulse is generated
SP106* |THD:DAT |Data input hold time|100 kHz mode 0 — ns
400 kHz mode 0 0.9 us
SP107* |Tsu:DAT |Data input setup 100 kHz mode 250 — ns |(Note 2)
time 400 kHz mode 100 — | ns
SP92* |Tsu:sTo |Stop condition 100 kHz mode 4.7 — us
setup time 400 kHz mode 0.6 — us
SP109* |Taa Output valid from  |100 kHz mode — 3500 ns |(Note 1)
clock 400 kHz mode — — ns
SP110* |TBUF Bus free time 100 kHz mode 4.7 — us | Time the bus must be free
400 kHz mode 13 _ us before a new transmission
can start
SP111 [Cs Bus capacitive loading — 400 pF

Note 1:

These parameters are characterized but not tested.

As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region
(min. 300 ns) of the falling edge of SCL to avoid unintended generation of Start or Stop conditions.

A Fast mode (400 kHz) I2C™ bus device can be used in a Standard mode (100 kHz) I2C bus system, but
the requirement TSU:DAT = 250 ns must then be met. This will automatically be the case if the device does
not stretch the low period of the SCL signal. If such a device does stretch the low period of the SCL signal,
it must output the next data bit to the SDA line TR max. + TsU:DAT = 1000 + 250 = 1250 ns (according to

the Standard mode I°C bus specification), before the SCL line is released.

DS41364A-page 386

Preliminary

© 2008 Microchip Technology Inc.




PIC16F193X/LF193X

TABLE 28-18: CAP SENSE OSCILLATOR SPECIFICATIONS

P‘:g"" Symbol Characteristic Min. | Typt | Max. | Units Conditions
CS01  |IsrC Current Source High — 5.8 — us
Medium — -1.1 — us
Low — -0.2 — us
CS02 |IsNK Current Sink High — 6.6 — us
Medium — 1.3 — us
Low — 0.24 — us
CS03 |VCtH |Cap Threshold High — 0.8 — us
CS04 |VCtL  |Cap Threshold Low — 0.4 — us
* These parameters are characterized but not tested.
T Data in “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
FIGURE 28-22: CAP SENSE OSCILLATOR

Enabled

~—— ISRC —me—— ISNK —

Enabled
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NOTES:
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29.0 DCANDAC
CHARACTERISTICS GRAPHS
AND CHARTS

Graphs and charts are not available at this time.
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NOTES:
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30.0 PACKAGING INFORMATION

30.1 Package Marking Information

28-Lead SPDIP Example
XOKXXKXHXXXXXXXXXK PIC16/I%936
XXX XXXXXK -I/SP €3
P O@- YYWWNNN O B 0810017 O
40-Lead PDIP Example
XXX PIC16F1937
-I/P (€3
O s O ggwr O
MicRoCHIP
28-Lead QFN Example
YXOOOOOXX 16F1936
XXXXXXXX -I/IML @3
YYWWNNN 0810017
e O

Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01)
NNN  Alphanumeric traceability code
@ Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator O)
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.

*  Standard PICmicro® device marking consists of Microchip part number, year code, week code and
traceability code. For PICmicro device marking beyond this, certain price adders apply. Please check
with your Microchip Sales Office. For QTP devices, any special marking adders are included in QTP
price.
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Package Marking Information (Continued)

44-Lead QFN

N

XOOXXXXXXXX
XOOXXXXXXXX
XOOXXXXXXXX

YYWWNNN

28-Lead SOIC

) 9.9.0.9.0.0.0.0.9.09.0.9.0.9.0.0.0.04¢
) 9.9.0.9.0.0.0.0.9.09.0.9.0.9.0.0.0.04¢
) 9.9.0.9.0.0.0.0.9.0.9.0990.90.00.04

B YYWWNNN

28-Lead SSOP

). 0.:0.9.9.0.:0.9.9.0.9.9.4
).0.:0.9.9.0.:0.9.9.0.9.90.4

O R\ YYWWNNN

44-Lead TQFP

Mlcgﬁ-llp

) 0.9.9.0.:0.9.9.0.0.9.4

) 0.9.9.0.:0.9.9.0.0.9.4

) 0.9.9.0.:0.9.9.0.0.9.4
\O YYWWNNN

Example

N

PIC16F1937
-IIML @3

0810017

Example

PIC16F1936
(A
-IS0 €3
A2\ 0810017

Example

PIC16F1936
1SS €3

O R\ 0810017

Example

MiCRoOCHIP

PIC16F1937

-IIPT €3
0810017
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30.2 Package Details

The following sections give the technical details of the packages.

28-Lead Skinny Plastic Dual In-Line (SP) — 300 mil Body [SPDIP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

A e O e T e B e e T e e Y e e B e e
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A1 — j t— b1
b -
Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e .100 BSC
Top to Seating Plane A - - .200
Molded Package Thickness A2 120 135 .150
Base to Seating Plane A1 015 - -
Shoulder to Shoulder Width E 290 .310 .335
Molded Package Width E1 240 .285 .295
Overall Length D 1.345 1.365 1.400
Tip to Seating Plane L 110 2130 .150
Lead Thickness c 2008 010 015
Upper Lead Width b1 .040 .050 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-070B
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40-Lead Plastic Dual In-Line (P) — 600 mil Body [PDIP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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A1 b1
——||—=—b —=—| g |—=——eB
Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 40
Pitch e .100 BSC
Top to Seating Plane A - - .250
Molded Package Thickness A2 125 - .195
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E 590 - 625
Molded Package Width E1 485 - .580
Overall Length D 1.980 - 2.095
Tip to Seating Plane L 115 - .200
Lead Thickness c .008 - .015
Upper Lead Width b1 .030 - .070
Lower Lead Width b 014 - .023
Overall Row Spacing § eB - - .700

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-016B

DS41364A-page 394 Preliminary © 2008 Microchip Technology Inc.



PIC16F193X/LF193X

28-Lead Plastic Quad Flat, No Lead Package (ML) — 6x6 mm Body [QFN]
with 0.55 mm Contact Length

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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TOP VIEW BOTTOM VIEW

|
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j

Al
Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 6.00 BSC
Exposed Pad Width E2 3.65 3.70 4.20
Overall Length D 6.00 BSC
Exposed Pad Length D2 3.65 3.70 4.20
Contact Width b 0.23 0.30 0.35
Contact Length L 0.50 0.55 0.70
Contact-to-Exposed Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. Dimensioning and tolerancing per ASME Y 14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-105B
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28-Lead Plastic Quad Flat, No Lead Package (ML) — 6x6 mm Body [QFN]
with 0.55 mm Contact Length

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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o — -
L1 1]
X1 4§| |
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width W2 4.25
Optional Center Pad Length T2 4.25
Contact Pad Spacing C1 5.70
Contact Pad Spacing C2 5.70
Contact Pad Width (X28) X1 0.37
Contact Pad Length (X28) Y1 1.00
Distance Between Pads G 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2105A
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44-Lead Plastic Quad Flat, No Lead Package (ML) — 8x8 mm Body [QFN]

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at

http://www.microchip.com/packaging

Notes:

= D EXPOSED N b2 B
I PAD
|
i ;
| &
e
I ] ?
E
T g | e By T
7000 A 1,
A AN\ *
LTSN NN
N\ NOTE 1 N L L K
TOP VIEW BOTTOM VIEW
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| f
A3 A1—
Units MILLIMETERS
Dimension Limits MIN NOM MAX
Number of Pins N 44
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 8.00 BSC
Exposed Pad Width E2 6.30 6.45 6.80
Overall Length D 8.00 BSC
Exposed Pad Length D2 6.30 6.45 6.80
Contact Width b 0.25 0.30 0.38
Contact Length L 0.30 0.40 0.50
Contact-to-Exposed Pad K 0.20 - -

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. Dimensioning and tolerancing per ASME Y 14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-103B
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44-Lead Plastic Quad Flat, No Lead Package (ML) — 8x8 mm Body [QFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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—-xg0000000000
ol
SILK SCREEN
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width W2 6.80
Optional Center Pad Length T2 6.80
Contact Pad Spacing C1 8.00
Contact Pad Spacing c2 8.00
Contact Pad Width (X44) X1 0.35
Contact Pad Length (X44) Y1 0.80
Distance Between Pads G 0.25
Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2103A
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28-Lead Plastic Small Outline (SO) — Wide, 7.50 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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Units MILLIMETERS
Dimension Limits| ~ MIN | NOM | MAX
Number of Pins N 28
Pitch e 1.27 BSC
QOverall Height A - - 265
Molded Package Thickness A2 2.05 - -
Standoff § A1 0.10 - 0.30
Overall Width E 10.30 BSC
Molded Package Width E1 7.50 BSC
Overall Length D 17.90 BSC
Chamfer (optional) h 0.25 - 0.75
Foot Length L 0.40 - 1.27
Footprint L1 1.40 REF
Foot Angle Top b 0° - 8°
Lead Thickness c 0.18 - 0.33
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom B 5° - 15°
Notes:

1

2
3
4

. Pin 1 visual index feature may vary, but must be located within the hatched area.
. § Significant Characteristic.
. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-052B

@ 2008 Microchip Technology Inc.

Preliminary

DS41364A-page 399



PIC16F193X/LF193X

28-Lead Plastic Shrink Small Outline (SS) — 5.30 mm Body [SSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e 0.65 BSC
Qverall Height A - - 2.00
Molded Package Thickness A2 1.65 1.75 1.85
Standoff A1 0.05 - -
Overall Width E 7.40 7.80 8.20
Molded Package Width E1 5.00 5.30 5.60
Overall Length D 9.90 10.20 10.50
Foot Length L 0.55 0.75 0.95
Footprint L1 1.25 REF
Lead Thickness c 0.09 - 0.25
Foot Angle ¢ 0° 4° 8°
Lead Width b 0.22 - 0.38

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.20 mm per side.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-073B
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44-1 ead Plastic Thin Quad Flatpack (PT) — 10x10x1 mm Body, 2.00 mm [TQFP]

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Notes:
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Units MILLIMETERS
Dimension Limits MIN | NOM MAX
Number of Leads N 44
Lead Pitch e 0.80 BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.95 1.00 1.05
Standoff A1 0.05 - 0.15
Foot Length L 045 0.60 0.75
Footprint L1 1.00 REF
Foot Angle [ 0° 3.5° 7°
Overall Width E 12.00 BSC
Overall Length D 12.00 BSC
Molded Package Width E1 10.00 BSC
Molded Package Length D1 10.00 BSC
Lead Thickness c 0.09 - 0.20
Lead Width b 0.30 0.37 0.45
Mold Draft Angle Top o 11° 12° 13°
Mold Draft Angle Bottom B 11° 12° 13°

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

. Chamfers at corners are optional; size may vary.

2
3. Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.25 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-076B
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44-Lead Plastic Thin Quad Flatpack (PT) — 10x10x1 mm Body, 2.00 mm [TQFP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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Units MILLIMETERS

Dimension Limits| MIN | NOM | MAX
Contact Pitch E 0.80 BSC
Contact Pad Spacing C1 11.40
Contact Pad Spacing C2 11.40
Contact Pad Width (X44) X1 0.55
Contact Pad Length (X44) Y1 1.50
Distance Between Pads G 0.25

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2076A
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APPENDIX A: DATA SHEET

Revision A

REVISION HISTORY

Original release (12/2008)

APPENDIX B: MIGRATING FROM
OTHER PIC®
DEVICES

This discusses some of the issues in migrating from
other PIC® devices to the PIC16F193X/LF193X family

of devices.

B.1  PIC16F917 to PIC16F193X/LF193X

TABLE B-1: FEATURE COMPARISON
Feature PIC16F917 | PIC16F1937
Max. Operating Speed | 20 MHz 32 MHz
Max. Program 8K 8K
Memory (Words)
Max. SRAM (Bytes) 368 512
A/D Resolution 10-bit 10-bit
Timers (8/16-bit) 2/1 41
Oscillator Modes 4 8
Brown-out Reset Y Y
Internal Pull-ups RB<7:0> RB<7:0>
Interrupt-on-change RB<7:4> RB<7:0>
Comparator 2 2
AUSART/EUSART 1/0 0N
Extended WDT Y Y
Software Control N Y
Option of WDT/BOR
INTOSC Freguencies 30 kHz - 500 kHz -
8 MHz 32 MHz
Clock Switching Y Y
Capacitive Sensing N Y
CCP/ECCP 2/0 213
Enhanced PIC16 CPU N Y
MSSP/SSP 0/1 1/0
LCD Y Y

@ 2008 Microchip Technology Inc.
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INDEX

A

AD
Specifications ... 3T 378
Absolute Maximum Ratlngs .. 355
AC Characteristics
Industrial and Extended ..............._...__..........370
Load Conditions............. ... 369
ACKSTAT _. . 310
ACKSTAT Status Flag 2. 310
ADC _. : 131
Acqmsmon Reqmrements ... 140
Associated registers. .. .. 142
Block Diagram... . IS b |
Calculating Acqwsmon Tlme 140
Channel Selection .. ...132
Configuration. . 132
Configuring Interrupt e 136
Conversion Clock... e 132
Conversion Procedure e 136
Internal Sampling Swr[ch (RSS) Impedanee ... 140
Interrupts... e 134
Operatlon 138
Operation Dunng Sleep ..135
Port Configuration ... . ...132
Reference Voltage (VREF) .. 132
Source lmpedance..................................140
Special Event Trigger..............................135
Starting an A/D Conversion .. 2134
ADCONO Register.................... 137
ADCON1 Register.. . 138
ADRESH Reg|ster . _.....36
ADRESH Register {ADFIVI 0) . 138
ADRESH Register (ADFM = 1) 139
ADRESL Register (ADFM=0). ... 139
ADRESL Register (ADFM=1) ... 139
Alternate Pin Function... SO = 7
Analog-to-Digital Converter See ADC
ANSELA Register ...
ANSELB Register ...
ANSELD Register ...
ANSELE Register ...
APFCONRegister. ... .
Assembler
MPASM Assembler............... . ..........392

BAUDCONRegister..............................224
BF . 312
BF Status Flag 2. 310, 312
Block Diagram
Capacitive Sensing ... 177
Block Diagrams
(CCP) Capture Mode Operation ......_.....................187
ADC Transfer Functlon e 14
Analog Input Model 141,147
CCPPWM.___.____ 191
Clock Source. ... 107
Comparator ... 144
Compare ... 189
Crystal Operatlon e 110

Digital-to-Analog Converter (DAC) ... 102
EUSART Receive .. e 214
EUSART Transmlt e 213
External RC Mode . - [T b
Fail-Safe Clock Monltor (FSCM) .. 119
Generic /O Port...
Interrupt Logic....
LCD Bias Voltage Generat|0n e 249
LCD Clock Generatlon.............
MCLR Circuit ...
On-Chip Reset Circuit..... -
Peripheral Interrupt Logic ... 70
PIC16F193X/LF193X . ... 13
PWM (Enhanced) ....... 195
Resonator Operation .. .10
TimerQ ... 157
Timert e 161
Timert Gate................................. 166, 167, 168
Timer2/4/6 .. e 173
Voltage Reference e 155
Voltage Reference Output Buffer Example e 155
BORCONRegister. ... ... .............B3
BRA .. - . 342
Break Character (12 brt) Transmr[ and Recelve . 233
Brown-out Reset (BOR)................. .62
Specifications ... i 3TD
Timing and Charactenstlcs . 374

od

C Compilers
MPLAB C30 ... ... 352
Capacmve Sensmg . .
Associated reg|ster5 wf Capacmve Sensmg .. 181
Specifications . - .. 387
Capture Module. See Enhanced CapturefComparef
PWM(ECCP)
Capture/Compare/PWM ... 183
Capture/Compare/PWM (CCP) ... 185
Associated Registers w/ Capture ... 188
Associated Registers w/ Compare ..........................190
Associated Registers w/ PWM . 2 211
Capture Mode .. I .. 187
CCPx Pin Confguratlon e 1B
Clock Selection .. e 18D
Compare Mode 189
CCPx Pin Conflguratlon 189
Software Interrupt Mode__ .. 187,189
Special Event Trigger ... 189
Timer1 Mode Selection............................ 187,189
Prescaler ... .. 187
PWM Mode ... .. 191
Duty Cycle ... 192
Effects of Reset - e 194
Example PWM Frequencles and
Resolutions, 20MHZ ... 193
Example PWM Frequencies and
Resolutions, 32 MHZ ... 193
Example PWM Frequencies and
Resolutions, 8 MHz ... 193
Operation in Sleep Mode .. 194
Resolution .. e 193
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Setup for Operation... 194
System Clock Frequency Changes 194

PWM Period .. .
Setup for PWM Operatlon .
CCP1CON Reglster 40 41
CCPR1H Reglster 40, 41
CCPR1LRegister..........................40 41
CCPTMRSO0 Register .. 185
CCPTMRS1Register..................................186
CCPxAS Register.... . e 204
CCPxCON {ECCPX) Reg|ster _.184
Clock Accuracy with Asynchronous Operatlon 222

Clock Sources

External Modes ... ............109
~....109
.10
.10
..109
1
.10

Internal Modes
Frequency Selectlon 115
HFINTOSC. .. o112
Internal Oscnlator Clock SW|tch T|m|ng .15
INTOSCIO. ..
LFINTOSC ... 112
MFINTOSC ... 112

Clock Switching........ 17
CMOUT Register..... ~.149
CMxCONO Register . .. 148
CMxCON1Regqister ....................................149
Code Examples

A/D Conversion .. -

Changing Between Capture Prescaler's

Initializing PORTA ...

Initializing PORTB ... .

Initializing PORTC ... .

Initializing PORTD.....

Initializing PORTE ... .......101

Wirite Verify . 332

Wiriting to Flash Program Memory ee..2330
Comparator

Associated Registers ......_.........._............150

Operation ... 143
Comparator Module 143

Cx QOutput State Versus Input Condltlons - 145
Comparator Specifications ... ..380
Comparator Voltage Reference (CVREF)

Associated Registers ......_............._..............156
Comparators

C20UT as T1 Gate .. A e 163
Compare Module. See Enhanced Capture!

Compare/PWM (ECCP)
CONFIG1Register...........................126
CONFIG2Register............................128
Core Registers ... ~...49
CPSCONO Register ... .. 180
CPSCON1 Register ... - 18
Customer Change Notrrcatlon Serylce 13
Customer Notification Service ......._.........__...__....._..413
Customer Support ... ... 83

D

DACCONO (Digital-to-Analog Converter Control 0) Register ..
153

DACCON1 (Digital-to-Analog Converter Control 1)
Register ... .
Data EEPROM Memory .
Associated Reglsters 332
Code Protection.. ... 332
Reading ... .......325
Writing . . 325
Data Memory
DC and AC Characterlstlcs e 309
DC Characteristics
Extended and Industrial ...
Industrial and Extended...
Development Support ... -
Device Configuration ... ...
Code Protection ...
Configuration Word
UserID ...
Device Ovewlew....... .
Digital-to-Analog Converter (DAC)
Associated Registers ... 154
Effects ofa Reset ... -
Operation During Sleep ... 151
Specifications ... 380

E

ECCP/CCP. See Enhanced Capture/Compare/PWM
EEADR Registers ... 321
EEADRHReqisters............. .31
EEADRL Register.._.... -
EEADRL Registers ...
EECON1Register...................................321,323
EECON2Register...................................321 324
EEDATHRegister ... .........322
EEDATL Reqgister ... ... 322
EEPROM Data Memory
Avoiding Spurious Write ... 332
Write Verify ... 332
Effects of Reset
PWM mode .. SO =
Electrical Spemflcatlons ... 30D
Enhanced CapturefComparef’PWM
Timer Resources .. e 184
Enhanced CapturefComparefPWM (ECCP) ... 184
Enhanced PWM Mode 195
Auto-Restart .. - 209
Auto- shutdown .. 203
Direction Change in FuII Brldge Output Mode 201
Full-Bridge Application.._...............................199
Full-Bridge Mode .. 199
Half-Bridge Appl|cat|on . o198
Half-Bridge Application Examples .. 206
Half-Bridge Mode ... ... 198
Qutput Relatlonsh|ps {Actlve ngh and
Active-Low)... . e 106
Qutput Relatlonsh|ps D|agram
Programmable Dead Band Delay...
Shoot-through Current..._..._..___. -
Start-up Considerations.................................203
Specifications .. L 3T
Enhanced Mid-range CPU 14
Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART) ... 213
Errata .. USRI |
EUSART e 213
Asso(:lated Reglsters
Baud Rate Generator ... 226
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Asynchronous Mode .. R 215
12-bit Break Transmrt and Recelve e 233
Associated Registers

Receive .. e 2271

Transmrt USSR~ I
Aut&Wakeup on Break 20
Baud Rate Generator (BRG) e 225
Clock Accuracy ...................... ...222
Receiver... - .....218
Setting up 9 blt Mode W|th Address Detect ..220
Transmitter ... 215

Baud Rate Generator (BRG)

Auto Baud Rate Detect .........__...__.._._.........230
Baud Rate Error, Calculating............................225
Baud Rates, Asynchronous Modes .................227
Formulas .. - ...226
High Baud Rate Select (BRGH Blt) ..225
Synchronous Master Mode .. 238
Associated Registers
Receive ... ...237
Transmit... ...235
Reception........... .23
Transmission ... 234
Synchronous Slave Mode
Associated Registers
Receive ... .............239
Transmit........................... 238
Reception........... ... 239
Transmission ... 238
Extended Instruction Set

F

Fail-Safe Clock Monitor... - 119
Fail-Safe Condition Cleanng 2118
Fail-Safe Detection .. e 119
Fail-Safe Operat|on . .19
Reset or Wake-up from Sleep .19

Firmware Instructions... . L2337

Fixed Voltage Reference (FVR)

Specifications ... . 380

Flash Program Memory 32
Erasing..................328
Writing ... .. 328

FSR Reglster35 36 3? 38 39 40 41 42 43 44 45 47 48

FVRCON (Fixed Voltage Reference Control) Register ... 156

12C Mode (MSSP)
Acknowledge Sequence Timing...............................314
Bus Collision
During a Repeated Start Condition................. 318
During a Stop Condition_...............................319
EffectsofaReset. ... . ... ..........315
12C Clock Rate WBRG ..o 320
Master Mode
Operation ... . 306
Reception. .. 312
Start Condltlon Tlmlng 308 309
Transmission .. - ~.310
Multi-Master Communlcatlon Bus CoII|5|0n
and Arbitration .. 315
Multi-Master Mode . ..315
Read/Write Bit Informatlon (RIW Blt) .29
Slave Mode
Transmission ... 296

Sleep Operation... 315
Stop Condition Tlmlng . . 314
INDF Register35, 36, 37, 38, 39 40 41 42 43 44 45 4? 48
Indirect Addressing, INDF and FSR Reglster's .. D3
Instruction Format.........._ ... 338
Instruction Set ... 337
ADDWF . 341
ANDWEF __. 341
BRA ... .. 342
CALL.... ....343
LSRF .. ... 345
MOVF .. ... 345
MOVIW .. ... 346
OPTION __. ... 3471
BSF.... .. 342
CALL.... ....343
CLRF . ....343
CLRW S ... 343
DECF......... ....343
DECFSZ ... ... 344
GOTO......... .. 344
IORLW ... ... 344
RETFIE.... ... 348
RLF ... ... 348
RRF ... ... 349
SLEEP ... ... 349
SWAPF ___. ... 350
XORLW . .. 350
XORWEF . 350
INTCON Reglster 713
Internal Oscillator Block
INTOSC
Specifications ... R & |
Internal Sampling Switch (Rss) Impedance 140
Internet Address 413
Interrupt-On-Change.................._. ... 103
Associated Registers .. 105
Interrupts ... ... BO
ADC .. e 136
Assomated reg|ster5 wf Interrupts .80
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INTOSC Specifications .31
IOCBF Register..............
IOCBNRegister ... ... 104
IOCBPRegister................ ... 104

L

LATAReqister ... ......................85193
LATBReqgister ... ... 90
LATD Register.............. o .........96
LATEReqister ... .99
LCD
Associated Registers ... 272
Bias Voltage Generation ... 249 250
Clock Source Selection..............._...__...
Configuring the Module .
Disablingthe Module ... _.._...............271
Frame Frequency.................
Interrupts ...
LCDCON Register ...
LCDPS Register.....
Multiplex Types ...
Operation During Sleep ...................................269
Pixel Control.. .
Prescaler ... e 248
Segment Enables 254
Waveform Generatu;)n_______________________________________________256
LCDCONRegister..................................241 243
LCDCST Register ...
LCDDATAx Registers ... 247 252
LCDPSRegister.................................241 244
LCDREF Register ... .
LCDRL Register ...
LCDSEn Reg|5ter5
Liquid Crystal D|5play (LCD) Drwer e 20
Load Conditions ..
LSLF .

Master Synchronous Serial Port. See MSSP
Internal ... .09
Memory Organization ..
Data .
Program .
Microchip Internet Web Slte . __________413
Migrating from other PIC M|crocontroller Dewoes ..403
MOVLB...
MOVWI. ..
MPLAB ASIVISD Assembler Llnker L|brar|an
MPLAB ICD 2 In-Circuit Debugger... . 353
MPLAB ICE 2000 High- Performance UnNer'sal
In-Circuit Emulator . ....353
MPLAB Integrated Development Enwronment Soﬂware 2351
MPLAB PM3 Device Programmer....
MPLAB REAL ICE In-Circuit Emulator System
MPLINK Object Linker/MPLIB Object Librarian ...
MSSP . -
SSPBUF Reg|ster
SSPSRRegister ...

o

OPCODE Field Descriptions_...._._................................337
OPTION Reg|ster
OSCCON Reg|ster 108
Oscillator

Associated Registers ... 120
Oscillator Module ..............

INTOSC ...

LFINTOSC.
Oscillator Parameters . [T 1
Oscillator Spe0|fcat|0ns .. 370
Oscillator Start-up Timer (OST)

Specifications .. e 315
Oscillator SW|tch|ng

Fail-Safe Clock Monitor ... 119

Two-Speed Clock Start-up........................... 117
OSCSTAT Reqister ... -
OSCTUNEReqister........... .

P

P1A/P1B/P1C/P1D.See Enhanced Capture/

Compare/PWM (ECCP). .. e 195

Packaging ... e 3O
Markmg 391, 392
PDIP Details .. ..393

PCL and PCLATH - .52

PCL Register35, 36, 37 38 39 40 41 42 43 44 45 4? 48

PCLATH Register35, 36, 37, 38, 39, 40, 41,42 43, 44 45 AT,
48

PCON Register ... . .. 36,65

PICSTART Plus Development Pregrammer .. 354

PIE1 Reg|ster 36,74

PIE2 Register ... .36 1715

PIE3Register. ... .. ... 1B

Pin Diagram
PIC16F1933/1936/1938, PICLF1933/1936/1938,

28-pin PDIP/SOIC/SSOP . 3
PIC16F1933/1936/1938, PICLF1933,'1936I1938,

28-pin QFN .. U
PICF1934!193?!1939 PICLF1934J1937!1939

44-pin QFN .. e T
PICF1934!193?!1939 PICLF1934J1937!1939

44-pin TQFP .. e B
PICF1934!193?!1939 PICLF1934!1 93?l1939

A0-pinPDIP ... ... B

Pinout Descriptions
PIC16F193X/PIC16LF193X ... ... 15

PIR1 Register ... .

PIR2 Register ... .

PIR3 Register ...

PORTA ..
ANSELA Reglster
Associated Reglsters_ -
PORTA Reg|ster35 37
Specifications ... 37T3

PORTARegister ... ... B85
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Additional Pin Functions

WeakPull-up ........................89
ANSELB Register ... .91
Associated Registers ... 92
Interrupt-on-Change. .. . .89
P1B/P1C/P1D._See Enhanced Capture!
Compare/PWM+ (ECCP+)_.._..._...................89
Pin Descriptions and Diagrams... 92
PORTBRegister ....................................3537
PORTB Register ... ..........90
PORTC . .93
Assomated Reglster's 95
P1A.See Enhanced Capture!Compare!
PWM+(ECCP+) ... .93
Pin Descriptions and Diagrams_................................95
PORTC Register....................... .35, 37
Specifications ... 373
PORTC Register ... .93
Addltlonal P|n Functlons
ANSELD Register ... 9T
Associated Registers ... .98
P1B/P1C/P1D._See Enhanced Capture!
Compare/PWM+ (ECCP+)_.._..._....................96
Pin Descriptions and Diagrams_................................98

PORTD Register........................
PORTD Register ...
PORTE...

ANSELE Reglster

Associated Reglster's

Pin Descriptions and Dlagrams___

PORTERegister ....................._...............3537
PORTE Register ... .99
Power-Down Mode (Sleep)

Associated Registers ...

Power-on Reset .. .....99
Power-up Time- 0ut Sequence e B4
Power-up Timer (PWRT) ... ...................59
Specifications ...
PR2 Register. .. .
Precision Internal Oscﬂlator Parameters [T ¥
Program Memory .. e 21
Map and Stack (PIC16F1933!LF1933
PIC16F1934/LF1934) . e 22
Map and Stack (PIC16F1936!LF1 936
PIC16F1937/LF1937) ... .22
Map and Stack (PIC16F1938/LF 1938,
PIC16F1939/LF1939) ... ... ... 23
Programming, Device Instructions ... ...337
PSTRxCONRegister .................................208
Pulse Steering... . 208
PWM (ECCP Module)
Pulse Steering... . .. 208
Steering Synchronlzatlon ..210

PWM Mode. See Enhanced Capturer’Compare! PWM 195

PWMxCON Reglster 207
R
RCREG Reg|ster .38
RCSTA Register ... 38 223
ReaderResponse 414
Read-Modify-Write Operatlons 33T
Register

RCREGRegister.................... ... 230
Registers

ADCONO (ADC Control 0) .. e 137
ADCON1 (ADC Control 1) ... .. 138
ADRESH (ADC Result ngh) W|th ADFM 0) . 138
ADRESH (ADC Result High) with ADFM =1) ... 139
ADRESL (ADC Result Low) with ADFM =0)......._... 139
ADRESL (ADC Result Low) with ADFM =1)..__.__..._ 139
ANSELA (PORTA Analog Select) ... 86
ANSELB (PORTB Analog Select) ... 91
ANSELD (PORTD Analog Select) ... 97
ANSELE (PORTE Analog Select) ... 101
APFCON (Alternate Pin Function Control) .. .84
BAUDCON (Baud Rate Control)............_. 224
BORCON Brown-out Reset Control) ... 63
CCPTMRSO0 (CCP Timers Control 0) ... 185
CCPTMRS1 (CCP Timers Control 1) ... 186
CCPxAS (CCPx Auto-Shutdown Control) ... 204
CCPxCON (ECCPx Control) ... ... 184
CMOUT (Comparator Output) . ... 149
CMxCONO (Cx Control) ... 148
CMxCON1 (CxControl 1) 149
Configuration Word 1 ... 126
Configuration Word 2. . 128

CPSCONO (Capacitive Sensmg Control Reglster 0) 180
CPSCON1 (Capacitive Sensing Control Register 1) 181

DACCONO... . oo 183
DACCONT1 .. ... 153
EEADRL (EEF‘ROIVI Address) e 322
EECON1 (EEPROM Control 1) ... 323

EECON2 (EEPROM Control 2) ... -
EEDATH (EEPROM Data) ... .. 322
EEDATL (EEPROM Data) .... ... 322
FVRCON . . 156
INTCON (Interrupt Control) e T3
IOCBF (Interrupt-on-Change Flag) . 104
IOCBN (Interrupt-on-Change Negatwe Edge) 104
IOCBP (Interrupt-on-Change Positive Edge)..... 104
LATA (Data LatchPORTA) ... 85
LATB (Data Latch PORTB) ... 90
LATC (Data Latch PORTC) ... -
LATD (Data Latch PORTD) ...
LATE (Data Latch PORTE) ...
LCDCON (LCD Control) ...

. 324

LCDCST (LCD Contrast Control) ........................... 246
LCDDATAx (LCD Data)... .. 247, 252
LCDPS (LCD Phase)... ... 244
LCDREF (LCD Reference Voltage Control) .. 245

LCDRL (LCD Reference Voltage Control)......
LCDSEN (LCD Segment Enable) .........._.
OPTION_REG (OPTION)........._. :
OSCCON (Oscillator Control) ...
OSCSTAT (Oscillator Status) ...
OSCTUNE (Oscillator Tuning).....
PCON (Power Control Register)..
PCON (Power Control) ... - -
PIE1 (Peripheral Interrupt EnabIe 1)
PIE2 (Peripheral Interrupt Enable 2) ...
PIE3 (Peripheral Interrupt Enable 3) ... -
PIR1 (Peripheral Interrupt Register 1) ... 77
PIR2 (Peripheral Interrupt Request2) ... 78
PIR3 (Peripheral Interrupt Request 3) ...................... 79
PORTA ...
PORTB ... -
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PSTRxCON (Pulse Steering Control) ......................208
PWMxCON (Enhanced PWM Control) ....................207
RCSTA (Receive Status and Control)..... -
Special Function, Summary ...
SRCONO (SR Latch Control 0) ...
SRCON?1 (SR Latch Control 1) ...
SSPADD (MSSP Address and Baud Rate,
12C Mode)... ) 280
SSPCON1 (IVISSP Control 1) e 20T
SSPCON2 (SSP Control 2)278
SSPCONS3 (SSP Control 3)....
SSPMSK (SSP Mask) ...
SSPSTAT (SSP Status) ..
STATUS . 2. D0
T1CON (T|mer1 Control) 189
T1GCON (Timer1 Gate Control)... 2170
TRISA (Tri-State PORTA) ...
TRISB (Tri-State PORTB) ...
TRISC (Tri-State PORTC) .94
TRISD (Tri-State PORTD) .97
TRISE (Tri-State PORTE) .... .
TxCON .. 175
TXSTA (Transmlt Status and Control) ......222
WDTCON (Watchdog Timer Control)... 61
WPUB (Weak Pull-up PORTB) .. 2290
RESET ..
Reset...
Reset Instructlon
Resets ..
Assomated Reglsters
Revision Hlstory

S

Serlal Clock SCK
Serial Data In (SDI)........
Serial Data Out (SDO) ...
Shoot-through Current _____________________......206
Slave Select (SS) ... e 280
Software Simulator (MPLAB SIM) .
SPBRGRegister .31 38
Special Event Tr|gger 130
Special Function Reg|sters (SFRS) 35
SPI Mode (MSSP)
Associated Registers ... 286
Serial Clock ...
SeralDataln ...
Serial Data Out
Slave Select ...
SPIClock ...
Typical Connection __.
SRlatch ...
SRCONO Register ... -
SRCON1 Reqister............_..__..... 123
SS ..
SSPADD Reglster .
SSPBUF Reglster
SSPCON1Register.............. 27T
SSPCONReqister. ... .
SSPCON2 Reqgister........
SSPCON3 Register..
SSPMSK Register ...

SSPOV Status Flag 312
SSPSTAT Reglster..... 39, 276
Stack . B2

Reset .. . D3
Stack Overﬂowanderﬂow .
STATUSReqgister ... .50

T

TICONRegister ...
T1IGCON Register ...
T2CON Register ...
Thermal Considerations.
Timer0Q... .
Assomated Reglsters 159
Operation__._..........__
Specifications ...
Timer1.. -
Assomated reglsters e 1T
Asynchronous Counter Mode i 183
Reading and Writing ....... .
Clock Source Selection.............____.
Interrupt ...
Operatlon .
Operation Dunng Sleep
Oscillator ... -
Prescaler ...
Specifications ...
Timer1 Gate
Selecting Source ... 163
TMR1H Register ... .
TMRILRegister..._._... .
Timer2
Associated registers ...
Timer2/4/6. .. S -
Assomated reglsters
Timers
Timer1
Timer2/4/6
Timing Diagrams
A/D Conversion... - ISR ¥ f -
A/D Conversion (Sleep Mode) i 3T9
Acknowledge Sequence .34
Asynchronous Reception. .. .. 220
Asynchronous Transmlssmn .. 216
Asynchronous Transmission (Back to Back) ..216
Auto Wake-up Bit (WUE) During Normal Operat|0n. 232
Auto Wake-up Bit (WUE) During Sleep ...
Automatic Baud Rate Calibration... .
Baud Rate Generator with Clock Arbltratlon
BRG Reset Due to SDA Arbitration During
Start Condition...._............317
Brown-out Reset (BOR). .. e 374
Brown-out Reset Sltuatlons Y
Bus Collision During a Repeated Start Condltlon
(Case 1)_.. ....318
Bus Collision Dunng a Repeated Start Condltlon
(Case 2) ... ... 318
Bus Collision Dunng a Staﬂ Condltlon (SCL 0) 3T
Bus Collision During a Stop Condition (Case 1)....... 319
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Bus Collision During a Stop Condition (Case 2) ...
Bus Collision During Start Condition (SDA only) ...
Bus Collision for Transmit and Acknowledge............
CLKOUTand VO
Clock Synchronization ...
.....370
~....143

37T

Clock Timing ...
Comparator Output
Enhanced CaptureIComparefPWM (ECCP)

Fail-Safe Clock Monitor (FSCM) ...
First Start Bit Timing ... ...
...200

Full-Bridge PWM Output ...
Half-Bridge PWM Qutput ...
|2c Bus Data .. )
I C Bus StartIStop Blts .
I C Master Mode (7 or 10 Blt Transmlssmn)

I C Master Mode (7-Bit Reception)...

12c Stop Condition Receive or Transm|t Mode
INT Pin Interrupt... .

Internal Oscillator Suwtch T|m|ng .

LCD Interrupt Timing in Quarter- Duty Cycle Drlve
LCD Sleep Entry/Exit when SLPEN =1 or C5 =00

PWM Auto-shutdown ...
_...205
..201

Firmware Restart ..
PWM Direction Change
PWM Direction Change at Near 100% Duty Cycle

PWM OQutput (Active-High)........_.. ..
197

....309
... 373
...233
.. 382

PWM Output (Active-Low) ...
Repeat Start Condition...
Reset, WDT, OST and Power up T|mer

Send Break Character Sequence ...
SPI Master Mode (CKE=1, SMP =1) ____

SPI Mode (MasterMode). ...
.....383
..383

SPI Slave Mode (CKE = 0) ...
SPI Slave Mode (CKE = 1) ...

Synchronous Reception (Master Mode SREN)
....235
..235

Synchronous Transmission... -
Synchronous Transmission (Through TXEN)
Time-out Sequence

Case 1
.67
.67
______3?6
.....165
.18

Case 2 ..

Case 3 .. .
Timer0 and T|mer1 External Clock
Timer1 Incrementing Edge. ..
Two Speed Start-up ..

Type-Ain 1/2 Mux, 1!2 B|as Drlve
Type-Ain 1/2 Mux, 1/3Bias Drive ... ..
... 261
....263
...265

Type-A in 1/3 Mux, 1/2 Bias Drive ..
Type-A in 1/3 Mux, 1/3 Bias Drive ..
Type-A in 1/4 Mux, 1/3 Bias Drive ..

Type-AType-Bin StaticDrive..............._..... ..
Type-Bin 1/2 Mux, 1/2Bias Drive ... ..
... 260
....262
....264
... 266

Type-B in 1/2 Mux, 1/3 Bias Drive ..
Type-B in 1/3 Mux, 1/2 Bias Drive ..
Type-B in 1/3 Mux, 1/3 Bias Drive ..
Type-B in 1/4 Mux, 1/3 Bias Drive ...
USART Synchronous Receive (Master!SIave)

USART Synchronous Transmission (MasterI’SIave)_
Wake-up from Interrupt ...

Timing Diagrams and Specifications
PLL Clock...
Timing Parameter Symbology
Timing Requirements
I°C Bus Data..
12C Bus StartIStop Blts

SPIMode .

319
316
315
372
304

120
308

206

e 385
.. 384

31

___313

.314

______71
... 116

.268

.270

205

202
196

283

237

66

257
259

256
258

..381
381
334

BT
... 369

w386
.. 385

384

TMRO Regqister........... . ... 35
TMR1HRegister............ . ............35
TMR1L Register..
TMR2 Register. ...

TRISA Reglster

TRISB Register. ..
TRISCReqister ... .

TRISD ...
TRISD Register. ..
TRISE .. -
TRISE Reglster..
Two-Speed Clock Start up Mode 117
TXCON (Timer2/4/6) Register ... 175
TxCON Register ...
TXREG..................
TXREGRegister........... . ............38
TXSTARegister......... ... 38222

u

USART
Synchronous Master Mode
Requirements, Synchronous Receive ... 381
Requirements, Synchronous Transmission...... 381
Timing Diagram, Synchronous Receive ... 381
Timing Diagram, Synchronous Transmission_.. 381

\")
VREF. SEE ADC Reference Voltage

w

Wake-uponBreak ... ... 23
Wake-up Using Interrupts ... ... 334
Watchdog Timer (WDT) ... .............59
Clock Source ... 09
Modes. . ... ... B0
Period ........... .
Specifications ... 315
WCOL .. ... 307,310, 312, 314
WCOL Status Flag 22 307, 310, 312, 314
WDTCON Reglster 61
WPUB Register....
WWW Address ..
WWW, On-Line Support M
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

» Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user's guides and hardware support
documents, latest software releases and archived
software

» General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

« Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com, click on Customer Change
Notification and follow the registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

» Distributor or Representative

* Local Sales Office

 Field Application Engineer (FAE)

» Technical Support

» Development Systems Information Line

Customers should contact their distributor,
representative or field application engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical support is available through the web site
at: http://support.microchip.com

@ 2008 Microchip Technology Inc.
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

To: Technical Publications Manager Total Pages Sent
RE:  Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):

Wouldyou likeareply? Y N

Device: PIC16F193X/LF193X Literature Number: DS41364A
Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4. What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

8. Is there any incorrect or misleading information (what and where)?

7. How would you improve this document?
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO.

Device

X

X

Temperature Package Pattern
Range

IXX XXX

T T

Device:

Temperature
Range:

Package:

Pattern:

PIC16F1933, PIC16LF1933, PIC16F1933T, PIC16LF1933T("
PIC16F1934, PIC16LF1934, PIC16F1934T, PIC16LF1934T("
PIC16F1936, PIC16LF1936, PIC16F1936T, PIC16LF1936T("
PIC16F1937, PIC16LF1937, PIC16F1937T, PIC16LF1937T("
PIC16F1938, PIC16LF1938, PIC16F1938T, PIC16LF1938T("
PIC16F1939, PIC16LF1939, PIC16F1939T, PIC16LF1939T("

ML
P

PT
SO
sP
ss

-40°C to +85°C
-40°C to +125°C

Micro Lead Frame (QFN)
Plastic DIP

TQFP (Thin Quad Flatpack)
SQIC

Skinny Plastic DIP

SSOP

3-Digit Pattern Code for QTP (blank otherwise)

Examples:

a) PIC16LF1937 - /P = Industrial temp., Plastic
DIP package, low-voltage VDD limits.

b)  PIC16F1934 - I/PT = Industrial temp., TQFP
package, standard VDD limits.

c)  PIC16F1933 - EML = Extended temp., QFN
package, standard VDD limits.

Note 1:

2:

F = Standard Voltage Range

LF = Low Voltage Range

T = Intape and reel for QFN, TQFP,
S0IC and SS0OP packages only.

® 2008 Microchip Technology Inc. Prelimina ry
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MICROCHIP

WORLDWIDE SALES AND SERVICE

AMERICAS

Corporate Office

2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200

Fax: 480-792-7277
Technical Support:
http://support. microchip.com
Web Address:
www.microchip.com

Atlanta

Duluth, GA

Tel: 678-957-9614
Fax: 678-957-1455

Boston
Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088
Chicago

Itasca, IL

Tel: 630-285-0071
Fax: 630-285-0075

Dallas

Addison, TX

Tel: 972-818-7423
Fax: 972-818-2924
Detroit

Farmington Hills, MI
Tel: 248-538-2250
Fax: 248-538-2260

Kokomo

Kokomo, IN

Tel: 765-864-8360
Fax: 765-864-8387

Los Angeles
Mission Viejo, CA
Tel: 949-462-9523
Fax: 949-462-9608

Santa Clara

Santa Clara, CA
Tel: 408-961-6444
Fax: 408-961-6445

Toronto
Mississauga, Ontario,
Canada

Tel: 905-673-0699
Fax: 905-673-6509

ASIA/PACIFIC

Asia Pacific Office
Suites 3707-14, 37th Floor
Tower 6, The Gateway
Harbour City, Kowloon
Hong Kong

Tel: 852-2401-1200
Fax: 852-2401-3431
Australia - Sydney
Tel: 61-2-9868-6733
Fax: 61-2-9868-6755
China - Beijing

Tel: 86-10-8528-2100
Fax: 86-10-8528-2104

China - Chengdu
Tel: 86-28-8665-5511
Fax: 86-28-8665-7889

China - Hong Kong SAR
Tel: 852-2401-1200
Fax: 852-2401-3431
China - Nanjing

Tel: 86-25-8473-2460
Fax: 86-25-8473-2470
China - Qingdao

Tel: 86-532-8502-7355
Fax: 86-532-8502-7205
China - Shanghai

Tel: 86-21-5407-5533
Fax: 86-21-5407-5066

China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8203-2660
Fax: 86-755-8203-1760

China - Wuhan
Tel: 86-27-5980-5300
Fax: 86-27-5980-5118

China - Xiamen

Tel: 86-592-2388138
Fax: 86-592-2388130
China - Xian

Tel: 86-29-8833-7252
Fax: 86-29-8833-7256

China - Zhuhai
Tel: 86-756-3210040
Fax: 86-756-3210049

ASIA/PACIFIC

India - Bangalore
Tel: 91-80-4182-8400
Fax: 91-80-4182-8422

India - New Delhi
Tel: 91-11-4160-8631
Fax: 91-11-4160-8632

India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513

Japan - Yokohama
Tel: 81-45-471- 6166
Fax: 81-45-471-6122

Korea - Daegu
Tel: 82-53-744-4301
Fax: 82-53-744-4302

Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068
Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-572-9526
Fax: 886-3-572-6459

Taiwan - Kaohsiung
Tel: 886-7-536-4818
Fax: 886-7-536-4803
Taiwan - Taipei

Tel: 886-2-2500-6610
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE

Austria - Wels

Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829

France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820
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