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MICROCHIP

PIC16F72X/PIC16LF72X

28/40/44-Pin Flash Microcontrollerswith nanoWatt XL P Technology

Devices Included In This Data Sheet:
PIC16F72X Devices:

¢ PIC16F722 * PIC16F726
¢ PIC16F723 e PIC16F727
« PIC16F724

PIC16LF72X Devices:

e PIC16LF722 e PIC16LF726

* PIC16LF723
* PIC16LF724

PIC16LF727

High-Performance RISC CPU:

« Only 35 Instructions to Learn:
- All single-cycle instructions except branches
» Operating Speed:
- DC - 20 MHz oscillator/clock input
- DC - 200 ns instruction cycle
» Up to 8K x 14 Words of Flash Program Memory
» Up to 368 Bytes of Data Memory (RAM)
* Interrupt Capability
» 8-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:
- 16 MHz or 500 kHz operation
- Factory calibrated to +1%, typical
- Software tunable
- Software selectable +1, +2, +4 or +8 divider
e 1.8V-5.5V Operation — PIC16F72X
e 1.8V-3.6V Operation — PIC16LF72X
» 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
« Programmable Code Protection
¢ In-Circuit Serial Programming™ (ICSP™) via Two
Pins
* Multiplexed Master Clear with Pull-up/Input Pin
* Industrial and Extended Temperature Range
« High-Endurance Flash Cell:
- 1,000 write Flash endurance (typical)
- Flash retention: > 40 years
» Power-Saving Sleep mode

Extreme Low-Power Management
PIC16LF72X with nanoWatt XLP:

» Sleep Mode: 20 nA
« Watchdog Timer: 500 nA
» Timerl Oscillator: 600 nA @ 32 kHz

Analog Features:

* A/D Converter:
- 8-bit resolution and up to 14 channels
- Conversion available during Sleep
- Selectable 1.024/2.048/4.096V voltage
reference

» On-chip 3.2V Regulator (PIC16F72X devices only)

Peripheral Highlights:

* Upto 35 1/O Pins and 1 Input-only Pin:
- High-current source/sink for direct LED drive
- Interrupt-on-pin change
- Individually programmable weak pull-ups
 TimerO: 8-Bit Timer/Counter with 8-Bit Prescaler
» Enhanced Timerl:
- 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: 8-Bit Timer/Counter with 8-Bit Period
Register, Prescaler and Postscaler
» Two Capture, Compare, PWM (CCP) Modules:
- 16-bit Capture, max. resolution 12.5 ns
- 16-bit Compare, max. resolution 200 ns
- 10-bit PWM, max. frequency 20 kHz
« Addressable Universal Synchronous
Asynchronous Receiver Transmitter (AUSART)
» Synchronous Serial Port (SSP):
- SPI (Master/Slave)
- 12C™ (Slave) with Address Mask

* mTouch™ Sensing Oscillator Module:
- Up to 16 input channels

© 2009 Microchip Technology Inc.
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PIC16F72X/PIC16LF72X

Program
Device lelr:sohry (E;Aeg") /0s | Interrupts 8'b('cth?/D AUSART | ccP ;’Eift
(words)
PIC16F722/ 2048 128 25 12 11 Yes 2 21
PIC16LF722
PIC16F723/ 4096 192 25 12 1 Yes 2 211
PIC16LF723
PIC16F724/ 4096 192 36 12 14 Yes 2 211
PIC16LF724
PIC16F726/ 8192 368 25 12 1 Yes 2 211
PIC16LF726
PIC16F727/ 8192 368 36 12 14 Yes 2 211
PIC16LF727

DS41341E-page 4 © 2009 Microchip Technology Inc.



PIC16F72X/PIC16LF72X

Pin Diagrams — 28-PIN PDIP/SOIC/SSOP/QFN/UQFN (PIC16F722/723/726/PIC16LF722/723/726)

PDIP, SOIC, SSOP

VPPIMCLR/RE3 —» [ |1 ~ 28| | <+ RB7/ICSPDAT
Vear®)ss@/ANO/RAD <—»[]2 27| | <> RB6/ICSPCLK
AN1/RA1 <—»[]3 26| | < RB5/AN13/CPS5/T1G
AN2/RA2 <—»[4 25[ ] <+ RB4/AN11/CPS4
- ©
VREF/AN3/RA3 <—» [ |5 S 24[ ] <> RB3/AN9/CPS3/CCP2()
TOCKI/CPS6/RA4 <—»[ |6 59 23] <> RB2/ANS/CPS2
verr®)/SS@ICPS7/ANA/RAS <—» |: 7 g E 22:| -«» RB1/AN10/CPS1
vss —» [|8 INEN 21[] <> RBO/AN12/CPSO/INT
N~ L
CLKIN/OSC1/RA7 < [|9 ol 20[ | -— VoD
— -
vear®cLKOUT/IOSC2/RA6 <+ L] 10 OO 19[ | <— Vss
[a N
T1CKITIO0SO/RCO <—» L|11 18[ | = RC7/RX/DT
ccP2WT10SIRCT < [12 17[] <> RCE/TX/CK
SCL/SCK/RC3 <—» [ |14 15[ | <+ RC4/SDI/SDA
©
< o
o
g £
L <
~ o [720N7)]
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QFN. UQFH 223388
= 5 oo Mm-d
- O n n -
ZzZ |9 838 z=z
L2 ==2<2<
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<< W mommomao
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P
N N AN N NN NN N
AN2/RA2 «—»|] 1 @ 21 | «—» RB3/AN9/CPS3/CCP2W
VREF/AN3/RA3 <-—| 2 20 | <—> RB2/AN8/CPS2

TOCKICPSE/IRA4 <=1 3 |1 6p790/703/706/ 19 | RBU/AN10/CPS1
()55
VcarW/[SS\YICPS7/AN4/RAS w—| 4 PIC16LF722/723/726 18 | <=—> RBO/AN12/CPSO/INT

Vss —»| 5 17 | <— voD
CLKIN/OSC1/RA7 <—»] 6 16 | +— vss
VcaP()/CLKOUT/OSC2/RAG <—| 7 15 | —— RC7/RX/DT
O 4 N M <
W O A A A -

CCP1/RC2 w-—>
SCL/SCK/RC3 -—»
SDA/SDI/RC4 a—»

SDO/RC5 w-—>»

CK/TX/RC6 -—>»

T1CKI/TLOSO/RCO <—»
ccP2W/T10SIIRC1 <-—»

Note 1: CCP2 pin location may be selected as RB3 or RC1.
2: SS pin location may be selected as RA5 or RAO.
3: PIC16F722/723/726 devices only.
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PIC16F72X/PIC16LF72X

TABLE 1: 28-PIN PDIP/SOIC/SSOP/QFN/UQFN SUMMARY
(PIC16F722/723/726/PIC16LF722/723/726)
en o | |
lfe} SOIC’, l?('g:IIZ\IN A/D Cap Sensor Timers CCP AUSART SSP Interrupt | Pull-Up Basic
SSOP
RAO 2 27 ANO — — — — Ss® — — veap®
RA1 3 28 AN1 — — — — — — — —
RA2 4 1 AN2 — — — — — — — —
RA3 5 2 ANB3/VREF — — — — — — — —
RA4 6 3 — CPS6 TOCKI — — — — — —
RA5 7 4 AN4 cPs7 — — — S8 — — vear®
RA6 10 7 — — — — — — — 0SC2/CLKOUT/VcAP®™
RA7 9 6 — — — — — — — — OSC1/CLKIN
RBO 21 18 AN12 CPS0 — — — — IOC/INT Y —
RB1 22 19 AN10 CPS1 — — — — I0C Y —
RB2 23 20 AN8 CPS2 — — — — 10C Y —
RB3 24 21 AN9 CPs3 — ccp2® — — ol Y —
RB4 25 22 AN11 CPS4 — — — — 10C Y —
RB5 26 23 AN13 CPS5 T1G — — — 10C Y —
RB6 27 24 — — — — — — 10C Y ICSPCLK/ICDCLK
RB7 28 25 — — — — — — 10C Y ICSPDAT/ICDDAT
RCO 11 8 — — T10SO/T1CKI — — — — — —
RC1 12 9 — — T108I ccp2® — — — — —
RC2 13 10 — — — CCP1 — — — —
RC3 14 1 — — — — — SCK/SCL — — —
RC4 15 12 — — — — SDI/SDA — — —
RC5 16 13 — — — — — SDO — — —
RC6 17 14 — — — — TX/ICK — — — —
RC7 18 15 — — — — RX/DT — — — —
RE3 1 26 — — — — — — — Y@ MCLR/VPP
— 20 17 — — — — — — — — VDD
— 8,19 5,16 — — — — — — — — Vss
Note 1: Pull-up enabled only with external MCLR configuration.
2: RC1 is the default pin location for CCP2. RB3 may be selected by changing the CCP2SEL bit in the APFCON register.
3: RAS5 is the default pin location for SS. RAO may be selected by changing the SSSEL bit in the APFCON register.
4: PIC16F72X devices only.

Note:

The PIC16F72X devices have an internal low dropout voltage regulator. An external capacitor must be
connected to one of the available Vcap pins to stabilize the regulator. For more information, see
Section 5.0 “Low Dropout (LDO) Voltage Regulator”. The PIC16LF72X devices do not have the voltage
regulator and therefore no external capacitor is required.
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PIC16F72X/PIC16LF72X

Pin Diagrams — 40-PIN PDIP (PIC16F724/727/PIC16LF724/727)

VvPP/MCLR/RE3
veap®)/ssAANO/RAD
AN1/RA1L

AN2/RA2
VREF/AN3/RA3
TOCKI/CPS6/RA4

vear)SS@ICPS7/ANA/RAS
ANS5/REO

ANG/RE1

AN7/RE2

VDD

Vss

CLKIN/OSC1/RA7
vear()ICLKOUT/OSC2/RA6
T1CKI/T10SO/RCO
ccP2@iT10SI/RC1

CCP1/RC2
SCL/SCK/RC3

CPS8/RDO
CPS9/RD1

Note 1:

3: PIC16F724/727 devices only.

— [ ~ 40| | -
-[]2 39[ | -
-[]3 38[ | -
- [|4 37[ ] ==
- []5 36 | -
<—>|:6 35]0
- []7 34[] >
<> []3 §§ 33 ] <>
<[]9 5& 32| -—
<> []10 g 31[] -—
— [Ju 6@ 30[] -
— []12 %’g 29[ | -
— []13 28 | -
< [J14 27] | -
- [|15 26[ | -
<> [|16 25 | <>
- []17 24| | <>
- []18 23 | -
< []19 20| | >
<—[]20 21] | <>

CCP2 pin location may be selected as RB3 or RC1.
2: SS pin location may be selected as RA5 or RAO.

RB7/ICSPDAT
RB6/ICSPCLK
RB5/AN13/CPS5/T1G
RB4/AN11/CPS4
RB3/AN9/CPS3/cCP2(®
RB2/ANS/CPS2
RB1/AN10/CPS1
RBO/AN12/CPSO/INT
VDD

Vss

RD7/CPS15
RD6/CPS14
RD5/CPS13
RD4/CPS12
RC7/RX/DT
RC6/TX/CK
RC5/SDO
RC4/SDI/SDA
RD3/CPS11
RD2/CPS10

© 2009 Microchip Technology Inc.
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PIC16F72X/PIC16LF72X

Pin Diagrams — 44-PIN TQFP (PIC16F724/727/PIC16LF724/727)

a
T\‘
S
< d O
X 9) 9890w an
CQo=nuvnnxog
XON0ooooo0o0g
EONOOOO®NOE
OO T ONATdOMAN
[CRONONaNaNaNaNONONONG)
roeorereerxrxrxrer o 2
T O N OO D N~OLW
St T ITTTOOD OO ™
DT/RX/RC7 < I 1 O 331 NC
CPS12/RD4 <—[TT] 2 321 =<—> RCO/T10SO/T1CKI
CPS13/RD5 <—[1T]3 31T <—> RAB/0SC2/CLKOUT/NVCAP®)
CPS14/RD6 <—[TT] 4 301 =—> RA7/0SC1/CLKIN
CPS15/RD7 == 1115 PIC16F724/727/ 29T 1=—— Vss
Vss — >[I 6 28T 1<=—— VDD
Ven = - PIC16LF724/727 o — RE2/ANT
INT/CPSO/AN12/RBO <= 1] 8 26/ 11 =—> RE1/AN6
CPS1/AN10/RB1 <119 25X 1 <—> REO/AN5 .
CPS2/AN8/RB2 =<—[1T] 10 24T 1 ~<—> RA5/AN4/CPS7/SS@Ncap®)
ccP2W/CPS3/AN9/RB3 <[] 11 23T 1 <—> RA4/CPS6/TOCKI
NMITOHDOMNOWOO O AN
HHH&HHHH%%H
QU WL OMN~MOAd NM
ZZz0O O oo W L <C < <
rrororoeoer o
So5k5sz=2¢2
<Z( Zoolos<< <<
LLaalss T
888 3 u
o == glg >
00 O
O] o
=8

Note 1: CCP2 pin location may be selected as RB3 or RC1.
2: SS pin location may be selected as RA5 or RAO.
3: PIC16F724/727 devices only.
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PIC16F72X/PIC16LF72X

Pin Diagrams — 44-PIN QFN (PIC16F724/727/PIC16LF724/727)

DT/RX/RC7
CPS12/RD4
CPS13/RD5
CPS14/RD6
CPS15/RD7

Vss

VDD

VDD
INT/CPS0/AN12/RBO
CPS1/AN10/RB1
CPS2/AN8/RB2

a —
TS
Q'H
Q
< d U':
¥ 299002459
LoO=nuvunanxXaogo
XOOooooo0o0gqa
EQNOOOONO K
OO ONTAOMNAO
[ONCHONaNaNaNaNONONONS)
roerrrrrererxoe
RERRIRERRE
< MHOANTOOODWMNOLW S
T ITTTOOOOOMOOM
le 33
2 32
3 31
4 30
5
e PIC16F724/727] gg
7 PIC16LF724/727 27
8 26
9 25
10 24
un 23
NMNMTINOMNOOODO AN
Sogddddgdaag
P
M OISO~ MO AN M
N>20000WIT <<
rrroree e
2 dgrgEesse
< zzooo<<<<
» <<Laa|sF T
0 va)U)Ev i}
a Q000 §a @
O ga==3l0 >
=~ [ON®) =
)l B &
2 B
>
O

Note 1. CCP2 pin location may be selected as RB3 or RC1.
2: SS pin location may be selected as RA5 or RAO.
3: PIC16F724/727 devices only.

RA6/0SC2/CLKOUT/Vcap®)
RA7/0OSC1/CLKIN

Vss

Vss

NC

VDD

RE2/AN7

RE1/AN6

REO/ANS5 o
RAS/AN4/CPS7/SS@vcap®)
RA4/CPS6/TOCKI

© 2009 Microchip Technology Inc.
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PIC16F72X/PIC16LF72X

TABLE 2: 40/44-PIN PDIP/TQFP/QFN SUMMARY (PIC16F724/727/PIC16LF724/727)

110 AISDTIIDH ﬁglpz'g Aé-'f’\iln A/D Secr?spor Timers | CCP | AUSART sSSP Interrupt | Pull-Up Basic
RAO 2 19 19 ANO = = = = ss@) = = veap®)
RA1 3 20 20 AN1 — — — — — — — —
RA2 4 21 21 AN2 = = = = = = = =
RA3 5 22 22 AN3/VREF — — — — — — — —
RA4 6 23 23 = CPS6 | TOCKI = = = = = =
RA5 7 24 24 AN4 CcPS7 — — — ss@ — — veap®
RA6 14 31 33 = = = = = = = — | osc2/cLKoUT/VGap®)
RA7 13 30 32 — — — — — — — — OSC1/CLKIN
RBO | 33 8 9 AN12 | CPSO = = = = IOC/INT Y =
RB1 34 9 10 AN1O | CPS1 — — — — IoC Y —
RB2 35 10 1 ANS8 CPS2 = = = = [ole} Y =
RB3 36 1 12 AN9 CPS3 — | ccp2® — — 10C % —
RB4 | 37 14 14 AN11 | CPS4 = = = = 10C Y =
RB5 38 15 15 AN13 | CPS5 | TIG — — — 10C Y —
RB6 39 16 16 = = = = = = 10C Y ICSPCLK/ICDCLK
RB7 | 40 17 17 — — — — — — 1oC Y ICSPDAT/ICDDAT
RCO 15 32 34 = — |Twosor| — — — — — —

T1CKI

RC1 16 35 35 — — Ti0sI | ccp2@ — — — — —
RC2 17 36 36 = = = ccP1 = = = = =
RC3 18 37 37 — — — — — SCK/SCL — — —
RC4 | 23 42 42 = = = = SDI/SDA = = =
RC5 | 24 43 43 — — — — SDO — — —
RC6 | 25 44 44 = = = = TX/CK = = = =
RC7 | 26 1 1 — — — — RX/DT — — — —
RDO 19 38 38 — CPS8 — — — — — — —
RD1 | 20 39 39 — CPS9 — — — — — — —
RD2 | 21 40 40 = CPS10 — — — — — — —
RD3 | 22 a1 a1 — CPS11 — — — — — — —
RD4 | 27 2 2 = CPS12 = = = = = = =
RD5 28 3 3 — CPS13 — — — — — — —
RD6 | 29 4 4 = CPS14 = = = = = = =
RD7 | 30 5 5 — CPS15 — — — — — — —
REO 8 25 25 AN5 = = = = = = = =
RE1 9 26 26 AN6 — — — — — — — —
RE2 10 27 27 AN7 = = = = = = = =
RE3 1 18 18 — — — — — — — y® MCLR/VPP

— | 132 | 720 |7828 = = = = = = = = VDD

— | 1213 | 629 |6,30,31 — — — — — — — — Vss

Note Pull-up enabled only with external MCLR configuration.

1
2: RC1 is the default pin location for CCP2. RB3 may be selected by changing the CCP2SEL bit in the APFCON register.
3: RAS5 is the default pin location for SS. RAO may be selected by changing the SSSEL bit in the APFCON register.

4: PIC16F72X devices only.

Note:  The PIC16F72X devices have an internal low dropout voltage regulator. An external capacitor must be
connected to one of the available Vcap pins to stabilize the regulator. For more information, see
Section 5.0 “Low Dropout (LDO) Voltage Regulator”. The PIC16LF72X devices do not have the voltage
regulator and therefore no external capacitor is required.
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PIC16F72X/PIC16LF72X
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PIC16F72X/PIC16LF72X

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@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)

When contacting a sales office, 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 to receive the most current information on all of our products.
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PIC16F72X/PIC16LF72X

1.0 DEVICE OVERVIEW

The PIC16F72X/PIC16LF72X devices are covered by
this data sheet. They are available in 28/40/44-pin
packages. Figure 1-1 shows a block diagram of the
PIC16F722/723/726/PIC16LF722/723/726 devices
and Figure 1-2 shows a block diagram of the
PIC16F724/727/PIC16LF724/727 devices. Table 1-1
shows the pinout descriptions.

© 2009 Microchip Technology Inc.
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PIC16F72X/PIC16LF72X

FIGURE 1-1: PIC16F722/723/726/PIC16LF722/723/726 BLOCK DIAGRAM
13 DataBus 8 RAO
Program Counter RAL
RA2
Flash {g RA3
Program ~L RA4
Memory 8 Level Stack RAM RAS5
(13-hit) RA6
RA7
Program 1, PORTB
Bus RAM Addr RBO
RB1
Instruction Reg «— RB2
; 7 Indirect T RB3
|| Direct Addr Addr L~ RB4
RB5
RB6
RB7
PORTC
8 RCO
RC1
3 RC2
Power-up L~ RC3
\4 Timer V] RC4
Instruction Oscillator RC5
Decode and Start-up Timer ALU RC6
Control 5 RC7
- |
OSC1/CLKIN Reaat s PORTE
K— - RE3
Timin, Watchdo &
0SC2/CLKOUT | Generation <=1 | Timer
L —'\>
Brown-out ]
Reset
Lbo®
Internal
Oscillator Regulator
Block CCP1
X~ cCcP1 (i
MCLR Vbb Vss CCP2
X~ ccP2 KKi—
T10SI |E—> Timerl
32 lkHZ
T10SO[X]=— Oscillator SDI/ SCKI
TX/CK RX/DT SDO SDA SCL SS
TOCKI T1G | T1CKI I? % I? I?
Timer0 Timerl Timer2 AUSART Synchronous
VREF Serial Port
Analog-To-Digital Converter Capacitive Sensing Module
ANO AN1 AN2 AN3 AN4 ANS AN9 AN10 AN11 AN12 AN13 CPS0 CPS1 CPS2 CPS3 CPS4 CPS5 CPS6 CPS7

Note 1: PIC16F722/723/726 only.
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PIC16F72X/PIC16LF72X

FIGURE 1-2: PIC16F724/727/PIC16LF724/727 BLOCK DIAGRAM
3 Data Bus 8 RAO
Program Counter -« RA1
lash JL - RA2
Flas RA3
Program g <. RA4
Memory 8 Level Stack RAM RA5
(13-bit) RA6
RA7
Program 14 1 PORTB
Bus RAM Addr 1y 9 RBO
RB1
Instruction Reg Addr MUX RB2
. RB3
| | Direct Addr 7 L~ 1K rea
RB5
[ RB6
RB7
PORTC
8 <+ RCO
RC1
RC2
Power-up 3 L) RC3
\V4 Timer [ RC4
- - RC5
Instruction Oscillator
Decode and [<—=>>| | Start-up Timer ALU RC6
Control Power-on T RC7
OSC1/CLKIN Reset 8 PORTD
Z'— RDO
Timin Watchdo )
OSC2ICLKOUT | Generation [ Timer e gg;
+-—>
L Brown-out
Reset 1] T Sgi
It | Lbo® +— RD5
nternal
Oscillator Regulator RD6
Block CCP1 RD7
|Z<—> ccrPr K—— PORTE
& REO
X coms L ] Re1
MCLR VDD Vss "
X~ ccP2 K— X RE2
11081 [K—{ Timerl X Re3
32 kHz
T10SO[X]=— Oscillator ————
TX/CK RX/DT SDO SDA SCL SS
TOCKI T1G | T1CKI % % I? %
Timer0 Timerl Timer2 AUSART Synchronous
VREF Serial Port

? I i
x

Analog-To-Digital Converter

% K M M

ANO AN1 AN2 AN3 AN4 AN5 AN6 AN7 AN8 AN9 AN10 AN11 AN12 AN13

Capacitive Sensing Module

5w o m ok mow %

CPS0 CPS1 CPS2 CPS3 CPS4 CPS5 CPS6 CPS7 CPS8 CPS9 CPS10 CPS11 CPS12 CPS13 CPS14 CPS15

Note  1: PIC16F724/727 only.
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PIC16F72X/PIC16LF72X

TABLE 1-1: PIC16F72X/PIC16LF72X PINOUT DESCRIPTION

Name Function I_Ir_1yppuet o#;g:t Description
RAO/ANO/SS/VcaP RAO TTL | CMOS | General purpose 1/O.
ANO AN — A/D Channel 0 input.
Ss ST — Slave Select input.
Vcap Power | Power | Filter capacitor for Voltage Regulator (PIC16F72X only).
RA1/AN1 RA1 TTL | CMOS | General purpose 1/O.
AN1 AN — A/D Channel 1 input.
RA2/AN2 RA2 TTL | CMOS | General purpose 1/O.
AN2 AN — A/D Channel 2 input.
RA3/AN3/VREF RA3 TTL | CMOS | General purpose /0.
AN3 AN — A/D Channel 3 input.
VREF AN — A/D Voltage Reference input.
RA4/CPS6/TOCKI RA4 TTL | CMOS | General purpose 1/O.
CPS6 AN — Capacitive sensing input 6.
TOCKI ST — TimerO clock input.
RA5/AN4/CPS7/SS/Vcap RA5 TTL | CMOS | General purpose /0.
AN4 AN — A/D Channel 4 input.
CPS7 AN — Capacitive sensing input 7.
sSs ST — Slave Select input.
Vcap Power | Power | Filter capacitor for Voltage Regulator (PIC16F72X only).
RA6/0SC2/CLKOUT/VCcAP RA6 TTL | CMOS | General purpose /0.
0SsC2 — XTAL | Crystal/Resonator (LP, XT, HS modes).
CLKOUT — CMOS | Fosc/4 output.
Vcap Power | Power | Filter capacitor for Voltage Regulator (PIC16F72X only).
RA7/0OSC1/CLKIN RA7 TTL | CMOS | General purpose 1/O.
0OSsC1 XTAL — Crystal/Resonator (LP, XT, HS modes).
CLKIN | CMOS — External clock input (EC mode).
CLKIN ST — RC oscillator connection (RC mode).
RBO/AN12/CPSO/INT RBO TTL | CMOS | General purpose 1/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
AN12 AN — A/D Channel 12 input.
CPSO AN — Capacitive sensing input 0.
INT ST — External interrupt.
RB1/AN10/CPS1 RB1 TTL | CMOS | General purpose 1/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
AN10 AN — A/D Channel 10 input.
CPS1 AN — Capacitive sensing input 1.
RB2/AN8/CPS2 RB2 TTL | CMOS | General purpose /0. Individually controlled interrupt-on-change.
Individually enabled pull-up.
AN8 AN — A/D Channel 8 input.
CPS2 AN — Capacitive sensing input 2.
RB3/AN9/CPS3/CCP2 RB3 TTL | CMOS | General purpose 1/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
AN9 AN — A/D Channel 9 input.
CPS3 AN — Capacitive sensing input 3.
CCP2 ST CMOS | Capture/Compare/PWM2.
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

DS41341E-page 16 © 2009 Microchip Technology Inc.



PIC16F72X/PIC16LF72X

TABLE 1-1: PIC16F72X/PIC16LF72X PINOUT DESCRIPTION (CONTINUED)

Input | Output

Name Function Type Type Description
RB4/AN11/CPS4 RB4 TTL | CMOS | General purpose /0. Individually controlled interrupt-on-change.
Individually enabled pull-up.
AN11 AN — A/D Channel 11 input.
CPS4 AN — Capacitive sensing input 4.
RB5/AN13/CPS5/T1G RB5 TTL | CMOS | General purpose 1/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
AN13 AN — A/D Channel 13 input.
CPS5 AN — Capacitive sensing input 5.
T1G ST — Timerl Gate input.
RB6/ICSPCLK/ICDCLK 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.
RB7/ICSPDAT/ICDDAT 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 — In-Circuit Data I/O.
RCO/T10SO/T1CKI RCO ST CMOS | General purpose I/O.

T10SO XTAL | XTAL | Timerl oscillator connection.

T1CKI ST — Timerl clock input.
RC1/T10SIl/CCP2 RC1 ST CMOS | General purpose I/O.

T10SI XTAL | XTAL | Timerl oscillator connection.
CCP2 ST CMOS | Capture/Compare/PWM2.

RC2/CCP1 RC2 ST CMOS | General purpose I/0O.
CCP1 ST CMOS | Capture/Compare/PWM1.
RC3/SCK/SCL RC3 ST CMOS | General purpose I/O.
SCK ST CMOS | SPI clock.
SCL I2c™ | oD |I12C™ clock.
RC4/SDI/SDA RC4 ST CMOS | General purpose I/0O.
SDI ST — SPI data input.
SDA ’c™ | OD |I2C™ data input/output.
RC5/SDO RC5 ST CMOS | General purpose I/O.
SDO — CMOS | SPI data output.
RC6/TX/CK RC6 ST CMOS | General purpose I/0O.
TX — CMOS | USART asynchronous transmit.
CK ST CMOS | USART synchronous clock.
RC7/RX/DT RC7 ST CMOS | General purpose I/0O.
RX ST — USART asynchronous input.
DT ST CMOS | USART synchronous data.
RDO/CPS8 RDO ST CMOS | General purpose I/O.
CPS8 AN — Capacitive sensing input 8.
RD1/CPS9 RD1 ST CMOS | General purpose /0.
CPS9 AN — Capacitive sensing input 9.
RD2/CPS10 RD2 ST CMOS | General purpose I/O.
CPS10 AN — Capacitive sensing input 10.
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

© 2009 Microchip Technology Inc. DS41341E-page 17



PIC16F72X/PIC16LF72X

TABLE 1-1: PIC16F72X/PIC16LF72X PINOUT DESCRIPTION (CONTINUED)
Name Function I_Ir_lyppuet O_F’;g:t Description
RD3/CPS11 RD3 ST CMOS | General purpose I/0.
CpPsS11 AN — Capacitive sensing input 11.
RD4/CPS12 RD4 ST | cMos | General purpose I/O.
CPS12 AN — Capacitive sensing input 12.
RD5/CPS13 RD5 ST cMOS | General purpose I/O.
CPS13 AN — Capacitive sensing input 13.
RD6/CPS14 RD6 ST | cMOs | General purpose I/O.
CPS14 AN — Capacitive sensing input 14.
RD7/CPS15 RD7 ST | cMos | General purpose I/O.
CPS15 AN — Capacitive sensing input 15.
REO/AN5 REO ST CMOS | General purpose I/0O.
ANS5 AN — A/D Channel 5 input.
RE1/AN6 RE1 ST CMOS | General purpose I/0O.
AN6 AN — A/D Channel 6 input.
RE2/AN7 RE2 ST CMOS | General purpose I/0O.
AN7 AN — A/D Channel 7 input.
RE3/MCLR/VPP 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 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:

The PIC16F72X devices have an

internal low dropout voltage regulator. An external capacitor must be

connected to one of the available Vcap pins to stabilize the regulator. For more information, see
Section 5.0 “Low Dropout (LDO) Voltage Regulator”. The PIC16LF72X devices do not have the voltage
regulator and therefore no external capacitor is required.

DS41341E-page 18
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PIC16F72X/PIC16LF72X

2.0 MEMORY ORGANIZATION

2.1 Program Memory Organization

The PIC16F72X/PIC16LF72X has a 13-bit program
counter capable of addressing a 2K x 14 program
memory  space for the PIC16F722/LF722
(0000h-07FFh), a 4K x 14 program memory space for
the  PIC16F723/LF723 and PIC16F724/LF724
(0000h-0FFFh) and an 8K x 14 program memory space
for the PIC16F726/LF726 and PIC16F727/LF727
(0000h-1FFFh). Accessing a location above the
memory boundaries for the PIC16F722/LF722 will
cause a wrap-around within the first 2K x 14 program
memory space. Accessing a location above the
memory boundaries for the PIC16F723/LF723 and
PIC16F724/LF724 will cause a wrap-around within the
first 4K x 14 program memory space. The Reset vector
is at 0000h and the interrupt vector is at 0004h.

FIGURE 2-1: PROGRAM MEMORY MAP
AND STACK FOR THE
PIC16F722/LF722
PC<12:0>
CALL, RETURN 13

RETFI E, RETLW

Stack Level 1
Stack Level 2
]
.
Stack Level 8
Reset Vector 0000h
L]
. <
Interrupt Vector 0004h
On-chip 0005h
Program Page 0
Memory 07FFh
0800h
Wraps to Page 0
OFFFh
1000h
Wraps to Page 0
17FFh
1800h
Wraps to Page 0
1FFFh

FIGURE 2-2:

PROGRAM MEMORY MAP
AND STACK FOR THE
PIC16F723/LF723 AND
PIC16F724/LF724

PC<12:0>

RETFI E, RETLW

CALL, RETURN 13

Stack Level 1

Stack Level 2
.

[ ]
Stack Level 8

0000h

0004h

Reset Vector
.
°
Interrupt Vector
On-chip Page 0
Program
Memory Page 1

Wraps to Page O

Wraps to Page 1

0005h

07FFh
0800h

OFFFh
1000h

17FFh
1800h

1FFFh
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PIC16F72X/PIC16LF72X

FIGURE 2-3: PROGRAM MEMORY MAP 2.2 Data Memory Organization
AND STACK FOR THE
PIC16F726/LF726 AND
PIC16F727/LF727

The data memory is partitioned into multiple banks
which contain the General Purpose Registers (GPRs)
and the Special Function Registers (SFRs). Bits RPO

and RP1 are bank select bits.
PC<12:0> RP1 RPO
CALL, RETURN i
RETE, E RETLW @ 13 0 0 — Bank 0 is selected
0 1 — Bank 1 is selected
Stack Level 1 1 0 — Bank 2 is selected
Stack I._evel 2 1 1 — Bank 3 is selected
. Each bank extends up to 7Fh (128 bytes). The lower
Stack Level 8 locations of each bank are reserved for the Special
Function Registers. Above the Special Function
Reset Vector 0000h Registers are the General Purpose Registers,
: . implemented as static RAM. All implemented banks
o contain Special Function Registers. Some frequently
Interrupt Vector 0004h used Special Function Registers from one bank are
0005h mirrored in another bank for code reduction and
Page 0 quicker access.
07FFh
0800h 221 GENERAL PURPOSE REGISTER
On-chip Page 1 FILE
Program < OFFFh The register file is organized as 128 x 8 bits in the
Memory 1000h PIC16F722/LF722, 192 x 8 bits in the PIC16F723/LF723
Page 2 and PIC16F724/LF724, and 368x8 bits in the
17FFh PIC16F726/LF726 and PIC16F727/LF727. Each
1800h register is accessed either directly or indirectly through
Page 3 the File Select Register (FSR), (Refer to Section 2.5
1FFFh “Indirect Addressing, INDF and FSR Registers”).
2.2.2 SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
the CPU and peripheral functions for controlling the
desired operation of the device (refer to Table 2-1).
These registers are static RAM.

The Special Function Registers can be classified into
two sets: core and peripheral. The Special Function
Registers associated with the “core” are described in
this section. Those related to the operation of the
peripheral features are described in the section of that
peripheral feature.
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PIC16F72X/PIC16LF72X

FIGURE 2-4:

PIC16F722/LF722 SPECIAL FUNCTION REGISTERS

Indirect addr.)

TMRO

PCL

STATUS

FSR

PORTA

PORTB

PORTC

PORTE

PCLATH

INTCON

PIR1

PIR2

TMRIL

TMR1H

T1CON

TMR2

T2CON

SSPBUF

SSPCON

CCPR1L

CCPR1H

CCP1CON

RCSTA

TXREG

RCREG

CCPR2L

CCPR2H

CCP2CON

ADRES

ADCONO

General
Purpose
Register
96 Bytes

Bank 0

Legend:

00h
01h
02h
03h
04h
05h
06h
07h
08h
09h
0Ah
0Bh
0Ch
0Dh
OEh
OFh
10h
11h
12h
13h
14h
15h
16h
17h
18h
19h
1Ah
1Bh
1Ch
1Dh
1Eh
1Fh
20h

7Fh

Indirect addr.()  [80h Indirect addr.() |100h Indirect addr.(?
OPTION 81h TMRO 101h OPTION
PCL 82h PCL 102h PCL
STATUS 83h STATUS 103h STATUS
FSR 84h FSR 104h FSR

TRISA 85h 105h ANSELA
TRISB 86h 106h ANSELB
TRISC 87h 107h
88h CPSCONO 108h
TRISE 89h CPSCON1 109h
PCLATH 8Ah PCLATH 10Ah PCLATH
INTCON 8Bh INTCON 10Bh INTCON
PIE1 8Ch PMDATL 10Ch PMCON1
PIE2 8Dh PMADRL 10Dh Reserved
PCON 8Eh PMDATH 10Eh Reserved
T1GCON 8Fh PMADRH 10Fh Reserved
OSCCON 90h 110h
OSCTUNE 91h 111h
PR2 92h 112h
SSPADD/SSPMSK|93h 113h
SSPSTAT 94h 114h
WPUB 95h 115h
10CB 96h 116h
97h 117h
TXSTA 98h 118h
SPBRG 9%h 119h
9Ah 11Ah
9Bh 11Bh
APFCON 9Ch 11Ch
FVRCON 9Dh 11Dh
9Eh 11Eh
ADCON1 9Fh 11Fh
AOh 120h
General
Purpose
Register
32 Bytes
BFh
COh
EFh 16Fh
FOh 170h
Accesses Accesses Accesses
70h-7Fh 70h-7Fh 70h-7Fh
FFh 17Fh
Bank 1 Bank 2 Bank 3

= Unimplemented data memory locations, read as ‘0’
* = Not a physical register.

File Address

180h
181h
182h
183h
184h
185h
186h
187h
188h
189h
18Ah
18Bh
18Ch
18Dh
18Eh
18Fh
190h
191h
192h
193h
194h
195h
196h
197h
198h
199h
19Ah
19Bh
19Ch
19Dh
19Eh
19Fh
1A0h

1EFh
1FOh

1FFh

© 2009 Microchip Technology Inc.
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PIC16F72X/PIC16LF72X

FIGURE 2-5: PIC16F723/LF723 AND PIC16F724/LF724 SPECIAL FUNCTION REGISTERS
File Address
Indirect addr.() |0oh Indirect addr.()  [80h Indirect addr.() |100h Indirect addr.®) |180h
TMRO 01h OPTION 81h TMRO 101h OPTION 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h ANSELA 185h
PORTB 06h TRISB 86h 106h ANSELB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD®W  |o8h TRISD® 88h CPSCONO  |108h ANSELDY  |188h
PORTE 09h TRISE 89h CPSCON1  |109h ANSELEY  |189n
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch PMDATL 10Ch PMCON1 18Ch
PIR2 ODh PIE2 8Dh PMADRL 10Dh Reserved 18Dh
TMR1L OEh PCON 8Eh PMDATH 10Eh Reserved 18Eh
TMR1H OFh T1GCON 8Fh PMADRH 10Fh Reserved 18Fh
T1CON 10h OSCCON 90h 110h 190h
TMR2 11h OSCTUNE 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD/SSPMSK|93h 113h 193h
SSPCON 14h SSPSTAT 94h 114h 194h
CCPRI1L 15h WPUB 95h 115h 195h
CCPR1H 16h 10CB 96h 116h 196h
CCP1CON 17h 97h 117h 197h
RCSTA 18h TXSTA 98h 118h 198h
TXREG 19h SPBRG 99h 119h 199h
RCREG 1Ah 9Ah 11Ah 19Ah
CCPR2L 1Bh 9Bh 11Bh 19Bh
CCPR2H 1Ch APFCON 9Ch 11Ch 19Ch
CCP2CON 1Dh FVRCON 9Dh 11Dh 19Dh
ADRES 1Eh 9Eh 11Eh 19Eh
ADCONO 1Fh ADCON1 9Fh 11Fh 19Fh
20h AOh General Purpose [120h 1A0h
General ?66 gl;tt:; 12Fh
Purpose
General Register 130h
Purpose 80 Bytes
Register
96 Bytes EFh 16Fh 1EFh
Accesses FOh Accesses 170h Accesses 1FOh
70h-7Fh 70h-7Fh 70h-7Fh
7Eh FFh 17Fh 1FFh
Bank O Bank 1 Bank 2 Bank 3
Legend: = Unimplemented data memory locations, read as ‘0’.

* = Not a physical register.
Note 1: PORTD, TRISD, ANSELD and ANSELE are not implemented on the PIC16F723/LF723, read as ‘0’
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FIGURE 2-6: PIC16F726/LF726 AND PIC16F727/LF727 SPECIAL FUNCTION REGISTERS
File Address

Indirect addr.®) |00h Indirect addr.() |80h Indirect addr.®) |100h Indirect addr.() |180h
TMRO 01lh OPTION 81h TMRO 101h OPTION 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h ANSELA 185h
PORTB 06h TRISB 86h 106h ANSELB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD®  |o8h TRISDM 88h CPSCONO  |108h ANSELD'Y  |188h
PORTE 09h TRISE 89h CPSCON1  |109h ANSELE™  |189n
PCLATH OAh PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON OBh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch PMDATL 10Ch PMCON1 18Ch
PIR2 0Dh PIE2 8Dh PMADRL 10Dh Reserved 18Dh
TMR1L OEh PCON 8Eh PMDATH 10Eh Reserved 18Eh
TMR1H OFh T1GCON 8Fh PMADRH 10Fh Reserved 18Fh
T1CON 10h OSCCON 90h 110h 190h
TMR2 11h OSCTUNE 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD/SSPMSK|93h 113h 193h
SSPCON 14h SSPSTAT 94h 114h 194h
CCPRI1L 15h WPUB 95h 115h 195h
CCPR1H 16h 10CB 96h General 116h General 196h
CCP1CON 17h 97h Purpose 117h Purpose 197h
RCSTA 18h TXSTA 98h Register 118h Register 198h
TXREG 19h SPBRG 99h 16 Bytes 119h 16 Bytes 199h
RCREG 1Ah 9Ah 11Ah 19Ah
CCPR2L 1Bh 9Bh 11Bh 19Bh
CCPR2H 1Ch APFCON 9Ch 11Ch 19Ch
CCP2CON 1Dh FVRCON 9Dh 11Dh 19Dh
ADRES 1Eh 9Eh 11Eh 19Eh
ADCONO 1Fh ADCON1 9Fh 11Fh 19Fh
20h AOh 120h 1A0h

General General General

Purpose Purpose Purpose

General Register Register Register

Purpose 80 Bytes 80 Bytes 80 Bytes

Register

96 Bytes EFh 16Fh 1EFh
Accesses FOh Accesses 170h Accesses 1FOh

70h-7Fh 70h-7Fh 70h-7Fh
7Fh FFh 17Fh 1FFh

Bank 0 Bank 1 Bank 2 Bank 3

Legend: = Unimplemented data memory locations, read as ‘0’,

* = Not a physical register
Note 1: PORTD, TRISD, ANSELD and ANSELE are not implemented on the PIC16F726/LF726, read as ‘0’
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TABLE 2-1: PIC16F72X/PIC16LF72X SPECIAL FUNCTION REGISTER SUMMARY
Address Name Bit 7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;’g:;"eBc’g& Page
Bank 0
00h@ INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXX  XXXX 31,40
01h TMRO Timer0 Module Register XXXX XXXX 111,40
02h@ PCL Program Counter (PC) Least Significant Byte 0000 0000 | 30,40
03h®  |STATUS IRP RP1 RPO TO PD z DC c 0001 1xxx | 27,40
04h®@ FSR Indirect Data Memory Address Pointer XXXX XXXX 31,40
05h PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO XXXX XXXX 54,40
06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX 63,40
07h PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO XXXX XXXX 73,40
08h® PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO XXXX XXXX 80,40
09h PORTE — — — — RE3 RE2() RE1() REO® | ---- xxxx | 8540
0Ah(L:2) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 | 30,40
0Bh® INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 46,40
0Ch PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF | 0000 0000 49,40
0Dh PIR2 — — — — — — — CCP2IF | ---- ---0 50,40
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX | 120,40
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX | 120,40
10h T1CON TMR1CS1 | TMR1CSO | T1ICKPS1 | TICKPSO [T10SCEN| TISYNC |  — | TMRION | 0000 00-0 | 124,40
11h TMR2 Timer2 Module Register 0000 0000 | 127,40
12h T2CON — | Toutps3|Toutps2]| TouTpst | TouTPso | TMR20N | T2ckPs1 [ T2ckPso | - 000 0000 | 128,40
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | 169,40
14h SSPCON wcoL | sspov | ssPEN | ckp | sspms | sspm2 | sspmi | ssPmo | 0000 0000 | 18640
15h CCPR1L Capture/Compare/PWM Register (LSB) XXXX XXXX | 137,40
16h CCPR1H Capture/Compare/PWM Register (MSB) XXXX XXXX | 137,40
17h CCP1CON — — DC1B1 DC1B0 CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO | --00 0000 | 136,40
18h RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x | 155,40
19h TXREG USART Transmit Data Register 0000 0000 | 154,40
1Ah RCREG USART Receive Data Register 0000 0000 | 152,40
1Bh CCPR2L Capture/Compare/PWM Register 2 (LSB) XXXX XXXX | 137,40
1Ch CCPR2H Capture/Compare/PWM Register 2 (MSB) XXXX XXXX | 137,40
1Dh CCP2CON — | — | bcze1 | pceso | ccpams | ccpemz | cepami [ ccpamo | --00 0000 | 136,40
1Eh ADRES A/D Result Register XXXX XXXX | 105,41
1Fh ADCONO — | — | chss | chs2 | cHst | cHso [GODONE| ADON | --00 0000 | 10441
Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as ‘0", r = 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<12:8>, 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 PIC16F722/723/726/PIC16LF722/723/726 devices, read as ‘0’.

4:  Accessible only when SSPM<3:0> = 1001.

5:  Accessible only when SSPM<3:0> # 1001.

6:  This bitis always ‘1’ as RE3 is input only.
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TABLE 2-1: PIC16F72X/PIC16LF72X SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;’g:;"e;g;{ Page
Bank 1
80h@ INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXX  XXXX 31,40
81h OPTION_REG| RBPU | INTEDG | Tocs | Tose | pPsa | ps2 | psi [ Pso |1111 1111 | 2841
82h@ PCL Program Counter (PC) Least Significant Byte 0000 0000 | 30,40
83h@  |sTATUS wp | rer | R0 | T0 | P | z | bc | ¢ [ooo1 1xxx | 27.40
84h@ FSR Indirect Data Memory Address Pointer XXXX  XXXX 31,40
85h TRISA TRISA7 TRISA6 TRISAS TRISA4 TRISA3 TRISA2 TRISAL TRISAO | 1111 1111 54,41
86h TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO | 1111 1111 63,41
87h TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO | 1111 1111 73,41
88h@) TRISD TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISDO | 1111 1111 81,41
89h TRISE — — — — TRISE3® | TRISE2®) | TRISEL® |TRISEO® | ---- 1111 | 8541
8AhL2 | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 | 30,40
8Bh@ INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 46,40
8Ch PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMRL1IE | 0000 0000 47,41
8Dh PIE2 — — — — — — — CCP2E | ---- ---0 48,41
8Eh PCON = = = = = = POR BOR | ---- --qq | 29,41
8Fh T1GCON TMR1GE | T1GPOL T1GTM T1GSPM T1GGO/ T1GVAL T1GSS1 | T1GSSO | 0000 0x00 | 125,41
DONE
90h OSCCON — — IRCF1 IRCFO ICSL ICSS — — --10 qg- - 91,41
91h OSCTUNE — — TUN5 TUN4 TUN3 TUN2 TUN1 TUNO --00 0000 92,41
92h PR2 Timer2 Period Register 1111 1111 | 127,41
93h SSPADD®) Synchronous Serial Port (I2C™ mode) Address Register 0000 0000 | 177,41
93h SSPMSK® Synchronous Serial Port (I2C™ mode) Address Mask Register 1111 1111 | 188,41
94h SSPSTAT SMP CKE D/A P S RIW UA BF 0000 0000 | 187,41
95h WPUB WPUB7 WPUBG6 WPUBS5 WPUB4 WPUB3 WPUB2 WPUB1 WPUBO | 1111 1111 64,41
96h 10CB 10CB7 I0CB6 10CB5 10CB4 10CB3 10CB2 10CB1 10CBO 0000 0000 64,41
97h — Unimplemented — —
98h TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 | 154,41
99h SPBRG BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO 0000 0000 | 156,41
9Ah — Unimplemented — —
9Bh — Unimplemented — —
9Ch APFCON — — — — — — SSSEL |CCP2SEL| ---- --00 53,41
9Dh FVRCON FVRRDY FVREN — — — — ADFVR1 | ADFVRO | q0-- --00 | 109,41
9Eh — Unimplemented — —
9Fh ADCON1 — ADCS2 ADCS1 ADCSO0 — — ADREF1 | ADREFO | 0000 --00 | 105,41
Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as ‘0", r = 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<12:8>, 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 PIC16F722/723/726/PIC16LF722/723/726 devices, read as ‘0.

4:  Accessible only when SSPM<3:0> = 1001.

5:  Accessible only when SSPM<3:0> = 1001.

6:  This bitis always ‘1’ as RE3 is input only.
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TABLE 2-1: PIC16F72X/PIC16LF72X SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Value on:

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR Page
Bank 2

100h@ INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXX  XXXX 31,40
101h TMRO TimerO Module Register XXXX XXXX | 111,40
102h@ |PCL Program Counter’s (PC) Least Significant Byte 0000 0000 | 30,40
103h®  |STATUS IRP RP1 RPO TO PD z DC C 0001 1xxx | 27,40
104h@ FSR Indirect Data Memory Address Pointer XXXX  XXXX 31,40
105h — Unimplemented — —

106h — Unimplemented — —

107h — Unimplemented — —

108h CPSCONO CPSON — — — CPSRNG1| CPSRNGO | CPSOUT | TOXCS | 0--- 0000 | 133,41
109h CPSCON1 — — — — CPSCH3 | CPSCH2 | CPSCH1 | CPSCHO | ---- 0000 | 134,41
10Ah(:2) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 | 30,40
10Bh® INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 46,40
10Ch PMDATL Program Memory Read Data Register Low Byte XXXX XXXX | 189,41
10Dh PMADRL Program Memory Read Address Register Low Byte XXXX XXXX | 189,41
10Eh PMDATH — — Program Memory Read Data Register High Byte - - XX XXXX | 189,41
10Fh PMADRH — — — |Program Memory Read Address Register High Byte ---X XXXX | 189,41

Bank 3

180h@ INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXX  XXXX 31,40
181h OPTION_REG| RBPU | INTEDG | Tocs | Tose | pPsa | ps2 | ps1 [ Pso |1111 1111 2841
182h@ |PCL Program Counter (PC) Least Significant Byte 0000 0000 | 30,40
183h®  |sTATUS wp [ rer | R0 | 76 | PD [ z | bc | ¢ 0001 1xxx | 27,40
184h@ FSR Indirect Data Memory Address Pointer XXXX XXXX 31,40
185h ANSELA — — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSAO | --11 1111 55,41
186h ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO | --11 1111 64,41
187h — Unimplemented = =

188h ANSELD ANSD7 ANSD6 ANSD5 ANSD4 ANSD3 ANSD2 ANSD1 ANSDO | 1111 1111 81,41
189h) ANSELE — — — — — ANSE2 ANSE1 ANSEO | ---- -111 86,41
18Ah(:2) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 | 30,40
18Bh®@ INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 46,40
18Ch PMCON1 Reserved — — — — — — RD 1--- ---0 | 190,41

18Dh — Unimplemented = =
18Eh — Unimplemented = =
18Fh — Unimplemented — —
Legend: x = unknown, u = unchanged, q = value depends on condition, - = unimplemented, read as ‘0", r = 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<12:8>, whose contents are
transferred to the upper byte of the program counter.

QahwnN

These registers can be addressed from any bank.

These registers/bits are not implemented on PIC16F722/723/726/PIC16LF722/723/726 devices, read as ‘0’.
Accessible only when SSPM<3:0> =1001.

Accessible only when SSPM<3:0> = 1001.

This bit is always ‘1’ as RE3 is input only.
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2221 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

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 MOWF 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 21.0
“Instruction Set Summary”).

Note 1: The C and DC bits operate as Borrow and

disabled. These bits are set or cleared according to the

- ) — " Digit Borrow out bits, respectively, in
device logic. Furthermore, the TO and PD bits are not

. . . ) subtraction.

writable. Therefore, the result of an instruction with the

STATUS register as destination may be different than

intended.

REGISTER 2-1: STATUS: STATUS REGISTER

R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RP1 RPO TO PD z pc@® c®

bit 7 bit 0
Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 7 IRP: Register Bank Select bit (used for indirect addressing)

1 = Bank 2, 3 (100h-1FFh)
0 = Bank 0, 1 (00h-FFh)
bit 6-5 RP<1:0>: Register Bank Select bits (used for direct addressing)
00 = Bank 0 (00h-7Fh)
01 = Bank 1 (80h-FFh)
10 = Bank 2 (100h-17Fh)
11 = Bank 3 (180h-1FFh)
bit 4 TO: Time-out bit
1 = After power-up, CLRWDT instruction or SLEEP instruction
0 = A WDT 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 = 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 O C: Carry/Borrow bit) (ADDWF, ADDLW SUBLW SUBWF 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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2222 OPTION register
. . . . Note:  To achieve a 1:1 prescaler assignment for
The OPTION register, shown in Register 2-2, is a ) .
readable and writable register, which contains various Tlmgro, asagq the prescaler to the V.VDT by
control bits to configure: setting PSA bit of the OPTION register to
' ‘1’. Refer to Section 12.3 “Timerl
* TimerO/WDT prescaler Prescaler”.
« External RBO/INT interrupt
¢ Timer0
* Weak pull-ups on PORTB
REGISTER 2-2: OPTION_REG: OPTION REGISTER
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
RBPU INTEDG TOCS TOSE PSA PS2 PS1 PSO
bit 7 bit 0
Legend:

W = Writable bit
‘1’ = Bit is set

R = Readable bit
-n = Value at POR

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

X = Bit is unknown

bit 7 RBPU: PORTB Pull-up Enable bit
1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual bits in the WPUB register
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 assigned to the WDT
0 = Prescaler is assigned to the Timer0 module
bit 2-0 PS<2:0>: Prescaler Rate Select bits
Bit Value  TimerO Rate WDT Rate
000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128
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2223 PCON Register

The Power Control (PCON) register contains flag bits
(refer to Table 3-2) to differentiate between a:

» Power-on Reset (POR)

* Brown-out Reset (BOR)

« Watchdog Timer Reset (WDT)

e External MCLR Reset

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

The PCON register bits are shown in Register 2-3.

REGISTER 2-3: PCON: POWER CONTROL REGISTER

u-0 u-0 u-0 u-0 u-0 u-0 RIW-q RIW-q
— — — — — — POR BOR
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
g = Value depends on condition

bit 7-2 Unimplemented: Read as ‘0’
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)

Note 1. Set BOREN<1:0> =01 in the Configuration Word register for this bit to control the BOR.
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2.3 PCL and PCLATH

The Program Counter (PC) is 13 bits wide. The low
byte comes from the PCL register, which is a readable
and writable register. The high byte (PC<12:8>) is not
directly readable or writable and comes from
PCLATH. On any Reset, the PC is cleared. Figure 2-7
shows the two situations for the loading of the PC. The
upper example in Figure 2-7 shows how the PC is
loaded on a write to PCL (PCLATH<4:0> — PCH).
The lower example in Figure 2-7 shows how the PC is
loaded during a CALL or GOTO instruction
(PCLATH<4:3> — PCH).

FIGURE 2-7: LOADING OF PC IN
DIFFERENT SITUATIONS
PCH PCL
Instruction with
12 8 7 0 PCL as
PC | | Destination
PCLATH<4:0> 8
5‘% ALU Result
LI T T 1]
PCLATH
PCH PCL
12 11 10 8 7 0
PC | | ' | corg caLL
PCLATH<4:3> 1
2 L:. OPCODE<10:0>
LITT T
PCLATH

231 COMPUTED GOTO

A computed GOTOis accomplished by adding an offset
to the program counter (ADDWF PCL). When perform-
ing 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).

23.2 STACK

All devices have an 8-level x 13-bit wide hardware
stack (refer to Figures 2-1 and 2-3). The stack space is
not part of either program or data space and the Stack
Pointer is not readable or writable. The PC is PUSHed
onto the stack when a CALL instruction is executed or
an interrupt causes a branch. The stack is POPed in
the event of a RETURN, RETLWor a RETFI E instruction
execution. PCLATH is not affected by a PUSH or POP
operation.

The stack operates as a circular buffer. This means that
after the stack has been PUSHed eight times, the ninth
PUSH overwrites the value that was stored from the
first PUSH. The tenth PUSH overwrites the second
PUSH (and so on).

Note 1: There are no Status bits to indicate stack
overflow or stack underflow conditions.

2: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the CALL,
RETURN, RETLWand RETFI E instruc-
tions or the vectoring to an interrupt

address.

2.4 Program Memory Paging

All devices are capable of addressing a continuous 8K
word block of program memory. The CALL and GOTO
instructions provide only 11 bits of address to allow
branching within any 2K program memory page. When
doing a CALL or GOTO instruction, the upper 2 bits of
the address are provided by PCLATH<4:3>. When
doing a CALL or GOTOinstruction, the user must ensure
that the page select bits are programmed so that the
desired program memory page is addressed. If a return
from a CALL instruction (or interrupt) is executed, the
entire 13-bit PC is POPed off the stack. Therefore,
manipulation of the PCLATH<4:3> bits is not required
for the RETURN instructions (which POPs the address
from the stack).

Note:  The contents of the PCLATH register are
unchanged after a RETURN or RETFI E
instruction is executed. The user must
rewrite the contents of the PCLATH regis-
ter for any subsequent subroutine calls or
GOTOinstructions.

Example 2-1 shows the calling of a subroutine in
page 1 of the program memory. This example assumes
that PCLATH is saved and restored by the Interrupt
Service Routine (if interrupts are used).

EXAMPLE 2-1: CALL OF A SUBROUTINE
IN PAGE 1 FROM PAGE 0

ORG 500h
PAGESEL SUB_P1 ; Sel ect page 1
; (800h- FFFh)
CALL SUB1_P1; Call subroutine in
: ; page 1 (800h- FFFh)

ORG 900h
SUB1_P1

:page 1 (800h- FFFh)

;called subroutine
; page 1 (800h- FFFh)

RETURN yreturn to
;Call subroutine
;in page 0
; (000h- 7FFh)

DS41341E-page 30

© 2009 Microchip Technology Inc.



PIC16F72X/PIC16LF72X

25 Indirect Addressing, INDF and EXAMPLE 2-2: INDIRECT ADDRESSING
FSR Registers MOVLW 020h ;initialize pointer
) ) ) ) ] MOVWF FSR ;to RAM
The INDF register is not a physical register. Addressing BANKI SEL  020h
the INDF register will cause indirect addressing. NEXT CLRF INDF ;clear I|NDF register
Indirect addressing is possible by using the INDF :31'\_'('2323 EEE A 'I”IC EOi ”toer
register. Any instruction using the INDF register ’ ja one:
lly accesses data pointed to by the File Select Goro NEXT ino clear next
aCtu_a y _p ] y o - CONTI NUE ;yes continue
Register (FSR). Reading INDF itself indirectly will
produce 00h. Writing to the INDF register indirectly
results in a no operation (although Status bits may be
affected). An effective 9-bit address is obtained by
concatenating the 8-bit FSR register and the IRP bit of
the STATUS register, as shown in Figure 2-8.
A simple program to clear RAM location 020h-02Fh
using indirect addressing is shown in Example 2-2.
FIGURE 2-8: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1 RPO 6 From Opcode 0 IRP 7 File Select Register 0
\ J v J - v N v J
Bank Select Location Select Bank Select Location Select
- | > 00 01 10 1 </
00h 180h
Data
Memory
7Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
Note: For memory map detail, refer to Figures 2-4 and 2-5.
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NOTES:
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3.0 RESETS

The PIC16F72X/PIC16LF72X differentiates between
various kinds of Reset:

a) Power-on Reset (POR)

b) WDT Reset during normal operation

c¢) WDT Reset during Sleep

d) MCLR Reset during normal operation

e) MCLR Reset during Sleep

f)  Brown-out Reset (BOR)

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

« MCLR Reset during Sleep

* 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 3-3.
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 23.0 “Electrical
Specifications” for pulse width specifications.

FIGURE 3-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT
=
MCLR/VpPP
Sleep
WDT WDT
Module | Time-out
Reset

L 4 POR
Power-on Reset
VDD
Brown-out™®

Reset
BOREN

OST/PWRT
OST

CLKIN

10-bit Ripple Counter }@
OscC1/

Chip_Reset

I—I_J

PWRT

WDTOSc2~|> 11-bit Ripple Counter }7

]

Enable PWRT

Enable OST

Note 1: Refer to the Configuration Word Register 1 (Register 8-1).

© 2009 Microchip Technology Inc.

DS41341E-page 33



PIC16F72X/PIC16LF72X

TABLE 3-1: STATUS BITS AND THEIR SIGNIFICANCE
POR BOR | TO | PD Condition
0 X 1 1 |Power-on Reset or LDO Reset
0 X 0 x |lllegal, TO is set on POR
0 X X 0 |lllegal, PD is set on POR
1 0 1 1 |Brown-out Reset
1 1 0 1 |WDT Reset
1 1 0 0 |WDT Wake-up
1 1 u u | MCLR Reset during normal operation
1 1 1 0 |MCLR Reset during Sleep or interrupt wake-up from Sleep
TABLE 3-2: RESET CONDITION FOR SPECIAL REGISTERS®
Condition Program STATUS PCQN
Counter Register Register
Power-on Reset 0000h 0001 1xxx ---- --0x
MCLR Reset during normal operation 0000h 000u uuuu ---- --uU
MCLR Reset during Sleep 0000h 0001 Ouuu ---- --uu
WDT Reset 0000h 0000 luuu ---- --uu
WDT Wake-up PC+1 uuuO Ouuu ---- --uu
Brown-out Reset 0000h 0001 luuu ---- --u0
Interrupt Wake-up from Sleep pC +1® uuul Ouuu ---- --uu
Legend: u =unchanged, x =unknown, - = unimplemented bit, reads as ‘0.

Note 1: 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 PIC16F72X/PIC16LF72X 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.

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

C1
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 23.0 “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 until 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
ANG607, “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 7.3
“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 23.0
“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:

» Shares an 8-bit prescaler with Timer0

» Time-out period is from 17 ms to 2.2 seconds,
nominal

« Enabled by a Configuration bit

WDT is cleared under certain conditions described in
Table 3-1.

3.4.1 WDT OSCILLATOR

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

Note:  When the Oscillator Start-up Timer (OST)
is invoked, the WDT is held in Reset,
because the WDT Ripple Counter is used
by the OST to perform the oscillator delay
count. When the OST count has expired,

the WDT will begin counting (if enabled).

© 2009 Microchip Technology Inc.
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3.4.2 WDT CONTROL

The WDTE bit is located in the Configuration Word
Register 1. When set, the WDT runs continuously.

The PSA and PS<2:0> bits of the OPTION register
control the WDT period. See Section 11.0 “TimerO
Module” for more information.

FIGURE 3-1: WATCHDOG TIMER BLOCK DIAGRAM

T1GSS =11
TMR1GE
From TMRO
WDTE Clock Source
Low-Power
WDT OSC 0
— ————{Posiscaler_]|
512 !
8
N\ /— Ps<20>
T—»To TMRO
PSA ® 0 1
}WDT Reset
ToT1G T
WDTE
TABLE 3-1: WDT STATUS
Conditions WDT

WDTE =0 Cleared
CLRWDT Command
Exit Sleep + System Clock = TLOSC, EXTRC, INTOSC, EXTCLK
Exit Sleep + System Clock = XT, HS, LP Cleared until the end of OST
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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

If VDD falls below VBOR for greater than parameter
(TBOR) (see Section 23.0 “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.

_ o Note:  When erasing Flash program memory, the
Sleep. When BOREN = 0X, the BOR is disabled. BOR is forced to enabled at the minimum
BOR setting to guarantee that any code
protection circuitry is operating properly.
FIGURE 3-3: BROWN-OUT SITUATIONS
VDD
_____________v _________________ VBOR
it
Internal -
Reset ' 64mst)
VDD
_____________"\N _____________ VBOR
| | 1
! ! |
Internal [ <6amse——»
Reset 64 ms®
VDD
_____ \_____________f_____________ VBOR
|
! |
Internal -
Reset ' e4mslt)
Note 1: 64 ms delay only if PWRTE bit is programmed to ‘0’.
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3.6 Time-out Sequence

On power-up, the time-out sequence is as follows: first,
PWRT time-out is invoked after POR has expired, then
OST is activated after the PWRT time-out has expired.
The total time-out will vary based on oscillator configu-
ration and PWRTE bit status. For example, in EC mode
with PWRTE bit = 1 (PWRT disabled), there will be no
time-out at all. Figure 3-4, Figure 3-5 and Figure 3-6
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 3-5). This is useful for testing purposes or
to synchronize more than one PIC16F72X/
PIC16LF72X device operating in parallel.

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

3.7 Power Control (PCON) Register

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

Bit 0 is BOR (Brown-out Reset). BOR is unknown on
Power-on Reset. It must then be set by the user and
checked on subsequent Resets to see if BOR = 0,
indicating that a Brown-out has occurred. The BOR
Status bit is a “don’t care” and is not necessarily
predictable if the brown-out circuit is disabled
(BOREN<1:0> =00 in the Configuration Word register).

Bit 1 is POR (Power-on Reset). It is a ‘0’ on Power-on
Reset and unaffected otherwise. The user must write a
‘1’ to this bit following a Power-on Reset. On a
subsequent Reset, if POR is ‘0’, it will indicate that a
Power-on Reset has occurred (i.e., VDD may have
gone too low).

For more information, see Section 3.5 “Brown-Out
Reset (BOR)".

TABLE 3-2: TIME-OUT IN VARIOUS SITUATIONS
Oscillator Configuration ——— Power-up —Brown-out R’es—et Wakg—lup from
PWRTE =0 PWRTE =1 PWRTE =0 PWRTE = 1 eep
XT, HS, LP® TPWRT +1024 ¢ | 1024 « TOSC | TPWRT +1024+ | 1024 « TOSC 1024 « Tosc
Tosc Tosc
RC, EC, INTOSC TPWRT TPWRT — —
Note 1. LP mode with TLOSC disabled.
TABLE 3-3: RESET BITS AND THEIR SIGNIFICANCE
POR BOR TO PD Condition
0 u 1 1 Power-on Reset
1 0 1 1 Brown-out Reset
u u 0 u WDT Reset
u u 0 0 WDT Wake-up
u u u u MCLR Reset during normal operation
u u 1 0 MCLR Reset during Sleep
Legend: u =unchanged, X = unknown
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FIGURE 3-4: TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 1
VDD —/
MCLR —
Internal POR |_|

PWRT Time-out

OST Time-out

Internal Reset

TPWRT:

o TOST—>

PWRT Time-out

OST Time-out

Internal Reset

TPWRT

FIGURE 3-5: TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 2
VDD —/ :
MCLR - 1
Internal POR H

j-—TOST—>:

I

PWRT Time-out

OST Time-out

Internal Reset

TPWRT

FIGURE 3-6: TIME-OUT SEQUENCE ON POWER-UP (MCLR WITH VDD): CASE 3
VDD —/
MCLR .
Internal POR ﬂ

e TOST-+
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TABLE 3-4: INITIALIZATION CONDITION FOR REGISTERS

Register Address Power-on Reset(/l) MCLR Reset/ Wake-up from Sl_eep through
Brown-out Reset WDT Reset Interrupt/Time-out
w — XXXX XXXX uuuu uuuu uuuu uuuu
INDF 00h/80h/ XXXX  XXXX XXXX XXXX uuuu uuuu
100h/180h
TMRO 01h/101h XXXX  XXXX uuuu uuuu uuuu uuuu
PCL 02h/82h/ 0000 0000 0000 0000 Pc + 1(3)
102h/182h
STATUS 03h/83h/ 0001 1xxx 000q quuu(® uuug quuu(®
103h/183h
FSR 04h/84h/ XXXX XXXX uuuu uuuu uuuu uuuu
104h/184h
PORTA 05h XXXX XXXX XXXX XXXX uuuu uuuu
PORTB 06h XXXX XXXX XXXX XXXX uuuu uuuu
PORTC 07h XXXX XXXX XXXX XXXX uuuu uuuu
PORTD® 08h XXXX XXXX XXXX XXXX uuuu uuuu
PORTE 09h .- - - XXXX - - - - XXXX ---- uuuu
PCLATH O0Ah/8Ah/ ---0 0000 ---0 0000 ---Uu uuuu
10Ah/18Ah
INTCON 0Bh/8Bh/ 0000 000x 0000 000x uuuu uuuu(?
10Bh/18Bh
PIR1 och 0000 0000 0000 0000 uuuu uuuu(?
PIR2 0Dh ---- ---0 ---- ---0 ---- ---u
TMR1L OEh XXXX XXXX uuuu uuuu uuuu uuuu
TMR1H OFh XXXX XXXX uuuu uuuu uuuu uuuu
T1CON 10h 0000 00-0 uuuu uu-u uuuu uu-u
TMR2 11h 0000 0000 0000 0000 uuuu uuuu
T2CON 12h - 000 0000 - 000 0000 - uuu uuuu
SSPBUF 13h XXXX XXXX XXXX XXXX uuuu uuuu
SSPCON 14h 0000 0000 0000 0000 uuuu uuuu
CCPR1L 15h XXXX XXXX XXXX XXXX uuuu uuuu
CCPR1H 16h XXXX XXXX XXXX XXXX uuuu uuuu
CCP1CON 17h --00 0000 --00 0000 --uu uuuu
RCSTA 18h 0000 000x 0000 000x uuuu uuuu
TXREG 19h 0000 0000 0000 0000 uuuu uuuu
RCREG 1Ah 0000 0000 0000 0000 uuuu uuuu
CCPR2L 1Bh XXXX XXXX XXXX XXXX uuuu uuuu
CCPR2H 1Ch XXXX XXXX XXXX XXXX uuuu uuuu
CCP2CON 1Dh --00 0000 --00 0000 --uu uuuu

Legend: u =unchanged, x = unknown, - = unimplemented bit, reads as ‘0’, q = value depends on condition.
Note 1: If VDD goes too low, Power-on Reset will be activated and registers will be affected differently.
2:  One or more bits in INTCON and/or PIR1 and PIR2 will be affected (to cause wake-up).

3:  When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt
vector (0004h).

4. See Table 3-5 for Reset value for specific condition.
If Reset was due to brown-out, then bit 0 = 0. All other Resets will cause bit 0 = u.
6. PIC16F724/727/PIC16LF724/727 only.

a
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TABLE 3-4: INITIALIZATION CONDITION FOR REGISTERS (CONTINUED)
Register Address Power-on Reset(/l) MCLR Reset/ Wake-up from S!eep through
Brown-out Reset WDT Reset Interrupt/Time-out

ADRES 1Eh XXXX XXXX uuuu uuuu uuuu uuuu
ADCONO 1Fh --00 0000 --00 0000 --uu uuuu
OPTION_REG | 81h/181h 1111 1111 1111 1111 uuuu uuuu
TRISA 85h 1111 1111 1111 1111 uuuu uuuu
TRISB 86h 1111 1111 1111 1111 uuuu uuuu
TRISC 87h 1111 1111 1111 1111 uuuu uuuu
TRISD(®) 88h 1111 1111 1111 1111 uuuu uuuu
TRISE 89h ---- 1112 ---- 1111 ---- uuuu
PIE1 8Ch 0000 0000 0000 0000 uuuu uuuu
PIE2 8Dh ---- ---0 ---- ---0 ---- ---u
PCON 8Eh ---- --qq ---- --uu(t®) ---- --uu
T1GCON 8Fh 0000 0x00 uuuu uxuu uuuu uxuu
OSCCON 90h --10 qg-- --10 qg-- --uu qg--
OSCTUNE 91h --00 0000 --uu uuuu --uu uuuu
PR2 92h 1111 1111 1111 1111 uuuu uuuu
SSPADD 93h 0000 0000 0000 0000 uuuu uuuu
SSPMSK 93h 1111 1111 1111 1111 uuuu uuuu
SSPSTAT 94h 0000 0000 0000 0000 uuuu uuuu
WPUB 95h 1111 1111 1111 1111 uuuu uuuu
10CB 96h 0000 0000 0000 0000 uuuu uuuu
TXSTA 98h 0000 -010 0000 -010 uuuu -uuu
SPBRG 99%h 0000 0000 0000 0000 uuuu uuuu
APFCON 9Ch ---- --00 ---- --00 ---- --uu
FVRCON 9Dh g000 --00 q000 --00 uuuu --uu
ADCON1 9Fh -000 --00 -000 --00 -uuu --uu
CPSCONO 108h 0--- 0000 0--- 0000 u--- uuuu
CPSCON1 109h ---- 0000 ---- 0000 ---- uuuu
PMDATL 10Ch XXXX XXXX XXXX XXXX uuuu uuuu
PMADRL 10Dh XXXX XXXX XXXX  XXXX uuuu uuuu
PMDATH 10Eh - - XX XXXX - - XX XXXX --uu uuuu
PMADRH 10Fh - - - X XXXX - - - X XXXX ---Uu uuuu
ANSELA 185h --11 1111 --11 1111 --uu uuuu
ANSELB 186h --11 1111 --11 1111 --uu uuuu
ANSELD®) 188h 1111 1111 1111 1111 uuuu uuuu
ANSELE 189h ---- -111 ---- 2111 ---- -uuu
PMCON1 18Ch 1--- ---0 1--- ---0 u--- ---u
Legend: u =unchanged, x = unknown, - = unimplemented bit, reads as ‘0’, q = value depends on condition.
Note 1. If VDD goes too low, Power-on Reset will be activated and registers will be affected differently.

2:  One or more bits in INTCON and/or PIR1 and PIR2 will be affected (to cause wake-up).

3:  When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt

vector (0004h).

4: See Table 3-5 for Reset value for specific condition.

5: If Reset was due to brown-out, then bit 0 = 0. All other Resets will cause bit 0 = u.

6: PIC16F724/727/PIC16LF724/727 only.
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TABLE 3-5: INITIALIZATION CONDITION FOR SPECIAL REGISTERS
Condition Program STATUS PCQN
Counter Register Register
Power-on Reset 0000h 0001 1xxx ---- --0x
MCLR Reset during normal operation 0000h 000u uuuu c--- --uu
MCLR Reset during Sleep 0000h 0001 Ouuu s--- --uU
WDT Reset 0000h 0000 uuuu ---- --uu
WDT Wake-up PC+1 uuu0 OQuuu ---- --uu
Brown-out Reset 0000h 0001 1xxx ---- --10
Interrupt Wake-up from Sleep pc + 10 uuul Quuu ---- --uu

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.
TABLE 3-6: SUMMARY OF REGISTERS ASSOCIATED WITH RESETS
Vvalue on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR )
Resets
STATUS IRP RP1 | RPO TO PD Z DC C 0001 1xxx | 000q quuu
PCON — — — — — — POR BOR |---- --gqq |---- --uu
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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4.0 INTERRUPTS

The PIC16F72X/PIC16LF72X device family features
an interruptible core, allowing certain events to
preempt normal program flow. An Interrupt Service
Routine (ISR) is used to determine the source of the
interrupt and act accordingly. Some interrupts can be
configured to wake the MCU from Sleep mode.

The PIC16F72X/PIC16LF72X device family has 12
interrupt sources, differentiated by corresponding
interrupt enable and flag bits:

« Timer0 Overflow Interrupt

» External Edge Detect on INT Pin Interrupt

* PORTB Change Interrupt

» Timerl Gate Interrupt

» A/D Conversion Complete Interrupt

* AUSART Receive Interrupt

e AUSART Transmit Interrupt

* SSP Event Interrupt

* CCP1 Event Interrupt

» Timer2 Match with PR2 Interrupt

« Timerl Overflow Interrupt

* CCP2 Event Interrupt

A block diagram of the interrupt logic is shown in
Figure 4-1.

FIGURE 4-1: INTERRUPT LOGIC
I0C-RBO Y O\
10CBO :D ) )
I0C-RB1
locB1 SSPIF:I )
IOC-RB2 SSPIE
10CB2
TXIF:I )
IOC-RB3 D TXIE
10CB3 RCIF
IOC-RB4 RCIE:lji Wake-up (If in Sleep mode)®
j —— TOIF
10CB4
TMR2IFD Interrupt to CPU
IOC-RB5 TMR2IE
10CB5
TMR1IF
|OC-RB6 TMR1IE
10CB6
ADIF
IOC-RB7 Dﬁ ADIE
I0CB7
TMR1GIF GIE
TMR1GIE

CCP1IF
CCPlIE:I )
CCP2IF
CCP2|ED7

Note 1: Some peripherals depend upon the
system clock for operation. Since the
system clock is suspended during
Sleep, these peripherals will not wake
the part from Sleep. See Section 19.1
“Wake-up from Sleep”.
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4.1 Operation

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 and PIE2 registers)

The INTCON, PIR1 and PIR2 registers record individ-
ual interrupts via Interrupt Flag bits. Interrupt Flag bits
will be set, regardless of the status of the GIE, PEIE
and individual Interrupt Enable bits.

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 RETFI E instruction exits the ISR by popping the
previous address from the stack 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: Allinterrupts 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

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 instruction cycles. For asynchronous
interrupts, the latency is 3 to 4 instruction cycles,
depending on when the interrupt occurs. See Figure 4-2
for timing details.

FIGURE 4-2: INT PIN INTERRUPT TIMING

Q1] Q2] Q3] 4+ Q1] Q2| Q3] Q4+ Q1] Q2] Q3| 4' Q1] Q2| Q3| Q4: Q1] Q2| Q3] Q4
0scC1 ' ' 1
ckout® . L ) . . Z
L @ ! : ! :
INT pi IS W E— : : : :
T Q R - | - |
INTF flag A O ®) " Interrupt Latency(z) ' ' '
(INTCON<1>) | ; — ; ; l 2
GIE bit : : : : \ ! ! !
(INTCON<7>) . 3 l : : I
INSTRUCTION :FLow
PC ( PC X PC+1 PC+1 : 0004h X 0005h
Instruction . : : : : :
Eetched { : Inst (PC) : Inst (PC + 1) : — : Inst (0004h) : Inst (0005h)
:En:ércuuctggn{ Inst(PC-1) | Inst (PC) Dummy Cycle Dummy Cycle Inst (0004h)

Note 1: INTF flag is sampled here (every Q1).

2: Asynchronous interrupt latency = 3-4 Tcy. Synchronous latency = 3 Tcy, where Tcy = instruction cycle time. Latency
is the same whether Inst (PC) is a single cycle or a 2-cycle instruction.

CLKOUT is available only in INTOSC and RC Oscillator modes.
For minimum width of INT pulse, refer to AC specifications in Section 23.0 “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 19.0
“Power-Down Mode (Sleep)” for more details.

4.4 INT Pin

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

When an interrupt occurs, only the return PC value is
saved to the stack. If the ISR modifies or uses an
instruction that modifies key registers, their values
must be saved at the beginning of the ISR and restored
when the ISR completes. This prevents instructions

EXAMPLE 4-1:

following the ISR from using invalid data. Examples of
key registers include the W, STATUS, FSR and
PCLATH registers.

Note:  The microcontroller does not normally
require saving the PCLATH register.
However, if computed GOTOs are used,
the PCLATH register must be saved at the
beginning of the ISR and restored when
the ISR is complete to ensure correct

program flow.

The code shown in Example 4-1 can be used to do the
following.

« Save the W register

» Save the STATUS register

» Save the PCLATH register

« Execute the ISR program

* Restore the PCLATH register
» Restore the STATUS register
« Restore the W register

Since most instructions modify the W register, it must
be saved immediately upon entering the ISR. The
SWAPF instruction is used when saving and restoring
the W and STATUS registers because it will not affect
any bits in the STATUS register. It is useful to place
W TEMP in shared memory because the ISR cannot
predict which bank will be selected when the interrupt
occurs.

The processor will branch to the interrupt vector by
loading the PC with 0004h. The PCLATH register will
remain unchanged. This requires the ISR to ensure
that the PCLATH register is set properly before using
an instruction that causes PCLATH to be loaded into
the PC. See Section 2.3 “PCL and PCLATH” for
details on PC operation.

SAVING W, STATUS AND PCLATH REGISTERS IN RAM

MOWWFF W TEMP
SWAPF  STATUS, W

MOWFF  STATUS_TEMP
MOVF PCLATH, W
MOVWF PCLATH_TEMP

BANKSEL STATUS TEMP
MOVF PCLATH_TEMP, W ;
MOVWF PCLATH

SWAPF  STATUS_TEMP, W

MOWFF  STATUS
SWAPF W TEMP, F
SWAPF W TEMP, W

; Swap W TEMP

; Copy Wto WTEM register

;Swap status to be saved into W

; Swaps are used because they do not affect the status bits
BANKSEL STATUS TEWMP ; Sel ect regardl ess of current bank

; Copy status to bank zero STATUS_TEMP regi ster

; Copy PCLATH to Wregister

; Copy Wregister to PCLATH TEMP

1 (ISR ;Insert user code here

; Sel ect regardl ess of current bank
; Restore PCLATH

; Swap STATUS TEMP register into W
; (sets bank to original state)

; Move Winto STATUS register

; Swap WTEMP into W
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451 INTCON REGISTER

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.

The INTCON register is a readable and writable
register, which contains the various enable and flag bits
for TMRO register overflow, PORTB change and
external RBO/INT/SEGO pin interrupts.

REGISTER 4-1: INTCON: INTERRUPT CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x
GIE PEIE TOIE INTE RBIE(D TOIF®@ INTF RBIF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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 TOIE: Timer0 Overflow Interrupt Enable bit
1 = Enables the TimerO0 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 RBIE: PORTB Change Interrupt Enable bit(D)
1 = Enables the PORTB change interrupt
0 = Disables the PORTB change interrupt
bit 2 TOIF: TimerO Overflow Interrupt Flag bit(®
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1 INTF: RBO/INT External Interrupt Flag bit

1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur

bit 0 RBIF: PORTB Change Interrupt Flag bit
1 = When at least one of the PORTB general purpose 1/O pins changed state (must be cleared in soft-
ware)

0 = None of the PORTB general purpose I/O pins have changed state

Note 1: The appropriate bits in the IOCB register must also be set.

2:  TOIF bit is set when TimerO rolls over. Timer0O is unchanged on Reset and should be initialized before
clearing TOIF bit.
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45.2 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: PIE1l: PERIPHERAL INTERRUPT ENABLE REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMRL1IE
bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 TMR1GIE: Timerl Gate Interrupt Enable bit

1 = Enable the Timerl Gate Acquisition complete interrupt
0 = Disable the Timerl Gate Acquisition complete interrupt
bit 6 ADIE: A/D Converter (ADC) Interrupt Enable bit
1 = Enables the ADC interrupt
0 = Disables the ADC interrupt
bit 5 RCIE: USART Receive Interrupt Enable bit

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

bit 4 TXIE: USART Transmit Interrupt Enable bit

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

bit 3 SSPIE: Synchronous Serial Port (SSP) Interrupt Enable bit
1 = Enables the SSP interrupt
0 = Disables the SSP interrupt

bit 2 CCP1IE: CCP1 Interrupt Enable bit

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

bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

1 = Enables the Timer2 to PR2 match interrupt
0 = Disables the Timer2 to PR2 match interrupt

bit 0 TMR1IE: Timerl Overflow Interrupt Enable bit

1 = Enables the Timerl overflow interrupt
0 = Disables the Timerl overflow interrupt
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45.3 PIE2 REGISTER

The PIE2 register contains the interrupt enable bits, as
shown in Register 4-3.

Note:

Bit PEIE of the INTCON register must be
set to enable any peripheral interrupt.

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

U-0 U-0 U-0 U-0 u-0 U-0 U-0 R/W-0

— — — — — — — CCP2IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-1 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 PIR1 REGISTER

The PIR1 register contains the interrupt flag bits, as Note: Interrupt flag bits are set when an interrupt
shown in Register 4-4. 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 4-4: PIR1: PERIPHERAL INTERRUPT REQUEST REGISTER 1

R/W-0 R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-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’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 TMR1GIF: Timerl Gate Interrupt Flag bit

1 = Timerl Gate is inactive
0 = Timerl 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 SSPIF: 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 CCPL1IF: CCP1 Interrupt Flag bit
Capture mode:

1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMRL1 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: Timerl Overflow Interrupt Flag bit

1 = The TMR1 register overflowed (must be cleared in software)
0 = The TMRL1 register did not overflow

© 2009 Microchip Technology Inc. DS41341E-page 49



PIC16F72X/PIC16LF72X

455 PIR2 REGISTER

The PIR2 register contains the interrupt flag bits, as
shown in Register 4-5.

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
appropriate interrupt flag bits are clear prior
to enabling an interrupt.

REGISTER 4-5: PIR2: PERIPHERAL INTERRUPT REQUEST REGISTER 2

uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 R/W-0

= = = == = = CCP2IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 7-1 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 TMRL1 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

TABLE 4-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPTS

) . . . . . . ) Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other

Resets
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000x
OPTION_REG| RBPU INTEDG TOCS TOSE PSA PS2 PS1 PSO 1111 1111 | 1111 1111
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMRLIE | 0000 0000 | 0000 0000
PIE2 — — — — — — — CCP2IE |---- --- 0|---- --- 0
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF | 0000 0000 | 0000 0000
PIR2 — — — — — — — CCP2IF | ---- --- 0|---- --- 0

Legend: - =Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the Capture, Compare and PWM.
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5.0 LOW DROPOUT (LDO)
VOLTAGE REGULATOR

The PIC16F72X devices differ from the PIC16LF72X
devices due to an internal Low Dropout (LDO) voltage
regulator. The PIC16F72X contain an internal LDO,
while the PIC16LF72X 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 1/0’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. The VCAP pin is not
intended to supply power to external loads. An external
voltage regulator should be used if this functionality is
required. In addition, external devices should not
supply power to the VCAP pin.

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 23.0 “Electrical Specifications”.

See Configuration Word 2 register (Register 8-2) for
VCAP enable bits.

© 2009 Microchip Technology Inc.
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NOTES:
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6.0 /O PORTS

There are as many as thirty-five general purpose 1/0
pins available. Depending on which peripherals are
enabled, some or all of the pins may not be available as
general purpose I/O. In general, when a peripheral is
enabled, the associated pin may not be used as a
general purpose /O pin.

6.1

The Alternate Pin Function Control (APFCON) register
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

Alternate Pin Function

pins.
+ SS (Slave Select)
e CCP2
REGISTER 6-1: APFCON: ALTERNATE PIN FUNCTION CONTROL REGISTER
u-0 U-0 u-0 U-0 u-0 U-0 R/W-0 R/W-0
— — — — — — SSSEL CCP2SEL
bit 7 bit 0
Legend:

W = Writable bit
‘1’ = Bit is set

R = Readable bit
-n = Value at POR

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

X = Bit is unknown

bit 7-2 Unimplemented: Read as ‘0’

bit 1 SSSEL: SS Input Pin Selection bit
0 = SS function is on RA5/AN4/CPS7/SS/Vcap
1 = SS function is on RAO/ANO/SS/Vcap

bit 0 CCP2SEL: CCP2 Input/Output Pin Selection bit

0 = CCP2 function is on RC1/T10SI/CCP2
1 = CCP2 function is on RB3/CCP2

© 2009 Microchip Technology Inc.
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6.2 PORTA and the TRISA Registers
PORTA is a 8-bit wide, bidirectional port. The
corresponding data direction register is TRISA

(Register 6-3). Setting a TRISA bit (= 1) will make the
corresponding PORTA pin an input (i.e., disable the
output driver). Clearing a TRISA bit (= 0) will make the
corresponding PORTA pin an output (i.e., enables
output driver and puts the contents of the output latch
on the selected pin). Example 6-1 shows how to
initialize PORTA.

Reading the PORTA register (Register 6-2) 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 TRISA register (Register 6-3) controls the PORTA
pin output drivers, even when they are being used as
analog inputs. The user should ensure the bits in the
TRISA register are maintained set when using them as
analog inputs. I/O pins configured as analog input
always read ‘0’

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

EXAMPLE 6-1: INITIALIZING PORTA
BANKSEL PORTA ;
CLRF  PORTA ;1nit PORTA
BANKSEL ANSELA
CLRF  ANSELA ;digital 1/0
BANKSEL TRI SA ;
MOVLW  0Ch ; Set RA<3:2> as inputs
MOVWWF  TRI SA ;and set RA<7:4,1:0>
;as outputs

REGISTER 6-2: PORTA: PORTA REGISTER
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
RA7 | RA6 | RA5 | Rraa | RA3 RA2 RA1 RAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-0 RA<7:0>: PORTA I/O Pin bit
1 = Port pinis > VIH
0 = Port pinis < VIL
REGISTER 6-3: TRISA: PORTA TRI-STATE REGISTER
RIW-1 RIW-1 RIW-1 RIW-1 RIW-1 RIW-1 RIW-1 RIW-1
TRISA7 | TRISA6 | TRISA5S | TRISA4 | TRISA3 TRISA2 TRISAL TRISAO
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U=
‘0’ = Bit is cleared

Unimplemented bit, read as ‘0’

X = Bit is unknown

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
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6.2.1 ANSELA REGISTER

The ANSELA register (Register 6-4) is used to
configure the Input mode of an I/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: ANSELA: PORTA ANALOG SELECT REGISTER

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

— — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
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!Y). 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.

© 2009 Microchip Technology Inc.
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6.2.2 PIN DESCRIPTIONS AND
DIAGRAMS

Each PORTA pin is multiplexed with other functions. The

pins and their combined functions are briefly described

here. For specific information about individual functions

such as the A/D Converter (ADC), refer to the

appropriate section in this data sheet.

6.2.2.1 RAO/ANO/SS/VcAP

Figure 6-1 shows the diagram for this pin. This pin is

configurable to function as one of the following:

« ageneral purpose I/O

 an analog input for the ADC

« aslave select input for the SSPM)

» a Voltage Regulator Capacitor pin (PIC16F72X
only)

Note 1: SS pin location may be selected as RA5
or RAO.

6.2.2.2 RA1/AN1

Figure 6-2 shows the diagram for this pin. This pin is
configurable to function as one of the following:

* ageneral purpose I/O

 an analog input for the ADC

6.2.2.3 RA2/AN2

Figure 6-2 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O

* an analog input for the ADC

6.2.2.4 RA3/AN3/VREF

Figure 6-2 shows the diagram for this pin. This pin is
configurable to function as one of the following:

» ageneral purpose I/O

 an analog input for the ADC

« a voltage reference input for the ADC

6.2.2.5 RA4/CPS6/TOCKI

Figure 6-3 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O

* a capacitive sensing input

* aclock input for Timer0

The Timer0 clock input function works independently
of any TRIS register setting. Effectively, if TRISA4 =0,

the PORTA4 register bit will output to the pad and
Clock TimerO at the same time.

6.2.2.6 RAB/AN4/CPS7/SS/VcAP

Figure 6-4 shows the diagram for this pin. This pin is

configurable to function as one of the following:

« ageneral purpose I/O

» an analog input for the ADC

 a capacitive sensing input

« aslave select input for the SSPM)

» a Voltage Regulator Capacitor pin (PIC16F72X
only)

Note 1: SS pin location may be selected as RA5
or RAO.

6.2.2.7 RAG6/0SC2/CLKOUT/VcarP

Figure 6-5 shows the diagram for this pin. This pin is

configurable to function as one of the following:

» ageneral purpose I/O

 acrystal/resonator connection

* a clock output

» a Voltage Regulator Capacitor pin (PIC16F72X
only)

6.2.2.8 RA7/0OSC1/CLKIN

Figure 6-6 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O

 a crystal/resonator connection

 aclock input
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FIGURE 6-1: BLOCK DIAGRAM OF RAO
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FIGURE 6-2: RA<3:1> BLOCK DIAGRAM
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FIGURE 6-3: BLOCK DIAGRAM OF RA4
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FIGURE 6-4: BLOCK DIAGRAM OF RA5
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FIGURE 6-5: BLOCK DIAGRAM OF RAG6
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Note 1: CLKOUT Enable = 1 When Fosc = RC or INTOSC (No I/O Selected).

FIGURE 6-6: BLOCK DIAGRAM OF RA7
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TABLE 6-1: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

. . . . . . . . Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
ADCONO — — CHS3 CHS2 CHS1 CHSO GO/DONE ADON 0000 0000 0000 0000
ADCON1 — ADCS2 ADCS1 ADCSO0 — — ADREF1 | ADREFO -000 --00 -000 --00
ANSELA — — ANSA5 ANSA4 ANSA3 ANSA2 ANSA1 ANSAO --11 1111 --11 1111
APFCON — — — — — — SSSEL | CCP2SEL | ---- --00 | ---- --00
CPSCONO CPSON — — — CPSRNG1 | CPSRNGO | CPSOUT | TOXCS 0--- 0000 | O--- 0000
CPSCON1 — — — — CPSCH3 | CPSCH2 | CPSCH1 | CPSCHO | ---- 0000 | ---- 0000
CONFIG2(M — — VCAPENL | VCAPENO — — — — — —
OPTION_REG RBPU INTEDG TOCS TOSE PSA PS2 PS1 PSO 1111 1111 1111 1111
PORTA RA7 RAG6 RA5 RA4 RA3 RA2 RA1 RAO XXXX XXXX XXXX XXXX
SSPCON WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO 0000 0000 | 0000 0000
TRISA TRISA7 TRISA6 TRISAS TRISA4 TRISA3 TRISA2 TRISAL TRISAO 1111 1111 1111 1111
Legend: x = unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by PORTA.

Note 1: PIC16F72X 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 6-6). 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 6-5) 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 6-6) 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 ANSELB

BANKSEL TRI SB

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

; Make RB<7:0> digital

MOVWF TRI SB

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 ANSELB REGISTER

The ANSELB register (Register 6-9) 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.

6.3.2 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 6-7). 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 RBPU bit of the OPTION register.

6.3.3 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. Refer to
Register 6-8. The interrupt-on-change feature is
disabled on a Power-on Reset.

For enabled interrupt-on-change pins, the present value
is compared with the old value latched on the last read
of PORTB to determine which bits have changed or
mismatched the old value. The ‘mismatch’ outputs of
the last read are OR'd together to set the PORTB
Change Interrupt flag bit (RBIF) in the INTCON register.

This interrupt can wake the device from Sleep. The user,
in the Interrupt Service Routine, clears the interrupt by:

a) Any read or write of PORTB. This will end the
mismatch condition.
b) Clear the flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading or writng PORTB will end the mismatch
condition and allow flag bit RBIF to be cleared. The latch
holding the last read value is not affected by a MCLR nor
Brown-out Reset. After these Resets, the RBIF flag will
continue to be set if a mismatch is present.

Note: ~ When a pin change occurs at the same
time as a read operation on PORTB, the
RBIF flag will always be set. If multiple
PORTB pins are configured for the
interrupt-on-change, the user may not be

able to identify which pin changed state.
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REGISTER 6-5: PORTB: PORTB REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
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’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-0 RB<7:0>: PORTB I/O Pin bit

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

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

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-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’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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
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REGISTER 6-7: WPUB: WEAK PULL-UP PORTB REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
WPUB7 WPUB6 WPUB5 WPUB4 WPUB3 WPUB2 WPUB1 WPUBO
bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-0 WPUB<7:0>: Weak Pull-up Register bits

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

Note 1. Global RBPU 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.

REGISTER 6-8: IOCB: INTERRUPT-ON-CHANGE PORTB REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
I0CB7 I0OCB6 I0CB5 I0CB4 IOCB3 I0CB2 I0CB1 I0CBO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 7-0 I0CB<7:0>: Interrupt-on-Change PORTB Control bits

1 = Interrupt-on-change enabled
0 = Interrupt-on-change disabled

REGISTER 6-9: ANSELB: PORTB ANALOG SELECT REGISTER

uU-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared X = Bit is unknown
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/0O. Pin is assigned to port or Digital special function.
1= Analog input. Pin is assigned as analog input!Y). 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.

DS41341E-page 64 © 2009 Microchip Technology Inc.



PIC16F72X/PIC16LF72X

6.3.4 PIN DESCRIPTIONS AND
DIAGRAMS

Each PORTB pin is multiplexed with other functions. The

pins and their combined functions are briefly described

here. For specific information about individual functions

such as the SSP, 1°C or interrupts, refer to the appropriate

section in this data sheet.

6.3.4.1 RBO/AN12/CPSO/INT

Figure 6-7 shows the diagram for this pin. This pin is
configurable to function as one of the following:

* ageneral purpose I/O

 an analog input for the ADC

* a capacitive sensing input

» an external edge triggered interrupt

6.3.4.2 RB1/AN10/CPS1

Figure 6-8 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O

 an analog input for the ADC

 a capacitive sensing input

6.3.4.3 RB2/AN8/CPS2

Figure 6-8 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O

* an analog input for the ADC

* a capacitive sensing input

6.3.4.4 RB3/AN9/CPS3/CCP2

Figure 6-9 shows the diagram for this pin. This pin is

configurable to function as one of the following:

* ageneral purpose I/O

* an analog input for the ADC

* a capacitive sensing input

« a Capture 2 input, Compare 2 output, and PWM2
output

Note:  CCP2 pin location may be selected as

RB3 or RC1.

6.3.4.5 RB4/AN11/CPS4

Figure 6-8 shows the diagram for this pin. This pin is
configurable to function as one of the following:

» ageneral purpose I/O

» an analog input for the ADC

 a capacitive sensing input

6.3.4.6 RB5/AN13/CPS5/T1G

Figure 6-10 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O

» an analog input for the ADC
 a capacitive sensing input

* a Timerl gate input

6.3.4.7 RB6/ICSPCLK

Figure 6-11 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O
¢ In-Circuit Serial Programming clock

6.3.4.8 RB7/ICSPDAT

Figure 6-12 shows the diagram for this pin. This pin is
configurable to function as one of the following:

» ageneral purpose I/O
« In-Circuit Serial Programming data

© 2009 Microchip Technology Inc.
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FIGURE 6-7: BLOCK DIAGRAM OF RBO
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FIGURE 6-8: BLOCK DIAGRAM OF RB4, RB<2:1>
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FIGURE 6-9: BLOCK DIAGRAM OF RB3
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FIGURE 6-10: BLOCK DIAGRAM OF RB5
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FIGURE 6-11: BLOCK DIAGRAM OF RB6
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FIGURE 6-12:

BLOCK DIAGRAM OF RB7
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TABLE 6-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

. . . . . . . ) Value on Value onall
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR R?ezggs
ADCONO — — CHS3 CHS2 CHS1 CHS0 GO/DONE | ADON |--00 0000 |--00 0000
ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO |--11 1111 |--11 1111
APFCON — — — — — — SSSEL | CCP2SEL | ---- --00 | ---- --00
CCP2CON — — DC2B1 DC2BO CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO | --00 0000 | --00 0000
CPSCONO CPSON — — — CPSRNG1 | CPSRNGO | CPSOUT TOXCS | 0--- 0000 | O--- 0000
CPSCON1 — — — — CPSCH3 | CPSCH2 | CPSCH1 | CPSCHO | ---- 0000 | ---- 0000
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000X
10CB 10CB7 10CB6 10CB5 10CB4 10CB3 10CB2 10CB1 10CBO 0000 0000 | 0000 0000
OPTION_REG RBPU | INTEDG ToCS TOSE PSA PS2 PS1 PSO  |1111 1111 |1111 1111
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX | XXXX XXXX
T1GCON TMR1GE | T1GPOL T1GTM T1GSPM T1GGO/ T1GVAL T1GSS1 T1GSSO | 0000 0x00 | uuuu uxuu
DONE

TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 1111 1111 | 1111 1111
WPUB WPUB7 WPUB6 WPUB5 WPUB4 WPUB3 WPUB2 WPUB1 WPUBO 1111 1111 | 1111 1111
Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by Port B.
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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 6-11). 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 6-10) 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 6-10: PORTC: PORTC REGISTER

The TRISC register (Register 6-11) 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/0 pins configured as analog input always

read ‘0.

EXAMPLE 6-3: INITIALIZING PORTC
BANKSEL PORTC ;
CLRF PORTC ;lnit PORTC

BANKSEL TRI SC
MOVLW  B' 00001100’
MOVWF  TRI SC

; Set RC<3:2> as inputs
;and set RC<7:4,1:0>
;as outputs

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

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO
bit 7 bit 0
Legend:

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

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

REGISTER 6-11:

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

TRISC: PORTC TRI-STATE REGISTER

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO
bit 7 bit 0

Legend:

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

X = Bit is unknown

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

© 2009 Microchip Technology Inc.
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6.4.1 RCO/T10SO/T1CKI

Figure 6-13 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O

» a Timerl oscillator output

» a Timerl clock input

6.4.2 RC1/T10SI/CCP2

Figure 6-14 shows the diagram for this pin. This pin is
configurable to function as one of the following:

* ageneral purpose I/O

» a Timerl oscillator input

« a Capture 2 input, Compare 2 output, and PWM2
output

Note:  CCP2 pin location may be selected as
RB3 or RC1.

6.4.3 RC2/CCP1

Figure 6-15 shows the diagram for this pin. This pin is
configurable to function as one of the following:

* ageneral purpose I/O
« a Capture 1 input, Compare 1 output, and PWM1

output
6.4.4 RC3/SCK/SCL

Figure 6-16 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O
« a SPI clock
« an I°C™ clock

6.4.5 RC4/SDI/SDA

Figure 6-17 shows the diagram for this pin. This pin is
configurable to function as one of the following:

* ageneral purpose I/O
* a SPI data input
« an I°C data I/O

6.4.6 RC5/SDO

Figure 6-18 shows the diagram for this pin. This pin is
configurable to function as one of the following:

» ageneral purpose I/O
* a SPI data output

6.4.7 RC6/TX/CK

Figure 6-19 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O

» an asynchronous serial output

« asynchronous clock 1/0

6.4.8 RC7/RX/IDT

Figure 6-20 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O

» an asynchronous serial input

« asynchronous serial data I/O
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FIGURE 6-13: BLOCK DIAGRAM OF RCO
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FIGURE 6-15: BLOCK DIAGRAM OF RC2
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FIGURE 6-16: BLOCK DIAGRAM OF RC3
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FIGURE 6-17: BLOCK DIAGRAM OF RC4
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FIGURE 6-18: BLOCK DIAGRAM OF RC5
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FIGURE 6-19: BLOCK DIAGRAM OF RC6
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FIGURE 6-20: BLOCK DIAGRAM OF RC7
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TABLE 6-3: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

; . . . ' . ' . Valueon | Valueonall
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR R?eg:trs

APFCON — — — — — — SSSEL CCP2SEL | ---- --00 | ---- --00
CCP1CON — — DC1B1 DC1BO CCP1M3 CCP1M2 CCP1M1 CCP1MO | --00 0000 | --00 0000
CCP2CON — — DC2B1 DC2B0O CCP2M3 CCP2M2 CCP2M1 CCP2MO | --00 0000 | --00 0000
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO XXXX XXXX [ XXXX XXXX
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x | 0000 000x
SSPCON WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO 0000 0000 | 0000 0000
SSPSTAT SMP CKE D/A P S RIW UA BF 0000 0000 | 0000 0000
T1CON TMR1CS1 | TMR1CSO | TICKPS1 | TICKPSO | TLOSCEN | T1SYNC - TMR1ON | 0000 00-0 |uuuu uu-u
TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D | 0000 -010 | 0000 -010
TRISC TRISC7 TRISC6 TRISCS TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 1111 1111 | 1111 1111
Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by Port B.
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6.5 PORTD and TRISD Registers

PORTDY is a 8-hit wide, bidirectional port. The
corresponding data direction register is TRISD
(Register 6-13). 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 6-12) 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.

Note 1: PORTD is available on PIC16F724/LF724
and PIC16F727/LF727 only.

The TRISD register (Register 6-13) 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. 1/0O pins configured as analog
input always read ‘0’.

EXAMPLE 6-4: INITIALIZING PORTD

BANKSEL PORTD ;

CLRF PORTD ;1nit PORTD

BANKSEL ANSELD

CLRF ANSELD ; Make PORTD digital

BANKSEL TRI SD ;

MOVLW B 00001100 ; Set RD<3:2> as inputs

MOVWAF  TRI SD ;and set RD<7:4,1:0>
;as outputs

6.5.1 ANSELD REGISTER

The ANSELD register (Register 6-9) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELD 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 ANSELD 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.

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

read ‘0.
REGISTER 6-12: PORTD: PORTD REGISTER®
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO
bit 7 bit 0
Legend:

W = Writable bit
‘1’ = Bit is set

R = Readable bit
-n = Value at POR

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

X = Bit is unknown

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

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

Note 1: PORTD is notimplemented on PIC16F722/723/726/PIC16LF722/723/726 devices, read as ‘0’.
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REGISTER 6-13: TRISD: PORTD TRI-STATE REGISTER®

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-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’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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 notimplemented on PIC16F722/723/726/PIC16LF722/723/726 devices, read as ‘0’

REGISTER 6-14: ANSELD: PORTD ANALOG SELECT REGISTER®

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-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’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-0 ANSD<7:0>: Analog Select between Analog or Digital Function on Pins RD<7:0>, respectively

0 = Digital I/0. Pin is assigned to port or Digital special function.
1 = Analog input. Pin is assigned as analog input(l). 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 PIC16F722/723/726/PIC16LF722/723/726. Read as ‘0.
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6.5.6 RD4/CPS12

Note: ~ PORTD is available on PIC16F724/LF724 Figure 6-21 shows the diagram for these pins. They are
and PIC16F727/LF727 only. configurable to function as one of the following:
6.5.2 RDO/CPSS « ageneral purpose I/O

Figure 6-21 shows the diagram for these pins. They are * @acapacitive sensing input

configurable to function as one of the following: 6.5.7 RD5/CPS13

*a genergl. purpose ”Q Figure 6-21 shows the diagram for these pins. They are
* acapacitive sensing input configurable to function as one of the following:

6.5.3 RD1/CPS9 » ageneral purpose I/O

Figure 6-21 shows the diagram for these pins. They are * acapacitive sensing Input

configurable to function as one of the following: 6.5.8 RD6/CPS14

*a genergl_ purpose I/O_ Figure 6-21 shows the diagram for these pins. They are
* acapacitive sensing input configurable to function as one of the following:

6.5.4 RD2/CPS10 « ageneral purpose I/O

Figure 6-21 shows the diagram for these pins. They are * @acapacitive sensing input

configurable to function as one of the following: 6.5.9 RD7/CPS15

*a genergl. purpose ”Q Figure 6-21 shows the diagram for these pins. They are
* acapacitive sensing input configurable to function as one of the following:

6.5.5 RD3/CPS11 » ageneral purpose I/O

Figure 6-21 shows the diagram for these pins. They are * acapacitive sensing Input
configurable to function as one of the following:

« ageneral purpose I/O
* a capacitive sensing input

FIGURE 6-21: BLOCK DIAGRAM OF RD<7:0>

Data Bus

VDD
¢ D Q ™S % IE

— 1/0 Pin
WR ) CK Q !

PORTD ~

WR —
TRISDT P <_ @ ]

RD |
TRISD]

ANSD<7:0>

RD
PORTD

To Cap Sensor

Note: PORTD is available on PIC16F724/LF724 and PIC16F727/LF727 only.

DS41341E-page 82 © 2009 Microchip Technology Inc.



PIC16F72X/PIC16LF72X

TABLE 6-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD®

. . . . . . . . Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other

Resets
ANSELD ANSD7 | ANSD6 | ANSD5 | ANSD4 ANSD3 ANSD2 ANSD1 ANSDO (1111 1111|1111 1111
CPSCONO | CPSON — — — CPSRNGL1 | CPSRNGO | CPSOUT | TOXCS |0--- 0000 |0--- 0000
CPSCON1 — — — — CPSCH3 | CPSCH2 | CPSCH1 |[CPSCHO|---- 0000 |---- 0000
PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO XXXX XXXX | XXXX XXXX
TRISD TRISD7 | TRISD6 | TRISDS5 | TRISD4 | TRISD3 TRISD2 TRISD1 | TRISDO {1111 1111|1111 1111

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 PIC16F722/723/726/PIC16LF722/723/726 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 6-15) 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. RE3 reads ‘0’ when
MCLRE = 1.

Note 1: RE<2:0> and TRISE<2:0> are not
implemented on the PIC16F722/723/726/
PIC16LF722/723/726. Read as ‘0.

The TRISE register (Register 6-16) 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
read ‘0’

EXAMPLE 6-5: INITIALIZING PORTE
BANKSEL PORTE

CLRF PORTE ;Init PORTE
BANKSEL ANSELE
CLRF ANSELE ;digital 1/0

BANKSEL TRI SE ;
MOVLW B 00001100° ; Set RE<2> as an i nput
MOVWF  TRI SE ;and set RE<1: 0>

;as outputs
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REGISTER 6-15:

PORTE: PORTE REGISTER

U-0 U-0 U-0 U-0 R-x R/W-x R/W-x R/W-x

_ — _ — RE3 RE2(D) RE1(D REO(W
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared

X = Bit is unknown

bit 7-4
bit 3-0

Unimplemented: Read as ‘0’
RE<3:0>: PORTE 1/O Pin bits®)

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

Note 1:

REGISTER 6-16:

TRISE: PORTE TRI-STATE REGISTER

RE<2:0> are not implemented on the PIC16F722/723/726/PIC16LF722/723/726. Read as ‘0’.

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared

X = Bit is unknown

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

— — — — TRISE3 TRISE2(M TRISELI® | TRISEOW
bit 7 bit 0
Legend:

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 PIC16F722/723/726/PIC16LF722/723/726. Read as ‘0’
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REGISTER 6-17:

ANSELE: PORTE ANALOG SELECT REGISTER

R = Readable bit
-n = Value at POR

W = Writable bit

‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
X = Bit is unknown

‘0’ = Bit is cleared

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

_ _ _ _ _ ANSE2@ | ANSE1®@ | ANSEQ®
bit 7 bit 0
Legend:

bit 7-3
bit 2-0

Unimplemented: Read as ‘0’
ANSE<2:0>: Analog Select between Analog or Digital Function on Pins RE<2:0>, 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.

2:  ANSELE register is not implemented on the PIC16F722/723/726/PIC16LF722/723/726. Read as ‘0’

TABLE 6-5: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE
. . . . . . . . Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
ADCONO — — CHS3 | CHS2 CHS1 CHSO | GO/DONE | ADON | --00 0000 | --00 0000
ANSELE — — — — — ANSE2 ANSE1 ANSEO | ---- -111 | ---- -111
PORTE = = = = RE3 RE2 RE1 REO === XXXX | ---- XXXX
TRISE — — — — | TRISE3® | TRISE2M) | TRISELW | TRISEOM | ---- 1111 | ---- 1111
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by PORTE
Note 1: These registers are not implemented on the PIC16F722/723/726/PIC16LF722/723/726 devices, read as ‘0’.

2: This bitis always ‘1’ as RE3 is input only.
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6.6.1 REO/AN5()

Figure 6-22 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O
* an analog input for the ADC

Note 1: REO/AN5 is available on
PIC16F724/LF724 and PIC16F727/LF727
only.

6.6.2 RE1/AN6W

Figure 6-22 shows the diagram for this pin. This pin is
configurable to function as one of the following:

« ageneral purpose I/O
» an analog input for the ADC

Note 1: RE1/AN6 is available on
PIC16F724/LF724 and PIC16F727/LF727
only.

6.6.3 RE2/AN7M)

Figure 6-22 shows the diagram for this pin. This pin is
configurable to function as one of the following:

* ageneral purpose I/O
» an analog input for the ADC

Note 1. RE2/AN7 is available on
PIC16F724/LF724 and PIC16F727/LF727
only.

6.6.4 RE3/MCLR/VPP

Figure 6-23 shows the diagram for this pin. This pin is
configurable to function as one of the following:

» ageneral purpose input

» as Master Clear Reset with weak pull-up

« aprogramming voltage reference input

© 2009 Microchip Technology Inc.
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FIGURE 6-22: BLOCK DIAGRAM OF RE<2:0>

Data Bus

PORTE ~

WR CK =

TRISE <~ Q ‘]

RD |
TRISE™]

ANSE<0:2>

RD
PORTE

_To A/D Converter

Note: RE<2:0> are not implemented on PIC16F722/723/726/PIC16LF722/723/726.

FIGURE 6-23: BLOCK DIAGRAM OF RE3
VDD
ICSP™ Mode Detect
C{ Weak
In-Circuit Serial Programming™ mode High-Voltage
- Detect = &
1/0 Pin
MCLR Circuit MCLR
= Pulse Fil N
ulse Filter Vss
Data Bus
RD _‘j h
TRISE
Vss
/I
RD N
PORTE
Power for Programming Flash
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7.0 OSCILLATOR MODULE

7.1 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 performance and
minimizing power consumption. Figure 7-1 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 can be configured to use an internal calibrated
high-frequency oscillator as clock source, with a choice
of selectable speeds via software.

Clock source modes are configured by the FOSC bits
in Configuration Word 1 (CONFIG1). The oscillator
module can be configured for one of eight modes of
operation.

1. RC - External Resistor-Capacitor (RC) with
Fosc/4 output on OSC2/CLKOUT.

2. RCIO - External Resistor-Capacitor (RC) with
I/0 on OSC2/CLKOUT.

3. INTOSC - Internal oscillator with Fosc/4 output
on OSC2 and I/O on OSC1/CLKIN.

4. INTOSCIO - Internal oscillator with I/O on
OSC1/CLKIN and OSC2/CLKOUT.

5. EC - External clock with I/0 on OSC2/CLKOUT.

6. HS - High Gain Crystal or Ceramic Resonator
mode.

7. XT - Medium Gain Crystal or Ceramic
Resonator Oscillator mode.

8. LP - Low-Power Crystal mode.

FIGURE 7-1: SIMPLIFIED PIC® MCU CLOCK SOURCE BLOCK DIAGRAM

External Oscillator
0sc2

Sleep

FOSC<2:0>
(Configuration Word 1)

*L

LP, XT, HS, RC, EC

Internal Oscillator

>

UX

— >
= System Clock
IRCF<1:0> (CPU and Peripherals)
(OSCCON Register)
INTOSC

(Configuration Word 1)

500 kHz 0 \“\ >
x
35 16 MHz/500 kHz w11
=
32x
—1
PLL 8 MHz/250 kHz | 10
X
2 =
]
B 4 MHz/125 kHz _ | o1
1%
o
a
2 MHz/62.5 kHz »|00
PLLEN
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7.2 Clock Source Modes

Clock source modes can be classified as external or
internal.

« Internal clock source (INTOSC) is contained
within the oscillator module and derived from a
500 kHz high precision oscillator. The oscillator
module has eight selectable output frequencies,
with a maximum internal frequency of 16 MHz.

« 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.

The system clock can be selected between external or
internal clock sources via the FOSC bits of the
Configuration Word 1.

7.3 Internal Clock Modes

The oscillator module has eight output frequencies
derived from a 500 kHz high precision oscillator. The
IRCF bits of the OSCCON register select the
postscaler applied to the clock source dividing the
frequency by 1, 2, 4 or 8. Setting the PLLEN bit of the
Configuration Word 1 locks the internal clock source to
16 MHz before the postscaler is selected by the IRCF
bits. The PLLEN bit must be set or cleared at the time
of programming; therefore, only the upper or low four
clock source frequencies are selectable in software.

7.3.1 INTOSC AND INTOSCIO MODES

The INTOSC and INTOSCIO modes configure 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 CONFIG1 register. See
Section 8.0 “Device Configuration” for more
information.

In INTOSC mode, OSC1/CLKIN is available for general
purpose /0. OSC2/CLKOUT outputs the selected
internal oscillator frequency divided by 4. The CLKOUT
signal may be used to provide a clock for external
circuitry, synchronization, calibration, test or other
application requirements.

In INTOSCIO mode, OSC1/CLKIN and
OSC2/CLKOUT are available for general purpose /0.

7.3.2 FREQUENCY SELECT BITS (IRCF)

The output of the 500 kHz INTOSC and 16 MHz
INTOSC, with Phase Locked Loop enabled, connect to
a postscaler and multiplexer (see Figure 7-1). The
Internal Oscillator Frequency Select bits (IRCF) of the
OSCCON register select the frequency output of the
internal oscillator. Depending upon the PLLEN bit, one
of four frequencies of two frequency sets can be
selected via software:

If PLLEN = 1, frequency selection is as follows:

e 16 MHz

* 8 MHz (Default after Reset)
e 4 MHz

e 2 MHz

If PLLEN = 0, frequency selection is as follows:

» 500 kHz

» 250 kHz (Default after Reset)

e 125 kHz

62.5 kHz

Note:  Following any Reset, the IRCF<1:0> bits of
the OSCCON register are set to ‘10’ and
the frequency selection is set to 8 MHz or
250 kHz. The user can modify the IRCF
bits to select a different frequency.

There is no start-up delay before a new frequency
selected in the IRCF bits takes effect. This is because
the old and new frequencies are derived from INTOSC
via the postscaler and multiplexer.

Start-up delay specifications are located in the
Table 23-2 in Section 23.0 “Electrical
Specifications”.
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7.4 Oscillator Control

The Oscillator Control (OSCCON) register (Figure 7-1)
displays the status and allows frequency selection of the
internal oscillator (INTOSC) system clock. The
OSCCON register contains the following bits:

» Frequency selection bits (IRCF)

 Status Locked bits (ICSL)

« Status Stable bits (ICSS)

REGISTER 7-1: OSCCON: OSCILLATOR CONTROL REGISTER

u-0 u-0 R/W-1 R/W-0 R-q R-q u-0 u-0
— — IRCF1 IRCFO ICSL ICSS — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
g = Value depends on condition

bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 IRCF<1:0>: Internal Oscillator Frequency Select bits
When PLLEN = 1 (16 MHz INTOSC)
11= 16 MHz
10 = 8 MHz (POR value)
01 = 4 MHz
00 = 2 MHz
When PLLEN = 0 (500 kHz INTOSC)
11 = 500 kHz
10 = 250 kHz (POR value)
01 = 125kHz
00 = 62.5 kHz
bit 3 ICSL: Internal Clock Oscillator Status Locked bit (2% Stable)

1 = 16 MHz/500 kHz Internal Oscillator (HFIOSC) is in lock.
0 = 16 MHz/500 kHz Internal Oscillator (HFIOSC) has not yet locked.

bit 2 ICSS: Internal Clock Oscillator Status Stable bit (0.5% Stable)

1 = 16 MHz/500 kHz Internal Oscillator (HFIOSC) has stabilized to its maximum accuracy
0 = 16 MHz/500 kHz Internal Oscillator (HFIOSC) has not yet reached its maximum accuracy

bit 1-0 Unimplemented: Read as ‘0’

© 2009 Microchip Technology Inc.
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7.5 Oscillator Tuning

The INTOSC is factory calibrated but can be adjusted
in software by writing to the OSCTUNE register
(Register 7-2).

The default value of the OSCTUNE register is ‘0’. The
value is a 6-bit two’s complement number.

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

REGISTER 7-2: OSCTUNE: OSCILLATOR TUNING REGISTER
uU-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — TUNS TUN4 TUN3 TUN2 TUN1 TUNO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared X = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 TUN<5:0>: Frequency Tuning bits
01 1111 = Maximum frequency
01 1110=
00 0001 =

00 0000 = Oscillator module is running at the factory-calibrated frequency.

11 1111 =

10 0000 = Minimum frequency
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7.6 External Clock Modes

7.6.1 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 on the OSC1 pin before the device is
released from Reset. 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.

7.6.2 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 OSCL1 input and the OSC2 is available
for general purpose /0. Figure 7-2 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 7-2: EXTERNAL CLOCK (EC)
MODE OPERATION

Clock from ~>@—> OSCL/CLKIN
Ext. System

PIC® MCU

/0 <— 0SC2/CLKOUT®

Note 1: Alternate pin functions are described in
Section 6.1 “Alternate Pin Function”.

7.6.3 LP, XT, HS MODES

The LP, XT and HS modes support the use of quartz
crystal resonators or ceramic resonators connected to
OSC1 and OSC2 (Figure 7-3). 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 best suited
to drive resonators with a low drive level specification, for
example, tuning fork type 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 7-3 and Figure 7-4 show typical circuits for
guartz crystal and ceramic resonators, respectively.

FIGURE 7-3: QUARTZ CRYSTAL
OPERATION (LP, XT OR
HS MODE)
PIC® MCU
Lo O‘SC1/CLKIN :_______:
c1
Quartz
1 Crystal
c2 Rs® OSC2/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.

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.

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

3: 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)
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FIGURE 7-4:

P °
[
& l
—J RpP()
C

CERAMIC RESONATOR
OPERATION
(XT OR HS MODE)

PIC® MCU

OSC1/CLKIN

r= =
L— =4

2 Ceramic Rs® | OSC2/CLKOUT

Resonator

Note 1: A series resistor (Rs) may be required for
ceramic resonators with low drive level.
2: The value of RF varies with the Oscillator mode
selected.

3: An additional parallel feedback resistor (RP)
may be required for proper ceramic resonator
operation.

7.6.4 EXTERNAL RC MODES

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. There are two modes: RC and RCIO.

In RC mode, the RC circuit connects to OSC1.
OSC2/CLKOUT outputs the RC oscillator frequency
divided by 4. This signal may be used to provide a clock
for external circuitry, synchronization, calibration, test
or other application requirements. Figure 7-5 shows
the external RC mode connections.

FIGURE 7-5: EXTERNAL RC MODES
VoD PIC® MCU
REXT
OSC1/CLKIN Internal
T N Clock
CEXTI
Vss = -
Foscl4 or -<— 0SC2/CLKOUT®
/0@

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

Note 1: Alternate pin functions are described in
Section 6.1 “Alternate Pin Function”.

2:  Output depends upon RC or RCIO clock mode.

In RCIO mode, the RC circuit is connected to OSC1.
OSC2 becomes an additional general purpose I/O pin.

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
e component tolerances
» packaging variations in capacitance

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

TABLE 7-1: SUMMARY OF REGISTERS ASSOCIATED WITH CLOCK SOURCES
value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR @)
Resets
CONFIG1(® — CP | MCLRE | PWRTE | WDTE | FOSC2 | FOSC1 | FOSCO — —
OSCCON — — IRCF1 IRCFO ICSL ICSS — — --10 qg-- | --10 qg--
OSCTUNE — — TUN5 TUN4 TUN3 TUN2 TUN1 TUNO | --00 0000 | --uu uuuu
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by oscillators.

Note 1:

See Configuration Word 1 (Register 8-1) for operation of all bits.
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8.0 DEVICE CONFIGURATION 8.1 Configuration Words
Device Configuration consists of Configuration Word 1 There are several Configuration Word bits that allow
and Configuration Word 2 registers, Code Protection different oscillator and memory protection options.

and Device ID.

These are implemented as Configuration Word 1
register at 2007h and Configuration Word 2 register at
2008h. These registers are only accessible during
programming.

REGISTER 8-1: CONFIG1: CONFIGURATION WORD REGISTER 1
R/P-1 R/P-1 U-14 R/P-1 R/P-1 R/P-1
— | — DEBUG | PLLEN | — \ BORV \ BOREN1 | BORENO
bit 15 bit 8
u-14 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1
_ | ©r MCLRE | PWRTE | wote | Fosc2 | Fosci | Fosco
bit 7 bit 0
Legend: P = Programmable bit

R = Readable bit
-n = Value at POR

W = Writable bit U = Unimplemented bit, read as ‘0’
‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown

bit 13

bit 12

bit 11
bit 10

bit 9-8

bit 7
bit 6

bit 5

bit 4

bit 3

Note

1:

RN

DEBUG: In-Circuit Debugger Mode bit
1 = In-Circuit Debugger disabled, RB6/ICSPCLK and RB7/ICSPDAT are general purpose I/O pins
0 = In-Circuit Debugger enabled, RB6/ICSPCLK and RB7/ICSPDAT are dedicated to the debugger

PLLEN: INTOSC PLL Enable bit
0 = INTOSC Frequency is 500 kHz
1 = INTOSC Frequency is 16 MHz (32x)

Unimplemented: Read as ‘1’

BORYV: Brown-out Reset Voltage selection bit
0 = Brown-out Reset Voltage (VBOR) set to 2.5 V nominal
1 = Brown-out Reset Voltage (VBOR) set to 1.9 V nominal

BOREN<1:0>: Brown-out Reset Selection bits(%)

Ox = BOR disabled (Preconditioned State)

10 = BOR enabled during operation and disabled in Sleep
11 = BOR enabled

Unimplemented: Read as ‘1’

CP: Code Protection bit®
1 = Program memory code protection is disabled
0 = Program memory code protection is enabled

MCLRE: RE3/MCLR pin function select bit®
1 = RE3/MCLR pin function is MCLR
0 = RE3/MCLR pin function is digital input, MCLR internally tied to VDD

PWRTE: Power-up Timer Enable bit
1 = PWRT disabled
0 = PWRT enabled

WDTE: Watchdog Timer Enable bit
1 =WDT enabled
0 = WDT disabled

Enabling Brown-out Reset does not automatically enable Power-up Timer.

The entire program memory will be erased when the code protection is turned off.

When MCLR is asserted in INTOSC or RC mode, the internal clock oscillator is disabled.
MPLAB® IDE masks unimplemented Configuration bits to ‘0’.

© 2009 Microchip Technology Inc.
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REGISTER 8-1: CONFIG1: CONFIGURATION WORD REGISTER 1 (CONTINUED)
bit 2-0 FOSC<2:0>: Oscillator Selection bits
111 = RC oscillator: CLKOUT function on RA6/OSC2/CLKOUT pin, RC on RA7/0SC1/CLKIN
110 = RCIO oscillator: I/O function on RA6/OSC2/CLKOUT pin, RC on RA7/0OSC1/CLKIN
101 = INTOSC oscillator: CLKOUT function on RA6/0OSC2/CLKOUT pin, I/O function on RA7/OSC1/CLKIN
100 = INTOSCIO oscillator: I/O function on RA6/OSC2/CLKOUT pin, I/O function on RA7/0SC1/CLKIN
011 = EC: I/O function on RA6/0SC2/CLKOUT pin, CLKIN on RA7/OSC1/CLKIN
010 = HS oscillator: High-speed crystal/resonator on RA6/0OSC2/CLKOUT and RA7/0OSC1/CLKIN
001 = XT oscillator: Crystal/resonator on RA6/OSC2/CLKOUT and RA7/OSC1/CLKIN
000 = LP oscillator: Low-power crystal on RA6/0OSC2/CLKOUT and RA7/OSC1/CLKIN

Note 1: Enabling Brown-out Reset does not automatically enable Power-up Timer.
2:  The entire program memory will be erased when the code protection is turned off.

3:  When MCLR is asserted in INTOSC or RC mode, the internal clock oscillator is disabled.
4:  MPLAB® IDE masks unimplemented Configuration bits to ‘0’.

REGISTER 8-2: CONFIG2: CONFIGURATION WORD REGISTER 2
u-1@ u-1® u-1@ u-1@ u-1® u-1®

bit 15 bit 8

u-1 u-10 R/P-1 R/P-1 u-1@ u-1D u-10 u-10

— | — ] vcapeni [vcaPENo [ — | _ [ — _

bit 7 bit 0
Legend: P = Programmable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 13-6 Unimplemented: Read as ‘1’
bit 5-4 VCAPEN<1:0>: Voltage Regulator Capacitor Enable bits

For the PIC16LF72X:

These bits are ignored. All VcApP pin functions are disabled.
For the PIC16F72X:

00 = VcAp functionality is enabled on RAO

01 = VcaAp functionality is enabled on RA5

10 = VcAP functionality is enabled on RA6

11 = All Vcap functions are disabled (not recommended)
bit 3-0 Unimplemented: Read as ‘1’

Note 1: MPLAB®|

DE masks unimplemented Configuration bits to ‘0’.
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8.2 Code Protection

If the code protection bit(s) have not been
programmed, the on-chip program memory can be
read out using ICSP™ for verification purposes.

Note:  The entire Flash program memory will be
erased when the code protection is turned
off. See the “PIC16F72X/PIC16LF72X
Memory  Programming  Specification”
(DS41332) for more information.

8.3 User ID

Four memory locations (2000h-2003h) 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
“PIC16F72X/PIC16LF72X Memory Programming
Specification” (DS41332) for more information.
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NOTES:
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9.0 ANALOG-TO-DIGITAL
CONVERTER (ADC) MODULE

The Analog-to-Digital Converter (ADC) allows
conversion of an analog input signal to a 8-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 8-hit binary result via successive
approximation and stores the conversion result into the
ADC result register (ADRES). Figure 9-1 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 9-1: ADC BLOCK DIAGRAM

AVDD

ADREF = 0x

ADREF = 110\

CHS<3:O>j/

VREF+ ADREF =10 °
ANO h
AN1 0001
AN2 0010
AN3 0011
AN4 0100
ANS5 0101
AN6 0110
AN7 0111
ANS8 1000 _ ADC
AN9 1001 GO/DONE ==
AN10 1010
AN11 1011
AN12 1100 ADON —|
AN13 1101
Reserved 1110 ves =
FVREF 1111

ADRES
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9.1 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

9.1.1 PORT CONFIGURATION

The ADC can be used to convert both analog and
digital signals. When converting analog signals, the 1/0
pin should be configured for analog by setting the
associated TRIS and ANSEL bits. Refer to Section 6.0
“1/0 Ports” for more information.

For correct conversion, the appropriate TAD specifica-
tion must be met. Refer to the A/D conversion require-
ments in Section 23.0 “Electrical Specifications” for
more information. Table 9-1 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 result.

Note:  Analog voltages on any pin that is defined
as a digital input may cause the input
buffer to conduct excess current.

9.1.2 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 9.2
“ADC Operation” for more information.

9.1.3 ADC VOLTAGE REFERENCE

The ADREF bits of the ADCONL1 register provides
control of the positive voltage reference. The positive
voltage reference can be either VDD, an external
voltage source or the internal Fixed Voltage Reference.
The negative voltage reference is always connected to
the ground reference. See Section 10.0 “Fixed
Voltage Reference” for more details on the Fixed
Voltage Reference.

9.14 CONVERSION CLOCK

The source of the conversion clock is software select-
able via the ADCS bits of the ADCONL1 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 8-bit conversion requires 10 TAD periods
as shown in Figure 9-2.
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TABLE 9-1:  ADC CLOCK PERIOD (TAD) Vs. DEVICE OPERATING FREQUENCIES
ADC Clock Period (TAD) Device Frequency (FOsC)
ADC

Clock Source | ADCS<2:0> 20 MHz 16 MHz 8 MHz 4 MHz 1 MHz
Fosc/2 000 100 ns® 125 ns® 250 ns® 500 ns® 2.0 us
Fosc/4 100 200 ns@ 250 ns@ 500 ns@ 1.0 ps 4.0 ps
Fosc/8 001 400 ns@ 0.5 us®@ 1.0 ps 2.0 us 8.0 us®
Fosc/16 101 800 ns 1.0 ps 2.0 us 4.0 us 16.0 ps®
Fosc/32 010 1.6 us 2.0 us 4.0 us 8.0 us® 32.0 ps®
Fosc/64 110 3.2 us 4.0 us 8.0 us® 16.0 ps® 64.0 ps®
FRC x11 1.0-6.0 ust¥ | 1.0-6.0 pst4 | 1.0-6.0 ps™4 | 1.0-6.0 ps@4 | 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 us for VbD.

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 9-2: ANALOG-TO-DIGITAL CONVERSION TaD CYCLES
Tcy to TAD
. T1ADO TAD1 : TAD2 : TAD3 _ TAD4 TADS : TAD6 , TAD7 _ TAD8  TAD9
T b7 b6 b5 b4 b3 b2 bl bo

Conversion Starts

Set GO/DONE bit

Holding Capacitor is Disconnected from Analog Input (typically 100 ns)

ADRES register is loaded,
GO/DONE bit is cleared,
ADIF bit is set,

Holding capacitor is connected to analog input
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9.1.5 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.

9.2.3 TERMINATING A CONVERSION

If a conversion must be terminated before completion,
the GO/DONE bit can be cleared in software. The
ADRES register will be updated with the partially com-
plete Analog-to-Digital conversion sample. Incomplete
bits will match the last bit converted.

Note 1: The ADIF bit is set at the completion of
every conversion, regardless of whether
or not the ADC interrupt is enabled.

2: The ADC operates during Sleep only

Note: A device Reset forces all registers to their
Reset state. Thus, the ADC module is
turned off and any pending conversion is
terminated.

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 INT-
CON register are enabled, execution will switch to the
Interrupt Service Routine.

Please refer to Section 9.1.5 “Interrupts” for more
information.

9.2 ADC Operation

9.2.1 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 9.2.6 “A/D Conversion

Procedure”.

9.2.2 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 ADRES register with new conversion
result

9.24 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.

9.2.5 SPECIAL EVENT TRIGGER

The Special Event Trigger of the CCP module allows
periodic ADC measurements without software inter-
vention. When this trigger occurs, the GO/DONE bhit is
set by hardware and the Timerl 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 15.0 “Capture/Compare/PWM
(CCP) Module” for more information.
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9.2.6 A/D CONVERSION PROCEDURE EXAMPLE 9-1: A/D CONVERSION
This is an example procedure for using the ADC to : This code bl ock configures the ADC
perform an Analog-to-Digital conversion: ;for polling, vdd reference, Frc clock

1. Configure Port: fand ANO i nput .

» Disable pin output driver (Refer to the TRIS : Conversion start & polling for conpletion

register) ; are included.
» Configure pin as analog (Refer to the ANSEL ;
register) ll\g/gyf\?VEL g 01110000 ;ADC F | ock
. ’ " rc clock,
2. Configure the ADC module: “ VoD 1 ef er ence
» Select ADC conversion clock MOVWE ADCONL :
« Configure voltage reference BANKSEL TRI SA ;
R . BSF TRI SA, 0 ; Set RAO to input
Select ADC input channel BANKSEL ANSELA ;
* Turn on ADC module BSF ANSELA, 0 ; Set RAO to anal og
3. Configure ADC interrupt (optional): BANKSEL ADCONO ;
» Clear ADC interrupt flag MMLW B”00000001" ; ANO, Cn
. MOVWF ADCONO ;
* Enable ADC interrupt CALL Sanpl eTi ne ; Acqui siton del ay
» Enable peripheral interrupt BSF ADCONO, GO ; Start conversion
« Enable global interrupt(l) BTFSC ADCONO, GO ;| s conversion done?
. . s L (2) GOTO $-1 ;No, test again
4. Wait the required acquisition time'</. BANKSEL ADRES :
5. Start conversion by setting the GO/DONE bit. MOVE ADRES, W : Read result
6. Wait for ADC conversion to complete by one of MOV RESULT ;store in GPR space
the following:

* Polling the GO/DONE bit
» Waiting for the ADC interrupt (interrupts
enabled)
7. Read ADC Result.
8. Clear the ADC interrupt flag (required if interrupt
is enabled).

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 9.3 “A/D Acquisition
Requirements”.
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9.2.7 ADC REGISTER DEFINITIONS

The following registers are used to control the
operation of the ADC.

REGISTER 9-1: ADCONO: A/D CONTROL REGISTER O

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — CHS3 CHS2 CHS1 CHSO GO/DONE ADON
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5-2 CHS<3:0>: Analog Channel Select bits
0000 = ANO
0001 = AN1
0010 = AN2
0011 = ANS3
0100 = AN4
0101 = AN5
0110 = ANG6
0111 = AN7
1000 = ANS8
1001 = AN9
1010 = AN10
1011 = AN11
1100 = AN12
1101 = AN13

1110 = Reserved
1111 = Fixed Voltage Reference (FVREF)

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
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REGISTER 9-2: ADCON1: A/D CONTROL REGISTER 1

U-0 R/W-0 R/W-0 R/W-0 u-0 U-0 R/W-0 R/W-0
— ADCS?2 ADCS1 ADCS0 — — ADREF1 ADREFO0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
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 3-2 Unimplemented: Read as ‘0’
bit 1-0 ADREF<1:0>: Voltage Reference Configuration bits

Ox = VREF is connected to VDD
10 = VREF is connected to external VREF (RA3/AN3)
11 = VREF is connected to internal Fixed Voltage Reference

REGISTER 9-3: ADRES: ADC RESULT REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
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’

-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared X = Bit is unknown
bit 7-0 ADRES<7:0>: ADC Result Register bits

8-bit conversion result.
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9.3 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 9-3. The source imped-
ance (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 9-3. The maximum recommended imped-
ance for analog sources is 10 kQ. As the source

EQUATION 9-1:

ACQUISITION TIME EXAMPLE

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 mini-
mum acquisition time, Equation 9-1 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.

= TAmpP + TC + TCOFF

1

n+1

VAPPLIED(] B —
(2 )—1

-Tc
VAPPL]ED(I —eRCj = VcHoLD

—Ic
RC

VAPPLIED(] —e VAPPLIED(] -

Note: Where n = number of bits of the ADC.

Solving for TC:

= 1.12us
Therefore:

T4CQO

4.42Ms

Assumptions: Temperature = 50°C and external impedance of 10k(2 5.0V VDD

TAcQo = Amplifier Settling Time + Hold Capacitor Charging Time + Temperature Coefficient
= 2us + TC + [(Temperature - 25°C)(0.05us/°C)]

The value for TC can be approximated with the following equations:

) = VcHoLD

(2

Tc = —CuoLp(RIC + RSS + RS) In(1/511)
= —1OpF(1kQ+ 7kQ+ 10k€2) In(0.001957)

2ms + 1.12m8 + [(50°C- 25°C)(0.05M5/°C)]

;[1] VCHOLD charged to within 1/2 Isb

;[2] VCHOLD charge response to VAPPLIED

) ;combining [1] and [2]
)—1

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 9-3: ANALOG INPUT MODEL
Voo Sampling
e % VT ~ 0.6V _ Switch ~
Rs I ANX Rﬁ@lk -S>? Rss

VSS/VREF-

. CPIN _L (1) l -
@ " 5pF T VT = o.sv()' LEAKAGE l CHoLD =10 pF

e

Legend: CHoLD = Sample/Hold Capacitance
CPIN = Input Capacitance

| LEAKAGE = Leakage current at the pin due to
various junctions

_ : 567891011
RiC = Inter.connect Resstaru:e . Sampling Switch
Rss = Resistance of Sampling Switch (kQ)
SS = Sampling Switch
VT = Threshold Voltage

Note 1: Refer to Section 23.0 “Electrical Specifications”.

FIGURE 9-4: ADC TRANSFER FUNCTION

Full-Scale Range

04h -
03h -
02h -
01h -
00h

44 ‘<— 1 LSB ideal T
Vss Zero-Scale VREF

Transition

FFh L

FEh

FDh
%; FCh «— 1LSB ideal
(@) FBh
5
=S A
3 . ____ Full-Scale
(6] Transition
a
<

> Analog Input Voltage
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TABLE 9-2: SUMMARY OF ASSOCIATED ADC REGISTERS

. . . . . . . . Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other

Resets
ADCONO — — CHS3 CHS2 CHS1 CHSO GO/DONE ADON --00 0000 --00 0000
ADCON1 — ADCS2 ADCS1 ADCSO0 — — ADREF1 ADREFO -000 --00 -000 --00
ANSELA — — ANSAS5 ANSA4 ANSA3 ANSA2 ANSA1 ANSAO0 --11 1111 --11 1111
ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO --11 1111 --11 1111
ANSELE — — — — — ANSE2 ANSE1 ANSEO ---- -111 ---- -111
ADRES A/D Result Register Byte XXXX XXXX uuuu uuuu
CCP2CON — — DC2B1 DC2B0O CCP2M3 | CCP2M2 CCP2M1 CCP2MO --00 0000 --00 0000
FVRCON FVRRDY FVREN — — — — ADFVR1 ADFVRO gqo-- --00 qo-- --00
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 0000 000x
PIE1 TMRI1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMRI1IE 0000 0000 0000 0000
PIR1 TMRI1GIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000
TRISA TRISA7 TRISA6 TRISAS TRISA4 TRISA3 TRISA2 TRISAL TRISAO 1111 1111 1111 1111
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 1111 1111 1111 1111
TRISE — — — — TRISE3 TRISE2 TRISE1 TRISEO ---- 1111 ---- 1111
Legend: x = unknown, u = unchanged, —= unimplemented read as ‘0’, q = value depends on condition. Shaded cells are not used for ADC

module.
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10.0 FIXED VOLTAGE REFERENCE

This device contains an internal voltage regulator. To
provide a reference for the regulator, a band gap refer-
ence is provided. This band gap is also user accessible
via an A/D converter channel.

User level band gap functions are controlled by the
FVRCON register, which is shown in Register 10-1.

REGISTER 10-1: FVRCON: FIXED VOLTAGE REFERENCE REGISTER

R-q R/W-0 uU-0 uU-0 uU-0 uU-0 R/W-0 R/W-0
FVRRDY FVREN — — — — ADFVR1 ADFVRO
bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown

g = Value depends on condition

bit 7 FVRRDY®): Fixed Voltage Reference Ready Flag bit
0 = Fixed Voltage Reference output is not active or stable
1 = Fixed Voltage Reference output is ready for use

bit 6 FVREN®): Fixed Voltage Reference Enable bit

0 = Fixed Voltage Reference is disabled
1 = Fixed Voltage Reference is enabled

bit 5-2 Unimplemented: Read as ‘0’
bit 1-0 ADFVR<1:0>: A/D Converter Fixed Voltage Reference Selection bits

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’ for the PIC16F72X devices.
2: Fixed Voltage Reference output cannot exceed VDD.

© 2009 Microchip Technology Inc. DS41341E-page 109



PIC16F72X/PIC16LF72X

NOTES:

DS41341E-page 110 © 2009 Microchip Technology Inc.



PIC16F72X/PIC16LF72X

11.0 TIMERO MODULE

The Timer0 module is an 8-bit timer/counter with the
following features:

 8-hit timer/counter register (TMRO)

 8-bit prescaler (shared with Watchdog Timer)

» Programmable internal or external clock source

* Programmable external clock edge selection

* Interrupt on overflow

* TMRO can be used to gate Timerl

Figure 11-1 is a block diagram of the TimerO module.

11.1

The TimerO module can be used as either an 8-bit timer
or an 8-bit counter.

Timer0 Operation

1111 8-BIT TIMER MODE

The TimerO0 module will increment every instruction
cycle, if used without a prescaler. 8-Bit Timer mode is
selected by clearing the TOCS 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.

11.1.2 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 (CPSOSC)
signal.

8-Bit Counter Mode using the TOCKI pin is selected by
setting the TOCS 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 (CPSOSC) signal is selected by setting the
TOCS bit in the OPTION register to ‘1’ and setting the
TOXCS bit in the CPSCONQO register to ‘1’

The rising or falling transition of the incrementing edge
for either input source is determined by the TOSE bit in
the OPTION register.

FIGURE 11-1: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER
Fosc/a
Data Bus
TOXCS 0
8
TOCKI ° 1
0 Sync _
g li 1 2 Tey o TMRO
0 .
Cap. Sensing | | >on Overfiow
Oscillator TOSE Tocs 8-bit
Prescaler PSA Overflow to Timerl
T1GSS =11
TMR1GE
PSA
OO
WDTE 8
Low-Power .
WDT OSC PS<20> L1
WDT
Divide by o Time-out
512
PSA
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11.1.3 SOFTWARE PROGRAMMABLE
PRESCALER

A single software programmable prescaler is available
for use with either TimerO or the Watchdog Timer
(WDT), but not both simultaneously. The prescaler
assignment is controlled by the PSA bit of the OPTION
register. To assign the prescaler to Timer0, the PSA bit
must be cleared to a ‘0’.

There are 8 prescaler options for the TimerO0 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 TimerO
module, the prescaler must be assigned to the WDT
module.

The prescaler is not readable or writable. When
assigned to the Timer0 module, all instructions writing to
the TMRO register will clear the prescaler.

Note:  When the prescaler is assigned to WDT, a
CLRWDT instruction will clear the prescaler
along with the WDT.

11.1.4 TIMERO INTERRUPT

Timer0 will generate an interrupt when the TMRO
register overflows from FFh to 00h. The TOIF interrupt
flag bit of the INTCON register is set every time the
TMRO register overflows, regardless of whether or not
the TimerO interrupt is enabled. The TOIF bit can only
be cleared in software. The TimerO interrupt enable is
the TOIE bit of the INTCON register.

Note:  The TimerQ interrupt cannot wake the
processor from Sleep since the timer is
frozen during Sleep.

11.1.5 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 23.0 “Electrical
Specifications”.
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REGISTER 11-1:

OPTION_REG: OPTION REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
RBPU INTEDG TOCS TOSE PSA PS2 PS1 PSO
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

X = Bit is unknown

bit 7 RBPU: PORTB Pull-up Enable bit
1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values
bit 6 INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of INT pin
0 = Interrupt on falling edge of INT pin
bit 5 TOCS: TMRO Clock Source Select bit
1 = Transition on TOCKI pin or CPSOSC signal
0 = Internal instruction cycle clock (Fosc/4)
bit 4 TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on 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 PS<2:0>: Prescaler Rate Select bits
BIT VALUE TMRORATE  WDT RATE
000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128
TABLE 11-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMERO
value on Value on
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
CPSCONO CPSON = = — CPSRNG1 | CPSRNGO | CPSOUT | TOXCS | 0--- 0000 0--- 0000
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 0000 000x
OPTION_REG RBPU | INTEDG | TOCS TOSE PSA PS2 PS1 PSO 1111 1111 1111 1111
TMRO Timer0 Module Register XXXX XXXX uuuu uuuu
TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISAL | TRISAO | 1111 1111 1111 1111
Legend: — = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown. Shaded cells are not used by the Timer0 module.
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12.0 TIMER1 MODULE WITH GATE

CONTROL

The Timerl 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

» Synchronous or asynchronous operation
* Multiple Timerl gate (count enable) sources

* Interrupt on overflow

* Wake-up on overflow (external clock,

Asynchronous mode only)
« Time base for the Capture/Co

mpare function

 Special Event Trigger (with CCP)

Selectable Gate Source Polarity
Gate Toggle Mode

Gate Single-pulse Mode

Gate Value Status

Gate Event Interrupt

Figure 12-1 is a block diagram of the Timerl module.

FIGURE 12-1: TIMER1 BLOCK DIAGRAM
T1GSS<1:0>
116 {200 T1GSPM
From Timer0 01 T1G IN 0
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Fr&mtTri]rrlge'{% 10 Single Pulse 1 RD
ate | Acq. Control Q1— EN T1GCON
From WDT 11
Overflow T1GGO/DONE Interrupt | Set
TMR1ON " det TMR1GIF
T1GPOL T1GTM
TMR1GE
Set flag bit
TMRL1IF on

Overflow L

T10SO/T1CKI Xl_
T10SI &—

T10SCEN

T1CKI @

Note 1:

2
TMR1 EN
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TMR1CS<1:0>
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ST Buffer is high speed type when using T1CKI.
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TICLK 0 clock input
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12.1 Timerl Operation

The Timerl module is a 16-bit incrementing counter
which is accessed through the TMR1H: TMRLL 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.

Timerl is enabled by configuring the TMR1ON and
TMR1GE bits in the TLCON and T1GCON registers,
respectively. Table 12-1 displays the Timerl enable
selections.

12.2 Clock Source Selection

The TMR1CS<1:0> and T10OSCEN bits of the TICON
register are used to select the clock source for Timerl.
Table 12-2 displays the clock source selections.

12.2.1 INTERNAL CLOCK SOURCE

When the internal clock source is selected the
TMR1H:TMRLL register pair will increment on multiples
of Fosc as determined by the Timerl prescaler.

12.2.2 EXTERNAL CLOCK SOURCE

When the external clock source is selected, the Timerl
module may work as a timer or a counter.

When enabled to count, Timerl is incremented on the
rising edge of the external clock input T1CKI or the
capacitive sensing oscillator signal. Either of these

TABLE 12-1: TIMER1 ENABLE -
external clock sources can be synchronized to the
SELECTIONS .
microcontroller system clock or they can run
TMR1ON TMRIGE OTlmetr_l asynchronously.
peration When used as a timer with a clock oscillator, an
0 0 Off external 32.768 kHz crystal can be used in conjunction
with the dedicated internal oscillator circuit.
0 1 Off
1 0 Always On Note: In Counter mode, a falling edge must be
1 1 Count Enabled registered by the counter prior to the first
incrementing rising edge after any one or
more of the following conditions:
e Timerl enabled after POR reset
¢ Write to TMR1H or TMR1L
e Timerl is disabled
¢ Timerl is disabled (TMR1ON = 0)
when T1CKIl is high then Timer1 is
enabled (TMR1ON=1) when T1CKl is
low.
TABLE 12-2: CLOCK SOURCE SELECTIONS
TMR1CS1 TMR1CSO T10SCEN Clock Source
0 1 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 Oscillator Circuit on TLOSI/T10SO Pins
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12.3 Timerl Prescaler

Timerl has four prescaler options allowing 1, 2, 4 or 8
divisions of the clock input. The TICKPS 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 TMRL1L.

12.4 Timerl 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
T1OSCEN bit of the TLCON register. The oscillator will
continue to run during Sleep.

Note:  The oscillator requires a start-up and
stabilization time before use. Thus,
T1OSCEN should be set and a suitable
delay observed prior to enabling Timer1.

12.5 Timerl Operation in
Asynchronous Counter Mode

If control bit TLSYNC of the TLCON 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 12.5.1 “Reading and Writing Timerl 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.

1251 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.
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12.6 Timerl Gate

Timerl can be configured to count freely or the count
can be enabled and disabled using Timerl Gate
circuitry. This is also referred to as Timerl Gate Count
Enable.

Timerl Gate can also be driven by multiple selectable
sources.

12.6.1 TIMER1 GATE COUNT ENABLE

The Timerl Gate is enabled by setting the TMR1GE bit
of the TLGCON register. The polarity of the Timerl
Gate is configured using the T1GPOL bit of the
T1GCON register.

When Timerl Gate (T1G) input is active, Timerl will
increment on the rising edge of the Timerl clock
source. When Timerl Gate input is inactive, no
incrementing will occur and Timerl will hold the current
count. See Figure 12-3 for timing details.

TABLE 12-3: TIMER1 GATE ENABLE

SELECTIONS
T1CLK | TAGPOL T1G Timerl Operation
T 0 0 Counts
0 0 1 Holds Count
0 1 0 Holds Count
0 1 1 Counts

12.6.2 TIMER1 GATE SOURCE
SELECTION

The Timerl Gate source can be selected from one of
four different sources. Source selection is controlled by
the T1GSS bits of the TLGCON register. The polarity
for each available source is also selectable. Polarity
selection is controlled by the T1GPOL bit of the
T1GCON register.

TABLE 12-4: TIMER1 GATE SOURCES

T1GSS Timerl Gate Source

00 Timerl Gate Pin

01 Overflow of TimerO
(TMRO increments from FFh to 00h)

10 Timer2 match PR2
(TMR2 increments to match PR2)

11 Count Enabled by WDT Overflow

(Watchdog Time-out interval expired)

12.6.2.1 T1G Pin Gate Operation

The T1G pin is one source for Timerl Gate Control. It
can be used to supply an external source to the Timerl
Gate circuitry.

12.6.2.2 Timer0 Overflow Gate Operation

When TimerO increments from FFh to 00h, a
low-to-high pulse will automatically be generated and
internally supplied to the Timerl Gate circuitry.

12.6.2.3  Timer2 Match Gate Operation

The TMR2 register will increment until it matches the
value in the PR2 register. On the very next increment
cycle, TMR2 will be reset to 00h. When this Reset
occurs, a low-to-high pulse will automatically be
generated and internally supplied to the Timerl Gate
circuitry.

12.6.2.4  Watchdog Overflow Gate Operation

The Watchdog Timer oscillator, prescaler and counter
will be automatically turned on when TMR1GE = 1 and
T1GSS selects the WDT as a gate source for Timerl
(TIGSS = 11). TMR1ON does not factor into the oscil-
lator, prescaler and counter enable. See Table 12-5.

The PSA and PS bits of the OPTION register still
control what time-out interval is selected. Changing the
prescaler during operation may result in a spurious
capture.

Enabling the Watchdog Timer oscillator does not
automatically enable a Watchdog Reset or Wake-up
from Sleep upon counter overflow.

Note:  When using the WDT as a gate source for
Timerl, operations that clear the Watchdog
Timer (CLRWDT, SLEEP instructions) will
affect the time interval being measured for
capacitive sensing. This includes waking
from Sleep. All other interrupts that might
wake the device from Sleep should be
disabled to prevent them from disturbing
the measurement period.

As the gate signal coming from the WDT counter will
generate different pulse widths depending on if the
WDT is enabled, when the CLRWDT instruction is
executed, and so on, Toggle mode must be used. A
specific sequence is required to put the device into the
correct state to capture the next WDT counter interval.
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TABLE 12-5: WDT/TIMER1 GATE INTERACTION

WDTE Bt WOT Osellator | woT Reset | wakeup | WD Avaliable for
T1GSS = 11
1 N v v v N
1 v v v v v
0 v v N N v
0 N N N N N

12.6.3 TIMER1 GATE TOGGLE MODE

When Timerl Gate Toggle mode is enabled, it is pos-
sible to measure the full-cycle length of a Timerl gate
signal, as opposed to the duration of a single level
pulse.

The Timerl Gate source is routed through a flip-flop
that changes state on every incrementing edge of the
signal. See Figure 12-4 for timing details.

Timerl Gate Toggle mode is enabled by setting the
T1GTM bit of the TIGCON register. When the TLGTM
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.

12.6.4 TIMER1 GATE SINGLE-PULSE
MODE

When Timerl Gate Single-Pulse mode is enabled, it is
possible to capture a single pulse gate event. Timerl
Gate Single-Pulse mode is first enabled by setting the
T1GSPM bit in the T1GCON register. Next, the
T1GGO/DONE bit in the TLGCON register must be set.
The Timerl will be fully enabled on the next
incrementing edge. On the next trailing edge of the
pulse, the TIGGO/DONE bit will automatically be
cleared. No other gate events will be allowed to
increment Timerl until the TLGGO/DONE bit is once
again set in software.

Clearing the TLGSPM bit of the TLGCON register will
also clear the TLGGO/DONE bit. See Figure 12-5 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 Timerl
Gate source to be measured. See Figure 12-6 for
timing details.

12.6.5 TIMER1 GATE VALUE STATUS

When Timerl Gate Value Status is utilized, it is possi-
ble to read the most current level of the gate control
value. The value is stored in the TIGVAL bit in the
T1GCON register. The TIGVAL bit is valid even when
the Timerl Gate is not enabled (TMR1GE bit is
cleared).

12.6.6 TIMER1 GATE EVENT INTERRUPT

When Timerl 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 TLIGVAL 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 Timerl
Gate is not enabled (TMR1GE bit is cleared).
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12.7 Timerl Interrupt

The Timer1 register pair (TMR1H:TMR1L) increments
to FFFFh and rolls over to 0000h. When Timerl rolls
over, the Timerl interrupt flag bit of the PIR1 register is
set. To enable the interrupt on rollover, you must set
these bits:

 TMR1ON bit of the TLCON register

« TMRL1IE bit of the PIEL1 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:TMRLL register pair and the
TMRL1IF bit should be cleared before

enabling interrupts.

12.8 Timerl Operation During Sleep

Timerl 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 TLCON register must be set

* TMRI1IE bit of the PIEL1 register must be set

* PEIE bit of the INTCON register must be set

e T1SYNC bit of the TLCON register must be set

* TMRI1CS bits of the TLCON register must be
configured

e T1OSCEN bit of the TLCON register must be
configured

* TMR1GIE bit of the TLGCON 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).

FIGURE 12-2:

TIMER1 INCREMENTING EDGE

12.9 CCP Capture/Compare Time Base

The CCP module uses the TMR1H:TMRI1L 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:CCPRIL register pair matches the value in
the TMR1H:TMRI1L register pair. This event can be a
Special Event Trigger.

For more information, see Section 15.0
“Capture/Compare/PWM (CCP) Module”.

12.10 CCP Special Event Trigger

When the CCP is configured to trigger a special event,
the trigger will clear the TMR1H:TMRLL register pair.
This special event does not cause a Timerl 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 Timerl.

Timerl should be synchronized to the Fosc/4 to utilize
the Special Event Trigger. Asynchronous operation of
Timerl can cause a Special Event Trigger to be
missed.

In the event that a write to TMR1H or TMRLL coincides
with a Special Event Trigger from the CCP, the write will
take precedence.

For more information, see Section 9.2.5 “Special
Event Trigger”.

TICKI=1
when TMR1

Enabled *

T1CKI= 0

when TMR1
Enabled A

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 12-3: TIMER1 GATE COUNT ENABLE MODE
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FIGURE 12-5: TIMER1 GATE SINGLE-PULSE MODE
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FIGURE 12-6: TIMER1 GATE SINGLE-PULSE AND TOGGLE COMBINED MODE

TMR1GE
T1GPOL
T1GSPM

T1GTM

T1GGO/ \4— Set by software

DONE

Cleared by hardware on
‘ falling edge of TLGVAL

Counting enabled on
rising edge of T1G

2 e I B e e e o B B B

T1GVAL | |

TIMER1 N N+1><N+2><N+3><N+4I

Set by hardware on Cleared by
TMRlGlF“‘* Cleared by software falling edge of TLGVAL mware

© 2009 Microchip Technology Inc. DS41341E-page 123



PIC16F72X/PIC16LF72X

12.11 Timerl Control Register

The Timerl Control register (T1CON), shown in
Register 12-1, is used to control Timerl and select the
various features of the Timerl module.

REGISTER 12-1: T1CON: TIMER1 CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0
TMR1CS1 TMR1CSO T1CKPS1 T1CKPSO T10SCEN T1SYNC — TMR1ON
bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-6 TMR1CS<1:0>: Timerl Clock Source Select bits

11 =Timerl clock source is Capacitive Sensing Oscillator (CAPOSC)
10 =Timer1 clock source is pin or oscillator:

If TLIOSCEN = o:
External clock from T1CKI pin (on the rising edge)
If TIOSCEN = 1:

Crystal oscillator on T1OSI/T10SO pins
01 =Timerl clock source is system clock (Fosc)
00 =Timerl clock source is instruction clock (Fosc/4)
bit 5-4 T1CKPS<1:0>: Timerl 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
bit 3 T1OSCEN: LP Oscillator Enable Control bit
1 = Dedicated Timerl oscillator circuit enabled
0 = Dedicated Timerl oscillator circuit disabled
bit 2 T1SYNC: Timerl External Clock Input Synchronization Control bit
TMRI1CS<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. Timerl uses the internal clock when TMR1CS<1:0> = 1X.
bit 1 Unimplemented: Read as ‘0’
bit 0 TMR1ON: Timerl On bit

1 = Enables Timerl
0 = Stops Timerl
Clears Timerl Gate flip-flop
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12.12 Timerl Gate Control Register

The Timerl Gate Control register (TLGCON), shown in
Register 12-2, is used to control Timerl Gate.

REGISTER 12-2: T1GCON: TIMER1 GATE CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-x R/W-0 R/W-0
TMR1GE T1GPOL TI1IGTM T1GSPM T1GGO/ T1GVAL T1GSS1 T1GSS0
DONE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 TMR1GE: Timerl Gate Enable bit
If TMR1ON = 0:
This bit is ignored
IfTMRION =1:

1 = Timerl counting is controlled by the Timerl gate function
0 = Timerl counts regardless of Timerl gate function
bit 6 T1GPOL: Timerl Gate Polarity bit
1 = Timerl gate is active-high (Timerl counts when gate is high)
0 = Timerl gate is active-low (Timerl counts when gate is low)
bit 5 T1GTM: Timerl Gate Toggle Mode bit
1 = Timerl Gate Toggle mode is enabled.
0 = Timerl Gate Toggle mode is disabled and toggle flip flop is cleared
Timerl gate flip flop toggles on every rising edge.
bit 4 T1GSPM: Timerl Gate Single Pulse Mode bit
1 = Timerl gate Single-Pulse mode is enabled and is controlling Timerl gate
0 = Timerl gate Single-Pulse mode is disabled
bit 3 T1GGO/DONE: Timerl Gate Single-Pulse Acquisition Status bit
1 = Timerl gate single-pulse acquisition is ready, waiting for an edge
0 = Timerl gate single-pulse acquisition has completed or has not been started
This bit is automatically cleared when TLGSPM is cleared.
bit 2 T1GVAL: Timerl Gate Current State bit
Indicates the current state of the Timerl gate that could be provided to TMR1H: TMR1L.
Unaffected by Timerl Gate Enable (TMR1GE).
bit 1-0 T1GSS<1:0>: Timerl Gate Source Select bits
00 = Timerl Gate pin
01 = Timer0 Overflow output
10 = TMR2 Match PR2 output
11 = Watchdog Timer scaler overflow
Watchdog Timer oscillator is turned on if TMR1GE = 1, regardless of the state of TMR1ON
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TABLE 12-6: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER1

. . . . . . . . Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other

Resets
ANSELB — — ANSB5 ANSB4 ANSB3 ANSB2 ANSB1 ANSBO --11 1111 --11 1111
CCP1CON — — DC1B1 DC1BO CCP1M3 | CCP1M2 CCP1M1 CCP1MO --00 0000 --00 0000
CCP2CON — — DC2B1 DC2B0 CCP2M3 | CCP2M2 CCP2M1 CCP2MO --00 0000 --00 0000
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 0000 000x
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMRL1IE 0000 0000 0000 0000
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX XXXX XXXX
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX uuuu uuuu
TMRI1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX uuuu uuuu
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 1111 1111 1111 1111
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 1111 1111 1111 1111
T1CON TMR1CS1 | TMR1CSO | TICKPS1 | TICKPSO | TLOSCEN | T1SYNC — TMRION | 0000 00-0 | yuuu uu-u
T1GCON TMR1GE | T1GPOL T1GTM T1GSPM | T1GGO/ | T1GVAL T1GSS1 T1GSS0 0000 0x00 uuuu uxuu

DONE
Legend: x = unknown, u = unchanged, —= unimplemented, read as ‘0’. Shaded cells are not used by the Timerl module.
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13.0 TIMERZ MODULE

The Timer2 module is an 8-bit timer with the following
features:

 8-hit timer register (TMR2)

 8-bit period register (PR2)

¢ Interrupt on TMR2 match with PR2

» Software programmable prescaler (1:1, 1:4, 1:16)

» Software programmable postscaler (1:1 to 1:16)

See Figure 13-1 for a block diagram of Timer2.

13.1 Timer2 Operation

The clock input to the Timer2 module is the system
instruction clock (Fosc/4). The clock is fed into the
Timer2 prescaler, which has prescale options of 1:1,
1:4 or 1:16. The output of the prescaler is then used to
increment the TMR2 register.

The TMR2 and PR2 registers are both fully readable
and writable. On any Reset, the TMR2 register is set to
00h and the PR2 register is set to FFh.

Timer2 is turned on by setting the TMR20ON bit in the
T2CON registerto a ‘1’. Timer2 is turned off by clearing
the TMR20ON bit to a ‘0".

The Timer2 prescaler is controlled by the T2CKPS bits
in the T2CON register. The Timer2 postscaler is
controlled by the TOUTPS bits in the T2CON register.
The prescaler and postscaler counters are cleared
when:

* A write to TMR2 occurs.
* A write to T2CON occurs.

» Any device Reset occurs (Power-on Reset, MCLR
Reset, Watchdog Timer Reset, or Brown-out
Reset).

Note: TMR2 is not cleared when T2CON is

written.
The values of TMR2 and PR2 are constantly compared
to determine when they match. TMR2 will increment
from 00h until it matches the value in PR2. When a
match occurs, two things happen:
* TMR2 is reset to 00h on the next increment cycle.
» The Timer2 postscaler is incremented.
The match output of the Timer2/PR2 comparator is
then fed into the Timer2 postscaler. The postscaler has
postscale options of 1:1 to 1:16 inclusive. The output of
the Timer2 postscaler is used to set the TMR2IF
interrupt flag bit in the PIR1 register.
FIGURE 13-1: TIMER2 BLOCK DIAGRAM
Sets Flag
TMR2 bit TMR2IF
Output
A
Fosc/a Prescaler
0S¢ ™11, 1:4, 1:16
$ 2 Postscaler
1:1to 1:16
T2CKPS<1:0>
4
TOUTPS<3:0>
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REGISTER 13-1: T2CON: TIMER2 CONTROL REGISTER

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— TOUTPS3 TOUTPS2 TOUTPS1 TOUTPSO TMR20ON T2CKPS1 T2CKPSO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6-3 TOUTPS<3:0>: Timer2 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 TMR2ON: Timer2 On bit

1= Timer2is on
0 = Timer2 is off

bit 1-0 T2CKPS<1:0>: Timer2 Clock Prescale Select bits

00 =Prescaleris 1
01 = Prescaler is 4
1x =Prescaleris 16

TABLE 13-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER2

i ; : . ) ) . ) Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other

Resets
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 0000 000x
PIE1 TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMRI1IE 0000 0000 0000 0000
PIR1 TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF | 0000 0000 | 0000 0000
PR2 Timer2 Module Period Register 1111 1111 1111 1111
TMR2 Holding Register for the 8-bit TMR2 Register 0000 0000 | 0000 0000
T2CON — TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPSO | -000 0000 | -000 0000

Legend: x = unknown, u = unchanged, - = unimplemented read as ‘0’. Shaded cells are not used for Timer2 module.
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14.0 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 14-1: CAPACITIVE SENSING BLOCK DIAGRAM
Timer0O Module
Set
Tocs
TOXCS TOIF
Fosc/4
TOCKI 0 Overflow |
1
— CPSCH<3:0>?
( CPSON®
CPS0 [X—
cPs1 [X—
CcPS2 [X—
CPS3 [X— Timer1 Module
CPs4 [X— CPSON T1CS<1:0>
CPS5 pJ—
Fosc —f
CPs6 [} Capacitive Fosc/a
i 0OSC, —
CPS7 Bd— Seneng | cpscik .
cpsa® — scillator y TMRIHTMRIL
o X T10SC/_| i
cPs9 — CPSOSC CPSOUT T1CKI
cPs10W p— L
cps11® pG— CPSRNG<1:0> T1GSEL<1:0>
cps12® p— T1G [XH
cps13®) XI— Timerl Gate
cps14® X Control Logic
cps15® [K—

Watchdog Timer Module WDT

Event
LP WDT wDT | Overflow

osc Scaler

PS<2:0> J

Note 1: Channels CPS<15:8> are implemented on PIC16F724/727/PIC16LF724/727 only.
2: CPSCH3is not implemented on PIC16F722/723/726/PIC16LF722/723/726.
3: If CPSON = 0, disabling capacitive sensing, no channel is selected.

Timer2 Module

Over