MICROCHIP

PIC16F/X

28/40-Pin 8-Bit CMOSFLASH Microcontrollers

Devices Included in this Data Sheet:

* PIC16F73 * PIC16F76
* PIC16F74 * PIC16F77

Microcontroller Core Features:

* High-performance RISC CPU
« Only 35 single word instructions to learn

« All single cycle instructions except for program
branches which are two cycle

* Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

e Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)

« Pinout compatible to the PIC16C73B/74B/76/77

* Pinout compatible to the PIC16F873/874/876/877
« Interrupt capability (up to 12 sources)

« Eight level deep hardware stack

« Direct, Indirect and Relative Addressing modes

* Power-on Reset (POR)

* Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)

« Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

* Programmable code protection
* Power saving SLEEP mode
» Selectable oscillator options
* Low power, high speed CMOS FLASH technology
* Fully static design
¢ In-Circuit Serial Programming™ (ICSP) via two
pins
» Processor read access to program memory
« Wide operating voltage range: 2.0V to 5.5V
* High Sink/Source Current: 25 mA
* Industrial temperature range
* Low power consumption:
- <2 mAtypical @ 5V, 4 MHz
- 20 pA typical @ 3V, 32 kHz
- <1 pA typical standby current

Pin Diagram

PDIP

U 40 [] =— RB7

39 [] <——> RB6

38 [1] <—> RB5

37 [ =—> RB4

36 [ | <— RB3

35 [ ] «— RB2

34 [] <— RB1

33 [] =— RBO/INT
32 [] =— Vvop

31 [] -——Vss

30 [ ] <—> RD7/PSP7
29 [] <—> RD6/PSP6
28 [] <—> RD5/PSP5

MCLR/VPP — [
RAO/ANO <«— []
RAL/AN1 <— []
RA2/AN2 <«—» []

RA3/AN3/VREF <— []
RA4/TOCKI <—» []
RAS5/AN4/SS <— [
REO/RD/AN5 <— [
RE1/WR/AN6 <— []
RE2/CS/AN7 <— []
VDD — [ 11
Vss — » []12
OSC1/CLKIN — [] 13

B © 0 N O 0 & WN PP

PIC16F77/74

OSC2/CLKOUT <—— [ 14 27 [] «<—> RD4/PSP4
RCO/T10SO/T1CKI <«— [] 15 26 [] <«— RC7/RX/DT
RC1/T10SI/CCP2 < [] 16 25 [[] <— RCB/TX/CK
RC2/CCP1 -—» [ 17 24 [[] «+— RC5/SDO
RC3/SCK/SCL <— [ 18 23 [[] <— RC4/SDI/SDA
RDO/PSP0 <+— [] 19 22 [] <— RD3/PSP3
RD1/PSP1 <-— [ 20 21 [] -—» RD2/PSP2

Peripheral Features:

TimerO: 8-bit timer/counter with 8-bit prescaler

Timerl: 16-bit timer/counter with prescaler,
can be incremented during SLEEP via external
crystal/clock

Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

Two Capture, Compare, PWM modules

- Capture is 16-bit, max. resolution is 12.5 ns

- Compare is 16-bit, max. resolution is 200 ns

- PWM max. resolution is 10-bit

8-bit multi-channel Analog-to-Digital converter
Synchronous Serial Port (SSP) with SPI™ (Master
mode) and 12C™ (Slave)

Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI)

Parallel Slave Port (PSP) 8-bits wide, with
external RD, WR and CS controls (40/44-pin only)
Brown-out detection circuitry for

Brown-out Reset (BOR)
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PIC16F/7X

Pin Diagrams

DIP, SOIC, SSOP

MCLRiVep— []°1 ~ 28| | =— RB7
RAO/ANO <[] 2 27[] =— RB6
RAUANL<—[] 3 26[ ] = RB5
RA2/AN2<— [ 4 25[] = RB4
RA3/AN3/VRer =[] 5 Q 24[ 1 = RB3
RA4/TocKI <[] 6 o) 23[] = RB2
RA5/AN4/SS <+ [] 7 T 22[] = RB1
vss—>=1[] 8 © 21[] <— RBO/INT
osclcLkIN—=[] 9 8 20[] =— Vop
osc2/cLKouT <—[]10 o 19[ ] <— Vss
RCO/T10SO/T1CKI<— [ 11 18[ ] =— RC7/RX/DT
RCL/T10SI/CCP2 <> 12 17[] =— RCBITX/CK
Rc2/ccP1=<—[]13 16[ ] =— RC5/SDO
RC3/SCK/SCL =—[]14 15[ ] =— RC4/SDI/SDA
PLCC
RA4/TOCK] <—»
RAS/AN4/SS «
REO/RD/ANS - »
REL/WR/ANG <—»
RE2/CS/AN7 = »
VoD
VSS
OSCL/CLKIN __,
OSC2/CLKOUT -
RCO/T1IOSO/TICK1 - »
NC
N
O
3 SERe
¥ [2) A
OolpRFexad
XOOQOnNunmnmnoog
Eonaaoaad ok
OUOTONAOMAN -
[ONONONaNaNaANANONONONS]
QFP FEFCERXEREZ
TONTHODNDOMNOLW S
O<l‘ TITTTOOOMONOM
RC7/RX/DT =—>[I01 33 NC
RD4/PSP4 —<—[IT] 2 32[IIJ<— RCO/T10SO/TLCKI
RD5/PSP5 <> [I0 3 31— OSC2/CLKOUT
RD6/PSP6 <> [T 4 30[J=—  OSCI/CLKIN
RD7/PSP7 <—=[I05 PIC16F77 29T <—  Vss
vss —=CIH6  p|C16F74 il e p—
Vvop —>= I 7 270 <— RE2/AN7/CS
RBO/INT <—>[II]8 26T <— RE1/AN6/WR
RB1 <TI0 9 251 <—= REO/ANS/RD
RB2 <—=[IT 10 24[TT<—> RA5/AN4/SS
RB3 <—=0CTO 11 23[TT1=—= RA4/TOCKI
ANMNMTINHDOMNOOOOO AN
T A A A A NNN
003 BBBaS=2
szmmm2<<<“
3332
3319
oo 5
2 3
<
24

NC
NC

6 [J<*— RA3/AN3/VREF

5[]<—= RA2/AN2
4[]=<— RA1/AN1
3 [J<—= RAO/ANO
2 [J<— MCLR/VpPP

o 11
44 []<— RB7
43[]=— RB6
42 [J<—> RB5
41[J]=— RB4
4000

PIC16F77
PIC16F74

PR RE o0~
S

P
oA wW

28

RC1/T10SI/CCP2 <—[]18™
RC2/CCP1 =—=[]19
RC3/SCK/SCL <—=[20
RDO/PSPO <—=[]21
RD1/PSP1 <-—=[]22
RD2/PSP2 <-—=[]>3
RD3/PSP3 <-—»=[]24
RCA4/SDI/SDA <—=[]25
RC5/SDO <—[]26
RCB/TX/CK <—=[27
NC

RB3

RB2

RB1
RBO/INT
VDD

Vss
RD7/PSP7
RD6/PSP6
RD5/PSP5
RD4/PSP4
RC7/RX/IDT
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PIC16F/7X

Key Features

PICmicro™ Mid-Range Reference Manual PIC16F73 PIC16F74 PIC16F76 PIC16F77
(DS33023)

Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz

RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)

FLASH Program Memory 4K 4K 8K 8K

(14-bit words, 100 E/W cycles)

Data Memory (bytes) 192 192 368 368

Interrupts 11 12 11 12

I/O Ports Ports A,B,C Ports A,B,C,D,E Ports A,B,C Ports A,B,C,D,E

Timers 3 3 3 3

Capture/Compare/PWM Modules 2 2 2 2

Serial Communications SSP, USART SSP, USART SSP, USART SSP, USART

Parallel Communications — PSP — PSP

8-bit Analog-to-Digital Module

5 Input Channels

8 Input Channels

5 Input Channels

8 Input Channels

Instruction Set

35 Instructions

35 Instructions

35 Instructions

35 Instructions
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PIC16F/7X
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TO OUR VALUED CUSTOMERS

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

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department
via E-mail at docerrors@mail.microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 786-
7578. We welcome your feedback.

Most Current Data Sheet

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

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

Errata

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

To determine if an errata sheet exists for a particular device, please check with one of the following:

* Microchip’s Worldwide Web site; http://www.microchip.com
* Your local Microchip sales office (see last page)
* The Microchip Corporate Literature Center; U.S. FAX: (480) 786-7277

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

Customer Notification System

Register on our web site at www.microchip.com/cn to receive the most current information on all of our products.
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PIC16F/7X

1.0 DEVICE OVERVIEW

This document contains device specific information.
Additional information may be found in the PICmicro™
Mid-Range Reference Manual (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip web site. The
Reference Manual should be considered a comple-
mentary document to this data sheet, and is highly rec-
ommended reading for a better understanding of the
device architecture and operation of the peripheral
modules.

There are four devices (PIC16F73, PIC16F74,
PIC16F76 and PIC16F77) covered by this data sheet.
The PIC16F76/73 devices are available in 28-pin pack-
ages and the PIC16F77/74 devices are available in
40-pin packages. The 28-pin devices do not have a
Parallel Slave Port implemented.

The following two figures are device block diagrams
sorted by pin number; 28-pin for Figure 1-1 and 40-pin
for Figure 1-2. The 28-pin and 40-pin pinouts are listed
in Table 1-1 and Table 1-2, respectively.

FIGURE 1-1: PIC16F73 AND PIC16F76 BLOCK DIAGRAM
Device Program Data Memor
FLASH y
PIC16F73 4K 192 Bytes
PIC16F76 8K 368 Bytes
13 Data Bus 8 PORTA
<+-7~{ Program couner <
FLASH QL RAO/ANO
Program RA1/AN1
Memory RAM o — RA2/AN2/
8 Level Stack File 1 RA3/AN3/VREF
(13-bit) Registers RA4/TOCKI_
RAS5/AN4/SS
Program
Bus 14 PORTB
RBO/INT
Instruction reg RB1
RB2
H Direct Addr 7 RB3/PGM
RB4
RB5
RB6/PGC
E RB7/PGD
3 PORTC
RCO/T10SO/T1CKI
RC1/T10SI/CCP2
RC2/CCP1
POTV."e"UP RC3/SCK/SCL
imer RC4/SDI/SDA
Instruction Oscillator RC5/SDO
Decode & [K—>| | Start-up Timer ROGTX/CK
Control Power-on —=X| RC7/RX/DT
Reset
Timing Watchdog
Xl@ Generation 1 Timer
OSC1/CLKIN Brown-out
OSC2/CLKOUT Reset
MCLR VDD, Vss
Timer0 Timerl Timer2 8-bit A/D
Synchronous
ccP1.2 Serial Port USART
Note 1: Higher order bits are from the STATUS register.
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PIC16F

X

FIGURE 1-2: PIC16F74 AND PIC16F77 BLOCK DIAGRAM
Device Program Data Memor
FLASH y
PIC16F74 4K 192 Bytes
PIC16F77 8K 368 Bytes
13 Data Bus 8 PORTA
| Program couner}c
FLASH RAO/ANO
Program RA1/AN1
Memory RAM RA2/AN2
8 Level Stack File RA3/AN3/VREF
(13-bit) Redi RA4/TOCKI_
egisters RAS/AN4/SS
Program
14 PORTB
Bl RAM Addr (1) 47 9
us @ t RBO/INT
‘ Addr MUX RB1
14;\. / Addr MUX \
nstruction r‘e‘g ﬁ 1 e RB2
Direct Addr 7 nairec RB3/PGM
8 Addr RB4
FSR reg RB5
RB6/PGC
STATUS reg RB7/PGD
8 PORTC
RCO/T10SO/T1CKI
RC1/T10SI/CCP2
Power-up 3 RC2/CCP1
Timer RC3/SCK/SCL
Instruction Oscillator RC4/SDI/SDA
Decode & [Ki—>{ | Start-up Timer ALU RC5/SDO
Control = RC6/TX/CK
%Véesre—;)n 8 | RC7/RX/IDT
Timing Watchdog PORTD
XK= Generation [ Timer RDO/PSPO
OSC1/CLKIN Brown-out RD1/PSP1
0SC2/CLKOUT Reset RD2/PSP2
RD3/PSP3
RD4/PSP4
RD5/PSP5
RD6/PSP6
Parallel Slave Port RD7/PSP7
MCLR VDD, Vss
PORTE
IX] REO/ANS/RD
X REVANG/WR
X rRe2/AN7/CS
Timer0 Timerl Timer2 8-bit A/D

f

it

it

it

U

&

v

CCP1,2

Synchronous
Serial Port

USART

Note 1: Higher order bits are from the STATUS register.
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PIC16F/7X

TABLE 1-1: PIC16F73 AND PIC16F76 PINOUT DESCRIPTION
. pip | SSOP 1 o Buffer -
Pin Name . SolIC Description
Pin# ) Type Type
Pin#

OSC1/CLKIN 9 9 | sT/IcMOS® | Oscillator crystal input/external clock source input.

OSC2/CLKOUT 10 10 (0] — Oscillator crystal output. Connects to crystal or resonator in Crys-
tal Oscillator mode. In RC mode, the OSC2 pin outputs CLKOUT
which has 1/4 the frequency of OSC1, and denotes the instruction
cycle rate.

MCLR/VPP 1 1 [l ST Master clear (RESET) input or programming voltage input or High
Voltage Test mode control. This pin is an active low RESET to the
device.

PORTA is a bi-directional I/O port.

RAO/ANO 2 2 1/0 TTL RAO can also be analog inputO.

RA1/AN1 3 3 1/0 TTL RA1 can also be analog inputl.

RA2/AN2 4 4 1/0 TTL RAZ2 can also be analog input2.

RA3/AN3/VREF 5 5 I/0 TTL RAZ3 can also be analog input3 or analog reference voltage.

RA4/TOCKI 6 6 1/0 ST RA4 can also be the clock input to the Timer0 module. Output

is open drain type.

RAS5/SS/AN4 7 7 /0 TTL RAS5 can also be analog input4 or the slave select for the

synchronous serial port.
PORTB is a bi-directional I/O port. PORTB can be software
programmed for internal weak pull-up on all inputs.

RBO/INT 21 21 110 TTL/STW RBO can also be the external interrupt pin.

RB1 22 22 110 TTL

RB2 23 23 110 TTL

RB3 24 24 110 TTL

RB4 25 25 /10 TTL Interrupt-on-change pin.

RB5 26 26 1/0 TTL Interrupt-on-change pin.

RB6 27 27 110 TTL/ST® Interrupt-on-change pin or Serial programming clock.

RB7 28 28 I/0 TTL/ST®@ Interrupt-on-change pin or Serial programming data.
PORTC is a bi-directional 1/O port.

RCO/T10SO/T1CKI 11 11 1/0 ST RCO can also be the Timerl oscillator output or Timerl clock

input.

RC1/T10SI/CCP2 12 12 1/0 ST RC1 can also be the Timer1 oscillator input or Capture2 input/

Compare2 output/PWM2 output.

RC2/CCP1 13 13 1/0 ST RC2 can also be the Capturel input/Comparel output/PWM1

output.

RC3/SCK/SCL 14 14 1/0 ST RC3 can also be the synchronous serial clock input/output for

both SPI and 12C modes.
RC4/SDI/SDA 15 15 110 ST RC4 can also be the SPI Data In (SPI mode) or
Data I/O (I2C mode).

RC5/SDO 16 16 1/0 ST RC5 can also be the SPI Data Out (SPI mode).

RC6/TX/CK 17 17 /10 ST RC6 can also be the USART Asynchronous Transmit or
Synchronous Clock.

RC7/RXIDT 18 18 1/0 ST RC7 can also be the USART Asynchronous Receive or
Synchronous Data.

Vss 8,19 8,19 P — Ground reference for logic and /O pins.

VDD 20 20 P — Positive supply for logic and I/O pins.

Legend: | =input O = output 1/0 = input/output P = power

— = Not used TTL =TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.

2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

© 2000 Microchip Technology Inc.
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PIC16F/7X

TABLE 1-2: PIC16F74 AND PIC16F77 PINOUT DESCRIPTION

Pin Name DIP | PLCC | QFP |I/O/P Buffer Description
Pin# Pin# Pin# | Type Type P
OSC1/CLKIN 13 14 30 I sT/IcMOS®@ | Oscillator crystal input/external clock source input.
OSC2/CLKOUT 14 15 31 (0] — Oscillator crystal output. Connects to crystal or resonator in
Crystal Oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and denotes
the instruction cycle rate.
MCLR/VPP 1 2 18 [l ST Master clear (RESET) input or programming voltage input or
High Voltage Test mode control. This pin is an active low
RESET to the device.
PORTA is a bi-directional I/O port.
RAO/ANO 2 3 19 1/0 TTL RAOQ can also be analog input0.
RA1/AN1 3 4 20 1/0 TTL RAL can also be analog inputl.
RA2/AN2 4 5 21 110 TTL RA2 can also be analog input2.
RA3/AN3/VREF 5 6 22 1/0 TTL RA3 can also be analog input3 or analog reference
voltage.
RA4/TOCKI 6 7 23 1/0 ST RA4 can also be the clock input to the TimerO timer/
counter. Output is open drain type.
RA5/SS/AN4 7 8 24 110 TTL RAS5 can also be analog input4 or the slave select for the
synchronous serial port.
PORTB is a bi-directional I/0 port. PORTB can be software
programmed for internal weak pull-up on all inputs.
RBO/INT 33 36 8 /10 TTL/STD RBO can also be the external interrupt pin.
RB1 34 37 9 1/0 TTL
RB2 35 38 10 1/0 TTL
RB3 36 39 11 1/0 TTL
RB4 37 41 14 110 TTL Interrupt-on-change pin.
RB5 38 42 15 110 TTL Interrupt-on-change pin.
RB6 39 43 16 1/0 TTL/ST? Interrupt-on-change pin or Serial programming clock.
RB7 40 44 17 110 TTL/ST® Interrupt-on-change pin or Serial programming data.
PORTC is a bi-directional I/O port.
RCO/T10SO/T1CKI 15 16 32 /10 ST RCO can also be the Timerl oscillator output or a Timerl
clock input.
RC1/T10SI/CCP2 16 18 35 110 ST RC1 can also be the Timerl oscillator input or Capture2
input/Compare2 output/PWM2 output.
RC2/CCP1 17 19 36 110 ST RC2 can also be the Capturel input/Comparel output/
PWM1 output.
RC3/SCK/SCL 18 20 37 110 ST RC3 can also be the synchronous serial clock input/output
for both SPI and I°C modes.
RC4/SDI/SDA 23 25 42 1/0 ST RC4 can also be the SPI Data In (SPI mode) or
Data /O (12C mode).
RC5/SDO 24 26 43 110 ST RCS5 can also be the SPI Data Out (SPI mode).
RC6/TX/CK 25 27 44 110 ST RC6 can also be the USART Asynchronous Transmit or
Synchronous Clock.
RC7/RX/IDT 26 29 1 110 ST RC7 can also be the USART Asynchronous Receive or
Synchronous Data.
Legend: | =input O = output 1/0 = input/output P = power
— = Not used TTL =TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in the Parallel Slave
Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

DS30325A-page 8 AdvancelInformation © 2000 Microchip Technology Inc.



PIC16F/7X

TABLE 1-2: PIC16F74 AND PIC16F77 PINOUT DESCRIPTION (CONTINUED)

Pin Name DIP | PLCC | QFP |I/O/P Buffer Description
Pin# Pin# Pin# | Type Type P
PORTD is a bi-directional I/O port or parallel slave port when
interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 110 ST/TTL®
RD1/PSP1 20 22 39 110 sST/TTL®
RD2/PSP2 21 23 40 110 sT/TTL®
RD3/PSP3 22 24 41 110 sT/TTL®
RD4/PSP4 27 30 2 lfe} sT/TTL®
RD5/PSP5 28 31 3 110 sT/TTL®
RD6/PSP6 29 32 4 110 sT/TTL®
RD7/PSP7 30 33 5 110 ST/TTL®
PORTE is a bi-directional 1/0 port.
REO/RD/AN5 8 9 25 110 sT/TTL® REO can also be read control for the parallel slave port, or
analog input5.
RE1/WR/ANG 9 10 26 110 sST/TTL® RE1 can also be write control for the parallel slave port, or
analog input6.
RE2/CS/AN7 10 11 27 /10 sT/TTL® RE2 can also be select control for the parallel slave port,
or analog input7.
Vss 12,31 13,34 6,29 P — Ground reference for logic and 1/O pins.
VDD 11,32 12,35 7,28 P — Positive supply for logic and 1/O pins.
NC — 1,17,28, | 12,13, — These pins are not internally connected. These pins should be
40 33,34 left unconnected.
Legend: | =input O = output 1/0 = input/output P = power
— = Not used TTL =TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in the Parallel Slave
Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.
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NOTES:
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PIC16F/7X

2.0 MEMORY ORGANIZATION FIGURE 2-2:  PIC16F74/73 PROGRAM
MEMORY MAP AND STACK

There are two memory blocks in each of these
PICmicro® MCUs. The Program Memory and Data
Memory have separate buses so that concurrent
access can occur and is detailgd in this section. The CALL, RETURN | 13
Program Memory can be read internally by user code RETFIE, RETLW l

(see Section 4.0).

PC<12:0>

Additional information on device memory may be found Stack Level 1
in the PICmicro™ Mid-Range Reference Manual,
(DS33023).

Stack Level 2

2.1 Program Memory Organization

Stack Level 8

The PIC16F7X devices have a 13-bit program counter
capable of addressing an 8K x 14 program memory

space. The PIC16F77/76 devices have 8K x 14 words RESET Vector 0000h
of FLASH program memory and the PIC16F73/74
devices have 4K x 14. Accessing a location above the . K ———
physically implemented address will cause a wrap- ¢
around. Interrupt Vector 0004h
The RESET Vector is at 0000h and the Interrupt Vector 0005h
is at 0004h. On-Chip Page 0
07FFh
Program
FIGURE 2-1: PIC16F77/76 PROGRAM Memory 0800h
MEMORY MAP AND STACK Page 1
OFFFh
1000h
PC<12:0>
CALL, RETURN 13

RETFIE, RETLW

1FFFh
Stack Level 1
Stack Level 2
L]
L]
L]
Stack Level 8
Reset Vector 0000h
*
° <::
[ ]
Interrupt Vector 0004h
0005h
Page O
07FFh
0800h
) Page 1
On-Chip
OFFFh
Program
Memory 1000h
Page 2
17FFh
1800h
Page 3
1FFFh
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PIC16F/7X

2.2 Data Memory Organization

The Data Memory is partitioned into multiple banks,
which contain the General Purpose Registers and the
Special Function Registers. Bits RP1 (STATUS<6>)
and RPO (STATUS<5>) are the bank select bits.

RP1:RPO Bank
00 0
01 1
10 2
11 3

Each bank extends up to 7Fh (128 bytes). The lower
locations of each bank are reserved for the Special
Function Registers. Above the Special Function Regis-
ters are General Purpose Registers, implemented as
static RAM. All implemented banks contain Special
Function Registers. Some frequently used Special
Function Registers from one bank may be mirrored in
another bank for code reduction and quicker access.

221 GENERAL PURPOSE REGISTER FILE

The register file can be accessed either directly, or indi-
rectly, through the File Select Register FSR.

DS30325A-page 12 AdvancelInformation
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FIGURE 2-3:

PIC16F77/76 REGISTER FILE MAP

File
Address

Indirect addr.(*)| 00h
TMRO 01h
PCL 02h
STATUS 03h
FSR 04h
PORTA 05h
PORTB 06h
PORTC 07h
porTDW | 08h
PORTE® | 09h
PCLATH 0Ah
INTCON 0Bh
PIR1 0Ch
PIR2 0Dh
TMR1L OEh
TMR1H OFh
T1CON 10h
TMR2 11h
T2CON 12h
SSPBUF 13h
SSPCON 14h
CCPR1L 15h
CCPR1H 16h
CCP1CON | 17h
RCSTA 18h
TXREG 19h
RCREG 1Ah
CCPR2L 1Bh
CCPR2H 1Ch
CCP2CON | 1Dh
ADRES 1Eh
ADCONO 1Fh
20h

General

Purpose

Register

96 Bytes
7Fh

Bank O

File
Address
Indirect addr.(*)| 8oh
OPTION REG]| 81h
PCL 82h
STATUS 83h
FSR 84h
TRISA 85h
TRISB 86h
TRISC 87h
TRISDY | 88h
TRISED | gon
PCLATH 8Ah
INTCON 8Bh
PIE1 8Ch
PIE2 8Dh
PCON 8Eh
8Fh
90h
91h
PR2 92h
SSPADD 93h
SSPSTAT 94h
95h
96h
97h
TXSTA 98h
SPBRG 9%h
9Ah
9Bh
9Ch
9Dh
9Eh
ADCON1 9Fh
AOh
General
Purpose
Register
80 Bytes
EFh
accesses Foh
70h-7Fh
FFh
Bank 1

File

Address

Indirect addr.(*)| 100h

TMRO 101h

PCL 102h

STATUS 103h

FSR 104h

105h

PORTB 106h

107h

108h

109h

PCLATH 10Ah

INTCON 10Bh

PMDATA 10Ch

PMADR 10Dh

PMDATH | 10Eh

PMADRH 10Fh

110h

111h

112h

113h

114h

115h

116h

General 117h

pumcse | 1ian

16 Bytes 119h

11Ah

11Bh

11Ch

11Dh

11Eh

11Fh

120h
General
Purpose
Register
80 Bytes

16Fh

accesses 170h
70h-7Fh

17Fh
Bank 2

D Unimplemented data memory locations, read as '0’.
* Not a physical register.
Note 1: These registers are not implemented on 28-pin devices.

File
Address
Indirect addr.(*)| 180h
OPTION_REG| 181h
PCL 182h
STATUS 183h
FSR 184h
185h
TRISB 186h
187h
188h
189h
PCLATH 18Ah
INTCON 18Bh
PMCON1 18Ch
18Dh
18Eh
18Fh
190h
191h
192h
193h
194h
195h
196h
General 197h
Purpose
Register 198h
16 Bytes 199h
19Ah
19Bh
19Ch
19Dh
19Eh
19Fh
1A0h
General
Purpose
Register
80 Bytes 1EEh
accesses 1FOh
70h - 7Fh
1FFh
Bank 3

© 2000 Microchip Technology Inc.
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PIC16F/7X

FIGURE 2-4:

PIC16F74/73 REGISTER FILE MAP

File
Address

Indirect addr.(*)| 00h
TMRO 01h
PCL 02h
STATUS 03h
FSR 04h
PORTA 05h
PORTB 06h
PORTC 07h
PORTDWY) | 08h
PORTEWD | 09h
PCLATH 0Ah
INTCON 0Bh
PIR1 0Ch
PIR2 0Dh
TMR1L OEh
TMR1H OFh
T1CON 10h
TMR2 11h
T2CON 12h
SSPBUF 13h
SSPCON 14h
CCPRIL 15h
CCPR1H 16h
CCP1CON | 17h
RCSTA 18h
TXREG 1%h
RCREG 1Ah
CCPR2L | 1Bh
CCPR2H 1Ch
CCP2CON | 1Dh
ADRES 1Eh
ADCONO | 1Fh
20h

General

Purpose

Register

96 Bytes
7Fh

Bank O

File
Address
Indirect addr.(*)| 80h
OPTION_REG]| 81h
PCL 82h
STATUS 83h
FSR 84h
TRISA 85h
TRISB 86h
TRISC 87h
TRISD®Y | ggh
TRISED | goh
PCLATH 8Ah
INTCON 8Bh
PIE1 8Ch
PIE2 8Dh
PCON 8Eh
8Fh
90h
91h
PR2 92h
SSPADD 93h
SSPSTAT 94h
95h
96h
97h
TXSTA 98h
SPBRG 99h
9Ah
9Bh
9Ch
9Dh
9Eh
ADCON1 9Fh
AOh
General
Purpose
Register
96 Bytes
FFh
Bank 1

File
Address
Indirect addr.(*)| 100h
TMRO 101h
PCL 102h
STATUS 103h
FSR 104h
105h
PORTB 106h
107h
108h
109h
PCLATH 10Ah
INTCON 10Bh
PMDATA 10Ch
PMADR 10Dh
PMDATH | 10Eh
PMADRH 10Fh
110h
120h
accesses
20h-7Fh
16Fh
170h
17Fh
Bank 2

D Unimplemented data memory locations, read as 0.
* Not a physical register.

Note 1: These registers are not implemented on 28-pin devices.

File
Address
Indirect addr.(*)| 180h
OPTION_REG| 181h
PCL 182h
STATUS 183h
FSR 184h
185h
TRISB 186h
187h
188h
189h
PCLATH 18Ah
INTCON 18Bh
PMCON1 18Ch
18Dh
18Eh
18Fh
190h
1A0h
accesses
AOh - FFh
1EFh
1F0Oh
1FFh
Bank 3

DS30325A-page 14
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PIC16F/7X

2.2.2

The Special Function Registers are registers used by
the CPU and peripheral modules for controlling the
desired operation of the device. These registers are
implemented as static RAM. A list of these registers is

SPECIAL FUNCTION REGISTERS

given in Table 2-1.

The Special Function Registers can be classified into

two sets: core (CPU) and peripheral. Those registers

peripheral feature section.

associated with the core functions are described in
detail in this section. Those related to the operation of
the peripheral features are described in detail in the

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY
Value on: Value on

Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other

BOR RESETS®

Bank 0

00h® INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | 0000 0000 | 0000 0000
01lh TMRO Timer0 Module’s Register XXXX XXXX | uuuu uuuu
02h®) PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
03h® | STATUS IRP | RP1 | RPO TO PD | z | DC | C 0001 1xxx | 000g quuu
04h@® FSR Indirect data memory address pointer XXXX XXXX | uuuu uuuu
05h PORTA = l = I PORTA Data Latch when written: PORTA pins when read --0x 0000 | --0u 0000
06h PORTB PORTB Data Latch when written: PORTB pins when read XXXX XXXX | uuuu uuuu
07h PORTC PORTC Data Latch when written: PORTC pins when read XXXX XXXX | uuuu uuuu
08h®) PORTD PORTD Data Latch when written: PORTD pins when read XXXX XXXX | Uuuu uuuu
09h®) PORTE = = = = — | RE2 | RE1 | REO ---- -XXX | ---- -uuu
0Ah(14) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 | ---0 0000
oBh® INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
0Ch PIR1 pspIE®) ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF TMR1IF | 0000 0000 | 0000 0000
0Dh PIR2 — — — — — — — CCP2IF | ---- --- o ---- --- 0
OEh TMRIL Holding register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX | uuuu uuuu
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX | uuuu uuuu
10h T1CON — | — ]mickpsi] Tickpso | T10SCEN | T1SYNC | TMRICS [ TMRION | --00 0000 | --uu uuuu
11h TMR2 Timer2 Module’s Register 0000 0000 | 0000 0000
12h T2CON — |routpss|Toutps2| TouTPs | TOUTPSO | TMR2ON | T2CKPS1 [ T2CKPSO | -000 0000 | -000 0000
13h SSPBUF | Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | uuuu uuuu
14h ssPcoN | weoL | sspov | sspeN | ckp | sspm3 | sspm2 | SsPM1 | SSPMO [ 0000 0000 | 0000 0000
15h CCPR1L Capture/Compare/PWM Registerl (LSB) XXXX XXXX | uuuu uuuu
16h CCPR1H | Capture/Compare/PWM Registerl (MSB) XXXX XXXX | uuuu uuuu
17h CCP1CON — — CCP1X CCP1Y CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO | --00 0000 | --00 0000
18h RCSTA SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x | 0000 -00x
19h TXREG USART Transmit Data Register 0000 0000 | 0000 0000
1Ah RCREG USART Receive Data Register 0000 0000 | 0000 0000
1Bh CCPR2L | Capture/Compare/PWM Register2 (LSB) XXXX XXXX | uuuu uuuu
1Ch CCPR2H | Capture/Compare/PWM Register2 (MSB) XXXX XXXX | uuuu uuuu
1Dh ccpacoNn| — [ — ] ccpax | ccpay | ccpams | copamz | copami | ccpamo [ --00 0000 | --00 0000
1Eh ADRES A/D Result Register Byte XXXX XXXX | uuuu uuuu
1Fh ADCONO ADCS1 | ADCSO CHS2 CHS1 CHSO D%ON/E — ADON | 0000 00-0| 0000 00-0
Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented read as '0', r = reserved.

Note 1:

QR wN

Shaded locations are unimplemented, read as ‘0’.
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.

Other (non power-up) RESETS include external RESET through MCLR and Watchdog Timer Reset.
Bits PSPIE and PSPIF are reserved on the 28-pin devices; always maintain these bits clear.

These registers can be addressed from any bank.

PORTD, PORTE, TRISD, and TRISE are not physically implemented on the 28-pin devices, read as ‘0’
This bit always reads as a ‘1’.

© 2000 Microchip Technology Inc.
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PIC16F/7X

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Value on: Value on
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS®
Bank 1
80h® INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | 0000 0000 | 0000 0000
81h gEgON— RBPU INTEDG TOCS TOSE PSA PS2 PS1 PSO 1111 1111 | 1111 1111
82h*) PCL Program Counter’s (PC) Least Significant Byte 0000 0000 | 0000 0000
83n@ | STATUS IRP | RP1 | RPO TO PD | z | DC | c 0001 1xxx | 000g quuu
84h® FSR Indirect data memory address pointer XXXX XKXXX | UUuU uuuu
85h TRISA — I — I PORTA Data Direction Register --11 1111 | --11 1111
86h TRISB PORTB Data Direction Register 1111 1111 | 1111 1111
87h TRISC PORTC Data Direction Register 1111 1111 | 1111 1111
88h®) TRISD PORTD Data Direction Register 1111 1111 | 1111 1111
89h® TRISE IBF OBF IBOV | PSPMODE = PORTE Data Direction Bits 0000 -111| 0000 -111
8Ant4 | PCLATH = — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 | ---0 0000
8Bh@ INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
8Ch PIE1 pPsPIE®) ADIE RCIE TXIE SSPIE CCP1lIE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
8Dh PIE2 — — — — — — — CCP2IE | ---- --- o ---- --- 0
8Eh PCON — — — — — — POR BOR |---- -- ag| ---- -- uu
8Fh — Unimplemented — —
90h — Unimplemented — —
91h — Unimplemented — —
92h PR2 Timer2 Period Register 1111 1111 | 1111 1111
93h SSPADD | Synchronous Serial Port (I2C mode) Address Register 0000 0000 | 0000 0000
94h SSPSTAT | SMP CKE | DA ] P S RIW UA BF 0000 0000 | 0000 0000
95h — Unimplemented — —
96h — Unimplemented — —
97h — Unimplemented — —
98h TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010| 0000 -010
99h SPBRG Baud Rate Generator Register 0000 0000 | 0000 0000
9Ah — Unimplemented — —
9Bh — Unimplemented — —
9Ch — Unimplemented — —
9Dh — Unimplemented — —
9Eh — Unimplemented — —
9Fh ADCON1 — [ = — — — PCFG2 | PCFGL | PCFGO | ---- -000 | ---- -000
Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented read as '0', r = reserved.
Shaded locations are unimplemented, read as ‘0’.
Note 1: 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: Other (non power-up) RESETS include external RESET through MCLR and Watchdog Timer Reset.
3: Bits PSPIE and PSPIF are reserved on the 28-pin devices; always maintain these bits clear.
4: These registers can be addressed from any bank.
5: PORTD, PORTE, TRISD, and TRISE are not physically implemented on the 28-pin devices, read as ‘0".
6: This bit always reads as a ‘1’

DS30325A-page 16
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PIC16F/7X

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Value on: Value on
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS®
Bank 2
100h® | INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | 0000 0000 | 0000 0000
101h TMRO Timer0 Module’s Register XXXX XXXX | uuuu uuuu
102h™® | PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
103h® | STATUS IRP RP1 | RPO | TO PD | z | DC | C 0001 1xxx | 000g quuu
104h® | FSR Indirect Data Memory Address Pointer XXXX XXXX | uuuu uuuu
105h — Unimplemented = =
106h PORTB PORTB Data Latch when written: PORTB pins when read XXXX XXXX | uuuu uuuu
107h — Unimplemented = =
108h — Unimplemented = =
109h — Unimplemented — —
10AhL4) | PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 | ---0 0000
10Bh(#® | INTCON GIE PEIE TOIE INTE RBIE | TOIF | INTF | RBIF 0000 000x | 0000 000u
10Ch PMDATA | Data Register Low Byte XXXX XXXX | uuuu uuuu
10Dh PMADR Address Register Low Byte XXXX XXXX | uuuu uuuu
10Eh PMDATH — — Data Register High Byte XXXX XXXX | uuuu uuuu
10Fh PMADRH — — — Address Register High Byte XXXX XXXX | uuuu uuuu
Bank 3
180h™® | INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | 0000 0000 | 0000 0000
181h gE(T;'ON— RBPU | INTEDG | TOCS TOSE PSA PS2 PS1 PSO |1111 1111|1111 1111
182h@ | PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
183h# | STATUS IRP RP1 RPO TO PD | z | DC | C 0001 1xxx | 000g quuu
184h® | FSR Indirect Data Memory Address Pointer XXXX XXXX | uuuu uuuu
185h — Unimplemented = =
186h TRISB PORTB Data Direction Register 1111 1111 | 1111 1111
187h — Unimplemented — —
188h — Unimplemented — —
189h — Unimplemented — —
18AR(L4 | PCLATH — = — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 | ---0 0000
18Bh(# | INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
18Ch PMCONL1 _® — — — — — — RD 1-on =-- 0| 1--- --- 0
18Dh — Unimplemented = =
18Eh — Reserved maintain clear 0000 0000 | 0000 0000
18Fh — Reserved maintain clear 0000 0000 | 0000 0000
Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented read as '0', r = reserved.

Note 1:

Qakrhwn

Shaded locations are unimplemented, read as ‘0’.
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.

Other (non power-up) RESETS include external RESET through MCLR and Watchdog Timer Reset.
Bits PSPIE and PSPIF are reserved on the 28-pin devices; always maintain these bits clear.

These registers can be addressed from any bank.

PORTD, PORTE, TRISD, and TRISE are not physically implemented on the 28-pin devices, read as ‘0’.
This bit always reads as a ‘1'.

© 2000 Microchip Technology Inc.
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2221 STATUS Register

The STATUS register contains the arithmetic status of
the ALU, the RESET status and the bank select bits for
data memory.

The STATUS register can be the destination for any
instruction, as with any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC, or C bits, then the write to these three bits is
disabled. These bits are set or cleared according to the
device logic. Furthermore, the TO and PD bits are not
writable, therefore, the result of an instruction with the
STATUS register as destination may be different than
intended.

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 MOVWF instructions are used to alter the
STATUS register, because these instructions do not
affect the Z, C, or DC bits from the STATUS register.
For other instructions not affecting any status bits, see
the "Instruction Set Summary."

Note 1: The C and DC bits operate as a borrow
and digit borrow bit, respectively, in sub-
traction. See the SUBLW and SUBWF
instructions for examples.

REGISTER 2-1: STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)

R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RPL | RPO TO | PD | z DC c
bit 7 bit 0
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 RP1:RPO: Register Bank Select bits (used for direct addressing)

11 = Bank 3 (180h - 1FFh)
10 = Bank 2 (100h - 17Fh)
01 = Bank 1 (80h - FFh)
00 = Bank 0 (00h - 7Fh)
Each bank is 128 bytes

bit 4 ﬁ: Time-out bit

1 = After power-up, CLRWDT instruction, or SLEEP instruction

0 = AWDT time-out occurred
bit 3 PD: Power-down bit

1 = After power-up or by the CLRWDT instruction

bit 2

bit 1

bit 0

0 = By execution of the SLEEP instruction

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

DC: Digit carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)
(for borrow the polarity is reversed)

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

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:  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 or low order bit of the source register.

Legend:
R = Readable bit
- n = Value at POR reset

W = Writable bit
"1’ = Bitis set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown
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2222 OPTION_REG Register

The OPTION_REG register is a readable and writable
register, which contains various control bits to configure

Note:  To achieve a 1:1 prescaler assignment for
the TMRO register, assign the prescaler to
the Watchdog Timer.

the TMRO prescaler/WDT postscaler (single assign-
able register known also as the prescaler), the External
INT Interrupt, TMRO and the weak pull-ups on PORTB.

REGISTER 2-2: OPTION_REG REGISTER (ADDRESS 81h, 181h)

RIW-1 RIW-1 RIW-1 RIW-1 RW-1 RMW-1 RMW-1  RMW-1
RBPU INTEDG | Tocs | TosE | Psa | Ps2 PS1 PSO
bit 7 bit 0
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 RBO/INT pin

0 = Interrupt on falling edge of RBO/INT pin

bit 5 TOCS: TMRO Clock Source Select bit
1 = Transition on RA4/TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)

bit 4 TOSE: TMRO 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 TimerO module

bit 2-0 PS2:PS0: Prescaler Rate Select bits
Bit Value TMRO 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
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR reset "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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2223 INTCON Register

The INTCON register is a readable and writable regis-
ter, which contains various enable and flag bits for the
TMRO register overflow, RB Port change and External
RBO/INT pin interrupts.

REGISTER 2-3:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

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 (INTCON<7>). User soft-
ware should ensure the appropriate inter-
rupt flag bits are clear prior to enabling an
interrupt.

INTCON REGISTER (ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)

RW-0  RMW-0 RWO  RMW-0  RMW-0 RWO RWO  RMWx
GIE PEEE | TOE INTE RBIE | TOF | INTF RBIF
bit 7 bit 0

GIE: Global Interrupt Enable bit
1 = Enables all un-masked interrupts
0 = Disables all interrupts

PEIE: Peripheral Interrupt Enable bit

1 = Enables all un-masked peripheral interrupts
0 = Disables all peripheral interrupts

TOIE: TMRO Overflow Interrupt Enable bit

1 = Enables the TMRO interrupt

0 = Disables the TMRO interrupt

INTE: RBO/INT External Interrupt Enable bit
1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt
RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt

0 = Disables the RB port change interrupt

TOIF: TMRO Overflow Interrupt Flag bit

1 = TMRO register has overflowed (must be cleared in software)

0 = TMRO register did not overflow
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
RBIF: RB Port Change Interrupt Flag bit

A mismatch condition will continue to set flag bit RBIF. Reading PORTB will end the mismatch

condition and allow flag bit RBIF to be cleared.

1 = At least one of the RB7:RB4 pins changed state (must be cleared in software)

0 = None of the RB7:RB4 pins have changed state

Legend:
R = Readable bit W = Writable bit
- n = Value at POR reset "1’ = Bitis set

U = Unimplemented bit, read as ‘0’
'0’ = Bit is cleared x = Bit is unknown
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2.2.2.4 PIE1 Register

The PIE1 register contains the individual enable bits for Note:
the peripheral interrupts.

Bit PEIE (INTCON<6>) must be set to
enable any peripheral interrupt.

REGISTER 2-4: PIE1 REGISTER (ADDRESS 8Ch)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PSPIE® ‘ ADIE ‘ RCIE ’ TXIE SSPIE CCP1IE | TMR2IE | TMRI1IE
bit 7 bit 0
bit 7 PSPIEW: Parallel Slave Port Read/Write Interrupt Enable bit

1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt

bit 6 ADIE: A/D Converter Interrupt Enable bit
1 = Enables the A/D converter interrupt
0 = Disables the A/D converter 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 Interrupt Enable bit

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

bit 2 CCP1IE: CCPL1 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 TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

bit 0 TMR1IE: TMR1 Overflow Interrupt Enable bit

1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

Note 1: PSPIE is reserved on 28-pin devices; always maintain this bit clear.

Legend:

- n = Value at POR reset "1’ = Bit is set ’

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

0’ = Bitis cleared X = Bit is unknown

© 2000 Microchip Technology Inc. Advance Information
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2.2.25 PIR1 Register

Note: Interrupt flag bits are set when an interrupt

The PIRL register contains the individual flag bits for condition occurs, regardless of the state of
the peripheral interrupts. its corresponding enable bit or the global

enable bit, GIE (INTCON<7>). User soft-
ware should ensure the appropriate interrupt
bits are clear prior to enabling an interrupt.

REGISTER 2-5: PIR1 REGISTER (ADDRESS 0Ch)

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

R/W-0 R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
PSPIF® | ADIF | RCIF | TXIF SSPIF CCP1IF TMR2IF TMR1IF
bit 7 bit 0

PSPIF®): Parallel Slave Port Read/Write Interrupt Flag bit
1 = A read or a write operation has taken place (must be cleared in software)
0 = No read or write has occurred

ADIF: A/D Converter Interrupt Flag bit
1 = An A/D conversion completed
0 = The A/D conversion is not complete

RCIF: USART Receive Interrupt Flag bit
1 = The USART receive buffer is full
0 = The USART receive buffer is empty

TXIF: USART Transmit Interrupt Flag bit
1 = The USART transmit buffer is empty
0 = The USART transmit buffer is full

SSPIF: Synchronous Serial Port (SSP) Interrupt Flag
1 = The SSP interrupt condition has occurred, and must be cleared in software before
returning from the Interrupt Service Routine. The conditions that will set this bit are:
SPI
A transmission/reception has taken place.
I2C Slave
A transmission/reception has taken place.
12C Master
A transmission/reception has taken place.
The initiated START condition was completed by the SSP module.
The initiated STOP condition was completed by the SSP module.
The initiated Restart condition was completed by the SSP module.
The initiated Acknowledge condition was completed by the SSP module.
A START condition occurred while the SSP module was idle (Multi-master system).
A STOP condition occurred while the SSP module was idle (Multi-master system).
0 = No SSP interrupt condition has occurred.
CCP1IF: CCPL1 Interrupt Flag bit
Capture Mode
1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMR1 register capture occurred
Compare Mode
1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred
PWM Mode
Unused in this mode

TMR2IF: TMR2 to PR2 Match Interrupt Flag bit
1 = TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred

TMR1IF: TMR1 Overflow Interrupt Flag bit
1 = TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

Note 1: PSPIF is reserved on 28-pin devices; always maintain this bit clear.

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

DS30325A-page 22

AdvancelInformation © 2000 Microchip Technology Inc.




PIC16F/7X

2.2.2.6 PIE2 Register

The PIE2 register contains the individual enable bits for
the CCP2 peripheral interrupt.

REGISTER 2-6: PIE2 REGISTER (ADDRESS 8Dh)

u-0 uU-0 u-0 uU-0 uU-0 uU-0 R/W-0
— | = @ = — — — CCP2IE
bit 7 bit 0
bit 7-1 Unimplemented: Read as '0’
bit 0 CCP2IE: CCP2 Interrupt Enable bit

1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt

Legend:

R = Readable bit W = Writable bit
- n = Value at POR reset "1’ = Bit is set

U = Unimplemented bit, read as ‘0’

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

© 2000 Microchip Technology Inc.
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2.2.2.7 PIR2 Register

The PIR2 register contains the flag bits for the CCP2
interrupt.

REGISTER 2-7: PIR2 REGISTER (ADDRESS 0Dh)

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 (INTCON<7>). User soft-
ware should ensure the appropriate inter-
rupt flag bits are clear prior to enabling an
interrupt.

uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 R/W-0
- | = 1T = — — — CCP2IF
bit 7 bit 0
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

Legend:

R = Readable bit W = Writable bit
- n = Value at POR reset "1’ = Bitis set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared x = Bit is unknown
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2228 PCON Register Note-

The Power Control (PCON) register contains flag bits
to allow differentiation between a Power-on Reset
(POR), a Brown-out Reset (BOR), a Watchdog Reset
(WDT) and an external MCLR Reset.

BOR is unknown on POR. It must be set by
the user and checked on subsequent
RESETS to see if BOR is clear, indicating
a brown-out has occurred. The BOR status
bit is a don’t care and is not predictable if
the brown-out circuit is disabled (by clear-
ing the BODEN bit in the configuration
word).

REGISTER 2-8: PCON REGISTER (ADDRESS 8Eh)

uU-0 uU-0 uU-0 u-0 u-0 u-0 R/W-0 R/W-1
- | = ] =1 = T = — POR BOR
bit 7 bit 0
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 Brown-out Reset occurs)

Legend:
R = Readable bit W = Writable bit
- n = Value at POR reset "1’ = Bitis set

U = Unimplemented bit, read as ‘0’
'0’ = Bit is cleared X = Bit is unknown
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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 upper bits (PC<12:8>) are not
readable, but are indirectly writable through the
PCLATH register. On any RESET, the upper bits of the
PC will be cleared. Figure 2-5 shows the two situations
for the loading of the PC. The upper example in the fig-
ure shows how the PC is loaded on a write to PCL
(PCLATH<4:0> — PCH). The lower example in the fig-
ure shows how the PC is loaded during a CALL or GOTO
instruction (PCLATH<4:3> — PCH).

FIGURE 2-5: LOADING OF PC IN
DIFFERENT SITUATIONS

PCH PCL
12 8 ‘7 0 |nstruction with
PC| ! | PCL as
Destination
5 ALU
LITTITTT]
PCLATH
PCH PCL
12 11 10 8 7 0
PC| | : | GOTO, CALL
PCLATH<4:3> 1
2 Opcode <10:0>
LITTTTTTIT]
PCLATH

231 COMPUTED GOTO

A computed cOTO is accomplished by adding an offset
to the program counter (ADDWF PCL). When doing 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, “Implementing a Table Read"
(AN556).

2.3.2 STACK

The PIC16F7X family has an 8-level deep x 13-bit wide
hardware stack. 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, RETLW or a RETFIE 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
S0 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, RETLW and RETFIE
instructions or the vectoring to an interrupt
address.

2.4 Program Memory Pading

PIC16F7X devices are capable of addressing a contin-
uous 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 GOTO instruction, 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 exe-
cuted, the entire 13-bit PC is popped off the stack.
Therefore, manipulation of the PCLATH<4:3> bits are
not required for the return instructions (which POPs the
address from the stack).

Note: The contents of the PCLATH are
unchanged after a RETURN or RETFIE
instruction is executed. The user must
setup the PCLATH for any subsequent
CALLS or GOTOS.

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 0x500

BCF PCLATH, 4

BSF PCLATH, 3 ;Select page 1 (800h-FFFh)
CALL SUB1_P1 ;Call subroutine in

;page 1 (800h-FFFh)

ORG 0x900 jpage 1 (800h-FFFh)
SUB1_P1
: ;called subroutine
jpage 1 (800h-FFFh)

RETURN ;return to Call subroutine
;in page 0 (000h-7FFh)
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2.5 Indirect Addressing. INDF and FSR

Registers

The INDF register is not a physical register. Addressing
the INDF register will cause indirect addressing.

Indirect addressing is possible by using the INDF reg-
ister. Any instruction using the INDF register actually
accesses the register pointed to by the File Select Reg-
ister, FSR. Reading the INDF register itself indirectly
(FSR ="0") will read 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
(STATUS<7>), as shown in Figure 2-6.

A simple program to clear RAM locations 20h-2Fh
using indirect addressing is shown in Example 2-2.

EXAMPLE 2-2:

NEXT

CONTINUE

movlw
movwf
clrf
incf
btfss
goto

INDIRECT ADDRESSING

0x20 ;initialize pointer
FSR ;to RAM

INDF jclear INDF register
FSR,F ;inc pointer

FSR, 4 ;all done?

NEXT ;jno clear next

;yes continue

FIGURE 2-6: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1:RPO 6 from opcode 0 IRP 7 FSR register 0
N v J . v N v J
bank select location select bank select location select
- > 00 01 10 11 <+’
00h 80h 100h 180h
Data
Memory(®
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
Note 1: For register file map detail see Figure 2-3.
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NOTES:
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3.0 /O PORTS

Some pins for these I/O ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose /O pin.

Additional information on 1/O ports may be found in the
PICmicro™ Mid-Range Reference Manual,
(DS33023).

3.1 PORTA and the TRISA Register

PORTA is a 6-bit wide, bi-directional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (=1) will make the corresponding PORTA pin
an input (i.e., put the corresponding output driver in a
hi-impedance mode). Clearing a TRISA bit (=0) will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).

Reading the PORTA register 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, the value is modified and then written to the port
data latch.

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/TOCKI pin. The RA4/TOCKI
pin is a Schmitt Trigger input and an open drain output.
All other PORTA pins have TTL input levels and full
CMOS output drivers.

Other PORTA pins are multiplexed with analog inputs
and analog VREF input. The operation of each pin is
selected by clearing/setting the control bits in the
ADCONL1 register (A/D Control Registerl).

Note:  On a Power-on Reset, these pins are con-
figured as analog inputs and read as '0'.

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set, when using them as analog inputs.

EXAMPLE 3-1: INITIALIZING PORTA

BCF STATUS, RPO ;
BCF STATUS, RP1 ; BankO
CLRF PORTA ; Initialize PORTA by
; clearing output
; data latches
BSF STATUS, RPO ; Select Bank 1
MOVLW 0x06 ; Configure all pins
MOVWF ADCON1 ; as digital inputs
MOVLW 0xCF ; Value used to
; initialize data
; direction
MOVWF TRISA ; Set RA<3:0> as inputs

; RA<5:4> as outputs
; TRISA<7:6> are always
; read as '0’.

FIGURE 3-1: BLOCK DIAGRAM OF
RA3:RAO0 AND RAS5 PINS

Data
Bus
D Q
WR VDD
Port
Data Latch H'E
D Q N 1/0 pint)
WR
TRIS
— CK L Q Vss
Analog
Input
TRIS Latch Mode
q
TTL
Input
Buffer
Q D

EN
RD PORT D@

To A/ID ‘Converter

Note 1: /O pins have protection diodes to VDD and Vss.

FIGURE 3-2: BLOCK DIAGRAM OF RA4/

TOCKI PIN
Data
Bus D Q
. i
PORT | ckLQ ﬂ| N /0 pint)
Data Latch
e— D Q Vss
WR
TRIS | cko e Schmitt
Trigger :\7
TRIS Latch 'E;’f#ér
) ]

RD TRIS

pd
RD PORT F DO - —‘

. TMRO clock input

-4

Note 1: I/O pin has protection diodes to Vss only.
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TABLE 3-1: PORTA FUNCTIONS
Name Bit# Buffer Function
RAO/ANO bit0 TTL | Input/output or analog input.
RA1/AN1 bitl TTL | Input/output or analog input.
RA2/AN2 bit2 TTL | Input/output or analog input.
RA3/AN3/VREF bit3 TTL |Input/output or analog input or VREF.
RA4/TOCKI bit4 ST Input/output or external clock input for Timer0. Output is open drain type.
RA5/SS/AN4 bit5 TTL |Input/output or slave select input for synchronous serial port or analog input.

Legend: TTL = TTL input, ST = Schmitt Trigger input

TABLE 3-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
Value on: | Value on all
Address | Name Bit7 | Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS
05h PORTA — — RA5 RA4 RA3 RA2 RA1 RAO --0x 0000 | --0u 0000
85h TRISA — — | PORTA Data Direction Register --11 1111 | --11 1111
9Fh ADCON1| — — — ] — ] — ] PCFG2 ]PCFGl] PCFGO | ---- -000]| ---- -000

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by PORTA.

Note:

101,

11x.

When using the SSP module in SPI Slave mode and SS enabled, the A/D converter must be set to one of
the following modes where PCFG2:PCFGO0 = 100,
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3.2 PORTB and the TRISB Reqister

PORTB is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (=1) will make the corresponding PORTB pin
an input (i.e., put the corresponding output driver in a
hi-impedance mode). Clearing a TRISB bit (=0) will
make the corresponding PORTB pin an output (i.e., put
the contents of the output latch on the selected pin).

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed by clearing bit RBPU (OPTION_REG<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are dis-
abled on a Power-on Reset.

FIGURE 3-3: BLOCK DIAGRAM OF

RB3:RBO PINS
VDD
RBPU® Weak
;i:})_{ P pull-up
Data Latch
Data Bus —
D Q X
110
WR Port Ky pin®
TRIS Latch
D
Q TTL
Input
WRTRIS CK Y Buffer 7
q
RD TRIS
/‘ Q D
RD Port EN
RBO/INT <
~
Schmitt Trigger RD Port
Buffer
Note 1: 1/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (OPTION_REG<7>).

Four of PORTB'’s pins, RB7:RB4, have an interrupt-on-
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB7:RB4 pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RB7:RB4)
are compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB7:RB4
are OR’ed together to generate the RB Port Change
Interrupt with flag bit RBIF (INTCON<0>).

This interrupt can wake the device from SLEEP. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

This interrupt on mismatch feature, together with soft-
ware configureable pull-ups on these four pins, allow
easy interface to a keypad and make it possible for
wake-up on key depression. Refer to the Embedded
Control Handbook, “Implementing Wake-Up on Key
Stroke” (AN552).

RBO/INT is an external interrupt input pin and is config-
ured using the INTEDG bit (OPTION_REG<6>).

RBO/INT is discussed in detail in Section 12.10.1.

FIGURE 3-4: BLOCK DIAGRAM OF

RB7:RB4 PINS
VDD
2
RBPU® 5 Weak
Pull-up
Data Bus Data Latch I~
0 Q X
110
WR Port CK_\_ pin(l)
TRIS Latch
D Q
WR TRIS TTL
e AV
Buffer ST
y s Buffer
RD TRIS Latch
/I Q D
RD Port EN Q1
Set RBIF
From other g Q D
RB7:RB4 pins RD Port
EN
Q3
RB7:RB6 in Serial Programming mode
Note 1: 1/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (OPTION_REG<7>).
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TABLE 3-3: PORTB FUNCTIONS

Name Bit# Buffer Function

RBO/INT bit0 TTL/STD Input/output pin or external interrupt input. Internal software
programmable weak pull-up.

RB1 bitl TTL Input/output pin. Internal software programmable weak pull-up.

RB2 bit2 TTL Input/output pin. Internal software programmable weak pull-up.

RB3 bit3 TTL Input/output pin. Internal software programmable weak pull-up.

RB4 bit4 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.

RB5 bit5 TTL Input/output pin (with interrupt-on-change). Internal software programmable
weak pull-up.

RB6 bit6 TTLST® Input/output pin (with interrupt-on-change).
Internal software programmable weak pull-up. Serial programming clock.

RB7 bit7 TTL/ST® Input/output pin (with interrupt-on-change).
Internal software programmable weak pull-up. Serial programming data.

Legend: TTL =TTL input, ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.

TABLE 3-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Value on: |Valueonall
Address Name Bit 7 Bit 6 Bit 5 Bit4 | Bit3 | Bit2 | Bitl | Bit0 POR, other
BOR RESETS
06h, 106h PORTB RB7 RB6 RB5 RB4 RB3 | RB2 | RB1 | RBO |xxxx xxxx [uuuu uuuu
86h, 186h | TRISB PORTB Data Direction Register 1111 1111 (1111 1111

81h, 181h |OPTION_REG | RBPU ‘ INTEDG ‘ TOCS ’ TOSE ’ PSA | PS2 | PS1 | PSO |1111 1111|1111 1111

Legend: x =unknown, u = unchanged. Shaded cells are not used by PORTB.
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3.3 PORTC and the TRISC Reqister

PORTC is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISC. Setting a
TRISC bit (=1) will make the corresponding PORTC pin
an input (i.e., put the corresponding output driver in a
hi-impedance mode). Clearing a TRISC bit (=0) will
make the corresponding PORTC pin an output (i.e., put
the contents of the output latch on the selected pin).

PORTC is multiplexed with several peripheral functions
(Table 3-5). PORTC pins have Schmitt Trigger input
buffers.

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an out-
put, while other peripherals override the TRIS bit to
make a pin an input. Since the TRIS bit override is in
effect while the peripheral is enabled, read-modify-
write instructions (BSF, BCF, XORWF) with TRISC as
destination should be avoided. The user should refer to
the corresponding peripheral section for the correct
TRIS bit settings.

FIGURE 3-5:

PORTC BLOCK DIAGRAM

(PERIPHERAL OUTPUT
OVERRIDE)

Port/Peripheral Select®

Peripheral Data Out

VDD

110
pin(l)

Vss

Schmitt %
Trigger

Data Bus D Q
WR
Port CK_\_Q —
Data Latch
oD
WR Q
TRIS CK_LQ
TRIS Latch
L
RD TRIS
Peripheral
OE® d Q D
RD EN

Port

.

Peripheral Input

_—

Note 1:

1/0 pins have diode protection to VDD and Vss.

2: Port/Peripheral select signal selects between port data
and peripheral output.

3: Peripheral OE (output enable) is only activated if

peripheral select is active.

TABLE 3-5: PORTC FUNCTIONS
Name Bit# | Buffer Type Function
RCO/T10SO/T1CKI |bit0 ST Input/output port pin or Timerl oscillator output/Timer1 clock input.
RC1/T10Sl/CCP2 bitl ST Input/output port pin or Timerl oscillator input or Capture2 input/
Compare2 output/PWM2 output.
RC2/CCP1 bit2 ST Input/output port pin or Capturel input/Comparel output/PWM1 output.
RC3/SCK/SCL bit3 ST RC3 can also be the synchronous serial clock for both SPI and 1’c
modes.
RC4/SDI/SDA bit4 ST RC4 can also be the SPI Data In (SPI mode) or Data I/O (IZC mode).
RC5/SDO bit5 ST Input/output port pin or Synchronous Serial Port data output.
RC6/TXI/CK bit6 ST Input/output port pin or USART Asynchronous Transmit or
Synchronous Clock.
RC7/RX/DT bit7 ST Input/output port pin or USART Asynchronous Receive or
Synchronous Data.

Legend: ST = Schmitt Trigger input

TABLE 3-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC
Value on: | Value on
Address | Name | Bit7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO POR, all other
BOR RESETS
07h PORTC | RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO | xxxx xxxx | uuuu uuuu
87h TRISC |PORTC Data Direction Register 1111 1111 | 1111 1111

Legend: x = unknown, u = unchanged
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3.4 PORTD and TRISD Registers

FIGURE 3-6: PORTD BLOCK DIAGRAM (IN
I/O PORT MODE)

This section is not applicable to the PIC16F73 or

PIC16F76. Data

PORTD is an 8-bit port with Schmitt Trigger input buff-
ers. Each pin is individually configureable as an input or \é,VOF:t /O pin®)
output. — CK AL

PORTD can be configured as an 8-bit wide micropro- Data Latch
cessor port (parallel slave port) by setting control bit D Q

PSPMODE (TRISE<4>). In this mode, the input buffers WR
are TTL. TRIS | gtCK_\_ Schmitt

Trigger %7
TRIS L Input
atch Buffer
<~
RD TRIS
/I Q D
EN
RD Port DO _‘
Note 1: 1/O pins have protection diodes to Vdd and Vss.
TABLE 3-7: PORTD FUNCTIONS
Name Bit# Buffer Type Function

RDO/PSPO bit0 sST/TTLW Input/output port pin or parallel slave port bit0

RD1/PSP1 bitl sT/TTLD Input/output port pin or parallel slave port bitl

RD2/PSP2 bit2 sT/TTLD Input/output port pin or parallel slave port bit2

RD3/PSP3 bit3 sST/TTLW Input/output port pin or parallel slave port bit3

RD4/PSP4 bit4 sT/TTL® Input/output port pin or parallel slave port bit4

RD5/PSP5 bit5 sT/TTL® Input/output port pin or parallel slave port bit5

RD6/PSP6 bit6 sST/TTLW Input/output port pin or parallel slave port bit6

RD7/PSP7 bit7 sT/TTLD Input/output port pin or parallel slave port bit7

Legend: ST = Schmitt Trigger input, TTL = TTL input
Note 1: Input buffers are Schmitt Triggers when in I/O mode and TTL buffer when in Parallel Slave Port mode.

TABLE 3-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Value on: Value on all

Address Name Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS

08h PORTD RD7 | RD6 RD5 RD4 RD3 RD2 RD1 RDO XXXX XXXX | uuuu uuuu
88h TRISD PORTD Data Direction Register 1111 1111 | 1111 1111
89h TRISE IBF | OBF | IBOV | PSPMODE | — | PORTE Data Direction bits 0000 -111 | 0000 -111
Legend: x =unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used by PORTD.
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3.5 PORTE and TRISE Reqister

This section is not applicable to the PIC16F73 or
PIC16F76.

PORTE has three pins, REO/RD/AN5, RE1/WR/ANG
and RE2/CS/AN7, which are individually configureable
as inputs or outputs. These pins have Schmitt Trigger
input buffers.

I/O PORTE becomes control inputs for the micropro-
cessor port when bit PSPMODE (TRISE<4>) is set. In
this mode, the user must make sure that the
TRISE<2:0> bits are set (pins are configured as digital
inputs). Ensure ADCONL1 is configured for digital I/O. In
this mode, the input buffers are TTL.

Register 3-1 shows the TRISE register, which also con-
trols the parallel slave port operation.

PORTE pins are multiplexed with analog inputs. When
selected as an analog input, these pins will read as '0’s.

TRISE controls the direction of the RE pins, even when
they are being used as analog inputs. The user must
make sure to keep the pins configured as inputs when
using them as analog inputs.

FIGURE 3-7: PORTE BLOCK DIAGRAM (IN
I/O PORT MODE)

Data
& i
WR
1/0 pin@®
Data Latch
o— D Q
WR
TRIS | KL Schmitt
Trigger <\7
TRIS Latch 'E';E’#ér
\,/I\l
RD TRIS
e Q D

EN
RD PORT D@ —‘

Note 1: I/O pins have protection diodes to Vdd and Vss.

Note:  On a Power-on Reset, these pins are con-

figured as analog inputs and read as ‘0.
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REGISTER 3-1: TRISE REGISTER (ADDRESS 89h)

R-0 R-0 R/W-0 R/W-0 U-0 RW-1 RMW-1  RMW-1
IBF | OBF | IBOV | PSPMODE — bit2 bitl bit0
bit 7 bit 0
bit 7 Parallel Slave Port Status/Control Bits

IBF: Input Buffer Full Status bit
1 = A word has been received and is waiting to be read by the CPU
0 = No word has been received

bit 6 OBF: Output Buffer Full Status bit
1 = The output buffer still holds a previously written word
0 = The output buffer has been read

bit 5 IBOV: Input Buffer Overflow Detect bit (in Microprocessor mode)
1 = A write occurred when a previously input word has not been read
(must be cleared in software)
0 = No overflow occurred
bit 4 PSPMODE: Parallel Slave Port Mode Select bit
1 = Parallel Slave Port mode
0 = General Purpose I/O mode
bit 3 Unimplemented: Read as 'O’
bit 2 PORTE Data Direction Bits L
Bit2: Direction Control bit for pin RE2/CS/AN7
1 = Input
0 = Output
bit 1 Bit1: Direction Control bit for pin RE1L/WR/AN6
1 = Input
0 = Output
bit 0 Bit0: Direction Control bit for pin REO/RD/ANS
1 = Input
0 = Output

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR reset 1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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TABLE 3-9: PORTE FUNCTIONS

Name Bit# Buffer Type Function
REO/RD/AN5 bit0 sT/TTL® Input/output port pin or read control input in Parallel Slave Port mode or
analog input:
RD
1 =Idle

0 = Read operation. Contents of PORTD register output to PORTD I/O
pins (if chip selected).

RE1/WR/AN6 bit1 sT/TTL® Input/output port pin or write control input in Parallel Slave Port mode

or analog input:

WR

1 =Idle

0 = Write operation. Value of PORTD I/O pins latched into PORTD
register (if chip selected).

RE2/CS/AN7 bit2 sT/TTL® Input/output port pin or chip select control input in Parallel Slave Port
mode or analog input:

Cs

1 = Device is not selected

0 =Device is selected

Legend: ST = Schmitt Trigger input, TTL = TTL input

Note 1: Input buffers are Schmitt Triggers when in I/O mode and TTL buffers when in Parallel Slave Port mode.

TABLE 3-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

Value on: Value on all
Addr Name Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS
09h PORTE — — — — — RE2 RE1 REO ---- -XXX ---- -uuu
89h TRISE IBF OBF | IBOV | PSPMODE —_ PORTE Data Direction Bits 0000 -111 0000 -111
9Fh | ADCON1 | — — — — — | PCFG2 | PCFGL | PCFGO | ---- -000 | ---- -000
Legend: x =unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used by PORTE.

© 2000 Microchip Technology Inc. Advance Information DS30325A-page 37



PIC16F/7X

3.6 Parallel Slave Port FIGURE 3-8: PORTD AND PORTE BLOCK

. . DIAGRAM (PARALLEL SLAVE
The Parallel Slave Port is not implemented on the PORT)

PIC16F73 or PIC16F76.

PORTD operates as an 8-bit wide Parallel Slave Port, r-—-———=—=—=—7—=—7——™—77 a
or microprocessor port when control bit PSPMODE | DataBus
(TRISE<4>) is set. In Slave mode, it is asynchronously |
readable and writable by the external world through RD
control input pin REO/RD and WR control input pin I
REL/WR. I T I
I
I
I

WR [
Port

It can directly interface to an 8-bit microprocessor data
bus. The external microprocessor can read or write the
PORTD latch as an 8-bit latch. Setting bit PSPMODE
enables port pin REO/RD to be the RD input, RE1J/WR
to be the WR |nput_ and RI_EZ/C_S to be the CS (cI1|p 'an;)ito—fpa?m— - -
select) input. For this functionality, the corresponding

data direction bits of the TRISE register (TRISE<2:0>) < Setinterrupt Flag
must be configured as inputs (set). The A/D port config- PSPIF (PIR1<7>)
uration bits PCFG3:PCFGO0 (ADCON1<3:0>) must be
set to configure pins RE2:REO as digital 1/0.

There are actually two 8-bit latches. One for data out-
put and one for data input. The user writes 8-bit data to
the PORTD data latch and reads data from the port pin
latch (note that they have the same address). In this
mode, the TRISD register is ignored, since the external
device is controlling the direction of data flow.

A write to the PSP occurs when both the CS and WR
lines are first detected low. When either the CS or WR
lines become high (level triggered), the Input Buffer Full

Note: 1/O pin has protection diodes to VbD and Vss.

(IBF) status flag bit (TRISE<7>) is set on the Q4 clock
cycle, following the next Q2 cycle, to signal the write is
complete (Figure 3-9). The interrupt flag bit PSPIF
(PIR1<7>) is also set on the same Q4 clock cycle. IBF
can only be cleared by reading the PORTD input latch.
The Input Buffer Overflow (IBOV) status flag bit
(TRISE<5>) is set if a second write to the PSP is
attempted when the previous byte has not been read
out of the buffer.

A read from the PSP occurs when both the CS and RD
lines are first detected low. The Output Buffer Full
(OBF) status flag bit (TRISE<6>) is cleared immedi-
ately (Figure 3-10) indicating that the PORTD latch is
waiting to be read by the external bus. When either the
CS or RD pin becomes high (level triggered), the inter-
rupt flag bit PSPIF is set on the Q4 clock cycle, follow-
ing the next Q2 cycle, indicating that the read is
complete. OBF remains low until data is written to
PORTD by the user firmware.

When not in PSP mode, the IBF and OBF bits are held
clear. However, if flag bit IBOV was previously set, it
must be cleared in firmware.

An interrupt is generated and latched into flag bit
PSPIF when a read or write operation is completed.
PSPIF must be cleared by the user in firmware and the
interrupt can be disabled by clearing the interrupt
enable bit PSPIE (PIE1<7>).
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FIGURE 3-9: PARALLEL SLAVE PORT WRITE WAVEFORMS
+ Q1 | Q2 [ Q3 | @ Q1 | @ | Q | @ Q| Q| e [ o4
cs  \ : A
WR o\ fo Q(\ f |
RD . | \\ | |
PORTD<7:0> —{ : L\
IBF : \ \/
OBF | : \ l !
PSPIF . l \/ :
FIGURE 3-10: PARALLEL SLAVE PORT READ WAVEFORMS
+ Q1 | @ [ Q3 | @ Q1 | @ | Q | @ Q| Q| e [ Q4
s 1\ : o [
WR i N
RD ! \ 14\ \‘::/\ :
. ' . \ I
PORTD<7:0> — : | — :
IBF . ( ! \ : !
oBF ' =\ \ l
PSPIF ! : \‘/ f
TABLE 3-11: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT
Value on: Value on all
Address Name Bit 7 Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS
08h PORTD | Port data latch when written: Port pins when read XXXX XXXX | uuuu uuuu
09h PORTE = I — — — RE2 | RE1 | REO | ---- -xxx | ---- -uuu
89h TRISE IBF OBF | IBOV | PSPMODE — PORTE Data Direction Bits 0000 -111 | 0000 -111
0Ch PIR1 pspiE® | ADIF | RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
8Ch PIE1 pspie | ADIE | RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
9Fh ADCON1 — — — — — PCFG2 | PCFG1 | PCFGO | ---- -000 | ---- -000
Legend: x =unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used by the Parallel Slave Port.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F73/76; always maintain these bits clear.
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40 READING PROGRAM MEMORY

The FLASH Program Memory is readable during nor-
mal operation over the entire VDD range. It is indirectly
addressed through Special Function Registers (SFR).
Up to 14-bit numbers can be stored in memory for use
as calibration parameters, serial numbers, packed 7-bit
ASCII, etc. Executing a program memory location con-
taining data that forms an invalid instruction results in
a NOP.

There are five SFRs used to read the program and
memory. These registers are:

¢ PMCON1

« PMDATA

« PMDATH

* PMADR

* PMADRH

The program memory allows word reads. Program

memory access allows for checksum calculation and
reading calibration tables.

When interfacing to the program memory block, the
PMDATH:PMDATA registers form a two byte word,
which holds the 14-bit data for reads. The
PMADRH:PMADR registers form a two byte word,
which holds the 13-bit address of the FLASH location
being accessed. These devices can have up to 8K
words of program FLASH, with an address range from
Oh to 3FFFh. The unused upper bits in both the
PMDATH and PMADRH registers are not implemented
and read as “0's”.

4.1 PMADR
The address registers can address up to a maximum of

8K words of program FLASH.

When selecting a program address value, the MSByte
of the address is written to the PMADRH register and
the LSByte is written to the PMADR register. The upper
MSbits of PMADRH must always be clear.

4.2 PMCONZ1 Reqister

PMCONL is the control register for memory accesses.

The control bit RD initiates read operations. This bit
cannot be cleared, only set, in software. It is cleared in
hardware at the completion of the read operation.

REGISTER 4-1: PMCON1 REGISTER (ADDRESS 18Ch)

R-1 uU-0 U-0 uU-0 U-x uU-0 uU-0 R/S-0
— [ - 1 — [ — T - T =T -T1c=w
bit 7 bit 0
bit 7 Reserved: Read as ‘1’
bit 6-1 Unimplemented: Read as 'O’
bit 0 RD: Read Control bit

1 = Initiates a FLASH read, RD is cleared in hardware. The RD bit can only be set (not cleared)

in software.
0 = Does not initiate a FLASH read

Legend:
R = Readable bit
- n = Value at POR reset

W = Writable bit
'1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared x = Bit is unknown
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4.3 Reading the FLASH Program Memory data is available in the PMDATA and PMDATH regis-

ters after the second NOP instruction. Therefore, it can
A program memory location may be read by writing two be read as two bytes in the following instructions. The
bytes of the address to the PMADR and PMADRH reg- PMDATA and PMDATH registers will hold this value
isters and then setting control bit RD (PMCON1<0>). until another read operation.

Once the read control bit is set, the microcontroller will
use the next two instruction cycles to read the data. The

EXAMPLE 4-1: FLASH PROGRAM READ

BSF STATUS, RP1 ;
BCF STATUS, RPO ; Bank 2
MOVF ADDRH, W ;
MOVWF PMADRH ; MSByte of Program Address to read
MOVF ADDRL, W ;
MOVWF PMADR ; LSByte of Program Address to read
BSF STATUS, RPO ; Bank 3
Required BSF PMCON1, RD ; EEPROM Read
Sequence
NOP ; memory 1is read in the next two cycles after BSF PMCON1,RD
NOP i
BCF STATUS, RPO ; Bank 2
MOVF PMDATA, W ; W = LSByte of Program PMDATA
MOVF PMDATH, W ; W = MSByte of Program PMDATA
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4.4 Operation During Code Protect

FLASH program memory has its own code protect
mechanism. External Read and Write operations are
disabled if this mechanism is enabled.

The microcontroller can read and execute instructions
out of the internal FLASH program memory, regardless
of the state of the code protect configuration bits.

TABLE 4-1: REGISTERS ASSOCIATED WITH PROGRAM FLASH

Value on: Value on

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

BOR RESETS
10Dh PMADR | Address Register Low Byte XXXX XXXX | uuuu uuuu
10Fh PMADRH — ‘ — ‘ — ‘Address Register High Byte XXXX XXXX | uuuu uuuu
10Ch PMDATA |Data Register Low Byte XXXX XXXX | uuuu uuuu
10Eh PMDATH — — Data Register High Byte XXXX XXXX | uuuu uuuu
18Ch PMCON1 | —@ — — ’ — ’ — ’ — ’ — ’ RD 1--- --- o 1--- --- 0

Legend: x =unknown, u=unchanged, r = reserved, - = unimplemented read as '0’. Shaded cells are not used during FLASH access.
Note 1: This bit always reads asa ‘1’
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50 TIMERO MODULE

The TimerO module timer/counter has the following
features:

« 8-bit timer/counter

* Readable and writable

« 8-bit software programmable prescaler

 Internal or external clock select

« Interrupt on overflow from FFh to 00h

« Edge select for external clock

Figure 5-1is a block diagram of the TimerO module and
the prescaler shared with the WDT.

Additional information on the Timer0 module is avail-
able in the PICmicro™ Mid-Range MCU Family Refer-
ence Manual (DS33023).

Timer mode is selected by clearing bit TOCS
(OPTION_REG<5>). In Timer mode, the Timer0 mod-
ule will increment every instruction cycle (without pres-
caler). If the TMRO register is written, the increment is
inhibited for the following two instruction cycles. The
user can work around this by writing an adjusted value
to the TMRO register.

Counter mode is selected by setting bit TOCS
(OPTION_REG<5>). In Counter mode, Timer0 will
increment, either on every rising or falling edge of pin
RA4/TOCKI. The incrementing edge is determined by
the Timer0 Source Edge Select bit TOSE
(OPTION_REG<4>). Clearing bit TOSE selects the ris-
ing edge. Restrictions on the external clock input are
discussed in detail in Section 5.2.

The prescaler is mutually exclusively shared between
the Timer0 module and the Watchdog Timer. The pres-
caler is not readable or writable. Section 5.3 details the
operation of the prescaler.

5.1 TimerOQ Interrupt

The TMRO interrupt is generated when the TMRO reg-
ister overflows from FFh to 00h. This overflow sets bit
TOIF (INTCON<2>). The interrupt can be masked by
clearing bit TOIE (INTCON<5>). Bit TOIF must be
cleared in software by the TimerO module Interrupt Ser-
vice Routine, before re-enabling this interrupt. The
TMRO interrupt cannot awaken the processor from
SLEEP, since the timer is shut off during SLEEP.

FIGURE 5-1: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER
CLKOUT (= Fosc/4) Data Bus
A 8
RA4/TOCKI v M SYNC
pin 1 u > 2 TMRO reg
X Cycles
TOSE T f
TOCS ]
PSA Set Flag bit TOIF
on Overflow
PRESCALER
r— - - - — — — — — — — T
0 | » 8-bit Prescaler |
M |
U
Watchdog 1] X | 8 |
Timer | |
T | 8 - to - IMUX —— PS2:PSO |
T PSA e |
| 0 |
WDT Enable bit
MUX |«—— PSA
WDT
Time-out
Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION_REG<5:0>).
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5.2 Using Timer0 with an External Clock

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization
of TOCKI, with the internal phase clocks, is accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks. Therefore, it is
necessary for TOCKI to be high for at least 2Tosc (and
a small RC delay of 20 ns) and low for at least 2Tosc
(and a small RC delay of 20 ns). Refer to the electrical
specification of the desired device.

Timer0 module means that there is no prescaler for the
Watchdog Timer, and vice-versa. This prescaler is not
readable or writable (see Figure 5-1).

The PSA and PS2:PSO bits (OPTION_REG<3:0>)
determine the prescaler assignment and prescale ratio.

When assigned to the TimerO module, all instructions
writing to the TMRO register (e.g. CLRF1, MOVWF 1,
BSF 1, x....etc.) will clear the prescaler. When assigned
to WDT, a CLRWDT instruction will clear the prescaler
along with the Watchdog Timer. The prescaler is not
readable or writable.

5.3 Prescaler — -
Note:  Writing to TMRO when the prescaler is
There is only one prescaler available, which is mutually assigned to TimerO, will clear the prescaler
exclusively shared between the Timer0 module and the count but will not change the prescaler
Watchdog Timer. A prescaler assignment for the assignment.
REGISTER 5-1: OPTION_REG 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
bit 7 RBPU
bit 6 INTEDG
bit 5 TOCS: TMRO Clock Source Select bit
1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)
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 PS2:PS0: Prescaler Rate Select bits

Bit Value TMRO 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

Legend:

R = Readable bit
- n = Value at POR reset

W = Writable bit
"1’ = Bitis set

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

X = Bit is unknown

Note:

be followed even if the WDT is disabled.

To avoid an unintended device RESET,
PICmicro™ Mid-Range MCU Family Reference Manual (DS33023) must be executed
when changing the prescaler assignment from TimerO0 to the WDT. This sequence must

the instruction sequence shown in the
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TABLE 5-1: REGISTERS ASSOCIATED WITH TIMERO

Value on: | Value on all

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS
01h,101h |TMRO TimerO Module’s Register XXXX XXXX | uuuu uuuu
0Bh,8Bh, INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF [ 0000 000 0000 000
10Bh,18Bh * s

81h,181h OPTION_REG | RBPU | INTEDG | TOCS | TOSE PSA PS2 PS1 PSO |1111 1111 1111 1111

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by TimerO.
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6.0 TIMER1 MODULE

The Timerl module is a 16-bit timer/counter consisting
of two 8-bit registers (TMR1H and TMR1L), which are
readable and writable. The TMR1 Register pair
(TMR1H:TMR1L) increments from 0000h to FFFFh
and rolls over to 0000h. The TMR1 Interrupt, if enabled,
is generated on overflow, which is latched in interrupt
flag bit TMR1IF (PIR1<0>). This interrupt can be
enabled/disabled by setting/clearing TMR1 interrupt
enable bit TMR1IE (PIE1<0>).

Timerl can operate in one of two modes:

¢ As atimer
* As a counter

The operating mode is determined by the clock select
bit, TMR1CS (T1ICON<1>).

In Timer mode, Timerl increments every instruction
cycle. In Counter mode, it increments on every rising
edge of the external clock input.

Timerl can be enabled/disabled by setting/clearing
control bit TMR1ON (T1CON<0>).

Timerl also has an internal “RESET input’. This
RESET can be generated by either of the two CCP
modules (Section 8.0). Register 6-1 shows the Timerl
Control register.

When the Timerl oscillator is enabled (TLOSCEN is
set), the RCL/T1OSI/CCP2 and RCO/T10SO/T1CKI
pins become inputs. That is, the TRISC<1:0> value is
ignored and these pins read as ‘0'.

Additional information on timer modules is available in
the PICmicro™ Mid-Range MCU Family Reference
Manual (DS33023).

REGISTER 6-1: T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)

uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — T1CKPS1 ’ T1CKPSO ‘ T10SCEN ’ T1ISYNC ‘ TMR1CS ‘TMRlON ‘
bit 7 bit 0
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 T1CKPS1:T1CKPSO0: 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: Timerl Oscillator Enable Control bit

1 = Oscillator is enabled

0 = Oscillator is shut off (The oscillator inverter is turned off to eliminate power drain)
bit 2 T1SYNC: Timerl External Clock Input Synchronization Control bit

TMR1CS =1

1 = Do not synchronize external clock input

0 = Synchronize external clock input

TMR1CS =0

This bit is ignored. Timerl uses the internal clock when TMR1CS = 0.

bit 1 TMR1CS: Timerl Clock Source Select bit

1 = External clock from pin RCO/T1OSO/T1CKI (on the rising edge)

0 = Internal clock (Fosc/4)

bit 0 TMR1ON: Timerl On bit
1 = Enables Timerl
0 = Stops Timerl

Legend:
R = Readable bit
- n = Value at POR reset

W = Writable bit
1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown
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6.1 Timerl Operation in Timer Mode

Timer mode is selected by clearing the TMR1CS
(TLCON<1>) bit. In this mode, the input clock to the
timer is Fosc/4. The synchronize control bit TLSYNC
(TLCON<2>) has no effect, since the internal clock is
always in sync.

FIGURE 6-1: TIMER1 INCREMENTING EDGE

6.2 Timerl Counter Operation

Timerl may operate in Asynchronous or Synchronous
mode, depending on the setting of the TMR1CS bit.

When Timerl is being incremented via an external
source, increments occur on arising edge. After Timerl
is enabled in Counter mode, the module must first have
a falling edge before the counter begins to increment.

T1CKI
(Default high)

T1CKI

(Default low)

Note: Arrows indicate counter increments.

6.3 Timerl Operation in Synchronized
Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode, the timer increments on every rising edge of
clock input on pin RC1/T10SI/CCP2, when bit
T1OSCEN is set, or on pin RCO/TLOSO/T1CKI, when
bit TLOSCEN is cleared.

FIGURE 6-2: TIMER1 BLOCK DIAGRAM

If TLSYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synchro-
nization is done after the prescaler stage. The pres-
caler stage is an asynchronous ripple counter.

In this configuration, during SLEEP mode, Timerl will
not increment even if the external clock is present,
since the synchronization circuit is shut off. The
prescaler however, will continue to increment.

Set Flag bit
TMR1IF on

Overflow
TMR1
TMR1H ‘ TMRI1L .

Synchronized
Clock Input

TMR1ON
________ On/Off T1SYNC
. T1I0SC | %)
RCO/T10SO/T1CKI E ? S > 1 .
' ' = Synchronize
' : | Prescaler i
; —T10SCEN  Fosc/4 1,2,4,8 A det
(2) . . gna_ﬁle @ Intemal— o } I
RC1/T10SI/CCP2 + Oscillator
' ' Clock 2 Q Clock
““““ T1CKPS1:T1CKPSO

TMR1CS

Note 1: When the TLOSCEN bhit is cleared, the inverter is turned off. This eliminates power drain.
2:  Forthe PIC16F73/76, the Schmitt Trigger is not implemented in External Clock mode.
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6.4 Timerl Operation in Asynchronous
Counter Mode

If control bit TLSYNC (T1CON<2>) is set, the external
clock input is not synchronized. The timer continues to
increment asynchronous to the internal phase clocks.
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 soft-
ware are needed to read/write the timer (Section 6.4.1).

In Asynchronous Counter mode, Timerl can not be
used as a time base for capture or compare operations.

6.4.1 READING AND WRITING TIMERL1 IN
ASYNCHRONOUS COUNTER MODE

Reading TMR1H or TMR1L, while the timer is running
from an external asynchronous clock, will guarantee 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 conten-
tion may occur by writing to the timer registers, while
the register is incrementing. This may produce an
unpredictable value in the timer register.

Reading the 16-bit value requires some care. Exam-
ples 12-2 and 12-3 in the PICmicro™ Mid-Range MCU
Family Reference Manual (DS33023) show how to
read and write Timerl when it is running in Asynchro-
nous mode.

6.5 Timerl Oscillator

A crystal oscillator circuit is built-in between pins T1OSI
(input) and T1OSO (amplifier output). It is enabled by
setting control bit TLOSCEN (T1CON<3>). The oscilla-
tor is a low power oscillator rated up to 200 kHz. It will
continue to run during SLEEP. It is primarily intended
for use with a 32 kHz crystal. Table 6-1 shows the
capacitor selection for the Timerl oscillator.

The Timerl oscillator is identical to the LP oscillator.
The user must provide a software time delay to ensure
proper oscillator start-up.

TABLE 6-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Osc Type Freq C1 Cc2
LP 32 kHz 33 pF 33 pF
100 kHz 15 pF 15pF
200 kHz 15pF | ~IB)F

These values are for design gyh}(iz}q\é@nly.
Crystals Tested: \%

N
32.768 kHz | Epson C-0QMR3AVEEK-A |+ 20 PPM

100kHz  |Epson &S AMOBD KC-P |+ 20 PPM

200 kHz XTA200.000 kHz + 20 PPM
Note 1: Hh \péitance increases the stability of
illator, but also increases the start-up
(; time.
. Since each resonator/crystal has its own

characteristics, the user should consult the
resonator/crystal manufacturer for appropri-
ate values of external components.

6.6 Resetting Timerl using a CCP Trigger
Output

If the CCP1 or CCP2 module is configured in Compare
mode to generate a “special event trigger”
(CCP1M3:CCP1IMO = 1011), this signal will reset
Timerl.

Note:  The special event triggers from the CCP1
and CCP2 modules will not set interrupt
flag bit TMR1IF (PIR1<0>).

Timerl must be configured for either Timer or Synchro-
nized Counter mode, to take advantage of this feature.
If Timerl is running in Asynchronous Counter mode,
this RESET operation may not work.

In the event that a write to Timer1 coincides with a spe-
cial event trigger from CCP1 or CCP2, the write will
take precedence.

In this mode of operation, the CCPRxH:CCPRXL regis-
ter pair effectively becomes the period register for
Timerl.

6.7 Resetting of Timerl Register Pair
(TMR1H. TMR1L)

TMR1H and TMRI1L registers are not reset to 00h on a
POR, or any other RESET, except by the CCP1 and
CCP2 special event triggers.

T1CON register is reset to 00h on a Power-on Reset or
a Brown-out Reset, which shuts off the timer and
leaves a 1:1 prescale. In all other RESETS, the register
is unaffected.

6.8 Timerl Prescaler

The prescaler counter is cleared on writes to the
TMR1H or TMRI1L registers.
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TABLE 6-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER

Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other

BOR RESETS

0Bh,8Bh, |INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x| 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIF® | ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF | 0000 0000|0000 0000
8Ch PIE1 PsPIE® | ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE | 0000 0000|0000 0000
OEh TMRI1L |Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXX XXXX [uuuu uuuu
OFh TMR1H |Holding register for the Most Significant Byte of the 16-bit TMRL1 register XXXX XXXX [uuuu uuuu
10h T1CON — ‘ — ‘ T1CKPS1 ‘ T1CKPSO ‘ T10SCEN ‘ T1SYNC ‘ TMRI1CS ‘ TMRION | --00 0000 | --uu uuuu
Legend: x =unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by the Timerl module.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F73/76; always maintain these bits clear.
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7.0 TIMER2 MODULE

Timer2 is an 8-bhit timer with a prescaler and a
postscaler. It can be used as the PWM time base for the
PWM mode of the CCP module(s). The TMR2 register
is readable and writable, and is cleared on any device
RESET.

The input clock (Fosc/4) has a prescale option of 1:1,
1:4 or 1:16, selected by control bits
T2CKPS1:T2CKPSO0 (T2CON<1:0>).

The Timer2 module has an 8-bit period register, PR2.
Timer2 increments from 00h until it matches PR2 and
then resets to 00h on the next increment cycle. PR2 is
a readable and writable register. The PR2 register is
initialized to FFh upon RESET.

The match output of TMR2 goes through a 4-bit
postscaler (which gives a 1:1 to 1:16 scaling inclusive)
to generate a TMR2 interrupt (latched in flag bit
TMR2IF, (PIR1<1>)).

Timer2 can be shut off by clearing control bit TMR20ON
(T2CON<2>) to minimize power consumption.

Register 7-1 shows the Timer2 control register.

Additional information on timer modules is available in
the PICmicro™ Mid-Range MCU Family Reference
Manual (DS33023).

7.1 Timer2 Prescaler and Postscaler

The prescaler and postscaler counters are cleared
when any of the following occurs:

* awrite to the TMR2 register
* a write to the T2CON register

e any device RESET (POR, MCLR Reset, WDT
Reset or BOR)

TMRZ2 is not cleared when T2CON is written.

7.2 Output of TMR2

The output of TMR2 (before the postscaler) is fed to the
SSP module, which optionally uses it to generate shift
clock.

FIGURE 7-1: TIMERZ2 BLOCK DIAGRAM

Sets Flag
bit TMR2IF | Qi)

Reset Prescaler
TMR2 re! —F
111, 1.4, 116 OS¢
Postscaler /T/z
11 to 1:116| EQ
T2CKPS1:
4 T2CKPSO
T20UTPS3:
T20UTPSO

Note 1: TMR2 register output can be software selected by the
SSP module as a baud clock.

REGISTER 7-1: T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)

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 | TMR2ON | T2CKPS1 | T2CKPSO
bit 7 bit 0
bit 7 Unimplemented: Read as ‘0’

bit 6-3 TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits
0000 =1:1 Postscale
0001 = 1:2 Postscale
0010 = 1:3 Postscale

1111 =1:16 Postscale

bit 2 TMR2ON: Timer2 On bit
1 =Timer2is on
0 = Timer2 is off
bit 1-0 T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits
00 = Prescaleris 1
01 = Prescaler is 4
1x = Prescaler is 16

Legend:
R = Readable bit
- n = Value at POR reset

W = Writable bit
1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown
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TABLE 7-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

Value on: Value on
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
0Bh,8Bh, | INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x| 0000 000u
10Bh,18Bh
0Ch PIR1 psPIF® ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF | 0000 0000|0000 0000
8Ch PIE1 psPIE® ADIE RCIE TXIE SSPIE | CCPl1IE | TMR2IE | TMR1IE | 0000 0000|0000 0000
11h TMR2 Timer2 Module’s Register 0000 0000|0000 0000
12h T2CON = TOUTPS3 | TOUTPS2 | TOUTPS1 TOUTPSO|TMR20N|T2CKPSl T2CKPSQ | -000 0000 | -000 0000
92h PR2 Timer2 Period Register 1111 1111|1111 1111
Legend: x = unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by the Timer2 module.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F73/76; always maintain these bits clear.
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8.0 CAPTURE/COMPARE/PWM
MODULES

Each Capture/Compare/PWM (CCP) module contains
a 16-bit register which can operate as a:

» 16-bit Capture register
» 16-bit Compare register
* PWM Master/Slave Duty Cycle register

Both the CCP1 and CCP2 modules are identical in
operation, with the exception being the operation of the
special event trigger. Table 8-1 and Table 8-2 show the
resources and interactions of the CCP module(s). In
the following sections, the operation of a CCP module
is described with respect to CCP1. CCP2 operates the
same as CCP1, except where noted.

8.1 CCP1 Module

Capture/Compare/PWM Registerl (CCPR1) is com-
prised of two 8-bit registers: CCPR1L (low byte) and
CCPR1H (high byte). The CCP1CON register controls
the operation of CCP1. The special event trigger is
generated by a compare match and will reset Timer1.

8.2 CCP2 Module

Capture/Compare/PWM Registerl (CCPR1) is com-
prised of two 8-bit registers: CCPR1L (low byte) and
CCPR1H (high byte). The CCP2CON register controls
the operation of CCP2. The special event trigger is
generated by a compare match and will reset Timerl
and start an A/D conversion (if the A/D module is
enabled).

Additional information on CCP modules is available in
the PICmicro™ Mid-Range MCU Family Reference
Manual (DS33023) and in Application Note 594, “Using
the CCP Modules” (DS00594).

TABLE 8-1: CCP MODE - TIMER
RESOURCES REQUIRED
CCP Mode Timer Resource
Capture Timerl
Compare Timerl
PWM Timer2

TABLE 8-2: INTERACTION OF TWO CCP MODULES
CCPx Mode | CCPy Mode Interaction
Capture Capture Same TMR1 time base.
Capture Compare The compare should be configured for the special event trigger, which clears TMR1.
Compare Compare The compare(s) should be configured for the special event trigger, which clears TMR1.
PWM PWM The PWMs will have the same frequency and update rate (TMR2 interrupt).
PWM Capture None.
PWM Compare None.
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REGISTER 8-1: CCP1CON REGISTER/CCP2CON REGISTER (ADDRESS: 17h/1Dh)

bit 7-6
bit 5-4

bit 3-0

u-0 u-0 RIW-0 RIW-0 RW-0  RMW-0 RW-0  R/MW-0
— — CCPxX CCPxY | CCPxM3 | CCPxM2 | CCPxM1 | CCPxMO
bit 7 bit 0

Unimplemented: Read as '0'
CCPxX:CCPxY: PWM Least Significant bits

Capture Mode:
Unused

Compare Mode:
Unused

PWM Mode:
These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRxL.

CCPxM3:CCPxMO0: CCPx Mode Select bits

0000 = Capture/Compare/PWM disabled (resets CCPx module)

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCPxIF bit is set)

1001 = Compare mode, clear output on match (CCPxIF bit is set)

1010 = Compare mode, generate software interrupt on match (CCPxIF bit is set,
CCPx pin is unaffected)

1011 = Compare mode, trigger special event (CCPxIF bit is set, CCPx pin is unaffected);
CCP1 resets TMR1; CCP2 resets TMR1 and starts an A/D conversion
(if A/D module is enabled)

1l1xx = PWM mode

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

In Capture mode, CCPR1H:CCPRI1L captures the
16-bit value of the TMRL1 register when an event occurs
on pin RC2/CCP1. An event is defined as one of the fol-
lowing and is configured by CCPxCON<3:0>:

« Every falling edge

« Every rising edge

« Every 4th rising edge

e Every 16th rising edge

An event is selected by control bits CCP1M3:CCP1MO
(CCP1CON<3:0>). When a capture is made, the inter-
rupt request flag bit CCP1IF (PIR1<2>) is set. The
interrupt flag must be cleared in software. If another
capture occurs before the value in register CCPR1 is

read, the old captured value is overwritten by the new
captured value.

8.3.1 CCP PIN CONFIGURATION

In Capture mode, the RC2/CCP1 pin should be config-
ured as an input by setting the TRISC<2> bit.

Note: If the RC2/CCP1 pin is configured as an
output, a write to the port can cause a
capture condition.

FIGURE 8-1: CAPTURE MODE OPERATION
BLOCK DIAGRAM

Set Flag bit CCP1IF

Prescaler (PIR1<2>)
X}i +1,4,16 4
RC2/CCP1 [ ccpriH [ cepriL |
in
and 1 Capture
edge detect Enable

ITMRlH | TMRIL |

CCP1CON<3:0>
Q's

8.3.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode or Synchro-
nized Counter mode for the CCP module to use the
capture feature. In Asynchronous Counter mode, the
capture operation may not work.

8.3.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCPL1IE (PIE1<2>) clear to avoid false interrupts and
should clear the flag bit CCP1IF following any such
change in operating mode.

8.3.4 CCP PRESCALER

There are four prescaler settings, specified by bits
CCP1M3:CCP1MO0. Whenever the CCP module is
turned off, or the CCP module is not in Capture mode,
the prescaler counter is cleared. Any RESET will clear
the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared, therefore, the first capture may be from
a non-zero prescaler. Example 8-1 shows the recom-
mended method for switching between capture pres-
calers. This example also clears the prescaler counter
and will not generate the “false” interrupt.

EXAMPLE 8-1: CHANGING BETWEEN
CAPTURE PRESCALERS

CLRF CCP1CON ;Turn CCP module off
MOVLW NEW_CAPT PS ;Load the W reg with

; the new prescaler

; move value and CCP ON
;Load CCP1CON with this
; value

MOVWF CCP1CON
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8.4 Compare Mode

In Compare mode, the 16-bit CCPR1 register value is
constantly compared against the TMR1 register pair
value. When a match occurs, the RC2/CCP1 pin is:

« Driven high

 Driven low

« Remains unchanged

The action on the pin is based on the value of control

bits CCP1M3:CCP1MO (CCP1CON<3:0>). At the
same time, interrupt flag bit CCP1IF is set.

FIGURE 8-2: COMPARE MODE OPERATION
BLOCK DIAGRAM

Special event trigger will:

reset Timerl, but not set interrupt flag bit TMR1IF (PIR1<0>),
and set bit GO/DONE (ADCONO0<2>).

Special Event Trigger

Set Flag bit CCP1IF

(PIR1<2>)
CCPR1H| CCPRIL
f Comparator
RC2/CCP1 Rl Logic |© Match p
Pin
TRISC<2>
Output Enable  ccp1CON<3:0> TMRIH] TWRIL
Mode Select

8.4.1 CCP PIN CONFIGURATION

The user must configure the RC2/CCP1 pin as an out-
put by clearing the TRISC<2> bit.

Note: Clearing the CCP1CON register will force
the RC2/CCP1 compare output latch to the
default low level. This is not the PORTC

I/O data latch.

8.4.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode or Synchro-
nized Counter mode if the CCP module is using the
compare feature. In Asynchronous Counter mode, the
compare operation may not work.

8.4.3 SOFTWARE INTERRUPT MODE

When Generate Software Interrupt mode is chosen, the
CCP1 pin is not affected. The CCPIF bit is set causing
a CCP interrupt (if enabled).

8.4.4 SPECIAL EVENT TRIGGER

In this mode, an internal hardware trigger is generated,
which may be used to initiate an action.

The special event trigger output of CCP1 resets the
TMR1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable period register for
Timerl.

The special event trigger output of CCP2 resets the
TMRL1 register pair and starts an A/D conversion (if the
A/D module is enabled).

Note: The special event trigger from the CCP1
and CCP2 modules will not set interrupt
flag bit TMR1IF (PIR1<0>).

8.5 PWM Mode (PWM)

In Pulse Width Modulation mode, the CCPx pin pro-
duces up to a 10-bit resolution PWM output. Since the
CCP1 pin is multiplexed with the PORTC data latch, the
TRISC<2> bit must be cleared to make the CCP1 pin
an output.

Note: Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTC I/O data
latch.

Figure 8-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 8.5.3.

FIGURE 8-3:  SIMPLIFIED PWM BLOCK
DIAGRAM

Duty Cycle Registers —— CCP1CON<5:4>

‘ CCPRIL ‘

ﬁ%—

‘ CCPRIH (Slave) ‘

’ Comparator i R Q
RC2/CCP1
’ TMR2 ’ (Note 1)‘
—S
Comparator TRISC<2>
Clear Timer,
* CCP1 pin and
latch D.C.

PR2

Note 1: 8-bit timer is concatenated with 2-bit internal Q clock
or 2 bits of the prescaler to create 10-bit time base.
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A PWM output (Figure 8-4) has a time base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 8-4:

TMR2
RESET

PWM OUTPUT

TMR2
RESET

Period

_ B -

Duty Cycle

TMR2 = PR2

TMR2 = Duty Cycle

TMR2 = PR2

8.5.1 PWM PERIOD

The PWM period is specified by writing to the PR2 reg-
ister. The PWM period can be calculated using the fol-
lowing formula:

PWM period = [(PR2) + 1] « 4 » TOSC *
(TMR2 prescale value)
PWM frequency is defined as 1 / [PWM period].
When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
* TMR2 is cleared
e The CCP1 pin is set (exception: if PWM duty

cycle = 0%, the CCP1 pin will not be set)

e The PWM duty cycle is latched from CCPRL1L into
CCPR1H

8.5.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRLL register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPRLL contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CONK<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

PWM duty cycle = (CCPR1L:CCP1CON<5:4>) «
Tosc * (TMR2 prescale value)

CCPRI1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read only register.

The CCPRI1H register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

When the CCPR1H and 2-bit latch match TMR2 con-
catenated with an internal 2-bit Q clock or 2 bits of the
TMR2 prescaler, the CCP1 pin is cleared.

Maximum PWM resolution (bits) for a given PWM

frequency:
0osc
'Og(F )
Resolution = its
Iog(2)
Note: If the PWM duty cycle value is longer than

the PWM period, the CCP1 pin will not be
cleared.

8.5.3 SET-UP FOR PWM OPERATION

The following steps should be taken when configuring

Note:  The Timer2 postscaler (see Section 8.3) is the CCP module for PWM operation:
A R s U L 1. Setthe PWM period by writing to the PR2 register.
frequency. The postscaler could be used to -
have a servo update rate at a different fre- 2. Set the PWM duty cycle by W”_t'”g to the
quency than the PWM output. CCPRLL register and CCP1CON<5:4> hits.
3. Make the CCP1 pin an output by clearing the
TRISC<2> hit.
4. Setthe TMR2 prescale value and enable Timer2
by writing to T2CON.
5. Configure the CCP1 module for PWM operation.
TABLE 8-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz
PWM Frequency 1.22 kHz 4.88 kHz 19.53 kHz 78.12 kHz 156.3 kHz | 208.3 kHz
Timer Prescale (1, 4, 16) 16 4 1 1 1 1
PR2 Value OxFF OxFF OxFF Ox3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 5.5
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TABLE 8-4: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, AND TIMER1

Value on: | Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other

BOR RESETS

0Bh,8Bh, |INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF |0000 000x|[0000 000u
10Bh,18Bh
0Ch PIR1 PSPIFD | ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF |0000 0000|0000 0000
0Dh PIR2 — — — = — = = CCP2IF |---- --- of---- --- 0
8Ch PIE1 PSPIE® | ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE |0000 0000|0000 0000
8Dh PIE2 — — — — — — — CCP2IE |---- --- of---- --- 0
87h TRISC PORTC Data Direction Register 1111 1111|1111 1111
OEh TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXX XXXX[uuuu uuuu
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMRL register XXXX XXXX[UUUU uuuu
10h T1CON — ’ — |TlCKPSl ’ TlCKPSO’ T10SCEN ’ TISYNC ‘ TMR1CS ‘TMRlON --00 0000|--uu uuuu
15h CCPR1L |Capture/Compare/PWM registerl (LSB) XXXX XXXX[UUUU Uuuu
16h CCPR1H |Capture/Compare/PWM registerl (MSB) XXXX XXXX|uuuu uuuu
17h CCPICON| — ‘ — ‘ CCP1X ‘ CccP1Y ‘ CCP1M3 ‘ CCPIM2 ‘ CCPIML ‘CCPlMO ~-00 0000|--00 0000
1Bh CCPR2L | Capture/Compare/PWM register2 (LSB) XXXX XXXX[uuuu uuuu
1Ch CCPR2H | Capture/Compare/PWM register2 (MSB) XXXX XXXX[uuuu uuuu
1Dh CCP2CON| — ’ — | CCP2X ’ ccP2y ’ ccP2M3 ’ CCPZMZ‘ CccP2M1 ‘CCPZMO --00 0000|--00 0000
Legend: x =unknown, u = unchanged, - = unimplemented read as '0’. Shaded cells are not used by Capture and Timer1l.
Note 1: The PSP is not implemented on the PIC16F73/76; always maintain these bits clear.
TABLE 8-5: REGISTERS ASSOCIATED WITH PWM AND TIMER2

Value on: | Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other

BOR RESETS

0Bh,8Bh, [INTCON GIE PEIE TOIE INTE RBIE | TOIF INTF RBIF [0000 000x[0000 000u
10Bh,18Bh
0Ch PIR1 PsPIFY| ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF [0000 0000|0000 0000
0Dh PIR2 — — — — — — — CCP2IF |---- --- 0|l---- --- 0
8Ch PIE1 PsSPIE®| ADIE RCIE TXIE SSPIE | CCP1lIE | TMR2IE | TMR1IE |0000 0000{0000 0000
8Dh PIE2 — — — — — — — CCP2IE |---- --- 0f---- --- 0
87h TRISC PORTC Data Direction Register 1111 11111111 1111
11h TMR2 Timer2 module’s register 0000 0000(0000 0000
92h PR2 Timer2 module’s period register 1111 1111(1111 1111
12h T2CON — [ Toutps3| TouTPs2| TOUTPS1| TOUTPSO| TMR2ON| T2CKPS1 | T2CKPSO| 000 0000[-000 0000
15h CCPRI1L |Capture/Compare/PWM registerl (LSB) XXXX XXXX|uuuu uuuu
16h CCPR1H |Capture/Compare/PWM registerl (MSB) XXXX XXXX|uuuu uuuu
17h ccpicoN| — | — | ccpix | ccpiy | ccpiMa[ccpiM2] cCPIMI | CCPIMO [--00 0000--00 0000
1Bh CCPR2L |Capture/Compare/PWM register2 (LSB) XXXX XXXX|uuuu uuuu
1Ch CCPR2H |Capture/Compare/PWM register2 (MSB) XXXX XXXX|uuuu uuuu
1Dh ccpacoN| — | — | ccpax | ccpay | copams [copam2| ccPami | cCP2MO [--00 0000--00 0000
Legend: x =unknown, u = unchanged, - = unimplemented read as '0’. Shaded cells are not used by PWM and Timer2.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F73/76; always maintain these bits clear.

DS30325A-page 60

AdvancelInformation

© 2000 Microchip Technology Inc.




PIC16F/7X

9.0 SYNCHRONOUS SERIAL PORT
(SSP) MODULE

9.1 SSP Module Overview

The Synchronous Serial Port (SSP) module is a serial
interface useful for communicating with other periph-
eral or microcontroller devices. These peripheral
devices may be Serial EEPROMS, shift registers, dis-
play drivers, A/D converters, etc. The SSP module can
operate in one of two modes:

» Serial Peripheral Interface (SPI)

« Inter-Integrated Circuit (I2C)

An overview of I°C operations and additional informa-
tion on the SSP module can be found in the PICmicro™

Mid-Range MCU Family Reference Manual
(DS33023).

Refer to Application Note AN578, “Use of the SSP
Module in the 1 2C Multi-Master Environment.”

9.2 SP1 Mode

This section contains register definitions and opera-
tional characteristics of the SPI module. Additional
information on the SPI module can be found in the
PICmicro™ Mid-Range MCU Family Reference Man-
ual (DS33023A).

SPI mode allows 8 bits of data to be synchronously
transmitted and received simultaneously. To accom-
plish communication, typically three pins are used:

» Serial Data Out (SDO) RC5/SDO

« Serial Data In (SDI) RC4/SDI/SDA

« Serial Clock (SCK) RC3/SCK/SCL

Additionally, a fourth pin may be used when in a Slave
mode of operation:

« Slave Select (SS) RA5/SS/AN4

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits in the SSPCON register (SSPCON<5:0>)
and SSPSTAT<7:6>. These control bits allow the fol-
lowing to be specified:

« Master mode (SCK is the clock output)

« Slave mode (SCK is the clock input)

e Clock Polarity (Idle state of SCK)

» Clock edge (output data on rising/falling edge of
SCK)

¢ Clock Rate (Master mode only)
» Slave Select mode (Slave mode only)

© 2000 Microchip Technology Inc.
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REGISTER 9-1: SSPSTAT: SYNC SERIAL PORT STATUS REGISTER (ADDRESS 94h)

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

RW-0  R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE DIA P S \ RIW \ UA \ BF
bit 7 bit 0

SMP: SPI Data Input Sample Phase

SPI Master mode:
1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time (Microwire

SPI Slave mode:
SMP must be cleared when SPI is used in Slave mode

I2C mode:
This bit must be maintained clear

CKE: SPI Clock Edge Select (Figure 9-2, Figure 9-3, and Figure 9-4)

SPI mode:

CKP =0

1 = Data transmitted on rising edge of SCK (Microwire® alternate)
0 = Data transmitted on falling edge of SCK

CKP=1

1 = Data transmitted on falling edge of SCK (Microwire® default)
0 = Data transmitted on rising edge of SCK

I2C mode:
This bit must be maintained clear

D/A: Data/Address bit (12C mode only)
1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address

P: STOP bit (I2C mode only)

This bit is cleared when the SSP module is disabled, or when the START bit is detected last.
SSPEN is cleared.

1 = Indicates that a STOP bit has been detected last (this bit is ‘0’ on RESET)

0 = STOP bit was not detected last

S: START bit (1°C mode only)

This bit is cleared when the SSP module is disabled, or when the STOP bit is detected last.
SSPEN is cleared.

1 = Indicates that a START bit has been detected last (this bit is ‘0’ on RESET)

0 = START bit was not detected last

R/W: Read/Write bit Information (1C mode only)

This bit holds the R/W bit information following the last address match. This bit is only valid from
the address match to the next START bit, STOP bit, or ACK bit.

1 =Read

0 = Write

UA: Update Address (10-bit I°C mode only)
1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated

BF: Buffer Full Status bit

Receive (SPI and 12C modes):
1 = Receive complete, SSPBUF is full
0 = Receive not complete, SSPBUF is empty

®)

Transmit (1’C mode only):
1 = Transmit in progress, SSPBUF is full
0 = Transmit complete, SSPBUF is empty

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR reset "1’ = Bitis set '0’ = Bitis cleared X = Bit is unknown
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REGISTER 9-2: SSPCON: SYNC SERIAL PORT CONTROL REGISTER (ADDRESS 14h)

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

WCOL ‘ SSPOV ‘ SSPEN CKP ‘ SSPM3 ’ SSPM2 ‘ SSPM1 ‘ SSPMO ‘

bit 7 bit 0
bit 7 WCOL: Write Collision Detect bit

1 = The SSPBUF register is written while it is still transmitting the previous word
(must be cleared in software)
0 = No collision

bit 6 SSPOV: Receive Overflow Indicator bit

In SPI mode:

1 = A new byte is received while the SSPBUF register is still holding the previous data. In case
of overflow, the data in SSPSR is lost. Overflow can only occur in Slave mode. The user
must read the SSPBUF, even if only transmitting data, to avoid setting overflow. In
Master mode, the overflow bit is not set since each new reception (and transmission) is
initiated by writing to the SSPBUF register.

0 = No overflow

In I2C mode:

1 = A byte is received while the SSPBUF register is still holding the previous byte. SSPOV
is a "don’t care" in Transmit mode. SSPOV must be cleared in software in either mode.

0 = No overflow

bit 5 SSPEN: Synchronous Serial Port Enable bit

In SPI mode:
1 = Enables serial port and configures SCK, SDO, and SDI as serial port pins
0 = Disables serial port and configures these pins as 1/0 port pins

In 12C mode:
1 = Enables the serial port and configures the SDA and SCL pins as serial port pins
0 = Disables serial port and configures these pins as I/O port pins

In both modes, when enabled, these pins must be properly configured as input or output.
bit 4 CKP: Clock Polarity Select bit

In SPI mode:
1 = Idle state for clock is a high level (Microwire® default)
0 = Idle state for clock is a low level (Microwire® alternate)

In 12C mode:

SCK release control

1 = Enable clock

0 = Holds clock low (clock stretch). (Used to ensure data setup time.)

bit 3-0 SSPM3:SSPMO: Synchronous Serial Port Mode Select bits
0000 = SPI Master mode, clock = Fosc/4
0001 = SPI Master mode, clock = Fosc/16
0010 = SPI Master mode, clock = Fosc/64
0011 = SPI Master mode, clock = TMR2 output/2
0100 = SPI Slave mode, clock = SCK pin. SS pin control enabled.
0101 = SPI Slave mode, clock = SCK pin. SS pin control disabled. SS can be used as I/O pin.
0110 = I2C Slave mode, 7-bit address
0111 = I2C Slave mode, 10-bit address
1011 = I2C firmware controlled Master mode (slave idle)
1110 = I2C Slave mode, 7-bit address with START and STOP bit interrupts enabled
1111 = I2C Slave mode, 10-bit address with START and STOP bit interrupts enabled

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR reset "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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FIGURE 9-1: SSP BLOCK DIAGRAM

(SPI MODE)

Internal

<

Read

SSPBUF reg

Data Bus
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‘ SSPSR reg

RC4/SDI/SDA bit0

Shift
Clock

pd
R(%DO TJ

SS Control
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RA5/SS/AN4 Edge
Select
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To enable the serial port, SSP enable bit, SSPEN
(SSPCON<5>) must be set. To reset or reconfigure SPI
mode, clear bit SSPEN, re-initialize the SSPCON reg-
ister, and then set bit SSPEN. This configures the SDI,
SDO, SCK, and SS pins as serial port pins. For the pins
to behave as the serial port function, they must have
their data direction bits (in the TRISC register) appro-
priately programmed. That is:

¢ SDI must have TRISC<4> set
¢ SDO must have TRISC<5> cleared

¢ SCK (Master mode) must have TRISC<3>
cleared

¢ SCK (Slave mode) must have TRISC<3> set

+ SS must have TRISA<5> set and ADCON must
be configured such that RA5 is a digital 1/0

Note 1: When the SPI is in Slave mode with SS pin
control enabled, (SSPCON<3:0> = 0100)
the SPI module will reset if the SS pin is set
to VDD.

2: If the SPI is used in Slave mode with
CKE ="1', then the SS pin control must be

enabled.
SSPM3:SSPMO
TMR2 Output
2
X’_' L | Edge

Select Prescaler| Tcy
RC3/SCK/ 4,16, 64
SCL TRISC<3>
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FIGURE 9-2: SPI MODE TIMING, MASTER MODE
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FIGURE 9-3: SPI MODE TIMING (SLAVE MODE WITH CKE = 0)

ss (optional)
] [

SCK (CKP = 0) [|||||||||||||||

SCK (CKP = 1)

SDO m bz { bite b5 X bia K bz Y b2 X bir { b0 Yo
SDI (SMP = 0) :C O e W WD

bit7 bit0

SSPIF

FIGURE 9-4: SPI MODE TIMING (SLAVE MODE WITH CKE = 1)
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TABLE 9-1: REGISTERS ASSOCIATED WITH SPI OPERATION

Value on: Value on

Address Name Bit 7 Bit 6 Bit5 | Bit4| Bit3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS

0Bh,8Bh. INTCON GIE PEIE TOIE |INTE| RBIE TOIF INTF RBIF 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PspPIF® ADIF RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
8Ch PIE1 pspPIE® ADIE RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 [ 0000 0000
87h TRISC PORTC Data Direction Register 1111 11111111 1111
13h SSPBUF | Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX [ uuuu uuuu
14h SSPCON |wcoL [ sspov | ssPEN | ckp | ssPu3 | ssPm2 | ssPM1 | ssPMo | 0000 0000 | 0000 0000
85h TRISA — — PORTA Data Direction Register --11 1111 --11 1111
94h SSPSTAT| SMP CKE D/A ‘ P ‘ S ‘ RIW ‘ UA ’ BF | 0000 0000|0000 0000
Legend: x =unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used by the SSP in SPI mode.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F73/76; always maintain these bits clear.
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9.3 SSP |12C Operation

The SSP module in 1°C mode, fully implements all slave
functions, except general call support, and provides
interrupts on START and STOP bits in hardware to facil-
itate firmware implementations of the master functions.
The SSP module implements the standard mode speci-
fications as well as 7-bit and 10-bit addressing.

Two pins are used for data transfer. These are the RC3/
SCKI/SCL pin, which is the clock (SCL), and the RC4/
SDI/SDA pin, which is the data (SDA). The user must
configure these pins as inputs or outputs through the
TRISC<4:3> bits.

The SSP module functions are enabled by setting SSP
enable bit SSPEN (SSPCON<5>).

FIGURE 9-5: SSP BLOCK DIAGRAM

(I>C MODE)
< Internal
Data Bus
Read ‘@% Write
71
RC3/SCK/SCL ’ SSPBUF reg \

Zem N

E <]<—‘ SSPSR reg
MShb LSb

RC4/
SDI/ ._l>

SDA i
‘ Match Detect }—v Addr Match

i

‘ SSPADD reg ‘

START and Set, RESET

STOP bit Detect [ S, P bits
(SSPSTAT reg)

The SSP module has five registers for e operation.
These are the:

e SSP Control Register (SSPCON)

e SSP Status Register (SSPSTAT)

« Serial Receive/Transmit Buffer (SSPBUF)

« SSP Shift Register (SSPSR) - Not directly accessible
* SSP Address Register (SSPADD)

The SSPCON register allows control of the 12C opera-
tion. Four mode selection bits (SSPCON<3:0>) allow
one of the following I2C modes to be selected:

« 12C Slave mode (7-bit address)
« 12C Slave mode (10-bit address)

« 12C Slave mode (7-bit address), with START and
STOP bit interrupts enabled to support firmware
Master mode

+ 12C Slave mode (10-bit address), with START and
STOP bit interrupts enabled to support firmware
Master mode

« 12C START and STOP bit interrupts enabled to
support firmware Master mode, Slave is idle

Selection of any 12C mode, with the SSPEN bit set,
forces the SCL and SDA pins to be open drain, pro-
vided these pins are programmed to inputs by setting
the appropriate TRISC bits. Pull-up resistors must be
provided externally to the SCL and SDA pins for proper
operation of the IC module.

Additional information on SSP 12C operation can be
found in the PICmicro™ Mid-Range MCU Family Ref-
erence Manual (DS33023A).

9.3.1 SLAVE MODE

In Slave mode, the SCL and SDA pins must be config-
ured as inputs (TRISC<4:3> set). The SSP module will
override the input state with the output data when
required (slave-transmitter).

When an address is matched, or the data transfer after
an address match is received, the hardware automati-
cally will generate the acknowledge (ACK) pulse, and
then load the SSPBUF register with the received value
currently in the SSPSR register.

There are certain conditions that will cause the SSP
module not to give this ACK pulse. They include (either
or both):

a) The buffer full bit BF (SSPSTAT<0>) was set
before the transfer was received.

b) The overflow bit SSPOV (SSPCON<6>) was set
before the transfer was received.

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit SSPIF (PIR1<3>) is set.
Table 9-2 shows what happens when a data transfer
byte is received, given the status of bits BF and
SSPOV. The shaded cells show the condition where
user software did not properly clear the overflow condi-
tion. Flag bit BF is cleared by reading the SSPBUF reg-
ister while bit SSPOV is cleared through software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
1’c specification, as well as the requirements of the
SSP module, are shown in timing parameter #100 and
parameter #101.
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9.3.1.1 Addressing

Once the SSP module has been enabled, it waits for a
START condition to occur. Following the START condi-
tion, the 8-bits are shifted into the SSPSR register. All
incoming bits are sampled with the rising edge of the
clock (SCL) line. The value of register SSPSR<7:1> is
compared to the value of the SSPADD register. The
address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match, and the BF
and SSPOV bits are clear, the following events occur:

a) The SSPSR register value is loaded into the
SSPBUF register.

b) The buffer full bit, BF is set.
c) An ACK pulse is generated.

d) SSP interrupt flag bit, SSPIF (PIR1<3>) is set
(interrupt is generated if enabled) - on the falling
edge of the ninth SCL pulse.

In 10-bit address mode, two address bytes need to be
received by the slave (Figure 9-7). The five Most Sig-
nificant bits (MSbs) of the first address byte specify if
this is a 10-bit address. Bit R/W (SSPSTAT<2>) must
specify a write so the slave device will receive the sec-
ond address byte. For a 10-bit address, the first byte
would equal ‘1111 0 A9 A8 0', where A9 and A8 are
the two MSbs of the address. The sequence of events
for 10-bit address is as follows, with steps 7 - 9 for
slave-transmitter:

Receive first (high) byte of address (bits SSPIF,
BF, and bit UA (SSPSTAT<1>) are set).

Update the SSPADD register with second (low)
byte of address (clears bit UA and releases the
SCL line).

Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

Receive second (low) byte of address (bits
SSPIF, BF, and UA are set).

Update the SSPADD register with the first (high)
byte of address, if match releases SCL line, this
will clear bit UA.

Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

Receive Repeated START condition.

Receive first (high) byte of address (bits SSPIF
and BF are set).

Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

TABLE 9-2: DATA TRANSFER RECEIVED BYTE ACTIONS

Status Bits as Data —_— Set bit SSPIF
Transfer is Received SSPSR —s SSPBUF Genfle:)rlitseACK (SSP Interrupt occurs
BE SSPOV if enabled)
0 0 Yes Yes Yes
1 0 No No Yes
1 1 No No Yes
0 1 No No Yes

Note:  Shaded cells show the conditions where the user software did not properly clear the overflow condition.
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9.3.1.2 Reception An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF (PIR1<3>) must be cleared in soft-
ware. The SSPSTAT register is used to determine the
status of the byte.

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT
register is cleared. The received address is loaded into
the SSPBUF register.

When the address byte overflow condition exists, then
no Acknowledge (ACK) pulse is given. An overflow
condition is defined as either bit BF (SSPSTAT<0>) is
set, or bit SSPOV (SSPCON<6>) is set. This is an error
condition due to the user’s firmware.

FIGURE 9-6: I2C WAVEFORMS FOR RECEPTION (7-BIT ADDRESS)

Receiving Address R/W=Q Receiving Data ACK Receiving Data ACK
ro e r oA
SDA "1\ | /A7 XA6XA5XA4XA3XA2XAL)\  "/D7XD6KD5XD4XD3XD2XD1XDO)__/D7XDEXD5XDAXD3XDZXD1XD0) N/
[
L ' L
scL !s! | e | o
- P : T
. ) I
SSPIF (PIR1<3>) I <—Cleared in software || | Bus Master
! T | terminates
I I | transfer
BF (SSPSTAT<0>) [~ J=—SSPBUF register is read | i
I
I
SSPOV (SSPCON<6>)
Bit SSPOV is set because the SSPBUF register is still full. 4
ACK is not sent.
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9.3.1.3 Transmission

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit, and pin RC3/SCK/SCL is held
low. The transmit data must be loaded into the
SSPBUF register, which also loads the SSPSR regis-
ter. Then, pin RC3/SCK/SCL should be enabled by set-
ting bit CKP (SSPCON<4>). The master must monitor
the SCL pin prior to asserting another clock pulse. The
slave devices may be holding off the master by stretch-
ing the clock. The eight data bits are shifted out on the
falling edge of the SCL input. This ensures that the
SDA signal is valid during the SCL high time (Figure 9-7).

FIGURE 9-7:

An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF must be cleared in software, and
the SSPSTAT register is used to determine the status
of the byte. Flag bit SSPIF is set on the falling edge of
the ninth clock pulse.

As a slave-transmitter, the ACK pulse from the master-
receiver is latched on the rising edge of the ninth SCL
input pulse. If the SDA line was high (not ACK), then
the data transfer is complete. When the ACK is latched
by the slave, the slave logic is reset (resets SSPSTAT
register) and the slave then monitors for another occur-
rence of the START bit. If the SDA line was low (ACK),
the transmit data must be loaded into the SSPBUF reg-
ister, which also loads the SSPSR register. Then pin
RC3/SCK/SCL should be enabled by setting bit CKP.

I2C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)

RW =1

Receiving Address

ACK - -

Transmitting Data

SCL

. Data in
+ sampled

SSPIF (PIR1<3>)

BF (SSPSTAT<0>)

. while CPU_\ -
responds to SSPIF '

E /

SCL held low ;

Cleared in software '

( .

CKP (SSPCON<4>)

L\

}Frorn_ SSP Interrupt
SSPBUF is written in software [ Service Routine

?— Set bit after writing to SSPBUF
(the SSPBUF must be written-to
before the CKP bit can be set)
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9.3.2 MASTER MODE

Master mode of operation is supported in firmware
using interrupt generation on the detection of the
START and STOP conditions. The STOP (P) and
START (S) bits are cleared from a RESET or when the
SSP module is disabled. The STOP (P) and START (S)
bits will toggle based on the START and STOP condi-
tions. Control of the 12C bus may be taken when the P
bit is set, or the bus is idle and both the S and P bits are
clear.

In Master mode, the SCL and SDA lines are manipu-
lated by clearing the corresponding TRISC<4:3> hit(s).
The output level is always low, irrespective of the
value(s) in PORTC<4:3>. So when transmitting data, a
"1’ data bit must have the TRISC<4> bit set (input) and
a '0’ data bit must have the TRISC<4> bit cleared (out-
put). The same scenario is true for the SCL line with the
TRISC<3> bit. Pull-up resistors must be provided
externally to the SCL and SDA pins for proper opera-
tion of the 12C module.

The following events will cause SSP Interrupt Flag bit,
SSPIF, to be set (SSP Interrupt will occur if enabled):
e START condition

e STOP condition

< Data transfer byte transmitted/received

Master mode of operation can be done with either the
Slave mode idle (SSPM3:SSPMO = 1011), or with the
Slave active. When both Master and Slave modes are

enabled, the software needs to differentiate the
source(s) of the interrupt.

9.3.3 MULTI-MASTER MODE

In Multi-Master mode, the interrupt generation on the
detection of the START and STOP conditions, allows
the determination of when the bus is free. The STOP
(P) and START (S) bits are cleared from a RESET or
when the SSP module is disabled. The STOP (P) and
START (S) bits will toggle based on the START and
STOP conditions. Control of the 12C bus may be taken
when bit P (SSPSTAT<4>) is set, or the bus is idle and
both the S and P bits clear. When the bus is busy,
enabling the SSP Interrupt will generate the interrupt
when the STOP condition occurs.

In Multi-Master operation, the SDA line must be moni-
tored to see if the signal level is the expected output
level. This check only needs to be done when a high
level is output. If a high level is expected and a low level
is present, the device needs to release the SDA and
SCL lines (set TRISC<4:3>). There are two stages
where this arbitration can be lost, these are:

¢ Address Transfer
¢ Data Transfer

When the slave logic is enabled, the slave continues to
receive. If arbitration was lost during the address trans-
fer stage, communication to the device may be in
progress. If addressed, an ACK pulse will be gener-
ated. If arbitration was lost during the data transfer
stage, the device will need to re-transfer the data at a
later time.

TABLE 9-3: REGISTERS ASSOCIATED WITH 12C OPERATION

Value on: Value on all
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other

BOR RESETS

0Bh, 8Bh, |[INTCON GIE PEIE TOIE INTE | RBIE TOIF INTF RBIF 0000 000x 0000 000u
10Bh,18Bh
0Ch PIR1 PsSPIF® | ADIF RCIF TXIF | SSPIF [CCP1IF| TMR2IF | TMR1IF| 0000 0000 |0000 0000
8Ch PIE1 PsPIE®D | ADIE RCIE | TXIE | SSPIE |CCP1IE|TMR2IE|TMR1IE| 0000 0000 (0000 0000
13h SSPBUF |Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | uuuu uuuu
93h SSPADD |Synchronous Serial Port (12C mode) Address Register 0000 0000 0000 0000
14h SSPCON WCOL |[SSPOV|SSPEN| CKP |SSPM3|SSPM2|SSPM1|SSPMO| 0000 0000 0000 0000
94h SSPSTAT | sMP@ | cke® | D/A P s RIW UA BF 0000 0000 | 0000 0000
87h TRISC PORTC Data Direction register 1111 1111 1111 1111

Legend: x =unknown, u=unchanged, - = unimplemented locations read as '0". Shaded cells are not used by SSP module in I2C mode.
Note 1: PSPIF and PSPIE are reserved on the PIC16F73/76; always maintain these bits clear.
2: Maintain these bits clear in 12C mode.
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NOTES:
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10.0 UNIVERSAL SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) module is one of the two serial
I/0 modules. (USART is also known as a Serial Com-
munications Interface or SCI.) The USART can be con-
figured as a full duplex asynchronous system that can
communicate with peripheral devices, such as CRT ter-
minals and personal computers, or it can be configured
as a half duplex synchronous system that can commu-
nicate with peripheral devices, such as A/D or D/A inte-
grated circuits, serial EEPROMSs, etc.

The USART can be configured in the following modes:

» Asynchronous (full duplex)

« Synchronous - Master (half duplex)

¢ Synchronous - Slave (half duplex)

Bit SPEN (RCSTA<7>) and bits TRISC<7:6> have to
be set in order to configure pins RC6/TX/CK and

RC7/RX/DT as the Universal Synchronous Asynchro-
nous Receiver Transmitter.

REGISTER 10-1: TXSTA: TRANSMIT STATUS AND CONTROL REGISTER (ADDRESS 98h)

RW-0  RMW-0 R/W-0 RIW-0 U-0 RW-0 Rl  RMW-0

CSRC TX9 TXEN SYNC — | BRGH | TRMT | Tx9D

bit 7 bit 0
bit 7 CSRC: Clock Source Select bit

Asynchronous mode:

Don't care

Synchronous mode:

1 = Master mode (Clock generated internally from BRG)
0 = Slave mode (Clock from external source)

bit 6 TX9: 9-bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8-bit transmission
bit 5 TXEN: Transmit Enable bit
1 = Transmit enabled
0 = Transmit disabled

Note: SREN/CREN overrides TXEN in SYNC mode.

bit 4 SYNC: USART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode

bit 3 Unimplemented: Read as '0'

bit 2 BRGH: High Baud Rate Select bit

Asynchronous mode:
1 = High speed
0 = Low speed

Synchronous mode:
Unused in this mode

bit 1 TRMT: Transmit Shift Register Status bit
1 = TSR empty
0 =TSR full
bit 0 TX9D: 9th bit of transmit data. Can be parity bit.
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR reset "1’ = Bitis set '0’ = Bit is cleared X = Bitis unknown
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REGISTER 10-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER (ADDRESS 18h)

R/W-0 R/W-0 R/W-0 R/W-0 u-0 R-0 R-0 R-x
SPEN RX9 SREN CREN — | FERR | OERR | RX9D
bit 7 bit 0
bit 7 SPEN: Serial Port Enable bit

1 = Serial port enabled (Configures RC7/RX/DT and RC6/TX/CK pins as serial port pins)
0 = Serial port disabled

bit 6 RX9: 9-bit Receive Enable bit
1 = Selects 9-bit reception
0 = Selects 8-bit reception

bit 5 SREN: Single Receive Enable bit

Asynchronous mode:
Don't care

Synchronous mode - Master:

1 = Enables single receive

0 = Disables single receive

This bit is cleared after reception is complete.

Synchronous mode - Slave:
Don't care

bit 4 CREN: Continuous Receive Enable bit
Asynchronous mode:

1 = Enables continuous receive
0 = Disables continuous receive

Synchronous mode:
1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive

bit 3 Unimplemented: Read as '0’
bit 2 FERR: Framing Error bit
1 = Framing error (Can be updated by reading RCREG register and receive next valid byte)
0 = No framing error
bit 1 OERR: Overrun Error bit
1 = Overrun error (Can be cleared by clearing bit CREN)
0 = No overrun error
bit 0 RX9D: 9th bit of Received Data
Can be parity bit (parity to be calculated by firmware)

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR reset "1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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10.1 USART Baud Rate Generator (BRG)

The BRG supports both the Asynchronous and Syn-
chronous modes of the USART. It is a dedicated 8-bit
baud rate generator. The SPBRG register controls the
period of a free running 8-bit timer. In Asynchronous
mode, bit BRGH (TXSTA<2>) also controls the baud
rate. In Synchronous mode, bit BRGH is ignored.
Table 10-1 shows the formula for computation of the
baud rate for different USART modes which only apply
in Master mode (internal clock).

Given the desired baud rate and Fosc, the nearest inte-
ger value for the SPBRG register can be calculated
using the formula in Table 10-1. From this, the error in
baud rate can be determined.

TABLE 10-1: BAUD RATE FORMULA

It may be advantageous to use the high baud rate
(BRGH = 1), even for slower baud clocks. This is
because the Fosc/(16(X + 1)) equation can reduce the
baud rate error in some cases.

Writing a new value to the SPBRG register causes the
BRG timer to be reset (or cleared). This ensures the
BRG does not wait for a timer overflow before output-
ting the new baud rate.

10.1.1 SAMPLING

The data on the RC7/RX/DT pin is sampled three times
by a majority detect circuit to determine if a high or a
low level is present at the RX pin.

SYNC BRGH =0 (Low Speed) BRGH =1 (High Speed)
0 (Asynchronous) Baud Rate = FOsc/(64(X+1)) Baud Rate= Fosc/(16(X+1))
1 (Synchronous) Baud Rate = Fosc/(4(X+1)) N/A

X =value in SPBRG (0 to 255)

TABLE 10-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR

Value on: | Value on all

Address | Name Bit 7 Bit6 | Bit5 | Bit4 Bit 2 Bitl | BitO POR, other

BOR RESETS
98h TXSTA | CSRC | TX9 | TXEN | SYNC BRGH | TRMT | TX9D | 0000 -010 | 0000 -010
18h RCSTA | SPEN | RX9 | SREN | CREN FERR | OERR | RX9D | 0000 -00x | 0000 -00x
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - =unimplemented read as '0'. Shaded cells are not used by the BRG.
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TABLE 10-3: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH =0)
Fosc = 20 MHz Fosc = 16 MHz Fosc = 10 MHz
BAUD
"o % VALUE % VALUE % VAU
(K) | kBAUD ERROR (DECIMaL) | KBAUD  ERROR ey o | KBAUD  ERROR  \np o
0.3 - - - - - - - - -
1.2 1.221 1.75 255 1.202 0.17 207 1.202 0.17 129
24 | 2404 0.17 129 2.404 0.17 103 2.404 0.17 64
9.6 | 9.766 1.73 31 9.615 0.16 25 9.766 1.73 15
19.2 | 19.531 1.72 15 19.231  0.16 12 19531 172 7
288 | 31250 851 9 27.778 355 8 31250 851 4
336 | 34722  3.34 8 35714  6.29 6 31.250  6.99 4
57.6 | 62500  8.51 a4 62.500 851 3 52.083  9.58 2
HIGH | 1.221 - 255 0.977 - 255 0.610 - 255
LOW | 312.500 - 0 250.000 - 0 156.250 - 0
Fosc = 4 MHz Fosc = 3.6864 MHz
BAUD
RATE % SPBRG % SPBRG
(K) ERROR . VALUE ERROR . VALUE
KBAUD (DECIMAL) | KBAUD (DECIMAL)
0.3 | 0.300 0 207 0.301 0.33 185
1.2 1.202 0.17 51 1.216 1.33 46
24 | 2404 0.17 25 2.432 1.33 22
96 | 8929 6.99 6 9.322 2.90 5
192 | 20833 851 2 18.643  2.90 2
288 | 31.250 851 1 - - -
336 - - - - - -
57.6 | 62500 851 0 55.930  2.90 0
HIGH | 0.244 - 255 0.218 - 255
LOW | 62.500 - 0 55.930 - 0
TABLE 10-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH =1)
Fosc = 20 MHz Fosc = 16 MHz Fosc = 10 MHz
BAUD
RATE % SPBRG % SPBRG % SPBRG
(K) | kgauD ERROR , VALUE | vBauD ERROR  YALUE | «BAUD ERROR  VALUE
(DECIMAL) (DECIMAL) (DECIMAL)
0.3 - - - - - - - - -
1.2 - - - - - - - - -
2.4 - - - - - - 2.441 1.71 255
9.6 9.615 0.16 129 9.615 0.16 103 9.615 0.16 64
192 | 19.231 0.16 64 19.231 0.16 51 19.531 1.72 31
288 | 29.070 0.94 42 29.412 2.13 33 28.409 1.36 21
336 | 33.784 0.55 36 33.333 0.79 29 32.895 2.10 18
576 | 59.524 3.34 20 58.824 2.13 16 56.818 1.36 10
HIGH | 4.883 - 255 3.906 - 255 2.441 - 255
LOW | 1250.000 - 0 1000.000 0 625.000 - 0
Fosc = 4 MHz Fosc = 3.6864 MHz
BAUD
RATE % SPBRG % SPBRG
(K) ERROR . VALUE ERROR . VALUE
KBAUD (DECIMAL) | KBAUD (DECIMAL)
0.3 - - - - - -
1.2 1.202 0.17 207 1.203 0.25 185
2.4 2.404 0.17 103 2.406 0.25 92
9.6 9.615 0.16 25 9.727 1.32 22
192 | 19.231 0.16 12 18.643 2.90 1
288 | 27.798 3.55 8 27.965 2.90 7
336 | 35714 6.29 6 31.960 4.88
57.6 | 62.500 8.51 3 55.930 2.90
HIGH | 0.977 - 255 0.874 - 255
LOW | 250.000 - 0 273.722 - 0
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10.2 USART Asynchronous Mode

In this mode, the USART uses standard non-return-to-
zero (NRZ) format (one START bit, eight or nine data
bits, and one STOP bit). The most common data format
is 8-bits. An on-chip, dedicated, 8-bit baud rate gener-
ator can be used to derive standard baud rate frequen-
cies from the oscillator. The USART transmits and
receives the LSb first. The USART's transmitter and
receiver are functionally independent, but use the
same data format and baud rate. The baud rate gener-
ator produces a clock either x16 or x64 of the bit shift
rate, depending on bit BRGH (TXSTA<2>). Parity is not
supported by the hardware, but can be implemented in
software (and stored as the ninth data bit). Asynchro-
nous mode is stopped during SLEEP.

Asynchronous mode is selected by clearing bit SYNC
(TXSTA<4>).

The USART Asynchronous module consists of the fol-
lowing important elements:

» Baud Rate Generator

« Sampling Circuit

¢ Asynchronous Transmitter
« Asynchronous Receiver

10.2.1 USART ASYNCHRONOUS TRANSMITTER

The USART transmitter block diagram is shown in
Figure 10-1. The heart of the transmitter is the transmit
(serial) shift register (TSR). The shift register obtains its
data from the read/write transmit buffer, TXREG. The
TXREG register is loaded with data in software. The
TSR register is not loaded until the STOP bit has been
transmitted from the previous load. As soon as the
STOP bit is transmitted, the TSR is loaded with new
data from the TXREG register (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one Tcy), the TXREG register is empty and
flag bit TXIF (PIR1<4>) is set. This interrupt can be
enabled/disabled by setting/clearing enable bit TXIE

FIGURE 10-1: USART TRANSMIT BLOCK DIAGRAM

(PIE1<4>). Flag bit TXIF will be set, regardless of the
state of enable bit TXIE and cannot be cleared in soft-
ware. It will reset only when new data is loaded into the
TXREG register. While flag bit TXIF indicates the status
of the TXREG register, another bit TRMT (TXSTA<1>)
shows the status of the TSR register. Status bit TRMT
is a read only bit, which is set when the TSR register is
empty. No interrupt logic is tied to this bit, so the user
has to poll this bit in order to determine if the TSR reg-
ister is empty.

Note 1: The TSR register is not mapped in data
memory, So it is not available to the user.

2: Flag bit TXIF is set when enable bit TXEN
is set. TXIF is cleared by loading TXREG.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data
and the baud rate generator (BRG) has produced a
shift clock (Figure 10-2). The transmission can also be
started by first loading the TXREG register and then
setting enable bit TXEN. Normally, when transmission
is first started, the TSR register is empty. At that point,
transfer to the TXREG register will result in an immedi-
ate transfer to TSR, resulting in an empty TXREG. A
back-to-back transfer is thus possible (Figure 10-3).
Clearing enable bit TXEN during a transmission will
cause the transmission to be aborted and will reset the
transmitter. As a result, the RC6/TX/CK pin will revert
to hi-impedance.

In order to select 9-bit transmission, transmit bit TX9
(TXSTA<6>) should be set and the ninth bit should be
written to TX9D (TXSTA<0>). The ninth bit must be
written before writing the 8-bit data to the TXREG reg-
ister. This is because a data write to the TXREG regis-
ter can result in an immediate transfer of the data to the
TSR register (if the TSR is empty). In such a case, an
incorrect ninth data bit may be loaded in the TSR
register.

P Data Bus

TXREG register ‘

Pin Buffer
and Control

RC6/TX/CK pin
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Steps to follow when setting up an Asynchronous 5. Enable the transmission by setting bit TXEN,
Transmission: which will also set bit TXIF.
1. Initialize the SPBRG register for the appropriate 6. If 9-bit transmission is Selected, the ninth bit
baud rate. If a high speed baud rate is desired, should be loaded in bit TX9D.
set bit BRGH. (Section 10.1) 7. Load data to the TXREG register (starts trans-
2. Enable the asynchronous serial port by clearing mission).
bit SYNC and setting bit SPEN. 8. If using interrupts, ensure that GIE and PIE in
3. Ifinterrupts are desired, then set enable bit TXIE. the INTCON register are set.
4. If 9-bit transmission is desired, then set transmit
bit TX9.

FIGURE 10-2: ASYNCHRONOUS MASTER TRANSMISSION

Write to TXREG I (¢
BRG Output Word 1
utpu '
(Shift Clock) —! R g I —
RC6/TX/CK (pin L . .
(pin) " NSTARTBit<__Bit0__ X Bitl ><:§5 _Bit 7/8_,/STOP Bit |
TXIF bit Lo Word 1 . !
Transmit Buffer ' cc :
eg. Empty Flag) 1 35 .
TRMT bit Word1l — = :
Transmit Shift Transmit Shift Reg .
eg. Empty Flag)—|
C
JJ

FIGURE 10-3: ASYNCHRONOUS MASTER TRANSMISSION (BACK TO BACK)

Write to TXREG 1 1 55
Word 2
BRG Output | V\llord 1I Iord | | | l l
(Shift Clock) 55_1
RC6/TX/CK (pin ! : . - ;
TXIF bit (Pin) : START Bit <" Bit0 X" Bit 1 GD Bit 7/8 /STOP BINSTART Bit< Bit0
(Interrupt Reg. Flag) -I Word 1 | Word 2
I | qe
T JJ
TRMT bit Word1 —
Tl it Shi it Shi Word2 —
égnSErTr;:})tSy 'I:ﬁtag) Transmit Shift Reg. Transmit Shift Reg.
(C
JJ

Note: This timing diagram shows two consecutive transmissions.

TABLE 10-5: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Value on: Value on

Address Name Bit 7 Bit 6 Bit 5 Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS

0Bh, 8Bh, |INTCON GIE PEIE TOIE INTE | RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIFD | ADIF | RCIF TXIF | SSPIF| CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 | SREN | CREN — FERR | OERR RX9D | 0000 -00x| 0000 -00x
19h TXREG | USART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE® | ADIE | RCIE TXIE | SSPIE| CCP1IE| TMR2IE | TMR1IE | 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH | TRMT TX9D | 0000 -010| 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented locations read as '0'. Shaded cells are not used for asynchronous transmission.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F73/76; always maintain these bits clear.
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10.2.2 USART ASYNCHRONOUS RECEIVER

The receiver block diagram is shown in Figure 10-4.
The data is received on the RC7/RX/DT pin and drives
the data recovery block. The data recovery block is
actually a high speed shifter operating at x16 times the
baud rate, whereas the main receive serial shifter oper-
ates at the bit rate, or at Fosc.

Once Asynchronous mode is selected, reception is
enabled by setting bit CREN (RCSTA<4>).

The heart of the receiver is the receive (serial) shift reg-
ister (RSR). After sampling the STOP bit, the received
data in the RSR is transferred to the RCREG register (if
it is empty). If the transfer is complete, flag bit RCIF
(PIR1<5>) is set. The actual interrupt can be enabled/
disabled by setting/clearing enable bit RCIE
(PIE1<5>). Flag bit RCIF is a read only bit which is
cleared by the hardware. Itis cleared when the RCREG
register has been read and is empty. The RCREG is a
double buffered register (i.e., it is a two deep FIFO). It

FIGURE 10-4: USART RECEIVE BLOCK DIAGRAM

is possible for two bytes of data to be received and
transferred to the RCREG FIFO and a third byte to
begin shifting to the RSR register. On the detection of
the STOP bit of the third byte, if the RCREG register is
still full, the overrun error bit OERR (RCSTA<1>) will be
set. The word in the RSR will be lost. The RCREG reg-
ister can be read twice to retrieve the two bytes in the
FIFO. Overrun bit OERR has to be cleared in software.
This is done by resetting the receive logic (CREN is
cleared and then set). If bit OERR is set, transfers from
the RSR register to the RCREG register are inhibited
and no further data will be received, therefore, it is
essential to clear error bit OERR if it is set. Framing
error bit FERR (RCSTA<2>) is set if a STOP bit is
detected as clear. Bit FERR and the 9th receive bit are
buffered the same way as the receive data. Reading
the RCREG will load bits RX9D and FERR with new
values, therefore, it is essential for the user to read the
RCSTA register before reading RCREG register, in
order not to lose the old FERR and RX9D information.

x64 Baud Rate CLK

_________________ ‘ OERR ‘ FERR
: ! CREN
Fosc ——| SPBRG —‘: T T
! ! T6d RSR Register LSb
" "Baud Rate Generator - 9% 7| eee |1]0[START| .
RC7/RX/DT l
Pin Buffer Data
> and Control Recovery
SPEN RX9D RCREG Register
FIFO
8
Interrupt Data Bus

FIGURE 10-5: ASYNCHRONOUS RECEPTION

RX (pin) START _ START START
bit A bito X bit1 S Xbit7/8/STOP\ bit { bito Y 5 bitz/8 /STOP\ bit [ Sg \bit7/8/ STOP
: bit \_bi (o EX : bit \ I © bt
Rovshit-__ CC M C M (C :
Rcv Buffer reg ) :T WORD 1 J) WORD ZT DD :
Read Rcv C '| RCREG cc RCREG c n
Buffer reg D) T D) ) '
RCREG ; : ’)
' C C !
RCIF C ;
(Interrupt Flag) D) : )) P .
i C CQ C
OERR bit S > S I
CREN C C CQ \>
D) D) ) [

Note:  This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word,
causing the OERR (overrun) bit to be set. An overrun error indicates an error in user firmware.
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Steps to follow when setting up an Asynchronous 6. Flag bit RCIF will be set when reception is com-
Reception: plete and an interrupt will be generated if enable
1. |Initialize the SPBRG register for the appropriate bit RCIE is set. _ ) o
baud rate. If a h|gh speed baud rate is desired, 7. Read the RCSTA reglster to get the ninth bit (If
set bit BRGH (Section 10.1). enabled) and determine if any error occurred

2. Enable the asynchronous serial port by clearing during reception.
bit SYNC and setting bit SPEN. 8. Read the 8-bit received data by reading the

3. |If interrupts are desired, then set enable bit RCREG register.
RCIE. 9. If any error occurred, clear the error by clearing

4. If 9-bit reception is desired, then set bit RX9. enable bit CREN.

5. Enable the reception by setting bit CREN. 10. If using interrupt_s, ensure that GIE and PIE in
the INTCON register are set.

TABLE 10-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Value on: Value on

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

0Bh, 8Bh, | INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000U
10Bh,18Bh
0Ch PIR1 PSPIF® | ADIF RCIF TXIF | SSPIF| CCP1IF| TMR2IF | TMR1IF| 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 SREN | CREN — FERR OERR RX9D 0000 -00x | 0000 -00x
1Ah RCREG | USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 PsPIE®W| ADIE RCIE TXIE | SSPIE| CCP1IE| TMR2IE| TMR1IE | 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented locations read as '0'. Shaded cells are not used for asynchronous reception.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F73/76 devices; always maintain these bits clear.
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FIGURE 10-6: USART RECEIVE BLOCK DIAGRAM

, . X64BaudRae CLK ‘ OERR ‘ FERR
: : CREN
FOSC —» SPBRG —‘l l T T
! ' ) ' MSb RSR Register LSb !
" “Baud Rate Generator i .~ |sTOP 7| eee |10 |sTART|:
RC7/RX/DT l
Pin Buffer Data
and Control Recovery RX9
8
SPEN
RX9D RCREG Register
FIFO
8
—4
Interrupt Data Bus
RCIE
TABLE 10-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION
Value on: Value on
Address Name Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
0Bh, 8Bh, |INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PsPIE® | ADIF RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 SREN | CREN —_ FERR OERR RX9D 0000 -00x | 0000 -00x
1Ah RCREG |USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 PsSPIE® | ADIE RCIE | TXIE | SSPIE | CCP1lIE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented locations read as '0'. Shaded cells are not used for Asynchronous Reception.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F73/76 devices; always maintain these bits clear.
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10.3 USART Synchronous Master Mode

In Synchronous Master mode, the data is transmitted in
a half-duplex manner (i.e., transmission and reception
do not occur at the same time). When transmitting data,
the reception is inhibited and vice versa. Synchronous
mode is entered by setting bit SYNC (TXSTA<4>). In
addition, enable bit SPEN (RCSTA<7>) is set in order
to configure the RC6/TX/CK and RC7/RX/DT I/O pins
to CK (clock) and DT (data) lines, respectively. The
Master mode indicates that the processor transmits the
master clock on the CK line. The Master mode is
entered by setting bit CSRC (TXSTA<7>).

10.3.1 USART SYNCHRONOUS MASTER
TRANSMISSION

The USART transmitter block diagram is shown in
Figure 10-6. The heart of the transmitter is the transmit
(serial) shift register (TSR). The shift register obtains its
data from the read/write transmit buffer register
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREG (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one Tcycle), the TXREG is empty and inter-
rupt bit TXIF (PIR1<4>) is set. The interrupt can be
enabled/disabled by setting/clearing enable bit TXIE
(PIE1<4>). Flag bit TXIF will be set regardless of the
state of enable bit TXIE and cannot be cleared in soft-
ware. It will reset only when new data is loaded into the
TXREG register. While flag bit TXIF indicates the status
of the TXREG register, another bit TRMT (TXSTA<1>)
shows the status of the TSR register. TRMT is a read
only bit which is set when the TSR is empty. No inter-
rupt logic is tied to this bit, so the user has to poll this
bit in order to determine if the TSR register is empty.
The TSR is not mapped in data memory, so it is not
available to the user.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data.
The first data bit will be shifted out on the next available
rising edge of the clock on the CK line. Data out is sta-
ble around the falling edge of the synchronous clock
(Figure 10-7). The transmission can also be started by
first loading the TXREG register and then setting bit
TXEN (Figure 10-8). This is advantageous when slow
baud rates are selected, since the BRG is kept in
RESET when bits TXEN, CREN and SREN are clear.
Setting enable bit TXEN will start the BRG, creating a
shift clock immediately. Normally, when transmission is
first started, the TSR register is empty, so a transfer to
the TXREG register will result in an immediate transfer
to TSR resulting in an empty TXREG. Back-to-back
transfers are possible.

Clearing enable bit TXEN during a transmission will
cause the transmission to be aborted and will reset the
transmitter. The DT and CK pins will revert to hi-
impedance. If either bit CREN or bit SREN is set during
a transmission, the transmission is aborted and the DT
pin reverts to a hi-impedance state (for a reception).
The CK pin will remain an output if bit CSRC is set
(internal clock). The transmitter logic, however, is not
reset, although it is disconnected from the pins. In order
to reset the transmitter, the user has to clear bit TXEN.
If bit SREN is set (to interrupt an on-going transmission
and receive a single word), then after the single word is
received, bit SREN will be cleared and the serial port
will revert back to transmitting, since bit TXEN is still
set. The DT line will immediately switch from hi-
impedance receive mode to transmit and start driving.
To avoid this, bit TXEN should be cleared.

In order to select 9-bit transmission, the TX9
(TXSTA<6>) bit should be set and the ninth bit should
be written to bit TX9D (TXSTA<0>). The ninth bit must
be written before writing the 8-bit data to the TXREG
register. This is because a data write to the TXREG can
result in an immediate transfer of the data to the TSR
register (if the TSR is empty). If the TSR was empty and
the TXREG was written before writing the “new” TX9D,
the “present” value of bit TX9D is loaded.

Steps to follow when setting up a Synchronous Master
Transmission:

1. Initialize the SPBRG register for the appropriate
baud rate (Section 10.1).

Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

If interrupts are desired, set enable bit TXIE.

If 9-bit transmission is desired, set bit TX9.

Enable the transmission by setting bit TXEN.

If 9-bit transmission is selected, the ninth bit

should be loaded in bit TX9D.

7. Starttransmission by loading data to the TXREG
register.

8. If using interrupts, ensure that GIE and PIE in

the INTCON register are set.

n
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TABLE 10-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

Value on: Value on all

Address Name Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS

0Bh, 8Bh, [INTCON GIE PEIE | TOIE | INTE | RBIE TOIF INTF RBIF 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIF®) | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 | SREN | CREN —_ FERR OERR RX9D 0000 -00x [ 0000 -00x
19h TXREG |USART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE® | ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMRIIE | 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 | TXEN | SYNC — BRGH TRMT TX9D | 0000 -010 | 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented, read as '0'. Shaded cells are not used for synchronous master transmission.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F73/76 devices; always maintain these bits clear.

FIGURE 10-7: SYNCHRONOUS TRANSMISSION

9404Q%Q‘*Q#Q#QSIQ"Q#Q@%Q‘*@QZ@%Q‘*‘Q#Q#QSM IQ3|Q4 QlPZIQ%Q*Q#QZIQ%Q*QlPZIQSIQ‘*Q#Q#@IQ4°4Q2|Q3|Q4b402103P4
RC7/RX/DT pifl e : Bt 0Bt T X Bt 2<_§ D< bit 7 : B0 X bt X P m
' L Word 1 - Word 2 :
RC6/TX/CK pin : [y S e H oy I W
Write to : ; : : : : : : :
TXREG reg M— : M ! o5 : : : : ) :
Write Wordl Write Word2 ' ' \ ' '
TXIF bit ' ! ! ! ! ! ! : (C !
(Interrupt Flag) ' LI : )()( . . ! . 2J '
TRMT it ¥ : : cc : ¢ [
\ | \ \ ) \ \ \ ] pD) ]
TXEN bit - ' \ : : (¢ : : : I §§ I =
Note: Sync Master mode; SPBRG ='0’". Continuous transmission of two 8-bit words.

FIGURE 10-8: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RC7/RX/DT pin X b0 X bin X bit2 35 X bie X b7
RC6/TX/CK pin /f__\gg__//__\\__g/r__\p______

TXRVEE??JS j >/ g
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TXEN bit ))
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10.3.2 USART SYNCHRONOUS MASTER
RECEPTION

Once synchronous mode is selected, reception is
enabled by setting either enable bit SREN (RCSTA<5>),
or enable bit CREN (RCSTA<4>). Data is sampled on
the RC7/RX/DT pin on the falling edge of the clock. If
enable bit SREN is set, then only a single word is
received. If enable bit CREN is set, the reception is con-
tinuous until CREN is cleared. If both bits are set, CREN
takes precedence. After clocking the last bit, the
received data in the Receive Shift Register (RSR) is
transferred to the RCREG register (if it is empty). When
the transfer is complete, interrupt flag bit RCIF
(PIR1<5>) is set. The actual interrupt can be enabled/
disabled by setting/clearing enable bit RCIE (PIE1<5>).
Flag bit RCIF is a read only bit, which is reset by the
hardware. In this case, it is reset when the RCREG reg-
ister has been read and is empty. The RCREG is a dou-
ble buffered register (i.e., it is a two deep FIFO). It is
possible for two bytes of data to be received and trans-
ferred to the RCREG FIFO and a third byte to begin shift-
ing into the RSR register. On the clocking of the last bit
of the third byte, if the RCREG register is still full, then
overrun error bit OERR (RCSTA<1>) is set. The word in
the RSR will be lost. The RCREG register can be read
twice to retrieve the two bytes in the FIFO. Bit OERR has
to be cleared in software (by clearing bit CREN). If bit
OERR is set, transfers from the RSR to the RCREG are
inhibited, so it is essential to clear bit OERR if it is set.
The ninth receive bit is buffered the same way as the

receive data. Reading the RCREG register will load bit

RX9D with a new value, therefore, it is essential for the

user to read the RCSTA register before reading RCREG,

in order not to lose the old RX9D information.

Steps to follow when setting up a Synchronous Master

Reception:

1. Initialize the SPBRG register for the appropriate
baud rate (Section 10.1).

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

3. Ensure bits CREN and SREN are clear.

4. If interrupts are desired, then set enable bit
RCIE.

5. If 9-bit reception is desired, then set bit RX9.

6. If a single reception is required, set bit SREN.
For continuous reception set bit CREN.

7. Interrupt flag bit RCIF will be set when reception
is complete and an interrupt will be generated if
enable bit RCIE was set.

8. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

9. Read the 8-bit received data by reading the

RCREG register.

If any error occurred, clear the error by clearing

bit CREN.

If using interrupts, ensure that GIE and PIE in

the INTCON register are set.

10.

11.

TABLE 10-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

value on: Value on all
Address Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR BOIIQ other

! RESETS

0Bh, 8Bh, [INTCON GIE PEIE | TOIE | INTE | RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIFD) | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMRIIF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 | SREN | CREN — FERR OERR RX9D | 0000 -00x | 0000 -00x
1Ah RCREG | USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE® | ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMRI1IE | 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 | TXEN | SYNC — BRGH TRMT TX9D | 0000 -010 | 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented read as '0'. Shaded cells are not used for synchronous master reception.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F73/76 devices; always maintain these bits clear.
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FIGURE 10-9: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

Q2|Q3|Q4iQ4Q2|Q3|Q4I: QJJQ2|Q4Q4iQJIQ2|Q4Q4:Q4Q2|Q4Q4iQllQ2|Q#Q41:QJ|Q2|Q4Q4iQJJQ2|Q#Q4l:QJlQ2|Q4Q4iQJJQ2|Q4Q4iQ1|Q2|Q31Q4i

RC7/RX/DT pin Z X bito bitl T bit2 'bit3 "bit4 " bit5 bite bit7

RCEITX/CK pin I s I e N s I s I s (N s NN

Write to X

bit SREN j

SREN bit — Z Z Z Z Z ! Z S

crenbit 0 : : : : : : : : R

RCIF bit Z Z Z Z Z Z I Z Z . '
(interrupt) : : : : : : : : : . \
Read Z Z Z Z Z Z I Z Z I I
RXREG ] ] ] ] ] ] ] ] ] ] '

Note: Timing diagram demonstrates SYNC Master mode with bit SREN =1’ and bit BRG ='0".
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10.4 USART Synchronous Slave Mode

Synchronous Slave mode differs from the Master
mode, in the fact that the shift clock is supplied exter-
nally at the RC6/TX/CK pin (instead of being supplied
internally in Master mode). This allows the device to
transfer or receive data while in SLEEP mode. Slave
mode is entered by clearing bit CSRC (TXSTA<7>).

10.4.1 USART SYNCHRONOUS SLAVE
TRANSMIT

The operation of the Synchronous Master and Slave
modes are identical except in the case of the SLEEP
mode.

If two words are written to the TXREG and then the
SLEEP instruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG register.

c) Flag bit TXIF will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second
word to the TSR and flag bit TXIF will now be
set.

e) If enable bit TXIE is set, the interrupt will wake
the chip from SLEEP and if the global interrupt
is enabled, the program will branch to the inter-
rupt vector (0004h).

Steps to follow when setting up a Synchronous Slave

Transmission:

1. Enable the synchronous slave serial port by set-
ting bits SYNC and SPEN and clearing bit
CSRC.

2. Clear bits CREN and SREN.

3. If interrupts are desired, then set enable bit
TXIE.

4. If 9-bit transmission is desired, then set bit TX9.

5. Enable the transmission by setting enable bit
TXEN.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Start transmission by loading data to the TXREG
register.

8. If using interrupts, ensure that GIE and PIE in
the INTCON register are set.

10.4.2 USART SYNCHRONOUS SLAVE
RECEPTION

The operation of the Synchronous Master and Slave
modes is identical, except in the case of the SLEEP
mode. Bit SREN is a “don't care” in Slave mode.

If receive is enabled by setting bit CREN prior to the
SLEEP instruction, then a word may be received during
SLEEP. On completely receiving the word, the RSR
register will transfer the data to the RCREG register
and if enable bit RCIE bit is set, the interrupt generated
will wake the chip from SLEEP. If the global interrupt is
enabled, the program will branch to the interrupt vector
(0004h).

Steps to follow when setting up a Synchronous Slave

Reception:

1. Enable the synchronous master serial port by

setting bits SYNC and SPEN and clearing bit

CSRC.

If interrupts are desired, set enable bit RCIE.

If 9-bit reception is desired, set bit RX9.

To enable reception, set enable bit CREN.

Flag bit RCIF will be set when reception is com-

plete and an interrupt will be generated, if

enable bit RCIE was set.

6. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

7. Read the 8-bit received data by reading the
RCREG register.

8. If any error occurred, clear the error by clearing
bit CREN.

9. If using interrupts, ensure that GIE and PIE in
the INTCON register are set.

o krwbd
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TABLE 10-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

Value on: Value on all
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS

0Bh, 8Bh, |INTCON GIE PEIE | TOIE | INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIFD | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 | SREN | CREN | ADDEN | FERR OERR RX9D | 0000 000x [ 0000 000x
19h TXREG |USART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 psPIE® | ADIE RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 | TXEN | SYNC — BRGH | TRMT | TX9D | 0000 -010 [ 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented read as '0'. Shaded cells are not used for Synchronous Slave Transmission.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F73/76 devices; always maintain these bits clear.

TABLE 10-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

Value on: Value on all

Address Name Bit 7 Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS

0Bh, 8Bh, [INTCON GIE PEIE | TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIF® | ADIF | RCIF | TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 | SREN | CREN | ADDEN | FERR OERR RX9D | 0000 000x | 0000 000x
1Ah RCREG | USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIED | ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMRLIE | 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 | TXEN | SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x =unknown, - = unimplemented read as '0'. Shaded cells are not used for Synchronous Slave Reception.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F73/76 devices, always maintain these bits clear.
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NOTES:
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11.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The 8-bit analog-to-digital (A/D) converter module has
five inputs for the PIC16F73/76 and eight for the
PIC16F74/77.

The A/D allows conversion of an analog input signal to
a corresponding 8-bit digital number. The output of the
sample and hold is the input into the converter, which
generates the result via successive approximation. The
analog reference voltage is software selectable to
either the device’s positive supply voltage (VDD), or the
voltage level on the RA3/AN3/VREF pin.

The A/D converter has a unique feature of being able
to operate while the device is in SLEEP mode. To oper-
ate in SLEEP, the A/D conversion clock must be
derived from the A/D’s internal RC oscillator.

The A/D module has three registers. These registers
are:

* A/D Result Register (ADRES)
» A/D Control Register 0 (ADCONO)
« A/D Control Register 1 (ADCON1)

The ADCONO register, shown in Register 11-1, con-
trols the operation of the A/D module. The ADCON1
register, shown in Register 11-2, configures the func-
tions of the port pins. The port pins can be configured
as analog inputs (RA3 can also be a voltage reference),
or as digital I/O.

Additional information on using the A/D module can be
found in the PICmicro™ Mid-Range MCU Family Ref-
erence Manual (DS33023) and in Application Note,
ANS546.

REGISTER 11-1: ADCONO REGISTER (ADDRESS 1Fh)

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

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

ADCS1 | ADCSO | CHs2 | CHsSL | CHsO

GO/DONE — ADON

bit 7

bit 0

bit 7-6 ADCS1:ADCSO0: A/D Conversion Clock Select bits

00 = Fosc/2
01 = Fosc/8
10 = Fosc/32

11 = FRrc (clock derived from the internal A/D module RC oscillator)

bit 5-3 CHS2:CHSO0: Analog Channel Select bits

000 = channel 0, (RAO/ANO)
001 = channel 1, (RA1/AN1)
010 = channel 2, (RA2/AN2)
011 = channel 3, (RA3/AN3)
100 = channel 4, (RA5/AN4)
101 = channel 5, (REO/AN5)()
110 = channel 6, (REL/AN6))
111 = channel 7, (RE2/AN7)()

bit 2 GO/DONE: A/D Conversion Status bit

If ADON = 1.

1 = A/D conversion in progress (setting this bit starts the A/D conversion)
0 = A/D conversion not in progress (This bit is automatically cleared by hardware when

the A/D conversion is complete)

bit 1 Unimplemented: Read as '0'
bit 0 ADON: A/D On bit

1 = A/D converter module is operating

0 = A/D converter module is shutoff and consumes no operating current
Note 1: A/D channels 5, 6 and 7 are implemented on the PIC16F74/77 only.

Legend:
R = Readable bit
- n = Value at POR reset

W = Writable bit
"1’ = Bitis set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown
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REGISTER 11-2: ADCON1 REGISTER (ADDRESS 9Fh)

bit 7-3
bit 2-0

uU-0 uU-0 U-0 U-0 uU-0 R/W-0 R/W-0 R/W-0
— - | =1 = 71T = PCFG2 | PCFG1 | PCFGO
bit 7 bit 0
Unimplemented: Read as '0’
PCFG2:PCFGO: A/D Port Configuration Control bits
PCFG2:PCFGO | RAO | RA1 | RA2 | RA5 | RA3 |REOW |RE1W RE2W | VREF
000 A A A A A A A A VDD
001 A A A A VREF A A A RA3
010 A A A A A D D D VDD
011 A A A A VREF D D D RA3
100 A A D D A D D D VDD
101 A A D D VREF D D D RA3
11x D D D D D D D D VDD
A = Analog input
D = Digital /1O
Note 1: REO, RE1 and RE2 are implemented on the PIC16F74/77 only.
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR reset 1’ = Bitis set '0’ = Bitis cleared X = Bit is unknown
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The following steps should be followed for doing an 3. Wait the required acquisition time.

A/D conversion: 4. Start conversion:

1. Configure the A/D module: * Set GO/DONE bit (ADCONO)
« Configure analog pins / voltage reference / 5. Wait for A/D conversion to complete, by either:

and digital I/O (ADCON1) « Polling for the GO/DONE bit to be cleared

» Select A/D input channel (ADCONO) (interrupts disabled)
» Select A/D conversion clock (ADCONO) OR
* Tumn on A/D module (ADCONO) « Waiting for the A/D interrupt

2. Configure A/D interrupt (if desired): 6. Read A/D result register (ADRES), clear bit
* Clear ADIF bit ADIF if required.
* Set ADIE bit 7. For next conversion, go to step 1 or step 2, as
* Set PEIE bit required. The A/D conversion time per bit is
« Set GIE bit defined as TAD. A minimum wait of 2TAD is

required before next acquisition starts.

FIGURE 11-1: A/D BLOCK DIAGRAM

CHS2:CHSO
: 111
' O : RE2/AN7()
: 110 .
Y ) RE1/AN6(®
: 101 .
'+ &0 . REO/AN5(®
: I—O 100 . RA5/AN4
VIN ! !
. 011
(Input Voltage) . o D—@ RA3/AN3/VREF
: 010 .
AID . ¢—O —{E RA2/AN2
Converter ' '
. 001 .
. —0O T —{E RA1/AN1
: 000
VoD ) —t ; —X RAO/ANO
------- 0000F *------=-=-=-~-=
' ! 010 or
VREF . . 100 or
o 1 11x
(Reference ! o~
Voltage) .-o.... ~golor
H [ 011 or
101

PCFG2:PCFGO
Note 1: Not available on PIC16F73/76.
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11.1 A/D Acquisition Requirements

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHoLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 11-2. The source
impedance (Rs) and the internal sampling switch (RsS)
impedance directly affect the time required to charge
the capacitor CHoLD. The sampling switch (RsS)
impedance varies over the device voltage (VDD),
Figure 11-2. The source impedance affects the offset
voltage at the analog input (due to pin leakage current).

FIGURE 11-2: ANALOG INPUT MODEL

The maximum recommended impedance for ana-
log sources is 10 kQ. After the analog input channel is
selected (changed), the acquisition must pass before
the conversion can be started.

To calculate the minimum acquisition time, TACQ, see
the PICmicro™ Mid-Range MCU Family Reference
Manual (DS33023A). In general, however, given a max
of 10kQ and at a temperature of 100°C, TACQ will be no
more than 16usec.

VDD )
Sampling
Switch
______ VT =0.6V e m ==
: Rs ' ANx Ric<lk +SS Rss:
: I AVAVAV :' o—A :
' [ ] CHoLD
' + CpPIN _L L = DAC Capacitance
@ | leakage — p
N0 SpF T VT =06V (§)1500 mA =51.2 pF
= Vss
Legend CPIN = input capacitance oV
\al = threshold voltage 5V
I leakage = leakage currentat the pin due to VDD 4V
various junctions gx

RIC = interconnect resistance
SS = sampling switch
CHOLD = sample/hold capacitance (from DAC)

567891011
Sampling Switch

(k)

TABLE 11-1: Tabvs. MAXIMUM DEVICE OPERATING FREQUENCIES (STANDARD DEVICES (C))
AD Clock Source (TAD) Maximum Device Frequency
Operation ADCS1:ADCSO0 Max.
2Tosc 00 1.25 MHz
8Tosc 01 5 MHz
32Tosc 10 20 MHz
Rc 23 11 (Note 1)
Note 1: The RC source has a typical TAD time of 4 us but can vary between 2-6 ps.

2: When the device frequencies are greater than 1 MHz, the RC A/D conversion clock source is only

recommended for SLEEP operation.

3: For extended voltage devices (LC), please refer to the Electrical Specifications section.

DS30325A-page 92

AdvancelInformation

© 2000 Microchip Technology Inc.



PIC16F/7X

11.2 Selecting the A/D Conversion Clock

The A/D conversion time per bit is defined as TAD. The
A/D conversion requires 9.0TAD per 8-bit conversion.
The source of the A/D conversion clock is software
selectable. The four possible options for TAD are:

» 2TosC
» 8Tosc
» 32Tosc
 Internal RC oscillator (2-6 us)
For correct A/D conversions, the A/D conversion clock

(TAaD) must be selected to ensure a minimum TAD time
of 1.6 us.

11.3 Configuring Analog Port Pins

The ADCONL1, TRISA and TRISE registers control the
operation of the A/D port pins. The port pins that are
desired as analog inputs must have their correspond-
ing TRIS bits set (input). If the TRIS bit is cleared (out-
put), the digital output level (VoH or VoL) will be
converted.

The A/D operation is independent of the state of the
CHS2:CHSO bits and the TRIS bits.

Note 1: When reading the port register, all pins
configured as analog input channels will
read as cleared (a low level). Pins config-
ured as digital inputs will convert an ana-
log input. Analog levels on a digitally
configured input will not affect the conver-
sion accuracy.

2: Analog levels on any pin that is defined as
a digital input, but not as an analog input,
may cause the input buffer to consume
current that is out of the devices specifica-
tion.

11.4 A/D Conversions

Note: The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The ADRES register will
NOT be updated with the partially completed A/D con-
version sample. That is, the ADRES register will con-
tinue to contain the value of the last completed
conversion (or the last value written to the ADRES reg-
ister). After the A/D conversion is aborted, a 2TAD wait
is required before the next acquisition is started. After
this 2TAD wait, an acquisition is automatically started on
the selected channel. The GO/DONE bit can then be
set to start the conversion.

11.5 A/D Operation During SLEEP

The A/D module can operate during SLEEP mode. This
requires that the A/D clock source be set to RC
(ADCS1:ADCSO0 = 11). When the RC clock source is
selected, the A/D module waits one instruction cycle
before starting the conversion. This allows the SLEEP
instruction to be executed, which eliminates all digital
switching noise from the conversion. When the conver-
sion is completed, the GO/DONE bit will be cleared,
and the result loaded into the ADRES register. If the
A/D interrupt is enabled, the device will wake-up from
SLEEP. If the A/D interrupt is not enabled, the A/D mod-
ule will then be turned off, although the ADON bit will
remain set.

When the A/D clock source is another clock option (not
RC), a SLEEP instruction will cause the present conver-
sion to be aborted and the A/D module to be turned off,
though the ADON bit will remain set.

Turning off the A/D places the A/D module in its lowest
current consumption state.

Note:  For the A/D module to operate in SLEEP,
the A/D clock source must be set to RC
(ADCS1:ADCSO = 11). To perform an A/D
conversion in SLEEP, ensure the SLEEP
instruction immediately follows the instruc-
tion that sets the GO/DONE bit.

11.6 Effects of a RESET

A device RESET forces all registers to their RESET
state. The A/D module is disabled and any conversion
in progress is aborted. All A/D input pins are configured
as analog inputs.

The ADRES register will contain unknown data after a
Power-on Reset.

11.7 Use of the CCP Trigger

An A/D conversion can be started by the “special event
trigger” of the CCP2 module. This requires that the
CCP2M3:CCP2MO0O bits (CCP2CON<3:0>) be pro-
grammed as 1011 and that the A/D module is enabled
(ADON bit is set). When the trigger occurs, the
GO/DONE bit will be set, starting the A/D conversion,
and the Timerl counter will be reset to zero. Timerl is
reset to automatically repeat the A/D acquisition period
with minimal software overhead (moving the ADRES to
the desired location). The appropriate analog input
channel must be selected and the minimum acquisition
done before the “special event trigger” sets the
GO/DONE bit (starts a conversion).

If the A/D module is not enabled (ADON is cleared),
then the “special event trigger” will be ignored by the
A/D module, but will still reset the Timerl counter.
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TABLE 11-2: SUMMARY OF A/D REGISTERS

Value on: | Value on all
Address Name Bit 7 Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other

BOR RESETS

0Bh,8Bh, |INTCON GIE PEIE | TOIE INTE RBIE TOIF INTF | RBIF [0000 000x|0000 000u
10Bh,18Bh
och PIR1 PSPIFY | ADIF |RCIF| TXIF [SSPIF| CCPiIF |TMR2IF|TMRLIF | 0000 0000|0000 0000
0Dh PIR2 — — — — — — — | CCP2IF|---- --- 0 ---- --- 0
sch PIE1 PSPIE® | ADIE |RCIE| TXIE |SSPIE| CCP1IE |TMR2IE|TMRLIE| 0000 0000|0000 0000
8Dh PIE2 — — — — — — — |CCP2E|---- --- 0 ---- --- 0
1Eh ADRES A/D Result Register XXXX XXXX [Uuuuu uuuu
1Fh ADCONO | ADCS1 |ADCSO|CHS2| CHS1 |CHSO |GO/DONE| — | ADON |0000 00-0|0000 00-0
9Fh ADCON1 — — — — — PCFG2 PCFG1 | PCFGO | ---- -000|---- -000
05h PORTA = — | RA5 RA4 RA3 RA2 RAL RAQ |--0x 0000 |--0u 0000
85h TRISA — — | PORTA Data Direction Register --11 1111 }--11 1111
09h PORTE® — — — — — RE2 ‘ RE1 ‘ REQ |---- -xxx|---- -uuu
89h TRISE® IBF OBF |IBOV | PSPMODE | — |PORTE Data Direction Bits 0000 -111{0000 -111
Legend: x =unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used for A/D conversion.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F73/76; always maintain these bits clear.
2. These registers are reserved on the PIC16F73/76.
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12.0 SPECIAL FEATURES OF THE
CPU

These devices have a host of features intended to max-
imize system reliability, minimize cost through elimina-
tion of external components, provide power saving
operating modes and offer code protection. These are:
» Oscillator Selection
¢ RESET

- Power-on Reset (POR)

- Power-up Timer (PWRT)

- Oscillator Start-up Timer (OST)

- Brown-out Reset (BOR)
* Interrupts
* Watchdog Timer (WDT)
e SLEEP
« Code Protection
 |ID Locations
* In-Circuit Serial Programming
These devices have a Watchdog Timer, which can be

shut off only through configuration bits. It runs off its
own RC oscillator for added reliability.

There are two timers that offer necessary delays on
power-up. One is the Oscillator Start-up Timer (OST),
intended to keep the chip in RESET until the crystal
oscillator is stable. The other is the Power-up Timer
(PWRT), which provides a fixed delay of 72 ms (nomi-
nal) on power-up only. It is designed to keep the part in
RESET while the power supply stabilizes. With these
two timers on-chip, most applications need no external
RESET circuitry.

SLEEP mode is designed to offer a very low current
power-down mode. The user can wake-up from SLEEP
through external RESET, Watchdog Timer Wake-up, or
through an interrupt.

Several oscillator options are also made available to
allow the part to fit the application. The RC oscillator
option saves system cost while the LP crystal option
saves power. A set of configuration bits are used to
select various options.

Additional information on special features is available
in the PICmicro™ Mid-Range Reference Manual,
(DS33023).

12.1 Configuration Bits

The configuration bits can be programmed (read as '0’),
or left unprogrammed (read as '1'), to select various
device configurations. These bits are mapped in pro-
gram memory location 2007h.

The user will note that address 2007h is beyond the
user program memory space, which can be accessed
only during programming.

© 2000 Microchip Technology Inc.
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REGISTER 12-1: CONFIGURATION WORD

| — | =] —=]—=] =] =] — |open]| — | cpo |PWRTE | wDTE | Fosc1|Fosco| |Register: CONFIG
bit13 bito Address 2007h
Erased Value: 3FFFh
bit 13-7: Unimplemented: Read as ‘1’
bit 6: BODEN: Brown-out Reset Enable bit!)
1 = BOR enabled
0 = BOR disabled
bit 5: Unimplemented: Read as ‘1’
bit 4 CPO: Flash Program Memory Code Protection bit
1 = Code protection off
0 = All memory locations code protected
bit 3: PWRTE: Power-up Timer Enable bit()
1 = PWRT disabled
0 = PWRT enabled
bit 2: WDTE: Watchdog Timer Enable bit
1 = WDT enabled
0 = WDT disabled
bit 1-0: FOSC1:FOSCO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator
Note 1: Enabling Brown-out Reset automatically enables Power-up Timer (PWRT), regardless of the value of bit PWRTE.

Ensure the Power-up Timer is enabled any time Brown-out Reset is enabled.
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12.2 Oscillator Configurations
12.2.1 OSCILLATOR TYPES

The PIC16F7X can be operated in four different oscil-
lator modes. The user can program two configuration
bits (FOSC1 and FOSCO) to select one of these four
modes:

 LP Low Power Crystal
o XT Crystal/Resonator
e HS High Speed Crystal/Resonator
« RC Resistor/Capacitor

12.2.2 CRYSTAL OSCILLATOR/CERAMIC
RESONATORS

In XT, LP or HS modes, a crystal or ceramic resonator
is connected to the OSC1/CLKIN and OSC2/CLKOUT
pins to establish oscillation (Figure 12-1). The
PIC16F7X oscillator design requires the use of a paral-
lel cut crystal. Use of a series cut crystal may give a fre-
quency out of the crystal manufacturers specifications.
When in XT, LP or HS modes, the device can have an
external clock source to drive the OSC1/CLKIN pin
(Figure 12-2). See Table 15-1 for valid external clock
frequencies.

FIGURE 12-1: CRYSTAL/CERAMIC
RESONATOR OPERATION
(HS, XTOR LP
OSC CONFIGURATION)

c|1(1> osc1
o
l ,l> To ¥

Pt internal
I XTAL :g:RF(3) logic
- 0SC2 SLEEP
RS®
c2(1) PIC16F7X

Note 1: See Table 12-1 and Table 12-2 for recom-
mended values of C1 and C2.

2: Aseries resistor (RS) may be required for AT
strip cut crystals.

3: RF varies with the crystal chosen.

FIGURE 12-2: EXTERNAL CLOCK INPUT
OPERATION (HS, XT OR LP
OSC CONFIGURATION)

o
DN
Clock from POSC1L
ext. system % PIC16F7X
@@@&?4— 0OSC2

TABLE 12-1: CERAMIC RESONATORS

Ranges Tested:

Mode Freq 0oscC1 0osc2

XT 455kHz | 68-100pF |68 - 100 pF
2.0 MHz 15-68pF | 15-68 pF
4.0 MHz 15- 68 pF | 1568 pF

HS 80MHz | 10-68pF ({1Q-¥8pF

16.0 MHz 10-22 - 22 pF

These values are fo guidance only.
See notes at boftof\¢

455 kHz_| RaRasQiic EFO-A455K04B | +0.3%

2.0 MKRS)Wirata Erie CSA2.00MG | +0.5%

4.0WHz ¥ Murata Erie CSA4.00MG | +0.5%

8.0 MHz Murata Erie CSA8.00MT + 0.5%

16.0 MHz | Murata Erie CSA16.00MX +0.5%

All resonators used did not have built-in capacitors.
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TABLE 12-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Cap.
Osc Type C'r:)r/;al Cap. CI? 1ange Ran%e
c2
LP 32 kHz 33 pF 33pF
200 kHz 15 pF 15 pF
XT 200 kHz 47-68 pF 47-68 pF
1 MHz 15 pF 15pF
4 MHz 15 pF ﬁ‘ré\\glz
HS 4 MHz 15 pF (\ NS 25 pF
8 MHz 1§§@\§§E\K/\ 15-33 pF
20 MHz (\(\E\\§‘3§5ﬁ 15-33 pF

These val esxéét design guidance only.
See note

om of page.

\@Efrystals Used

Eﬁson C-001R32.768K-A | +20 PPM

STD XTL 200.000KHz + 20 PPM

ECS ECS-10-13-1 + 50 PPM

ECS ECS-40-20-1 + 50 PPM

EPSON CA-301 8.000M-C | +30 PPM

EPSON CA-301 20.000M-C | + 30 PPM

: Higher capacitance increases the stability

of oscillator, but also increases the start-
up time.

Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external compo-
nents.

Rs may be required in HS mode, as well
as XT mode, to avoid overdriving crystals
with low drive level specification.

When migrating from other PICmicro
devices, oscillator performance should be
verified.

12.2.3 RC OSCILLATOR

For timing insensitive applications, the “RC” device
option offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the resis-
tor (RexT) and capacitor (CEXT) values, and the operat-
ing temperature. In addition to this, the oscillator
frequency will vary from unit to unit due to normal pro-
cess parameter variation. Furthermore, the difference
in lead frame capacitance between package types will
also affect the oscillation frequency, especially for low
CexT values. The user also needs to take into account
variation due to tolerance of external R and C compo-
nents used. Figure 12-3 shows how the R/C combina-
tion is connected to the PIC16F7X.

FIGURE 12-3: RC OSCILLATOR MODE

VDD

REXT
osc1 | Internal

L . Y {—» Clock
CEXT j;”— PIC16F7X
Vss — =

-%— OSC2/CLKOUT
Fosc/4

3 kQ < REXT <100 kQ
CEXT > 20pF

Recommended values:
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12.3 RESET

The PIC16F7X differentiates between various kinds of
RESET:

¢ Power-on Reset (POR)

« MCLR Reset during normal operation

« MCLR Reset during SLEEP

* WDT Reset (during normal operation)

* WDT Wake-up (during SLEEP)

¢ Brown-out Reset (BOR)

Some registers are not affected in any RESET condi-
tion. 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), on the
MCLR and WDT Reset, on MCLR Reset during

SLEEP, and Brown-out Reset (BOR). They are not
affected by a WDT Wake-up, which is viewed as the
resumption of normal operation. The TO and PD bits
are set or cleared differently in different RESET situa-
tions, as indicated in Table 12-4. These bits are used in
software to determine the nature of the RESET. See
Table 12-6 for a full description of RESET states of all
registers.

A simplified block diagram of the on-chip RESET circuit
is shown in Figure 12-4.

These devices have a MCLR noise filter in the MCLR
Reset path. The filter will detect and ignore small
pulses.

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

FIGURE 12-4: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

External

RESET
7

MCLR
SLEEP
WDT T —
Module [ Time-out
Reset
o VDD rise

Power-on Reset

detect
VDD

Brown-out
Reset BODEN S
OST/PWRT
OST
! v\ Chip_Reset
10-bit Ripple counter | R Qp—

1)  PWRT

On-chip .
RC OSC —‘> 10-bit Ripple counter }7

Enable PWRT

Enable OST

Note 1: Thisis a separate oscillator from the RC oscillator of the CLKIN pin.
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12.4 Power-on Reset (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected (in the range of 1.2V - 1.7V). To
take advantage of the POR, tie the MCLR pin directly
(or through a resistor) to VDD. This will eliminate exter-
nal RC components usually needed to create a Power-
on Reset. A maximum rise time for VDD is specified.
See Electrical Specifications for details.

When the device starts normal operation (exits the
RESET condition), device operating parameters (volt-
age, frequency, temperature,...) 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. Brown-out Reset may be used to meet the
start-up conditions. For additional information, refer to
Application Note, ANOO7, “Power-up Trouble Shoot-
ing”, (DS00007).

12.5 Power-up Timer (PWRT)

The Power-up Timer provides a fixed 72 ms nominal
time-out on power-up only from the POR. The Power-
up Timer operates on an internal RC oscillator. The
chip is kept in RESET as long as the PWRT is active.
The PWRT's time delay allows VDD to rise to an accept-
able level. A configuration bit is provided to enable/
disable the PWRT.

The power-up time delay will vary from chip to chip due
to VDD, temperature and process variation. See DC
parameters for details (TPWRT, parameter #33).

12.6  Oscillator Start-up Timer (OST)

The Oscillator Start-up Timer (OST) provides 1024
oscillator cycles (from OSC1 input) delay after the
PWRT delay is over (if enabled). This helps to ensure
that the crystal oscillator or resonator has started and
stabilized.

The OST time-out is invoked only for XT, LP and HS
modes and only on Power-on Reset or wake-up from
SLEEP.

12.7 Brown-out Reset (BOR)

The configuration bit, BODEN, can enable or disable
the Brown-out Reset circuit. If VDD falls below VBOR
(parameter D005, about 4V) for longer than TBOR
(parameter #35, about 100uS), the brown-out situation
will reset the device. If VDD falls below VBOR for less
than TBOR, a RESET may not occur.

Once the brown-out occurs, the device will remain in
Brown-out Reset until VDD rises above VBOR. The
Power-up Timer then keeps the device in RESET for
TPWRT (parameter #33, about 72mS). If VDD should fall
below VBOR during TPWRT, the Brown-out Reset pro-
cess will restart when VDD rises above VBOR, with the
Power-up Timer Reset. The Power-up Timer is always
enabled when the Brown-out Reset circuit is enabled,
regardless of the state of the PWRT configuration bit.

12.8 Time-out Sequence

On power-up, the time-out sequence is as follows: The
PWRT delay starts (if enabled) when a POR Reset
occurs. Then OST starts counting 1024 oscillator
cycles when PWRT ends (LP, XT, HS). When the OST
ends, the device comes out of RESET.

If MCLR is kept low long enough, the time-outs will
expire. Bringing MCLR high will begin execution imme-
diately. This is useful for testing purposes or to synchro-
nize more than one PIC16F7X device operating in
parallel.

Table 12-5 shows the RESET conditions for the
STATUS, PCON and PC registers, while Table 12-6
shows the RESET conditions for all the registers.

12.9 Power Control/Status Reqgister
(PCON)

The Power Control/Status Register, PCON, has up to
two bits depending upon the device.

Bit0 is Brown-out Reset Status bit, BOR. Bit BOR is
unknown on a Power-on Reset. It must then be set by
the user and checked on subsequent RESETS to see
if bit BOR cleared, indicating a Brown-out Reset
occurred. When the Brown-out Reset is disabled, the
state of the BOR bit is unpredictable and therefore, not
valid at any time.

Bitl is POR (Power-on Reset Status bit). Itis cleared on
a Power-on Reset and unaffected otherwise. The user
must set this bit following a Power-on Reset.
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TABLE 12-3: TIME-OUT IN VARIOUS SITUATIONS

Oscillator Configuration Power-up Brown-out Wake-up from
PWRTE =0 PWRTE =1 SLEEP
XT, HS, LP 72 ms + 1024Tosc 1024Tosc 72 ms + 1024Tosc 1024Tosc
RC 72 ms — 72 ms —
TABLE 12-4: STATUS BITS AND THEIR SIGNIFICANCE
POR BOR TO | PD

0 x 1 1 |Power-on 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 12-5: RESET CONDITION FOR SPECIAL REGISTERS

Condition Program STATUS PQON
Counter Register Register

Power-on Reset 000h 0001 1xxx | =---- -- 0x
MCLR Reset during normal operation 000h 000u uuuu | = —--- -- uu
MCLR Reset during SLEEP 000h 0001 Ouuu | = ---- -- uu
WDT Reset 000h 0000 luuu | = ---- -- uu
WDT Wake-up PC+1 uuu0 Ouuu | ---- -- uu
Brown-out Reset 000h 0001 luuu | = ---- -- u0
Interrupt wake-up from SLEEP pC +1® wuul ouuu | 00 ---- -- uu
Legend: u = unchanged, x = unknown, - = unimplemented bit read as '0'.

Note 1: When the
(0004h).

wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector
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TABLE 12-6: INITIALIZATION CONDITIONS FOR ALL REGISTERS
Register Devices Power-on Reset, MCLR Reset, Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt
w 73 74 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
INDF 73 | 74 | 76 | 77 N/A N/A N/A
TMRO 73 74 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
PCL 73 | 74 | 76 | 77 0000h 0000h pc + 12
STATUS 73| 74 | 76 | 77 0001 1xxx 000g quuu®® uuug quuu 3
FSR 73 74 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
PORTA 73 74 76 77 --0x 0000 --0u 0000 --uu uuuu
PORTB 73 74 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
PORTC 73 74 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
PORTD 73 74 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
PORTE 73 74 76 77 ---- -XXX ---- -uuu ---- -uuu
PCLATH 73 74 76 77 ---0 0000 ---0 0000 ---u uuuu
INTCON 73 | 74 | 76 | 77 0000 000x 0000 000u uuuu uuuu (1)
PIR1 73 | 74 | 76 | 77 r000 0000 r000 0000 ruuu uuuu !
73 | 74 | 76 | 77 0000 0000 0000 0000 uuuu uuuu (1
PIR2 73 | 74 | 76 | 77 —--- ---0 —--- ---0 Tt
TMRI1L 73 74 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
TMR1H 73 74 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
T1CON 73 74 | 76 77 --00 0000 --uu uuuu --uu uuuu
TMR2 73 74 76 77 0000 0000 0000 0000 uuuu uuuu
T2CON 73 74 76 77 -000 0000 -000 0000 -uuu uuuu
SSPBUF 73 74 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
SSPCON 73 74 76 77 0000 0000 0000 0000 uuuu uuuu
CCPRI1L 73 74 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1H 73 74 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON 73 74 | 76 77 --00 0000 --00 0000 --uu uuuu
RCSTA 73 74 76 77 0000 -00x 0000 -00x uuuu -uuu
TXREG 73 74 76 77 0000 0000 0000 0000 uuuu uuuu
RCREG 73 74 76 77 0000 0000 0000 0000 uuuu uuuu
CCPR2L 73 74 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR2H 73 74 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
CCP2CON 73 74 | 76 77 0000 0000 0000 0000 uuuu uuuu
ADRES 73 74 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
ADCONO 73 74 76 77 0000 00-0 0000 00-0 uuuu uu-u
OPTION_REG 73 74 | 76 77 1111 1111 1111 1111 uuuu uuuu
TRISA 73 74 76 77 --11 1111 --11 1111 --uu uuuu
TRISB 73 74 76 77 1111 1111 1111 1111 uuuu uuuu
TRISC 73 74 76 77 1111 1111 1111 1111 uuuu uuuu
TRISD 73 74 76 77 1111 1111 1111 1111 uuuu uuuu
TRISE 73 74 76 77 0000 -111 0000 -111 uuuu -uuu
PIE1 73 74 76 77 r000 0000 r000 0000 ruuu uuuu
73 74 76 77 0000 0000 0000 0000 uuuu uuuu
PIE2 73 | 74 | 76 | 77 ---- ---0 ---- ---0 ---- ---u
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as '0’, g = value depends on condition,

r = reserved maintain clear.
Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (0004h).
3: See Table 12-5 for RESET value for specific condition.

DS30325A-page 102 AdvancelInformation © 2000 Microchip Technology Inc.



PIC16F/7X

TABLE 12-6: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
Register Devices Power-on Reset, MCLR Reset, Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt
PCON 73 | 74 | 76 7| - -- qa | @ ---- -- awuw | - -- uu
PR2 73 74 76 77 1111 1111 1111 1111 1111 1111
SSPSTAT 73 74 76 77 --00 0000 --00 0000 --uu uuuu
SSPADD 73 74 76 77 0000 0000 0000 0000 uuuu uuuu
TXSTA 73 74 76 77 0000 -010 0000 -010 uuuu -uuu
SPBRG 73 74 76 77 0000 0000 0000 0000 uuuu uuuu
ADCON1 73 | 74 | 76 | 77 ---- -000 ---- -000 ---- -uuu
PMDATA 73 74 76 77 0--- 0000 0--- 0000 u--- uuuu
PMADR 73 74 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
PMDATH 73 74 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
PMADRH 73 74 76 77 XXXX XXXX uuuu uuuu uuuu uuuu
PMCON1 73 | 74 | 76 | 77 1--- --- 0 1--- --- 0 1--- --- u
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as '0’, g = value depends on condition,

r = reserved maintain clear.
One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up).

Note 1:

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

3: See Table 12-5 for RESET value for specific condition.

FIGURE 12-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)
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FIGURE 12-6: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbD): CASE 1
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FIGURE 12-7: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbD): CASE 2
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FIGURE 12-8: SLOW RISE TIME (MCLR TIED TO VDD)
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12.10 Interrupts

The PIC16F7X family has up to 12 sources of interrupt.
The interrupt control register (INTCON) records individ-
ual interrupt requests in flag bits. It also has individual
and global interrupt enable bits.

Note: Individual interrupt flag bits are set, regard-
less of the status of their corresponding

mask bit or the GIE bit.

A global interrupt enable bit, GIE (INTCON<7>)
enables (if set) all un-masked interrupts, or disables (if
cleared) all interrupts. When bit GIE is enabled, and an
interrupt’s flag bit and mask bit are set, the interrupt will
vector immediately. Individual interrupts can be dis-
abled through their corresponding enable bits in vari-
ous registers. Individual interrupt bits are set
regardless of the status of the GIE bit. The GIE bit is
cleared on RESET.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine, as well as sets the GIE bit, which
re-enables interrupts.

The RBO/INT pin interrupt, the RB port change interrupt
and the TMRO overflow interrupt flags are contained in
the INTCON register.

The peripheral interrupt flags are contained in the Spe-
cial Function Registers, PIR1 and PIR2. The corre-
sponding interrupt enable bits are contained in Special
Function Registers, PIE1 and PIE2, and the peripheral
interrupt enable bit is contained in Special Function
Register INTCON.

When an interrupt is responded to, the GIE bit is
cleared to disable any further interrupt, the return
address is pushed onto the stack and the PC is loaded
with 0004h. Once in the Interrupt Service Routine, the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs. The latency
is the same for one or two cycle instructions. Individual
interrupt flag bits are set, regardless of the status of
their corresponding mask bit, PEIE bit, or the GIE bit.

FIGURE 12-9: INTERRUPT LOGIC
PSPIF
PSPIE
ADIE D TOIE Wake-up (If in SLEEP mode)
ADIE TOIE
RCIF INTF :D
RCIE
INTE Interrupt to CPU
TXIF RBIF
TXIE RBIE
SSPIF
SSPIE :D
PEIE
CCP1IF
CCP1lIE GIE
TMRZIF:l )
TMR2IE
TMR1IF
TMRI1IE
CCP2IF
CCP2IE

The following table shows which devices have which interrupts.

Device TOIF | INTF | RBIF | PSPIF | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | CCP2IF
PIC16F76/73 | Yes | Yes | Yes - Yes | Yes | Yes Yes Yes Yes Yes Yes
PIC16F77/74 | Yes | Yes | Yes Yes Yes | Yes | Yes Yes Yes Yes Yes Yes
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12.10.1 INT INTERRUPT

External interrupt on the RBO/INT pin is edge triggered,
either rising, if bit INTEDG (OPTION_REG<6>) is set,
or falling, if the INTEDG bit is clear. When a valid edge
appears on the RBO/INT pin, flag bit INTF
(INTCON<1>) is set. This interrupt can be disabled by
clearing enable bit INTE (INTCON<4>). Flag bit INTF
must be cleared in software in the Interrupt Service
Routine before re-enabling this interrupt. The INT inter-
rupt can wake-up the processor from SLEEP, if bit INTE
was set prior to going into SLEEP. The status of global
interrupt enable bit GIE decides whether or not the pro-
cessor branches to the interrupt vector following wake-
up. See Section 12.13 for details on SLEEP mode.

12.10.2 TMRO INTERRUPT

An overflow (FFh — 00h) in the TMRO register will set
flag bit TOIF (INTCON<2>). The interrupt can be
enabled/disabled by setting/clearing enable bit TOIE
(INTCON<5>). (Section 5.0)

12.10.3 PORTB INTCON CHANGE

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit RBIE (INTCON<4>).
(Section 3.2)

12.11 Context Saving During Interrupts

During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key reg-
isters during an interrupt (i.e., W register and STATUS
register). This will have to be implemented in software.

For the PIC16F73/74 devices, the register W_TEMP
must be defined in both banks 0 and 1 and must be
defined at the same offset from the bank base address
(i.e., If W_TEMP is defined at 0x20 in bank 0, it must
also be defined at OxAO in bank 1.). The registers,
PCLATH_TEMP and STATUS_TEMP, are only defined
in bank 0.

Since the upper 16 bytes of each bank are common in
the PIC16F76/77 devices, temporary holding registers
W_TEMP, STATUS TEMP and PCLATH_TEMP
should be placed in here. These 16 locations don't
require banking and therefore, make it easier for con-
text save and restore. The same code shown in
Example 12-1 can be used.

EXAMPLE 12-1: SAVING STATUS, W, AND PCLATH REGISTERS IN RAM

MOVWF W_TEMP jCopy W to TEMP register
SWAPF STATUS, W ;Swap status to be saved into W
CLRF STATUS ;bank 0, regardless of current bank, Clears IRP,RP1,RPO
MOVWF STATUS_TEMP ;Save status to bank zero STATUS_TEMP register
MOVF PCLATH, W ;0nly required if using pages 1, 2 and/or 3
MOVWEF PCLATH_TEMP ;Save PCLATH into W
CLRF PCLATH ;Page zero, regardless of current page
: (ISR) ;Insert user code here
MOVF PCLATH _TEMP, W ;Restore PCLATH
MOVWF PCLATH ;Move W into PCLATH
SWAPF STATUS_TEMP, W ;Swap STATUS_TEMP register into W
; (sets bank to original state)
MOVWF STATUS ;Move W into STATUS register
SWAPF W_TEMP, F ;Swap W_TEMP
SWAPF W_TEMP, W ;Swap W_TEMP into W
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12.12 Watchdogq Timer (WDT)

The Watchdog Timer is as a free running on-chip RC
oscillator which does not require any external compo-
nents. This RC oscillator is separate from the RC oscil-
lator of the OSC1/CLKIN pin. That means that the WDT

WDT time-out period values may be found in the Elec-
trical Specifications section under parameter #31. Val-
ues for the WDT prescaler (actually a postscaler, but
shared with the TimerO prescaler) may be assigned
using the OPTION_REG register.

will run, even if the clock on the OSC1/CLKIN and Note: ~ The CLRWDT and SLEEP instructions clear
OSC2/CLKOUT pins of the device has been stopped, the WDT and the postscaler, if assigned to
for example, by execution of a SLEEP instruction. the WDT, and prevent it from timing out
. ) . and generating a device RESET condition.
During normal operation, a WDT time-out generates a
device RESET (Watchdog Timer Reset). If the device is
in SLEEP mode, a WDT time-out causes the device to Note: When a CLRWDT instruction is executed
wake-up and continue with normal operation (Watch- and the prescaler is assigned to the WDT,
dog Timer Wake-up). The TO bit in the STATUS regis- the prescaler count will be cleared, but the
ter will be cleared upon a Watchdog Timer time-out. prescaler assignment is not changed.
The WDT can be permanently disabled by clearing
configuration bit WDTE (Section 12.1).
FIGURE 12-10: WATCHDOG TIMER BLOCK DIAGRAM
From TMRO Clock Source
(Figure 5-1)
[ o
AN > Postscaler
WDT Timer v
X 8
Y
* f 8-10-1MUX |<#— PS2:PSO
wWDT PSA
Enable Bit
&——» To TMRO (Figure 5-1)
oy 11
MUX -.— PSA
o . WDT
Note: PSA and PS2:PS0 are bits in the OPTION_REG register. Time-out
TABLE 12-7: SUMMARY OF WATCHDOG TIMER REGISTERS
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
2007h Config. bits (1) BODEN® — CPO PWRTEW WDTE | FOSC1 | FOSCO
81h,181h OPTION_REG | RBPU INTEDG TOCS | TOSE PSA PS2 PS1 PSO

Legend: Shaded cells are not used by the Watchdog Timer.
Note 1: See Register 12-1 for operation of these bits.
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12.13 Power-down Mode (SLEEP)

Power-down mode is entered by executing a SLEEP
instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the PD bit (STATUS<3>) is cleared, the
TO (STATUS<4>) hit is set, and the oscillator driver is
turned off. The 1/O ports maintain the status they had
before the SLEEP instruction was executed (driving
high, low, or hi-impedance).

For lowest current consumption in this mode, place all
I/0O pins at either VDD or Vss, ensure no external cir-
cuitry is drawing current from the I/O pin, power-down
the A/D and disable external clocks. Pull all I/O pins
that are hi-impedance inputs, high or low externally, to
avoid switching currents caused by floating inputs. The
TOCKI input should also be at VDD or Vss for lowest
current consumption. The contribution from on-chip
pull-ups on PORTB should also be considered.

The MCLR pin must be at a logic high level (ViHMC).
12.13.1 WAKE-UP FROM SLEEP

The device can wake up from SLEEP through one of
the following events:

1. External RESET input on MCLR pin.

2. Watchdog Timer wake-up (if WDT was
enabled).

3. Interrupt from INT pin, RB port change or a
Peripheral Interrupt.

External MCLR Reset will cause a device RESET. All
other events are considered a continuation of program
execution and cause a "wake-up". The TO and PD bits
in the STATUS register can be used to determine the
cause of device RESET. The PD bit, which is set on
power-up, is cleared when SLEEP is invoked. The TO
bit is cleared if a WDT time-out occurred and caused
wake-up.

The following peripheral interrupts can wake the device
from SLEEP:

1. PSP read or write (PIC16F74/77 only).

2. TMRL1 interrupt. Timerl must be operating as
an asynchronous counter.

3. CCP Capture mode interrupt.

4. Special event trigger (Timerl in Asynchronous
mode using an external clock).

5. SSP (START/STOP) bit detect interrupt.

6. SSP transmit or receive in Slave mode
(SPI/I%C).

7. USART RX or TX (Synchronous Slave mode).

8. A/D conversion (when A/D clock source is RC).

Other peripherals cannot generate interrupts since dur-
ing SLEEP, no on-chip clocks are present.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction and then branches to the inter-
rupt address (0004h). In cases where the execution of
the instruction following SLEEP is not desirable, the
user should have a NOP after the SLEEP instruction.

12.13.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the execution of a
SLEEP instruction, the SLEEP instruction will com-
plete as a NOP. Therefore, the WDT and WDT
postscaler will not be cleared, the TO bit will not
be set and PD bits will not be cleared.

« If the interrupt occurs during or after the execu-
tion of a SLEEP instruction, the device will imme-
diately wake-up from SLEEP. The SLEEP
instruction will be completely executed before the
wake-up. Therefore, the WDT and WDT
postscaler will be cleared, the TO bit will be set
and the PD bit will be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruc-
tion should be executed before a SLEEP instruction.
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FIGURE 12-11: WAKE-UP FROM SLEEP THROUGH INTERRUPT

' Q1] Q2 Q3! Q4! Q1 Q2| Q3 Q4! Q1

. Q1 Q4 Q31 Q4 Q1l Q21 Q31Q4; Q1 Q4 Q3| Q4 Q1l Q2| Q3 Q4

OsC1 /_\_/—\_/—\_/—\_/—\_/—\_/_\_/—\_/\—:mmﬂl/_\_/—\_ VA AU U A U A U A WV Y A W W A WV A W A W
CLKOUT® | N A  Tost®| / \ / A / N
INT pin : : : ! : : : : 1
INTF flag : : \ . ' ' ' ‘
(INTCOI%<1>) /i . ‘Interrupt Latency, X '
' ! ' ' ' I (Note 2) \ '

GIE bi . . . . . . . . .
(INTCON<7>)! . Processor in . ! : . !
. : ~SLEEP ! ; , , .
INSTRUCTION FLOW : : j : : : : :
PC ¥ PC X PcH X PC+2 X PC+2 ¥ PC+2 ¥ ___0004h ¥ ___0005h .
oo I insi(PC) = SLEEP  Inst(PC + 1) ' Inst(PC +2) ' Inst(0004h) ' Inst(0005h) '
L&%Eﬂ?gg” {- Inst(PC-1) + SLEEP ' + Inst(PC+1) .« Dummycycle . Dummy cycle.  |nst(0004h)

Note 1: XT, HS or LP oscillator mode assumed.
2: TosT = 1024Tosc (drawing not to scale) This delay will not be there for RC osc mode.
3: GIE ="1"assumed. In this case after wake- up, the processor jumps to the interrupt routine.
If GIE ='0", execution will continue in-line.
4: CLKOUT is not available in these osc modes, but shown here for timing reference.

© 2000 Microchip Technology Inc. Advance Information

DS30325A-page 109



PIC16F/7X

12.14 Program Verification/Code Protection

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

12.15 ID Locations

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. It is recom-
mended that only the 4 least significant bits of the ID
location are used.

12.16 In-Circuit Serial Programming

PIC16F7X microcontrollers can be serially pro-
grammed while in the end application circuit. This is
simply done with two lines for clock and data and three
other lines for power, ground, and the programming
voltage. This allows customers to manufacture boards
with unprogrammed devices, and then program the
microcontroller just before shipping the product. This
also allows the most recent firmware or a custom firm-
ware to be programmed.

For complete details of serial programming, please
refer to the In-Circuit Serial Programming (ICSP™)
Guide, (DS30277).
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13.0 INSTRUCTION SET SUMMARY

Each PIC16F7X instruction is a 14-bit word divided into
an OPCODE, which specifies the instruction type and
one or more operands, which further specify the oper-
ation of the instruction. The PIC16F7X instruction set
summary in Table 13-2 lists byte-oriented, bit-ori-
ented, and literal and control operations. Table 13-1
shows the opcode field descriptions.

For byte-oriented instructions, 'f' represents a file reg-
ister designator and 'd’ represents a destination desig-
nator. The file register designator specifies which file
register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If 'd’ is zero, the result is
placed in the W register. If 'd’ is one, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, 'b’ represents a bit field
designator which selects the number of the bit affected
by the operation, while 'f’ represents the address of the
file in which the bit is located.

For literal and control operations, 'k’ represents an
eight or eleven bit constant or literal value.

TABLE 13-1: OPCODE FIELD
DESCRIPTIONS

Field Description

£ Register file address (0x00 to Ox7F)
W Working register (accumulator)

b Bit address within an 8-bit file register
k Literal field, constant data or label

b

Don't care location (= 0 or 1)

The assembler will generate code with x = 0.
It is the recommended form of use for compat-
ibility with all Microchip software tools.

d Destination select; d = 0: store result in W,
d = 1: store result in file register f.
Defaultisd =1

pC Program Counter

TO Time-out bit

PD Power-down bit

The instruction set is highly orthogonal and is grouped
into three basic categories:

* Byte-oriented operations

« Bit-oriented operations

e Literal and control operations

All instructions are executed within one single instruc-
tion cycle, unless a conditional test is true or the pro-
gram counter is changed as a result of an instruction.
In this case, the execution takes two instruction cycles
with the second cycle executed as a NOP. One instruc-
tion cycle consists of four oscillator periods. Thus, for
an oscillator frequency of 4 MHz, the normal instruction
execution time is 1 ps. If a conditional test is true or the
program counter is changed as a result of an instruc-
tion, the instruction execution time is 2 us.

Table 13-2 lists the instructions recognized by the
MPASM assembler.

Figure 13-1 shows the general formats that the instruc-
tions can have.

Note: To maintain upward compatibility with
future PIC16F7X products, do not use the
OPTION and TRIS instructions.

All examples use the following format to represent a
hexadecimal number:
Oxhh

where h signifies a hexadecimal digit.

FIGURE 13-1: GENERAL FORMAT FOR
INSTRUCTIONS
Byte-oriented file register operations
13 8 7 6 0
OPCODE | d | f (FILE #)

d = 0 for destination W
d =1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 7 6 0

OPCODE | b (BIT #)| f (FILE #)

3-bit bit address

b=
f = 7-bit file register address

Literal and control operations

General

13 8 7 0
OPCODE | k (literal)

k = 8-bit immediate value

CALL and GOTO instructions only
13 11 10 0
OPCODE k (literal)

k = 11-bit immediate value

A description of each instruction is available in the
PICmicro™ Mid-Range Reference Manual, (DS33023).
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TABLE 13-2: PIC16F7X INSTRUCTION SET

Mnemonic, Description Cycles | 14-Bit Opcode Status Notes
Operands MSb Lsp | Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f, d Add W and f 1 00 0111 dfff ffff| CDC,Z 1,2
ANDWF f, d AND W with f 1 00 0101 dfff ffff VA 1,2
CLRF f Clear f 1 00 0001 1fff ffff 4 2
CLRW - Clear W 1 00 0001 O0xXXX XXXX Z
COMF f, d Complement f 1 00 1001 dfff ffff z 1,2
DECF f, d Decrement f 1 00 0011 dfff ffff 4 1,2
DECFSz f, d Decrement f, Skip if 0 1(2) |oo 1011 dfff ffff 1,2,3
INCF f, d Increment f 1 00 1010 dfff ffff z 1,2
INCFSZ f, d Increment f, Skip if 0 1(2) |oo 1111 dfff ffff 12,3
IORWF f, d Inclusive OR W with f 1 00 0100 dfff ffff 4 1,2
MOVF f, d Move f 1 00 1000 dfff ffff Z 1,2
MOVWF f Move W to f 1 00 0000 1fff ffff
NOP - No Operation 1 00 0000 0xx0 0000
RLF f, d Rotate Left f through Carry 1 00 1101 dfff ffff C 1,2
RRF f, d Rotate Right f through Carry 1 00 1100 dfff ffff C 1,2
SUBWF f, d Subtract W from f 1 00 0010 dfff ffff | CDC,Z 1,2
SWAPF f, d Swap nibbles in f 1 00 1110 dfff ffff 1,2
XORWF f, d Exclusive OR W with f 1 00 0110 dfff ffff 4 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b Bit Clear f 1 01 00bb bfff ffff 1,2
BSF f,b Bit Set f 1 01 0lbb bfff ffff 1,2
BTFSC f,b Bit Test f, Skip if Clear 1(2) 01 10bb bfff ffff 3
BTFSS f,b Bit Test f, Skip if Set 1(2) 01 11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS
ADDLW k Add literal and W 1 11 111x kkkk kkkk| C,DC,Z
ANDLW k AND literal with W 1 11 1001 kkkk kkkk z
CALL k Call subroutine 2 10 Okkk kkkk kkkk|
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 o0100| TO,PD
GOTO k Go to address 2 10 1kkk kkkk kkkk
IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk z
MOVLW k Move literal to W 1 11  o00xx kkkk kkkk
RETFIE - Return from interrupt 2 00 0000 0000 1001
RETLW k Return with literal in W 2 11  0lxx kkkk kkkk
RETURN Return from Subroutine 2 00 0000 0000 1000|
SLEEP - Go into standby mode 1 00 0000 0110 o0011| TO,PD
SUBLW k Subtract W from literal 1 11 110x kkkk kkkk| C,DC,Z
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk z
Note 1: When an I/O register is modified as a function of itself ( e.g., MOVF PORTB, 1), the value used will be that value present

on the pins themselves. For example, if the data latch is "1’ for a pin configured as input and is driven low by an external

device, the data will be written back with a '0’.

If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if assigned

to the Timer0O Module.

If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is

executed as a NOP.

Note:

Additional information on the mid-range instruction set is available in the PICmicro™ Mid-Range MCU

Family Reference Manual (DS33023).
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13.1 Instruction Descriptions

ADDLW Add Literal and W

Syntax: [label] ADDLW  k

Operands: 0<k<255

Operation: W) +k - (W)

Status Affected: C, DC, Z

Description: The contents of the W register
are added to the eight bit literal 'k’
and the result is placed in the W
register.

ADDWF Add W and f

Syntax: [label] ADDWF fd

Operands: 0<f<127
d e [0,1]

Operation: (W) + (f) — (destination)

Status Affected: C, DC, Z

Description: Add the contents of the W register
with register f. If 'd’ is 0, the result
is stored in the W register. If 'd’ is
1, the result is stored back in reg-
ister 'f'.

ANDLW AND Literal with W

Syntax: [label] ANDLW  k

Operands: 0<k<255

Operation: (W) .AND. (k) = (W)

Status Affected: Z

Description: The contents of W register are

AND’ed with the eight bit literal
'k'. The result is placed in the W
register.

ANDWF AND W with f
Syntax: [label] ANDWF fd
Operands: 0<f<127
de [0,1]
Operation: (W) .AND. (f) — (destination)
Status Affected: Z
Description: AND the W register with register
'f'. If 'd" is O, the result is stored in
the W register. If 'd" is 1, the result
is stored back in register 'f'.
BCF Bit Clear f
Syntax: [label] BCF fb
Operands: 0<f<127
0<b<7
Operation: 0 — (f<b>)
Status Affected:  None
Description: Bit 'b" in register 'f' is cleared.
BSF Bit Set f
Syntax: [label] BSF f,b
Operands: 0<f<127
0<b<7
Operation: 1 — (f<b>)
Status Affected:  None
Description: Bit 'b" in register 'f' is set.
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BTFSS Bit Test f, Skip if Set

Syntax: [label] BTFSS fb

Operands: 0<f<127
0<b<7

Operation: skip if (f<b>) = 1

Status Affected: None

Description: If bit 'b’ in register 'f'is '0’, the next
instruction is executed.
If bit 'b’ is '1’, then the next instruc-
tion is discarded and a NOP is exe-
cuted instead making this a 2Tcy
instruction.

BTFSC Bit Test, Skip if Clear

Syntax: [label] BTFSC f,b

Operands: 0<f<127
0<b<7

Operation: skip if (f<b>) =0

Status Affected: None

Description: If bit 'b’ in register 'f'is '1’, the next
instruction is executed.
If bit’b’, in register 'f', is '0’, the
next instruction is discarded, and
aNoOP is executed instead, making
this a 2Tcy instruction.

CALL Call Subroutine

Syntax: [label] CALL k

Operands: 0<k<2047

Operation: (PC)+1 > TOS,
k — PC<10:0>,
(PCLATH<4:3>) — PC<12:11>

Status Affected: None

Description: Call Subroutine. First, return

address (PC+1) is pushed onto
the stack. The eleven bit immedi-
ate address is loaded into PC bits
<10:0>. The upper bits of the PC
are loaded from PCLATH. CALLIis
a two cycle instruction.

CLRF Clear f
Syntax: [label] CLRF f
Operands: 0<f<127
Operation: 00h — (f)
157
Status Affected: Z
Description: The contents of register 'f’ are
cleared and the Z bit is set.
CLRW Clear W
Syntax: [label] CLRW
Operands: None
Operation: 00h — (W)
1-Z7
Status Affected: Z
Description: W register is cleared. Zero bit (2)
is set.
CLRWDT Clear Watchdog Timer
Syntax: [label] CLRWDT
Operands: None
Operation: 00h —» WDT
0 — WDT prescaler,
1-T0
1->PD
Status Affected: TO, PD
Description: CLRWDT instruction resets the

Watchdog Timer. It also resets
the prescaler of the WDT. Status
bits TO and PD are set.
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COMF Complement f

Syntax: [label] COMF fd

Operands: 0<f<127
de [0,1]

Operation: (f) — (destination)

Status Affected: Z

Description: The contents of register 'f’ are
complemented. If 'd’" is O, the
result is stored in W. If 'd’ is 1, the
result is stored back in register 'f".

DECF Decrement f

Syntax: [label] DECF f,d

Operands: 0<f<127
d e [0,1]

Operation: (f) - 1 — (destination)

Status Affected: Z

Description: Decrement register 'f'. If 'd" is 0,
the result is stored in the W regis-
ter. If 'd’ is 1, the result is stored
back in register 'f'.

DECFSz Decrement f, Skip if O

Syntax: [label] DECFSz f.d

Operands: 0<f<127
de [0,1]

Operation: (f) - 1 — (destination);
skip if result =0

Status Affected: None

Description: The contents of register 'f' are

decremented. If 'd’ is 0O, the result
is placed in the W register. If 'd’ is
1, the result is placed back in reg-
ister 'f'.

If the result is 1, the next instruc-
tion is executed. If the result is 0,
then a NOP is executed instead
making it a 2Tcy instruction.

GOTO Unconditional Branch

Syntax: [label] GOTO k

Operands: 0<k<2047

Operation: k - PC<10:0>
PCLATH<4:3> — PC<12:11>

Status Affected: None

Description: GOTO is an unconditional branch.
The eleven bit immediate value is
loaded into PC bits <10:0>. The
upper bits of PC are loaded from
PCLATH<4:3>. GOTO is a two
cycle instruction.

INCF Increment f

Syntax: [label] INCF fd

Operands: 0<f<127
de [0,1]

Operation: (f) + 1 — (destination)

Status Affected: Z

Description: The contents of register '’ are
incremented. If 'd’ is 0, the result
is placed in the W register. If 'd’ is
1, the result is placed back in reg-
ister 'f".

INCFSZ Increment f, Skip if 0

Syntax: [label] INCFSz fd

Operands: 0<f<127
de [0,1]

Operation: (f) + 1 — (destination),

Status Affected:

Description:

skip if result =0
None

The contents of register 'f are
incremented. If 'd’is O, the result is
placed in the W register. If 'd’is 1,
the result is placed back in regis-
ter 'f.

If the result is 1, the next instruc-
tion is executed. If the result is O,
a NOP is executed instead making
it a 2Tcy instruction.

© 2000 Microchip Technology Inc.

Advance Information

DS30325A-page 115



PIC16F/7X

IORLW Inclusive OR Literal with W

Syntax: [label] 1ORLW k

Operands: 0<k<255

Operation: (W) .OR. k = (W)

Status Affected: Z

Description: The contents of the W register are
OR’ed with the eight bit literal 'k'.
The result is placed in the W reg-
ister.

IORWF Inclusive OR W with f

Syntax: [label] 1ORWF fd

Operands: 0<f<127
de [0,1]

Operation: (W) .OR. (f) — (destination)

Status Affected: Z

Description: Inclusive OR the W register with
register 'f'. If 'd" is O the result is
placed in the W register. If 'd" is 1
the result is placed back in regis-
ter 'f'.

MOVF Move f

Syntax: [label] MOVF fd

Operands: 0<f<127
de [0,1]

Operation: (f) — (destination)

Status Affected: Z

Description: The contents of register f are

moved to a destination dependant
upon the status of d. If d = 0, des-
tination is W register. If d = 1, the
destination is file register f itself. d
= 1 is useful to test a file register

since status flag Z is affected.

MOVLW Move Literal to W

Syntax: [label] MOVLW k

Operands: 0<k<255

Operation: k — (W)

Status Affected:  None

Description: The eight bit literal 'k" is loaded
into W register. The don’t cares
will assemble as 0's.

MOVWF Move W to f

Syntax: [label] MOVWF f

Operands: 0<f<127

Operation: W) — (f)

Status Affected:  None

Description: Move data from W register to reg-
ister 'f'.

NOP No Operation

Syntax: [label] NOP

Operands: None

Operation: No operation

Status Affected: None

Description: No operation.
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RETFIE Return from Interrupt

Syntax: [label] RETFIE

Operands: None

Operation: TOS — PC,
1> GIE

Status Affected: None

RETLW Return with Literal in W

Syntax: [label] RETLW k

Operands: 0<k<255

Operation: k = (W);
TOS —» PC

Status Affected: None

Description: The W register is loaded with the
eight bit literal 'k’. The program
counter is loaded from the top of
the stack (the return address).
This is a two cycle instruction.

RETURN Return from Subroutine

Syntax: [label] RETURN

Operands: None

Operation: TOS —» PC

Status Affected: None

Description: Return from subroutine. The stack

is POPed and the top of the stack
(TOS) is loaded into the program
counter. This is a two cycle
instruction.

RLF Rotate Left f through Carry
Syntax: [label] RLF fd
Operands: 0<f<127
de [0,1]
Operation: See description below
Status Affected: C
Description: The contents of register 'f’ are
rotated one bit to the left through
the Carry Flag. If 'd"is 0, the
result is placed in the W register.
If 'd’ is 1, the result is stored back
in register 'f".
RRF Rotate Right f through Carry
Syntax: [label] RRF f,d
Operands: 0<f<127
de [0,1]
Operation: See description below
Status Affected: C
Description: The contents of register 'f’ are
rotated one bit to the right through
the Carry Flag. If 'd’is 0, the result
is placed in the W register. If 'd’ is
1, the result is placed back in reg-
ister 'f".
{C~[ Regsert -
SLEEP
Syntax: [label] SLEEP
Operands: None
Operation: 00h — WDT,
0 — WDT prescaler,
1 TO,
0—->PD
Status Affected:  TO, PD
Description: The power-down status bit, PD is

cleared. Time-out status bit, TO
is set. Watchdog Timer and its
prescaler are cleared.

The processor is put into SLEEP
mode with the oscillator stopped.
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SUBLW Subtract W from Literal

Syntax: [label] SUBLW k

Operands: 0<k<255

Operation: k-(W)—> (W)

Status Affected: C, DC, Z

Description: The W register is subtracted (2's
complement method) from the
eight bit literal 'k'. The result is
placed in the W register.

SUBWEF Subtract W from f

Syntax: [label] SUBWEF f,d

Operands: 0<f<127
d e [0,1]

Operation: (f) - (W) — (destination)

Status Affected: C, DC, Z

Description: Subtract (2's complement method)
W register from register 'f'. If 'd" is O,
the result is stored in the W regis-
ter. If 'd" is 1, the result is stored
back in register 'f'.

SWAPF Swap Nibbles in f

Syntax: [label] SWAPF fd

Operands: 0<f<127

d e [0,1]
Operation: (f<3:0>) — (destination<7:4>),
(f<7:4>) — (destination<3:0>)
Status Affected: None
Description: The upper and lower nibbles of

register 'f' are exchanged. If'd"is

0, the result is placed in W regis-

ter. If 'd' is 1, the result is placed in

register 'f'.

XORLW Exclusive OR Literal with W

Syntax: [label] XORLW k

Operands: 0<k<255

Operation: (W) .XOR. k = (W)

Status Affected: z

Description: The contents of the W register
are XOR’ed with the eight bit lit-
eral 'k'. The result is placed in
the W register.

XORWF Exclusive OR W with f

Syntax: [label] XORWF fd

Operands: 0<f<127

d e [0,1]

Operation: (W) .XOR. (f) — (destination)

Status Affected: Z

Description: Exclusive OR the contents of the

W register with register 'f'. If 'd" is
0, the result is stored in the W
register. If 'd" is 1, the result is
stored back in register 'f'.
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14.0 DEVELOPMENT SUPPORT

The PICmicro® microcontrollers are supported with a
full range of hardware and software development tools:
* Integrated Development Environment
- MPLAB® IDE Software
* Assemblers/Compilers/Linkers
- MPASM Assembler
- MPLAB-C17 and MPLAB-C18 C Compilers
- MPLINK/MPLIB Linker/Librarian
¢ Simulators
- MPLAB-SIM Software Simulator
« Emulators
- MPLAB-ICE Real-Time In-Circuit Emulator
- ICEPIC™
 In-Circuit Debugger
- MPLAB-ICD for PIC16F87X
» Device Programmers
- PRO MATE® Il Universal Programmer

- PICSTART® Plus Entry-Level Prototype
Programmer

¢ Low-Cost Demonstration Boards
- PICDEM-1
- PICDEM-2
- PICDEM-3
- PICDEM-17
- KeeLoQ®

14.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8-bit microcon-
troller market. MPLAB is a Windows®-based applica-
tion which contains:
¢ Multiple functionality
- editor
- simulator
- programmer (sold separately)
- emulator (sold separately)
« A full featured editor
« A project manager
« Customizable tool bar and key mapping
« A status bar
¢ On-line help

MPLAB allows you to:

« Edit your source files (either assembly or ‘C’)

¢ One touch assemble (or compile) and download
to PICmicro tools (automatically updates all
project information)

« Debug using:
- source files
- absolute listing file
- object code

The ability to use MPLAB with Microchip’s simulator,
MPLAB-SIM, allows a consistent platform and the abil-
ity to easily switch from the cost-effective simulator to
the full featured emulator with minimal retraining.

14.2 MPASM Assembler

MPASM is a full featured universal macro assembler
for all PICmicro MCU's. It can produce absolute code
directly in the form of HEX files for device program-
mers, or it can generate relocatable objects for
MPLINK.

MPASM has a command line interface and a Windows
shell and can be used as a standalone application on a
Windows 3.x or greater system. MPASM generates
relocatable object files, Intel standard HEX files, MAP
files to detail memory usage and symbol reference, an
absolute LST file which contains source lines and gen-
erated machine code, and a COD file for MPLAB
debugging.

MPASM features include:

¢ MPASM and MPLINK are integrated into MPLAB
projects.

* MPASM allows user defined macros to be created
for streamlined assembly.

* MPASM allows conditional assembly for multi pur-
pose source files.

« MPASM directives allow complete control over the
assembly process.

14.3 MPLAB-C17 and MPLAB-C18
C Compilers

The MPLAB-C17 and MPLAB-C18 Code Development
Systems are complete ANSI ‘C’ compilers and inte-
grated development environments for Microchip’s
PIC17CXXX and PIC18CXXX family of microcontrol-
lers, respectively. These compilers provide powerful
integration capabilities and ease of use not found with
other compilers.

For easier source level debugging, the compilers pro-
vide symbol information that is compatible with the
MPLAB IDE memory display.
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14.4 MPLINK/MPLIB Linker/Librarian

MPLINK is a relocatable linker for MPASM and
MPLAB-C17 and MPLAB-C18. It can link relocatable
objects from assembly or C source files along with pre-
compiled libraries using directives from a linker script.

MPLIB is a librarian for pre-compiled code to be used
with MPLINK. When a routine from a library is called
from another source file, only the modules that contains
that routine will be linked in with the application. This
allows large libraries to be used efficiently in many dif-
ferent applications. MPLIB manages the creation and
modification of library files.

MPLINK features include:

* MPLINK works with MPASM and MPLAB-C17
and MPLAB-C18.

* MPLINK allows all memory areas to be defined as
sections to provide link-time flexibility.

MPLIB features include:

* MPLIB makes linking easier because single librar-
ies can be included instead of many smaller files.

« MPLIB helps keep code maintainable by grouping
related modules together.

¢ MPLIB commands allow libraries to be created
and modules to be added, listed, replaced,
deleted, or extracted.

14.5 MPLAB-SIM Software Simulator

The MPLAB-SIM Software Simulator allows code
development in a PC host environment by simulating
the PICmicro series microcontrollers on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a file or user-defined key press to any of the pins. The
execution can be performed in single step, execute
until break, or trace mode.

MPLAB-SIM fully supports symbolic debugging using
MPLAB-C17 and MPLAB-C18 and MPASM. The Soft-
ware Simulator offers the flexibility to develop and
debug code outside of the laboratory environment mak-
ing it an excellent multi-project software development
tool.

14.6 MPLAB-ICE High Performance
Universal In-Circuit Emulator with
MPLAB IDE

The MPLAB-ICE Universal In-Circuit Emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for
PICmicro microcontrollers (MCUs). Software control of
MPLAB-ICE is provided by the MPLAB Integrated
Development Environment (IDE), which allows editing,
“make” and download, and source debugging from a
single environment.

Interchangeable processor modules allow the system
to be easily reconfigured for emulation of different pro-
cessors. The universal architecture of the MPLAB-ICE
allows expansion to support new PICmicro microcon-
trollers.

The MPLAB-ICE Emulator System has been designed
as a real-time emulation system with advanced fea-
tures that are generally found on more expensive
development tools. The PC platform and Microsoft®
Windows 3.x/95/98 environment were chosen to best
make these features available to you, the end user.

MPLAB-ICE 2000 is a full-featured emulator system
with enhanced trace, trigger, and data monitoring fea-
tures. Both systems use the same processor modules
and will operate across the full operating speed range
of the PICmicro MCU.

14.7 1CEPIC

ICEPIC is a low-cost in-circuit emulation solution for the
Microchip  Technology PIC16C5X, PIC16C6X,
PIC16C7X, and PIC16CXXX families of 8-bit one-time-
programmable (OTP) microcontrollers. The modular
system can support different subsets of PIC16C5X or
PIC16CXXX products through the use of interchange-
able personality modules or daughter boards. The
emulator is capable of emulating without target applica-
tion circuitry being present.

14.8 MPLAB-ICD In-Circuit Debugger

Microchip’s In-Circuit Debugger, MPLAB-ICD, is a pow-
erful, low-cost run-time development tool. This tool is
based on the flash PIC16F877 and can be used to
develop for this and other PICmicro microcontrollers
from the PIC16CXXX family. MPLAB-ICD utilizes the
In-Circuit Debugging capability built into the
PIC16F87X. This feature, along with Microchip’s In-Cir-
cuit Serial Programming protocol, offers cost-effective
in-circuit flash programming and debugging from the
graphical user interface of the MPLAB Integrated
Development Environment. This enables a designer to
develop and debug source code by watching variables,
single-stepping and setting break points. Running at
full speed enables testing hardware in real-time. The
MPLAB-ICD is also a programmer for the flash
PIC16F87X family.
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14.9 PRO MATE 1l Universal Programmer

The PRO MATE Il Universal Programmer is a full-fea-
tured programmer capable of operating in stand-alone
mode as well as PC-hosted mode. PRO MATE Il is CE
compliant.

The PRO MATE Il has programmable VDD and VPP
supplies which allows it to verify programmed memory
at VDD min and VDD max for maximum reliability. It has
an LCD display for instructions and error messages,
keys to enter commands and a modular detachable
socket assembly to support various package types. In
stand-alone mode the PRO MATE Il can read, verify or
program PICmicro devices. It can also set code-protect
bits in this mode.

14.10 PICSTART Plus Entry Level
Development System

The PICSTART programmer is an easy-to-use, low-
cost prototype programmer. It connects to the PC via
one of the COM (RS-232) ports. MPLAB Integrated
Development Environment software makes using the
programmer simple and efficient.

PICSTART Plus supports all PICmicro devices with up
to 40 pins. Larger pin count devices such as the
PIC16C92X, and PIC17C76X may be supported with
an adapter socket. PICSTART Plus is CE compliant.

14.11 PICDEM-1 Low-Cost PICmicro
Demonstration Board

The PICDEM-1 is a simple board which demonstrates
the capabilities of several of Microchip’s microcontrol-
lers. The microcontrollers supported are: PIC16C5X
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X,
PIC16C71, PIC16C8X, PIC17C42, PIC17C43 and
PIC17C44. All necessary hardware and software is
included to run basic demo programs. The users can
program the sample microcontrollers provided with
the PICDEM-1 board, on a PRO MATE Il or
PICSTART-Plus programmer, and easily test firm-
ware. The user can also connect the PICDEM-1
board to the MPLAB-ICE emulator and download the
firmware to the emulator for testing. Additional proto-
type area is available for the user to build some addi-
tional hardware and connect it to the microcontroller
socket(s). Some of the features include an RS-232
interface, a potentiometer for simulated analog input,
push-button switches and eight LEDs connected to
PORTB.

14.12 PICDEM-2 Low-Cost PIC16CXX
Demonstration Board

The PICDEM-2 is a simple demonstration board that
supports the PIC16C62, PIC16C64, PIC16C65,
PIC16C73 and PIC16C74 microcontrollers. All the
necessary hardware and software is included to
run the basic demonstration programs. The user
can program the sample microcontrollers provided
with the PICDEM-2 board, on a PRO MATE Il pro-
grammer or PICSTART-Plus, and easily test firmware.
The MPLAB-ICE emulator may also be used with the
PICDEM-2 board to test firmware. Additional prototype
area has been provided to the user for adding addi-
tional hardware and connecting it to the microcontroller
socket(s). Some of the features include a RS-232 inter-
face, push-button switches, a potentiometer for simu-
lated analog input, a Serial EEPROM to demonstrate
usage of the 12C bus and separate headers for connec-
tion to an LCD module and a keypad.

14.13 PICDEM-3 Low-Cost PIC16CXXX
Demonstration Board

The PICDEM-3 is a simple demonstration board that
supports the PIC16C923 and PIC16C924 in the PLCC
package. It will also support future 44-pin PLCC
microcontrollers with a LCD Module. All the neces-
sary hardware and software is included to run the
basic demonstration programs. The user can pro-
gram the sample microcontrollers provided with
the PICDEM-3 board, on a PRO MATE Il program-
mer or PICSTART Plus with an adapter socket, and
easily test firmware. The MPLAB-ICE emulator may
also be used with the PICDEM-3 board to test firm-
ware. Additional prototype area has been provided to
the user for adding hardware and connecting it to the
microcontroller socket(s). Some of the features include
an RS-232 interface, push-button switches, a potenti-
ometer for simulated analog input, a thermistor and
separate headers for connection to an external LCD
module and a keypad. Also provided on the PICDEM-3
board is an LCD panel, with 4 commons and 12 seg-
ments, that is capable of displaying time, temperature
and day of the week. The PICDEM-3 provides an addi-
tional RS-232 interface and Windows 3.1 software for
showing the demultiplexed LCD signals on a PC. A
simple serial interface allows the user to construct a
hardware demultiplexer for the LCD signals.
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14.14 PICDEM-17

The PICDEM-17 is an evaluation board that demon-
strates the capabilities of several Microchip microcon-
trollers, including PIC17C752, PIC17C756,
PIC17C762, and PIC17C766. All necessary hardware
is included to run basic demo programs, which are sup-
plied on a 3.5-inch disk. A programmed sample is
included, and the user may erase it and program it with
the other sample programs using the PRO MATE Il or
PICSTART Plus device programmers and easily debug
and test the sample code. In addition, PICDEM-17 sup-
ports down-loading of programs to and executing out of
external FLASH memory on board. The PICDEM-17 is
also usable with the MPLAB-ICE or PICMASTER emu-
lator, and all of the sample programs can be run and
modified using either emulator. Additionally, a gener-
ous prototype area is available for user hardware.

14.15 KEELOQ Evaluation and
Programming Tools

KEELOQ evaluation and programming tools support
Microchips HCS Secure Data Products. The HCS eval-
uation kit includes an LCD display to show changing
codes, a decoder to decode transmissions, and a pro-
gramming interface to program test transmitters.
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DEVELOPMENT TOOLS FROM MICROCHIP
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NOTES:
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15.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings T

Ambient temperature UNAEr DIAS..........ooiuiiiiiiiiiie e .-55to +125°C
SEOrAGE LEMPEIALUIE .......eiiieiiieeee et e e e e e ettt e e et e e e e eeeeaaaaeeeaa s s s s ann bt bbb ee e e e e eeeeeneeeeeeaeesanananannnen -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD, MCLR. and RA4) .........ccccccvveveeviveeeeennennnn. -0.3V to (VOp + 0.3V)
Voltage 0N VDD With F@SPECE 10 VSS ...ttt e e e e bete e e e e eaneb e e e e e eaee 0.3 to +6.5V
Voltage on MCLR With reSpect 10 VSS (NOE 2)........vevveeeeeereeeeeeeeeesseseeeseeseeessesesessesesesee et Nereaa) Q td+13.5V
Voltage on RAZ With reSPECT 10 VSS .....ciiiiiiiiiiiii et sineeee e e e Ne e\ s e oo e eees to +12V
Total power disSiPation (NOTE 1) ........cueieiiurieriiiiiiieeiiiie e siee e essneeeesrneeesnee e feee s rree X e g ree oo s NaFenreeesnnneenns 1.0w
Maximum current 0Ut Of VSS PIN ...cooiiiiiiiieiiiiie e @ e L e v ................................ 300 mA
Maximum CUrrent iNt0 VDD PN .......eeeiiiiiriieiiiiie e siiee e e Ne A\ ek e e (e nt e ettt e st eenreeestbeeenaee 250 mA

Input clamp current, IIK (VI <0 0F VI > VDD)...cooveviereiieieiieenns oo e\ M ettt +20 mA
Output clamp current, 10K (VO < 0 0F VO > VDD) ...ocviieieee oo e NN ee e DN ereneeneseeressessssessesessesessesessessssessesessennns +20 mA

Maximum output current sunk by any 1/O pin.........:

Maximum output current sourced by any 1/O p

Maximum current sunk by PORTA, P

RTD and PORTE are not implemented on the PIC16F73/76 devices.

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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FIGURE 15-1: PIC16F7X VOLTAGE-FREQUENCY GRAPH

6.0 VT
5.5V

5.0 V+
4.5 VA
40V
3.5V
3.0V

) 1 &®“

FIGURE 15-2: BKﬁQSVX gIgéEfgéQUENCYGRAPH

Voltage

6.0 V1
55V
5.0 V-
4.5 V+
4.0 V+

3.5V
3.0 V-
2.5 V-
2.0 V-

O

|
|
|
4MHz 10 MHz

Frequency

FmMaX = (12 MHz/V) (VDDAPPMIN - 2.5 V) + 4 MHz
Note 1: VDDAPPMIN is the minimum voltage of the PICmicro® device in the application.
2: FMAX has a maximum frequency of 10MHz.
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151

DC Characteristics

PIC16LF73/74/76/77 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < TA < +85°C for industrial

PIC16F73/74/76/77 Standard Operating Conditions (unless otherwise stated
(Industrial) Operating temperature -40°C < TA < +85°C for industrial

Param
No.

Sym Characteristic Min | Typt | Max | Units WN\
N

D001

D001
DO01A

VDD | Supply Voltage \
All osﬁzg\\nﬁquraﬁgng\(DMO MHz)

VBOR* - 55

D002*

PIC16LF7X| 2.0 - 5.5
| con ig\JBatio
\§ enab te 7)

PICI6F7X| 40 | - |55
N\

VDR RAM Data Retention - 15
Voltage (Note 1) N

D003

<j><<

VPOR |VDD Start Voltage to - Vi S\ - See section on Power-on Reset for details
ensure internal Power-on

Reset signal

D004*

SVbpD | VDD Rise Rate to ure .0 2 - | VIms | See section on Power-on Reset for details
internal Power-0n Reset
signal A

D005

VBOR Brown-dQﬁReée?VoIﬁ\g/@ 3.65 | 4.0 |4.35| V |BODEN bitin configuration word enabled

D010

DO1

D010

D013

oo _{Supgly) Cuxreng{Kote 2, 5)

\PIC16LF7X]| - 0.6 | 2.0 | mA |XT, RC osc configuration
Fosc =4 MHz, VDD = 3.0V (Note 4)
O - 20 | 35 | HA |LP osc configuration

Fosc = 32 kHz, Vbp = 3.0V, WDT disabled

PIC16F7X - 16 | 4 mA | XT, RC osc configuration

Fosc =4 MHz, VbD = 5.5V (Note 4)
- 7 15 | mA |HS osc configuration

Fosc = 20 MHz, Vbp = 5.5V

D015*

DIBOR | Brown-out Reset Current - 85 | 200 | pA |BOR enabled VbD = 5.0V
(Note 6)

Legend:

Note 1:
2:

* These parameters are characterized but not tested.

T Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

This is the limit to which VDD can be lowered without losing RAM data.

The supply current is mainly a function of the operating voltage and frequency. Other factors such as 1/0 pin

loading and switching rate, oscillator type, internal code execution pattern and temperature also have an

impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:

OSC1 = external square wave, from rail to rail; all I/O pins tristated, pulled to VbD

MCLR = VDD; WDT enabled/disabled as specified.

. The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is

measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD and Vss.

For RC osc configuration, current through REXT is not included. The current through the resistor can be esti-
mated by the formula Ir = VDD/2REXT (mA) with REXT in kOhm.

Timerl oscillator (when enabled) adds approximately 20 pA to the specification. This value is from character-
ization and is for design guidance only. This is not tested.

The A current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IDD or IPD measurement.

When BOR is enabled, the device will operate correctly until the VBOR voltage trip point is reached.
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PIC16LF73/74/76/77 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < TA < +85°C for industrial
PIC16F73/74/76/77 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < TA < +85°C for industrial
A
Param | Sym Characteristic Min | TypT | Max | Units Conditions
No.
D020 |IPD Power-down Current (Note 3, 5) T\
PICI6LF7X| - | 75 ] 30 | pA |[voo=3.0v, ggaﬂn -40°C\tg +85°C
D021 - 0.9 5 UA | VDD —}Oy WD §a15le\ 40°C to +85°C
D020 PIC16F7X - 105 | 42 JIVAN VDD = X§ DT led, -40°C to +85°C
D021 - 15 | 19 | pA di abled -40°C to +85°C
D023* |DIBOR | Brown-out Reset Current | - 85 | 200 [<u % en\?)/d VDD = 5.0V
(Note 6) F
Legend:

Note 1:
2:

ated by the formula Ir = VDD/2REXT (MA) with REXT in kOhm.
erl oscillator (when enabled) adds approximately 20 pA to the specification. This value is from character-
xgtion and is for design guidance only. This is not tested.
The A current is the additional current consumed when this peripheral is enabled. This current should be

added to the base IDD or IPD measurement.

ise\st eﬁ\>hese parameters are for design guidance

: When BOR is enabled, the device will operate correctly until the VBOR voltage trip point is reached.
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15.2 DC Characteristics: PIC16F73/74/76/77 (Industrial
PIC16LF73/74/76/77 (Industrial

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industrial and

DC CHARACTERISTICS Operating voltage VDD range as described in DC spec Section 15.1

and Section 15.2. P
Param | Sym Characteristic Min [Typt| Max |Units Condition
No. N |
VIL  [Input Low Voltage \

I/O ports L
D030 with TTL buffer Vss - 10.15VDpD
D030A Vss - 0.8V
D031 with Schmitt Trigger buffer Vss 0.2VDI<
D032 MCLR, OSC1 (in RC mode) Vss . D
D033 OSC1 (in XT and LP mode) Vss

OSCL1 (in HS mode) Vss

Ports RC3 and RC4
D034 with Schmitt Trigger buffer (\és\ V |For entire VDD range

VIH [Input High Voltage <

/O ports \0>
D040 with TTL buffer sz. - VDD V |45V <VDD £5.5V
DO040A 25VDD| - VDD V |For entire VDD range

+ 0.8V
D041 rigger er 0.8vbD | - VDD V |For entire VDD range
D042 0.8VvpD | - VDD \
DO042A i XY and LP mode) 1.6V - VDD V  |(Note 1)
S mode) 0.7VbD | - VDD V |(Note 1)

D043 in RC mode) 0.9vDoD | - VDD \%

Ports RC3 and RC4
D044 with Schmitt Trigger buffer 0.7VvpD | - VDD V |For entire VDD range

D070 IPURB |PORTB Weak Pull-up Current 50 250| 400 LA (VDD =5V, VPIN = Vss

liL |{Input Leakage Current (Notes 2, 3)

D060 I/O ports - - +1 HA |Vss < VPIN < VDD, Pin at
hi-impedance
D061 MCLR, RA4/TOCKI - - 15 UA |Vss < VPIN < VDD
D063 0oscC1 - - 15 UA |Vss < VPIN < VDD, XT, HS and LP
osc configuration
VoL |Output Low Voltage
D080 I/O ports - - 0.6 V |loL=8.5mA, VDD = 4.5V,
-40°C to +85°C
D083 OSC2/CLKOUT (RC osc config) - - 0.6 V |loL=1.6 mA, VDD = 4.5V,
-40°C to +85°C
VoH |Output High Voltage
D090 I/O ports (Note 3) VoD - 0.7 - - V |loH =-3.0 mA, VDD = 4.5V,
-40°C to +85°C
D092 OSC2/CLKOUT (RC osc config) |VbD -0.7] - - V |loH =-1.3 mA, VDD = 4.5V,
-40°C to +85°C
D150* Vob |Open-Drain High Voltage - - 12 V |RA4 pin

Legend: * These parameters are characterized but not tested.
Tt Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
PIC16F7X be driven with external clock in RC mode.
2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels
represent normal operating conditions. Higher leakage current may be measured at different input voltages.
3: Negative current is defined as current sourced by the pin.
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DC CHARACTERISTICS

Operating temperature
Operating voltage VDD range as described in DC spec Section 15.1

Standard Operating Conditions (unless otherwise stated)

-40°C < TA < +85°C for industrial and

and Section 15.2.

Con 'iog\
2

Param | Sym Characteristic Min |Typt| Max |Units
No.
Capacitive Loading Specs on Output Pins e
D100 |Cosc2|0OSC2 pin - - 15 PF [In XT,X4S\apd LP\modes'when
ternalclogK is\used to drive OSC1]
D101 Cio |All /O pins and OSC2 - - 50 pF v
(in RC mode)
D102 CB |sSCL, SDA in I>C mode - - @QK\QF
Program FLASH Memory < ~ Vs
D130 Ep |Endurance - > 1X§> "B [25°C at 5V
D131 VPR |VDD for read 2.{\ - 5. v
Legend: * These parameters are characterized

Note 1:

Tt Data in "Typ" column is at 5V, 25

represent per

e

Kl

d.
k\léstated. These parameters are for design guidance

pin is a Schmitt Trigger input. It is not recommended that the
inRC mode.
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15.3 Timing Parameter Symbology

The timing parameter symbols have been created fol-
lowing one of the following formats:

1. TppS2ppS 3.Tce:sT (1°C specifications only)
2.TppS 4.Ts (1°C specifications only)
T
F Frequency T Time RN
Lowercase letters (pp) and their meanings: /) L
pp
cc CCP1 osc OSC1
ck CLKOUT rd
cs [ w RD or W
di SDI
do SDO S S
dt Data in CKI
io I/O port 1 T1CKI
mc MCLR <\ \ WR
Uppercase letters and their meanifys: \>
s o
F Fall P Period
H High R Rise
| Ia mpedar \% Valid
L L z Hi-impedance
12C nIO
AA output‘access High High
BUF Bus free Low Low
Tcc:sT ?I{C specifications only)
CcC
HD Hold SuU Setup
ST
DAT DATA input hold STO STOP condition
STA START condition
FIGURE 15-3: LOAD CONDITIONS
Load condition 1 Load condition 2
\VDD/2
RL
1
Pin T ct Pin T CL
Vss Vss
RL = 464Q
CL = 50pF for all pins except OSC2, but including PORTD and PORTE outputs as ports
15pF  for OSC2 output
Note: PORTD and PORTE are not implemented on the PIC16F73/76 devices.
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FIGURE 15-4: EXTERNAL CLOCK TIMING
: Q4 i Q1

Q2

0OSC1

CLKOUT

<O

TABLE 15-1: EXTERNAL CLOCK TIMING REQUIREMENTS h \§\>

Parameter | Sym |Characteristic Min T@&kx\ \lﬁiﬁé\eﬁnditions
No. N
Fosc | External CLKIN Frequency — | MHz [ XT osc mode
(Note 1) /D& 20 MHz | HS osc mode
\ &S\ 32 kHz | LP osc mode
Oscillator Frequenc %S — 4 MHz | RC osc mode
(Note 1) 1 — 4 MHz | XT osc mode
4 — 20 MHz | HS osc mode
5 — 200 kHz | LP osc mode
1 Tosc | Exterhal CEKIN Reri6d 1000 — — ns |XT osc mode
(Note 1 50 — — ns |HS osc mode
C 5 — — ms |LP osc mode
Osgiftator Period 250 — — ns |RC osc mode
O (Note 1) 250| — | 10,000| ns |XT osc mode
50 — 250 ns |HS osc mode
5 — — ms | LP osc mode
2 Tcy |Instruction Cycle Time 200 | Tecvy DC ns |Tcy =4/Fosc
(Note 1)
3 TosL, | External Clock in (OSC1) High | 500 — — ns | XT oscillator
TosH |or Low Time 2.5 — — ms |LP oscillator
15 — — ns | HS oscillator
4 TosR, | External Clock in (OSC1) Rise | — — 25 ns | XT oscillator
TosF |or Fall Time — — 50 ns |LP oscillator
— — 15 ns |HS oscillator

Legend: t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance

only and are not tested.

Note 1: Instruction cycle period (Tcy) equals four times the input oscillator time base period. All specified values are
based on characterization data for that particular oscillator type under standard operating conditions with the
device executing code. Exceeding these specified limits may result in an unstable oscillator operation and/or
higher than expected current consumption. All devices are tested to operate at "min." values with an external
clock applied to the OSC1/CLKIN pin. When an external clock input is used, the "max." cycle time limit is
"DC" (no clock) for all devices.
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FIGURE 15-5: CLKOUT AND I/O TIMING

0OSC1

CLKOUT

1/0 Pin
(input)

1/0 Pin
(output)

old value

Note: Refer to Figure 15-3 for load conditions.

TABLE 15-2: CLKOUT AND I/O TIMING RE(QL{ N
Param Sym Characterjsfi \ \> Min Typt Max Units | Conditions
No.
10* | TosH2ckL |0SC1T to CLKOUTTN O — 75 200 ns | (Note1)
11* | TosH2ckH |0SC1T to Qk@UTT\ N — 75 200 ns | (Notel)
12* | TckR CLKOUQ/ ri§i{t/imé> — 35 100 ns | (Note1)
13* | TckF uﬁf@i’t@a@ — 35 100 ns (Note 1)
14* TckLZiO{ d@)@g J/\Q anlid — — | 05Tcy+20| ns (Note 1)
15 | Ti kﬁ\ Pﬁ/rt/m\vﬁug) before CLKOUT T Tosc+200 | — — ns | (Notel)
16*| TckAp \Qo\{in hofd after CLKOUT T 0 — — ns | (Notel)
17+ N TosH 0sC1T (Q1 cycle) to — 100 255 ns
Port out valid
18+ |Tosp2iol |0SC1T (Q2 cycle) to Standard (F) 100 — — ns
Port input invalid (/O in[Exiended (LF) 200 _ _ ns
hold time)
19* |TioV2osH | Port input valid to OSC1T (1/O in setup time) 0 — — ns
20* | TioR Port output rise time Standard (F) — 10 40 ns
Extended (LF) — — 145 ns
21* | TioF Port output fall time Standard (F) — 10 40 ns
Extended (LF) — — 145 ns
221t* | Tinp INT pin high or low time Tey — — ns
231t* | Trbp RB7:RB4 change INT high or low time Tey — — ns
Legend: * These parameters are characterized but not tested.
1t Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
Tt These parameters are asynchronous events, not related to any internal clock edges.
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc.
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FIGURE 15-6: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING

R
~ -

R
~ -

Internal T : =~ 30 _.f (f)
POR :
PWRT l I
Time-out ' :

32
= : « 1

osc - ' ”
Time-out !

_ ' &

Internal : . 27

RESET ]

Watchdog ' : m

Timer ! g \)> \) '
Reset ! \ B
S
I/O Pins (\ % \\
\ - :
Note: Refer to Figure 15-3 for load conditions_x \Xx

FIGURE 15-7: BROM&&;i;;;ﬁg ING

i

AN
o O VBoR - - - - : |

TABLE 15-3: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER,
AND BROWN-OUT RESET REQUIREMENTS

Parameter Sym | Characteristic Min Typt Max | Units Conditions

No.

30 TmcL MCLR Pulse Width (low) 2 — — us | VDD =5V, -40°C to +85°C

31* Twdt Watchdog Timer Time-out Period 7 18 33 ms | VDD =5V, -40°C to +85°C
(No Prescaler)

32 Tost Oscillation Start-up Timer Period — 1024 Tosc — — | Tosc = OSC1 period

33* Tpwrt Power-up Timer Period 28 72 132 ms | VDD =5V, -40°C to +85°C

34 TIOZ I/O Hi-impedance from MCLR Low| — — 2.1 us
or Watchdog Timer Reset

35 TBOR Brown-out Reset Pulse Width 100 — — us | VbD < VBOR (D005)

Legend: * These parameters are characterized but not tested.
1t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
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FIGURE 15-8: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

|
RA4/TOCKI f
|

! |
RCO/T10SO/T1CKI Z |

TMRO or
TMR1

- 40

- 45

<

Note: Refer to Figure 15-3 for load conditions.

TABLE 15-4: TIMERO AND TII¥LE\R1 EWCK REQUIREMENTS

Param cteristic Typt | Max | Units Conditions
o RN !
40* [TtOH TOCKI High'\Rufée Width No Prescaler 0.5Tcy + 20 — — ns |Must also meet
/\ (W With Prescaler 10 — | = | ns |parameter 42
41* [TtOL (TOCKI L ow W\'ﬁth No Prescaler 0.5Tcy + 20 — | — | ns |Mustalso meet
\ With Prescaler 10 — | —= [ ns |parameter 42
42* AT, OKKI Period No Prescaler Tcy +40 — — ns
@ % With Prescaler Greater of: — — ns [N = prescale value
20 or Tcy + 40 (2,4, ..., 256)
N
45+ [Tl T1CKI High Time |Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous,  [Standard(F) 15 — | — ns |parameter 47
Prescaler = 2,4,8(Extended(LF) 25 — — ns
Asynchronous |Standard(F) 30 — — ns
Extended(LF) 50 — — ns
46* [TtlL T1CKI Low Time |Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous, |Standard(F) 15 — | — ns |parameter 47
Prescaler = 2,4,8|Extended(LF) 25 — | — ns
Asynchronous |Standard(F) 30 — — ns
Extended(LF) 50 — — ns
47*  [Tt1P T1CKlinputperiod |Synchronous Standard(F) Greater of: — — ns |N = prescale value
30 OorR_TcY + 40 (1, 2,4,8)
N
Extended(LF) Greater of: N = prescale value
50 or_TcY + 40 (1,2,4,8)
N
Asynchronous |Standard(F) 60 — — ns
Extended(LF) 100 — — ns
Ftl Timerl oscillator input frequency range DC — | 200 | kHz
(oscillator enabled by setting bit TLOSCEN)
48 |TCKEZtmrl [Delay from external clock edge to timer increment 2Tosc — |7Tosc| —
Legend: * These parameters are characterized but not tested.

Tt Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.
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FIGURE 15-9: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2)

RC1/T10Sl/CCP2
and RC2/CCP1
(Capture Mode)

RC1/T10Sl/CCP2
and RC2/CCP1
(Compare or PWM Mode)

53 ——l

o 0
Note: Refer to Figure 15-3 for load condmons

TABLE 15-5: CAPTURE/COMPARE/PWM REQUIRE@E\I\@% CCP2)

Param Characteristic Typt Units| Conditions
No.
50* |TccL |CCP1and CCP2 |No Prescaler A O.5TCY +20 | — | — ns

input low time §te§\da}({(ﬁl\) 10 _ _ ns

Withﬁr\eg:aler E}\er}skedh{ﬁ) 20 — | = ns
51* [TocH |CCP1and CCP2” NG Prescaler M\ 05Tcy+20| — | — | ns
input high time Standard(F) 10 — | = ns

//;\ Wscaler Extended(LF) 20 — | — | ns
52* |TccP Pw C ZWeriod 3Tcy +40 — — ns [N = prescale
LY N value (1,4 or 16)

53* W /éCP angd CCP2 output rise time |Standard(F) — 10 25 ns
Extended(LF) — 25 50 ns
54* T&‘\@ CCP1 and CCP2 output fall time | Standard(F) — 10 25 ns
Extended(LF) — 25 45 ns

Legend: * These parameters are characterized but not tested.
1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
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FIGURE 15-10: PARALLEL SLAVE PORT TIMING (PIC16F74/77 DEVICES ONLY)

RE2/CS S

REL/WR

RD7:RDO

lph — x , -
_,:63:4_
Note: Refer to Figure 15-3 for load conditions.
TABLE 15-6: P}R&_@/MQEQUIREMENTS (PIC16F74/77 DEVICES ONLY)
?@ R Min Max

Parameter
No.

Characteristic Typt Units | Conditions

erd VZW\H/ Datsin valid before WRT or CST (setup time) 20| — | — | ns
25 ns |Extended

Range Only
63+ wrH2dtl  |WRT or CST to data in invalid (hold time) |Standard(F) 20| — | — | ns
Extended(LF) 35 — — ns
64 TrdL2dtv  |RDJ and CSl to data out valid — | — | 80 | ns
— — 90 ns |Extended
Range Only
65 TrdH2dtl  |RDT or CS! to data out invalid 10| — | 30 | ns

Legend: * These parameters are characterized but not tested.
1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
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FIGURE 15-11: SPI MASTER MODE TIMING (CKE =0, SMP = 0)
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Note: Refer to Figure 15-3 for load conditions.
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FIGURE 15-13: SPI SLAVE MODE TIMING (CKE = 0)

:-—71—-: :-—72—-: —, - —e -

Note: Refer to Figure 15-3 for load c%%ions.

%
FIGURE 15-14: m@wl ING (CKE = 1)
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Note: Refer to Figure 15-3 for load conditions.
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TABLE 15-7: SPI MODE REQUIREMENTS

Param Sym Characteristic Min Typt Max | Units | Conditions

No.

70 | TssL2scH, |SS! to SCK{ or SCKT input Tey — — ns
TssL2scL

71* TscH SCK input high time (Slave mode) Tcy + 20 — — ns

72* TscL SCK input low time (Slave mode) Tcy + 20 — — ns

73*% TdiV2scH, Setup time of SDI data input to SCK edge 100 — — ns
TdiV2scL o

74* TscH2diL, Hold time of SDI data input to SCK edge 100 — — n l
TscL2diL é

75*% TdoR SDO data output rise time Standard(F) — 10 /5/‘ ns

Extended(LF) — 25 507) )ns

76* | TdoF SDO data output fall time — 10 N

7 TssH2doZ SST to SDO output hi-impedance 10 >\ \50 s~

78* TscR SCK output rise time (Master mode) | Standard(F) \3‘% 25\/ ns

Extended(LF) C\ \/50 ns

79* TscF SCK output fall time (Master mode) A\ \ ](5 25 ns

80* TscH2doV, SDO data output valid after SCK | Standard¢F) N\ V2 50 ns
TscL2doV edge Ext(erfdgd F — — 145 ns

81* TdoV2scH, |SDO data output setup to SCK ed \Iév — — ns
TdoV2scL o

82* TssL2doV SDO data output valid after‘&Six ed\‘ske N \\) — — 50 ns

83* TscH2ssH, SS T after SCK e N 1.5Tcy + 40 — — ns
TscL2ssH

Legend: * These parameters are

byt nottestet!,
°C unless gthérwise stated. These parameters are for design guidance only and are not tested.

/2 Y Hm
ST e a3
'90 ! . ! 92' ' .
! -
SDA — / SS \ :j
XL « T
: : 2 : :
. :
START STOP
Condition Condition
Note: Refer to Figure 15-3 for load conditions.
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TABLE 15-8:  1°C BUS START/STOP BITS REQUIREMENTS

Pzr:m Sym Characteristic Min | Typ | Max | Units Conditions

90* Tsu:STA |START condition |100 kHz mode |4700| — | — ns |[Only relevant for Repeated
Setup time 400 kHz mode | 600 | — | — START condition (\

91* THD:STA [START condition |100 kHz mode |4000| — | — ns |After this pexo first clock
Hold time 400 kHz mode | 600 | — | — pulse ls-gerera

92* Tsu:sTo |STOP condition {100 kHz mode [4700| — | — ns Q \)
Setup time 400 kHz mode | 600 | — | — X X

93 THD:STO |STOP condition {100 kHz mode |4000| — | — sk
Hold time 400 kHz mode | 600 | — N\ Y

* These parameters are characterized but not tested. @ \)

FIGURE 15-16: I°C BUS DATA TIMING
103 e i

scL L ! ) A /

Q N 109 '«— 109—»
O SR A
N .

? Refer to Figure 15-3 for Ioéd conditions.

© 2000 Microchip Technology Inc. Advance Information DS30325A-page 141



PIC16F/7X

TABLE 15-9:  1°C BUS DATA REQUIREMENTS
Pall\zzm. Sym Characteristic Min Max | Units Conditions
100* THIGH |Clock high time 100 kHz mode 4.0 — us | Device must operate at a
minimum of 1.5 MHz
400 kHz mode 0.6 — us | Device must operate at a
minimum of 10 MHz
SSP Module 1.5Tcy — i
101* TLow |Clock low time 100 kHz mode 4.7 — us  [Device m%&)\_\e ata
minimum o
400 kHz mode 1.3 — us %ev E&Iope at a
S 6410 M
SSP Module 1.5Tcy — [
102+ TR [SDAand SCLrise [100 kHz mode — 1000 [\ s
time 400 kHz mode |20 + 0.1Cb 300\ \n‘s) js Specified to be from
19-400 pF
103* TF SDA and SCL fall |100 kHz mode 309 bs’
time 400 kHz mode \O\Ctk gﬁﬁ\ ns [Cbis specified to be from
10-400 pF
90* Tsu:STA [START condition  [100 KHAmQde \ — us | Only relevant for Repeated
setup time 400CkNz mods, \\96 — us |START condition
91* THD:STA [START condition  [100 Rd2mode — us |After this period the first
hold time 400 k|—}x< ﬁ\od\e/ 0.6 — us |clock pulse is generated
106* | THD:DAT |Data i(np?@d tinge}\100 kKz wiode 0 — ns
400 kHz mode 0 0.9 us
107* TSU:DAT in fu M0G0 kHz mode 250 — ns |(Note 2)
finye K@ 400 kHz mode 100 — ns
92* 'S P conuition 100 kHz mode 4.7 — us
ﬂ \ %ﬁp\% 400 kHz mode 0.6 — us
109* TAn  \Oditput valid from  [100 kHz mode — 3500 ns |(Note 1)
(&/ clock 400 kHz mode — — ns
110* \;FBUF Bus free time 100 kHz mode 4.7 — us | Time the bus must be free
400 kHz mode 1.3 — us |before a new transmission
can start
Cb Bus capacitive loading — 400 pF

*

Note 1:

These parameters are characterized but not tested.

As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region
(min. 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions.

2: A fast mode (400 kHz) I2C-bus device can be used in a standard mode (100 kHz) 12C bus system, but the
requirement Tsu:DAT > 250 ns must then be met. This will automatically be the case if the device does not
stretch the LOW period of the SCL signal. If such a device does stretch the LOW period of the SCL signal, it
must output the next data bit to the SDA line TR max.+tsu;DAT = 1000 + 250 = 1250 ns (according to the
standard mode 12C bus specification), before the SCL line is released.
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FIGURE 15-17: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

RC6/TX/CK m

; 1121
Pin :: . — > -

121 Lo
RC7/RX/FI?i:1' E ><|: X

— = 120 '-— — ' e
I - 122
Note: Refer to Figure 15-3 for load conditions.

O

TABLE 15-10: USART SYNCHRONOUS TRANSMISSION REQUIREM%KNQ

Param Sym Characteristic Min PR h)@ Units | Conditions
No.
120 TckH2dtV SYNC XMIT (MASTER & Standard(F) i
SLAVE) ﬂ v AW | 80 | ns
Clock high to data out valid
Exten@e\gEL\F) — — 100 ns
121 Tekrf Clock out rise time and fall time"Sta da\dfii) — — 45 ns
(Master mode) (\ X\@@e@&k}_ﬂz > — — 50 ns
122 Tdtrf Data out rise time and fall tilne St\a\négw — — 45 ns
]S\xte\qcléd(L F) ns

1: Datain “Typ” column i We\r\fse stated. These parameters are for design gwdance only and are not
tested.

FIGURE/]:??\]:& ART\S NCHRONOUS RECEIVE (MASTER/SLAVE) TIMING

6 TX/CK
pin . 125 '
-

RC7/RX/IDT

) S— X

126 ———» :

Note: Refer to Figure 15-3 for load conditions.

TABLE 15-11: USART SYNCHRONOUS RECEIVE REQUIREMENTS

Parameter Sym Characteristic Min Typt Max Units | Conditions
No.
125 Tdtv2ckL SYNC RCV (MASTER & SLAVE)
Data setup before CK | (DT setup time) 15 _ _ ns
126 TekL2dtl Data hold after CK | (DT hold time) 15 — — ns
t:  Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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TABLE 15-12: A/D CONVERTER CHARACTERISTICS: PIC16F7X (INDUSTRIAL)
PIC16LF7X (INDUSTRIAL)

Param

NoO Sym Characteristic Min Typt Max Units Conditions
AO1 NR | Resolution PIC16F7X — — 8 bits bit | VREF = VDD =5.12V,
Vss < VAIN < VREF
PIC16LF7X — — 8 bits bit |VREF=VDD = 2/.9V
AO2 | EABs | Total Absolute error — — <%1 LSb |VREF =VDD =5.12V,
VSs < VAN X F
A03 EiL |Integral linearity error — — <+1 LSb | VREF =\VDD =K.1RV,
\(ség)v IN < VREE
A04 EpL | Differential linearity error — — <+1 LSb NREE=VD& = 5.12V,
N S VAIN'S VREF
AO5 | EFs |Full scale error — — +1 \[\Lsb :§R¥= VDD = 5.12V,
SS < VAIN < VREF
A06 | EOFF | Offset error — %1\ | £Sb |VReF =VDD=5.12V,
N\ Vss < VAIN < VREF
A10 | — [Monotonicity (Note 3) —_ | \dyaranteed — — | Vss < VAIN < VREF
A20 | VREF | Reference voltage Z\QV\ \\ A\ VoD + 0.3 \%
A25 | VAN |Analog input voltage Vég-@é\ VREF+0.3| V
A30 | ZAaN | Recommended impe e of — 10.0 kQ
analog voltage /seﬁ}ce
A40 IaD | A/D conver 'o% ﬂ@}&:\(X — 180 — WA | Average current con-
curre DD 16LF ¢ _ 90 _ pA | sumption when A/D is
) on (Note 1).
A50 | IREF | VRERjmpUL cyrrentiote 2) 10 — 1000 UA | During VAIN acquisition.
Based on differential of
O VHOLD to VAIN to charge
CHoOLD, see
Section 12.1.
During A/D Conversion
10 uA | cycle.

Note 1:

N

* These parameters are characterized but not tested.
tData in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance

only and are not tested.

When A/D is off, it will not consume any current other than minor leakage current. The power-down current
spec includes any such leakage from the A/D module.
VREF current is from the RA3 pin or the VDD pin, whichever is selected as a reference input.

The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.
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FIGURE 15-19: A/D CONVERSION TIMING

BSF ADCONO, GO 1Tcy:

134—| |<— (Tosc/2)® 131

o] S

| ' 130 e
AD CLK <132+, .

A/D DATA : :><7><6><5><4><3><2><1><0><:
ADRES E E OLD_DATA >:< NEW_DATA:
ADIF ]
GO | ‘ DONE

SAMPLE SAMPLING STOPPED |

Note 1: If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the
SLEEP instruction to be executed.

TABLE 15-13: A/D CONVERSION REQUIREMENTS

Pzr:m Sym Characteristic Min Typt | Max | Units Conditions

130 | Tap |A/D clock period PIC16F7X 1.6 — — us | Tosc based, VREF > 3.0V

PIC16LF7X 2.0 — — us | Tosc based,
2.0V <VREF £ 5.5V

PIC16F7X 2.0 4.0 6.0 us | A/D RC mode
PIC16LF7X 3.0 6.0 9.0 us |A/D RC mode

131 | TeNv | Conversion time (not including S/H 9 — 9 TAD

time) (Note 1)
132 | TAcQ | Acquisition time 5* — — us | The minimum time is the

amplifier settling time. This
may be used if the “new”
input voltage has not
changed by more than 1 LSbh
(i.e., 20.0 mV @ 5.12V) from
the last sampled voltage (as
stated on CHOLD).

134 | Tco | Q4 to A/D clock start — |Toscl2| — — | If the A/D clock source is
selected as RC, a time of Tcy
is added before the A/D clock
starts. This allows the SLEEP
instruction to be executed.

135 | Tswc| Switching from convert — sample time| 1.5§ — — TAD

* These parameters are characterized but not tested.
T Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.
Note 1: ADRES register may be read on the following Tcy cycle.
2: See Section 12.1 for min. conditions.
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NOTES:
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16.0 DC AND AC
CHARACTERISTICS GRAPHS
AND TABLES

The graphs and tables provided in this section are for
design guidance and are not tested.

In some graphs or tables, the data presented are out-
side specified operating range (i.e., outside specified
VDD range). This is for information only and devices
are ensured to operate properly only within the speci-
fied range.

The data presented in this section is a statistical sum-
mary of data collected on units from different lots over
a period of time and matrix samples. 'Typical’ repre-
sents the mean of the distribution at 25°C. 'Max’ or 'Min’
represents (mean + 3c) or (mean - 3c), respectively,
where ¢ is standard deviation over the whole tempera-
ture range.

Graphs and Tables not available at this time.
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NOTES:
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17.0 PACKAGING INFORMATION

171 Package Marking Information

28-Lead PDIP (Skinny DIP) Example
XXXXXXXXXXXXXXXXX PIC16F77-I/SP
D) () XXXXXXXXXXXXXXXXX D O
A YYWWNNN R\ 0017HAT
28-Lead SOIC Example
XXXXXXXXXXXXXXXXXXXX PIC16F76-1/SO
XXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXX
O R\ YYWWNNN O R\ 0010SAA
28-Lead SSOP Example
XXXXXXXXXXXX PIC16F73-I/SS
XXXXXXXXXXXX
O@YYWWNNN O®001OSBP

Legend: XX...X Customer specific information*

YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01’)
NNN  Alphanumeric traceability code

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available

characters for customer specific information.

*

Standard marking consists of Microchip part number, year code, week code, and traceability code. For
marking beyond this, certain price adders apply. Please check with your Microchip Sales Office. For

QTP devices, any special marking adders are included in QTP price.
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Package Marking Information (Cont’d)

40-Lead PDIP

XXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXX

YYWWNNN
0] MICROCHIP

xxxxxxxxxxxxxxxxxx@

Example

PIC16F77-I/P
) Q 0012SAA Q
O MicRrRoCHIP

44-Lead TQFP

MicROCHIP

XXXXXXXXXX
XXXXXXXXXX
XXXXXXXXXX
o YYWWNNN

44-Lead PLCC

O &
MICSCHIP
XXXXXXXXXX
XXXXXXXXXX
XXXXXXXXXX
YYWWNNN O

Example

MicrocHIP

PIC16F77-
I/IPT

o OOL1HAT

Example

O 8

PIC16F77-I/L

0003SAT Q
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17.2 28-Lead Skinny Plastic Dual In-line (SP) — 300 mil (PDIP.

|t— =] —

q g |

0] E

0] E

o E

o E

o E

i E °

i E

4 E

4 E

0] E

0] E

0] 72

ndg ~Olp1 y ol
E 1 i
A / ]
L
c }
J p L
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 28 28
Pitch p .100 2.54
Top to Seating Plane A .140 .150 .160 3.56 3.81 4.06
Molded Package Thickness A2 125 .130 135 3.18 3.30 3.43
Base to Seating Plane Al .015 0.38
Shoulder to Shoulder Width E .300 .310 .325 7.62 7.87 8.26
Molded Package Width El 275 .285 .295 6.99 7.24 7.49
Overall Length D 1.345 1.365 1.385 34.16 34.67 35.18
Tip to Seating Plane L 125 .130 .135 3.18 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width B1 .040 .053 .065 1.02 1.33 1.65
Lower Lead Width B .016 .019 .022 0.41 0.48 0.56
Overall Row Spacing § eB .320 .350 .430 8.13 8.89 10.92
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimension D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MO-095

Drawing No. C04-070
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17.3 28-Lead Plastic Small Outline (SO) — Wide, 300 mil (SOIC

[— E —

B —]

joooooouoooooa

N

|
f

45°

[t—

i
N — » 1 AR~
i I

(B L Al—
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 28 28

Pitch p .050 1.27

Overall Height A .093 .099 .104 2.36 2.50 2.64
Molded Package Thickness A2 .088 .091 .094 2.24 2.31 2.39
Standoff § Al .004 .008 .012 0.10 0.20 0.30
Overall Width E .394 407 420 10.01 10.34 10.67
Molded Package Width El .288 .295 .299 7.32 7.49 7.59
Overall Length D .695 .704 712 17.65 17.87 18.08
Chamfer Distance h .010 .020 .029 0.25 0.50 0.74
Foot Length L .016 .033 .050 0.41 0.84 1.27
Foot Angle Top [0} 0 4 8 0 4 8
Lead Thickness C .009 .011 .013 0.23 0.28 0.33
Lead Width B .014 .017 .020 0.36 0.42 0.51
Mold Draft Angle Top ol 0 12 15 0 12 15
Mold Draft Angle Bottom B 0 12 15 0 12 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MS-013

Drawing No. C04-052
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28-Lead Plastic Shrink Small Outline (SS) — 209 mil, 5.30 mm (SSOP

|

|
i

4[
m

L
'y
JE

OO

]

JIOTUruumouns

BN

0
TJ

Il |

Q

é

A2

¢ Al
. )
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 28 28

Pitch p .026 0.65

Overall Height A .068 .073 .078 1.73 1.85 1.98
Molded Package Thickness A2 .064 .068 .072 1.63 1.73 1.83
Standoff § Al .002 .006 .010 0.05 0.15 0.25
Overall Width E .299 .309 .319 7.59 7.85 8.10
Molded Package Width E1l .201 .207 212 5.11 5.25 5.38
Overall Length D .396 402 407 10.06 10.20 10.34
Foot Length L .022 .030 .037 0.56 0.75 0.94
Lead Thickness c .004 .007 .010 0.10 0.18 0.25
Foot Angle ¢ 0 4 8 0.00 101.60 203.20
Lead Width B .010 .013 .015 0.25 0.32 0.38
Mold Draft Angle Top o 0 5 10 0 5 10
Mold Draft Angle Bottom B 0 5 10 0 5 10

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed

.010” (0.254mm) per side.

JEDEC Equivalent: MS-150

Drawing No. C04-073
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17.5 40-L ead Plastic Dual In-line (P) — 600 mil (PDIP)

D

a noo
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n g op1 Y
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7 A L’ A2
B I JL L

=B AL Bl J L

[—— B ——m=| ~=—2B p

Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 40 40

Pitch p .100 2.54

Top to Seating Plane A .160 175 .190 4.06 4.45 4.83
Molded Package Thickness A2 .140 .150 .160 3.56 3.81 4.06
Base to Seating Plane Al .015 0.38

Shoulder to Shoulder Width E .595 .600 .625 15.11 15.24 15.88
Molded Package Width El .530 .545 .560 13.46 13.84 14.22
Overall Length D 2.045 2.058 2.065 51.94 52.26 52.45
Tip to Seating Plane L .120 .130 .135 3.05 3.30 3.43
Lead Thickness C .008 .012 .015 0.20 0.29 0.38
Upper Lead Width Bl .030 .050 .070 0.76 1.27 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing 8 eB .620 .650 .680 15.75 16.51 17.27
Mold Draft Angle Top ol 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MO-011

Drawing No. C04-016
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17.6 44-Lead Plastic Thin Quad Flatpack (PT) 10x10x1 mm Body, 1.0/0.10 mm Lead Form (TOFP.

[ — E P
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CH x 45 ~—
0 |
LA = | A AR
T T ]
B Lfl_ A:I A2
[t— (F)
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 44 44
Pitch p .031 0.80
Pins per Side nl 11 11
Overall Height A .039 .043 .047 1.00 1.10 1.20
Molded Package Thickness A2 .037 .039 .041 0.95 1.00 1.05
Standoff § Al .002 .004 .006 0.05 0.10 0.15
Foot Length L .018 .024 .030 0.45 0.60 0.75
Footprint (Reference) (F) .039 1.00
Foot Angle 0 0 3.5 7 0 3.5 7
Overall Width E .463 472 482 11.75 12.00 12.25
Overall Length D .463 472 482 11.75 12.00 12.25
Molded Package Width El .390 .394 .398 9.90 10.00 10.10
Molded Package Length D1 .390 .394 .398 9.90 10.00 10.10
Lead Thickness c .004 .006 .008 0.09 0.15 0.20
Lead Width B .012 .015 .017 0.30 0.38 0.44
Pin 1 Corner Chamfer CH .025 .035 .045 0.64 0.89 1.14
Mold Draft Angle Top [ 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MS-026

Drawing No. C04-076
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17.7 44-Lead Plastic Leaded Chip Carrier (L) — Square (PLCC)
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Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 44 44
Pitch p .050 1.27
Pins per Side nl 11 11
Overall Height A .165 173 .180 4.19 4.39 4.57
Molded Package Thickness A2 .145 .153 .160 3.68 3.87 4.06
Standoff § Al .020 .028 .035 0.51 0.71 0.89
Side 1 Chamfer Height A3 .024 .029 .034 0.61 0.74 0.86
Corner Chamfer 1 CH1 .040 .045 .050 1.02 1.14 1.27
Corner Chamfer (others) CH2 .000 .005 .010 0.00 0.13 0.25
Overall Width E .685 .690 .695 17.40 17.53 17.65
Overall Length D .685 .690 .695 17.40 17.53 17.65
Molded Package Width El .650 .653 .656 16.51 16.59 16.66
Molded Package Length D1 .650 .653 .656 16.51 16.59 16.66
Footprint Width E2 .590 .620 .630 14.99 15.75 16.00
Footprint Length D2 .590 .620 .630 14.99 15.75 16.00
Lead Thickness c .008 .011 .013 0.20 0.27 0.33
Upper Lead Width Bl .026 .029 .032 0.66 0.74 0.81
Lower Lead Width B .013 .020 .021 0.33 0.51 0.53
Mold Draft Angle Top [ 0 5 10 0 5 10
Mold Draft Angle Bottom B 0 5 10 0 5 10

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MO-047

Drawing No. C04-048
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APPENDIX A: REVISION HISTORY

Version Date Revision Description
A 2000 This is a new data sheet. However, these devices are similar to the PIC16C7X
devices found in the PIC16C7X Data Sheet (DS30390) or the PIC16F87X
devices (DS30292).
APPENDIX B: DEVICE DIFFERENCES

The differences between the devices in this data sheet
are listed in Table B-1.

TABLE B-1: DEVICE DIFFERENCES
Difference PIC16F76/73 PIC16F77/74
A/ID 5 channels, 8-bits 8 channels, 8-bits
Parallel Slave Port no yes
Packages 28-pin PDIP, 28-pin SOIC, 28-pin SSOP | 40-pin PDIP, 44-pin TQFP, 44-pin PLCC

APPENDIX C: CONVERSION CONSIDERATIONS

Considerations for converting from previous versions
of devices to the ones listed in this data sheet are listed

in Table C-1.
TABLE C-1: CONVERSION CONSIDERATIONS
Characteristic PIC16C7X PIC16F87X PIC16F7X
Pins 28/40 28/40 28/40
Timers 3 3 3
Interrupts 11 or12 13 o0r 14 11 or 12

Communication

PSP, USART, SSP (SPI,
12C Slave)

PSP, USART, SSP (SPI,
12C Master/Slave)

PSP, USART, SSP (SPI,
12C Slave)

(1,000 E/W cycles)

Frequency 20 MHz 20 MHz 20 MHz

A/D 8-hit 10-bit 8-bit

CCP 2 2 2

Program Memory | 4K, 8K EPROM 4K, 8K FLASH 4K, 8K FLASH

(100 E/W cycles)

RAM

192, 368 bhytes

192, 368 bytes

192, 368 bytes

EEPROM Data

None

128, 256 bytes

None

Other

In-Circuit Debugger,
Low Voltage Programming

© 2000 Microchip Technology Inc.
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MPASM Assembler ..o, 119

B

Banking, Data MEmMOrY ........ccccooieiiiiiieiniieeeieee e 12
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Special Trigger Output of CCP2 ........ccccveeennene. 58
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CKE et
CKP e
Clock Polarity Select bit, CKP
Code Examples
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Code ProteCtion ......cceeveeeieeiiirieieee et 95, 110
Computed GOTO ..ot 26
Configuration BitS ........ccocuieiiiiieiiiieesie e 95
Conversion Considerations ..........c.cccocevieeieeeniee e 157
D
DIA oo 62
Data MEMOIY ... 12
Bank Select (RP1:RPO BitS) ......ccccovvvviinieniicienen. 12
General Purpose RegiSters ........ccccvvcvveeviiveevieeeennnen. 12
Register File Map ............ 13,14
Special Function Registers .............coooeiiininninian 15
Data/Address bit, D/A .......oooooiiiiiiieee e 62
DC CharacteriStiCS ........ccveeeriiieiiiieeiiie et 127
Development SUPPOIt ......coviiiiiiiiiee et 119
Device DiffEer€NCES .....cccvuvveeiiiie et 157
DEVICE OVEIVIEW .....eeiiiiiiiieiie ettt 5
Direct AddreSSING .....ooooveeiiiiiieeiiie e 27
E
Electrical Characteristics ..........cccccevviriiiiic i 125
EITATA ..o s 4

External Clock Input (RA4/TOCKI). See Timer0
External Interrupt Input (RBO/INT). See Interrupt Sources
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F
Firmware INStructions ...........ccccooviiiiiiiiinie e 111
FSR REQISIEN ..vvveiiiiieeiiee e 15, 16, 17, 27
|
1@ I oo o S 29
1’c
AdAreSSING .ovveeeiiiie e 68
BIOCK Diagram .........coceeiiieiiieniieniie e 67
[2C OPEIALON ..ot 67
Master Mode .........ccccvviiiiiiiic e 71
MOAE .o e et 67
Mode Selection ..........ccocceiiiiiiiiiii 67
Multi-Master Mode .........cccocvviiiiiiiiiese e 71
RECEPLION ..ottt 69
Reception Timing Diagram ..........cccceevvieniiieeiiieieeens 69
SCL and SDA PINS .....veiiiiiiieiieie et 67
SIAVE MOAE ..o 67
TranSMISSION .....cccicciiiiiiiiiiiei e 70
12C (SSP Module)
Timing Diagram, Data .........ccccevvirieeiieiieeneenece 141
Timing Diagram, Start/Stop BitS .........cccccceeviiieenninne. 140
ID LOCALIONS ...covviiiieiiiiciei e 95, 110
In-Circuit Serial Programming (ICSP) .......cccccoeevvenee. 95, 110
INDF ettt 17
INDF REQISIEI ...veiiiiiieiiiiiie et 15, 16, 27
Indirect ADAreSSiNg ......ccceevveeriiiiiinie e 27
FSR REQISIEr it 12

Instruction Format ...

Instruction Set ... 111
ADDLW . 113
113

113

113

.. 113

..113

...114

BTFSS i 114
(@ I N 114
CLRF o 114
CLRW e 114
CLRWDT ...114
COMF ... ...115
DECF ..... ...115
DECFSzZ 115
GOTO e 115
INCF e 115
INCESZ ... 115
IORLW oo 116

116
..116
... 116
... 116
116

RETLW oo 117

Summary Table ......cccoveiviieeieee e 112
INT Interrupt (RBO/INT). See Interrupt Sources
INTCON Lo 17
INTCON Register . .. 20
GIE Bit oottt 20
INTE Bit .... ... 20,21, 22
INTE Bit vveeeciiie e eee e et e et 20
RBIF Bit ooovvveicieie e eeee e e 20,21, 31
TOIE Bit ettt 20
Internal Sampling Switch (Rss) Impedance .............ccc....... 92
INLEITUPL SOUMCES ..ooeiiieiiiiieie e 95, 105
BIOCK Diagram .........ccccoecieeiiiieniiie e 105
Interrupt on Change (RB7:RB4) ....ccccevvvveviveeennnnnnn 31
RBO/INT Pin, EXternal .........cccocuveoienvenieenieens 7, 8,106
TMRO OVerflow .......ccoveviveniiiiiiiieeens ... 106
USART Receive/Transmit Complete ............ccceeeneee. 73
Interrupts
Synchronous Serial Port Interrupt ..........cccccveeeiiieenns 22
Interrupts, Context Saving DUNNG .......cccceveveeeiivieeeniiieennns 106
Interrupts, Enable Bits
Global Interrupt Enable (GIE Bit) .......cccccovveeennee 20, 105
Interrupt on Change (RB7:RB4) Enable (RBIE Bit) . 106
RBO/INT Enable (INTE Bit) ....cccooveveeeeennnn. 20, 21, 22
TMRO Overflow Enable (TOIE Bit) ........coceeviiieerinnenn. 20

Interrupts, Flag Bits
Interrupt on Change (RB7:RB4) Flag (RBIF Bit) . 20,21,

31, 106
RBO/INT Flag (INTF Bit) ...cccoovviiiiieiiieee e 20
TMRO Overflow Flag (TOIF Bit) ....ccocvevvvveeviieeeneeen. 106
K
KeeLog® Evaluation and Programming Tools ................ 122
L
Loading Of PC .....oooiiiieiie e 26
M
Master Clear (MCLR) .....occueiiiiiiiiieieeeie e 7,8
MCLR Reset, Normal Operation ................ 99, 101, 102
MCLR Reset, SLEEP ........cccocviiiiiiinnnne 99, 101, 102
Memory Organization
Data MEeMOIY .......ovviiiiiiiiiiiice e 12
Program MemOIY ......ccccviieiiiiiiiieitee e 11
MPLAB Integrated Development Environment Software . 119
@)
OPCODE Field DeSCrptions ........ccceervieiienienienneiieeenne 111
OPTION ettt ee e e e 17
OPTION_REG REQISTEr ..c.uveiiiiiiiiiiiiee i 19
INTEDG Bit .vvveeeiiiiie et e et eeee e
PS2:PSO0 Bits ..
PSABIt ...........
RBPU Bit .....
TOCS Bl .ottt
TOSE Bit .o
OSC1/CLKIN Pin
OSC2/CLKOUT PiN .oiiiiiiieiie et 7,8
Oscillator Configuration .........cc.cceeeriieiiiieeniieeeriieee 95, 97
HS . ...97,101
P 97, 101
RC e 97, 98, 101
X e 97, 101
OSCIllAtor, WDT ..ottt 107
OUtput Of TMR2 ..ot 53
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P
P e 62
PaCKagINGg ...eeeiiiiieiiie e 149
Paging, Program Memory .........ccccceeviieeniieeeiiee e 11, 26
Parallel Slave Port (PSP) ......ccccovirniiniiiniciiecieee 9, 34, 38

BIOCK Diagram .........cocoviiiininniniini e 38

REO/RD/ANS PiN ....cooviiiiiiiiiiiiec e, 9, 37,38

REL/WR/ANG PN ... 9,37,38

RE2/CS/AN7 Pin ..... ..9,37,38

Read Waveforms .........ccccoiiiiiiiiiiciicccee 39

Select (PSPMODE Bit) .34, 35, 38

Write Waveforms ........cccoocoveiiiiiiiiccecs 39
PCFGO DIt .o
[ O = o RS
PCFG2 DIt ..o
PCL Register ..........

PCLATH Register
PCON Register ...... .

POR Bit .o
PIC16F76 Pinout DESCrptioNn ..........ccevvviiiiciiciieeeie e 7
PICDEM-1 Low-Cost PICmicro Demo Board ................... 121
PICDEM-2 Low-Cost PIC16CXX Demo Board ................ 121
PICDEM-3 Low-Cost PIC16CXXX Demo Board .............. 121
PICSTART® Plus Entry Level Development System ...... 121
PIEL REQISIEN ...eveiiiiiieiiiie e 17,21
PIE2 REQISIET ..oveeiviiiiiciiececeee e 17,23
Pinout Descriptions

PICLOFT73/PICLBFT6 ....eeeveeiiiiiiiie e 7

PICLBFT7A/PICLOFTT coceeeeeeieee e e 8
PIRL REQISIEN ...uveiiiiiiiiiiie ettt 22
PIR2 REQISIEN ...tiiiiiiiiiiiie e 24
POP e 26
POR. See Power-on Reset
PORTA e 7,8,17

ANalog POrt PiNS ......ccocviiiiiiiiiieie e 7,8

INitialization ... 29

PORTA REQISEN ...ueviiiiieie et 29

RA3

RAO and RA5 Port Pins .........ccccovecieiiiiiiiniins 29

RA4/TOCKI Pin .....

RA5/SS/AN4 Pin ..

TRISA Register
PORTA REGISEN ..ottt
PORTB oottt

PORTB Register

Pull-up Enable (RBPU Bit) .....cccccoeeeviiieiiieeeiiieee e 19

RBO/INT Edge Select (INTEDG Bit) .....ccccceevveerieenne. 19

RBO/INT Pin, External ............c......... ... 7,8,106

RB3:RBO POrt PiNS ......cccoooiiiiiiiiiiiiiccie 31

RB7:RB4 Interrupt on Change .........cccceecveenivenneenn. 106

RB7:RB4 Interrupt on Change Enable (RBIE Bit) .... 106

RB7:RB4 Interrupt on Change Flag (RBIF Bit) ...20,21,

31, 106

RB7:RB4 POrt PiNS .......ccociiiiiiiiiiiiicciececeee 31

TRISB Register ....... .31
PORTB REGISIEI ..oicvvviiiiiiie e eiee e eiee et 15
PORTC ...ocociiiiiies . 7,8,17

BIOCK DIagram ........ccccovieiiiiiiiieiiie e 33

PORTC REQISIEN ....eiiviiiiiiieeitie et 33

RCO/TLOSOI/TICKI PN ..o 7,8

RCL/TLOSI/CCP2 PiN ..o 7,8

RC2/CCPL PiN oo 7,8

RC3/SCK/SCL PiN ...oeoiiiiiiiiiiiiieie e 7,8

RC4/SDI/SDA Pin ...

RC5/SDO Pin ..........

RCB/TXICK PiN .ot

RC7/RXIDT PiN v,

TRISC REQISIEr .oecviiiiiiiiieiiie e
PORTC REQISIEN ..cuieiiiiiieiiiieee ettt
PORTD .ot

Block Diagram .........ccccceeeiveeneinieennnn.

Parallel Slave Port (PSP) Function

PORTD REQISter .....ccovvuvieeiiiieeiiieeeins

TRISD REQISIEI ...eoviviiiiiiiieiiie et
PORTD REQISIEN ..cuieiieiiiiiiiie ettt
PORTE ..o

Analog Port PiNs .......ccccoieniniiiniccic e

BIOCK Diagram .........ccocceiiiiiiiniiiie e

Input Buffer Full Status (IBF Bit) .........cccccoveeeniieennes

Input Buffer Overflow (IBOV Bit) ... ... 36

PORTE REQISLEr ....oeiiiiiiiiiiiiee et 35

PSP Mode Select (PSPMODE Bit) ..... .34, 35, 38

REO/RD/ANS PiN ... 9,37,38

REL/WR/ANG Pin ..o 9, 37,38

RE2/CS/ANT PiN ..o 9, 37,38

TRISE REQISIEN ...ttt 35
PORTE REQISIEN ...ttt 15
Postscaler, WDT

Assignment (PSA Bit) .....cccoviviiiiiiiiieeieeeenn 19, 20

Rate Select (PS2:PS0 BitS) .....ccccevvveeiiiiiieiiiieeieene 19
Power-down Mode. See SLEEP
Power-on Reset (POR) .......cccceevvieenns 95, 99, 100, 101, 102

Oscillator Start-up Timer (OST) ... 95, 100

POR Status (POR Bit) ......cccccovvciiiiiiiiieiieceeeen, 25

Power Control (PCON) Register ...........c.ocovniininns 100

Power-down (PD Bit) ......ccccceeennes

Power-up Timer (PWRT) .

Time-out (TO Bit) ...cooevveviiirieiieen .

Time-out Sequence on POwer-up ..........ccc....... 103, 104
PR2 e 17
PR2 REQISIEI ..ottt 16, 53
Prescaler, TimerO

Assignment (PSA Bit) .....cccceeviieiriiiieeiiiee e 19, 20

Rate Select (PS2:PS0 Bits) ............. ... 19
PRO MATE® Il Universal Programmer ...........ccccoecveenns 121
Program Counter

Reset ConditioNS ........ccceeereiriiiiieiie e 101
Program MeMOIY ......cocuviiiiieiiiiiieieee e 11

INtErrUPt VECION ... 11

Paging ..ooooiieiiei e 11, 26

Program Memory Map .........ccccvvveeeriniiiiiieeee e 11

Reset Vector .................

Program Verification ....
Programming Pin (Vpp)

PUSH oot

R

RIW e 62

RIW DIt oo 68, 69, 70

RAM. See Data Memory

RCREG ..., 17

RCSTA REQISIEI ..ttt 17,74
OERR Bit .vvviiiiiiiiiiiieee et 74
SPEN Bit vooeeeiiiiiiieie ettt 73
SREN Bit ..eoeiiiiiiiiiieee L 14

Read/Write bit INformation, RIW .......ooeveeeeeeeeeeeeeesene, 62

Receive Overflow Indicator bit, SSPOV ........ccccccerivineenn. 63

REQISLEr FIl ... 12

Register File Map .........ccoceeviiniieiiiieic e 13,14
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Registers
FSR
SUMMEATY ceeiieiiiiiine et 17
INDF
SUMMATY .o 17
INTCON
SUMMATY .o 17
OPTION
SUMMEANY eiieiiiiiiiie et 17
PCL
SUMMATY v 17
PCLATH
SUMMATY .o 17
PORTB
SUMMEATY eeiieiiiiiiie et 17
SSPSTAT et 62
STATUS
SUMMEATY eeeieiiiiiinee et 17
SUMIMANY et 15
TMRO
SUMMEATY ittt 17
TRISB
SUMMATY . 17
RESET oo 95, 99
Reset
BIOCK Diagram .........ccceeiiieiuieniieniie e 99

Brown-out Reset (BOR). See Brown-out Reset (BOR)
MCLR Reset. See MCLR
Power-on Reset (POR). See Power-on Reset (POR)

Reset Conditions for All Registers .........cccccevveeenes 102
Reset Conditions for PCON Register .... ...101
Reset Conditions for Program Counter .................... 101
Reset Conditions for STATUS Register ................... 101
WDT Reset. See Watchdog Timer (WDT)
ReViISION HIStOMY ....oceviiiiiiciiieccee e 157
S
S e 62
SCI. See USART
£ ISR 67
Serial Communication Interface. See USART
Slave Mode
SCL ettt ettt ae s 67
SDA e 67
SLEEP ..o 95, 99, 108
SIMP et 62
Software Simulator (MPLAB-SIM) .......ccccoiiiiiiiiiieeiiieene 120
SPBRG ...ttt 17
SPBRG REJISIEN ...cciiiiiiiitiiiiieeiit et 16
Special Features of the CPU .........ccccceeiiiiiiiiiinniece e 95
Special Function RegiSters ..........ccoovviviieeiiiiieniieie e 15
PICLOBFT3 oot e 15
PICLBFTA oottt 15
Speed, OPErating .......cceeoreeeeiiieee et 1
SPI
BIOCK Diagram .........ccceeiiieiiieniieniie e 64
Master Mode TimiNg ......ccceeeieeriiiiee e 65

Serial ClOCK .....cooviveiiiii e 61
Serial Data IN ..oooooeiiieieeecccee e 61
Serial Data OULt .......cvvvivieiiiiiiiie e 61
Slave Mode TimMiNG ....cccooviriiinieeiee e 65
Slave Mode Timing Diagram .........cccovvevvenneeneenneenns 65
SIaVE SEIECT ..ooeieiieiieie e 61
5] ad 1Y oo [T USSR 61
SSPCON ittt eae e 63
SSPSTAT ittt 62

SPI Clock Edge Select bit, CKE .......cccooviveiiieeeiiiee e 62
SPI Data Input Sample Phase Select bit, SMP ................. 62
SSP

MOdUIE OVEIVIEW ......cocvivviieeeeeeeciiieee e

RA5/SS/AN4 Pin ...
RC3/SCK/SCL Pin .
RCA/SDI/SDA PiN ettt
RC5/SDO PiN ettt
SECHOM ..o
SSPCON ittt et
SSOPSTAT e
SSPADD REQISIEN ...oeiiiiieiiiiieiieee st
SSPBUF ......ccccce....
SSPBUF Register ...
SSPCON .....ccvvveneen. .
SSPCON REGISIEN ..eeiiiiiiiiiiee ettt
SSPEN .ot
SSPUF e
SSPM3:SSPMO ...ooiiiiiiiieeiie ettt
SSPOV ...ocoevvnn,
SSPSTAT Register .
Stack ..ooocviiiiiiieene
OVEITIOWS .t
UNderflow ......oocveiiiiiiii
StArt DIt, S oo
STATUS REQISIEr ....veiiiiiiiiiiiie ittt
DC Bt oeeivieiiciisiecre e
1 = USSR
PD Bit ...
TO Bit ...

ZBit ....... .
SEOP DIt, P oo
Synchronous Serial Port Enable bit, SSPEN .................... 63
Synchronous Serial Port INterrupt ..........ccccveveveenienneenenn. 22

Synchronous Serial Port Mode Select bits, SSPM3:SSPMO .
63

Synchronous Serial Port Module ............ .61
Synchronous Serial Port Status Register

T

T1CKPSO bit
T1CKPS1 bit

T1CON .ooveeeieiine
TLCON REQISEN ittt 17, 49
TLOSCEN Dt .eviiiiiieieeiieree e 49
TLSYNC DIt oo 49
T2CKPS0 DIt oot 53
T2CKPSL DIt ot 53
T2CON REQISIEI ..t 17, 53
TAD i 93
Timer0
Clock Source Edge Select (TOSE Bit) .....cccccevvvveneeenne 19
Clock Source Select (TOCS Bit) ......ccoecvveeeniieeeiiieenes 19
Overflow Enable (TOIE Bit) .....cccoviiveeiiieeniieeenieeee 20
Overflow Flag (TOIF Bit) .....cccvvevveiiiiniiiiieiieesiee e 106
Overflow INTEITUPL .......coeoiiiiiiiciieee e 106
RA4/TOCKI Pin, External Clock 7,8
TIMErL oo .49
RCO/T10SO/T1CKI Pin ..... 7,8
RCI/TIOSI/CCP2 PiN oot 7,8
Timers
Timer0
External ClOCK .........ccccvveiiiiiiiiiiiiiccieee e 46
INEEITUPL .o 45
Prescaler ......ooocviviie i 46
Prescaler Block Diagram ..........ccccceeveeeeiiieennnne. 45
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EST=T (o] o TSR 45
TOCKI et 46
Timerl
Asynchronous Counter Mode ..........cccceveviveeennes 51
Capacitor Selection ............
Operation in Timer Mode ... .
[0 1o31 1= (o] RS 51
Prescaler ......ccvveiee i 51
Resetting of Timerl Registers .........cccccecevvieenne 51
Resetting Timerl using a CCP Trigger Output ..51
Synchronized Counter Mode ..........ccceevverennneen. 50
TLCON ittt 49
...51
...51
Timer2
Block Diagram ........ccoveeiviieniieiieieniec e 53
POSESCAIEr ..vveiecie et 53
Prescaler ... 53
T2CON ittt 53
Timing Diagrams
Brown-out Reset .........cccooviiiiiiiii e, 134
Capture/Compare/PWM ........ccccccceveeiiieeiiineeniieeenes 136
CLKOUT @nd /O ..cceevieeiiiie e 133
12C Reception (7-bit AdAress) ........cocooveerreecerennnnes 69
Power-up Timer
RESEL ..ottt
SPI Master Mode
SPI Slave Mode (CKE = 1) ...cccvieiiiiiiiienie e 65
SPI Slave Mode Timing (CKE = 0) ....cccoovvviviiieenieeene. 65
Start-up TIMET .....oooiiiiiii et 134
Time-out Sequence on Power-up . ...103, 104
L0011 (OSSR 135
TIMEIL o 135
USART Asynchronous Master Transmission ............. 78
USART Asynchronous Reception ..........c.ccccoeeeneenne. 79
USART Synchronous ReCEeIVE .........cccceeveeeiiiiieennines 143
USART Synchronous Reception ...........cccccevvveeneenne. 85
USART Synchronous Transmission ..83, 143
Wake-up from SLEEP via Interrupt ..........cccoeeeineen. 109
Watchdog TIMEr .....ccoovviiiiiiiiciieeee e 134
Timing Diagrams and Specifications
AID CONVEISION ...oociiiiiiiiiie e 145
12C BUS DA ..o 141
12C BUS Start/Stop BitS ...........cocoveeeererresesesrrrnns 140
TMRO
TMRO REGISLET .....viiuiiiiiiiiei et 15
TMRLCS DIt i 49
TMRIH oo 17
TMRIH REQISEN ...oiiiiiiiiiiiiiie ettt 15
TMRIL ottt s 17
TMRIL REQISIET ..iveiiiiiiiieeiii et 15
TMR1ON bit ..... ... 49

TMR2 ........... 17
TMR2 Register . ... 15
TMR20N DIt . 53
TOUTPS0 DIt oeeeeeieee e 53
TOUTPSL DIt .cvviieiiiiiieecse e 53
TOUTPS2 DIt vttt 53

TOUTPSS3 bit
TRISA ..........

TRISA Register ... 16
TRISB oo 17
TRISB REJISIEI ..uvtiiiiiiieiiiieee et 16
TRISC s 17
TRISC REQISIE ...viiiiiiiiiieieseee ettt e 16

LIR30 17
TRISD REQISIEN ...ttt 16
TRISE et 17
TRISE Register 16, 35

IBF Bit ..

IBOV Bit .ottt 36
PSPMODE Bit ..occcvveeiiiiee e se e 34, 35, 38
TXREG .ttt 17
TXSTA e 17
TXSTA REQGISIET ..ottt 73
SYNC Bit
TRMT Bit
TX9 Bit ...
TX9D Bit .
TXEN Bl oot
U
UA s 62

Universal Synchronous Asynchronous Receiver Transmitter.
See USART

Update Address bit, UA ..o 62
USART e 73
ASYNCchronous MOde ..........cccocuieeiiiiieiiieie e e
Receive Block Diagram ..........ccccoevciveeiiieeeninenn. 81
Asynchronous Receiver ....... e 79
Asynchronous Reception ..... ... 80
Asynchronous Transmitter ... e 17
Baud Rate Generator (BRG) ........ccccceceviveineinceennnn. 75
Baud Rate Formula ...........cccccooiiiiiiiiiiiie, 75
Baud Rates, Asynchronous Mode (BRGH=0) ... 76
SAMPlING oot 75
Mode Select (SYNC Bit) ....ccceeeviieriiiiieiiieeieene 73,74
Overrun Error (OERR Bit) .....eovviiieiiiiiieiiieeecces 74
RC6/TX/CK Pin .......cc.c.....
RC7/RX/DT Pin
RCSTA Register .
Receive Block Diagram .........ccoceeevieiieiieenenneeaee 79
Serial Port Enable (SPEN Bit) ......ccoccovveiiiiiiiieeee. 73
Single Receive Enable (SREN Bit) .......cccccvveviierinins 74
Synchronous Master Mode ...........ccocevvveniienieineenn. 82
Synchronous Master Reception ......... .. 84
Synchronous Master Transmission ... .. 82
Synchronous Slave Mode ................... ... 86
Transmit Block Diagram ..........ccccoeveeinneeennieenniienenns 77
Transmit Data, 9th Bit (TX9D) ......cccceviiieniieeeiiieens 73
Transmit Enable (TXEN Bit) ......ccccooeiniiniieninen. 73,89
Transmit Enable, Nine-bit (TX9 Bit) ......cccccoevernieeenne 73
Transmit Shift Register Status (TRMT Bit) ............... 73
TXSTA REQISIET ...vviiiiiiiiiiieesiee e 73
W
Wake-up from SLEEP .......ccocoveiiiiiiiiiciiecceen 95, 108
INEEITUPLS .o 101, 102
MCLR RESEL ..veviiiieieiiiieeie e 102
Timing Diagram .. 109
WDT RESEL ...t 102
Watchdog Timer (WDT) ..... 95, 107
BIOCK DIagram ........ccceeoeeireiniiiniie et 107
Enable (WDTE Bit) ..ccccooveieiinieiciiecceeceeeenn 107
Postscaler. See Postscaler, WDT
Programming Considerations ...........cccccceovevnevvinenenns 107
RC OSCIllator .......cccoiieiiiiiiiiiecie e 107
Time-out Period ........cccociiiiiiiiiiiicce, 107
WDT Reset, Normal Operation .. .99, 101, 102
WDT Reset, SLEEP ............... ... 99,101, 102
WECOL ittt 63
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Write Collision Detect bit, WCOL .......c..ccovevvvvvieeeeieciriinneee. 63
WWW, ON-LiNE SUPPOTT ...ooveiriiiirieiiieeiee et 4
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ON-LINE SUPPORT

Microchip provides on-line support on the Microchip
World Wide Web (WWW) site.

The web site is used by Microchip as a means to make
files and information easily available to customers. To
view the site, the user must have access to the Internet
and a web browser, such as Netscape or Microsoft
Explorer. Files are also available for FTP download
from our FTP site.

Connectingtothe Microchip Internet Web Site

The Microchip web site is available by using your
favorite Internet browser to attach to:

www.microchip.com

The file transfer site is available by using an FTP ser-
vice to connect to:

ftp://ftp.microchip.com

The web site and file transfer site provide a variety of
services. Users may download files for the latest
Development Tools, Data Sheets, Application Notes,
User’s Guides, Articles and Sample Programs. A vari-
ety of Microchip specific business information is also
available, including listings of Microchip sales offices,
distributors and factory representatives. Other data
available for consideration is:

« Latest Microchip Press Releases

» Technical Support Section with Frequently Asked
Questions

 Design Tips

» Device Errata

« Job Postings

* Microchip Consultant Program Member Listing

* Links to other useful web sites related to
Microchip Products

« Conferences for products, Development Systems,
technical information and more

« Listing of seminars and events

Systems Information and Upgrade Hot Line

The Systems Information and Upgrade Line provides
system users a listing of the latest versions of all of
Microchip's development systems software products.
Plus, this line provides information on how customers
can receive any currently available upgrade kits.The
Hot Line Numbers are:

1-800-755-2345 for U.S. and most of Canada, and
1-480-786-7302 for the rest of the world.

000815

Trademarks: The Microchip name, logo, PIC, PICmicro,
PICSTART, PICMASTER, PRO MATE and MPLAB are
registered trademarks of Microchip Technology Incorpo-
rated in the U.S.A. and other countries. FlexROM,
microlD and fuzzyLAB are trademarks and SQTP is a ser-
vice mark of Microchip in the U.S.A.

All other trademarks mentioned herein are the property of
their respective companies.
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 786-7578.

Please list the following information, and use this outline to provide us with your comments about this Data Sheet.

To: Technical Publications Manager Total Pages Sent
RE: Reader Response

From: Name

Company
Address
City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -
Application (optional):

Would you like a reply? Y N
Device: PIC16E7X Literature Number: DS30325A
Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this data sheet easy to follow? If not, why?

4. What additions to the data sheet do you think would enhance the structure and subject?

5. What deletions from the data sheet could be made without affecting the overall usefulness?

6. Isthere any incorrect or misleading information (what and where)?

7. How would you improve this document?

8. How would you improve our software, systems, and silicon products?
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PIC16F7X PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. X XX XXX
—[— ‘]' —[— —]_ Examples:
Device Temperature Package Pattern a) PIC16F77-1/P 301 = Commercial temp., PDIP
Range package, normal VDD limits, QTP pattern #301.
b)  PIC16LF76-/SO = Industrial temp., SOIC
package, 200 kHz, Extended VDD limits.
Device PIC16F7XW, PIC16F7XTY: VD range 4.0V to 5.5V ©  PICIGF74-/P = Industrial temp., PDIP pack-

PIC16LF7X®, PIC16LF7XT®M): Vb range 2.0V to 5.5V age, normal Voo limits.

Temperature Range | = -40°Cto +85°C (Industrial)
Note 1: F = CMOS FLASH
Package PT = TQFP (Thin Quad Flatpack) LF  =Low Power CMOS FLASH
SO = SolIC o T =in tape and reel - SOIC, PLCC,
SP = Skinny plastic dip SSOP, TQFP packages only.
P = PDIP
L = PLCC
SS = SSOP
Pattern QTP, SQTP, Code or Special Requirements

(blank otherwise)

Sales and Support

Data Sheets
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom-
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

1.  Your local Microchip sales office
2. The Microchip Corporate Literature Center U.S. FAX: (480) 786-7277
3. The Microchip Worldwide Site (www.microchip.com)

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

New Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.

© 2000 Microchip Technology Inc. Advance Information DS30325A-page 167



MICROCHIP

WORLDWIDE SALES AND SERVICE

AMERICAS

Corporate Office

2355 West Chandler Blvd.

Chandler, AZ 85224-6199

Tel: 480-786-7200 Fax: 480-786-7277
Technical Support: 480-786-7627

Web Address: http://www.microchip.com
Rocky Mountain

2355 West Chandler Blvd.

Chandler, AZ 85224-6199

Tel: 480-786-7966 Fax: 480-786-7456

Atlanta

500 Sugar Mill Road, Suite 200B
Atlanta, GA 30350

Tel: 770-640-0034 Fax: 770-640-0307
Boston

2 Lan Drive, Suite 120

Westford, MA 01886

Tel: 978-692-3838 Fax: 978-692-3821
Chicago

333 Pierce Road, Suite 180

Itasca, IL 60143

Tel: 630-285-0071 Fax: 630-285-0075
Dallas

4570 Westgrove Drive, Suite 160
Addison, TX 75001

Tel: 972-818-7423 Fax: 972-818-2924
Dayton

Two Prestige Place, Suite 130
Miamisburg, OH 45342

Tel: 937-291-1654 Fax: 937-291-9175
Detroit

Tri-Atria Office Building

32255 Northwestern Highway, Suite 190
Farmington Hills, Ml 48334

Tel: 248-538-2250 Fax: 248-538-2260
Los Angeles

18201 Von Karman, Suite 1090

Irvine, CA 92612

Tel: 949-263-1888 Fax: 949-263-1338
New York

150 Motor Parkway, Suite 202
Hauppauge, NY 11788

Tel: 631-273-5305 Fax: 631-273-5335
San Jose

Microchip Technology Inc.

2107 North First Street, Suite 590

San Jose, CA 95131

Tel: 408-436-7950 Fax: 408-436-7955
Toronto

6285 Northam Drive, Suite 108
Mississauga, Ontario L4V 1X5, Canada
Tel: 905-673-0699 Fax: 905-673-6509

ASIA/PACIFIC

China - Beijing

Microchip Technology Beijing Office

Unit 915

New China Hong Kong Manhattan Bldg.
No. 6 Chaoyangmen Beidajie

Beijing, 100027, No. China

Tel: 86-10-85282100 Fax: 86-10-85282104
China - Shanghai

Microchip Technology Shanghai Office
Room 701, Bldg. B

Far East International Plaza

No. 317 Xian Xia Road

Shanghai, 200051

Tel: 86-21-6275-5700 Fax: 86-21-6275-5060
Hong Kong

Microchip Asia Pacific

RM 2101, Tower 2, Metroplaza

223 Hing Fong Road

Kwai Fong, N.T., Hong Kong

Tel: 852-2401-1200 Fax: 852-2401-3431
India

Microchip Technology Inc.

India Liaison Office

Divyasree Chambers

1 Floor, Wing A (A3/A4)

No. 11, O’'Shaugnessey Road
Bangalore, 560 027, India

Tel: 91-80-207-2165 Fax: 91-80-207-2171
Japan

Microchip Technology Intl. Inc.

Benex S-1 6F

3-18-20, Shinyokohama

Kohoku-Ku, Yokohama-shi

Kanagawa, 222-0033, Japan

Tel: 81-45-471- 6166 Fax: 81-45-471-6122
Korea

Microchip Technology Korea

168-1, Youngbo Bldg. 3 Floor
Samsung-Dong, Kangnam-Ku

Seoul, Korea

Tel: 82-2-554-7200 Fax: 82-2-558-5934
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Singapore

Microchip Technology Singapore Pte Ltd.
200 Middle Road

#07-02 Prime Centre

Singapore, 188980

Tel: 65-334-8870 Fax: 65-334-8850
Taiwan

Microchip Technology Taiwan

11F-3, No. 207

Tung Hua North Road

Taipei, 105, Taiwan

Tel: 886-2-2717-7175 Fax: 886-2-2545-0139

EUROPE

Denmark

Microchip Technology Denmark ApS
Regus Business Centre
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Tel: 45 4420 9895 Fax: 45 4420 9910
France

Arizona Microchip Technology SARL

Parc d’Activite du Moulin de Massy
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Tel: 33-1-69-53-63-20 Fax: 33-1-69-30-90-79
Germany

Arizona Microchip Technology GmbH
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D-81739 Munich, Germany

Tel: 49-89-627-144 0 Fax: 49-89-627-144-44
Italy

Arizona Microchip Technology SRL

Centro Direzionale Colleoni

Palazzo Taurus 1 V. Le Colleoni 1

20041 Agrate Brianza

Milan, Italy

Tel: 39-039-65791-1 Fax: 39-039-6899883
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Arizona Microchip Technology Ltd.
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Microchip received QS-9000 quality system
certification for its worldwide headquarters,
design and wafer fabrication facilities in
Chandler and Tempe, Arizonain July 1999. The
Company’s quality system processes and
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Information contained in this publication regarding device applications and the like is intended through suggestion only and may be superseded by updates.

It is your responsibility to ensure that your application meets with your specifications. No representation or warranty is given and no liability is assumed by
Microchip Technology Incorporated with respect to the accuracy or use of such information, or infringement of patents or other intellectual property rights
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