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PIC16F/7X

1.0 DEVICE OVERVIEW

This document contains device specific information
about the following devices:

* PIC16F73

» PIC16F74

» PIC16F76

e PIC16F77

PIC16F73/76 devices are available only in 28-pin pack-
ages, while PIC16F74/77 devices are available in

40-pin and 44-pin packages. All devices in the
PIC16F7X family share common architecture, with the

following differences:

* The PIC16F73 and PIC16F76 have one-half of
the total on-chip memory of the PIC16F74 and

PIC16F77

* The 28-pin devices have 3 I/O ports, while the

40/44-pin devices have 5

* The 28-pin devices have 11 interrupts, while the

40/44-pin devices have 12

* The 28-pin devices have 5 A/D input channels,

while the 40/44-pin devices have 8

e The Parallel Slave Port is implemented only on

the 40/44-pin devices

The available features are summarized in Table 1-1.
Block diagrams of the PIC16F73/76 and PIC16F74/77
devices are provided in Figure 1-1 and Figure 1-2,
respectively. The pinouts for these device families are
listed in Table 1-2 and Table 1-3.

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 website. The
Reference Manual should be considered a complemen-
tary document to this data sheet, and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral modules.

TABLE 1-1: PIC16F7X DEVICE FEATURES
Key Features PIC16F73 PIC16F74 PIC16F76 PIC16F77

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)

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

Packaging 28-pin DIP 40-pin PDIP 28-pin DIP 40-pin PDIP
28-pin SOIC 44-pin PLCC 28-pin SOIC 44-pin PLCC
28-pin SSOP 44-pin TQFP 28-pin SSOP 44-pin TQFP
28-pin MLF 28-pin MLF
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PIC16F/7X

FIGURE 1-2: PIC16F74 AND PIC16F77 BLOCK DIAGRAM
13 Data Bus 8 PORTA
<[ Program Couner
FLASH RAO/ANO
Program RA1/AN1
Memory RAM | RA2/AN2
8 Level Stack File " RA3/AN3/VREF
(13-bit) Reai RA4/TOCKI
egisters RAS/AN4/SS
Program
Bus 4 RAM Addr® 1) 9 PORTB
(| RBO/INT
: Addr MUX RB1
—— / Addr MUX \
nstruction r‘e‘g ﬁ 1 . , RB2
Direct Addr 7 ndirec RB3/PGM
8 ' Addr LA 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
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RD6/PSP6
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CCP1 CCP2 Serial Port USART Parallel Slave Port
Device Program FLASH Data Memory

PIC16F74 4K 192 Bytes

PIC16F77 8K 368 Bytes

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

TABLE 1-2: PIC16F73 AND PIC16F76 PINOUT DESCRIPTION
DIP
Pin Name SSOP MLF I/0/P Buffer Description
SOIC Pin# Type Type P
Pin#
OSC1/CLKI 9 6 ST/IcMOS®) | Oscillator crystal or external clock input.
0osc1 | Oscillator crystal input or external clock source input. ST
buffer when configured in RC mode. Otherwise CMOS.
CLKI | External clock source input. Always associated with pin
function OSC1 (see OSC1/CLKI, OSC2/CLKO pins).
OSC2/CLKO 10 7 — Oscillator crystal or clock output.
0SsC2 (@) Oscillator crystal output.
Connects to crystal or resonator in Crystal Oscillator
mode.
CLKO (@) In RC mode, OSC2 pin outputs CLKO, which has 1/4 the
frequency of OSC1 and denotes the instruction cycle rate.
MCLR/VpPpP 1 26 ST Master Clear (input) or programming voltage (output).
MCLR | Master Clear (Reset) input. This pin is an active low
RESET to the device.
VPP P Programming voltage input.
PORTA is a bi-directional I/O port.
RAO/ANO 2 27 TTL
RAO I/10 Digital I/0.
ANO | Analog input 0.
RA1/AN1 3 28 TTL
RA1 I/0 Digital I/0.
AN1 | Analog input 1.
RA2/AN2 4 1 TTL
RA2 I/0 Digital I/0.
AN2 | Analog input 2.
RA3/AN3/VREF 5 2 TTL
RA3 I/0 Digital 1/0.
AN3 | Analog input 3.
VREF | A/D reference voltage input.
RA4/TOCKI 6 4 ST
RA4 I/10 Digital I/0O — Open drain when configured as output.
TOCKI | Timer0 external clock input.
RAS/SSIAN4 7 5 TTL
RAS5 I} Digital 1/0.
SS | SPI slave select input.
AN4 | Analog input 4.
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.

DS30325B-page 8

© 2002 Microchip Technology Inc.




PIC16F/7X

TABLE 1-2: PIC16F73 AND PIC16F76 PINOUT DESCRIPTION (CONTINUED)

DIP
Pin Name SSOP M.LF ViorP Buffer Description
SOIC Pin# Type Type
Pin#
PORTB is a bi-directional I/0O port. PORTB can be software
programmed for internal weak pull-up on all inputs.
RBO/INT 21 18 TTL/STD
RBO I/0 Digital I/0.
INT | External interrupt.
RB1 22 19 I/0 TTL Digital I/0.
RB2 23 20 I/0 TTL Digital I/0.
RB3/PGM 24 21 TTL
RB3 110 Digital I/O.
PGM 110 Low voltage ICSP programming enable pin.
RB4 25 22 I/0 TTL Digital I/0.
RB5 26 23 I/0 TTL Digital I/0.
RB6/PGC 27 24 TTL/ST®
RB6 I/0 Digital I/0.
PGC 110 In-Circuit Debugger and ICSP programming clock.
RB7/PGD 28 25 TTL/ST®
RB7 I/0 Digital I/0.
PGD 110 In-Circuit Debugger and ICSP programming data.
PORTC is a bi-directional I/O port.
RCO/T10SO/T1CKI 11 8 ST
RCO 110 Digital 1/0.
T10SO (@) Timerl oscillator output.
T1CKI | Timerl external clock input.
RC1/T10SI/CCP2 12 9 ST
RC1 110 Digital I/0.
T10SI | Timerl oscillator input.
CCP2 I/0 Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 13 10 ST
RC2 I/10 Digital I/0.
CCP1 I/0 Capturel input/Comparel output/PWM1 output.
RC3/SCK/SCL 14 11 ST
RC3 I/0 Digital I/0.
SCK I/0 Synchronous serial clock input/output for SPI mode.
SCL I/10 Synchronous serial clock input/output for 12C mode.
RC4/SDI/SDA 15 12 ST
RC4 I/0 Digital I/0.
SDI | SPI data in.
SDA /o 1C data 1/0.
RC5/SDO 16 13 ST
RC5 I/0 Digital I/0.
SDO (0] SPI data out.
RC6/TX/CK 17 14 ST
RC6 110 Digital I/0.
TX O USART asynchronous transmit.
CK I/10 USART 1 synchronous clock.
RC7/RX/DT 18 15 ST
RC7 I/10 Digital 1/0.
RX | USART asynchronous receive.
DT I/10 USART synchronous data.
Vss 8,19 5,16 P — Ground reference for logic and I/0 pins.
VDD 20 17 P — Positive supply for logic and 1/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.
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TABLE 1-3: PIC16F74 AND PIC16F77 PINOUT DESCRIPTION
. DIP PLCC | QFP 1/0/IP Buffer L
Pin Name Pin# Pin# Pin# Type Type Description
OSC1/CLKI 13 14 30 ST/CMOS® | Oscillator crystal or external clock input.

0osc1 | Oscillator crystal input or external clock source input.
ST buffer when configured in RC mode. Otherwise

CLKI | CMOS.

External clock source input. Always associated with pin
function OSC1 (see OSC1/CLKI, OSC2/CLKO pins).
OSC2/CLKO 14 15 31 — Oscillator crystal or clock output.

0SsC2 (@) Oscillator crystal output.

Connects to crystal or resonator in Crystal Oscillator
mode.

CLKO (@) In RC mode, OSC2 pin outputs CLKO, which has 1/4
the frequency of OSC1 and denotes the instruction
cycle rate.

MCLR/VPpP 1 2 18 ST Master Clear (input) or programming voltage (output).

MCLR | Master Clear (Reset) input. This pin is an active low
RESET to the device.

VPP P Programming voltage input.

PORTA is a bi-directional I/0 port.

RAO/ANO 2 3 19 TTL

RAO I/0 Digital 1/0.

ANO | Analog input 0.
RA1/AN1 3 4 20 TTL

RA1 110 Digital 1/0.

AN1 | Analog input 1.
RA2/AN2 4 5 21 TTL

RA2 I/10 Digital 1/0.

AN2 | Analog input 2.
RA3/AN3/VREF 5 6 22 TTL

RA3 I/0 Digital 1/0.

AN3 | Analog input 3.

VREF | A/D reference voltage input.

RA4/TOCKI 6 7 23 ST
RA4 I/0 Digital /0O — Open drain when configured as output.
TOCKI | TimerO external clock input.

RA5/SS/AN4 7 8 24 TTL

RA5 I/10 Digital 1/0.

SS | SPI slave select input.

AN4 [ Analog input 4.

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.

DS30325B-page 10
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PIC16F/7X

TABLE 1-3: PIC16F74 AND PIC16F77 PINOUT DESCRIPTION (CONTINUED)
. DIP PLCC | QFP 1/0/P Buffer .

Pin Name Pin# Pin# Pin# Type Type Description
PORTD is a bi-directional I/O port or parallel slave port
when interfacing to a microprocessor bus.

RDO/PSPO 19 21 38 STATL®

RDO I/0 Digital 1/0.

PSPO 110 Parallel Slave Port data.
RD1/PSP1 20 22 39 [ sTTTL®

RD1 I/0 Digital 1/0.

PSP1 I/0 Parallel Slave Port data.
RD2/PSP2 21 23 40 [ STTTL®

RD2 I/10 Digital 1/0.

PSP2 I/0 Parallel Slave Port data.
RD3/PSP3 22 24 41 STTTL®

RD3 I/0 Digital 1/0.

PSP3 110 Parallel Slave Port data.
RD4/PSP4 27 30 2 sSTATL®

RD4 I/0 Digital 1/0.

PSP4 I/0 Parallel Slave Port data.
RD5/PSP5 28 31 3 STTTL®

RD5 110 Digital 1/O.

PSP5 I/0 Parallel Slave Port data.
RD6/PSP6 29 32 4 sTTTL®

RD6 I/0 Digital 1/0.

PSP6 110 Parallel Slave Port data.
RD7/PSP7 30 33 5 sTTTL®

RD7 I/0 Digital 1/0.

PSP7 I/0 Parallel Slave Port data.

PORTE is a bi-directional I/O port.
REO/RD/AN5 8 9 25 STTTL®
REO 110 Digital I/O.
RD | Read control for parallel slave port .
AN5 | Analog input 5.
RE1/WR/AN6 9 10 26 sSTATLO
RE1 110 Digital 1/0.
WR | Write control for parallel slave port .
AN6 | Analog input 6.
RE2/CS/AN7 10 1 27 sSTATLO®
RE2 110 Digital 1/0.
CSs | Chip select control for parallel slave port .
AN7 | Analog input 7.
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 — 1,17,2 | 12,13, — These pins are not internally connected. These pins should
8,40 | 33,34 be left unconnected.
Legend: | = input O = output 1/0 = input/output P = power
— = Not used TTL=TTL input ST = Schmitt Trigger input
Note 1: This bufferis a Schmitt Trigger input when configured as an external interrupt.

2:
3:

4:

This buffer is a Schmitt Trigger input when used in Serial Programming mode.

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).

This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

DS30325B-page 12
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PIC16F/7X

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Value on: .
Address|  Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 por, | Details
BOR on page
Bank 2
100n® |INDF Addressing this location uses contents of FSR to address data memory (not a physical register) |o0000 0o0o0| 27,96
101h TMRO TimerO Module Register xxxx xxxx| 45,96
102h® |PCL Program Counter (PC) Least Significant Byte 0000 0000| 26,96
103h@ |STATUS IRP RP1 | RPO | TO PD | z | DC | c 0001 1xxx| 19,96
104h® |FSR Indirect Data Memory Address Pointer xxxx xxxx| 27,96
105h — Unimplemented = =
106h PORTB PORTB Data Latch when written: PORTB pins when read XxXxXx xxxx| 34,96
107h — Unimplemented = =
108h — Unimplemented = =
109h — Unimplemented — —
10Ah4 |PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000| 21,96
10Bh® |INTCON GIE PEIE TMROIE INTE RBIE | TMROIF | INTF | RBIF 0000 000x| 23,96
10Ch PMDATA Data Register Low Byte xxxx xxxx| 29,97
10Dh PMADR Address Register Low Byte xxxx xxxx| 29,97
10Eh PMDATH — — Data Register High Byte XXXX XxXxx| 29,97
10Fh PMADRH — — — |Address Register High Byte XXXX XXXX| 29,97
Bank 3
180h( |INDF Addressing this location uses contents of FSR to address data memory (not a physical register) |o0000 ooo0| 27,96
181h  |OPTION_REG| RBPU | INTEDG | TocS | TOSE | PSA | Ps2 | PS1 | Ps0 |1111 1111]20,44, 96
182h® |PCL Program Counter (PC) Least Significant Byte 0000 0000| 26,96
183h@ |STATUS IRP | RP1 | RPO | TO | PD | z | DC | c 0001 1xxx| 19,96
184h® |FSR Indirect Data Memory Address Pointer xxxx xxxx| 27,96
185h — Unimplemented = =
186h TRISB PORTB Data Direction Register 1111 1111| 34,96
187h — Unimplemented = =
188h — Unimplemented = =
189h — Unimplemented = =
18AhL4 |PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000| 21,96
18Bh(® |INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF 0000 000x| 23,96
18Ch PMCON1 __(©) — — — — — — RD 1--- --- o 29,97
18Dh — Unimplemented —
18Eh — Reserved maintain clear 0000 0000
18Fh — Reserved maintain clear 0000 0000
Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as '0', r = reserved.
Shaded locations are unimplemented, read as ‘0’.
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 during branches (CALL or GOTO).

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".

DS30325B-page 18
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TABLE 4-1: 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 TimerO. 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 4-2: 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:PCFGO = 100,

DS30325B-page 32
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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

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

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

Timer0 operation is controlled through the
OPTION_REG register (Register 5-1 on the following
page). Timer mode is selected by clearing bit TOCS
(OPTION_REG<5>). In Timer mode, the Timer0O 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 TimerO Interrupt

The TMRO interrupt is generated when the TMRO reg-
ister overflows from FFh to 00h. This overflow sets bit
TMROIF (INTCON<2>). The interrupt can be masked
by clearing bit TMROIE (INTCON<5>). Bit TMROIF
must be cleared in software by the Timer0 module
Interrupt Service Routine, before re-enabling this inter-
rupt. 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 MODULE AND PRESCALER
CLKOUT (= Fosc/4) Data Bus
A 8
RA4/TOCKI v M SYNC

pin 1 ol Y > 2 TMRO reg

X Cycles
TOSE T f
TOCS .
PSA Set Flag bit TMROIF
on Overflow
PRESCALER
r— - - - — — — — — — — T
0 M | » 8-bit Prescaler |
ol |
Watchdog X | 8 |
Timer | |
T | 8 - to - IMUX —— PS2:PSO |
T PSA e |
| o | 1
WDT Enable bit
MUX |«—— PSA
WDT
Time-out
Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION_REG<5:0>).
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NOTES:
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6.1

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.

Timerl Operation in Timer Mode

FIGURE 6-1:

6.2

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 a rising edge. After Timerl
is enabled in Counter mode, the module must first have
a falling edge before the counter begins to increment.

Timerl Counter Operation

TIMER1 INCREMENTING EDGE

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

TMR1

Overflow L‘

TMR1H ‘ TMR1L

Synchronized
Clock Input

lj—

TMR1ON

-------- On/Off T1SYNC

' T10sC | ,\(2)
RCO/T10SO/T1CKI E - * s 1 -

. . = Synchronize

, : | Prescaler n

; —T10SCEN  Fosc/a 1,2,4,8 Ere

@ . .gnaﬁle @ Internal— o } I

RC1/T10Sl/CCP2  Oscillator

. ! Clock 2 Q Clock

"""" T1CKPS1:T1CKPSO

TMR1CS

Note 1: When the TLOSCEN bit is cleared, the inverter is turned off. This eliminates power drain.
2: For the PIC16F73/76, the Schmitt Trigger is not implemented in External Clock mode.

DS30325B-page 48

© 2002 Microchip Technology Inc.



PIC16F/7X

REGISTER 8-1:

bit 7-6
bit 5-4

bit 3-0

CCP1CON REGISTER/CCP2CON REGISTER (ADDRESS: 17h/1Dh)

u-0 u-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-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 clears Timerl; CCP2 clears Timerl and starts an A/D conversion (if A/D module
is enabled)

11xx = 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>:

e Every falling edge

« Every rising edge

« Every 4th rising edge

« Every 16th rising edge

An event is selected by control bits CCP1M3:CCP1MO0
(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}— +1,4,16
RC2/CCP1 | ccprin [ ccpriL |
pin
and L Capture
Edge Detect Enable
)A( J‘( | ™MR1H [ TMRLL |
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

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/CCPL1 pin is:

« Driven high

 Driven low

* Remains unchanged

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

bits CCP1M3:CCP1M0 (CCP1CON<3:0>). At the
same time, interrupt flag bit CCP1IF is set.

FIGURE 8-2: COMPARE MODE
OPERATION BLOCK
DIAGRAM

CCP1CON<3:0>
Mode Select

Set Flag bit CCP1IF
(PIR1<2>)

CCPR1H| CCPRI1L

Q S Output

f Comparator
RC2/CCP1 R Logic [~ Match | Comparator |
Pin *
TMRIH | TMRIL

TRISC<2>
Output Enable

Special Event Trigger

Special Event Trigger will:

¢ clear TMR1H and TMRLL registers

* NOT set interrupt flag bit TMR1F (PIR1<0>)

* (for CCP2 only) set the GO/DONE bit (ADCONO0<2>)
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13.0 INSTRUCTION SET SUMMARY

The PIC16 instruction set is highly orthogonal and is
comprised of three basic categories:

* Byte-oriented operations
« Bit-oriented operations
e Literal and control operations

Each PIC16 instruction is a 14-bit word divided into an
opcode, which specifies the instruction type and one or
more operands, which further specify the operation of
the instruction. The formats for each of the categories
are presented in Figure 13-1, while the various opcode
fields are summarized in Table 13-1.

Table 13-2 lists the instructions recognized by the
MPASM™ Assembler. A complete description of each
instruction is also available in the PICmicro™ Mid-
Range Reference Manual (DS33023).

For byte-oriented instructions, ‘£’ 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 bit affected by the opera-
tion, while ‘£’ 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

One instruction cycle consists of four oscillator periods;
for an oscillator frequency of 4 MHz, this gives a normal
instruction execution time of 1 ps. All instructions are
executed within a single instruction cycle, unless a con-
ditional test is true, or the program counter is changed
as a result of an instruction. When this occurs, the exe-
cution takes two instruction cycles, with the second
cycle executed as a NOP.

Note: To maintain upward compatibility with
future PIC16F7X products, do not use the
OPTION and TRIS instructions.

All instruction examples use the format ‘Oxhh’ to repre-
sent a hexadecimal number, where ‘h’ signifies a hexa-
decimal digit.

13.1 READ-MODIFY-WRITE
OPERATIONS

Any instruction that specifies a file register as part of
the instruction performs a Read-Modify-Write (R-M-W)
operation. The register is read, the data is modified,
and the result is stored according to either the instruc-
tion, or the destination designator ‘d’. A read operation
is performed on a register even if the instruction writes
to that register.

For example, a “clrf PORTB” instruction will read
PORTB, clear all the data bits, then write the result
back to PORTB. This example would have the unin-
tended result that the condition that sets the RBIF flag
would be cleared for pins configured as inputs and
using the PORTB interrupt-on-change feature.

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

x Don't care location (= 0 or 1).

The assembler will generate code with x = 0.
It is the recommended form of use for
compatibility with all Microchip software tools.

d Destination select; d = 0: store result in W,
d = 1: store result in file register f.
Defaultisd=1.

PC Program Counter
TO Time-out bit
PD Power-down bit

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 #)

b = 3-bit bit address
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
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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. CALL is
a two-cycle instruction.

CLRF Clear f

Syntax: [label] CLRF f

Operands: 0<f<127

Operation: 00h — (f)
1-Z7

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)
1-7

Status Affected: Z

Description: W register is cleared. Zero bit (Z)

is set.

CLRWDT Clear Watchdog Timer

Syntax: [label] CLRWDT

Operands: None

Operation: 00h —» WDT
0 — WDT prescaler,
170
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.

COMF Complement f

Syntax: [label] COMF fd

Operands: 0<f<127
de [0,1]

Operation: () — (destination)

Status Affected: Z

Description: The contents of register 'f' are
complemented. If 'd’ is 0O, the
result is stored in W. If 'd’ is 1, the
result is stored back in register 'f'.

DECF Decrement f

Syntax: [label] DECFfd

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
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™ Obiject Linker/
MPLIB™ Object Librarian

e Simulators
- MPLAB SIM Software Simulator
e Emulators
- MPLAB ICE 2000 In-Circuit Emulator
- ICEPIC™ |n-Circuit Emulator
 In-Circuit Debugger
- MPLAB ICD
» Device Programmers
- PRO MATE® Il Universal Device Programmer

- PICSTART® Plus Entry-Level Development
Programmer

« Low Cost Demonstration Boards
- PICDEM™ 1 Demonstration Board
- PICDEM 2 Demonstration Board
- PICDEM 3 Demonstration Board
- PICDEM 17 Demonstration Board
- KeeLo@® Demonstration Board

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. The MPLAB IDE is a Windows®-based
application that contains:
« An interface to debugging tools
- simulator
- programmer (sold separately)
- emulator (sold separately)
- in-circuit debugger (sold separately)
» A full-featured editor
* A project manager
« Customizable toolbar and key mapping
* A status bar
e On-line help

The MPLAB IDE allows you to:

 Edit your source files (either assembly or ‘C’)

¢ One touch assemble (or compile) and download
to PICmicro emulator and simulator tools (auto-
matically updates all project information)

« Debug using:
- source files
- absolute listing file
- machine code

The ability to use MPLAB IDE with multiple debugging
tools allows users to easily switch from the cost-
effective simulator to a full-featured emulator with
minimal retraining.

14.2 MPASM Assembler

The MPASM assembler is a full-featured universal
macro assembler for all PICmicro MCU'’s.

The MPASM assembler has a command line interface
and a Windows shell. It can be used as a stand-alone
application on a Windows 3.x or greater system, or it
can be used through MPLAB IDE. The MPASM assem-
bler generates relocatable object files for the MPLINK
object linker, Intel® standard HEX files, MAP files to
detail memory usage and symbol reference, an abso-
lute LST file that contains source lines and generated
machine code, and a COD file for debugging.

The MPASM assembler features include:

 Integration into MPLAB IDE projects.

» User-defined macros to streamline assembly
code.

« Conditional assembly for multi-purpose source
files.

« Directives that allow complete control over the
assembly process.

14.3 MPLAB C17 and MPLAB C18
C Compilers

The MPLAB C17 and MPLAB C18 Code Development
Systems are complete ANSI ‘C’ compilers for
Microchip’s PIC17CXXX and PIC18CXXX family of
microcontrollers, 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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FIGURE 15-8:

TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

RA4/TOCKI f
|

5

| < 40 - 41 |
| ! Ny
| 42 >
| |
| | | I
RCO/T10SO/T1CKI A | j |
' ¥ } |
> 45— s | |
: ' '
- 47 ! 48 |
|
TMRO or TMR1
|
KT
Note: Refer to Figure 15-3 for load conditions.
TABLE 15-4: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS
Pilr;am Symbol Characteristic Min Typt| Max |Units Conditions
40* | TtOH TOCKI High Pulse Width No Prescaler 0.5Tcy + 20 — — ns |Must also meet
With Prescaler 10 — | = ns |Parameter 42
41* | TtOL TOCKI Low Pulse Width No Prescaler 0.5Tcy + 20 — — ns |Must also meet
With Prescaler 10 — | = ns |Parameter 42
42* | TtOP TOCKI Period No Prescaler Tcy + 40 — — ns
With Prescaler Greater of: — — ns |N=prescalevalue
20 or Tcy + 40 2, 4, ..., 256)
N
45* | TtlH T1CKI High Time [Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous,  |Standard(F) 15 — — ns |Pparameter 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 |Pparameter 47
Prescaler = 2,4,8|Extended(LF) 25 — | = ns
Asynchronous |Standard(F) 30 — — ns
Extended(LF) 50 — — ns
47* | Tt1P T1CKI Input Synchronous Standard(F) Greater of: — — ns |N=prescalevalue
Period 30 or 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 2 Tosc — |7Tosc| —

*

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 15-9: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2)
RC1/T10SI/CCP2
and RC2/CCP1 X .
(Capture Mode) . :
: 50 = 51— |
: 52 '
RC1/T10SI/CCP2

and RC2/CCP1
(Compare or PWM Mode)

53 —. | -— 54

Note: Refer to Figure 15-3 for load conditions.

TABLE 15-5: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1 AND CCP2)

Pilr;im Symbol Characteristic Min Typt|Max |Units| Conditions

50* |TcclL CCP1 and CCP2 |No Prescaler 05Tcy+20| — | — | ns
input low time Standard(F) 10 — | — | ns
With Prescaler [ tended(LF) 20 — | =1 ns
51* |TccH CCP1 and CCP2 |No Prescaler 05Tcy+20 — | — | ns
input high time Standard(F) 10 — | — | ns
With Prescaler [, tended(LF) 20 — | — | ns

52* |TccP CCP1 and CCP2 input period 3Tcy+40 | — | — | ns |N=prescale

N value (1,4 or 16)

53* |TccR CCP1 and CCP2 output rise time |Standard(F) — 10 | 25 | ns
Extended(LF) — 25 | 50 | ns
54* |TccF CCP1 and CCP2 output fall time | Standard(F) — 10 | 25 | ns
Extended(LF) — 25 | 45 | ns

* 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.
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17.2 Package Details

The following sections give the technical details of the packages.

28-Lead Skinny Plastic Dual In-line (SP) — 300 mil (PDIP)

(el — [ ] —w—

ST e e O e e S e e B e i B e i B e B i B
T GJ LT OJ O O O O G0 T L7 7 L7 O]

=N

=}

!

.
L_ﬂ
-L%
—

p
eB
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 Bl .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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