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MICROCHIP PIC16F630/676

14-Pin, Flash-Based 8-Bit CMOS Microcontroller

High-Performance RISC CPU:

* Only 35 Instructions to Learn
- All single-cycle instructions except branches
» Operating Speed:
- DC - 20 MHz oscillator/clock input
- DC - 200 ns instruction cycle
* Interrupt Capability
» 8-level Deep Hardware Stack
« Direct, Indirect, and Relative Addressing modes

Special Microcontroller Features:

« Internal and External Oscillator Options

- Precision Internal 4 MHz oscillator factory
calibrated to £1%

- External Oscillator support for crystals and
resonators

- 5 us wake-up from Sleep, 3.0V, typical

+ Power-Saving Sleep mode

» Wide Operating Voltage Range — 2.0V to 5.5V

* Industrial and Extended Temperature Range

* Low-Power Power-on Reset (POR)

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

» Brown-out Detect (BOD)

» Watchdog Timer (WDT) with Independent
Oscillator for Reliable Operation

» Multiplexed MCLR/Input-pin
* Interrupt-on-Pin Change
* Individual Programmable Weak Pull-ups
* Programmable Code Protection
» High Endurance Flash/EEPROM Cell
- 100,000 write Flash endurance
- 1,000,000 write EEPROM endurance
- Flash/data EEPROM retention: > 40 years

Low-Power Features:

» Standby Current:
- 1nA @ 2.0V, typical
» Operating Current:
- 8.5 uA @ 32 kHz, 2.0V, typical
- 100 pA @ 1 MHz, 2.0V, typical
» Watchdog Timer Current
- 300 nA @ 2.0V, typical
» Timer1 Oscillator Current:
- 4 uA @ 32 kHz, 2.0V, typical

Peripheral Features:

* 12 1/O Pins with Individual Direction Control
 High Current Sink/Source for Direct LED Drive
* Analog Comparator module with:

- One analog comparator

- Programmable on-chip comparator voltage
reference (CVREF) module

- Programmabile input multiplexing from device
inputs
- Comparator output is externally accessible
» Analog-to-Digital Converter module (PIC16F676):
- 10-bit resolution
- Programmable 8-channel input
- Voltage reference input

« Timer0: 8-bit Timer/Counter with 8-bit
Programmable Prescaler

* Enhanced Timer1:
- 16-bit timer/counter with prescaler
- External Gate Input mode
- Option to use OSC1 and OSC2 in LP mode
as Timer1 oscillator, if INTOSC mode
selected
* In-Circuit Serial Programming™ (ICSP™) via
two pins

Program Data Memory
Device Memory 110 10-bit AID Comparators Timers
Flash SRAM EEPROM (ch) 8/16-bit
(words) (bytes) (bytes)
PIC16F630 1024 64 128 12 - 1 11
PIC16F676 1024 64 128 12 8 1 11

© 2010 Microchip Technology Inc.
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PIC16F630/676

Pin Diagrams

14-pin PDIP, SOIC, TSSOP
J
Vb —{]1 14[] «——Vss
RA5/T1CKI/OSC1/CLKIN «<—{|2 o 13[]<«—= RAO/CIN+/ICSPDAT
RA4/T1G/OSC2/CLKOUT =——=[[3 @ 12[]«—= RA1/CIN-/ICSPCLK
RA3/MCLRVPP —[]4 % 11[]<«—= RA2/COUT/TOCKI/INT
RC5=—{]5 & 10«—= RCO
RC4<—>[]6 § 9J«——= RC1
RC3 =—{]7 8[]«— RC2
N
Vob —[]1 14| J«——Vss
RA5/T1CKI/OSC1/CLKIN =—[]2 ., 13[]«— RAO/ANO/CIN+/ICSPDAT
RA4/T1G/OSC2/AN3/CLKOUT =——[]3 15 12[J«— RA1/AN1/CIN-/VREF/ICSPCLK
RA3MCLRVPP —[14 & 11[J<—> RA2/AN2/COUT/TOCKI/INT
RC5«—={15 & 10[J«—> RCO/AN4
RC4<—=[]6 7T 9[J«—= RC1/AN5
RC3/AN7 =——[]7 8[]<— RC2/ANG
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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 Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

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

Most Current Data Sheet

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

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

Errata

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

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

* Microchip’s Worldwide Web site; http://www.microchip.com
» Your local Microchip sales office (see last page)

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

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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NOTES:
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PIC16F630/676

1.0 DEVICE OVERVIEW

This document contains device specific information for
the PIC16F630/676. Additional information may be
found in the PIC® Mid-Range Reference Manual
(DS33023), which may be obtained from your local
Microchip Sales Representative or downloaded from
the Microchip web site. The Reference Manual should
be considered a complementary document to this Data

Sheet and is highly recommended reading for a better
understanding of the device architecture and operation
of the peripheral modules.

The PIC16F630 and PIC16F676 devices are covered
by this Data Sheet. They are identical, except the
PIC16F676 has a 10-bit A/D converter. They come in
14-pin PDIP, SOIC and TSSOP packages. Figure 1-1
shows a block diagram of the PIC16F630/676 devices.
Table 1-1 shows the pinout description.

FIGURE 1-1: PIC16F630/676 BLOCK DIAGRAM
INT
13 Data Bus 8 PORTA
— e RAO
Flash @
1K x 14 RA1
Program RAM [ RA2
Memory 8-Level Stack b 6t4 1 RA3
(13-bit) yies RA4
Regisi
egisters
Program 14 9 RAS5
Bus RAM Addr 1 9
Instruction Reg Addr MUX
| : 7 ﬁ Indirect PORTC
‘ Direct Addr 8 Addr RCO
RC1
‘ «—X}|RC2
STATUS Reg | RC3
8 \ ~—=X|RrC4
[ RC5
Power-up
Timer
Instruction Oscillator
Decode and [—| | Start-up Timer ALU
Control
Power-on |
Reset
Timin
B -out
0SC2/CLKOUT @ Detect.
Internal
Oscillator % é %
-I%G MCLR VDD Vss
T1CKI
& g Timer0 Timer1
TOCKI
L Analog @
Analog to Digital Converter Comparator EEDATA
(PIC16F676 only) and reference g | 128 bytes
' DATA
EEPROM
CIN- CIN+ COUT ﬁﬁ
VREF ANO AN1AN2 AN3 AN4 AN5 AN6 AN7

© 2010 Microchip Technology Inc.
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PIC16F630/676

TABLE 1-1: PIC16F630/676 PINOUT DESCRIPTION

Name Function Input Output Description
Type Type
RAO/ANO/CIN+/ICSPDAT RAO TTL CMOS |Bidirectional I/O w/ programmable pull-up and
interrupt-on-change.
ANO AN — A/D Channel 0 input.
CIN+ AN Comparator input.
ICSPDAT TTL CMOS | Serial Programming Data I/O.
RA1/AN1/CIN-/VREF/ RA1 TTL CMOS | Bidirectional I/O w/ programmable pull-up and
ICSPCLK interrupt-on-change.
AN1 AN — A/D Channel 1 input.
CIN- AN — Comparator input.
VREF AN — External Voltage reference.
ICSPCLK ST — Serial Programming Clock.
RA2/AN2/COUT/TOCKI/INT RA2 ST CMOS | Bidirectional 1/0O w/ programmable pull-up and
interrupt-on-change.
AN2 AN — A/D Channel 2 input.
CouT — CMOS | Comparator output.
TOCKI ST — TimerO0 clock input.
INT ST — External Interrupt.
RA3/MCLR/VpPP RA3 TTL — Input port with interrupt-on-change.
MCLR ST — Master Clear.
VPP HV — Programming voltage.
RA4/T1G/AN3/0SC2/ RA4 TTL CMOS | Bidirectional I/O w/ programmable pull-up and
CLKOUT interrupt-on-change.
T1G ST — Timer1 gate.
AN3 AN3 — A/D Channel 3 input.
0SC2 — XTAL | Crystal/Resonator.
CLKOUT — CMOS |Fosc/4 output.
RAS/T1CKI/OSC1/CLKIN RA5 TTL CMOS | Bidirectional 1/0 w/ programmable pull-up and
interrupt-on-change.
T1CKI ST — Timer1 clock.
0OSC1 XTAL — Crystal/Resonator.
CLKIN ST — External clock input/RC oscillator connection.
RCO/AN4 RCO TTL CMOS | Bidirectional 1/O.
AN4 AN4 — A/D Channel 4 input.
RC1/AN5 RC1 TTL CMOS | Bidirectional 1/O.
ANS ANb5 — A/D Channel 5 input.
RC2/AN6 RC2 TTL CMOS | Bidirectional 1/O.
ANG6 AN6 — A/D Channel 6 input.
RC3/AN7 RC3 TTL CMOS | Bidirectional 1/O.
AN7 AN7 — A/D Channel 7 input.
RC4 RC4 TTL CMOS | Bidirectional 1/O.
RC5 RC5 TTL CMOS | Bidirectional 1/O.
V/ss Vss Power — Ground reference.
VDD VDD Power — Positive supply.

Legend: Shade = PIC16F676 only
TTL = TTL input buffer
ST = Schmitt Trigger input buffer

DS40039F-page 8 © 2010 Microchip Technology Inc.



PIC16F630/676

2.0 MEMORY ORGANIZATION

2.1 Program Memory Organization

The PIC16F630/676 devices have a 13-bit program
counter capable of addressing an 8K x 14 program
memory space. Only the first 1K x 14 (0000h-03FFh)
for the PIC16F630/676 devices is physically imple-
mented. Accessing a location above these boundaries
will cause a wrap around within the first 1K x 14 space.
The Reset vector is at 0000h and the interrupt vector is
at 0004h (see Figure 2-1).

FIGURE 2-1: PROGRAM MEMORY MAP
AND STACK FOR THE
PIC16F630/676

PC<12:0>
CALL, RETURN 13
RETFIE, RETLW

Stack Level 1
Stack Level 2

[ ]
Stack Level 8

Reset Vector 000h
<::
Interrupt Vector 0004
0005
On-chip Program
Memory

03FFh
0400h
1FFFh

2.2 Data Memory Organization

The data memory (see Figure 2-2) is partitioned into
two banks, which contain the General Purpose Regis-
ters and the Special Function Registers. The Special
Function Registers are located in the first 32 locations
of each bank. Register locations 20h-5Fh are General
Purpose Registers, implemented as static RAM and
are mapped across both banks. All other RAM is
unimplemented and returns ‘0’ when read. RPO
(STATUS<5>) is the bank select bit.

« RPO = 0 Bank 0 is selected
« RPO =1 Bank 1 is selected

Note: The IRP and RP1 bits STATUS<7:6> are
reserved and should always be maintained

as ‘0’s.

2.21 GENERAL PURPOSE REGISTER
FILE

The register file is organized as 64 x 8 in the
PIC16F630/676 devices. Each register is accessed,
either directly or indirectly, through the File Select
Register FSR (see Section 2.4 “Indirect Addressing,
INDF and FSR Registers”).

© 2010 Microchip Technology Inc.
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222 SPECIAL FUNCTION REGISTERS

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

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

FIGURE 2-2: DATA MEMORY MAP OF
THE PIC16F630/676
File File
Address Address
Indirect addr.{") | 0oh Indirect addr.{") | 80h
TMRO 01h OPTION_REG | 81h
PCL 02h PCL 82h
STATUS 03h STATUS 83h
FSR 04h FSR 84h
PORTA 05h TRISA 85h
06h 86h
PORTC 07h TRISC 87h
08h 88h
09h 89h
PCLATH 0Ah PCLATH 8Ah
INTCON 0Bh INTCON 8Bh
PIR1 0Ch PIE1 8Ch
0Dh 8Dh
TMR1L OEh PCON 8Eh
TMR1H OFh 8Fh
T1CON 10h OSCCAL 90h
11h ANSEL® 91h
12h 92h
13h 93h
14h 94h
15h WPUA 95h
16h IOCA 96h
17h 97h
18h 98h
CMCON 19h VRCON 99h
1Ah EEDAT 9Ah
1Bh EEADR 9Bh
1Ch EECON1 9Ch
1Dh EECON2(") 9Dh
ADRESH® 1Eh ADRESL®@ 9Eh
ADCONO0®? 1Fh ADCON1(2 9Fh
20h AOh
General
RP:rpct)se accesses
gisters 20h-5Fh
64 Bytes
5Fh DFh
60h EOh
7Fh FFh
Bank 0 Bank 1

D Unimplemented data memory locations, read as ‘0.
1: Not a physical register.
2: PIC16F676 only.

DS40039F-page 10
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PIC16F630/676

TABLE 2-1: PIC16F630/676 SPECIAL REGISTERS SUMMARY BANK 0

Value on

Addr | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, Page
BOD

Bank 0
00h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXX XXXX | 20,63
01h TMRO Timer0 Module’s Register XXXX XKXX 31
02h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 19
03h | STATUS IRP2) | RP1(2) | RPO o 5D z DC c 0001 1xxx | 13
04h FSR Indirect data memory Address Pointer XXXK KKKX 20
05h PORTA — | — | 1/0 Control Registers CoXX XXXX 21
06h — Unimplemented - —
07h PORTC — | — | /0 Control Registers CoXX XXXX 28
08h — Unimplemented - —
09h — Unimplemented — —
OAh PCLATH — — — Write buffer for upper 5 bits of program counter ---0 0000 19
0Bh INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF 0000 0000 15
0Ch PIR1 EEIF ADIF — — CMIF — — TMR1IF 00-- 0--0 17
0Dh — Unimplemented — -
OEh TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 XXXX XXXX 34
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 XXXX XXXX 34
10h T1CON — T1GE T1CKPS1 | TICKPSO | TIOSCEN | TISYNC | TMR1CS | TMR1ON | -000 0000 36
11h — Unimplemented — —
12h — Unimplemented — —
13h — Unimplemented — —
14h — Unimplemented - —
15h — Unimplemented = -
16h — Unimplemented = -
17h — Unimplemented — —
18h — Unimplemented — —
19h CMCON — COouT — CINV CIS CM2 CM1 CMO -0-0 0000 39
1Ah — Unimplemented = =
1Bh — Unimplemented = =
1Ch — Unimplemented — —
1Dh — Unimplemented — —
1Eh ADRESH®) | Most Significant 8 bits of the left shifted A/D result or 2 bits of right shifted result XXXX XXXX 46
1Fh ADCONO® |  ADFM VCFG = CHS2 CHS1 CHSO | GO/DONE| ADON 00-0 0000 | 47,63
Legend: — = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition shaded = unimplemented

Note 1: Other (non Power-up) Resets include MCLR Reset, Brown-out Detect and Watchdog Timer Reset during normal operation.
2: IRP and RP1 bits are reserved, always maintain these bits clear.
3: PIC16F676 only.
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PIC16F630/676

TABLE 2-2: PIC16F630/676 SPECIAL FUNCTION REGISTERS SUMMARY BANK 1

Value on

Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, Page
BOD

Bank 1
80h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) XXXX XXXX | 20,63
81h OPTION_REG | RAPU | INTEDG | TOCS | TOSE | PSA | PS2 | PS1 | PS0 1111 1111 | 14,32
82h PCL Program Counter’s (PC) Least Significant Byte 0000 0000 19
83h STATUS IRP() | RP1(2) | RPO | TO | PD | b | DC | C 0001 1xxx 13
84h FSR Indirect data memory Address Pointer XXXX XXXX 20
8sh | TRISA — | — [ trisas | TRisa4 | TRISA3 | TRISA2 | TRISA1 [ TRISAO | --11 1111 | 21
86h — Unimplemented — —
87h | TRISC — | — ] 7 riscs | Trisca | TRisc3 | TRisc2 | TRisc1 | TRISCO | --11 1111 =
88h — Unimplemented — —
89h — Unimplemented — —
8Ah PCLATH — — — Write buffer for upper 5 bits of program counter ---0 0000 19
8Bh INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF 0000 0000 15
8Ch PIE1 EEIE ADIE — — CMIE — — TMR1IE 00-- 0--0 16
8Dh — Unimplemented — —
8Eh | PCON _ | _ _ _ _ _ FOR gop | ---- -- aq 18
8Fh — —
90h OSCCAL CAL5 CAL4 CAL3 CAL2 CAL1 CALO _ _ 1000 00-- 18
91h ANSEL®) ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 1111 1111 48
92h — Unimplemented — —
93h — Unimplemented — —
94h — Unimplemented = —
95h WPUA — — WPUA5 | WPUA4 — WPUA2 | WPUA1 | wPUAQ | --11 -111 22
96h IOCA — — IOCA5 IOCA4 IOCA3 IOCA2 IOCA1 IOCAQ --00 0000 23
97h — Unimplemented — —
98h — Unimplemented — —
99h | VRCON VREN — | wr | — ] ws | vrRz | wrRt | VR0 [ o0-0- 0000 | 44
9Ah EEDAT EEPROM data register 0000 0000 51
9Bh EEADR — EEPROM address register 0000 0000 51
och | EECON1 = — | — ] — [wrerr]| WReN [ wrR | RD ---- %000 | 52
9Dh EECON2 EEPROM control register 2 (not a physical registery | - - 51
9Eh ADRESL®) Least Significant 2 bits of the left shifted result or 8 bits of the right shifted result XXXX XXXX 46
oFh | ADCON1®) — | abcs2 | abcst [ Aabcso | — [ — | — [ — -000 ---- | 47,63
Legend: — = Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition, shaded = unimplemented

Note 1: Other (non Power-up) Resets include MCLR Reset, Brown-out Detect and Watchdog Timer Reset during normal operation.
2: IRP and RP1 bits are reserved, always maintain these bits clear.
3: PIC16F676 only.
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PIC16F630/676

2.2.21 STATUS Register
The STATUS register, shown in Register 2-1, contains:

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

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

REGISTER 2-1:

Reserved Reserved R/W-0

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 any Status bits. For other instructions not affect-
ing any Status bits, see Section 10.0 “Instruction Set
Summary”.

Note 1: Bits IRP and RP1 (STATUS<7:6>) are not
used by the PIC16F630/676 and should
be maintained as clear. Use of these bits
is not recommended, since this may affect
upward compatibility with future products.

2: The C and DC bits operate as a Borrow
and Digit Borrow out bit, respectively, in
subtraction. See the SUBLW and SUBWF

instructions for examples.

STATUS — STATUS REGISTER (ADDRESS: 03h OR 83h)
R-1 R-1 R/W-x R/W-x R/W-x

IRP RP1 RPO

0 | PD | z | bc | ¢

bit 7

bit 0

bit 7 IRP: This bit is reserved and should be maintained as ‘0’

bit 6 RP1: This bit is reserved and should be maintained as ‘0’
bit 5 RPO: Register Bank Select bit (used for direct addressing)

1 = Bank 1 (80h-FFh)
0 = Bank 0 (00h-7Fh)
bit 4 TO: Time-out bit

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

0 = A WDT time-out occurred
bit 3 PD: Power-Down bit

1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction

bit 2 Z: Zero bit

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

bit 1 DC: Digit carry/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

bit 0 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 W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

© 2010 Microchip Technology Inc.
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2222 OPTION Register

The OPTION register is a readable and writable e

register, which contains various control bits to
configure:

To achieve a 1:1 prescaler assignment for
TMRO, assign the prescaler to the WDT by
setting PSA bit to ‘1’ (OPTION<3>). See
Section 4.4 “Prescaler”.

* TMRO/WDT prescaler

» External RA2/INT interrupt
+ TMRO

* Weak pull-ups on PORTA

REGISTER 2-2: OPTION_REG — OPTION REGISTER (ADDRESS: 81h)

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

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

RAPU | INTEDG | Tocs | Tose | PsA | Ps2 | Pst PS0
bit 7 bit 0
bit 7 RAPU: PORTA Pull-up Enable bit

1 = PORTA pull-ups are disabled

0 = PORTA pull-ups are enabled by individual PORT latch values

bit 6 INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of RA2/INT pin
0 = Interrupt on falling edge of RA2/INT pin

bit 5 TOCS: TMRO Clock Source Select bit
1 = Transition on RA2/TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)

bit 4 TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA2/TOCKI pin
0 = Increment on low-to-high transition on RA2/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 W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

DS40039F-page 14
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2223 INTCON Register

The INTCON register is a readable and writable
register, which contains the various enable and flag bits
for TMRO register overflow, PORTA change and
external RA2/INT pin interrupts.

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User
software should ensure the appropriate
interrupt flag bits are clear prior to enabling
an interrupt.

REGISTER 2-3: INTCON — INTERRUPT CONTROL REGISTER (ADDRESS: 0Bh OR 8Bh)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

GIE PEIE TOIE INTE | RAE | TOF INTF | RAF
bit 7 bit 0
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts
0 = Disables all interrupts
bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
bit 5 TOIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt
bit 4 INTE: RA2/INT External Interrupt Enable bit
1 = Enables the RA2/INT external interrupt
0 = Disables the RA2/INT external interrupt
bit 3 RAIE: Port Change Interrupt Enable bit(1)
1 = Enables the PORTA change interrupt
0 = Disables the PORTA change interrupt
bit 2 TOIF: TMRO Overflow Interrupt Flag bit(2)
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1 INTF: RA2/INT External Interrupt Flag bit
1 = The RA2/INT external interrupt occurred (must be cleared in software)
0 = The RA2/INT external interrupt did not occur
bit 0 RAIF: Port Change Interrupt Flag bit
1 = When at least one of the PORTA <5:0> pins changed state (must be cleared in software)
0 = None of the PORTA <5:0> pins have changed state

Note 1: IOCA register must also be enabled.

2: TOIF bit is set when TimerO rolls over. Timer0 is unchanged on Reset and should
be initialized before clearing TOIF bit.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
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2224 PIE1 Register

The PIE1 register contains the interrupt enable bits, as
shown in Register 2-4.

REGISTER 2-4:

bit 7

bit 6

bit 5-4
bit 3

bit 2-1
bit 0

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

PIE1 — PERIPHERAL INTERRUPT ENABLE REGISTER 1 (ADDRESS: 8Ch)

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

U-0 U-0 R/W-0

EEEE | ADIE — — CMIE |

- | = ] 7TvrIE |

bit 7

EEIE: EE Write Complete Interrupt Enable bit

1 = Enables the EE write complete interrupt

0 = Disables the EE write complete interrupt

ADIE: A/D Converter Interrupt Enable bit (PIC16F676 only)
1 = Enables the A/D converter interrupt

0 = Disables the A/D converter interrupt

Unimplemented: Read as ‘0’

CMIE: Comparator Interrupt Enable bit

1 = Enables the comparator interrupt

0 = Disables the comparator interrupt
Unimplemented: Read as ‘0’

TMR1IE: TMR1 Overflow Interrupt Enable bit

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

bit 0

Legend:

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

DS40039F-page 16
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2225 PIR1 Register

The PIR1 register contains the interrupt flag bits, as 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
software should ensure the appropriate
interrupt flag bits are clear prior to enabling

shown in Register 2-5.

REGISTER 2-5:

bit 7

bit 6

bit 5-4
bit 3

bit 2-1
bit 0

an interrupt.

PIR1 — PERIPHERAL INTERRUPT REGISTER 1 (ADDRESS: 0Ch)

R/W-0 R/W-0 uU-0 uU-0 R/W-0 uU-0 uU-0 R/W-0
EEIF ADIF — — | emF | — — | TMRIF

bit 7 bit 0

EEIF: EEPROM Write Operation Interrupt Flag bit

1 = The write operation completed (must be cleared in software)

0 = The write operation has not completed or has not been started

ADIF: A/D Converter Interrupt Flag bit (PIC16F676 only)

1 = The A/D conversion is complete (must be cleared in software)

0 = The A/D conversion is not complete

Unimplemented: Read as ‘0’

CMIF: Comparator Interrupt Flag bit

1 = Comparator input has changed (must be cleared in software)

0 = Comparator input has not changed

Unimplemented: Read as ‘0’

TMR1IF: TMR1 Overflow Interrupt Flag bit

1 = TMR1 register overflowed (must be cleared in software)

0 = TMR1 register did not overflow

Legend:

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

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

© 2010 Microchip Technology Inc.
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2226 PCON Register

The Power Control (PCON) register contains flag bits
to differentiate between a:

+ Power-on Reset (POR)

» Brown-out Detect (BOD)

* Watchdog Timer Reset (WDT)

« External MCLR Reset

The PCON Register bits are shown in Register 2-6.

REGISTER 2-6: PCON — POWER CONTROL REGISTER (ADDRESS: 8Eh)
uU-0 uU-0 uU-0 uU-0 U-0 U-0 R/W-0 R/W-x
| — — — — — — | POR | BOD |
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 BOD: Brown-out Detect Status bit
1 = No Brown-out Detect occurred
0 = A Brown-out Detect occurred (must be set in software after a Brown-out Detect occurs)
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
2227 OSCCAL Register

The Oscillator Calibration register (OSCCAL) is used to
calibrate the internal 4 MHz oscillator. It contains 6 bits
to adjust the frequency up or down to achieve 4 MHz.

The OSCCAL register bits are shown in Register 2-7.

REGISTER 2-7: OSCCAL—INTERNALOSCILLATORCALIBRATIONREGISTER(ADDRESS:90h)
R/W-1 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 u-0
| CAL5 | CAL4 ‘ CAL3 ‘ CAL2 ‘ CAL1 ‘ CALO | — | — |
bit 7 bit 0
bit 7-2 CAL5:CALO: 6-bit Signed Oscillator Calibration bits
111111 = Maximum frequency
100000 = Center frequency
000000 = Minimum frequency
bit 1-0 Unimplemented: Read as ‘0’

Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

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

x = Bit is unknown

DS40039F-page 18
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2.3 PCL and PCLATH

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

FIGURE 2-3: LOADING OF PC IN
DIFFERENT SITUATIONS
PCH PCL
12 8 _7 0 Instruction with
PC | | PCLas
Destination
ﬁ PCLATH<4:0> 8
5 ALU Result
LI T T 1]
PCLATH
PCH PCL
12 11 10 8 7 0
PC | | : | coro, carr
PCLATH<4:3> 1
2 Opcode <10:0>
LTI T TTT]
PCLATH

2.31 COMPUTED coTo

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

2.3.2 STACK

The PIC16F630/676 family has an 8-level x 13-bit wide
hardware stack (see Figure 2-1). 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
so on).

Note 1: There are no Status bits to indicate Stack
Overflow or Stack Underflow conditions.

2: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the
CALL, RETURN, RETLW and RETFIE
instructions or the vectoring to an
interrupt address.

© 2010 Microchip Technology Inc.
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24 Indirect Addressing, INDF and A simple program to clear RAM location 20h-2Fh using
FSR Registers indirect addressing is shown in Example 2-1.
The INDF register is not a physical register. Addressing EXAMPLE 2-1: INDIRECT ADDRESSING
the INDF register will cause indirect addressing.
Indirect addressing is possible by using the INDF MOVLW - 0x20 ’:initialize pointer
register. Any instruction using the INDF register NEXT MEZVFVF EZEF t(i RAMINDF ,
actually accesses data pointed to by the File Select (I:NCF - enear o . register
Register (FSR). Reading INDF itself indirectly will es  ren nlli 301n’>er
produce 00h. Writing to the INDF register indirectly CoTo NEX; ’.a lone' .
results in a no operation (although Status bits may be CONTINUE ’.nzscciiiiziz
affected). An effective 9-bit address is obtained by Y
concatenating the 8-bit FSR register and the IRP bit
(STATUS<7>), as shown in Figure 2-4.
FIGURE 2-4: DIRECT/INDIRECT ADDRESSING PIC16F630/676
Direct Addressing Indirect Addressing
RP1( RPO 6 From Opcode 0 IRP() 7 FSR Register 0
- v J N N v J
Bank Select Location Select Bank Select Location Select
- > 00 01 10 11 </
00h 180h
Data Not Used
Memory
7Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
For memory map detail see Figure 2-2.
Note 1: The RP1 and IRP bits are reserved; always maintain these bits clear.
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3.0 PORTSAANDC

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

Note: Additional information on 1/O ports may be
found in the PIC® Mid-Range Reference
Manual, (DS33023)

3.1 PORTA and the TRISA Registers

PORTA is an 6-bit wide, bidirectional 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
High-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).
The exception is RA3, which is input only and its TRIS
bit will always read as ‘1’. Example 3-1 shows how to
initialize PORTA.

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, this value is modified and then written to the
PORT data latch. RA3 reads ‘0’ when MCLREN = 1.

The TRISA register controls the direction of the
PORTA 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. /O pins configured as analog input always read
‘0.

Note: The ANSEL (91h) and CMCON (19h)
registers must be initialized to configure an
analog channel as a digital input. Pins
configured as analog inputs will read ‘0’.
The ANSEL register is defined for the
PIC16F676.

EXAMPLE 3-1: INITIALIZING PORTA

BCF STATUS, RPO ;Bank 0

CLRF PORTA ;Init PORTA

MOVLW 05h ;Set RA<2:0> to

MOVWF  CMCON ;digital I/O

BSF STATUS, RPO ;Bank 1

CLRF ANSEL ;digital I/0

MOVLW  0Ch ;Set RA<3:2> as inputsg

MOVWF  TRISA ;and set RA<5:4,1:0>
;jas outputs

BCF STATUS, RPO ;Bank 0

3.2 Additional Pin Functions

Every PORTA pin on the PIC16F630/676 has an
interrupt-on-change option and every PORTA pin,
except RA3, has a weak pull-up option. The next two
sections describe these functions.

3.21 WEAK PULL-UP

Each of the PORTA pins, except RA3, has an individu-
ally configurable weak internal pull-up. Control bits
WPUAXx enable or disable each pull-up. Refer to
Register 3-3. Each weak pull-up is automatically turned
off when the port pin is configured as an output. The
pull-ups are disabled on a Power-on Reset by the
RAPU bit (OPTION<7>).

REGISTER 3-1: PORTA — PORTA REGISTER (ADDRESS: 05h)
U-0 U-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
| _ | _ ‘RAS‘RA4| RA3 ‘RAZ‘RA1‘RAO|
bit 7 bit 0
bit 7-6: Unimplemented: Read as ‘0’
bit 5-0: PORTA<5:0>: PORTA I/O pin bits
1 = Port pin is >VIH
0 = Port pin is <VIL
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR

‘1’ = Bit is set

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

© 2010 Microchip Technology Inc.
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REGISTER 3-2:

TRISA — PORTA TRI-STATE REGISTER (ADDRESS: 85h)

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

‘ TRISA5 ‘ TRISA4 | TRISA3 ‘TRISAZ ‘ TRISA1 ‘ TRISAO |

bit 7

bit 7-6: Unimplemented: Read as ‘0’

bit 0

bit 5-0: TRISA<5:0>: PORTA Tri-State Control bits
1 = PORTA pin configured as an input (tri-stated)

0 = PORTA pin configured as an output
Note: TRISA<3> always reads 1.

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

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

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

REGISTER 3-3:

u-0 u-0 R/W-1

WPUA — WEAK PULL-UP REGISTER (ADDRESS: 95h)
R/W-1 uU-0 R/W-1 R/W-1 R/W-1

WPUA5 | WPUA4 |  —

| WPUA2 [ WPUA1 | WPUAO

bit 7

bit 7-6 Unimplemented: Read as ‘0’

bit 0

bit 5-4 WPUA<5:4>: Weak Pull-up Register bits

1 = Pull-up enabled
0 = Pull-up disabled
bit 3 Unimplemented: Read as ‘0’

bit 2-0 WPUA<2:0>: Weak Pull-up Register bits

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

Note 1: Global RAPU must be enabled for individual pull-ups to be enabled.
2: The weak pull-up device is automatically disabled if the pin is in Output mode

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

3.2.2 INTERRUPT-ON-CHANGE

Each of the PORTA pins is individually configurable as
an interrupt-on-change pin. Control bits IOCAx enable
or disable the interrupt function for each pin. Refer to
Register 3-4. The interrupt-on-change is disabled on a
Power-on Reset.

For enabled interrupt-on-change pins, the values are
compared with the old value latched on the last read of
PORTA. The ‘mismatch’ outputs of the last read are
OR’d together to set, the PORTA Change Interrupt flag
bit (RAIF) in the INTCON register.

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 PORTA. This will end the
mismatch condition.

b) Clear the flag bit RAIF.

A mismatch condition will continue to set flag bit RAIF.

Reading PORTA will end the mismatch condition and
allow flag bit RAIF to be cleared.

Note: If a change on the 1/0O pin should occur
when the read operation is being executed
(start of the Q2 cycle), then the RAIF
interrupt flag may not get set.

DS40039F-page 22
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REGISTER 3-4: IOCA — INTERRUPT-ON-CHANGE PORTA REGISTER (ADDRESS: 96h)

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — IOCA5 | 10CA4 | 10CA3 | I0CA2 | 10CA1 | 10CAO
bit 7 bit 0
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IOCA<5:0>: Interrupt-on-Change PORTA Control bits

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

Note: Global Interrupt Enable (GIE) must be enabled for individual interrupts to be

recognized.
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
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3.2.3 PIN DESCRIPTIONS AND FIGURE 3-1: BLOCK DIAGRAM OF RA0
DIAGRAMS AND RA1 PINS

Each PORTA pin is multiplexed with other functions. Data Bus ot Mk

The pins and their combined functions are briefly D Q VDD

described here. For specific information about individ- WR

ual functions such as the comparator or the A/D, refer wpuA P <L Q rj—d |:—|:Neak

to the appropriate section in this Data Sheet.

RD ¢ RAPU
3.2.31 RAO/ANO/CIN+ WPUA
Figure 3-1 shows the diagram for this pin. The RAO pin
is configurable to function as one of the following: VoD
D Q
* ageneral purpose I/O 14
* an analog input for the A/D (PIC16F676 only) P(\;VRFSFA——P % Q
* an analog input to the comparator
1/0 pin
3.23.2 RA1/AN1/CIN-/VREF D Q
Figure 3-1 shows the diagram for this pin. The RA1 pin WR 1y CK g
Q &-
is configurable to function as one of the following: TRISA S Anal Ves
nalog

» as a general purpose 1/O RD Input Mode
+ an analog input for the A/D (PIC16F676 only) TRISA J
* an analog input to the comparator ) <
* a voltage reference input for the A/D (PIC16F676 pg,ETA—

only) D Q

WR _L M CK =
oca TP~ @

EN
RD
IOCA Q D
EN
Interrupt-on-Change

RD PORTA

To Comparator

-

__To A/D Converter
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3.2.3.3 RA2/AN2/TOCKI/INT/COUT

Figure 3-2 shows the diagram for this pin. The RA2 pin
is configurable to function as one of the following:

» ageneral purpose I/O

» an analog input for the A/D (PIC16F676 only)

« a digital output from the comparator

« the clock input for TMRO

« an external edge triggered interrupt

3.2.34 RA3/MCLR/VPP

Figure 3-3 shows the diagram for this pin. The RA3 pin
is configurable to function as one of the following:

» ageneral purpose input
* as Master Clear Reset

FIGURE 3-3: BLOCK DIAGRAM OF RA3

FIGURE 3-2: BLOCK DIAGRAM OF RA2
Analog
Data Bus Input Mode
b aQ VoD
WR | L, CK = E
wrua TP <_ Q@ L_cjo—o( Weak
RD RAPU
WPUA
Analog
COUT Input
oD Q VDD
WR |y CK =
PORTAT P~ Q
1/0 pin
& D Q
WR —
K °
Trisa TP K @ Vss
Analog
rRD ¢ Input Mode ﬁ
TRISA | /J
R0 <
PORTA
D Q
*—Q D
WR _| 3 CK &
IOCA g ~ Q
EN
RD
IOCA Q D
EN
Interrupt-on-Change Ej
RD PORTA——
To TMRO
To INT

To A/D Converter

Data Bus MCLRE
Reset . ) I/0 pin
ro 95 ves
TRISA
¢ MCLRE Vss
RD

PORTA|
& D Q
WR _| *— Q D
IOCA
ENd
RD
IOCA Q D
EN
Interrupt-on-Change

RD PORTA———
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3.2.3.5 RA4/AN3/T1G/OSC2/CLKOUT

Figure 3-4 shows the diagram for this pin. The RA4 pin
is configurable to function as one of the following:

» ageneral purpose I/O

» an analog input for the A/D (PIC16F676 only)

* a TMR1 gate input

* a crystal/resonator connection

« a clock output

FIGURE 3-4: BLOCK DIAGRAM OF RA4
Analog
Input Mode CLKM
Data Bus Modes
Q VDD
WR | L CK = E
wpua [P L Q jo—d Weak
RD ¢ RAPU
WPUA Oscillator s
Circuit
0OSC1
CLKOUT Aol
Enable
D Q \I
WR _L ) CK a 1/0 pin
PORTA ™~
CLKOUT
Enable
Vss
D Q
INTOS%
WR _ RC/EC
_| § CK -
TRISATP X Q
CLKOUT
RD _1 Enable
TRISA Analog _
Input Mode
q
ro <]
PORTA J /
D Q
WR _| ) ck 3 —iQ Do
IOCA ~
RD
I0CA Q D
Interrupt-on-Change E:( -
RD PORTA ——
To TMR1 T1G
To A/D Converter

Note 1: CLK modes are XT, HS, LP, LPTMR1 and CLKOUT
Enable.

2: With CLKOUT option.

3.2.3.6 RAS5/T1CKI/OSC1/CLKIN

Figure 3-5 shows the diagram for this pin. The RA5 pin
is configurable to function as one of the following:

* ageneral purpose I/O

* a TMR1 clock input

* a crystal/resonator connection

« aclock input

FIGURE 3-5: BLOCK DIAGRAM OF RA5S
INTOSC
Mode
TMR1LPEN(
Data Bus
D Q fl VDD
WR _| L cK & ‘—D&—d Weak
weua TP ~C @ L—c
RD 1 RAPU
WPUA
Oscillator
Circuit
0SC2
oD Q VDD
WR | L CK =
porRTAT ? L Q
1/0 pin
oD Q
WR _
K °
Trisa TP K @ Vss
) INTOSC
RD 1 Mode
TRISA ‘
(1)
rRo ¢ § /
PORTA
D Q
_ —Q Dre
WR _| ) CK 7
IOCA S
EN
RD
IOCA

EN
Interrupt-on-Change

RD PORTA ———

To TMR1 or CLKGEN

Note 1: Timer1 LP Oscillator enabled.

2: When using Timer1 with LP oscillator, the Schmitt
Trigger is by-passed.
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TABLE 3-1: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

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
BOD Resets

05h PORTA — — RA5 RA4 RA3 RA2 RA1 RAO -—XX XXXX --uu uuuu
0Bh/8Bh INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF 0000 0000 0000 000u
19h CMCON — COouT — CINV CIS CM2 CM1 CMO -0-0 0000 -0-0 0000
81h OPTION_REG RAPU | INTEDG TOCS TOSE PSA PS2 PS1 PSO 1111 1111 1111 1111
85h TRISA — — TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO | --11 1111 --11 1111
91h ANSEL™ ANS7 | ANS6 | ANS5 | ANS4 | ANS3 | ANS2 | ANS1 ANSO | 1111 1111 | 1111 1111
95h WPUA — — WPUAS | WPUA4 — WPUA2 | WPUA1 | WPUAO | --11 -111 --11 -111
96h IOCA — — I0CA5 I0CA4 I0CA3 I0OCA2 I0CA1 IOCAO0 --00 0000 --00 0000
Note 1: PIC16F676 only.
Legend: x = unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by PORTA.
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3.3 PORTC

PORTC is a general purpose I/O port consisting of 6
bidirectional pins. The pins can be configured for either
digital I/0 or analog input to A/D converter. For specific
information about individual functions such as the
comparator or the A/D, refer to the appropriate section
in this Data Sheet.

Note: The ANSEL register (91h) must be clear to
configure an analog channel as a digital
input. Pins configured as analog inputs will
read ‘0’. The ANSEL register is defined for
the PIC16F676.

EXAMPLE 3-2: INITIALIZING PORTC
BCF STATUS, RPO ;Bank 0

CLRF  PORTC ;Init PORTC

BSF STATUS, RPO ;Bank 1

CLRF ANSEL
MOVLW 0Ch
MOVWF TRISC

;digital I/0

;Set RC<3:2> as inputs
;jand set RC<5:4,1:0>
;as outputs

BCF STATUS, RPO ;Bank 0

3.3.1 RCO/AN4, RC1/AN5, RC2/ANG, RC3/
AN7

The RCO/RC1/RC2/RC3 pins are configurable to
function as one of the following:
» ageneral purpose I/O
» an analog input for the A/D Converter

(PIC16F676 only)
FIGURE 3-6: BLOCK DIAGRAM OF
RCO/RC1/RC2/RC3 PINs

Data bus

VDD

WR CK =
porTcT P <_ Q

I/0 Pin

WR K =

TRISC < @
RD ‘ﬂ}i

TRISC |

Analog Input
Mode

RD
PORTC

____To AID Converter

3.3.2 RC4 AND RC5

The RC4 and RC5 pins are configurable to function as
a general purpose I/Os.

FIGURE 3-7: BLOCK DIAGRAM OF RC4
AND RC5 PINS
Data bus
oD Q VDD
WR —
portcT P <& @
1/0 Pin
oD Q
WR _
TRISC &K Qr—e Vss
D :ﬂj
TRISC
e
RD
PORTC
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REGISTER 3-5: PORTC — PORTC REGISTER (ADDRESS: 07h)
U-0 U-0 R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
|_ ‘ _ |RCS‘RC4|RC3‘RCZ|RC1‘RCO|
bit 7 bit 0
bit 7-6: Unimplemented: Read as ‘0’
bit 5-0: PORTC<5:0>: General Purpose I/O pin bits
1 = Port pin is >VIH
0 = Port pin is <VIL
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
REGISTER 3-6: TRISC — PORTC TRI-STATE REGISTER (ADDRESS: 87h)
U-0 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
| _ ‘ _ | TRISC5 ‘ TRISC4 | TRISC3 ‘ TRISC2 | TRISC1 ‘ TRISCO |
bit 7 bit 0
bit 7-6: Unimplemented: Read as ‘0’
bit 5-0: TRISC<5:0>: PORTC Tri-State Control bits
1 = PORTC pin configured as an input (tri-stated)
0 = PORTC pin configured as an output
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
TABLE 3-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC
val Value onaall
Address| Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 a'ue on other
POR, BOD
Resets
07h PORTC — — RC5 RC4 RC3 RC2 RC1 RCO ——XX XXXX --uu uuuu
87h TRISC — — TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | --11 1111 | --11 1111
91h ANSEL( ANS7 ANS6 ANS5 ANS4 ANS3 ANS2 ANS1 ANSO 1111 1111 1111 1111
Note 1: PIC16F676 only.
Legend: x =unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by PORTC.
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NOTES:
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40 TIMERO MODULE

The Timer0 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 4-1 is a block diagram of the TimerO module and
the prescaler shared with the WDT.

Note: Additional information on the Timer0
module is available in the PIC® Mid-Range
Reference Manual, (DS33023).

4.1 Timer0 Operation

Timer mode is selected by clearing the TOCS bit
(OPTION_REG<5>). In Timer mode, the Timer0
module will increment every instruction cycle (without
prescaler). If TMRO 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 the TOCS bit
(OPTION_REG<5>). In this mode, the Timer0 module
will increment either on every rising or falling edge of
pin RA2/TOCKI. The incrementing edge is determined
by the source edge (TOSE) control bit
(OPTION_REG=<4>). Clearing the TOSE bit selects the
rising edge.

Note: Counter mode has specific external clock
requirements. Additional information on
these requirements is available in the PIC®
Mid-Range Reference Manual,
(DS33023).

4.2 Timer0 Interrupt

A TimerO interrupt is generated when the TMRO
register timer/counter overflows from FFh to 00h. This
overflow sets the TOIF bit. The interrupt can be masked
by clearing the TOIE bit INTCON<5>). The TOIF bit
(INTCON<2>) must be cleared in software by the
Timer0 module Interrupt Service Routine before re-
enabling this interrupt. The TimerO interrupt cannot
wake the processor from Sleep since the timer is shut-
off during Sleep.

FIGURE 4-1: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER
CLKOUT
(= Fosc/a) Data Bus
0
8
° 1 Y
SYNC 2 _
1 e Cycles > TMRO
TOCKI 0
pin .
TOSE TOCS 8-bit Set Flag bit TOIF
Prescaler PSA on Overflow
]
8
PSA
PSO0 - PS2 1
—» _WDT
Watchdog . Time-out
Timer
WDTE PSA
Note 1: TOSE, TOCS, PSA, PS0-PS2 are bits in the OPTION register.
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4.3 Using Timer0 with an External a small RC delay of 20 ns) and low for at least 2Tosc

Clock (and a small RC delay of 20 ns). Refer to the electrical
specification of the desired device.

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- Note: The ANSEL (91h) and CMCON (19h)

plished by sampling the prescaler output on the Q2 and registers must be initialized to configure an

Q4 cycles of the internal phase clocks. Therefore, it is analog channel as a digital input. Pins

necessary for TOCKI to be high for at least 2Tosc (and configured as analog inputs will read ‘0’.
The ANSEL register is defined for the
PIC16F676.

REGISTER 4-1: OPTION_REG — OPTION REGISTER (ADDRESS: 81h)
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

RAPU | INTEDG | TocS | Tose | PsA | Ps2 | Pst PSO
bit 7 bit 0
bit 7 RAPU: PORTA Pull-up Enable bit

1 = PORTA pull-ups are disabled
0 = PORTA pull-ups are enabled by individual PORT latch values

bit 6 INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RA2/INT pin

0 = Interrupt on falling edge of RA2/INT pin
bit 5 TOCS: TMRO Clock Source Select bit

1 = Transition on RA2/TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)

bit 4 TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on RA2/TOCKI pin
0 = Increment on low-to-high transition on RA2/TOCKI pin

bit 3 PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0O 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 1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
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4.4

An 8-bit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer. For simplicity, this counter will be referred to as
“prescaler” throughout this Data Sheet. The prescaler
assignment is controlled in software by the control bit
PSA (OPTION_REG<3>). Clearing the PSA bit will
assign the prescaler to TimerQ. Prescale values are
selectable via the PS2:PSO0 bits (OPTION_REG<2:0>).

The prescaler is not readable or writable. When
assigned to the TimerO module, all instructions writing
to the TMRO register (e.g., CLRF 1, 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.

Prescaler

441 SWITCHING PRESCALER

ASSIGNMENT

The prescaler assignment is fully under software
control (i.e., it can be changed “on the fly” during

EXAMPLE 4-1: CHANGING PRESCALER
(TIMERO—WDT)
BCF STATUS, RPO ;Bank 0
CLRWDT ;Clear WDT
CLRF TMRO ;Clear TMRO and
; prescaler
BSF STATUS, RPO ;Bank 1
MOVLW b’00101111" ;Required if desired
MOVWE OPTION_REG ; PS2:PSO is
CLRWDT ; 000 or 001
MOVLW b’00101xxx’ ;Set postscaler to
MOVWF  OPTION_REG ; desired WDT rate
BCF STATUS, RPO ;Bank 0

To change prescaler from the WDT to the TMRO
module, use the sequence shown in Example 4-2. This
precaution must be taken even if the WDT is disabled.

) . . . EXAMPLE 4-2: CHANGING PRESCALER
program execution). To avoid an unintended device WDT—TIMERO
Reset, the following instruction sequence (Example 4- ( - )
1) must be execqted when changing the prescaler CLRWDT .Clear WDT and
assignment from Timer0 to WDT. ; postscaler
BSF STATUS,RPO  ;Bank 1
MOVLW b’ xxxx0xxx’ ;Select TMRO,
; prescale, and
; clock source
MOVWF  OPTION REG ;
BCF STATUS,RPO  ;Bank 0
TABLE 4-1: REGISTERS ASSOCIATED WITH TIMERO
Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOD
Resets
01h TMRO Timer0 Module Register XXXX XXXX|Uuuuu uuuu
0Bh/8Bh |INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF | 0000 0000|0000 000u
81h OPTION_REG | RAPU [INTEDG| TOCS TOSE PSA PS2 PS1 PSO |1111 1111|1111 1111
85h TRISA — — TRISAS | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO | --11 1111 |--11 1111
Legend: - = Unimplemented locations, read as ‘0’, u = unchanged, x = unknown.

Shaded cells are not used by the Timer0 module.
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5.0 TIMER1 MODULE WITH GATE The Timer1 Control register (T1CON), shown in
CONTROL Register 5-1, is used to enable/disable Timer1 and
select the various features of the Timer1 module.

The PIC16F630/676 devices have a 16-bit timer.
Figure 5-1 shows the basic block diagram of the Timer1
module. Timer1 has the following features:

» 16-bit timer/counter (TMR1H:TMR1L)

» Readable and writable

* Internal or external clock selection

» Synchronous or asynchronous operation

* Interrupt on overflow from FFFFh to 0000h

» Wake-up upon overflow (Asynchronous mode)

+ Optional external enable input (T1G)

» Optional LP oscillator

Note: Additional information on timer modules is
available in the PIC® Mid-Range Refer-
ence Manual, (DS33023).

FIGURE 5-1: TIMER1 BLOCK DIAGRAM
TMR10ON
TMR1GE O<} {E
TMR10ON TiG
Set Flag bit TMR1GE
TMRA1IF on
Overflow

Synchronized

TMRA1
TMR1H ‘ TMR1L

Clock Input
-
T1SYNC
> )
= Synchronize
Prescaler
Fosc/4 1,2,4,8 _/_Detect
Internal 0 |
Clock 2
) Sleep Input
INTOSC T1CKPS<1:0>
w/o CLKOUT TMR1CS
T10SCEN

LP
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5.1 Timer1 Modes of Operation

Timer1 can operate in one of three modes:

* 16-bit timer with prescaler
* 16-bit synchronous counter
+ 16-bit asynchronous counter

In Timer mode, Timer1 is incremented on every instruc-
tion cycle. In Counter mode, Timer1 is incremented on
the rising edge of the external clock input T1CKI. In
addition, the Counter mode clock can be synchronized
to the microcontroller system clock or run
asynchronously.

In counter and timer modules, the counter/timer clock
can be gated by the T1G input.

If an external clock oscillator is needed (and the
microcontroller is using the INTOSC w/o CLKOUT),
Timer1 can use the LP oscillator as a clock source.

Note: In Counter mode, a falling edge must be
registered by the counter prior to the first

incrementing rising edge.

5.2 Timer1 Interrupt

The Timer1 register pair (TMR1H:TMR1L) increments
to FFFFh and rolls over to 0000h. When Timer1 rolls
over, the Timer1 interrupt flag bit (PIR1<0>) is set. To
enable the interrupt on rollover, you must set these bits:
» Timer1 interrupt Enable bit (PIE1<0>)

* PEIE bit (INTCON<6>)

* GIE bit INTCON<7>).

The interrupt is cleared by clearing the TMR1IF in the
Interrupt Service Routine.

Note: The TMR1H:TTMR1L register pair and the
TMR1IF bit should be cleared before
enabling interrupts.

5.3 Timer1 Prescaler

Timer1 has four prescaler options allowing 1, 2, 4, or 8
divisions of the clock input. The T1CKPS bits
(T1CON<5:4>) control the prescale counter. The
prescale counter is not directly readable or writable;
however, the prescaler counter is cleared upon a write
to TMR1H or TMR1L.

FIGURE 5-2: TIMER1 INCREMENTING EDGE
T1CKI =1
when TMR1
Enabled * * * *
T1CKI =0
when TMR1
Enabled * * * *
Note 1: Arrows indicate counter increments.
2: In Counter mode, a falling edge must be registered by the counter prior to the first incrementing rising edge of the
clock.
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REGISTER 5-1:

bit 7
bit 6

bit 5-4

bit 3

bit 2

bit 1

bit 0

T1CON — TIMER1 CONTROL REGISTER (ADDRESS: 10h)
uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

| — | ™RriGE | T1cKPST | T1CKPSO | T10SCEN | TISYNC | TMRICS | TMR1ON |

bit 7 bit 0

Unimplemented: Read as ‘0’

TMR1GE: Timer1 Gate Enable bit
If TMR10ON = o:

This bit is ignored
fTMR1ION=1:

1 = Timer1 is on if T1G pin is low
0 = Timer1 is on
T1CKPS1:T1CKPSO0: Timer1 Input Clock Prescale Select bits
11 = 1:8 Prescale Value

10 = 1:4 Prescale Value

01 = 1:2 Prescale Value

00 = 1:1 Prescale Value

T10SCEN: LP Oscillator Enable Control bit

If INTOSC without CLKOUT oscillator is active:
1 = LP oscillator is enabled for Timer1 clock

0 = LP oscillator is off

Else:

This bit is ignored

T1SYNC: Timer1 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. Timer1 uses the internal clock.

TMR1CS: Timer1 Clock Source Select bit

1 = External clock from T10OSO/T1CKI pin (on the rising edge)
0 = Internal clock (Fosc/4)

TMR1ON: Timer1 On bit

1 = Enables Timer1

0 = Stops Timer1

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
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5.4 Timer1 Operation in

Asynchronous Counter Mode

If control bit TISYNC (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
software are needed to read/write the timer
(Section 5.4.1).

Note: The ANSEL (91h) and CMCON (19h)
registers must be initialized to configure an
analog channel as a digital input. Pins
configured as analog inputs will read ‘0’.
The ANSEL register is defined for the

PIC16F676.

54.1 READING AND WRITING TIMERT1 IN

ASYNCHRONOUS COUNTER MODE

Reading TMR1H or TMR1L, while the timer is running
from an external asynchronous clock, will ensure a
valid read (taken care of in hardware). However, the
user should keep in mind that reading the 16-bit timer
in two 8-bit values itself, poses certain problems, since
the timer may overflow between the reads.

For writes, it is recommended that the user simply stop
the timer and write the desired values. A write 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.
Examples 12-2 and 12-3 in the PIC® Mid-Range MCU
Family Reference Manual (DS33023) show how to
read and write Timer1 when it is running in
Asynchronous mode.

5.5

A crystal oscillator circuit is built-in between pins OSC1
(input) and OSC2 (amplifier output). It is enabled by
setting control bit TTOSCEN (T1CON<3>). The oscilla-
tor is a low power oscillator rated up to 32 kHz. It will
continue to run during Sleep. It is primarily intended for
a 32 kHz crystal. Table 9-2 shows the capacitor
selection for the Timer1 oscillator.

Timer1 Oscillator

The Timer1 oscillator is shared with the system LP
oscillator. Thus, Timer1 can use this mode only when
the system clock is derived from the internal oscillator.
As with the system LP oscillator, the user must provide
a software time delay to ensure proper oscillator
start-up.

TRISA5 and TRISA4 bits are set when the Timer1
oscillator is enabled. RA5 and RA4 read as ‘0’ and
TRISA5 and TRISA4 bits read as ‘1'.

Note: The oscillator requires a start-up and
stabilization time before use. Thus,
T10SCEN should be set and a suitable
delay observed prior to enabling Timer1.

5.6 Timer1 Operation During Sleep

Timer1 can only operate during Sleep when setup in
Asynchronous Counter mode. In this mode, an external
crystal or clock source can be used to increment the
counter. To setup the timer to wake the device:

» Timer1 must be on (T1CON<0>)

* TMR1IE bit (PIE1<0>) must be set

» PEIE bit INTCON<6>) must be set

The device will wake-up on an overflow. If the GIE bit

(INTCON<7>) is set, the device will wake-up and jump
to the Interrupt Service Routine on an overflow.

TABLE 5-1: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER

Value on Value on
Address | Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other

POR, BOD

Resets

0Bh/8Bh |INTCON | GIE PEIE TOIE INTE RAIE TOIF INTF RAIF {0000 0000({0000 000u
0Ch PIR1 EEIF | ADIF — — CMIF — — TMR1IF |00-- 0--0[{00-- 0--0
OEh TMR1L |Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX|Uuuuu uuuu
OFh TMR1H |[Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX|UUUU uuuu
10h T1CON — |TMR1GE | T1ICKPS1 | T1ICKPSO0 [ T1OSCEN | T1SYNC | TMR1CS|TMR1ON|-000 0000 |-uuu uuuu
8Ch PIE1 EEIE | ADIE — — CMIE — — TMR1IE |00-- 0--0[00-- 0--0
Legend: x =unknown, u =unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the Timer1 module.
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6.0 COMPARATOR MODULE Voltage Reference that can also be applied to an input
of the comparator. In addition, RA2 can be configured

The PIC16F630/676 devices have one analog compar- as the comparator output. The Comparator Control

ator. The inputs to the comparator are multiplexed with Register (CMCON), shown in Register 6-1, contains

the RAO and RA1 pins. There is an on-chip Comparator the bits to control the comparator.

REGISTER 6-1: CMCON — COMPARATOR CONTROL REGISTER (ADDRESS: 19h)

bit 7
bit 6

bit 5
bit 4

bit 3

bit 2-0

U-0 R-0 U-0 RW-0 RW-0 RW-0 RW-0  RMW-0
— cout — CINV cs | cm2 [ cmt | cmo
bit 7 bit 0

Unimplemented: Read as ‘0’

COUT: Comparator Output bit

When CINV = 0:

1 = VIN+ > VIN-

0 = VIN+ < VIN-

When CINV = 1:

1 = VIN+ < VIN-

0 = VIN+ > VIN-

Unimplemented: Read as ‘0’

CINV: Comparator Output Inversion bit
1 = Qutput inverted

0 = Output not inverted

CIS: Comparator Input Switch bit
When CM2:CM0 =110 0r101:

1 = VIN- connects to CIN+

0 = VIN- connects to CIN-

CM2:CMO0: Comparator Mode bits
Figure 6-2 shows the Comparator modes and CM2:CMO bit settings

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

A single comparator is shown in Figure 6-1, along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input VIN-, the output of the comparator
is a digital low level. When the analog input at VIN+ is
greater than the analog input VIN-, the output of the
comparator is a digital high level. The shaded areas of
the output of the comparator in Figure 6-1 represent
the uncertainty due to input offsets and response time.

Note: To use CIN+ and CIN- pins as analog
inputs, the appropriate bits must be

programmed in the CMCON (19h) register.

The polarity of the comparator output can be inverted
by setting the CINV bit (CMCON<4>). Clearing CINV
results in a non-inverted output. A complete table
showing the output state versus input conditions and
the polarity bit is shown in Table 6-1.

TABLE 6-1: OUTPUT STATE VS. INPUT
CONDITIONS
Input Conditions CINV couTt
VIN- > VIN+ 0 0
VIN- < VIN+ 0 1
VIN- > VIN+ 1 1
VIN- < VIN+ 1 0
FIGURE 6-1: SINGLE COMPARATOR
VINt —— +
Output
VIN- —— —

VIN- - —

VIN+ —

Output . . . L

Note: CINV bit (CMCON<4>) is clear.
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6.2 Comparator Configuration

There are eight modes of operation for the comparator.
The CMCON register, shown in Register 6-1, is used to
select the mode. Figure 6-2 shows the eight possible
modes. The TRISA register controls the data direction
of the comparator pins for each mode. If the
Comparator mode is changed, the comparator output

FIGURE 6-2:

level may not be valid for a specified period of time.
Refer to the specifications in Section 12.0 “Electri-
cal Specifications”.

Note: Comparator interrupts should be disabled
during a Comparator mode change. Other-
wise, a false interrupt may occur.

COMPARATOR 1/O OPERATING MODES

Comparator Reset (POR Default Value — low power)
CM2:CMO0 = 000

RA1/CIN- A o
RAO/CIN+ A " Off (Read as ‘0’)
RA2/COUT D

Comparator Off (Lowest power)
CM2:CMO =111

RA1/CIN- D

RAO/CIN+ D Off (Read as ‘0’)

RA2/COUT D =

Comparator without Output
CM2:CMO =010

RA1/CIN- A

RAO/CIN+ A cout

o

RA2/COUT D

Comparator w/o Output and with Internal Reference
CM2:CMO0 =100

RATCIN- A h

RAO/CIN+ D cout
+

RA2/COUT D
From CVREF Module

Comparator with Output and Internal Reference
CM2:CMO0 = 011

RA1CIN- A ~

RAOCCIN+ D couTt
+

RA2/COUT D

From CVREF Module

Multiplexed Input with Internal Reference and Output
CM2:CMO =101

RA1/CIN- A
Cls=0
RAO/CIN+ A | " CIS=1

—e¢— COUT

_l’_

RA2/COUT D

—— From CVREF Module

Comparator with Output
CM2:CM0 = 001

RA1/CIN- A

RAO/CIN+ A cout

RA2/COUT D

o

Multiplexed Input with Internal Reference
CM2:CMO =110

RA1/CIN- A
ClS=0
RAO/CIN+ A | " CIS=1

—— COUT

+

RA2/COUT D

From CVREF Module

A = Analog Input, ports always reads ‘0’
D = Digital Input
CIS = Comparator Input Switch (CMCON<3>)
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6.3 Analog Input Connection

Considerations

A simplified circuit for an analog input is shown in
Figure 6-3. Since the analog pins are connected to a
digital output, they have reverse biased diodes to VDD
and Vss. The analog input, therefore, must be between
Vss and VDD. If the input voltage deviates from this

FIGURE 6-3: ANALOG INPUT MODE

range by more than 0.6V in either direction, one of the
diodes is forward biased and a latch-up may occur. A
maximum  source impedance of 10kQ s
recommended for the analog sources. Any external
component connected to an analog input pin, such as
a capacitor or a Zener diode, should have very little
leakage current.

VDD

VT =0.6V

Ric

MV

Leakage
+500 nA

VT =0.6V #
<

= Leakage Current at the pin due to Various Junctions

Legend CPIN = Input Capacitance
VT = Threshold Voltage
ILEAKAGE
Ric = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage

Vss

6.4

The comparator output, COUT, is read through the
CMCON register. This bit is read-only. The comparator
output may also be directly output to the RA2 pin in
three of the eight possible modes, as shown in
Figure 6-2. When in one of these modes, the output on
RAZ2 is asynchronous to the internal clock. Figure 6-4
shows the comparator output block diagram.

Comparator Output

FIGURE 6-4:

The TRISA<2> bit functions as an output enable/
disable for the RA2 pin while the comparator is in an
Output mode.

Note 1: When reading the PORTA register, all
pins configured as analog inputs will read
as a ‘0’. Pins configured as digital inputs
will convert an analog input according to
the TTL input specification.

: Analog levels on any pin that is defined as
a digital input, may cause the input buffer
to consume more current than is

specified.

MODIFIED COMPARATOR OUTPUT BLOCK DIAGRAM

To RA2/TOCKI pin =

To Data Bus

|
RD CMCON;,\l

EN<?&

CINV

CM2:CMO0

(4
Set CMIF bit4C(

RD CMCON
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6.5 Comparator Reference

The comparator module also allows the selection of an
internally generated voltage reference for one of the
comparator inputs. The internal reference signal is
used for four of the eight Comparator modes. The
VRCON register, Register 6-2, controls the voltage
reference module shown in Figure 6-5.

6.5.1 CONFIGURING THE VOLTAGE
REFERENCE

The voltage reference can output 32 distinct voltage
levels, 16 in a high range and 16 in a low range.

The following equations determine the output voltages:

VRR =1 (low range): CVREF = (VR3:VR0/ 24) x VDD

VRR = 0 (high range): CVREF = (VDD / 4) + (VR3:VRO x
VDD /32)

6.5.2 VOLTAGE REFERENCE
ACCURACY/ERROR

The full range of Vss to VDD cannot be realized due to
the construction of the module. The transistors on the
top and bottom of the resistor ladder network
(Figure 6-5) keep CVREF from approaching Vss or
VDD. The Voltage Reference is VDD derived and there-
fore, the CVREF output changes with fluctuations in
VDD. The tested absolute accuracy of the Comparator
Voltage Reference can be found in Section 12.0
“Electrical Specifications”.

FIGURE 6-5: COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM
16 Stages
A
8R R R R R
VDD L] XX TR SIVIVAV SAVAVAY. *
8R _]J— VRR
16-1 Analog
MUX
VREN
CVREF to
Comparator €«——
Input —
VR3:VRO

6.6 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the
comparator output is ensured to have a valid level. If
the internal reference is changed, the maximum delay
of the internal voltage reference must be considered
when using the comparator outputs. Otherwise, the
maximum delay of the comparators should be used
(Table 12-7).

6.7 Operation During Sleep

Both the comparator and voltage reference, if enabled
before entering Sleep mode, remain active during
Sleep. This results in higher Sleep currents than shown
in the power-down specifications. The additional cur-
rent consumed by the comparator and the voltage ref-
erence is shown separately in the specifications. To
minimize power consumption while in Sleep mode, turn
off the comparator, CM2:CMO0 = 111, and voltage refer-
ence, VRCON<7> = 0.

While the comparator is enabled during Sleep, an inter-
rupt will wake-up the device. If the device wakes up
from Sleep, the contents of the CMCON and VRCON
registers are not affected.

6.8 Effects of a Reset

A device Reset forces the CMCON and VRCON
registers to their Reset states. This forces the
comparator module to be in the Comparator Reset
mode, CM2:CMO = 000 and the voltage reference to its
off state. Thus, all potential inputs are analog inputs
with the comparator and voltage reference disabled to
consume the smallest current possible.

© 2010 Microchip Technology Inc.
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REGISTER 6-2: VRCON — VOLTAGE REFERENCE CONTROL REGISTER (ADDRESS: 99h)
R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
VREN — VRR — VRS | VR2 | WR1 | VRO |
bit 7 bit 0
bit 7 VREN: CVREF Enable bit
1 = CVREF circuit powered on
0 = CVREF circuit powered down, no IDD drain
bit 6 Unimplemented: Read as ‘0’
bit 5 VRR: CVREF Range Selection bit
1 = Low range
0 = High range
bit 4 Unimplemented: Read as ‘0’
bit 3-0 VR3:VRO0: CVREF value selection bits 0 < VR [3:0] < 15
When VRR = 1: CVREF = (VR3:VRO0 / 24) * VDD
When VRR = 0: CVREF = VDD/4 + (VR3:VRO / 32) * VDD
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
6.9 Comparator Interrupts The user, in the Interrupt Service Routine, can clear the

The comparator interrupt flag is set whenever there is
a change in the output value of the comparator.
Software will need to maintain information about the
status of the output bits, as read from CMCON<6>, to
determine the actual change that has occurred. The
CMIF bit, PIR1<3>, is the comparator interrupt flag.
This bit must be reset in software by clearing it to ‘0’.
Since it is also possible to write a ‘1’ to this register, a
simulated interrupt may be initiated.

The CMIE bit (PIE1<3>) and the PEIE bit
(INTCON<6>) must be set to enable the interrupt. In
addition, the GIE bit must also be set. If any of these
bits are cleared, the interrupt is not enabled, though the
CMIF bit will still be set if an interrupt condition occurs.

interrupt in the following manner:

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

b) Clear flag bit CMIF.

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

Note: Ifachange inthe CMCON register (COUT)
should occur when a read operation is
being executed (start of the Q2 cycle), then
the CMIF (PIR1<3>) interrupt flag may not
get set.

TABLE 6-2: REGISTERS ASSOCIATED WITH COMPARATOR MODULE
Value on Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOD
Resets
0Bh/8Bh | INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF | 0000 0000 [0000 000u
0Ch PIR1 EEIF ADIF — — CMIF — — TMRA1IF | 00-- 0--0 [ 00-- 0--0
19h CMCON — COuT — CINV CIS CM2 CM1 CMO | -0-0 0000 |-0-0 0000
8Ch PIE1 EEIE ADIE — — CMIE — — TMR1IE | 00-- 0--0|00-- 0--0
85h TRISA — — TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO | --11 1111 |--11 1111
9%h VRCON | VREN — VRR — VR3 VR2 VR1 VRO 0-0- 0000 |0-0- 0000
Legend: x = unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the comparator module.
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7.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE
(PIC16F676 ONLY)

The Analog-to-Digital Converter (ADC) allows conver-
sion of an analog input signal to a 10-bit binary repre-
sentation of that signal. The PIC16F676 has eight
analog inputs, multiplexed into one sample and hold

circuit. The output of the sample and hold is connected
to the input of the converter. The converter generates a
binary result via successive approximation and stores
the result in a 10-bit register. The voltage reference
used in the conversion is software selectable to either
VDD or a voltage applied by the VREF pin. Figure 7-1
shows the block diagram of the A/D on the PIC16F676.

FIGURE 7-1: A/D BLOCK DIAGRAM
VDD
VCFG=0 |
VREF VCFG=1_ |
RA0/ANO [
RA1/ANTVReF X .
rA2/AN2 [X
RA4/AN3 [X] GO/DONE—>| 10
RCO/AN4 [ ADEM
RC1/AN5 X "
RC2/ANG [ ADON—{
RC3/AN7 [X Ves | ADRESH | ADRESL |
CHS2:CHS0—

71 A/D Configuration and Operation

There are three registers available to control the
functionality of the A/D module:

1. ADCONO (Register 7-1)

2. ADCONT1 (Register 7-2)

3. ANSEL (Register 7-3)

711 ANALOG PORT PINS

The ANS7:ANSO bits (ANSEL<7:0>) and the TRISA
bits control the operation of the A/D port pins. Set the
corresponding TRISA bits to set the pin output driver to
its high-impedance state. Likewise, set the correspond-
ing ANS bit to disable the digital input buffer.

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

7.1.2 CHANNEL SELECTION

There are eight analog channels on the PIC16F676,
ANO through AN7. The CHS2:CHSO bits
(ADCONO0<4:2>) control which channel is connected to
the sample and hold circuit.

7.1.3 VOLTAGE REFERENCE

There are two options for the voltage reference to the
A/D converter: either VDD is used, or an analog voltage
applied to VREF is used. The VCFG bit (ADCONO0<6>)
controls the voltage reference selection. If VCFG is set,
then the voltage on the VREF pin is the reference;
otherwise, VDD is the reference.

7.14 CONVERSION CLOCK

The A/D conversion cycle requires 11 TAD. The source
of the conversion clock is software selectable via the
ADCS bits (ADCON1<6:4>). There are seven possible
clock options:

* Fosc/2

» Fosc/4

* Fosc/8

» Fosc/16

» Fosc/32

» Fosc/64

* FRc (dedicated internal oscillator)

For correct conversion, the A/D conversion clock
(1/TAD) must be selected to ensure a minimum TAD of

1.6 us. Table 7-1 shows a few TAD calculations for
selected frequencies.

© 2010 Microchip Technology Inc.
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TABLE 7-1:  TAaD vs. DEVICE OPERATING FREQUENCIES
A/D Clock Source (TAD) Device Frequency

Operation | ADCS2:ADCS0 20 MHz 5 MHz 4 MHz 1.25 MHz
2 Tosc 000 100 ns@ 400 ns(? 500 ns(? 1.6 us
4 Tosc 100 200 ns(? 800 ns(? 1.0 pst@ 3.2 pus
8 Tosc 001 400 ns(? 1.6 us 2.0 ps 6.4 us
16 Tosc 101 800 ns(@ 3.2 s 4.0 us 12.8 pst®
32 Tosc 010 1.6 us 6.4 us 8.0 us® 25.6 us®
64 Tosc 110 3.2pus 12.8 ust® 16.0 pst® 51.2 us®
A/D RC x11 2 -6 us(t4 2-6 us(t4 2-6 us(t4 2-6 st

Legend: Shaded cells are outside of recommended range.

Note 1:
2:
3:
4:

The A/D RC source has a typical TAD time of 4 us for VDD > 3.0V.

These values violate the minimum required TAD time.

For faster conversion times, the selection of another clock source is recommended.

When the device frequency is greater than 1 MHz, the A/D RC clock source is only recommended if the

conversion will be performed during Sleep.

7.1.5 STARTING A CONVERSION

The A/D conversion is initiated by setting the
GO/DONE bit (ADCONO0<1>). When the conversion is
complete, the A/D module:

» Clears the GO/DONE bit

+ Sets the ADIF flag (PIR1<6>)

» Generates an interrupt (if enabled)

If the conversion must be aborted, the GO/DONE bit
can be cleared in software. The ADRESH:ADRESL
registers will not be updated with the partially complete
A/D conversion sample. Instead, the
ADRESH:ADRESL registers will retain the value of the

previous conversion. After an aborted conversion, a
2 TAD delay is required before another acquisition can
be initiated. Following the delay, an input acquisition is
automatically started on the selected channel.

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

The A/D conversion can be supplied in two formats: left
or right shifted. The ADFM bit (ADCONO<7>) controls
the output format. Figure 7-2 shows the output formats.

FIGURE 7-2: 10-BIT A/D RESULT FORMAT
ADRESH ADRESL
worm=0)  mss| | | [ | | oL el [ ] [ [ | |
bit 7 bit 0 bit 7 bit 0
T~ ~
10-bit A/D Result Unimplemented: Read as ‘0’
worm=2) | [ [ ] [ [ qmes[ | | [ [ | [ [ | [tss
bit 7 bit 0 bit 7 bit 0
Unimplemented: Read as ‘0’ 10-bit A/D Result
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REGISTER 7-1: = ADCONO — A/D CONTROL REGISTER (ADDRESS: 1Fh)

RW-0  RMW-0 U-0 RW-0  RW-0 RW-0 RW-O  RW-0
ADFM | VCFG — CHS2 | CHS1 | CHSO [GO/DONE| ADON
bit 7 bit 0
bit 7 ADFM: A/D Result Formed Select bit

1 = Right justified
0 = Left justified

bit 6 VCFG: Voltage Reference bit
1 = VREF pin
0 =VDD
bit 5 Unimplemented: Read as zero
bit 4-2 CHS2:CHSO0: Analog Channel Select bits

000 = Channel 00 (ANO)
001 = Channel 01 (AN1)
010 = Channel 02 (AN2)
011 = Channel 03 (AN3)
100 = Channel 04 (AN4)
101 = Channel 05 (AN5)
110 = Channel 06 (ANG)
111 = Channel 07 (AN7)

bit 1 GO/DONE: A/D Conversion Status bit
1 = A/D conversion cycle in progress. Setting this bit starts an A/D conversion cycle.

This bit is automatically cleared by hardware when the A/D conversion has completed.

0 = A/D conversion completed/not in progress

bit 0 ADON: A/D Conversion Status bit
1 = A/D converter module is operating
0 = A/D converter is shut-off and consumes no operating current

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

REGISTER 7-2: = ADCON1 — A/D CONTROL REGISTER 1 (ADRESS: 9Fh)

U-0 R/W-0 R/W-0 R/W-0 U-0 U-0 uU-0 uU-0
— ADCS2 | ADCs1 [ ADCsO | — | — | — —
bit 7 bit 0
bit 7: Unimplemented: Read as ‘0’
bit 6-4: ADCS<2:0>: A/D Conversion Clock Select bits
000 = Fosc/2
001 = Fosc/8

010 = Fosc/32

x11 = FRC (clock derived from a dedicated internal oscillator = 500 kHz max)
100 = Fosc/4

101 = Fosc/16

110 = Fosc/64

bit 3-0: Unimplemented: Read as ‘0’

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 7-3: = ANSEL—ANALOGSELECTREGISTER(ADRESS:91h)(PIC16F676 ONLY)

RW-1  RW-1  RW-1  RMW-1 R/W-1 RW-1  RW-1  RMW-1
ANS7 | ANS6 | ANS5 | ANs4 | ANS3 | ANS2 | ANST | ANSO |
bit 7 bit 0

bit 7-0: ANS<7:0>: Analog Select between analog or digital function on pins AN<7:0>, respectively.

1 = Analog input. Pin is assigned as analog input.(!)
0 = Digital I/0O. Pin is assigned to port or special function.

Note 1: Setting a pin to an analog input automatically disables the digital input circuitry,
weak pull-ups, and interrupt-on-change if available. The corresponding TRIS bit
must be set to Input mode in order to allow external control of the voltage on the pin.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
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7.2 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 7-3. 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), see
Figure 7-3. The maximum recommended imped-
ance for analog sources is 10 kQ. As the impedance

EQUATION 7-1:  ACQUISITION TIME

is decreased, the acquisition time may be decreased.
After the analog input channel is selected (changed),
this acquisition must be done before the conversion
can be started.

To calculate the minimum acquisition time, Equation 7-1
may be used. This equation assumes that 1/2 LSb error
is used (1024 steps for the A/D). The 1/2 LSb error is the
maximum error allowed for the A/D to meet its specified
resolution.

To calculate the minimum acquisition time, TACQ, see
the PIC® Mid-Range Reference Manual (DS33023).

TACQ Amplifier Settling Time +
Hold Capacitor Charging Time +

Temperature Coefficient

TAMP + TcC + TCOFF
2us + TC + [(Temperature -25°C)(0.05us/°C)]

Tc = CHoLD (RIC + Rss + RS) In(1/2047)
= - 120pF (1kQ + 7kQ + 10kQ) In(0.0004885)
= 16.47us

TACQ = 2us + 16.47us + [(50°C -25°C)(0.05us/°C)
= 19.72us

leakage specification.

Note 1: The reference voltage (VREF) has no effect on the equation, since it cancels itself out.
2: The charge holding capacitor (CHOLD) is not discharged after each conversion.
3: The maximum recommended impedance for analog sources is 10 kQ. This is required to meet the pin

FIGURE 7-3: ANALOG INPUT MODEL
Voo Sampling
S VT = 0.6V , Switch
X Rs ' ANXx Ric <1K: SS Rss:
1 AVAVAV LIPY VAV ]
' coeen L L L ek SRR it
' PPN o - | LEAKAGE = = capacitance
@ v =06V(}) 1506 ma = 120 pF
- ¢ 1 Vss
Legend: CPIN = input capacitance

VT = threshold voltage g \
| LEAKAGE = leakage current at the pin due to VDD 4\
various junctions 3\L
Ric = interconnect resistance 2V.
SS = sampling switch
CHoOLD = sample/hold capacitance (from DAC) 567891011
Sampling Switch
(kQ)
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7.3 A/D Operation During