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MicrocHip PIC12F635/PIC16F636/639

8/14-Pin Flash-Based, 8-Bit CM OS Microcontrollers
With nanoWatt Technology

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:
» Precision Internal Oscillator:
- Factory calibrated to £1%, typical
- Software selectable frequency range of
8 MHz to 125 kHz
- Software tunable
- Two-Speed Start-up mode
- Crystal fail detect for critical applications
- Clock mode switching during operation for
power savings
¢ Clock mode switching for low-power operation
* Power-Saving Sleep mode
« Wide operating voltage range (2.0V-5.5V)
 Industrial and Extended Temperature range
¢ Power-on Reset (POR)
« Wake-up Reset (WUR)
« Independent weak pull-up/pull-down resistors
* Programmable Low-Voltage Detect (PLVD)
e Power-up Timer (PWRT) and Oscillator Start-up
Timer (OST)
« Brown-out Reset (BOR) with software control
option
« Enhanced Low-Current Watchdog Timer (WDT)
with on-chip oscillator (software selectable
nominal 268 seconds with full prescaler) with
software enable
* Multiplexed Master Clear with pull-up/input pin
« Programmable code protection (program and
data independent)
¢ 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:

e Standby Current:
- 1nA @ 2.0V, typical
e Operating Current:
- 85 uA @ 32 kHz, 2.0V, typical
- 100 uA @ 1 MHz, 2.0V, typical
« Watchdog Timer Current:
- 1uA @ 2.0V, typical

© 2007 Microchip Technology Inc.

Peripheral Features:

e 6/12 1/0O pins with individual direction control:

- High-current source/sink for direct LED drive

- Interrupt-on-change pin

- Individually programmable weak pull-ups/
pull-downs

- Ultra Low-Power Wake-up

« Analog Comparator module with:

- Up to two analog comparators

- Programmable On-chip Voltage Reference
(CVREF) module (% of VDD)

- Comparator inputs and outputs externally
accessible

« TimerO0: 8-bit timer/counter with 8-bit
programmable prescaler
* Enhanced Timer1:

- 16-bit timer/counter with prescaler

- External Timerl Gate (count enable)

- Option to use OSC1 and OSC2 in LP mode
as Timerl oscillator if INTOSC mode
selected

» KEELOQ® compatible hardware Cryptographic
module

« In-Circuit Serial Programming™ (ICSP™) via
two pins

Low-Frequency Analog Front-End
Features (PIC16F639 only):

« Three input pins for 125 kHz LF input signals

« High input detection sensitivity (3 mVpp, typical)

« Demodulated data, Carrier clock or RSSI output
selection

 Input carrier frequency: 125 kHz, typical

 Input modulation frequency: 4 kHz, maximum

< 8internal Configuration registers

« Bidirectional transponder communication
(LF talk back)

« Programmable antenna tuning capacitance
(up to 63 pF, 1 pF/step)

¢ Low standby current: 5 pA (with 3 channels
enabled), typical

* Low operating current: 15 pA (with 3 channels
enabled), typical

« Serial Peripheral Interface (SPI) with internal
MCU and external devices

« Supports Battery Back-up mode and batteryless
operation with external circuits

DS41232D-page 1



PIC12F635/PIC16F636/639

Program Memory Data Memory Low Frequency
Device I/O | Comparators Analog
Flash (words) SRAM (bytes) EEPROM (bytes) Front-End
PIC12F635 1024 64 128 6 1 N
PIC16F636 2048 128 256 12 2 N
PIC16F639 2048 128 256 12 Y
Note 1:

Any references to PORTA, RAN, TRISA and TRISAnN refer to GPIO, GPn, TRISIO and TRISION, respectively.

VDDT is the supply voltage of the Analog Front-End section (PIC16F639 only). VDDT is treated as VDD in
this document unless otherwise stated.

VssT is the ground reference voltage of the Analog Front-End section (PIC16F639 only). VSST is treated
as Vss in this document unless otherwise stated.

DS41232D-page 2
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PIC12F635/PIC16F636/639

8-Pin Diagrams (PDIP, SOIC, DFN, DFN-S)

PDIP, SOIC
N\
vbb —[|1 8[J~— Vss
L0
GP5/T1CKI/OSC1/CLKIN <—[]2 § 7[]=— GPO/C1IN+/ICSPDAT/ULPWU
- N
GP4/T1G/OSC2/CLKOUT «—=[|3 3 6[}«— GP1/CLIN-/ICSPCLK
GP3/MCLR/VPP —[ |4 - 5[]«—= GP2/TOCKI/INT/C10UT
DFN, DFN-S
VDD -1 0 8[|+ Vss
(92)
GP5/T1CKI/OSC1/CLKIN <—»[|2 © 7[]<— GPO/CIN+/ICSPDAT/ULPWU
GP4/T1G/OSC2/CLKOUT <—=[]3 g 6|]<— GP1/CIN-/ICSPCLK
GP3/MCLR/VDD <-—{|4 T 5[]« GP2/TOCKI/INT/COUT

TABLE 1: 8-PIN SUMMARY (PDIP, SOIC, DFN, DFN-S)

I/O Pin Comparators Timer Interrupts Pull-ups Basic
GPO 7 C1IN+ — I0C Y ICSPDAT/ULPWU
GP1 6 C1IN- — I0C Y ICSPCLK
GP2 5 C10uUT TOCKI INT/IOC Y —
GP3®W | 4 — — lole Y@ MCLRIVPP
GP4 3 — T1G IoC Y OSC2/CLKOUT
GP5 2 — T1CKI I0C Y OSC1/CLKIN

— 1 — — — — VDD

— 8 — — — — Vss

Note 1. Inputonly.
2. Only when pin is configured for external MCLR.

© 2007 Microchip Technology Inc. DS41232D-page 3



PIC12F635/PIC16F636/639

14-Pin Diagram (PDIP, SOIC, TSSOP)

J

Vob —[]1 14(] Vss
RA5/TICKI/OSCL/CLKIN «——[]2 = 13[] RAO/C1IN+/ICSPDAT/ULPWU
RA4/T1G/OSC2/CLKOUT s @ 12[] RA1/C1IN-/VREF/ICSPCLK

RA3/MCLRNVPP —|4 & 11[] RA2/TOCKI/INT/C1OUT
RC5 N5 O 10[]«—— RCO/C2IN+
RC4/C20UT Os 2 o RC1/C2IN-
RC3 7 8] RC2
TABLE 2: 14-PIN SUMMARY (PDIP, SOIC, TSSOP)

/10 Pin Comparators Timer Interrupts Pull-ups Basic
RAO 13 C1IN+ — lI0C Y ICSPDAT/ULPWU
RA1 12 C1IN- — I0C Y VREF/ICSPCLK
RA2 11 Cc1ouT TOCKI INT/IOC Y —
RA3M | 4 — — lole Y@ MCLRIVPP
RA4 3 - T1G 10C Y OSC2/CLKOUT
RA5 2 — T1CKI lI0C Y OSC1/CLKIN
RCO 10 C2IN+ — — — —

RC1 9 C2IN- — — — —
RC2 8 — — — — —
RC3 7 — — — — —
RC4 6 C20UT — — — —
RC5 5 — — — — —

— 1 — — — — VDD

— 14 — — — — Vss
Note 1. Inputonly.

2:  Only when pin is configured for external MCLR.

DS41232D-page 4
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PIC12F635/PIC16F636/639

16-Pin Diagram

QFN

RAS5/T1CKI/OSC1/CLKIN <—»

RA4/AN3/T1G/OSC2/CLKOUT -—>»
RA3/MCLR/VpPp —

[
[
[
[

3

~

I5
[6
[7
I8

|
]
|
|

<+ RAO/C1IN+/ICSPDAT/ULPWU
<«—» RA1/CLIN-/VREF/ICSPCLK
< RA2/TOCKI/INT/C1OUT
< RCO/C2IN+

S =
3 g
4
TABLE 3: 16-PIN SUMMARY
I/O Pin Comparators Timer Interrupts Pull-ups Basic
RAO 12 C1IN+ — 10C Y ICSPDAT/ULPWU
RA1 11 C1IN- — 10C Y VREF/ICSPCLK
RA2 10 C10uUT TOCKI INT/IOC Y —
RA3® | 3 _ _ loc Y@ MCLR/VPP
RA4 2 — T1G l0C Y OSC2/CLKOUT
RA5 1 — T1CKI loC Y OSC1/CLKIN
RCO 9 C2IN+ — — — —
RC1 8 C2IN- — — — —
RC2 7 — — — — —
RC3 6 — — — — —
RC4 5 C20UT — — — —
RC5 4 — — — — —
— 16 — — — — VDD
— 13 — — — — Vss
— 14 — — — — NC
— 15 — — — — NC
Note 1: Input only.

2:  Only when pin is configured for external MCLR.

© 2007 Microchip Technology Inc.
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PIC12F635/PIC16F636/639

20-Pin Diagram

SSOP
vobo —=[]1 ~ 20[]=— Vss
RA5/T1CKI/OSC1/CLKIN =——[]2 19[]«~— RAO/C1IN+/ICSPDAT/ULPWU
RA4/T1G/OSC2/CLKOUT —[|3 18[]<— RAL/C1IN-/VREF/ICSPCLK
RA3MCLRVPP —>[]4 @ 17[]«— RA2/TOCKI/INT/CLOUT
RC5<~—[]5 [ 16[]<— RCO/C2IN+
RC4/C20UT ~—[|6 g 15[]«— RC1/C2IN-/CS
RC3/LFDATA/RSSI/CCLK/SDIO =—=[]7 & 14[]<— RC2/SCLK/ALERT
vopoT1®) —[]8 13[J=— VssT®
Lcz—[]9 12[]<— LCCOM
Lcy —=[]10 11[]J=— LCX
TABLE 4: 20-PIN SUMMARY
I/0 Pin Analog Front-End | Comparators Timer Interrupts Pull-ups Basic
RAO 19 — C1IN+ — I0C Y ICSPDAT/ULPWU
RA1 18 — C1IN- — I0C Y VREF/ICSPCLK
RA2 17 — Cc1ouT TOCKI INT/IOC Y —
RA3M| 4 — — — l0C Y@ MCLRVPP
RA4 3 — — T1G lI0C Y OSC2/CLKOUT
RA5 2 — — T1CKI lI0C Y OSC1/CLKIN
RCO 16 — C2IN+ — — — —
RC1 15 — C2IN- — — — [
RC2 14 ALERT — — — — SCLK
RC3 7 LFDATA/RSSI — — — — CCLK/SDIO
RC4 6 — C20UT — — — —
RC5 5 — — — — — —
— 8 — — — — — vopT®
— 13 — — — — — VssT®)
— 11 LCX — — — — —
— 10 LCY — — — — —
— 9 LCZ — — — — —
— 12 LCCOM — — — — —
— 1 — — — — — VDD
— 20 — — — — — Vss

Note 1: Input only.

2:  Only when pin is configured for external MCLR.
3. VDDT is the supply voltage of the Analog Front-End section (PIC16F639 only). VDDT is treated as VDD in

this document unless otherwise stated.

4: VssTis the ground reference voltage of the Analog Front-End section (PIC16F639 only). VssT is treated
as Vss in this document unless otherwise stated.

DS41232D-page 6
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PIC12F635/PIC16F636/639
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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.

© 2007 Microchip Technology Inc. DS41232D-page 7
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NOTES:
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PIC12F635/PIC16F636/639

1.0 DEVICE OVERVIEW Block Diagrams and pinout descriptions of the devices

are as follows:

e PIC12F635 (Figure 1-1, Table 1-1)
« PIC16F636 (Figure 1-2, Table 1-2)
« PIC16F639 (Figure 1-3, Table 1-3)

This document contains device specific information for
the PIC12F635/PIC16F636/639 devices.

FIGURE 1-1: PIC12F635 BLOCK DIAGRAM
13 Data Bus 8 GPIO
<%= Program Counter [< GPO
Flash @
1K x 14 GP1
Program RAM N GP2
Memory 8-level Stack 64 bytes GP3
(13-bit) File GP4
Registers GP5
Program 14
Bus RAM Addr
Instruction Reg
; 7 Indirect
‘ Direct Addr Addr
8 STATUS Reg
YL Power-up 3
Instruction Timer ﬁ
Decode and > Oscillator
Control Start-up Timer
Power-on ALU
OSC1/CLKIN Reset 8 . |
G Timintg p Watchdog
eneration \m— i
OSC2/CLKOUT Brown-out
Reset
Programmable
8 MHz 31 kHz
Internal Internal Low-Voltage Detect
Oscillator| |Oscillator Wake-up
Reset
T1G é & &
& MCLR VDD Vss
T1CKI ¢
X]_> Timer0 Timerl
TOCKI {}
i @
Cryptographic 1 Analog
Module Comparator EEDAT
and Reference 128 bytes

Data
EEPROM
& EEADDR

C1IN- C1lIN+ C10UT ‘ ﬁf

© 2007 Microchip Technology Inc. DS41232D-page 9



PIC12F635/PIC16F636/639

FIGURE 1-2: PIC16F636 BLOCK DIAGRAM
Configuration
13 Data Bus 8 PORTA
<= Program Counter <
|~
Flash @ RAO
2K x 14 RA1
Program RAM - RA2
Memory 8-level Stack blfgs = RA3
(13-bit) I):/ile . RA4
Registers D RA5
Program 14
Bus RAM Addr
Instruction Reg
: PORTC
‘ Direct Addr 7 Indirect
Addr . RCO
| RC1
-] RC2
=
STATUS Reg -— RC3
8 -~ RC4
] RC5
Power-up 3
Timer ﬁ
Instrt?({tion Oscillator
Decode and K= Start-up Timer et
Control Power-on
Reset 8 |
OSC1/CLKIN Watchdog
Generation K> Brown-out
XI—’ Reset
OSC2/CLKOUT Programmable
Low-Voltage Detect
8 MHz 31 kHz Wake-up
Internal Internal Reset T1CKI T1G
Oscillator | | Oscillator é % %
MCLR VDD Vss
% Timer0 Timerl
TOCKI

i
4; AN @

Cryptographic 2 AnalggRC?mparators EEDAT
and Reference
Module 256 bytes

l % % l EEgalggM
X X EEADDR

C1IN- C1IN+ C1OUT C2IN- C2IN+ C20UT

DS41232D-page 10 © 2007 Microchip Technology Inc.



PIC12F635/PIC16F636/639

FIGURE 1-3: PIC16F639 BLOCK DIAGRAM
13 8 PORTA
Data Bus
- RAO
Flash @ - RA1
2K x 14
Program RAM :> RA2
Memory 8-level Stack b128 RA3
(13-bit) yies R4
File
Registers
Program 14 g RAS
Bus RAM Addr ()
Instruction Reg PORTC
H Direct Addr 7 ”}gggft = NRrco
< RC1
- RC2
) < X|RC3
8 <[ X|RC4
- RC5
Power-up 3
Timer
\V4 -
Instruction Oscillator
Decode and > Start-up Timer ALU
Control Power-on
Reset |
OSC1/CLKIN W{il_t_chdog
. imer
Timin
Generat?on > Brown-out veor % 125 kHz -
Reset
0SC2/CLKOUT T T Programmable Vsst [XJ+| Analog Front-End |«
Low-voltage Detect (AFE)
8 MHz 31 kHz Wake-up LCCOM Xl—’
Internal Internal Reset T1CKI T1G
Oscillator | | Oscillator
g g g LCX LCY LCz
MCLR VDD Vss
EZ " Timer0 Timerl
TOCKI
¥ T 1
2 Analog
KEELOQ Module Comparators EEDAT
and Reference 256 bytes
DATA
EEPROM
EEADDR
C1IN- C1IN+ C1OUT C2IN- C2IN+ C20UT gf

© 2007 Microchip Technology Inc.
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PIC12F635/PIC16F636/639

TABLE 1-1: PIC12F635 PINOUT DESCRIPTIONS

Name Function Input | Output Description
Type Type
GPO/C1IN+/ICSPDAT/ULPWU GPO TTL — General purpose I/O. Individually controlled
interrupt-on-change. Individually enabled pull-up/pull-down.
Selectable Ultra Low-Power Wake-up pin.
C1lIN+ AN — Comparator 1 input — positive.
ICSPDAT TTL CMOS |Serial programming data I/O.
ULPWU AN — Ultra Low-Power Wake-up input.
GP1/C1IN-/ICSPCLK GP1 TTL CMOS |General purpose I/0O. Individually controlled
interrupt-on-change. Individually enabled pull-up/pull-down.
C1IN- AN — Comparator 1 input — negative.
ICSPCLK ST — Serial programming clock.
GP2/TOCKI/INT/C1OUT GP2 ST CMOS |General purpose I/O. Individually controlled
interrupt-on-change. Individually enabled pull-up/pull-down.
TOCKI ST — External clock for TimerO.
INT ST — External interrupt.
ClouT — CMOS |Comparator 1 output.
GP3/MCLR/VPP GP3 TTL — General purpose input. Individually controlled
interrupt-on-change.
MCLR ST — Master Clear Reset. Pull-up enabled when configured as MCLR.
VPP HV — Programming voltage.
GP4/T1G/OSC2/CLKOUT GP4 TTL CMOS |General purpose I/O. Individually controlled
interrupt-on-change. Individually enabled pull-up/pull-down.
T1G ST — Timerl gate.
0sC2 — XTAL | XTAL connection.
CLKOUT — CMOS |Toscl/4 reference clock.
GP5/T1CKI/OSC1/CLKIN GP5 TTL CMOS |General purpose I/0O. Individually controlled
interrupt-on-change. Individually enabled pull-up/pull-down.
T1CKI ST — Timer1 clock.
0OsC1 XTAL — XTAL connection.
CLKIN ST — Tosc reference clock.
VDD VDD D — Power supply for microcontroller.
Vss Vss D — Ground reference for microcontroller.
Legend: AN = Analog input or output CMOS = CMOS compatible input or output D = Direct
HV = High Voltage ST = Schmitt Trigger input with CMOS levels
TTL =TTL compatible input XTAL = Crystal

DS41232D-page 12

© 2007 Microchip Technology Inc.




PIC12F635/PIC16F636/639

TABLE 1-2: PIC16F636 PINOUT DESCRIPTIONS

Name Function I%ppuet O#;Szt Description
RAO/C1IN+/ICSPDAT/ULPWU RAO TTL — General purpose I/O. Individually controlled
interrupt-on-change. Individually enabled pull-up/pull-down.
Selectable Ultra Low-Power Wake-up pin.
C1IN+ AN — Comparator 1 input — positive.
ICSPDAT | TTL CMOS |Serial programming data I/O.
ULPWU AN — Ultra Low-Power Wake-up input.
RA1/C1IN-/VREF/ICSPCLK RA1 TTL CMOS |General purpose I/O. Individually controlled
interrupt-on-change. Individually enabled pull-up/pull-down.
C1IN- AN — Comparator 1 input — negative.
VREF AN — External voltage reference
ICSPCLK ST — Serial programming clock.
RA2/TOCKI/INT/C1OUT RA2 ST CMOS |General purpose I/O. Individually controlled
interrupt-on-change. Individually enabled pull-up/pull-down.
TOCKI ST — External clock for TimerO.
INT ST — External interrupt.
ClouUT — CMOS |Comparator 1 output.
RA3/MCLR/VPP RA3 TTL — General purpose input. Individually controlled interrupt-on-change.
MCLR ST — Master Clear Reset. Pull-up enabled when configured as MCLR.
VPP HV — Programming voltage.
RA4/T1G/OSC2/CLKOUT RA4 TTL CMOS |General purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up/pull-down.
T1G ST — Timerl gate.
0sc2 — XTAL |XTAL connection.
CLKOUT — CMOS |Toscl/4 reference clock.
RA5/T1CKI/OSC1/CLKIN RA5 TTL CMOS |General purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up/pull-down.
T1CKI ST — Timerl clock.
0OscC1 XTAL — XTAL connection.
CLKIN ST — Tosc reference clock.
RCO/C2IN+ RCO TTL CMOS |General purpose I/0O.
C2IN+ AN — Comparator 1 input — positive.
RC1/C2IN- RC1 TTL CMOS |General purpose I/O.
C2IN- AN — Comparator 1 input — negative.
RC2 RC2 TTL CMOS |General purpose I/0O.
RC3 RC3 TTL CMOS |General purpose I/0O.
RC4/C20UT RC4 TTL CMOS |General purpose I/O.
C20UT — CMOS |Comparator 2 output.
RC5 RC5 TTL CMOS |General purpose I/O.
VDD VDD D — Power supply for microcontroller.
Vss Vss D — Ground reference for microcontroller.
Legend: AN = Analog input or output CMOS = CMOS compatible input or output D = Direct
HV = High Voltage ST = Schmitt Trigger input with CMOS levels
TTL =TTL compatible input XTAL = Crystal
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TABLE 1-3: PIC16F639 PINOUT DESCRIPTIONS

Name Function I_Ir_1yppuet O;Jytgst Description
LCCOM LCCOM AN — Common reference for analog inputs.
LCX LCX AN — 125 kHz analog X channel input.
LCY LCY AN — 125 kHz analog Y channel input.
LCz LCZ AN — 125 kHz analog Z channel input.
RAOQ/C1IN+/ICSPDAT/ULPWU RAO TTL — General purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up/pull-down.
Selectable Ultra Low-Power Wake-up pin.
C1IN+ AN — Comparatorl input — positive.
ICSPDAT | TTL CMOS | Serial Programming Data 0.
ULPWU AN — Ultra Low-Power Wake-up input.
RA1/C1IN-/VREF/ICSPCLK RA1 TTL CMOS | General purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up/pull-down.
C1IN- AN — Comparatorl input — negative.
VREF AN — External voltage reference
ICSPCLK ST — Serial Programming Clock.
RA2/TOCKI/INT/C10OUT RA2 ST CMOS | General purpose I/0O. Individually controlled interrupt-on-change.
Individually enabled pull-up/pull-down.
TOCKI ST — External clock for TimerO.
INT ST — External Interrupt.
ClouUT — CMOS | Comparatorl output.
RA3/MCLR/VPP RA3 TTL — General purpose input. Individually controlled
interrupt-on-change.
MCLR ST — Master Clear Reset. Pull-up enabled when configured as MCLR.
VPP HV — Programming voltage.
RA4/T1G/OSC2/CLKOUT RA4 TTL CMOS | General purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up/pull-down.
T1G ST — Timerl gate.
0sC2 — XTAL | XTAL connection.
CLKOUT — CMOS | Tosc reference clock.
RA5/T1CKI/OSC1/CLKIN RA5 TTL CMOS | General purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up/pull-down.
T1CKI ST — Timer1 clock.
0scC1 XTAL — XTAL connection.
CLKIN ST — Tosc/4 reference clock.
RCO/C2IN+ RCO TTL CMOS | General purpose 1/0.
C2IN+ AN — Comparatorl input — positive.
RC1/C2IN-/CS RC1 TTL CMOS | General purpose I/O.
C2IN- AN — Comparatorl input — negative.
CcS TTL — Chip select input for SPI communication with internal pull-up
resistor.
RC2/SCLK/ALERT RC2 TTL CMOS | General purpose I/O.
SCLK TTL — Digital clock input for SPI communication.
ALERT — oD Output with internal pull-up resistor for AFE error signal.
Legend: AN = Analog input or output CMOS = CMOS compatible input or output D = Direct
HV = High Voltage ST = Schmitt Trigger input with CMOS levels OD = Open Drain
TTL =TTL compatible input XTAL = Crystal

DS41232D-page 14
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PIC12F635/PIC16F636/639

TABLE 1-3: PIC16F639 PINOUT DESCRIPTIONS (CONTINUED)

Name Function Input | Output Description
Type Type
RC3/LFDATA/RSSI/CCLK/SDO RC3 TTL CMOS | General purpose 1/O.
LFDATA — CMOS | Digital output representation of analog input signal to LC pins.
RSSI — Current | Received signal strength indicator. Analog current that is
proportional to input amplitude.
CCLK — — Carrier clock output.
SDIO TTL CMOS | Input/Output for SPI communication.
RC4/C20UT RC4 TTL CMOS | General purpose 1/0.
C20UT — CMOS | Comparator2 output.
RC5 RC5 TTL CMOS | General purpose I/O.
VDDT VDDT D — Power supply for Analog Front-End. In this document, VDDT is
treated the same as VDD, unless otherwise stated.
VssT VssT D — Ground reference for Analog Front-End. In this document, VSST is
treated the same as Vss, unless otherwise stated.
VDD VDD D — Power supply for microcontroller.
Vss Vss D — Ground reference for microcontroller.
Legend: AN = Analog input or output CMOS = CMOS compatible input or output D = Direct
HV = High Voltage ST = Schmitt Trigger input with CMOS levels OD = Open Drain
TTL =TTL compatible input XTAL = Crystal
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NOTES:
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2.0 MEMORY ORGANIZATION

2.1 Program Memory Organization

The PIC12F635/PIC16F636/639 devices have a 13-bit
program counter capable of addressing an 8K x 14
program memory space. Only the first 1Kx 14
(0000h-03FFh, for the PIC12F635) and 2K x 14
(0000h-07FFh, for the PIC16F636/639) is physically
implemented. Accessing a location above these
boundaries will cause a wraparound within the first
2K x 14 space. The Reset vector is at 0000h and the
interrupt vector is at 0004h (see Figure 2-1).

2.2 Data Memory Organization

The data memory (see Figure 2-2) is partitioned into
two banks, which contain the General Purpose
Registers (GPR) and the Special Function Registers
(SFR). The Special Function Registers are located in
the first 32 locations of each bank. Register locations
20h-7Fh in Bank 0 and AOh-BFh in Bank 1 are GPRs,
implemented as static RAM for the PIC16F636/639.
For the PIC12F635, register locations 40h through 7Fh
are GPRs implemented as static RAM. Register
locations FOh-FFh in Bank 1 point to addresses
70h-7Fh in Bank 0. All other RAM is unimplemented
and returns ‘0’ when read. RPO of the STATUS register
is the bank select bit.

RP1 RPO
0 0 — Bank 0 is selected
0 1 — Bank 1 is selected
1 0 — Bank 2 is selected
1 1 — Bank 3 is selected

FIGURE 2-1: PROGRAM MEMORY MAP AND
STACK OF THE PIC12F635

| PC<12:0> |
CALL, RETURN |

RETFIE, RETLW | 13
/

Stack Level 1

L]
L]
L]

Stack Level 8

Reset Vector 0000h
L]
: <::
Interrupt Vector 0004h
0005h

On-chip Program

Memory
03FFh
0400h
Access 0-3FFh
1FFFh

FIGURE 2-2: PROGRAM MEMORY MAP AND
STACK OF THE PIC16F636/639

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

Stack Level 1
[ ]

Stack Level 8

Reset Vector 0000h
L]
L] K 'l:
L]
Interrupt Vector 0004h
0005h

On-chip Program
Memory

07FFh
0800h

Access 0-7FFh

1FFFh
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221 GENERAL PURPOSE REGISTER

The register file is organized as 64 x 8 for the
PIC12F635 and 128 x 8 for the PIC16F636/639. Each
register is accessed, either directly or indirectly,
through the File Select Register, FSR (see Section 2.4
“Indirect Addressing, INDF and FSR Registers”).

222 SPECIAL FUNCTION REGISTERS

The Special Function Registers (SFRs) are registers
used by the CPU and peripheral functions for controlling
the desired operation of the device (see Figure 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.

DS41232D-page 18
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PIC12F635/PIC16F636/639

FIGURE 2-3: PIC12F635 SPECIAL FUNCTION REGISTERS
File File File File
Address Address Address Address
Indirect addr.®Y | 0oh Indirect addr.®) | 80h Accesses | 100h Accesses | 180h
TMRO 01h OPTION_REG |81h 00h-0Bh 101h 80h-8Bh 181h
PCL 02h PCL 82h 102h 182h
STATUS 03h STATUS 83h 103h 183h
FSR 04h FSR 84h 104h 184h
GPIO 05h TRISIO 85h 105h 185h
06h 86h 106h 186h
07h 87h 107h 187h
08h 88h 108h 188h
09h 89h 109h 189h
PCLATH OAh PCLATH 8Ah 10Ah 18Ah
INTCON 0Bh INTCON 8Bh 10Bh 18Bh
PIR1 0Ch PIE1 8Ch 10Ch 18Ch
0Dh 8Dh 10Dh 18Dh
TMRI1L OEh PCON 8Eh 10Eh 18Eh
TMR1H OFh OSCCON 8Fh 10Fh 18Fh
T1CON 10h OSCTUNE 90h CRCON 110h 190h
11h 91h CRDATO®  |111h 191h
12h 92h CRDAT1®  |112h 192h
13h 93h CRDAT2®  |113h 193h
14h LVDCON  |94h CRDAT3®  |114h 194h
15h WPUDA 95h 115h 195h
16h IOCA 96h 116h 196h
17h WDA 97h 117h 197h
WDTCON 18h 98h 118h 198h
CMCONO 19h VRCON 99h 119h 199h
CMCONL1 1Ah EEDAT 9Ah 11Ah 19Ah
1Bh EEADR 9Bh 11Bh 19Bh
1Ch EECON1 9Ch 11Ch 19Ch
1Dh EECON2®)  |9Dh 11Dh 19Dh
1Eh 9Eh 11Eh 19Eh
1Fh 9Fh 11Fh 19Fh
20h AOh 120h 1A0h
3Fh
General 40h
Purpose
Register EFh 16Fh 1EFh
64 Bytes Accesses Foh Accesses 170h Accesses 1FOh
7Eh 70h-7Fh FEh 70h-7Fh 17Eh Bank O 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

] Unimplemented data memory locations, read as ‘0.
Note 1: Not a physical register.

2. CRDAT<3:0> registers are KEeLoo® hardware peripheral related registers and require the execution of the
“KeeLoQ® Encoder License Agreement” regarding implementation of the module and access to related
registers. The “KEEL0Q® Encoder License Agreement” may be accessed through the Microchip web site
located at www.microchip.com/KEELOQ or by contacting your local Microchip Sales Representative.
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FIGURE 2-4:

PIC16F636/639 SPECIAL FUNCTION REGISTERS

Indirect addr.®D

TMRO

PCL

STATUS

FSR

PORTA

PORTC

PCLATH

INTCON

PIR1

TMR1L

TMR1H

T1CON

WDTCON

CMCONO

CMCON1

General
Purpose
Register
96 Bytes

Bank 0

Note 1:

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

7Fh

Indirect addr. @

OPTION_REG

PCL

STATUS

FSR

TRISA

TRISC

PCLATH

INTCON

PIE1

PCON

OSCCON

OSCTUNE

LVDCON

WPUDA

IOCA

WDA

VRCON

EEDAT

EEADR

EECON1

EECON2(D

General
Purpose
Register
32 Bytes

Accesses
70h-7Fh

Bank 1

Not a physical register.

File
Address
80h
81h
82h
83h
84h
85h
86h
87h
88h
89h
8Ah
8Bh
8Ch
8Dh
8Eh
8Fh
90h
91h
92h
93h
94h
95h
96h
97h
98h
9%h
9Ah
9Bh
9Ch
9Dh
9Eh
9Fh
AOh

BFh

COh
EFh

FOh
FFh

Accesses
00h-0Bh

CRCON

CRDAT0®

CRDAT1®

CRDAT2@

CRDAT3®@

Accesses
70h-7Fh

Bank 2

[0 unimplemented data memory locations, read as ‘0’.

File
Address
100h
101h
102h
103h
104h
105h
106h
107h
108h
109h
10Ah
10Bh
10Ch
10Dh
10Eh
10Fh
110h
111h
112h
113h
114h
115h
116h
117h
118h
119h
11Ah
11Bh
11Ch
11Dh
11Eh
11Fh
120h

16Fh
170h
17Fh

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

Accesses
80h-8Bh

1EFh
1FOh
1FFh

Accesses
Bank O

Bank 3

2. CRDAT<3:0> registers are KEELOQ hardware peripheral related registers and require the execution of the
“KeeLoQ® Encoder License Agreement” regarding implementation of the module and access to related
registers. The “KeeLoq® Encoder License Agreement” may be accessed through the Microchip web site
located at www.microchip.com/KEELOQ or by contacting your local Microchip Sales Representative.
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TABLE 2-1: PIC12F635 SPECIAL FUNCTION 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/BOR/ Page
WUR
Bank 0
00h |INDF Addressing this location uses contents of FSR to address data memory XXXK XXXX 32,137
(not a physical register)

0lh |TMRO Timer0 Module Register XXXX XXXX 61,137
02h |PCL Program Counter’s (PC) Least Significant Byte 0000 0000 32,137
03h |STATUS IRP | RP1 | RPO | TO | PD | z | DC | C 0001 1xxx 26,137
04h |FSR Indirect Data Memory Address Pointer XXXX XXXX 32,137
05h |GPIO — | — | eps | epa | eps | eP2 | ePr | GPO | --xx xxo0| 47137
06h — Unimplemented — —
07h — Unimplemented — —
08h — Unimplemented — —
09h — Unimplemented — —
0OAh |PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 32,137
0Bh |[INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF® 0000 000x 28,137
0Ch |PIR1 EEIF LVDIF CRIF — C1lIF OSFIF — TMR1IF 000- 00-0 30,137
0Dh — Unimplemented — —
OEh |TMRI1L Holding Register for the Least Significant Byte of the 16-bit TMR1 XXXK XXXX 64,137
OFh |TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 XXXK XXXX 64,137

10h |T1CON T1GINV |TMR1GE|T1CKP81 T1CKPSO | TIOSCEN | TISYNC | TMR1CS | TMRION | 0000 0000 68,137

11h — Unimplemented — —

12h — Unimplemented — —
13h — Unimplemented — —
14h — Unimplemented — —
15h — Unimplemented — —
16h — Unimplemented — —
17h — Unimplemented — —
18h |WDTCON — — — WDTPS3 | WDTPS2 | WDTPS1 | WDTPSO | SWDTEN | ---0 1000 144,137
19h |CMCONO — couT — CINV CIs CM2 CM1 CMO -0-0 0000 79,137
1Ah |CMCON1 — — — — — — T1GSS CMSYNC | ---- -- 10 82,137
1Bh — Unimplemented — —
1Ch — Unimplemented — —
1Dh — Unimplemented — —
1Eh — Unimplemented — —
1Fh — Unimplemented — —
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 and Watchdog Timer Reset during normal operation.
MCLR and WDT Reset do not affect the previous value data latch. The RAIF bit will be cleared upon Reset but will set again if the mis-
match exists.

N

© 2007 Microchip Technology Inc. DS41232D-page 21



PIC12F635/PIC16F636/639

TABLE 2-2: PIC12F635 SPECIAL FUNCTION REGISTERS SUMMARY BANK 1
Value on
Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | POR/BOR/ Page
WUR
Bank 1
80h |INDF Addressing this location uses contents of FSR to address data memory XXXxX xxxx| 32,137
(not a physical register)
81h |OPTION_REG| RAPU ‘ INTEDG ‘ TOCS ‘ TOSE ‘ PSA ‘ PS2 ‘ PS1 ‘ PSO |1111 1111| 63137
82h |PCL Program Counter’s (PC) Least Significant Byte 0000 0000 32,137
83h |STATUS rp | rRr1 | R0 | TO | PB | z | bc | c  [oo01 1xxx| 2s137
84h |FSR Indirect Data Memory Address Pointer XXXX XXXX 32,137
85h |TRISIO — | — |7risios | TRisio4 | TRISIO3] TRISIO2 | TRISIOL [ TRISIOO [--11 1111]--11 1111
86h — Unimplemented — —
87h — Unimplemented — —
88h — Unimplemented — —
89h — Unimplemented — —
8Ah [PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 32,137
8Bh |INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF® 0000 000x| 28,137
8Ch |PIE1 EEIE LVDIE CRIE — C1lIE OSFIE — TMRI1IE |000- 00-0| 29,137
8Dh — Unimplemented — —
8Eh |PCON = —  |ULPWUE|SBOREN| WUR = POR BOR |[--01 g-qg| 31,137
8Fh |OSCCON — IRCF2 IRCF1 IRCFO | OSTS HTS LTS SCS |-110 go00| 36,137
90h |OSCTUNE — — — TUN4 TUN3 TUN2 TUN1 TUNO |---0 0000| 40,137
91h — Unimplemented — —
92h — Unimplemented — —
93h — Unimplemented — —
94h |LVDCON — — IRVST | LVDEN — LvDL2 | LVDL1 | LVDLO |--00 -000|{--00 -000
95h |WPUDA® — — WPUDAS | WPUDA4 — WPUDA2 |WPUDA1 |WPUDAO|--11 -111|--11 -111
96h |IOCA — — IOCA5 | IOCA4 | IOCA3 | IOCA2 | IOCA1 | IOCAO |--00 0000(--00 0000
97h |WDA® — — WDA5 | WDA4 — WDA2 | WDAL1 | WDAO |--11 -111|--11 -111
9Bh — Unimplemented — —
99h |VRCON VREN — VRR — VR3 VR2 VR1 VRO |[0-0- 0000{0-0- 0000
9Ah |EEDAT EEDAT7 | EEDAT6 | EEDATS | EEDAT4 | EEDAT3 | EEDAT2 | EEDAT1 | EEDATO (0000 0000|0000 0000
9Bh |EEADR EEADR7| EEADR6 | EEADRS | EEADR4 | EEADR3| EEADR2 | EEADR1 | EEADRO |0000 0000{0000 0000
9Ch |EECON1 — — — — WRERR | WREN WR RD ---- x000|---- g000
9Dh |EECON2 EEPROM Control Register 2 (not a physical register)  |-=-= —c--]|---- —---
9Eh — Unimplemented — —
9Fh — Unimplemented — —
Legend: —=Unimplemented locations read as ‘0’, u = unchanged, x = unknown, g = value depends on condition,

Note

shaded = unimplemented

1

2:  GP3 pull-up is enabled when pin is configured as MCLR in the Configuration Word register.
3:  MCLR and WDT Reset do not affect the previous value data latch. The RAIF bit will be cleared upon Reset, but will set
again if the mismatch exists.

Other (non Power-up) Resets include MCLR Reset and Watchdog Timer Reset during normal operation.
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TABLE 2-3: PIC16F636/639 SPECIAL FUNCTION REGISTERS SUMMARY BANK 0

Value on
Addr| Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | POR/BOR/ Page
WUR
Bank 0
00h [INDF Addressing this location uses contents of FSR to address data memory XxxXx xxxx| 32,137
(not a physical register)

0l1h [TMRO TimerO Module Register XXXK KKKX 61,137
02h |PCL Program Counter’s (PC) Least Significant Byte 0000 0000 32,137
osh |status | RP | RP1 | RPo | To | PD | z | bc | c  [o001 1xxx| 26137
04h |FSR Indirect Data Memory Address Pointer XXXX XXXX 32,137
05h |PORTA — | — | ras | RA4 | RA3 | RA2 | RAL | RAO0 |--xx xx00| 48137
06h — Unimplemented — —
07h |PORTC — | — | res | Rea | Rea | Rc2 | RCl | RCO|--xx xx00| 57,137
08h — Unimplemented — —
09h — Unimplemented — —
OAh |PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 32,137
0Bh |INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF@ |0000 000x| 28,137
0Ch |PIR1 EEIF LVDIF CRIF C2IF C1IF OSFIF — TMRL1IF |0000 00-0| 30,137
0Dh — Unimplemented — —
OEh |[TMR1L [Holding Register for the Least Significant Byte of the 16-bit TMR1 XXXX xxxx| 64,137
OFh |TMR1H |Holding Register for the Most Significant Byte of the 16-bit TMR1 XXXX XXXX 64,137

10n |T1CON | T1GINV | TMR1GE | T1CKPS1 | T1CKPSO| T10SCEN| TISYNC | TMR1CS | TMR1ON [0000 0000| 68137
11h — Unimplemented — —

12h — Unimplemented — —
13h — Unimplemented — —
14h — Unimplemented — —
15h — Unimplemented — —
16h — Unimplemented — —
17h — Unimplemented — —
18h |WDTCON — — — WDTPS3 | WDTPS2 | WDTPS1 | WDTPSO [SWDTEN [---0 1000| 144,137
19h |CMCONO | C20UT | C10UT | C2INV C1INV CIS CM2 CcM1 CMO |0000 0000 79,137
1Ah |CMCON1 — — — — — — T1GSS |C2SYNC |---- -- 10 82,137
1Bh — Unimplemented — —
1Ch — Unimplemented — —
1Dh — Unimplemented — —
1Eh — Unimplemented — —
1Fh — Unimplemented — —
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 and Watchdog Timer Reset during normal operation.
2:  MCLR and WDT Reset do not affect the previous value data latch. The RAIF bit will be cleared upon Reset but will set
again if the mismatch exists.
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TABLE 2-4: PIC16F636/639 SPECIAL FUNCTION REGISTERS SUMMARY BANK 1

Value on
Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | POR/BOR/ Page
WUR
Bank 1
80h |[INDF Addressing this location uses contents of FSR to address data memory XXXK KKKX 32,137
(not a physical register)
81h |OPTION_REG| RAPU ‘ INTEDG‘ TOCS ‘ TOSE ‘ PSA ‘ PS2 ‘ PS1 ‘ PSO [1111 1111 63,137
82h |PCL Program Counter’s (PC) Least Significant Byte 0000 0000 32,137
83n |STATUS R | Rp1 | rRro | TO | PD | z | bc | c  [ooo1 1xxx| 26137
84h |FSR Indirect Data Memory Address Pointer XXXX XXXX 32,137
85h |TRISA — | — | Trisas | TRISA4 | TRISA3 | TRISA2 | TRISAL | TRISAO [--11 1111]--11 1111
86h — Unimplemented — —
87h |TRISC — | — | 7riscs | TRIsca | TRIsc3 | TRIsc2 | TRIsCL | TRISCO |--11 1111]--11 1111
88h — Unimplemented — —
89h — Unimplemented — —
8Ah |PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 32,137
8Bh |INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF® |0000 000x| 28137
8Ch |PIE1 EEIE LVDIE CRIE C2IE C1IE OSFIE — TMR1IE | 0000 00-0 29,137
8Dh — Unimplemented — —
8Eh |PCON = —  |ULPWUE|SBOREN| WUR = POR BOR |--01 g-qql|--0u u-uu
8Fh |OSCCON — IRCF2 IRCF1 IRCFO | OSTS HTS LTS SCS |[-110 g000|-110 x000
90h |OSCTUNE — — — TUN4 TUN3 TUN2 TUN1 TUNO |---0 0000|---u uuuu
91h — Unimplemented — —
92h — Unimplemented — —
93h — Unimplemented — —
94h |LVDCON — — IRVST | LVDEN — LvDL2 | LVDL1 | LVDLO [--00 -000|--00 -000
95h |WPUDA® — — WPUDAS | WPUDA4 — WPUDA2 | WPUDA1|WPUDAO|--11 -111(--11 -111
96h |IOCA — — IOCA5 | IOCA4 | IOCA3 | IOCA2 | IOCA1 | IOCAO |--00 0000|--00 0000
97h |WDA® — — WDA5 | WDA4 — WDA2 | WDAL | WDAO |--11 -111|--11 -111
9Bh — Unimplemented — —
99h |VRCON VREN — VRR — VR3 VR2 VR1 VRO |[0-0- 0000|0-0- 0000
9Ah |EEDAT EEDAT7 | EEDAT6 | EEDATS | EEDAT4 | EEDAT3 | EEDAT2 | EEDAT1 | EEDATO [ 0000 0000|0000 0000
9Bh |EEADR EEADR7 | EEADR6 | EEADRS | EEADR4 |EEADR3| EEADR2 | EEADR1 | EEADRO [ 0000 0000|0000 0000
9Ch |EECON1 — — — — WRERR| WREN WR RD ---- x000|---- g000
9Dh |[EECON2 EEPROM Control Register 2 (not a physical register) | ---o oo |-mo- —---
9Eh — Unimplemented — —
9Fh — Unimplemented — —
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 and Watchdog Timer Reset during normal operation.
2:  RA3 pull-up is enabled when pin is configured as MCLR in the Configuration Word register.
3:  MCLR and WDT Reset do not affect the previous value data latch. The RAIF bit will be cleared upon Reset but will set
again if the mismatch exists.
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TABLE 2-5: PIC12F635/PIC16F636/639 SPECIAL FUNCTION REGISTERS SUMMARY BANK 2

Value on

Addr Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR/BOR/ Page
WUR

Bank 2
10Ch — Unimplemented — —
10Dh — Unimplemented — —
10Eh — Unimplemented — —
10Fh — Unimplemented — —
110h |CRCON GO/W‘ ENC/ﬁ‘ — ‘ — ‘ — ‘ — ‘ CRREG1 ‘ CRREGO | 00-- --00{00-- --00
111h |CRDATO0@ |Cryptographic Data Register 0 0000 0000|0000 0000
112h |CRDAT1® |Cryptographic Data Register 1 0000 0000|0000 0000
113h |CRDAT2® Cryptographic Data Register 2 0000 0000 [0000 0000
114h |CRDAT3® Cryptographic Data Register 3 0000 0000 [0000 0000
115h — Unimplemented — —
116h — Unimplemented — —
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 and Watchdog Timer Reset during normal operation.
2: CRDAT<3:0> registers are KEELOQ® hardware peripheral related registers and require the execution of the “KEeLOQ
Encoder License Agreement” regarding implementation of the module and access to related registers. The “KEELOQ
Encoder License Agreement” may be accessed through the Microchip web site located at www.microchip.com/KEELOQ
or by contacting your local Microchip Sales Representative.
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2.2.2.1 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 (GPR and
SFR)

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

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

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register, because these instructions do not
affect any Status bits. For other instructions not affect-
ing any Status bits, see Section 13.0 “Instruction Set
Summary”

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

" ) s ™ subtraction.
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.
REGISTER 2-1: STATUS: STATUS REGISTER
R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RP1 RPO TO PD z pc® c®
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

X = Bit is unknown

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

1 = Bank 2, 3 (100h-1FFh)
0 = Bank 0, 1 (00h-FFh)

bit 6-5 RP<1:0>: Register Bank Select bits (used for direct addressing)

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

bit 4 TO: Time-out bit

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

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

1 = After power-up or by the CLRWDT instruction

0 = By execution of the SLEEP instruction

bit 2 Z: Zero bit

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

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

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

bit O C: Carry/Borrow bit!) (ADDWF, ADDLW, SUBLW, SUBWF instructions)®

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

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

bit of the source register.
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2.2.2.2 OPTION Register
The OPTION register is a readable and writable it I?maecrg'egsesg :;ﬁg;ggiﬁ;ﬁﬁﬁgwgys;
(r:%gi:fsi,;irre'whlch contains various control bits to setting the PSA bit of the OPTION register
’ to ‘1. See Section5.1.3 “Software
* TMRO/WDT prescaler Programmable Prescaler”.
« External RA2/INT interrupt
« TMRO
¢ Weak pull-up/pull-downs on PORTA
REGISTER 2-2: OPTION_REG: OPTION REGISTER
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
RAPU INTEDG TOCS TOSE PSA PS2 PS1 PSO
bit 7 bit 0
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 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: Timer0 Clock Source Select bit
1 = Transition on RA2/TOCKI pin
0 = Internal instruction cycle clock (Fosc/4)
bit 4 TOSE: Timer0 Source Edge Select hit
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 TimerO module
bit 2-0 PS<2:0>: Prescaler Rate Select bits

Bit Value  TimerO Rate WDT Rate

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

© 2007 Microchip Technology Inc.
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2.2.2.3 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
Interrupt Enable bit, GIE of the INTCON
register. User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.

REGISTER 2-3: INTCON: INTERRUPT CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x
GIE PEIE TOIE INTE RAIE®3) TOIF@ INTF RAIF
bit 7 bit O
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts
0 = Disables all interrupts
bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
bit 5 TOIE: Timer0 Overflow Interrupt Enable bit
1 = Enables the TimerO0 interrupt
0 = Disables the Timer0 interrupt
bit 4 INTE: RA2/INT External Interrupt Enable bit
1 = Enables the RA2/INT external interrupt
0 = Disables the RA2/INT external interrupt
bit 3 RAIE: PORTA Change Interrupt Enable bit(1:3)
1 = Enables the PORTA change interrupt
0 = Disables the PORTA change interrupt
bit 2 TOIF: Timer0 Overflow Interrupt Flag bit(®
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: PORTA Change Interrupt Flag bit
1 = When at least one of the PORTA general purpose I/O pins changed state (must be cleared in
software)

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

Note 1: |10OCA register must also be enabled.
2: TOIF bit is set when TimerO rolls over. TimerO is unchanged on Reset and should be initialized before
clearing TOIF bit.
3: Includes ULPWU interrupt.
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2.2.24

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

PIE1 Register

Note:

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

REGISTER 2-4: PIE1l: PERIPHERAL INTERRUPT ENABLE REGISTER 1
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0
EEIE LVDIE CRIE c2ie® C1lIE OSFIE — TMR1IE
bit 7 bit 0
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 EEIE: EE Write Complete Interrupt Enable bit

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1
bit 0

Note 1:

1 = Enables the EE write complete interrupt
0 = Disables the EE write complete interrupt

LVDIE: Low-Voltage Detect Interrupt Enable bit
1 = Enables the LVD interrupt

0 = Disables the LVD interrupt

CRIE: Cryptographic Interrupt Enable bit

1 = Enables the cryptographic interrupt
0 = Disables the cryptographic interrupt

C2IE: Comparator 2 Interrupt Enable bit®

1 = Enables the Comparator 2 interrupt
0 = Disables the Comparator 2 interrupt

C1IE: Comparator 1 Interrupt Enable bit
1 = Enables the Comparator 1 interrupt
0 = Disables the Comparator 1 interrupt
OSFIE: Oscillator Fail Interrupt Enable bit

1 = Enables the oscillator fail interrupt
0 = Disables the oscillator fail interrupt

Unimplemented: Read as ‘0’
TMR1IE: Timerl Overflow Interrupt Enable bit

1 = Enables the Timerl overflow interrupt
0 = Disables the Timer1 overflow interrupt

PIC16F636/639 only.

© 2007 Microchip Technology Inc.
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2.2.25 PIR1 Register
The PIR1 register contains the interrupt flag bits, as Note: Interrupt flag bits are set when an interrupt
shown in Register 2-5. condition occurs, regardless of the state of

its corresponding enable bit or the Global
Interrupt Enable bit, GIE of the INTCON
register. User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.

REGISTER 2-5: PIR1: PERIPHERAL INTERRUPT REQUEST REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0
EEIF LVDIF CRIF c2iF® ‘ C1IF ‘ OSFIF — TMR1IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
bit 7 EEIF: EE Write Complete 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
bit 6 LVDIF: Low-Voltage Detect Interrupt Flag bit
1 = The supply voltage has crossed selected LVD voltage (must be cleared in software)
0 = The supply voltage has not crossed selected LVD voltage
bit 5 CRIF: Cryptographic Interrupt Flag bit
1 = The Cryptographic module has completed an operation (must be cleared in software)
0 = The Cryptographic module has not completed an operation or is Idle
bit 4 C2IF: Comparator 2 Interrupt Flag bit(1)
1 = Comparator output (C20UT bit) has changed (must be cleared in software)
0 = Comparator output (C20UT bit) has not changed
bit 3 C1IF: Comparator 1 Interrupt Flag bit
1 = Comparator output (CLOUT bit) has changed (must be cleared in software)
0 = Comparator output (C1OUT bit) has not changed
bit 2 OSFIF: Oscillator Fail Interrupt Flag bit
1 = System oscillator failed, clock input has changed INTOSC (must be cleared in software)
0 = System clock operating
bit 1 Unimplemented: Read as ‘0’
bit 0 TMRL1IF: Timerl Overflow Interrupt Flag bit
1 = Timer1 rolled over (must be cleared in software)
0 = Timerl has not rolled over
Note 1: PIC16F636/639 only.
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2.2.2.6 PCON Register

The Power Control (PCON) register (see Table 12-3)
contains flag bits to differentiate between a:

« Power-on Reset (POR)

« Wake-up Reset (WUR)

- Brown-out Reset (BOR)

e Watchdog Timer Reset (WDT)

« External MCLR Reset

The PCON register also controls the Ultra Low-Power
Wake-up and software enable of the BOR.

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

REGISTER 2-6: PCON: POWER CONTROL REGISTER

uU-0 uU-0 R/W-0 R/W-1 R/W-x uU-0 R/W-0 R/W-x
— — ULPWUE |SBOREN® |  WUR — POR BOR
bit 7 bit 0
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bitis unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5 ULPWUE: Ultra Low-Power Wake-up Enable bit

1 = Ultra low-power wake-up enabled
0 = Ultra low-power wake-up disabled
bit 4 SBOREN: Software BOR Enable bit(%)
1 = BOR enabled
0 = BOR disabled
bit 3 WUR: Wake-up Reset Status bit
1 = No Wake-up Reset occurred
0 = A Wake-up Reset occurred (must be set in software after a Power-on Reset occurs)

bit 2 Unimplemented: Read as ‘0’

bit 1 POR: Power-on Reset Status bit

1 = No Power-on Reset occurred
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

bit 0 BOR: Brown-out Reset Status bit

1 = No Brown-out Reset occurred
0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)

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

The Program Counter (PC) is 13 bits wide. The low byte
comes from the PCL register, which is a readable and
writable register. The high byte (PC<12:8>) is not
directly readable or writable and comes from PCLATH.
On any Reset, the PC is cleared. Figure 2-5 shows the
two situations for the loading of the PC. The upper
example in Figure 2-5 shows how the PC is loaded on a
write to PCL (PCLATH<4:0> — PCH). The lower
example in Figure 2-5 shows how the PC is loaded
during a CALL or GOTO instruction (PCLATH<4:3> —
PCH).

FIGURE 2-5: LOADING OF PC IN
DIFFERENT SITUATIONS
PCH PCL
Instruction with
12 8 7 0 PCL as
PC | i |  Destination
E PCLATH<4:0> 8
5 ALU Result
LI
PCLATH
PCH PCL
12 11 10 8 7 0
PC | | i | coro, carL
E PCLATH<4:3> 11
2 L‘:' Opcode<10:0>
LTI T[T
PCLATH

231 MODIFYING PCL

Executing any instruction with the PCL register as the
destination simultaneously causes the Program
Counter PC<12:8> hits (PCH) to be replaced by the
contents of the PCLATH register. This allows the entire
contents of the program counter to be changed by
writing the desired upper 5 bits to the PCLATH register.
When the lower 8 bits are written to the PCL register, all
13 bits of the program counter will change to the values
contained in the PCLATH register and those being
written to the PCL register.

A computed GOTO is accomplished by adding an offset
to the program counter (ADDWF PCL). Care should be
exercised when jumping into a look-up table or
program branch table (computed GoTO) by modifying
the PCL register. Assuming that PCLATH is set to the
table start address, if the table length is greater than
255 instructions or if the lower 8 hits of the memory
address rolls over from OxFF to 0x00 in the middle of
the table, then PCLATH must be incremented for each
address rollover that occurs between the table
beginning and the target location within the table.

For more information refer to Application Note AN556,
“Implementing a Table Read” (DS00556).

2.3.2 STACK

The PIC12F635/PIC16F636/639 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.

2.4 Indirect Addressing, INDF and
FSR Registers

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

Indirect addressing is possible by using the INDF
register. Any instruction using the INDF register
actually accesses data pointed to by the File Select
Register (FSR). Reading INDF itself indirectly will
produce 00h. Writing to the INDF register indirectly
results in a no operation (although Status bits may be
affected). An effective 9-bit address is obtained by
concatenating the 8-bit FSR and the IRP bit of the
STATUS register, as shown in Figure 2-6.

A simple program to clear RAM location 20h-2Fh using
indirect addressing is shown in Example 2-1.

EXAMPLE 2-1: INDIRECT ADDRESSING
MOVLW 0x20 ;initialize pointer
MOVWF FSR ;to RAM
NEXT CLRF INDF ;clear INDF register
INCF FSR ; INC POINTER
BTFSS FSR,4 ;all done?
GOTO NEXT ;no clear next
CONTINUE ;yes continue
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FIGURE 2-6: DIRECT/INDIRECT ADDRESSING PIC12F635/PIC16F636/639

Direct Addressing Indirect Addressing

IRP 7 File Select Register 0

RP1 RPO 6 From Opcode 0
\ J U J N v N v
Bank Select J Location Select

J

\4
Bank Select Location Select
00 01 10 1 </

N |
00h 180h

\

<
<

Data
Memory

7Fh 1FFh

Bank 0 Bank 1 Bank 2 Bank 3

Note: For memory map detail, see Figure 2-2.
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NOTES:

DS41232D-page 34 © 2007 Microchip Technology Inc.



PIC12F635/PIC16F636/639

3.0 OSCILLATOR MODULE (WITH
FAIL-SAFE CLOCK MONITOR)
3.1 Overview

The Oscillator module has a wide variety of clock
sources and selection features that allow it to be used
in a wide range of applications while maximizing perfor-
mance and minimizing power consumption. Figure 3-1
illustrates a block diagram of the Oscillator module.

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

« Selectable system clock source between external
or internal via software.

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

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

FIGURE 3-1:

The Oscillator module can be configured in one of eight
clock modes.

1. EC - External clock with I/O on OSC2/CLKOUT.

2. LP - 32 kHz Low-Power Crystal mode.

3. XT - Medium Gain Crystal or
Resonator Oscillator mode.

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

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

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

7. INTOSC - Internal oscillator with Fosc/4 output
on OSC2 and 1/0O on OSC1/CLKIN.

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

Clock Source modes are configured by the FOSC<2:0>
bits in the Configuration Word register (CONFIG). The
internal clock can be generated from two internal
oscillators. The HFINTOSC is a calibrated
high-frequency oscillator. The LFINTOSC is an
uncalibrated low-frequency oscillator.

Ceramic

PIC® MCU CLOCK SOURCE BLOCK DIAGRAM

External Oscillator

FOSC<2:0>
(Configuration Word Register)
SCS<0>
(OSCCON Register)

0OSsC2
Sleep
osc1 @ l\\ LP, XT, HS, RC, RCIO, EC
IRCF<2:0>
(OSCCON Register)
SMHz 11T INTOSC

Internal Oscillator 4 MHz

110
2 MHz

= ™ 101
Q 1 MHz

HFINTOSC | 8 > 100 §
2]
8 MHz 4@ 500 kHz 011 =

o | 250 kHz

010
125 kHz

001

LFINTOSC 31kHz | oo

31 kHz

>
System Clock
(CPU and Peripherals)

MUX

Power-up Timer (PWRT)

» Watchdog Timer (WDT)
Fail-Safe Clock Monitor (FSCM)
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3.2 Oscillator Control

The Oscillator Control (OSCCON) register (Figure 3-1)
controls the system clock and frequency selection
options. The OSCCON register contains the following
bits:

* Frequency selection bits (IRCF)

« Frequency Status bits (HTS, LTS)

« System clock control bits (OSTS, SCS)

REGISTER 3-1: OSCCON: OSCILLATOR CONTROL REGISTER

u-0 R/W-1 R/W-1 R/W-0 R-1 R-0 R-0 R/W-0
- IRCF2 IRCF1 IRCFO osTs® HTS LTS SCSs
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6-4 IRCF<2:0>: Internal Oscillator Frequency Select bits
111 = 8 MHz
110 = 4 MHz (default)
101 = 2MHz
100= 1MHz
011 = 500 kHz
010 = 250 kHz
001 = 125kHz
000 = 31 kHz (LFINTOSC)
bit 3 OSTS: Oscillator Start-up Time-out Status bit(?)

1 = Device is running from the external clock defined by FOSC<2:0> of the Configuration Word

0 = Device is running from the internal oscillator (HFINTOSC or LFINTOSC)
bit 2 HTS: HFINTOSC Status bit (High Frequency — 8 MHz to 125 kHz)

1 = HFINTOSC is stable

0 = HFINTOSC is not stable
bit 1 LTS: LFINTOSC Stable bit (Low Frequency — 31 kHz)

1 = LFINTOSC is stable

0 = LFINTOSC is not stable
bit 0 SCS: System Clock Select bit

1 = Internal oscillator is used for system clock
0 = Clock source defined by FOSC<2:0> of the Configuration Word

Note 1: Bitresets to ‘0’ with Two-Speed Start-up and LP, XT or HS selected as the Oscillator mode or Fail-Safe

mode is enabled.
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3.3 Clock Source Modes

Clock Source modes can be classified as external or
internal.

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

« Internal clock sources are contained internally
within the Oscillator module. The Oscillator
module has two internal oscillators: the 8 MHz
High-Frequency Internal Oscillator (HFINTOSC)
and the 31 kHz Low-Frequency Internal Oscillator
(LFINTOSC).

The system clock can be selected between external or
internal clock sources via the System Clock Select
(SCS) bit of the OSCCON register. See Section 3.6
“Clock Switching” for additional information.

3.4 External Clock Modes

3.41 OSCILLATOR START-UP TIMER (OST)

If the Oscillator module is configured for LP, XT or HS
modes, the Oscillator Start-up Timer (OST) counts
1024 oscillations from OSCL1. This occurs following a
Power-on Reset (POR) and when the Power-up Timer
(PWRT) has expired (if configured), or a wake-up from
Sleep. During this time, the program counter does not
increment and program execution is suspended. The
OST ensures that the oscillator circuit, using a quartz
crystal resonator or ceramic resonator, has started and
is providing a stable system clock to the Oscillator
module. When switching between clock sources, a
delay is required to allow the new clock to stabilize.
These oscillator delays are shown in Table 3-1.

In order to minimize latency between external oscillator
start-up and code execution, the Two-Speed Clock
Start-up mode can be selected (see Section 3.7
“Two-Speed Clock Start-up Mode”).

TABLE 3-1: OSCILLATOR DELAY EXAMPLES
Switch From Switch To Frequency Oscillator Delay
Sleep/POR h';llm_gzg 125 k3le I::'g MHz Oscillator Warm-Up Delay (TWARM)
Sleep/POR EC, RC DC - 20 MHz 2 instruction cycles
LFINTOSC (31 kHz) EC, RC DC - 20 MHz 1 cycle of each
Sleep/POR LP, XT, HS 32 kHz to 20 MHz 1024 Clock Cycles (OST)
LFINTOSC (31 kHz) HFINTOSC 125 kHz to 8 MHz 1 us (approx.)

3.4.2 EC MODE

The External Clock (EC) mode allows an externally
generated logic level as the system clock source. When
operating in this mode, an external clock source is
connected to the OSCL1 input and the OSC2 is available
for general purpose 1/O. Figure 3-2 shows the pin
connections for EC mode.

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

FIGURE 3-2: EXTERNAL CLOCK (EC)

MODE OPERATION

Clock from ~>o—> OSCI1/CLKIN
Ext. System

PIC® MCU

/O <— 0SC2/CLKOUT®

Note 1: Alternate pin functions are listed in the
Section 1.0 “Device Overview”.
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3.4.3 LP, XT, HS MODES

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

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

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

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

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

FIGURE 3-3: QUARTZ CRYSTAL
OPERATION (LP, XT OR
HS MODE)
PIC® MCU
Lo OSCL/CLKIN | ;
I 0
C1 :
Quartz
Crystal
c2 Rs(® OSC2/CLKOUT
Note 1: A series resistor (RS) may be required for
quartz crystals with low drive level.
2: The value of RF varies with the Oscillator mode
selected (typically between 2 MQ to 10 MQ).

Note 1: Quartz crystal characteristics vary according

to type, package and manufacturer. The
user should consult the manufacturer data
sheets for specifications and recommended
application.

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

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

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

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

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

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

FIGURE 3-4:

CERAMIC RESONATOR
OPERATION
(XT OR HS MODE)

PIC® MCU

OSC1/CLKIN

Ceramic Rs® | OSC2/CLKOUT

Resonator

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

The value of RF varies with the Oscillator mode
selected (typically between 2 MQ to 10 MQ).

An additional parallel feedback resistor (RP)
may be required for proper ceramic resonator
operation.
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3.4.4 EXTERNAL RC MODES

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

In RC mode, the RC circuit connects to OSC1.
OSC2/CLKOUT outputs the RC oscillator frequency
divided by 4. This signal may be used to provide a clock
for external circuitry, synchronization, calibration, test
or other application requirements. Figure 3-5 shows
the external RC mode connections.

FIGURE 3-5: EXTERNAL RC MODES
VDD PIC® MCU
REXT
OSC1/CLKIN Internal
l * N Clock
CEXTI
Vss = -
Foscl4 or <+— 0SC2/CLKOUT®
/0@

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

Note 1: Alternate pin functions are listed in the
Section 1.0 “Device Overview”.
2:  Output depends upon RC or RCIO clock mode.

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

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

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

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

35 Internal Clock Modes

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

1. The HFINTOSC (High-Frequency Internal
Oscillator) is factory calibrated and operates at
8 MHz. The frequency of the HFINTOSC can be
user-adjusted via software using the OSCTUNE
register (Register 3-2).

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

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

The system clock can be selected between external or
internal clock sources via the System Clock Selection
(SCS) bit of the OSCCON register. See Section 3.6
“Clock Switching” for more information.

3.5.1 INTOSC AND INTOSCIO MODES

The INTOSC and INTOSCIO modes configure the
internal oscillators as the system clock source when
the device is programmed using the oscillator selection
or the FOSC<2:0> bits in the Configuration Word
register (CONFIG). See Section 12.0 “Special
Features of the CPU” for more information.

In INTOSC mode, OSC1/CLKIN is available for general
purpose 1/0. OSC2/CLKOUT outputs the selected
internal oscillator frequency divided by 4. The CLKOUT
sighal may be used to provide a clock for external
circuitry, synchronization, calibration, test or other
application requirements.

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

3.5.2 HFINTOSC

The High-Frequency Internal Oscillator (HFINTOSC) is
a factory calibrated 8 MHz internal clock source. The
frequency of the HFINTOSC can be altered via
software using the OSCTUNE register (Register 3-2).

The output of the HFINTOSC connects to a postscaler
and multiplexer (see Figure 3-1). One of seven
frequencies can be selected via software using the
IRCF<2:0> bits of the OSCCON register. See
Section 3.5.4 “Frequency Select Bits (IRCF)" for
more information.

The HFINTOSC is enabled by selecting any frequency
between 8 MHz and 125 kHz by setting the IRCF<2:0>
bits of the OSCCON register # 000. Then, set the
System Clock Source (SCS) bit of the OSCCON
register to ‘1’ or enable Two-Speed Start-up by setting
the IESO bit in the Configuration Word register
(CONFIG) to ‘1.

The HF Internal Oscillator (HTS) bit of the OSCCON
register indicates whether the HFINTOSC is stable or not.

© 2007 Microchip Technology Inc.
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3.5.21 OSCTUNE Register

The HFINTOSC is factory calibrated but can be
adjusted in software by writing to the OSCTUNE
register (Register 3-2).

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

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

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

REGISTER 3-2: OSCTUNE: OSCILLATOR TUNING REGISTER
U-0 uU-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — TUN4 TUN3 TUN2 TUN1 TUNO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 TUN<4:0>: Frequency Tuning bits
01111 = Maximum frequency
01110 =
00001 =

00000 = Oscillator module is running at the calibrated frequency.

11111 =

10000 = Minimum frequency
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3.5.3 LFINTOSC

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

The output of the LFINTOSC connects to a postscaler
and multiplexer (see Figure 3-1). Select 31 kHz, via
software, using the IRCF<2:0> bits of the OSCCON
register. See Section 3.5.4 “Frequency Select Bits
(IRCF)” for more information. The LFINTOSC is also the
frequency for the Power-up Timer (PWRT), Watchdog
Timer (WDT) and Fail-Safe Clock Monitor (FSCM).

The LFINTOSC is enabled by selecting 31 kHz
(IRCF<2:0> hits of the OSCCON register = 000) as the
system clock source (SCS bit of the OSCCON
register = 1), or when any of the following are enabled:

« Two-Speed Start-up IESO bit of the Configuration
Word register = 1 and IRCF<2:0> hits of the
OSCCON register = 000

e Power-up Timer (PWRT)

e Watchdog Timer (WDT)

« Fail-Safe Clock Monitor (FSCM)

The LF Internal Oscillator (LTS) bit of the OSCCON

register indicates whether the LFINTOSC is stable or
not.

3.54 FREQUENCY SELECT BITS (IRCF)

The output of the 8 MHz HFINTOSC and 31 kHz
LFINTOSC connects to a postscaler and multiplexer
(see Figure 3-1). The Internal Oscillator Frequency
Select bits IRCF<2:0> of the OSCCON register select
the frequency output of the internal oscillators. One of
eight frequencies can be selected via software:

* 8 MHz

e 4 MHz (Default after Reset)

e 2MHz

e 1 MHz

e 500 kHz

e 250 kHz

e 125 kHz

¢ 31 kHz (LFINTOSC)

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

3.5.5 HF AND LF INTOSC CLOCK
SWITCH TIMING

When switching between the LFINTOSC and the
HFINTOSC, the new oscillator may already be shut
down to save power (see Figure 3-6). If this is the case,
there is a delay after the IRCF<2:0> bits of the
OSCCON register are modified before the frequency
selection takes place. The LTS and HTS bits of the
OSCCON register will reflect the current active status
of the LFINTOSC and HFINTOSC oscillators. The
timing of a frequency selection is as follows:

1. IRCF<2:0> bits of the OSCCON register are
modified.

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

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

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

5. CLKOUT is now connected with the new clock.
LTS and HTS bits of the OSCCON register are
updated as required.

6. Clock switch is complete.

See Figure 3-1 for more details.

If the internal oscillator speed selected is between
8 MHz and 125 kHz, there is no start-up delay before
the new frequency is selected. This is because the old
and new frequencies are derived from the HFINTOSC
via the postscaler and multiplexer.

Start-up delay specifications are located in the A/C
Specifications (Oscillator Module) in Section 15.0
“Electrical Specifications”.
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FIGURE 3-6: INTERNAL OSCILLATOR SWITCH TIMING

HF — LFW
HFINTOSC — LFINTOSC (FSCM and WDT disabled)

HFINTOSC

Start-up Time 2-cycle Sync Running
LFINTOSC M /—\_l I L
IRCF <2:0> £0 X =0

System Clock

Note 1: When going from LF to HF.

HFINTOSC — LFINTOSC (Either FSCM or WDT enabled)

HFINTOSC

" 2-cycle Sync Running
LFINTOSC IR \—I
IRCF <2:0> #0 X =0

System Clock

LFINTOSC — HFINTOSC

LFINTOSC - ]

LFINTOSC turns off unless WDT or FSCM is enabled

'Start-up Time; 2-cycle SyncE Running
SISy rotc RN\ O O O S I
IRCF <2:0> =0 X #0

System Clock
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3.6 Clock Switching

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

3.6.1 SYSTEM CLOCK SELECT (SCS) BIT

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

« When the SCS bit of the OSCCON register = 0,
the system clock source is determined by
configuration of the FOSC<2:0> bits in the
Configuration Word register (CONFIG).

« When the SCS bit of the OSCCON register = 1,
the system clock source is chosen by the internal
oscillator frequency selected by the IRCF<2:0>
bits of the OSCCON register. After a Reset, the
SCS bit of the OSCCON register is always
cleared.

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

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

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

3.7 Two-Speed Clock Start-up Mode

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

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

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

When the Oscillator module is configured for LP, XT or
HS modes, the Oscillator Start-up Timer (OST) is
enabled (see Section 3.4.1 “Oscillator Start-up Timer
(OST)"). The OST will suspend program execution until
1024 oscillations are counted. Two-Speed Start-up
mode minimizes the delay in code execution by
operating from the internal oscillator as the OST is
counting. When the OST count reaches 1024 and the
OSTS bit of the OSCCON register is set, program
execution switches to the external oscillator.

3.7.1 TWO-SPEED START-UP MODE
CONFIGURATION

Two-Speed Start-up mode is configured by the

following settings:

« IESO (of the Configuration Word register) = 1;
Internal/External Switchover bit (Two-Speed
Start-up mode enabled).

¢ SCS (of the OSCCON register) = 0.

¢ FOSC<2:0> bits in the Configuration Word
register (CONFIG) configured for LP, XT or HS
mode.

Two-Speed Start-up mode is entered after:

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

« Wake-up from Sleep.

If the external clock oscillator is configured to be

anything other than LP, XT or HS mode, then

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

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

3.7.2 TWO-SPEED START-UP
SEQUENCE

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

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

3. OST enabled to count 1024 clock cycles.

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

5. OSTS is set.

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

7. System clock is switched to external clock
source.

© 2007 Microchip Technology Inc.
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3.7.3 CHECKING TWO-SPEED CLOCK
STATUS

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

FIGURE 3-7: TWO-SPEED START-UP

L TosT =i .
osci1 < 0 X 1 \\1022X 1023 / \_/
osc2 X §§ : \
PC+1 X

Program Counter |  PC-N ) PC X
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3.8 Fail-Safe Clock Monitor

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

FIGURE 3-8: FSCM BLOCK DIAGRAM
Clock Monitor
c | Latch
xterna
Clock ¢ =St Q
r— — — — — — — 1
| [LFINTOSC _
| | Oscillator =64
| 31kHz 488 Hz
| (~32 us) (~2 ms)
| Sample Clock | Clock
Lo i ;
Failure
Detected

3.8.1 FAIL-SAFE DETECTION

The FSCM module detects a failed oscillator by
comparing the external oscillator to the FSCM sample
clock. The sample clock is generated by dividing the
LFINTOSC by 64. See Figure 3-8. Inside the fall
detector block is a latch. The external clock sets the
latch on each falling edge of the external clock. The
sample clock clears the latch on each rising edge of the
sample clock. A failure is detected when an entire
half-cycle of the sample clock elapses before the
primary clock goes low.

3.8.2 FAIL-SAFE OPERATION

When the external clock fails, the FSCM switches the
device clock to an internal clock source and sets the bit
flag OSFIF of the PIR1 register. Setting this flag will
generate an interrupt if the OSFIE bit of the PIEl
register is also set. The device firmware can then take
steps to mitigate the problems that may arise from a
failed clock. The system clock will continue to be
sourced from the internal clock source until the device
firmware successfully restarts the external oscillator
and switches back to external operation.

The internal clock source chosen by the FSCM is
determined by the IRCF<2:0> bits of the OSCCON
register. This allows the internal oscillator to be
configured before a failure occurs.

3.8.3 FAIL-SAFE CONDITION CLEARING

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

3.84 RESET OR WAKE-UP FROM SLEEP

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

Note: Due to the wide range of oscillator start-up
times, the Fail-Safe circuit is not active
during oscillator start-up (i.e., after exiting
Reset or Sleep). After an appropriate
amount of time, the user should check the
OSTS bit of the OSCCON register to verify
the oscillator start-up and that the system
clock switchover has  successfully
completed.
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FIGURE 3-9: FSCM TIMING DIAGRAM

Clock Monitor Output

Sample Clock

Oscillator

Clock Failure

A
Output ! : : :
N

System :

o A

! Failure !
! Detected ‘;—

OSFIF : : : :
' Test ' Test ' Test
Note: The system clock is normally at a much higher frequency than the sample clock. The relative frequencies in

this example have been chosen for clarity.

TABLE 3-2: SUMMARY OF REGISTERS ASSOCIATED WITH CLOCK SOURCES

value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR, BOR @
Resets
CONFIG® CPD CP | MCLRE | PWRTE | WDTE | FOSC2 | FOSC1 | FOSCO — —
INTCON GIE PEIE TOIE INTE RAIE TOIF INTF RAIF 0000 000x | 0000 000x
OSCCON — IRCF2 IRCF1 IRCFO OSTS HTS LTS SCS -110 x000 | -110 x000
OSCTUNE — — — TUN4 TUN3 TUN2 TUN1 TUNO ---0 0000 | ---u uuuu
PIE1 EEIE LVDIE CRIE | C2IE® Cl1IE OSFIE — TMR1IE | 000- 00-0 | 000- 00-0
PIR1 EEIF LVDIF CRIF C2IF® C1IF OSFIF — TMR1IF | 000- 00-0 | 000- 00-0
Legend: x =unknown, u = unchanged, - = unimplemented locations read as ‘0’. Shaded cells are not used by oscillators.
Note 1: Other (non Power-up) Resets include MCLR Reset and Watchdog Timer Reset during normal operation.
2:  See Configuration Word register (CONFIG) for operation of all register bits.
3:  PIC16F636/639 only.
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4.0 I/OPORTS

There are as many as twelve general purpose 1/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.

4.1 PORTA and the TRISA Registers

PORTA is a 6-bit wide, bidirectional port. The
corresponding data direction register is TRISA
(Register 4-2). 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 4-1 shows how to initialize
PORTA.

Note: PORTA = GPIO
TRISA = TRISIO

Reading the PORTA register (Register 4-1) 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 MCLRE = 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. 1/0 pins configured as analog inputs always
read ‘0.

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

EXAMPLE 4-1: INITIALIZING PORTA

BANKSEL PORTA ;

CLRF PORTA ;Init PORTA

MOVLW 07h ;Set RA<2:0> to

MOVWF  CMCONO ;digital I/0

BSF STATUS, RPO ;Bank 1

BCF STATUS, RP1 ;

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

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

4.2 Additional Pin Functions

Every PORTA pin on the PIC12F635/PIC16F636/639
has an interrupt-on-change option and a weak
pull-up/pull-down option. RAO has an Ultra Low-Power
Wake-up option. The next three sections describe
these functions.

42.1 WEAK PULL-UP/PULL-DOWN

Each of the PORTA pins, except RA3, has an internal
weak pull-up and pull-down. The WDA bits select either
a pull-up or pull-down for an individual port bit.
Individual control bits can turn on the pull-up or
pull-down. These pull-ups/pull-downs are automatically
turned off when the port pin is configured as an output,
as an alternate function or on a Power-on Reset,
setting the RAPU bit of the OPTION register. A weak
pull-up on RAS3 is enabled when configured as MCLR
in the Configuration Word register and disabled when
high voltage is detected, to reduce current
consumption through RA3, while in Programming
mode.

Note: PORTA = GPIO
TRISA = TRISIO

© 2007 Microchip Technology Inc.
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REGISTER 4-1: PORTA: PORTA REGISTER
U-0 U-0 R/W-x R/W-x R-x R/W-x R/W-x R/W-x
— — RA5 RA4 RA3 RA2 RA1 RAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RA<5:0>: PORTA /O Pin bit
1 = Port pin is > VIH
0 = Port pin is < VIL
REGISTER 4-2: TRISA: PORTA TRI-STATE REGISTER
uU-0 u-0 R/W-1 R/W-1 R-1 R/W-1 R/W-1 R/W-1
— — TRISAS TRISA4 TRISA3 TRISA2 TRISAL TRISAO
bit 7 bit 0
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

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

bit 7-6 Unimplemented: Read as ‘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 1. TRISA<3> always reads ‘1'.

2. TRISA<5:4> always reads ‘1’ in XT, HS and LP Oscillator modes.
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REGISTER 4-3: WDA: WEAK PULL-UP/PULL-DOWN DIRECTION REGISTER

U-0 U-0 R/W-1 R/W-1 uU-0 R/W-1 R/W-1 R/W-1
— — WDA5 |  wpA4 | — WDA2 WDA1 WDAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 WDA<5:4>: Pull-up/Pull-down Selection bits
1 = Pull-up selected
0 = Pull-down selected
bit 3 Unimplemented: Read as ‘0’
bit 2-0 WDA<2:0>: Pull-up/Pull-down Selection bits
1 = Pull-up selected
0 = Pull-down selected
Note 1: The weak pull-up/pull-down device is enabled only when the global RAPU bit is enabled, the pin is in Input mode (TRIS
= 1), the individual WDA bit is enabled (WDA = 1) and the pin is not configured as an analog input or clock function.
2: RAS3 pull-up is enabled when the pin is configured as MCLR in the Configuration Word register and the device is not in

Programming mode.

REGISTER 4-4: WPUDA: WEAK PULL-UP/PULL-DOWN ENABLE REGISTER

U-0 U-0 R/W-1 R/W-1 uU-0 R/W-1 R/W-1 R/W-1
— — WPUDA5®) | WPUDA4® | — WPUDA2 WPUDAL WPUDAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 WPUDA<5:4>: Pull-up/Pull-down Direction Selection bits(®
1 = Pull-up/pull-down enabled
0 = Pull-up/pull-down disabled
bit 3 Unimplemented: Read as ‘0’
bit 2-0 WPUDA<2:0>: Pull-up/Pull-down Direction Selection bits
1 = Pull-up/pull-down enabled
0 = Pull-up/pull-down disabled
Note 1: The weak pull-up/pull-down direction device is enabled only when the global RAPU bit is enabled, the pin is in Input mode
(TRIS = 1), the individual WPUDA bit is enabled (WPUDA = 1) and the pin is not configured as an analog input or clock
function.
2: RAS3 pull-up is enabled when the pin is configured as MCLR in the Configuration Word register and the device is not in
Programming mode.
3: WPUDAGS bit can be written if INTOSC is enabled and TLOSC is disabled; otherwise, the bit can not be written and reads

as ‘1’. WPUDAA4 bit can be written if not configured as OSC2; otherwise, the bit can not be written and reads as ‘1’
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42.2 INTERRUPT-ON-CHANGE 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. The latch holding the
last read value is not affected by a MCLR nor BOR
Reset. After these Resets, the RAIF flag will continue
to be set if a mismatch is present.

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 4-5. The interrupt-on-change is disabled on a
Power-on Reset.

For enabled interrupt-on-change pins, the values are Note:  If a change on the I/O pin should occur
compared with the old value latched on the last read of when the read operation is being executed
PORTA. The ‘mismatch’ outputs of the last read are (start of the Q2 cycle), then the RAIF
OR’d together to set the PORTA Change Interrupt Flag interrupt flag may not get set.

bit (RAIF) in the INTCON register.

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

a) Any read or write of PORTA. This will end the
mismatch condition, then

b) Clear the flag bit RAIF.

REGISTER 4-5: IOCA: INTERRUPT-ON-CHANGE PORTA REGISTER

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

— — I0CA5®?) lI0cA4® | |0CcA3®) IOCA2 IOCA1 IOCAO
bit 7 bit 0
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IOCA<5:0>: Interrupt-on-Change PORTA Control bits(:3)

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

Note 1: Global Interrupt Enable (GIE) must be enabled for individual interrupts to be recognized.
2. I0CA<5:4> always reads ‘0’ in XT, HS and LP Oscillator modes.
3: I0CA<3> is ignored when WUR is enabled and the device is in Sleep mode.
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4.2.3 ULTRA LOW-POWER WAKE-UP

The Ultra Low-Power Wake-up (ULPWU) on RAO allows
a slow falling voltage to generate an interrupt-on-change
on RAO without excess current consumption. The mode
is selected by setting the ULPWUE bit of the PCON
register. This enables a small current sink which can be
used to discharge a capacitor on RAQ.

To use this feature, the RAO pin is configured to output
‘1’ to charge the capacitor, interrupt-on-change for RAO
is enabled and RAOQ is configured as an input. The
ULPWUE bit is set to begin the discharge and a SLEEP
instruction is performed. When the voltage on RAO drops
below ViL, an interrupt will be generated which will cause
the device to wake-up. Depending on the state of the
GIE bit of the INTCON register, the device will either
jump to the interrupt vector (0004h) or execute the next
instruction when the interrupt event occurs. See

Section 4.2.2 “Interrupt-on-Change” and
Section 12.9.3 “PORTA Interrupt” for more
information.

This feature provides a low-power technique for
periodically waking up the device from Sleep. The
time-out is dependent on the discharge time of the RC
circuit on RAQ. See Example 4-2 for initializing the Ultra
Low Power Wake-up module.

The series resistor provides overcurrent protection for the
RAO pin and can allow for software calibration of the
time-out (see Figure 4-1). A timer can be used to measure
the charge time and discharge time of the capacitor. The
charge time can then be adjusted to provide the desired
interrupt delay. This technique will compensate for the
affects of temperature, voltage and component accuracy.
The Ultra Low-Power Wake-up peripheral can also be
configured as a simple Programmable Low-Voltage
Detect or temperature sensor.

EXAMPLE 4-2:

ULTRA LOW-POWER
WAKE-UP INITIALIZATION

BANKSEL PORTA

BSF PORTA, 0 ;Set RAO data latch
MOVLW H'7' ;Turn off

MOVWF CMCONO ; comparators
BANKSEL TRISA ;

BCF TRISA,O ;Output high to
CALL CapDelay ; charge capacitor
BSF PCON, ULPWUE ;Enable ULP Wake-up
BSF IOCA, 0 ;jSelect RAO IOC
BSF TRISA,O ;RAO0 to input
MOVLW B’10001000’ ;Enable interrupt
MOVWF INTCON ; and clear flag
SLEEP ;Wait for IOC

NOP ;

7

Note: For more information, refer to the
Application Note AN879, “Using the
Microchip Ultra Low-Power Wake-up
Module” (DS00879).
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4.2.4 PIN DESCRIPTIONS AND 4241 RAOQO/C1IN+/ICSPDAT/ULPWU
DIAGRAMS Figure 4-2 shows the diagram for this pin. The RAO pin

Each PORTA pin is multiplexed with other functions. The is configurable to function as one of the following:

pins and their combined functions are briefly described « ageneral purpose I/0

here. For specific information about individual functions,
such as the comparator, refer to the appropriate section
in this data sheet.

¢ an analog input to the comparator
 In-Circuit Serial Programming™ data
< an analog input for the Ultra Low-Power Wake-up

FIGURE 4-1: BLOCK DIAGRAM OF RAO
Analog
Input Mode®
VDD
Data Bus

D Q
D—d Weak
WR 1) CK 5
WPUDA P e RAPU
RD ] e

WPUDA | L

WR _|
WDA X e
RD ¢ VDD
WDA %
& D Q L\ %

1/0 pin

WR _| CK =
porTA TP~ @

+ Vss
¢ D Q VT
WR _
trisa TP KK Qe lluw
0 1
RD _‘ﬂj
TRISA Analog Vss
Input Mode®
ULPWUE
RD _
PORTA
D Q
WR _| ; Q D—e
IOCA ~
EN Q1
RD
IOCA
Interrupt-on- Q D—
Change
EN |
RD PORTA

Note 1: Comparator mode determines Analog Input mode.

DS41232D-page 52 © 2007 Microchip Technology Inc.



PIC12F635/PIC16F636/639

4242 RA1/C1IN-/VREF/ICSPCLK

Figure 4-2 shows the diagram for this pin. The RA1 pin
is configurable to function as one of the following:

« ageneral purpose I/O

¢ an analog input to the comparator

 In-Circuit Serial Programming™ clock

FIGURE 4-2: BLOCK DIAGRAM OF RA1
Analog
Data Bus Input Mode(®

b Q
VDD
WR )oK 5

wpUDA| T~ @ Weak
rRD ¢ APU

R R
WPUDA Weak
D Q
WR | ) ok o ves
WDA ~
RD
WDA
D Q Voo
WR | L CK =
PORTAT P <. @

*
o
i®)

1/0 pin
WR CK =

TRISATP . Q¢ Vss
Analog P
RD Input Mode(® J

TRISA]
RD _‘ﬂ
PORTA
D Q
WR _| —Q DIe
I0OCA
EN Q1
RD
IOCA Q pH
EN
Interrupt-on-

change

RD PORTA

To Comparator

Note 1: Comparator mode determines Analog Input mode.

4.2.4.3 RA2/TOCKI/INT/C1OUT

Figure 4-3 shows the diagram for this pin. The RA2 pin
is configurable to function as one of the following:

« ageneral purpose I/O

« the clock input for TimerO

« an external edge-triggered interrupt
« adigital output from the comparator

FIGURE 4-3: BLOCK DIAGRAM OF RA2
Data Bus
D Q
VDD
WR _| L cK =
wpupA| P~ @ Weak
RD ¢ RAPU
WPUDA Weak
D Q
Vss
WR =
woa [T N
RD :ﬂ]
WDA

c1ouT VDD

Enable
WR 1y CK 6
PORTA| | ~_ C10uT I
1/0 pin
WR 13 cK Gl o

TRISAT P ~C_ @ Vss
RD ‘j }J

TRISA | K/7

?
O
O

*
o
Je)

PORTA |
D Q
WR _| —0Q D
I0CA
EN Q1
RD
I0OCA Q D }—
EN
Interrupt-on-
change
RD PORTA
To TimerQ
To INT
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4.2.4.4 RA3/MCLR/VpPP

Figure 4-4 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 with