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MICROCHIP

PIC16F87XA

28/40-Pin Enhanced FLASH Microcontrollers

Devices Included in this Data Sheet:

* PIC16F873A
* PIC16F874A

* PIC16F876A
* PIC16F877A

High Performance RISC CPU:

Only 35 single word instructions to learn
All single cycle instructions except for program
branches, which are two-cycle
Operating speed: DC - 20 MHz clock input

DC - 200 ns instruction cycle
Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM),
Up to 256 x 8 bytes of EEPROM Data Memory
Pinout compatible to other 28-pin or 40/44-pin
PIC16CXXX and PIC16FXXX microcontrollers

Peripheral Features:

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

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

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

Two Capture, Compare, PWM modules

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

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

- PWM max. resolution is 10-bit

Synchronous Serial Port (SSP) with SPI™
(Master mode) and [2cm™ (Master/Slave)
Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address detection
Parallel Slave Port (PSP) 8-bits wide, with
external RD, WR and CS controls (40/44-pin only)
Brown-out detection circuitry for

Brown-out Reset (BOR)

A

nalog Features:

10-bit, up to 8 channel Analog-to-Digital
Converter (A/D)

Brown-out Reset (BOR)
Analog Comparator module with:
- Two analog comparators

- Programmable on-chip voltage reference
(VREF) module

- Programmable input multiplexing from device
inputs and internal voltage reference

- Comparator outputs are externally accessible

Special Microcontroller Features:

C

100,000 erase/write cycle Enhanced FLASH
program memory typical

1,000,000 erase/write cycle Data EEPROM
memory typical

Data EEPROM Retention > 40 years
Self-reprogrammable under software control
In-Circuit Serial Programming™ (ICSP™) via two pins
Single supply 5V In-Circuit Serial Programming

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

Programmable code protection
Power saving SLEEP mode
Selectable oscillator options
In-Circuit Debug (ICD) via two pins

MOS Technology:

Low power, high speed FLASH/EEPROM technology
Fully static design

Wide operating voltage range (2.0V to 5.5V)
Commercial and Industrial temperature ranges

Low power consumption

Program Memory Data ) MSSP ]
Device Bytes # Single WOrd (SBRAM E(EBI;tRe(;;\A 1/0 A}I(D) ?C':]) (PCV(\:III\D/I) <pi Master | USART ;—/Te];etr)?t Comparators
Instructions |(BYtes) 1’c
PIC16F873A | 7.2K 4096 192 128 22 5 2 Yes| Yes Yes 2/1 2
PIC16F874A | 7.2K 4096 192 128 33 8 2 Yes| Yes Yes 2/1 2
PIC16F876A | 14.3K 8192 368 256 22 5 2 Yes| Yes Yes 2/1 2
PIC16F877A | 14.3K 8192 368 256 33 8 2 Yes| Yes Yes 2/1 2
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PIC16F87XA

Pin Diagrams

PDIP (28-pin), SOIC, SSOP

MCLR/Vep— []°1 - 28[ ] <— RB7/PGD
rRAO/ANO =~ L] 2 27[] = RB6/PGC
RAVANL<—L[] 3 < 26[ ] = RB5

RA2/AN2/VReF-ICVRer<—= ] 4 © 25[ ] <— RB4
RA3/AN3/VRer+ =[] 5 o 24[] =— RB3/PGM
RA4/TOCKI/C1OUT=—>L] 6 < 23[] <— RB2
RAS/AN4/SS/C20UT <[] 7 © 22[] == RB1
vss— [] 8 o 21[] =— RBO/INT
osci/icLkiN—=[] 9 o 20[] =— vop
oscz2/cLKouT =— []10 8 19[] =— Vss
RCO/T10SO/T1CKI=—[]11 = 18[ ] <—= RC7/RX/DT
RC1/T10SI/CCP2 <= []12 17[] <— RC6/TX/CK
Rc2/cCP1<—>[]13 16[ ] <— RC5/SDO
RC3/scK/scL=—=[]14 15[] <—= RC4/SDI/SDA
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PIC16F87XA

Pin Diagram
PDIP (40 pin)
MCLR/VPP —[] 1 NP [ <— RB7/PGD
RAO/ANO <—»[] 2 39 [] <—» RB6/PGC
RAL/AN1 <—=[]3 381 <— RB5
RA2/AN2/VREF-/CVREF <[] 4 37 [] -<— RB4
RA3/AN3/VREF+ <[] 5 36 [] <—» RB3/PGM
RA4/TOCKI/C1OUT <[] 6 35 [] <—» RB2
RAS5/AN4/SS/C20UT <—[] 7 < 34[=— RB1
REO/RD/ANS <——»[]8 N 33 []<—s RBO/NT
RE1/WR/AN6 <—[] 9 QO 32[0<— VoD
RE2/CS/AN7 <— [] 10 ';: 31 [0 =< Vss
VoD —— [] 11 ~ 30 [] =— RD7/PSP7
Vss —»[J12 P 290~ RDEIPSPE N
OSCI/CLKIN —»[]13 © 28 [] < RD5/PSP5 i
OSC2/CLKOUT <[] 14 8 27 [] <—» RD4/PSP4 3
RCOITIOSOMICKI «—[]15 & 26 [1=—s RC7/RX/IDT E T
RCL/T10SI/CCP2 «— [] 16 25 [] «——» RCB/TX/CK g &
RC2/CCP1 <[] 17 24 [] =<—» RC5/SDO $Swof 0o
RC3/SCK/SCL =[] 18 23 [1<—» RC4/SDI/SDA 22222 99
RDO/PSP0 < [] 19 22 [] <—» RD3/PSP3 22&'2‘5058350
RD1/PSP1 <[] 20 21 [] <—» RD2/PSP2 PLCC TOICDI:OICTZTE:OICTZ
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RA4/TOCKICLOUT [ o Y ¥ Y Y Y39 «— RB3PGM
RA5/AN4/SS/C20UT « » []g 380 <— RB2
REO/RD/AN5 <—» [ g 370 <— RB1
REL/WR/AN6 <—= [ 10 360 =—> RBO/INT
RE2/CSIAN7 < []11 PIC16F877A 358 <— vop
VoD —» [ 12 340 <— Vss
vss —= 13 PIC16F874A 330« RD7/PSP7
OSCL/CLKIN — [ 14 32[] <— RD6/PSP6
OSC2/CLKOUT <[] 15 31[] <—= RD5/PSP5
RCO/T10SO/TICK1 <— [ 16 30[] = RD4/PSP4
N NC 17 29[] <—= RC7/RX/DT
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% = ANANAN NN NN N
3 3 O
N4 (2] A
NooN—HO LW
Solpazels RERRRRRSI
AP PHBHOGS
FooaaaacnlOk faoeEanses5e
SMIDBITS NN COPBRHBHPIALZ
[SRSNSNaNaNaNaRSRORENS) oooanaalPX
rrrrrrrrxre 2 =N(¥)B;N50mt
20p0000088
QFP Qrsrxara3I™g
E O Q
o
HHHRHHHHHAR 2
©
TONTHODOMNO LS
re7rxoT <=1 0 PP g NC
RD4/PSP4 <—=[I0 2 3213 «<— RCO/T10SO/T1CKI
RD5/PSP5 <[ 3 31— OSC2/CLKOUT
RD6/PSP6 <+ [ 4 30— =—— OSC1/CLKIN
RD7/PSP7 <—=[CI5 PIC16F877A 29T Jd=<— Vss
— 1T} 28T 1<—— VDD
\\//52 — 1] ? PIC16F874A  7fm-— RE2/AN7/CS
RBO/INT <=1 8 2611 =—= REL/ANG/WR
RB1 <=1 9 25T <—> REO/AN5/RD
RB2 <—=[IT] 10 24/ <—= RA5/AN4/SS/C20UT
RB3/PGM =—=TIH 1l o & oo o o o N23ID<—> RA4/TOCKI/C10UT
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RB4 <
RB5 <+—>
RB6/PGC <-—
RB7/PGD <-—»
MCLR/VPP —
RAO/ANQ <-—=
RA1/AN1 <-—
RA2/AN2/VREF-/ICVREF <—»
RA3/AN3/VREF+<—»
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PIC16F87XA
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PIC16F87XA Product Identification System

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@mail.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)
* The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

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

Customer Notification System

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

DS39582A-page 4 AdvancelInformation © 2001 Microchip Technology Inc.



PIC16F87XA

1.0 DEVICE OVERVIEW

This document contains device specific information
about the following devices:

* PIC16F873A

* PIC16F874A

* PIC16F876A

* PIC16F877A

PIC16F873A/876A devices are available only in 28-pin
packages, while PIC16F874A/877A devices are avail-

able in 40-pin and 44-pin packages. All devices in the
PIC16F87XA family share common architecture, with

The available features are summarized in Table 1-1.
Block diagrams of the PIC16F873A/876A and
PIC16F874A/877A devices are provided in Figure 1-1
and Figure 1-2, respectively. The pinouts for these
device families are listed in Table 1-2 and Table 1-3.

Additional information may be found in the PICmicro™
Mid-Range Reference Manual (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip website. The
Reference Manual should be considered a complemen-
tary document to this data sheet, and is highly recom-
mended reading for a better understanding of the device

the following differences:

* the PIC16F873A and PIC16F876A have one-half
of the total on-chip memory of the PIC16F874A

and PIC16F877A

» the 28-pin devices have three /O ports, while the

40/44-pin devices have five

« the 28-pin devices have 14 interrupts, while the

40/44-pin devices have 15

 the 28-pin devices have five A/D input channels,

while the 40/44-pin devices have eight

 the Parallel Slave Port is implemented only on the

40/44-pin devices

architecture and operation of the peripheral modules.

TABLE 1-1: PIC16F87XA DEVICE FEATURES
Key Features PIC16F873A PIC16F874A PIC16F876A PIC16F877A
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
FLAS?J_E?;?S: d'\;')emory 4K 4K 8K 8K
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory (bytes) 128 128 256 256
Interrupts 14 15 14 15
1/O Ports Ports A,B,C Ports A,B,C,D,E Ports A,B,C Ports A,B,C,D,E
Timers 3 3 3 3
Capture/Compare/PWM modules 2 2 2 2
Serial Communications MSSP, USART | MSSP, USART | MSSP, USART | MSSP, USART
Parallel Communications — PSP — PSP
10-bit Analog-to-Digital Module 5 input channels | 8 input channels | 5 input channels | 8 input channels
Analog Comparators 2 2 2 2
Instruction Set 35 Instructions 35 Instructions 35 Instructions 35 Instructions
Packages 28-pin PDIP 40-pin PDIP 28-pin PDIP 40-pin PDIP
28-pin SOIC 44-pin PLCC 28-pin SOIC 44-pin PLCC
28-pin SSOP 44-pin QFP 28-pin SSOP 44-pin QFP
28-pin MLF 28-pin MLF

© 2001 Microchip Technology Inc.
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PIC16F87XA

FIGURE 1-1: PIC16F873A/876A BLOCK DIAGRAM
13 Data Bus 8 PORTA
"_ RAO/ANO
FLASH RA1/AN1
Program RA2/AN2/VREF-/ICVREF
Memory 8 Lovel Stack RAM Y RA3/AN3/VREF+
A o File <+—[X] RA4/TOCKI/C1OUT
( ) egisters RA5/AN4/SS/C20UT
Program ;4
Bus
Instruction reg
‘ ‘ Direct Addr 7 PORTB
RBO/INT
RB1
RB2
RB3/PGM
8 RB4
-—> RB5
RB6/PGC
Power-up RB7/PGD
Timer
Instruction Oscillator
Decode & Ki—>{ | Start-up Timer
Control Power-on
Reset PORTC
Timing Watchdog RCO/T10SO/T1CKI
XK= Generation [<+] Timer RC1/T10SI/CCP2
OSC1/CLKIN Brown-out RC2/CCP1
OSC2/CLKOUT Reset RC3/SCK/SCL
In-Circuit 1 RC4/SDI/SDA
Debugger RC5/SDO
Low Voltage RC6/TX/CK
Programming RC7/RX/IDT
MCLR VDD, Vss
Timer0 Timerl Timer2 10-bit A/D
Data EEPROM CCP12 Synchronous USART Comparator Voliage
’ Serial Port p Reference
Device Program FLASH Data Memory Data EEPROM
PIC16F873A 4K words 192 Bytes 128 Bytes
PIC16F876A 8K words 368 Bytes 256 Bytes
Note 1: Higher order bits are from the STATUS register.
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PIC16F87XA

FIGURE 1-2: PIC16F874A/877A BLOCK DIAGRAM
13 P b Data Bus 8 PORTA
CLnsh <~ _rogram Counter RAGJANO
S RAL/ANL
Program RAM <> RA2/AN2/VREF-/CVREF
Memory 8 Level Stack Fil 1 RA3/AN3/VREF+
(13-bit) ne RA4/TOCKI/C10UT
Registers RA5/AN4/SS/C20UT
Program 14 PORTB
Bus
RBO/INT
Instruction reg +— RB1
RB2
H Direct Addr 7 RB3/PGM
RB4
RB5
‘ RB6/PGC
—{ STATUS reg ‘ +— X RB7/PGD
8
PORTC
RCO/T10SO/T1CKI
Power-up 3 RC1/T10SI/CCP2
Timer RC2/CCP1
" o RC3/SCK/SCL
Instruction Oscillator —
Decode & [G—>| | Start-up Timer ALU RC4/SDI/SDA
Control RC5/SDO
P%M(laesre_?n 8 RC6/TX/CK
RC7/RX/DT
Timing Watchdog
@@ Generation < Timer PORTD
OSC1/CLKIN Brown-out l—>| RDO/PSPO
OSC2/CLKOUT Reset 1K) RDLPSPL
In-Circuit —1X| RD2/PSP2
Debugger N [ RD3/PSP3
11
Low-Voltage <—X] RD4/PSP4
Programming > RD5/PSP5
| RD6/PSP6
> RD7/PSP7
PORTE
MCLR VDD, Vss 4+—[X] REO/ANS/RD
— X REL/AN6/WR
X RE2/ANT7ICS
Timer0 Timerl Timer2 10-bit A/D Parallel Slave Port

it

it

;

¥

U

U &

J

Data EEPROM

CCP1,2

Synchronous
Serial Port

USART Comparator

Voltage
Reference

Device Program FLASH Data Memory Data EEPROM
PIC16F874A 4K words 192 Bytes 128 Bytes
PIC16F877A 8K words 368 Bytes 256 Bytes

Note 1: Higher order bits are from the STATUS register.

© 2001 Microchip Technology Inc.
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PIC16F87XA

TABLE 1-2: PIC16F873A/876A PINOUT DESCRIPTION

Pin Name Pin# vore Buiffer Description
Type Type
OSC1/CLKI 9 ST/CMOS® | Oscillator crystal or external clock input.
0oscC1 | Oscillator crystal input or external clock source input. ST
buffer when configured in RC mode. Otherwise CMOS.
CLKI | External clock source input. Always associated with pin
function OSC1 (see OSC1/CLKI, OSC2/CLKO pins).
OSC2/CLKO 10 — Oscillator crystal or clock output.
0sc2 (0] Oscillator crystal output.
Connects to crystal or resonator in Crystal Oscillator mode.
CLKO (0] In RC mode, OSC2 pin outputs CLKO, which has 1/4 the
frequency of OSC1 and denotes the instruction cycle rate.
MCLR/VpPpP 1 ST Master Clear (input) or programming voltage (output)
MCLR | Master Clear (Reset) input. This pin is an active low RESET
to the device.
VPP P Programming voltage input.
PORTA is a bi-directional I/O port.
RAO/ANO 2 TTL
RAO 110 Digital I/O.
ANO | Analog input 0.
RA1/AN1 3 TTL
RA1 110 Digital I/O.
AN1 | Analog input 1.
RA2/AN2/VREF-/ICVREF 4 TTL
RA2 110 Digital I/O.
AN2 | Analog input 2.
VVREF- | A/D reference voltage (Low) input.
CVREF (0] Comparator VREF output.
RA3/AN3/VREF+ 5 TTL
RA3 110 Digital I/O.
AN3 | Analog input 3.
VREF+ | A/D reference voltage (High) input .
RA4/TOCKI/C1OUT 6 ST
RA4 1/0 Digital /0 — Open drain when configured as output.
TOCKI | Timer0 external clock input.
ClouT (0] Comparator 1 output.
RA5/SS/AN4/C20UT 7 TTL
RA5 110 Digital I/O.
SS | SPI slave select input.
AN4 | Analog input 4.
C20UT (0] Comparator 2 output.
Legend: | = input O = output I/0 = input/output P = power
— = Not used TTL=TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

DS39582A-page 8 AdvancelInformation © 2001 Microchip Technology Inc.



PIC16F87XA

TABLE 1-2: PIC16F873A/876A PINOUT DESCRIPTION (CONTINUED)

Pin Name Pin# vore Buffer Description
Type Type
PORTB is a bi-directional I/O port. PORTB can be software
programmed for internal weak pull-up on all inputs.
RBO/INT 21 TTUSTD
RBO 110 Digital I/O.
INT | External interrupt.
RB1 22 1/0 TTL Digital I/0.
RB2 23 110 TTL Digital I/O.
RB3/PGM 24 TTL
RB3 1/0 Digital 1/0.
PGM 110 Low voltage ICSP programming enable pin.
RB4 25 1/0 TTL Digital 1/0.
RB5 26 1/0 TTL Digital 1/0.
RB6/PGC 27 TTLST®
RB6 1/0 Digital 1/0.
PGC 110 In-Circuit Debugger and ICSP programming clock.
RB7/PGD 28 TTL/IST®
RB7 I/0 Digital I/0.
PGD I/0 In-Circuit Debugger and ICSP programming data.
PORTC is a bi-directional I/O port.
RCO/T10SO/T1CKI 11 ST
RCO 1/0 Digital 1/0.
T10SO (0] Timer1 oscillator output.
T1CKI | Timerl external clock input.
RC1/T10SI/CCP2 12 ST
RC1 1/0 Digital 1/0.
T10SI | Timer1 oscillator input.
CCP2 1/0 Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 13 ST
RC2 1/0 Digital 1/0.
CCP1 1/0 Capturel input/Comparel output/PWM1 output.
RC3/SCK/SCL 14 ST
RC3 1/0 Digital 1/0.
SCK 1/0 Synchronous serial clock input/output for SPI mode.
SCL I/0 Synchronous serial clock input/output for 12C mode.
RC4/SDI/SDA 15 ST
RC4 1/0 Digital 1/0.
SDI | SPI data in.
SDA lle} 12C data I/O.
RC5/SDO 16 ST
RC5 110 Digital I/O.
SDO (0] SPI data out.
RC6/TX/CK 17 ST
RC6 1/0 Digital 1/0.
X o USART asynchronous transmit.
CK 1/0 USART 1 synchronous clock.
RC7/RX/DT 18 ST
RC7 1/0 Digital I/0.
RX | USART asynchronous receive.
DT 1/0 USART synchronous data.
Vss 8,19 P — Ground reference for logic and I/O pins.
VDD 20 P — Positive supply for logic and 1/O pins.
Legend: | = input O = output I/O = input/output P = power
— = Not used TTL=TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION

Pin Name D.IP PL.CC Q.FP Vorp Buffer Description
Pin# Pin# Pin# | Type Type
OSC1/CLKI 13 14 30 | sT/cMos | Oscillator crystal or external clock input.

0oscC1 Oscillator crystal input or external clock source input.
ST buffer when configured in RC mode. Otherwise
CMOS.

CLKI External clock source input. Always associated with
pin function OSC1 (see OSC1/CLKI, OSC2/CLKO
pins).

0OSC2/CLKOUT 14 15 31 (0] — Oscillator crystal or clock output.

0sc2 Oscillator crystal output.

Connects to crystal or resonator in Crystal Oscillator
mode.

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

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

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

VPP Programming voltage input.

PORTA is a bi-directional 1/O port.

RAO/ANO 2 3 19 TTL

RAO /10 Digital I/0.

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

RA1 lfe} Digital I/O.

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

RA2 /10 Digital I/0.

AN2 | Analog input 2.

VREF- | A/D reference voltage (Low) input.

CVREF (0] Comparator VREF output.

RA3/AN3/VREF+ 5 6 22 TTL

RA3 1/0 Digital I/0.

AN3 | Analog input 3.

VREF+ | A/D reference voltage (High) input.

RA4/TOCKI/C10UT 6 7 23 ST

RA4 110 Digital I/O — Open drain when configured as output.

TOCKI | Timer0 external clock input.

C10ouT (0] Comparator 1 output.

RA5/SS/AN4/C20UT 7 8 24 TTL

RA5 lfe} Digital I/0.

SS | SPI slave select input.

AN4 I Analog input 4.

C20UT (0] Comparator 2 output.

Legend: |=input O = output I/0 = input/output P = power
— = Not used TTL =TTL input ST = Schmitt Trigger input

Note 1:This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)

Pin Name DIP | PLCC | QFP | l/O/P Buffer Descrintion
Pin# | Pin# | Pin# | Type Type P
PORTB is a bi-directional I/O port. PORTB can be soft-
ware programmed for internal weak pull-up on all inputs.
RBO/INT 33 36 8 TTL/STW
RBO /10 Digital I/O.
INT | External interrupt.
RB1 34 37 9 /10 TTL Digital I/O.
RB2 35 38 10 110 TTL Digital I/O.
RB3/PGM 36 39 11 TTL
RB3 /10 Digital I/O.
PGM 110 Low voltage ICSP programming enable pin.
RB4 37 41 14 /10 TTL Digital I/0.
RB5 38 42 15 110 TTL Digital I/0.
RB6/PGC 39 43 16 TTLST®
RB6 /10 Digital I/O.
PGC 110 In-Circuit Debugger and ICSP programming clock.
RB7/PGD 40 44 17 TTLST®
RB7 110 Digital I/O.
PGD lfe} In-Circuit Debugger and ICSP programming data.
PORTC is a bi-directional I/O port.
RCO/T10SO/T1CKI 15 16 32 ST
RCO 110 Digital I/0.
T10SO (0] Timerl oscillator output.
T1CKI | Timerl external clock input.
RC1/T10SI/CCP2 16 18 35 ST
RC1 lfe} Digital I/0.
T10SI | Timer1 oscillator input.
CCP2 1/0 Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 17 19 36 ST
RC2 lfe} Digital I/O.
CCP1 /0 Capturel input/Comparel output/PWM1 output.
RC3/SCK/SCL 18 20 37 ST
RC3 lfe} Digital I/0.
SCK 1/0 Synchronous serial clock input/output for SPI mode.
SCL /10 Synchronous serial clock input/output for 12C mode.
RC4/SDI/SDA 23 25 42 ST
RC4 1/0 Digital I/0.
SDI | SPI data in.
SDA 10 12C data I/O.
RC5/SDO 24 26 43 ST
RC5 1/0 Digital I/0.
SDO (o] SPI data out.
RC6/TX/CK 25 27 44 ST
RC6 lfe} Digital I/O.
TX (0] USART asynchronous transmit.
CK 110 USART 1 synchronous clock.
RC7/RX/DT 26 29 1 ST
RC7 lfe} Digital I/0.
RX | USART asynchronous receive.
DT 110 USART synchronous data.
Legend: |=input O = output I/O = input/output P = power
— = Not used TTL=TTL input ST = Schmitt Trigger input

Note 1:This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)

Pin Name DIP PLCC | QFP 1/10/P Buffer Description
Pin# | Pin# | Pin# | Type Type P
PORTD is a bi-directional I/O port or parallel slave port
when interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 STTLO
RDO /0 Digital I/O.
PSPO 1/0 Parallel Slave Port data.
RD1/PSP1 20 22 39 STATL®
RD1 110 Digital I/0.
PSP1 110 Parallel Slave Port data.
RD2/PSP2 21 23 40 STATLO®
RD2 1/0 Digital I/0.
PSP2 1/0 Parallel Slave Port data.
RD3/PSP3 22 24 41 STATL®
RD3 110 Digital I/0.
PSP3 110 Parallel Slave Port data.
RD4/PSP4 27 30 2 sSTATLO®
RD4 110 Digital 1/0.
PSP4 1/0 Parallel Slave Port data.
RD5/PSP5 28 31 3 STATL®
RD5 110 Digital I/0.
PSP5 110 Parallel Slave Port data.
RD6/PSP6 29 32 4 sSTATLO®
RD6 /0 Digital I/O.
PSP6 1/0 Parallel Slave Port data.
RD7/PSP7 30 33 5 STTTL®
RD7 110 Digital I/0.
PSP7 110 Parallel Slave Port data.
PORTE is a bi-directional I/O port.
REO/RD/AN5 8 9 25 STTLA®
REO IO Digital 1/O.
RD | Read control for parallel slave port.
AN5 | Analog input 5.
RE1/WR/ANG 9 10 26 STATL®
RE1 IO Digital 1/O.
WR | Write control for parallel slave port.
ANG6 | Analog input 6.
RE2/CS/AN7 10 1 27 sSTTTL®
RE2 /0 Digital /0.
CSs | Chip select control for parallel slave port.
AN7 | Analog input 7.
Vss 12,31 | 13,34 | 6,29 P — Ground reference for logic and I/O pins.
VDD 11,32 | 12,35 | 7,28 P — Positive supply for logic and 1/O pins.
NC — 1,17, | 12,13, — These pins are not internally connected. These pins
28,40 | 33,34 should be left unconnected.
Legend: |=input O = output I/0 = input/output P = power
— = Not used TTL=TTL input ST = Schmitt Trigger input

Note 1:This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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PIC16F87XA

2.0 MEMORY ORGANIZATION

There are three memory blocks in each of the
PIC16F87XA devices. The Program Memory and Data
Memory have separate buses so that concurrent
access can occur and is detailed in this section. The
EEPROM data memory block is detailed in Section 3.0.

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

FIGURE 2-1: PIC16F876A/877A
PROGRAM MEMORY MAP
AND STACK
PC<12:0>
CALL, RETURN 13

RETFIE, RETLW

Stack Level 1
Stack Level 2
[ ]
L]
L]
Stack Level 8
RESET Vector 0000h
L]
° <:%::::_
°
Interrupt Vector 0004h
0005h
Page O
07FFh
0800h
) Page 1
On-Chip OFFFh
Program
Memory 1000h
Page 2
17FFh
1800h
Page 3
1FFFh

2.1 Program Memory Organization

The PIC16F87XA devices have a 13-bit program
counter capable of addressing an 8K word x 14 bit pro-
gram memory space. The PIC16F876A/877A devices
have 8K words x 14 bits of FLASH program memory,
while PIC16F873A/874A devices have 4K words x 14
bits. Accessing a location above the physically imple-
mented address will cause a wraparound.

The RESET vector is at 0000h and the interrupt vector
is at 0004h.

FIGURE 2-2: PIC16F873A/874A
PROGRAM MEMORY MAP
AND STACK
PC<12:0>
CALL, RETURN | 13

RETFIE, RETLW I

Stack Level 1
Stack Level 2
[ ]
L]
L]
Stack Level 8
RESET Vector 0000h
[ ]
. <::
L]
Interrupt Vector 0004h
0005h
on-Chip Page 0
Program 07FFh
Memory 0800h
Page 1
OFFFh
1000h
1FFFh
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2.2 Data Memory Organization

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

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

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

Note: EEPROM Data Memory description can be
found in Section 4.0 of this data sheet.

221 GENERAL PURPOSE REGISTER
FILE

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

DS39582A-page 14
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FIGURE 2-3:

PIC16F876A/877A REGISTER FILE MAP

File
Address

Indirect addr.” | 0oh
TMRO 01lh
PCL 02h
STATUS 03h
FSR 04h
PORTA 05h
PORTB 06h
PORTC 07h
PORTDD | 08h
PORTEWD | 09h
PCLATH 0Ah
INTCON 0Bh
PIR1 0Ch
PIR2 0Dh
TMR1L OEh
TMR1H OFh
T1CON 10h
TMR2 11h
T2CON 12h
SSPBUF 13h
SSPCON 14h
CCPRI1L 15h
CCPR1H 16h
CCP1CON 17h
RCSTA 18h
TXREG 1%h
RCREG 1Ah
CCPR2L 1Bh
CCPR2H 1Ch
CCP2CON | 1Dh
ADRESH 1Eh
ADCONO | 1Fh
20h

General

Purpose

Register

96 Bytes
7Fh

Bank 0

File
Address
Indirect addr.”) | gon
OPTION_REG | 81h
PCL 82h
STATUS 83h
FSR 84h
TRISA 85h
TRISB 86h
TRISC 87h
TRISD® | 8sh
TRISE® | 89h
PCLATH 8Ah
INTCON 8Bh
PIE1 8Ch
PIE2 8Dh
PCON 8Eh
8Fh
90h
SSPCON2 91h
PR2 92h
SSPADD 93h
SSPSTAT 94h
95h
96h
97h
TXSTA 98h
SPBRG 9%h
9Ah
9Bh
CMCON 9Ch
CVRCON 9Dh
ADRESL 9Eh
ADCON1 9Fh
AOh
General
Purpose
Register
80 Bytes
EFh
accesses Foh
70h-7Fh
FFh
Bank 1

File
Address
Indirect addr.”) | 100h
TMRO 101h
PCL 102h
STATUS 103h
FSR 104h
105h
PORTB 106h
107h
108h
109h
PCLATH 10Ah
INTCON 10Bh
EEDATA 10Ch
EEADR 10Dh
EEDATH | 10Eh
EEADRH 10Fh
110h
111h
112h
113h
114h
115h
116h
General 117h
pumose | 11an
16 Bytes 119h
11Ah
11Bh
11Ch
11Dh
11Eh
11Fh
120h
General
Purpose
Register
80 Bytes
16Fh
accesses 170h
70h-7Fh
17Fh
Bank 2

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

Note 1: These registers are not implemented on the PIC16F876A.
2: These registers are reserved, maintain these registers clear.

File
Address
Indirect addr.(? 180h
OPTION_REG| 181h
PCL 182h
STATUS 183h
FSR 184h
185h
TRISB 186h
187h
188h
189h
PCLATH 18Ah
INTCON 18Bh
EECON1 18Ch
EECON2 18Dh
Reserved® | 18Eh
Reserved® | 18Fh
190h
191h
192h
193h
194h
195h
196h
General 197h
Purpose
Register 198h
16 Bytes 199h
19Ah
19Bh
19Ch
19Dh
19Eh
19Fh
1A0h
General
Purpose
Register
80 Bytes 1EEh
accesses 1FOh
70h - 7Fh
1FFh
Bank 3
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PIC16F87XA

] Unimplemented data memory locations, read as '0’.
* Not a physical register.

Note 1: These registers are not implemented on the PIC16F873A.

2: These registers are reserved, maintain these registers clear.

FIGURE 2-4: PIC16F873A/874A REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr.”) | 0oh Indirect addr.”) | goh Indirect addr.®) | 100h Indirect addr.”) | 180h
TMRO 01h OPTION_REG | 81h TMRO 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD® | 08h TRISD®Y | 8sh 108h 188h
PORTE® | 09h TRISE® | 8oh 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 ODh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMR1L OEh PCON 8Eh EEDATH | 10Eh Reserved® | 18Eh
TMR1H OFh 8Fh EEADRH | 10Fh Reserved®? | 18Fh
T1CON 10h 90h 110h 190h
TMR2 11h SSPCONZ2 91h
T2CON 12h PR2 92h
SSPBUF 13h SSPADD 93h
SSPCON 14h SSPSTAT 94h
CCPRI1L 15h 95h
CCPR1H 16h 96h
CCP1CON 17h 97h
RCSTA 18h TXSTA 98h
TXREG 19h SPBRG 99h
RCREG 1Ah 9Ah
CCPR2L 1Bh 9Bh
CCPR2H 1Ch CMCON 9Ch
CCP2CON | 1Dh CVRCON | 9ph
ADRESH | 1Eh ADRESL 9Eh
ADCONO 1Fh ADCON1 9Fh 120h 1A0h
20h AOh
General General
Eggi’g%? Eggﬁ;’%‘i accesses accesses
20h-7Fh AOh - FFh
96 Bytes 96 Bytes 16Eh 1EFh
170h 1FOh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
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PIC16F87XA

222 SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
the CPU and peripheral modules for controlling the
desired operation of the device. These registers are
implemented as static RAM. A list of these registers is
given in Table 2-1.

The Special Function Registers can be classified into
two sets: core (CPU) and peripheral. Those registers
associated with the core functions are described in
detail in this section. Those related to the operation of
the peripheral features are described in detail in the

peripheral features section.

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY

. . . . . . . . Value on: Details
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR on

page:
Bank O
00h@® INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | 0000 0000 | 29, 148
01lh TMRO Timer0 Module Register xxxx xxxx | 53,148
02h® |pcL Program Counter (PC) Least Significant Byte 0000 0000 | 28, 148
03h®  [STATUS rRp | RP1 | RPO | TO PD z | bc | ¢ [ooor 1xxx|20,148
04h® FSR Indirect Data Memory Address Pointer Xxxx xxxx | 29,148
05h PORTA — | — |PORTA Data Latch when written: PORTA pins when read --0x 0000 |41, 148
06h PORTB PORTB Data Latch when written: PORTB pins when read XXXX XxxX | 43,148
07h PORTC PORTC Data Latch when written: PORTC pins when read XXXX xXxxx | 45,148
08h®  |PORTD PORTD Data Latch when written: PORTD pins when read xxxx xxxx | 46, 148
09h®  |PORTE — — — — — RE2 RE1 REO |---- -xxx|47,148
0AhL3) | PCLATH — = — | write Buffer for the upper 5 bits of the Program Counter | ---0 0000 | 28, 148
0Bh® INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF 0000 000x | 22,148
0Ch PIR1 PSPIFG) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF | TMR1IF | 0000 0000 | 24, 148
0Dh PIR2 — CMIF —_ EEIF BCLIF —_ — CCP2IF | -0-0 0--0| 26, 148
OEh TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 Register xxxx xxxx | 58,148
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 Register xxxx xxxx | 58,148
10h  |T1iCON — | — [7ickpsi]TicKPs0|T10SCEN| TISYNC | TMRICS [TMRION|--00 0000 |55, 148
11h TMR2 Timer2 Module Register 0000 0000 | 60, 148
12h T2CON — |[TOUTPS3|TOUTPS2| TOUTPS1 | TOUTPSO| TMR2ON |T2CKPS1[T2CKPS0| -000 0000 | 59, 148
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register XxXXX xxxxX | 77,148
14h SSPCON WCOL | SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO |0000 0000 | 71,80,
148

15h CCPRI1L Capture/Compare/PWM Registerl (LSB) xxxx xxxx | 61,148
16h CCPR1H Capture/Compare/PWM Registerl (MSB) xxxx xxxx | 61,148
17h CCP1CON — — CCP1X CCP1Y | CCP1IM3 | CCP1M2 | CCP1M1 |CCP1MO|--00 0000 | 62,148
18h RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D | 0000 000x |110, 148
19h TXREG USART Transmit Data Register 0000 0000 |116, 148
1Ah RCREG USART Receive Data Register 0000 0000 |116, 148
1Bh CCPR2L Capture/Compare/PWM Register2 (LSB) xxxx xxxx | 61,148
1Ch CCPR2H Capture/Compare/PWM Register2 (MSB) xxxx xxxx | 61,148
1Dh CCP2CON — | — ] ccpax | ccpay | ccpams | cCPam2 | CCP2M1 [ CCP2MO | --00 0000 | 62, 148
1Eh ADRESH A/D Result Register High Byte xxxx xxxx |131, 148
1Fh  |aDcoNo | ADcs1 | Apcso | cHs2 | cHsi | cHso |GODONE| — | ADON |oooo 00-o0|125, 148
Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0", r = reserved.

Shaded locations are unimplemented, read as ‘0'.
Note 1:

The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8>, whose

contents are transferred to the upper byte of the program counter.
: Bits PSPIE and PSPIF are reserved on PIC16F873A/876A devices; always maintain these bits clear.

: These registers can be addressed from any bank.

2
3
4: PORTD, PORTE, TRISD, and TRISE are not implemented on PIC16F873A/876A devices, read as ‘0'.
5: Bit 4 of EEADRH implemented only on the PIC16F876A/877A devices.
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

. . . . . . . . Value on: Details
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR on

page:
Bank 1
80h® INDF Addressing this location uses contents of FSR to address data memory 0000 0000 | 29,148
(not a physical register)

81h OPTION_REG| RBPU | INTEDG | Tocs | Tose | pPsa | ps2 | Pst | Pso [1111 111121148
82n® |pcL Program Counter (PC) Least Significant Byte 0000 0000 | 28, 148
83h®  [STATUS rRP | RP1 | R0 | To | PD | z | bc | ¢ |ooo1 1xxx|20 148
84h® FSR Indirect Data Memory Address Pointer xxxx xxxx | 29,148
85h TRISA — | — |PORTA Data Direction Register --11 111141, 148
86h TRISB PORTB Data Direction Register 1111 1111 43,148
87h TRISC PORTC Data Direction Register 1111 1111 45,148
8sh® |TRISD PORTD Data Direction Register 1111 1111 |46, 148
89h) TRISE IBF OBF IBOV |PSPMODE — PORTE Data Direction Bits 0000 -111 |48, 148
8AhL3) |pCLATH — — —  |Wwrite Buffer for the upper 5 bits of the Program Counter | ---0 0000 | 28, 148
8Bh®) INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF 0000 000x | 22,148
8Ch PIE1 PSPIE@ ADIE RCIE TXIE SSPIE CCP1IE TMR2IE | TMR1IE | 0000 0000 | 23, 149
8Dh PIE2 — CMIE —_ EEIE BCLIE —_ — CCP2IE | -0-0 0--0| 25,149
8Eh PCON = = = = = = POR BOR |---- -- qq | 27, 149
8Fh — Unimplemented — —
90h — Unimplemented — —
91h SSPCON2 GCEN |ACKSTAT| ACKDT | ACKEN | RCEN | PEN [ RSEN | SEN [0000 0000 |81, 149
92h PR2 Timer2 Period Register 1111 1111 60, 149
93h SSPADD Synchronous Serial Port (I2C mode) Address Register 0000 0000 | 77,149
94h SSPSTAT sup | cke | bA | p | s | rRw | ua | BF |oooo oooo|77, 149
95h — Unimplemented — —
96h — Unimplemented — —
97h — Unimplemented — —
98h TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D |0000 -010 [109, 149
99h SPBRG Baud Rate Generator Register 0000 0000 |111, 149
9Ah — Unimplemented — —
9Bh — Unimplemented — —
9Ch CMCON C20UT | C10uUT C2INV C1INV CIS CM2 CM1 CMO 0000 0111 (133,149
9Dh CVRCON CVREN | CVROE CVRR — CVR3 CVR2 CVR1 CVRO |000- 0000|139, 149
9Eh ADRESL A/D Result Register Low Byte xxxx xxxx |131, 149
9Fh ADCON1 ADFM ADCS2 — — PCFG3 PCFG2 PCFG1 | PCFGO |0--- 0000 |126,149
Legend: x =unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as '0', r = reserved.

Note 1:

a b wiN

Shaded locations are unimplemented, read as ‘0’.
The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8>, whose
contents are transferred to the upper byte of the program counter.

. Bits PSPIE and PSPIF are reserved on PIC16F873A/876A devices; always maintain these bits clear.

. These registers can be addressed from any bank.

: PORTD, PORTE, TRISD, and TRISE are not implemented on PIC16F873A/876A devices, read as ‘0.
. Bit 4 of EEADRH implemented only on the PIC16F876A/877A devices.
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TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
. . . . . . . . Value on: Details
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR p;)gne:
Bank 2

100n®  |INDF Addressing this location uses contents of FSR to address data memory 0000 0000 | 29, 148

(not a physical register)
101h TMRO TimerO Module Register xxxx xxxx | 53,148
102h®  |pcL Program Counter’s (PC) Least Significant Byte 0000 0000 | 28, 148
103h® [STATUS RP | RPL | RPO | TO PD z DC Cc  |o001 1xxx| 20,148
104h® |FSR Indirect Data Memory Address Pointer Xxxx xxxx | 29,148
105h — Unimplemented = =
106h PORTB PORTB Data Latch when written: PORTB pins when read XXXX Xxxx | 43,148
107h — Unimplemented = =
108h — Unimplemented = =
109h — Unimplemented = =
10Ah®3) | PCLATH — — —  |Wwrite Buffer for the upper 5 bits of the Program Counter | ---0 0000 | 28, 148
10Bh® |INTCON GIE PEIE TMROIE INTE | RBIE TMROIF INTF RBIF 0000 000x | 22,148
10Ch EEDATA EEPROM Data Register Low Byte xxxx xxxx | 37,149
10Dh EEADR EEPROM Address Register Low Byte xxxx xxxx | 37,149
10Eh EEDATH — — EEPROM Data Register High Byte --xx xxxx | 37, 149
10Fh  |EEADRH — — — | —©® |EEPROM Address Register High Byte S xxxx| 37,149

Bank 3

180h®) |INDF Addressing this location uses contents of FSR to address data memory

(not a physical register) 0000 0000 29, 148
181h  |OPTION_ REG| RBPU | INTEDG | Tocs | Tose | PsA | Ps2 | Ps1i | Pso 1111 1111[21,148
182h®) |pcL Program Counter (PC) Least Significant Byte 0000 0000 | 28,148
183h® |[STATUS rRp | RP1 | R0 | To | PO | z | bc | ¢ |ooo1 1xxx|20, 148
184h® |FSR Indirect Data Memory Address Pointer Xxxx xxxx | 29,148
185h — Unimplemented = =
186h TRISB PORTB Data Direction Register 1111 1111143, 148
187h — Unimplemented = =
188h — Unimplemented = =
189h — Unimplemented = =
18Ah%3) | PCLATH — — —  |Wwrite Buffer for the upper 5 bits of the Program Counter | ---0 0000 | 28, 148
18Bh®) |INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF 0000 000x | 22,148
18Ch EECON1 EEPGD —_ —_ — WRERR WREN WR RD x--- x000 | 32, 149
18Dh EECON2 EEPROM Control Register2 (not a physical register) | ---— ———- 37,149
18Eh — Reserved maintain clear 0000 0000 —
18Fh — Reserved maintain clear 0000 0000 —
Legend: x = unknown, u = unchanged, g = value depends on condition, - = unimplemented, read as ‘0", r = reserved.

Shaded locations are unimplemented, read as ‘0'.

Note 1:

contents are transferred to the upper byte of the program counter.

a b wN

. Bits PSPIE and PSPIF are reserved on PIC16F873A/876A devices; always maintain these bits clear.

: These registers can be addressed from any bank.

: PORTD, PORTE, TRISD, and TRISE are not implemented on PIC16F873A/876A devices, read as ‘0'.
. Bit 4 of EEADRH implemented only on the PIC16F876A/877A devices.

The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8>, whose

© 2001 Microchip Technology Inc.
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2221 STATUS Register

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

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

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

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the
STATUS register, because these instructions do not
affect the Z, C or DC bits from the STATUS register. For
other instructions not affecting any status bits, see the
“Instruction Set Summary.”

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

instructions for examples.

REGISTER 2-1: STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)
R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x
IRP RPL | RPO | TO PD | z | bc C
bit 7 bit 0
bit 7 IRP: Register Bank Select bit (used for indirect addressing)
1 =Bank 2, 3 (100h - 1FFh)
0 =Bank 0, 1 (O0h - FFh)
bit 6-5 RP1:RPO: Register Bank Select bits (used for direct addressing)
11 = Bank 3 (180h - 1FFh)
10 = Bank 2 (100h - 17Fh)
01 = Bank 1 (80h - FFh)
00 = Bank 0 (00h - 7Fh)
Each bank is 128 bytes
bit 4 TO: Time-out bit
1 = After power-up, CLRWDT instruction, or SLEEP instruction
0 = A WDT time-out occurred
bit 3 PD: Power-down bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction
bit 2 Z: Zero bit
1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero
bit 1 DC: Digit carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)
(for borrow, the polarity is reversed)
1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result
bit 0 C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)

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

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

Legend:
R = Readable bit
-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
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2222 OPTION_REG Register Note:  To achieve a 1:1 prescaler assignment for
The OPTION_REG Register is a readable and writable the TMRO register, assign the prescaler to
register, which contains various control bits to configure the Watchdog Timer.

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

REGISTER 2-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

OPTION_REG REGISTER (ADDRESS 81h, 181h)

RW-1  RMW-1  RMW-1  RMW-1 RW-1 RW-1  RMW-1  RMW-1
RBPU | INTEDG | Tocs | TosE | Psa | Ps2 PS1 PSO
bit 7 bit 0

RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled

0 = PORTB pull-ups are enabled by individual port latch values
INTEDG: Interrupt Edge Select hit

1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin

TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)

TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin

PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

PS2:PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate

000 1:2 1:1

001 1:4 1:2

010 1:8 1:4

011 1:16 1:8

100 1:32 1:16

101 1:64 1:32

110 1:128 1:64

111 1:256 1:128
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown

Note:  When using low voltage ICSP programming (LVP) and the pull-ups on PORTB are
enabled, bit 3 in the TRISB register must be cleared to disable the pull-up on RB3
and ensure the proper operation of the device
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2223 INTCON Register Note: Interrupt flag bits are set when an interrupt

The INTCON Register is a readable and writable regis- condition occurs, regardless of the state of

ter, which contains various enable and flag bits for the its corresponding enable bit or the global

TMRO register overflow, RB Port change and External enable bit, GIE (INTCON<7>). User soft-

RBO/INT pin interrupts. ware should ensure the appropriate inter-
rupt flag bits are clear prior to enabling an
interrupt.

REGISTER 2-3: INTCON REGISTER (ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)
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 | TMROIE | INTE RBIE | TMROIF | INTF RBIF
bit 7 bit 0
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts
0 = Disables all interrupts
bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
bit 5 TMROIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt
bit 4 INTE: RBO/INT External Interrupt Enable bit
1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt
bit 3 RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt
bit 2 TMROIF: TMRO Overflow Interrupt Flag bit
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1 INTF: RBO/INT External Interrupt Flag bit
1 = The RBO/INT external interrupt occurred (must be cleared in software)
0 = The RBO/INT external interrupt did not occur
bit 0 RBIF: RB Port Change Interrupt Flag bit

1 = At least one of the RB7:RB4 pins changed state; a mismatch condition will continue to set
the bit. Reading PORTB will end the mismatch condition and allow the bit to be cleared
(must be cleared in software).

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

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

DS39582A-page 22 AdvancelInformation © 2001 Microchip Technology Inc.



PIC16F87XA

2224 PIE1 Register Note: Bit PEIE (INTCON<6>) must be set to
The PIE1 register contains the individual enable bits for enable any peripheral interrupt.

the peripheral interrupts.

REGISTER 2-4:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

PIE1 REGISTER (ADDRESS 8Ch)

RW-0  RWO RW-0  RW-0 RW-0  RW-O RMW-0 RW-0
PsPE® | ADIE | RCIE | TXE | SSPIE | cCCPlE | TMR2E | TMRLE
bit 7 bit 0

PSPIE: Parallel Slave Port Read/Write Interrupt Enable bit(1)

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

Note 1: PSPIE is reserved on PIC16F873A/876A devices; always maintain this bit clear.

ADIE: A/D Converter Interrupt Enable bit

1 = Enables the A/D converter interrupt
0 = Disables the A/D converter interrupt

RCIE: USART Receive Interrupt Enable bit

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

TXIE: USART Transmit Interrupt Enable bit

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

SSPIE: Synchronous Serial Port Interrupt Enable bit

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

CCPL1IE: CCP1 Interrupt Enable bit

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

TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

TMR1IE: TMR1 Overflow Interrupt Enable bit

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

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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2.2.2.5 PIR1 Register Note: Interrupt flag bits are set when an interrupt
The PIR1 register contains the individual flag bits for condition occurs, regardless of the state of
the peripheral interrupts. its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User soft-
ware should ensure the appropriate interrupt
bits are clear prior to enabling an interrupt.

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

R/IW-0 RIW-0 R-0 R-0 RW-0  R/W-0 RW-0  R/W-0
PsPIF® | ADIF | RCIF | TXIF | SSPIF | CCPLF | TMR2IF | TMRIIF
bit 7 bit 0
bit 7 PSPIF: Parallel Slave Port Read/Write Interrupt Flag bit(1)

1 = A read or a write operation has taken place (must be cleared in software)
0 = No read or write has occurred

Note 1: PSPIF is reserved on PIC16F873A/876A devices; always maintain this bit clear.

bit 6 ADIF: A/D Converter Interrupt Flag bit
1 = An A/D conversion completed
0 = The A/D conversion is not complete

bit 5 RCIF: USART Receive Interrupt Flag bit
1 = The USART receive buffer is full
0 = The USART receive buffer is empty

bit 4 TXIF: USART Transmit Interrupt Flag bit
1 = The USART transmit buffer is empty
0 = The USART transmit buffer is full

bit 3 SSPIF: Synchronous Serial Port (SSP) Interrupt Flag bit
1 = The SSP interrupt condition has occurred, and must be cleared in software before returning
from the Interrupt Service Routine. The conditions that will set this bit are:
* SPI
- A transmission/reception has taken place.
« I°C Slave
- A transmission/reception has taken place.
* 12C Master
- A transmission/reception has taken place.
- The initiated START condition was completed by the SSP module.
- The initiated STOP condition was completed by the SSP module.
- The initiated Restart condition was completed by the SSP module.
- The initiated Acknowledge condition was completed by the SSP module.
- A START condition occurred while the SSP module was idle (Multi-Master system).
- A STOP condition occurred while the SSP module was idle (Multi-Master system).
0 = No SSP interrupt condition has occurred
bit 2 CCPL1IF: CCP1 Interrupt Flag bit
Capture mode:
1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMR1 register capture occurred
Compare mode:
1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMRL1 register compare match occurred
PWM mode:
Unused in this mode
bit 1 TMR2IF: TMR2 to PR2 Match Interrupt Flag bit
1 = TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred
bit 0 TMR1IF: TMR1 Overflow Interrupt Flag bit
1 = TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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2.2.2.6 PIE2 Register

Note: Bit PEIE (INTCON<6>) must be set to
The PIE2 register contains the individual enable bits for enable any peripheral interrupt.
the CCP2 peripheral interrupt, the SSP bus collision
interrupt, EEPROM write operation interrupt, and the
comparator interrupt.
REGISTER 2-6: PIE2 REGISTER (ADDRESS 8Dh)
uU-0 R/W-0 uU-0 R/W-0 R/W-0 uU-0 u-0 R/W-0
— | ome | — | EEE | BCLE — — CCP2IE
bit 7 bit 0
bit 7 Unimplemented: Read as '0'
bit 6 CMIE: Comparator Interrupt Enable bit
1 = Enables the Comparator interrupt
0 = Disable the Comparator interrupt
bit 5 Unimplemented: Read as '0’
bit 4 EEIE: EEPROM Write Operation Interrupt Enable bit
1 = Enable EEPROM write interrupt
0 = Disable EEPROM write interrupt
bit 3 BCLIE: Bus Collision Interrupt Enable bit
1 = Enable bus collision interrupt
0 = Disable bus collision interrupt
bit 2-1 Unimplemented: Read as '0’
bit 0 CCP2IE: CCP2 Interrupt Enable bit
1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bitis set '0’ = Bit is cleared X = Bit is unknown
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2.2.2.7 PIR2 Register Note: Interrupt flag bits are set when an interrupt
The PIR2 register contains the flag bits for the CCP2 condition occurs, regardless of the state of
interrupt, the SSP bus collision interrupt, EEPROM its corresponding enable bit or the global
write operation interrupt, and the comparator interrupt. enable bit, GIE (INTCON<7>). User soft-

ware should ensure the appropriate inter-
rupt flag bits are clear prior to enabling an

interrupt.
REGISTER 2-7: PIR2 REGISTER (ADDRESS 0Dh)
uU-0 R/W-0 u-0 R/W-0 R/W-0 uU-0 uU-0 R/W-0
— | ocmF | — | EEF | BCLF — — | ccraiF
bit 7 bit 0
bit 7 Unimplemented: Read as '0’
bit 6 CMIF: Comparator Interrupt Flag bit

1 = The Comparator input has changed (must be cleared in software)
0 = The Comparator input has not changed
bit 5 Unimplemented: Read as '0'
bit 4 EEIF: EEPROM Write Operation Interrupt Flag bit
1 = The write operation completed (must be cleared in software)
0 = The write operation is not complete or has not been started
bit 3 BCLIF: Bus Collision Interrupt Flag bit
1 = A bus collision has occurred in the SSP, when configured for 12C Master mode
0 = No bus collision has occurred
bit 2-1 Unimplemented: Read as '0'
bit 0 CCP2IF: CCP2 Interrupt Flag bit
Capture mode:

1 = A TMR1 register capture occurred (must be cleared in software)

0 = No TMRL1 register capture occurred

Compare mode:

1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred

PWM mode:

Unused

Legend:

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

-n = Value at POR "1’ = Bitis set '0’ = Bit is cleared X = Bit is unknown
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2.2.2.8 PCON Register Note: BOR is unknown on Power-on Reset. It
The Power Control (PCON) Register contains flag bits must be set by the user and checked on
to allow differentiation between a Power-on Reset subsequent RESETS to see if BOR is
(POR), a Brown-out Reset (BOR), a Watchdog Reset clear, indicating a brown-out has occurred.
(WDT), and an external MCLR Reset. The BOR status bit is a “don’t care” and is
not predictable if the brown-out circuit is
disabled (by clearing the BODEN bit in the
configuration word).
REGISTER 2-8: PCON REGISTER (ADDRESS 8Eh)
uU-0 uU-0 u-0 uU-0 uU-0 uU-0 R/W-0 R/W-1
- | = 1 = | = | = — POR BOR
bit 7 bit 0
bit 7-2 Unimplemented: Read as '0’
bit 1 POR: Power-on Reset Status bit
1 = No Power-on Reset occurred
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)
bit 0 BOR: Brown-out Reset Status bit

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

Legend:
R = Readable bit
-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
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2.3 PCL and PCLATH

The program counter (PC) is 13 bits wide. The low byte
comes from the PCL register, which is a readable and
writable register. The upper bits (PC<12:8>) are not
readable, but are indirectly writable through the
PCLATH register. On any RESET, the upper bits of the
PC will be cleared. Figure 2-5 shows the two situations
for the loading of the PC. The upper example in the fig-
ure shows how the PC is loaded on a write to PCL
(PCLATH<4:0> — PCH). The lower example in the fig-
ure shows how the PC is loaded during a CALL or GOTO
instruction (PCLATH<4:3> — PCH).

FIGURE 2-5: LOADING OF PC IN
DIFFERENT SITUATIONS
PCH PCL
12 8 7 0 |nstruction with
pC | | PCLas
Destination
PCLATH<4:0> 8
5 ALU
LITTTTTT]
PCLATH
PCH PCL
12 11 10 8 7 0
PC | | § | coro,carr
PCLATH<4:3> 11
2 Opcode <10:0>
LITTTTT]
PCLATH

23.1 COMPUTED GOTO

A computed cGOTO is accomplished by adding an offset
to the program counter (ADDWF P CL). When doing a
table read using a computed GOTO method, care
should be exercised if the table location crosses a PCL
memory boundary (each 256 byte block). Refer to the
application note, “Implementing a Table Read”
(AN556).

23.2 STACK

The PIC16F87XA family has an 8-level deep x 13-bit
wide hardware stack. The stack space is not part of
either program or data space and the stack pointer is not
readable or writable. The PC is PUSHed onto the stack
when a CALL instruction is executed, or an interrupt
causes a branch. The stack is POPed in the event of a
RETURN, RET LW 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.

24 Program Memory Paging

All PIC16F87XA devices are capable of addressing a
continuous 8K word block of program memory. The
CALL and GOTO instructions provide only 11 bits of
address to allow branching within any 2K program
memory page. When doing a CALL or GOTO instruction,
the upper 2 bits of the address are provided by
PCLATH<4:3>. When doing a CALL or GOTO instruc-
tion, the user must ensure that the page select bits are
programmed so that the desired program memory
page is addressed. If a return from a CALL instruction
(orinterrupt) is executed, the entire 13-bit PC is popped
off the stack. Therefore, manipulation of the
PCLATH<4:3> bits is not required for the return instruc-
tions (which POPs the address from the stack).

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

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

EXAMPLE 2-1: CALL OF A SUBROUTINE

IN PAGE 1 FROM PAGE 0

ORG 0x500
BCF PCLATH, 4
BSF PCLATH, 3 ;Select page 1
; (800h-FFFh)
CALL SUB1_Pl1 ;Call subroutine in
: ;page 1 (800h-FFFh)

ORG 0x900 ;page 1 (800h-FFFh)

SUB1_P1
;called subroutine
;page 1 (800h-FFFh)

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

FSR Registers

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

The INDF register is not a physical register. Addressing EXAMPLE 2-2: INDIRECT ADDRESSING
the INDF register will cause indirect addressing. MOVLW 0%20 ‘initialize pointer
Indirect addressing is possible by using the INDF reg- MOVWF FSR ;to RAM
ister. Any instruction using the INDF register actually NEXT CLRF  INDF iclear INDF register
accesses the register pointed to by the File Select Reg- INCF FSR,F ;inc pointer
ister, FSR. Reading the INDF register itself, indirectly BTFSS FSR,4  jall done?
(FSR = '0") will read 00h. Writing to the INDF register GOTO NEXT  ;no clear next
I - ) . CONTINUE
indirectly results in a no operation (although status bits /yes continue
may be affected). An effective 9-bit address is obtained '
by concatenating the 8-bit FSR register and the IRP bit
(STATUS<7>), as shown in Figure 2-6.
FIGURE 2-6: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1:RPO 6 From Opcode 0 IRP 7 FSR register 0
. v J - v N v J
Bank Select Location Select Bank Select Location Select
\ » 00 01 10 1 </
L 00h 80h 100h 180h
Data
Memory®
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
Note 1: For register file map detail, see Figure 2-3.

© 2001 Microchip Technology Inc. Advance Information DS39582A-page 29



PIC16F87XA

NOTES:

DS39582A-page 30 AdvancelInformation © 2001 Microchip Technology Inc.



PIC16F87XA

3.0 DATA EEPROM AND
FLASH PROGRAM MEMORY

The Data EEPROM and FLASH Program memory is
readable and writable during normal operation (over
the full VDD range). This memory is not directly mapped
in the register file space. Instead, it is indirectly
addressed through the Special Function Registers.
There are six SFRs used to read and write this
memory:

« EECON1
« EECON2
 EEDATA
 EEDATH
» EEADR

» EEADRH

When interfacing to the data memory block, EEDATA
holds the 8-bit data for read/write, and EEADR holds
the address of the EEPROM location being accessed.
These devices have 128 or 256 bytes of data EEPROM
(depending on the device), with an address range from
00h to FFh. On devices with 128 bytes, addresses from
80h to FFh are unimplemented and will wrap around to
the beginning of data EEPROM memory. When writing
to unimplemented locations, the on-chip charge pump
will be turned off.

When interfacing the program memory block, the
EEDATA and EEDATH registers form a two-byte word
that holds the 14-bit data for read/write, and the
EEADR and EEADRH registers form a two-byte word
that holds the 13-bit address of the program memory
location being accessed. These devices have 4 or 8K
words of program FLASH with an address range from
0000h to OFFFh for the PIC16F873A/874A, and 0000h
to 1FFFh for the PIC16F876A/877A. Addresses above
the range of the respective device will wrap around to
the beginning of program memory.

The EEPROM data memory allows single byte read
and write. The FLASH program memory allows single
word reads and four-word block writes. Program mem-
ory write operations automatically perform an erase-
before-write on blocks of four words. A byte write in
data EEPROM memory automatically erases the loca-
tion and writes the new data (erase before write).

The write time is controlled by an on-chip timer. The
write/erase voltages are generated by an on chip
charge pump, rated to operate over the voltage range
of the device for byte or word operations.

When the device is code protected, the CPU may
continue to read and write the data EEPROM memory.
Depending on the settings of the write protect bits, the
device may or may not be able to write certain blocks
of the program memory; however, reads of the program
memory are allowed. When code protected, the device
programmer can no longer access data or program
memory; this does NOT inhibit internal reads or writes.

3.1 EEADR and EEADRH

The EEADRH:EEADR register pair can address up to
a maximum of 256 bytes of data EEPROM or up to a
maximum of 8K words of program EEPROM. When
selecting a data address value, only the LSByte of the
address is written to the EEADR register. When select-
ing a program address value, the MSByte of the
address is written to the EEADRH register and the
LSByte is written to the EEADR register.

If the device contains less memory than the full address
reach of the address register pair, the Most Significant
bits of the registers are not implemented. For example,
if the device has 128 bytes of data EEPROM, the Most
Significant bit of EEADR is not implemented on access
to data EEPROM.

3.2 EECON1 and EECON2 Registers

EECONL1 is the control register for memory accesses.

Control bit EEPGD determines if the access will be a
program or data memory access. When clear, as it is
when reset, any subsequent operations will operate on
the data memory. When set, any subsequent opera-
tions will operate on the program memory.

Control bits RD and WR initiate read and write or erase,
respectively. These bits cannot be cleared, only set, in
software. They are cleared in hardware at completion
of the read or write operation. The inability to clear the
WR bit in software prevents the accidental, premature
termination of a write operation.

The WREN bit, when set, will allow a write or erase
operation. On power-up, the WREN bit is clear. The
WRERR bit is set when a write (or erase) operation is
interrupted by a MCLR or a WDT Time-out Reset dur-
ing normal operation. In these situations, following
RESET, the user can check the WRERR bit and rewrite
the location. The data and address will be unchanged
in the EEDATA and EEADR registers.

Interrupt flag bit EEIF in the PIR2 register is set when
write is complete. It must be cleared in software.

EECONZ2 is not a physical register. Reading EECON2
will read all '0's. The EECON2 register is used
exclusively in the EEPROM write sequence.

Note: The self-programming mechanism for
FLASH program memory has been
changed. On previous PIC16F87X
devices, FLASH programming was done in
single word erase/write cycles. The newer
PIC16F87XA devices use a four-word
erase/write cycle. See Section 3.6 for
more information.
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REGISTER 3-1:

bit 7

bit 6-4
bit 3

bit 2

bit 1

bit 0

EECON1 REGISTER (ADDRESS 18Ch)

RIW- U-0 U-0 U-0 RW-x  RMW-0 RS-0 RISO
EEPGD — | — | — |wRerRR| WREN | WR RD
bit 7 bit 0

EEPGD: Program/Data EEPROM Select bit

1= Accesses program memory

0 = Accesses data memory

Reads ‘0’ after a POR,; this bit cannot be changed while a write operation is in progress.

Unimplemented: Read as '0'

WRERR: EEPROM Error Flag bit

1 = A write operation is prematurely terminated
(any MCLR or any WDT Reset during normal operation)

0 = The write operation completed

WREN: EEPROM Write Enable bit

1 = Allows write cycles

0 = Inhibits write to the EEPROM

WR: Write Control bit

1 = Initiates a write cycle. The bit is cleared by hardware once write is complete. The WR bit
can only be set (not cleared) in software.

0 = Write cycle to the EEPROM is complete

RD: Read Control bit

1 = Initiates an EEPROM read; RD is cleared in hardware. The RD bit can only be set (nhot
cleared) in software.

0 = Does not initiate an EEPROM read

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
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3.3 Reading Data EEPROM Memory

To read a data memory location, the user must write the
address to the EEADR register, clear the EEPGD con-
trol bit (EECON1<7>), and then set control bit RD
(EECON1<0>). The data is available in the very next
cycle, in the EEDATA register; therefore, it can be read
in the next instruction (see Example 3-1). EEDATA will
hold this value until another read, or until it is written to
by the user (during a write operation).

The steps to reading the EEPROM data memory are:

1. Write the address to EEADR. Make sure that the
address is not larger than the memory size of
the device.

2. Clear the EEPGD bit to point to EEPROM data
memory.

3. Setthe RD bit to start the read operation.

4. Read the data from the EEDATA register.

EXAMPLE 3-1: DATA EEPROM READ
BSF STATUS, RP1 ;
BCF STATUS, RPO ; Bank 2
MOVF DATA EE_ADDR,W ; Data Memory
MOVWF EEADR ; Address to read
BSF STATUS, RPO ; Bank 3
BCF EECON1, EEPGD ; Point to Data

; memory

BSF EECON1,RD ; EE Read
BCF STATUS, RPO ; Bank 2
MOVF EEDATA, W ; W = EEDATA

3.4 Writing to Data EEPROM Memory

To write an EEPROM data location, the user must first
write the address to the EEADR register and the data to
the EEDATA register. Then the user must follow a spe-
cific write sequence to initiate the write for each byte.

The write will not initiate if the write sequence is not
exactly followed (write 55h to EECONZ2, write AAh to
EECON2, then set WR bit) for each byte. We strongly
recommend that interrupts be disabled during this
code segment (see Example 3-2).

Additionally, the WREN bit in EECON1 must be set to
enable write. This mechanism prevents accidental
writes to data EEPROM due to errant (unexpected)
code execution (i.e., lost programs). The user should
keep the WREN bit clear at all times, except when
updating EEPROM. The WREN bit is not cleared
by hardware

After a write sequence has been initiated, clearing the
WREN bit will not affect this write cycle. The WR bit will
be inhibited from being set unless the WREN bit is set.
At the completion of the write cycle, the WR bit is
cleared in hardware and the EE Write Complete
Interrupt Flag bit (EEIF) is set. The user can either
enable this interrupt or poll this bit. EEIF must be
cleared by software.

The steps to write to EEPROM data memory are:

1. If step 10 is not implemented, check the WR bit
to see if a write is in progress.

2. Write the address to EEADR. Make sure that the
address is not larger than the memory size of
the device.

3. Write the 8-bit data value to be programmed in
the EEDATA register.

4. Clear the EEPGD bit to point to EEPROM data
memory.

5. Setthe WREN bit to enable program operations.

6. Disable interrupts (if enabled).

7. Execute the special five instruction sequence:

« Write 55h to EECONZ2 in two steps (first to W,
then to EECON2)

« Write AAh to EECON2 in two steps (first to W,
then to EECON2)

» Set the WR bit

8. Enable interrupts (if using interrupts).

9. Clear the WREN bit to disable program
operations.

10. At the completion of the write cycle, the WR bit
is cleared and the EEIF interrupt flag bit is set.
(EEIF must be cleared by firmware.) If step 1 is
not implemented, then firmware should check
for EEIF to be set, or WR to clear, to indicate the
end of the program cycle.

EXAMPLE 3-2: DATA EEPROM WRITE

BSF STATUS, RP1 ;

BSF STATUS, RPO

BTFSC EECON, WR1 ;Wait for write
GOTO S-1 ;to complete

BCF STATUS, RPO ;Bank 2

MOVF DATA EE ADDR,W ;Data Memory

MOVWF EEADR ;Address to write
MOVF DATA_EE_DATA,W ;Data Memory Value

MOVWF EEDATA ;to write

BSF STATUS, RPO ;Bank 3

BCF EECON1, EEPGD ;Point to DATA
;memory

BSF EECON1, WREN ;Enable writes
BCF INTCON, GIE ;Disable INTs.
MOVLW 55h ;

MOVWF EECON2 ;Write 55h
MOVLW AAh ;

MOVWF EECON2 ;Write AAh

BSF EECON1, WR ;Set WR bit to
;begin write
;Enable INTs.
;Disable writes

Required
Sequence

BSF INTCON, GIE
BCF EECON1, WREN
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35 Reading FLASH Program Memory

To read a program memory location, the user must write
two bytes of the address to the EEADR and EEADRH
registers, set the EEPGD control bit (EECON1<7>),
and then set control bit RD (EECON1<0>). Once the
read control bit is set, the program memory FLASH con-
troller will use the next two instruction cycles to read the
data. This causes these two instructions immediately

following the “BSF EE CON1,RD” instruction to be
ignored. The data is available in the very next cycle, in
the EEDATA and EEDATH registers; therefore, it can be
read as two bytes in the following instructions. EEDATA
and EEDATH registers will hold this value until another
read or until it is written to by the user (during a write
operation).

EXAMPLE 3-3: FLASH PROGRAM READ

BSF STATUS, RP1 ;
BCF STATUS, RPO ; Bank 2
MOVLW MS_PROG_EE ADDR ;
MOVWF EEADRH ; MS Byte of Program Address to read
MOVLW  LS_PROG_EE_ADDR ;
MOVWF EEADR ; LS Byte of Program Address to read
BSF STATUS, RPO ; Bank 3
BSF EECON1, EEPGD ; Point to PROGRAM memory
BSF EECON1, RD ; EE Read

El “é NOP

&(% NOP ; Any instructions here are ignored as program

BCF STATUS, RPO ;
MOVF EEDATA, W ;P W=
MOVWF DATAL ;
MOVF EEDATH, W ;W=

MOVWF DATAH ;

; memory is read in second cycle after BSF EECON1,RD

LS Byte of Program EEDATA

MS Byte of Program EEDATA
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3.6 Writing to FLASH Program

Memory

FLASH program memory may only be written to if the
destination address is in a segment of memory that is
not write protected, as defined in bits WRT1:WRTO of
the device configuration word (Register 14-1). FLASH
program memory must be written in four-word blocks.
A block consists of four words with sequential
addresses, with a lower boundary defined by an
address, where EEADR<1:0>='00’". At the same time,
all block writes to program memory are done as erase-
and-write operations. The write operation is edge-
aligned, and cannot occur across boundaries.

To write program data, it must first be loaded into the
buffer registers (see Figure 3-1). This is accomplished
by first writing the destination address to EEADR and
EEADRH, and then writing the data to EEDATA and
EEDATH. After the address and data have been set up,
then the following sequence of events must be exe-
cuted:

1. Setthe EEPGD control bit (EECON1<7>)

2. Write 55h, then AAh, to EECON2 (FLASH pro-
gramming sequence)

3. Set the WR control bit (EECON1<1>)

All four buffer register locations MUST be written to with
correct data. If only one, two, or three words are being
written to in the block of four words, then a read from
the program memory location(s) not being written to
must be performed. This takes the data from the pro-
gram location(s) not being written and loads it into the
EEDATA and EEDATH registers. Then the sequence of
events to transfer data to the buffer registers must be
executed.

To transfer data from the buffer registers to the program
memory, the EEADR and EEADRH must point to the
last location in the four-word block (EEADR<1:0> =
‘11’). Then the following sequence of events must be
executed:

1. Setthe EEPGD control bit (EECON1<7>)

2. Write 55h, then AAh, to EECON2 (FLASH pro-
gramming sequence)

3. Set control bit WR (EECON1<1>) to begin the
write operation

The user must follow the same specific sequence to ini-
tiate the write for each word in the program block, writ-
ing each program word in sequence (00,01,10,11).
When the write is performed on the last word
(EEADR<1:0> = ‘11’), the block of four words are
automatically erased, and the contents of the buffer
registers are written into the program memory.

After the “BSF EECON1, WR" instruction, the processor
requires two cycles to set up the erase/write operation.
The user must place two NOP instructions after the WR
bit is set. Since data is being written to buffer registers,
the writing of the first three words of the block appears
to occur immediately. The processor will halt internal
operations for the typical 4 ms, only during the cycle in
which the erase takes place (i.e., the last word of the
four-word block). This is not SLEEP mode, as the
clocks and peripherals will continue to run. After the
write cycle, the processor will resume operation with
the third instruction after the EECON1 write instruction.
If the sequence is performed to any other location, the
action is ignored.

Four words of FLASH
are erased, then

all buffers are

N
) to FLASH

FIGURE 3-1: BLOCK WRITES TO FLASH PROGRAM MEMORY
7 5 07 0
EEDATH EEDATA
RS
\
v

transferred
automatically

First word of block
to be written

EEADR<1:0>

\= ‘01’
‘ ‘ Buffer Register

EEADR<1:0>

= ‘o0’
Buffer Register

l l

EEADR<1:0>

\} ='10"
‘ ‘ Buffer Register

after this word
is written

EEADR<1:0>

=11
‘ \5‘ Buffer Register ‘

Program Memory
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An example of the complete four-word write sequence
is shown in Example 3-4. The initial address is loaded
into the EEADRH:EEADR register pair; the four words
of data are loaded using indirect addressing.

EXAMPLE 3-4:

WRITING TO FLASH PROGRAM MEMORY

7

i

7

7

LOOP

This write routine assumes the following:

1. A valid starting address
2. The 8 bytes of data are loaded,

(the least significant bits =

‘00’)1is loaded in ADDRH:ADDRL
starting at the address in DATADDR

3. ADDRH, ADDRL and DATADDR are all located in shared data memory 0x70 - O0x7f

BSF
BCF
MOVF
MOVWF
MOVF
MOVWF
MOVF
MOVWF
MOVF
MOVWF
INCF
MOVF
MOVWF
INCF
BSF
BSF
BSF
BCF
MOVLW
MOVWF
MOVLW
MOVWF
BSF
NOP

Required
Sequence

NOP

BCF
BSF
BCF
INCF
MOVF
ANDLW
XORLW
BTFSC
GOTO

STATUS,RP1
STATUS, RPO
ADDRH, W
EEADRH
ADDRL, W
EEADR
DATAADDR, W
FSR

INDF, W
EEDATA
FSR,F
INDF, W
EEDATH
FSR,F
STATUS, RPO
EECON1, EEPGD
EECON1, WREN
INTCON, GIE
55h

EECON2

AAh

EECON2
EECON1, WR

EECON1, WREN
INTCON, GIE
STATUS, RPO
EEADR, F
EEADR, W
0x03

0x03
STATUS, Z
LOOP

7

Bank 2
Load initial address

Load initial data address
Load first data byte into lower

Next byte
Load second data byte into upper

Bank 3

Point to program memory

Enable writes

Disable interrupts (if using)
Start of required write sequence:
Write 55h

Write AAh

Set WR bit to begin write
Any instructions here are ignored as processor

halts to begin write sequence

processor will stop here and wait for write complete
after write processor continues with 3rd instruction
Disable writes
Enable interrupts
Bank 2

Increment address
Check if lower two bits of address are

(if using)
Y00’
Indicates when four words have been programmed

Exit if more than four words,
Continue if less than four words
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3.7

There are conditions when the device should not write
to the data EEPROM or FLASH program memory. To
protect against spurious writes, various mechanisms
have been built-in. On power-up, WREN is cleared.
Also, the Power-up Timer (72 ms duration) prevents an
EEPROM write.

The write initiate sequence and the WREN bit together
help prevent an accidental write during brown-out,
power glitch, or software malfunction.

Protection Against Spurious Write

3.8

When the data EEPROM is code protected, the micro-
controller can read and write to the EEPROM normally.
However, all external access to the EEPROM is dis-
abled. External write access to the program memory is
also disabled.

Operation During Code Protect

When program memory is code protected, the micro-
controller can read and write to program memory nor-
mally, as well as execute instructions. Writes by the
device may be selectively inhibited to regions of the
memory, depending on the setting of bits WR1:WRO of
the configuration word (see Section 14.1 for additional
information). External access to the memory is also
disabled.

TABLE 3-1: REGISTERS/BITS ASSOCIATED WITH DATA EEPROM
AND FLASH PROGRAM MEMORIES
Value on Value on
Address Name Bit 7 Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on all other
Reset RESETS
10Ch EEDATA | EEPROM/FLASH Data Register Low Byte XXXX XXXX [uuuu uuuu
10Dh EEADR EEPROM/FLASH Address Register Low Byte XXXX XXXX |uuuu uuuu
10Eh EEDATH — — EEPROM/FLASH Data Register High Byte XXXX XXXX [---0 g000
10Fh EEADRH — — — EEPROM/FLASH Address Register High Byte XXXX XXXX | ---- ----
18Ch EECON1 | EEPGD — — — ‘ WRERR ‘ WREN ‘ WR ‘ RD x--- x000|---0 g000
18Dh EECON2 | EEPROM Control Register2 (not a physical register) | -=== —=-— |- -——-
0Dh PIR2 — CMIF — EEIF BCLIF — — CCP2IF | -0-0 0--0|-0-0 0--0
8Dh PIE2 —_ CMIE — EEIE BCLIE —_ —_ CCP2IE | -0-0 0--0|-0-0 0--0
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0', g = value depends upon condition.

Shaded cells are not used by Data EEPROM or FLASH Program Memory.
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NOTES:
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40 1/O PORTS

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

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

4.1 PORTA and the TRISA Register

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

Reading the PORTA register reads the status of the
pins, whereas writing to it will write to the port latch. All
write operations are read-modify-write operations.
Therefore, a write to a port implies that the port pins are
read, the value is modified and then written to the port
data latch.

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

Other PORTA pins are multiplexed with analog inputs
and the analog VREF input for both the A/D converters
and the comparators. The operation of each pin is
selected by clearing/setting the appropriate control bits
in the ADCONZ1 and/or CMCON registers.

Note:  On a Power-on Reset, these pins are con-
figured as analog inputs and read as '0'.
The comparators are in the Off (digital)
state.

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

EXAMPLE 4-1: INITIALIZING PORTA
BCF STATUS, RPO ;
BCF STATUS, RP1 ; BankO
CLRF PORTA ; Initialize PORTA by
; clearing output
; data latches
BSF STATUS, RPO ; Select Bank 1
MOVLW 0x06 ; Configure all pins
MOVWF ADCON1 ; as digital inputs
MOVLW 0xCF ; Value used to
; initialize data
; direction
MOVWF TRISA ; Set RA<3:0> as inputs
; RA<5:4> as outputs
; TRISA<7:6>are always
; read as ‘0’.
FIGURE 4-1: BLOCK DIAGRAM OF
RA3:RAO0 PINS
Data Data Latch
Bus
D Q
WR VDD
PORTA —
— CK
' 9 D P 10 pin®
TRIS Latch J ’—@
WR
TRISA —
== ok L Q Vss
Analog
Input
Mode
L
RD
TRISA TTL
Input
Buffer
Q D
EN
RD PORTA {>C
To A/D Converter or Comparator

-4

Note 1: 1/O pins have protection diodes to VbD and Vss.
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FIGURE 4-2: BLOCK DIAGRAM OF RA4/TOCKI PIN

CMCON<2:0> = ‘x01' or ‘011’

clouTt >°

Data Latch

Data Bus D 0 H'E
1/0 pin®
WR PORTA crL 0 . | N
TRIS Latch Vss
— D Q
WR TRISA ckL 0 Sghmitt
! Trigger %7
Input
Buffer
RD TRISA Oﬂ
e Q D

EN
RD PORTA {>C

TMRO Clock Input

<
-4

Note 1: I/O pin has protection diodes to Vss only.

FIGURE 4-3: BLOCK DIAGRAM OF RA5 PIN

CMCON<2:0>="'011"or'101’

c20uUT Dc

Data Latch
Data Bus D Q
WR PORTA CIZ‘— 6
TRIS Latch 10 pin®
e— D Q
WRTRISA Cla— 6 Schmitt
7 Trigger
Input
Buffer
RD TRISA Oﬂ
e Q D
EN
RD PORTA DC
A/D Converter or SS Input

Note 1: 1/O pin has protection diodes to VbD and Vss.
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TABLE 4-1: PORTA FUNCTIONS

Name Bit# | Buffer Function

RAO/ANO bit0 TTL |Input/output or analog input.

RA1/AN1 bitl TTL |Input/output or analog input.

RA2/AN2/VREF-/CVREF bit2 TTL | Input/output or analog input or VREF- or CVREF.

RA3/AN3/VREF+ bit3 TTL |Input/output or analog input or VREF+.

RA4/TOCKI/C10UT bit4 ST | Input/output or external clock input for TimerO or comparator output.
Output is open drain type.

RA5/SS/AN4/C20UT bit5 TTL | Input/output or slave select input for synchronous serial port or analog
input or comparator output.

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

TABLE 4-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
05h PORTA — — RAS5 RA4 RA3 RA2 RA1 RAO --0x 0000| --0u 0000
85h TRISA — — PORTA Data Direction Register --11 1111| --11 1111
9Ch CMCON C20UT | C10UT | C2INV | C1INV CIS CM2 CM1 CMO 0000 0111| 0000 0111
9Dh CVRCON | CVREN | CVROE | CVRR — CVR3 CVR2 CVR1 CVRO |000- 0000| 000- 0000
9Fh ADCON1 | ADFM | ADCS2 — — PCFG3 | PCFG2 | PCFG1 | PCFGO |--0- 0000| --0- 0000
Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by PORTA.

Note:  When using the SSP module in SPI Slave mode and SS enabled, the A/D converter must be set to one of
the following modes, where PCFG3:PCFGO = 0100, 0101, 011x, 1101, 1110, 1111.
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4.2 PORTB and the TRISB Register

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

Three pins of PORTB are multiplexed with the In-
Circuit Debugger and Low Voltage Programming func-
tion: RB3/PGM, RB6/PGC and RB7/PGD. The alter-
nate functions of these pins are described in the
Special Features Section.

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

FIGURE 4-4: BLOCK DIAGRAM OF
RB3:RBO PINS
VDD
@
RBPU Weak
P pull-up
Data Bus Data Latch
D0 —X
110
WR Port CK_ pin®
TRIS Latch
D
Q TTL 7
Input
WR TRIS CK™Y Buffer
[
RD TRIS
RD Port
EN
RBO/INT k
RB3/PGM
<
Schmitt Trigger ‘ RD Port
Buffer
Note 1: I/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>).

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

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

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

b) Clear flag bit RBIF.

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

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

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

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

RBO/INT is discussed in detail in Section 14.11.1.

FIGURE 4-5: BLOCK DIAGRAM OF
RB7:RB4 PINS
VDD
@
RBPU 5 Weak
Pull-up
Data Latch
Data Bus
D Q ™SS @
110
WR Port CK_\_ pin(l)
TRIS Latch
D Q
WR TRIS TTL
KL VAR
Buffer ST
y s Buffer
RD TRIS
| Latch
/] Q D
RD Port
EN Q1
Set RBIF
G
From other RD Port
RB7:RB4 pins EN
Q3
RB7:RB6
In Serial Programming Mode
Note 1: 1/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>).
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TABLE 4-3: PORTB FUNCTIONS
Name Bit# Buffer Function

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

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

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

RB3/PGMG) | bit3 TTL Input/output pin or programming pin in LVP mode. Internal software
programmable weak pull-up.

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

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

RB6/PGC bit6 TTL/ST® Input/output pin (with interrupt-on-change) or In-Circuit Debugger pin.
Internal software programmable weak pull-up. Serial programming clock.

RB7/PGD bit7 TTLST® Input/output pin (with interrupt-on-change) or In-Circuit Debugger pin.
Internal software programmable weak pull-up. Serial programming data.

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

Note 1:

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

2. This buffer is a Schmitt Trigger input when used in Serial Programming mode or In-Circuit Debugger.
3. Low Voltage ICSP Programming (LVP) is enabled by default, which disables the RB3 I/O function. LVP
must be disabled to enable RB3 as an I/0O pin and allow maximum compatibility to the other 28-pin and

40-pin mid-range devices.

TABLE 4-4:  SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Value on: | Value on
Address Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO POR, all other
BOR RESETS
06h, 106h |PORTB RB7 | RB6 | RB5 | RB4 | RB3 | RB2 | RBL | RBO |xxxx xxxx |uuuu uuuu
86h, 186h | TRISB PORTB Data Direction Register 1111 1111 1111 1111
81h, 181h |OPTION_REG | RBPU | INTEDG | T0CS | TOSE | PSA | PS2 | PS1 | PSO 1111 1211 ]1313 1111

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

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

PORTC is multiplexed with several peripheral functions
(Table 4-5). PORTC pins have Schmitt Trigger input
buffers.

When the I1°C module is enabled, the PORTC<4:3>
pins can be configured with normal 12C levels, or with
SMBus levels, by using the CKE bit (SSPSTAT<6>).

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

FIGURE 4-6: PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT
OVERRIDE) RC<2:0>,

RC<7:5>

Port/Peripheral Select®
Peripheral Data Out 0 VDD
Data Bus
WR D Q P 110
Port CK\_Q 1 pin®)

Data Latch %

D
WR Q
TRIS
CK\_Q N

TRIS Latch
RD u——o< '7 vss
TRIS | Schmitt K\

Trigger

Peripheral
oE® e 0 D

RD EN
Port {>o

Peripheral Input

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

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

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

FIGURE 4-7: PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT

OVERRIDE) RC<4:3>

Port/Peripheral Select®

Peripheral Data Out

VDD
Data Bus
WR b Q P |/_o(1)
in

Port CcKM_Q 1 p

Data Latch @
WR D Q
TRIS K0 N

TRIS Latch

&ﬁ Schmit\t/ SS\
Trigger K7 %7

Peripheral
3) e
OE Q D Schmitt
Trigger
EN with
RD —‘ SMBuUs
Port , DC Levels
SSPI Input
CKE
SSPSTAT<6>

Note 1: /O pins have diode protection to VDD and Vss.
2: Port/Peripheral Select signal selects between port data
and peripheral output.
3: Peripheral OE (output enable) is only activated if
Peripheral Select is active.

DS39582A-page 44

AdvancelInformation

© 2001 Microchip Technology Inc.




PIC16F87XA

TABLE 4-5: PORTC FUNCTIONS

Name Bit# | Buffer Type Function
RCO/T10SO/T1CKI bit0 ST Input/output port pin or Timerl oscillator output/Timerl clock input.
RC1/T10Sl/CCP2 bitl ST Input/output port pin or Timerl oscillator input or Capture2 input/
Compare2 output/PWM2 output.
RC2/CCP1 hit2 ST Input/output port pin or Capturel input/Comparel output/
PWM1 output.
RC3/SCK/SCL bit3 ST RC3 can also be the synchronous serial clock for both SPI
and I1°C modes.
RC4/SDI/SDA bit4 ST RC4 can also be the SPI Data In (SPI mode) or Data I/O (IZC mode).
RC5/SDO bit5 ST Input/output port pin or Synchronous Serial Port data output.
RC6/TX/CK hit6 ST Input/output port pin or USART Asynchronous Transmit or
Synchronous Clock.
RC7/RX/DT bit7 ST Input/output port pin or USART Asynchronous Receive or

Synchronous Data.

Legend: ST = Schmitt Trigger input

TABLE 4-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Value on: Value on

Address | Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
07h PORTC | RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO | xxxx xxxx | uuuu uuuu
87h TRISC |PORTC Data Direction Register 1111 1111 | 1111 1111

Legend: x = unknown, u = unchanged

© 2001 Microchip Technology Inc.
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4.4 PORTD and TRISD Registers

Note: PORTD and TRISD are not implemented

on the 28-pin devices.

PORTD is an 8-bit port with Schmitt Trigger input buff-
ers. Each pin is individually configureable as an input or
output.

PORTD can be configured as an 8-bit wide micropro-
cessor port (parallel slave port) by setting control bit
PSPMODE (TRISE<4>). In this mode, the input buffers
are TTL.

FIGURE 4-8: PORTD BLOCK DIAGRAM
(IN /0 PORT MODE)
Data Data Latch 1O pin®
Bus D Q
e >
Port | CK_\_
TRIS Latch
o— D Q
WR
TRIS i
—4& Schmitt
T
s/
/I Buffer
RD
TRIS
/I Q D
F EN
RD Port {><> —‘
Note 1: I/O pins have protection diodes to VbD and Vss.

TABLE 4-7: PORTD FUNCTIONS
Name Bit# Buffer Type Function
RDO/PSPO bit0 sTTL® Input/output port pin or parallel slave port bit0.
RD1/PSP1 bitl sT/TTL® Input/output port pin or parallel slave port bitl.
RD2/PSP2 bit2 sTTL® Input/output port pin or parallel slave port bit2.
RD3/PSP3 bit3 sTTL® Input/output port pin or parallel slave port bit3.
RD4/PSP4 bit4 sT/TTL® Input/output port pin or parallel slave port bit4.
RD5/PSP5 bit5 sTTL® Input/output port pin or parallel slave port bit5.
RD6/PSP6 bit6 sTTL® Input/output port pin or parallel slave port bit6.
RD7/PSP7 bit7 sT/TTL® Input/output port pin or parallel slave port bit7.

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

Note 1: Input buffers are Schmitt Triggers when in I/O mode and TTL buffers when in Parallel Slave Port mode.
TABLE 4-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Value on: | Value on
Address| Name | Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O POR, all other

BOR RESETS

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

Note: PORTE and TRISE are not implemented
on the 28-pin devices.

PORTE has three pins (REO/RD/AN5, RE1/WR/ANS,
and RE2/CS/ANY), which are individually configurable
as inputs or outputs. These pins have Schmitt Trigger
input buffers.

The PORTE pins become the 1/O control inputs for the
microprocessor port when bit PSPMODE (TRISE<4>) is
set. In this mode, the user must make certain that the
TRISE<2:0> bits are set, and that the pins are configured
as digital inputs. Also ensure that ADCONL1 is configured
for digital 1/O. In this mode, the input buffers are TTL.

Register 4-1 shows the TRISE register, which also con-
trols the parallel slave port operation.

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

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

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

TABLE 4-9: PORTE FUNCTIONS

FIGURE 4-9: PORTE BLOCK DIAGRAM
(IN 1/O PORT MODE)
Data Data Latch /0 pin®
Bus D Q
wr —o——1IX
e sl
TRIS Latch
— D Q
WR
TRIS .
— CK L Schmitt
b
e \y/
/| Buffer
RD j
TRIS
D

oy

]
RD Port F {>O

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

Name Bit# | Buffer Type

Function

o RD
REO/RD/AN5 | bit0 | ST/TTL® |1 = |dle

I/0O port pin or read control input in Parallel Slave Port mode or analog input:

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

L WR
RELWR/ANG | bitl | ST/TTLD |1 = |dle

1/0O port pin or write control input in Parallel Slave Port mode or analog input:

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

RE2/CS/AN7 | bitz2 | sTATL® |CS

1 = Device is not selected
0 = Device is selected

I/O port pin or chip select control input in Parallel Slave Port mode or analog input:

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

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

© 2001 Microchip Technology Inc.
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TABLE 4-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

. . . . . . . . Value on: Value on
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR BOR all other
' RESETS
09h PORTE — — — — — RE2 RE1 REO | ---- -xxx|---- -uuu
89h TRISE IBF OBF | IBOV |PSPMODE| — PORTE Data Direction Bits | 0000 -111 | 0000 -111
9Fh ADCON1 | ADFM [ADCS2| — — PCFG3 | PCFG2 | PCFG1 | PCFGO | --0- 0000 [ --0- 0000
Legend: x = unknown, u = unchanged, - = unimplemented, read as '0’. Shaded cells are not used by PORTE.
REGISTER 4-1: TRISE REGISTER (ADDRESS 89h)
R-0 R-0 R/W-0 R/W-0 U-0 R/W-1 R/W-1 R/W-1
BF | oBF | 1BOv |PSPMODE| — Bit2 Bitl Bit0
bit 7 bit 0
Parallel Slave Port Status/Control Bits:
bit 7 IBF: Input Buffer Full Status bit
1 = A word has been received and is waiting to be read by the CPU
0 = No word has been received
bit 6 OBF: Output Buffer Full Status bit
1 = The output buffer still holds a previously written word
0 = The output buffer has been read
bit 5 IBOV: Input Buffer Overflow Detect bit (in Microprocessor mode)
1 = A write occurred when a previously input word has not been read (must be cleared in
software)
0 = No overflow occurred
bit 4 PSPMODE: Parallel Slave Port Mode Select bit
1 = PORTD functions in Parallel Slave Port mode
0 = PORTD functions in general purpose 1/0 mode
bit 3 Unimplemented: Read as '0'
PORTE Data Direction Bits:
bit 2 Bit2: Direction Control bit for pin RE2/CS/AN7
1 = Input
0 = Output
bit 1 Bit1: Direction Control bit for pin RE1L/WR/AN6
1 = Input
0 = Output
bit 0 Bit0: Direction Control bit for pin REO/RD/AN5
1 = Input
0 = Output
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
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4.6 Parallel Slave Port

The Parallel Slave Port (PSP) is not implemented on
the PIC16F873A or PIC16F876A.

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

The PSP can directly interface to an 8-bit micro-
processor data bus. The external microprocessor can
read or write the PORTD latch as an 8-bit latch. Setting
bit PSPMODE enables port pin REO/RD to be the RD
input, F RE1/WR to be the WR input and RE2/CS to be
the CS (chip select) input. For this functionality, the cor-
responding data direction bits of the TRISE register
(TRISE<2:0>) must be configured as inputs (set). The
A/D  port configuration bits, PCFG3:PCFGO
(ADCON1<3:0>), must be set to configure pins
REZ2:REO as digital 1/0.

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

A write to the PSP occurs when both the CS and WR
lines are first detected low. When either the CS or WR
lines become high (level triggered), the Input Buffer Full
(IBF) status flag bit (TRISE<7>) is set on the Q4 clock
cycle, following the next Q2 cycle, to signal the write is
complete (Figure 4-11). The interrupt flag bit PSPIF
(PIR1<7>) is also set on the same Q4 clock cycle. IBF
can only be cleared by reading the PORTD input latch.
The Input Buffer Overflow (IBOV) status flag bit
(TRISE<5>) is set if a second write to the PSP is
attempted when the previous byte has not been read
out of the buffer.

A read from the PSP occurs when both the CS and RD
lines are first detected low. The Output Buffer Full
(OBF) status flag bit (TRISE<6>) is cleared immedi-
ately (Figure 4-12), indicating that the PORTD latch is
waiting to be read by the external bus. When either the
CS or RD pin becomes high (level triggered), the inter-
rupt flag bit PSPIF is set on the Q4 clock cycle, follow-
ing the next Q2 cycle, indicating that the read is
complete. OBF remains low until data is written to
PORTD by the user firmware.

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

An interrupt is generated and latched into flag bit
PSPIF when a read or write operation is completed.
PSPIF must be cleared by the user in firmware and the
interrupt can be disabled by clearing the interrupt
enable bit PSPIE (PIE1<7>).

FIGURE 4-10: PORTD AND PORTE
BLOCK DIAGRAM
(PARALLEL SLAVE
PORT)
r———-"-"-"-=—- - - - = n
Data Bus
| A > .|
[ WR | Rox
N G .
I I
I Q
I
RD
I Port
L e — - =
One bit of PORTD
, Setnterrupt Flag
~ PSPIF(PIR1<7>)

Note 1: 1/O pins have protection diodes to Vbp and Vss.
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FIGURE 4-11: PARALLEL SLAVE PORT WRITE WAVEFORMS
+ Q1 | @ [ Q3 | o Q1 | @ [ e | @ o | Q| e | o4
cs o\ : AR
WR .\ N N o
RD l ! \\ ! l
PORTD<7:0> —( N\ _—
IBF : \ \/
OBF ! ! \ l :
PSPIF . l \/ !
FIGURE 4-12: PARALLEL SLAVE PORT READ WAVEFORMS
+ Q1 | Q2 [ Q3 | @ Q1 | @ | e | 0| Q| e | o4
Cs T\ ! ; : /
WR : i |
RD ! \ /::\ \77\ :
PORTD<7:0> — : | — :
IBF . ! \ : l
oo T s N
PSPIF : ! \/ '
TABLE 4-11: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT
value on: Value on
Address | Name Bit 7 Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 ’ all other
POR,BOR | pEseTS
08h PORTD | Port Data Latch when written; Port pins when read XXXX XXXX | uuuu uuuu
09h PORTE = — — — = RE2 | RE1 | REO |---- -xxx|---- -uuu
89h TRISE IBF OBF | IBOV | PSPMODE | — |PORTE Data Direction Bits | 0000 -111| 0000 -111
0Ch PIR1 PsPIFD | ADIF | RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
8Ch PIE1 PsPIE®D | ADIE | RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
9Fh ADCON1 | ADFM |ADCS2| — — PCFG3 | PCFG2 | PCFG1 | PCFGO |--0- 0000|--0- 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the Parallel Slave Port.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F873A/876A; always maintain these bits clear.

DS39582A-page 50

AdvancelInformation

© 2001 Microchip Technology Inc.




PIC16F87XA

50 TIMERO MODULE Counter mode is selected by setting bit TOCS

(OPTION_REG<5>). In Counter mode, Timer0 will
The TimerO module timer/counter has the fO”OWing increment either on every rising’ or fa”mg edge of p|n
features: RA4/TOCKI. The incrementing edge is determined by
« 8-bit timer/counter the Timer0 Source Edge Select bit, TOSE

(OPTION_REG<4>). Clearing bit TOSE selects the ris-
ing edge. Restrictions on the external clock input are
discussed in detail in Section 5.2.

« Readable and writable
« 8-hit software programmable prescaler
 Internal or external clock select

The prescaler is mutually exclusively shared between
« Interrupt on overflow from FFh to 00h b y y

the Timer0 module and the Watchdog Timer. The pres-
* Edge select for external clock caler is not readable or writable. Section 5.3 details the
Figure 5-1 is a block diagram of the Timer0 module and operation of the prescaler.

the prescaler shared with the WDT.

Additional information on the Timer0 module is 5.1 Timer0 Interrupt

available in the PICmicro™ Mid-Range MCU Family The TMRO interrupt is generated when the TMRO reg-
Reference Manual (DS33023). ister overflows from FFh to 00h. This overflow sets bit
Timer mode is selected by clearing bit TOCS TMROIF (INTCON<2>). The interrupt can be masked
(OPTION_REG<5>). In Timer mode, the Timer0 mod- by clearing bit TMROIE (INTCON<5>). Bit TMROIF
ule will increment every instruction cycle (without pres- must be cleared in software by the Timer0 module
caler). If the TMRO register is written, the increment is Interrupt Service_ Routine before re-enabling this inter-
inhibited for the following two instruction cycles. The rupt. The TMRO interrupt cannot awaken the processor
user can work around this by writing an adjusted value from SLEEP, since the timer is shut-off during SLEEP.

to the TMRO register.

FIGURE 5-1: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER

CLKOUT (= Fosc/4) Data Bus

Y 8
o| M 1 /1/

U
RA4/TOCKI v M SYNC
- 1 ol Y - 2 TMRO Reg
X Cycles
TOSE T $
TOCS .
PSA Set Flag Bit TMROIF
on Overflow
PRESCALER
r— - - — — — — — — — — n
0 M |= 8-bit Prescaler |
o |
Watchdog 1 X | 8 |
Timer | |
T | 8 - to - IMUX —— PS2:PS0O |
T PSA Lo - — 41— |
0| 1

WDT Enable bit

MUX |«—— PSA

WDT
Time-out

Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION_REG<5:0>).
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5.2 Using TimerO with an External
Clock

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

5.3 Prescaler

There is only one prescaler available, which is mutually
exclusively shared between the TimerO module and the
Watchdog Timer. A prescaler assignment for the

REGISTER 5-1: OPTION_REG REGISTER

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

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

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

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

Note:  Writing to TMRO, when the prescaler is
assigned to TimerO0, will clear the prescaler
count, but will not change the prescaler
assignment.

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

RBPU INTEDG TOCS

TOSE PSA

| ps2 | ps1 | Pso

bit 7

bit 7 RBPU
bit 6 INTEDG

bit 5 TOCS: TMRO Clock Source Select bit

1 = Transition on TOCKI pin

bit 0

0 = Internal instruction cycle clock (CLKOUT)

bit 4

bit 3

bit 2-0

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

PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the TimerO module

PS2:PS0: Prescaler Rate Select bits
Bit Value TMRO Rate WDT Rate

000
001
010
011
100
101
110
111

RPRRRRRRR
RPRRRRRRPR

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

Note: To avoid an unintended device RESET, the instruction sequence shown in the
PICmicro™ Mid-Range MCU Family Reference Manual (DS33023) must be exe-
cuted when changing the prescaler assignment from TimerO to the WDT. This
sequence must be followed even if the WDT is disabled.
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TABLE 5-1: REGISTERS ASSOCIATED WITH TIMERO
Value on: | Value on
Address Name Bit 7 Bit 6 Bit5 |Bit4 | Bit3 | Bit2 | Bitl | Bit0 POR, all other
BOR RESETS
01h,101h |[TMRO TimerO Module Register XXXX XXXX|uuuu uuuu
0Bh,8Bh, |INTCON GIE PEIE |TMROIE | INTE | RBIE |TMROIF| INTF | RBIF |0000 000x|0000 000u

10Bh,18Bh

81h,181h |OPTION_REG | RBPU [INTEDG | TOCS |TOSE| PSA | PS2 | PS1 | PSO |1111 1111{1111 1111
Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0’. Shaded cells are not used by Timer0.
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NOTES:
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6.0 TIMER1 MODULE

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

Timerl can operate in one of two modes:

¢ As a Timer
¢ As a Counter

The operating mode is determined by the clock select
bit, TMR1CS (T1CON<1>).

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

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

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

When the Timerl oscillator is enabled (TLOSCEN is
set), the RC1/T1OSI/CCP2 and RCO/T10SO/T1CKI
pins become inputs. That is, the TRISC<1:0> value is
ignored, and these pins read as ‘0’

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

REGISTER 6-1: T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)
uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — T1CKPS1 | TAICKPSO ‘ T10SCEN ‘ T1SYNC ‘ TMR1CS | TMR1ON
bit 7 bit 0
bit 7-6 Unimplemented: Read as '0’
bit 5-4 T1CKPS1:T1CKPSO0: Timerl Input Clock Prescale Select bits
11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value
bit 3 T1OSCEN: Timerl Oscillator Enable Control bit
1 = Oscillator is enabled
0 = Oscillator is shut-off (the oscillator inverter is turned off to eliminate power drain)
bit 2 T1SYNC: Timerl External Clock Input Synchronization Control bit

When TMRICS = 1.

1 = Do not synchronize external clock input

0 = Synchronize external clock input

When TMR1CS =0:

This bit is ignored. Timerl uses the internal clock when TMR1CS = 0.
bit 1 TMRI1CS: Timerl Clock Source Select bit
1 = External clock from pin RCO/T1OSO/T1CKI (on the rising edge)

0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timerl On bit

1 = Enables Timerl
0 = Stops Timerl

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

W = Writable bit
1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown
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6.1

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

Timerl Operation in Timer Mode

FIGURE 6-1:

6.2

Timerl may operate in either a Synchronous, or an
Asynchronous mode, depending on the setting of the
TMR1CS hit.

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

Timerl Counter Operation

TIMER1 INCREMENTING EDGE

T1CKI
(Default High)

TI1CKI

(Default Low)

Note: Arrows indicate counter increments.

6.3 Timerl Operation in Synchronized

Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode, the timer increments on every rising edge of
clock input on pin RC1/T10SI/CCP2 when bit
T1OSCEN is set, or on pin RCO/T1OSO/T1CKI when
bit TLOSCEN is cleared.

FIGURE 6-2: TIMER1 BLOCK DIAGRAM

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

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

Set Flag bit
TMRL1IF on
Overflow 1“

TMR1
TMR1H ‘ TMR1L

Synchronized
Clock Input

0‘

1| -—

TMR1ON

........ Oon/Off T1SYNC

' T10SC
RCO/T10SO/T1CKI E g * ,f\ 1 -

: ) = Synchronize

. ! | Prescaler L

; TI0SCEN Fosc/a 1,2,4,8 _A det

: . Enable

o Seuiliator Internal 0 A [

RC1/T10SI/CCP2 : + Oscillator™  cjock 42 0 Clock

........ T1CKPS1:T1CKPSO

TMRI1CS

Note 1: When the TLOSCEN bit is cleared, the inverter is turned off. This eliminates power drain.
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6.4 Timerl Operation in
Asynchronous Counter Mode

If control bit TLSYNC (T1CON<2>) is set, the external
clock input is not synchronized. The timer continues to
increment asynchronous to the internal phase clocks.
The timer will continue to run during SLEEP and can
generate an interrupt-on-overflow, which will wake-up
the processor. However, special precautions in soft-
ware are needed to read/write the timer (Section 6.4.1).

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

6.4.1 READING AND WRITING TIMER1 IN
ASYNCHRONOUS COUNTER
MODE

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

For writes, it is recommended that the user simply stop
the timer and write the desired values. A write conten-
tion may occur by writing to the timer registers, while
the register is incrementing. This may produce an
unpredictable value in the timer register.

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

6.5 Timerl Oscillator

A crystal oscillator circuit is built-in between pins T1OSI
(input) and T10SO (amplifier output). It is enabled by
setting control bit, TLOSCEN (T1CON<3>). The oscil-
lator is a low power oscillator, rated up to 200 kHz. It will
continue to run during SLEEP. It is primarily intended
for use with a 32 kHz crystal. Table 6-1 shows the
capacitor selection for the Timerl oscillator.

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

TABLE 6-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Osc Type Freq. C1l Cc2
LP 32 kHz 33 pF 33 pF
100 kHz 15 pF 15 pF
200 kHz 15 pF 15 pF

These values are for design guidance only.

Crystals Tested:

32.768 kHz | Epson C-001R32.768K-A | + 20 PPM

100 kHz Epson C-2 100.00 KC-P | =20 PPM

200 kHz STD XTL 200.000 kHz | + 20 PPM

Note 1: Higher capacitance increases the stability
of oscillator, but also increases the start-up
time.

2: Since each resonator/crystal has its own
characteristics, the user should consult the
resonator/crystal manufacturer for appro-

priate values of external components.

6.6 Resetting Timerl using a CCP
Trigger Output

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

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

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

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

In this mode of operation, the CCPRxH:CCPRXL regis-
ter pair effectively becomes the period register for
Timerl.
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6.7 Resetting of Timerl Register Pair
(TMR1H, TMR1L)

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

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

6.8

Timerl Prescaler

The prescaler counter is cleared on writes to the
TMR1H or TMRI1L registers.

TABLE 6-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER

Value on: | Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
0Bh,8Bh, INTCON GIE PEIE | TMROIE INTE RBIE TMROIF INTF RBIF (0000 000x|0000 000u
10Bh, 18Bh
0Ch PIR1 PSPIF® | ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF {0000 0000[0000 0000
8Ch PIE1 PSPIE®| ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMRL1IE |0000 0000|0000 0000
OEh TMR1L [Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX|uuuu uuuu
OFh TMR1H [Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX[uuuu uuuu
10h T1CON — ’ — ’TlCKPSl’TlCKPSO‘TlOSCEN’ T1SYNC ’TMRlCS ’TMRlON --00 0000|--uu uuuu
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the Timerl module.

Note 1: Bits PSPIE and PSPIF are reserved on the 28-pin devices; always maintain these bits clear.
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7.0 TIMER2 MODULE

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

The input clock (Fosc/4) has a prescale option of
1:1, 21:4, or 1:16, selected by control bits
T2CKPS1:T2CKPSO0 (T2CON<1:0>).

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

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

Timer2 can be shut-off by clearing control bit, TMR20N
(T2CON<2>), to minimize power consumption.

Register 7-1 shows the Timer2 control register.
Additional information on timer modules is available in
the PICmicro™ Mid-Range MCU Family Reference
Manual (DS33023).

FIGURE 7-1: TIMER2 BLOCK DIAGRAM

Sets Flag
bit TMR2IF | Ot

RESET Prescaler
TMR2 Re -
_ 9 [M1:1, 1.4, 116 FOSE/4
Postscaler /T/
Comparator 2
11 to 1:116| EQ P
T2CKPS1:
4 PR2 Reg T2CKPS0
T20UTPS3:
T20UTPSO

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

REGISTER 7-1: T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)
uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— TOUTPS3 | TOUTPS2 TOUTPSl‘TOUTPSO’ TMR20ON ‘TZCKPSl T2CKPSO0
bit 7 bit 0
bit 7 Unimplemented: Read as '0’
bit 6-3 TOUTPS3: TOUTPSO0: Timer2 Output Postscale Select bits

0000 = 1:1 Postscale
0001 = 1:2 Postscale
0010 = 1:3 Postscale

1111 = 1:16 Postscale
bit 2 TMR2ON: Timer2 On bit

1 =Timer2 is on
0 = Timer2 is off

bit 1-0 T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits

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

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

W = Writable bit
1’ = Bit is set

U = Unimplemented bit, read as ‘0’

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

© 2001 Microchip Technology Inc.

Advance Information

DS39582A-page 59



PIC16F87XA

7.1 Timer2 Prescaler and Postscaler

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

7.2 Output of TMR2

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

« awrite to the TMR2 register clock.

« awrite to the T2CON register
e any device RESET (POR, MCLR Reset, WDT
Reset, or BOR)

TMR2 is not cleared when T2CON is written.

TABLE 7-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER
Value on: | Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
0Bh, 8Bh, |[INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF |0000 000x|0000 000u
10Bh, 18Bh
0Ch PIR1 PSPIF®) ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF |0000 0000{0000 0000
8Ch PIE1 psPIE® ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE {0000 0000{0000 0000
11h TMR2 |Timer2 Module’s Register 0000 0000[/0000 0000
12h T2CON — TOUTPS3|TOUTPS2|TOUTPS1|TOUTPSO|TMR20ON|T2CKPS1|T2CKPS0O(-000 0000|-000 0000
92h PR2 Timer2 Period Register 1111 11111111 1111
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the Timer2 module.

Note 1: Bits PSPIE and PSPIF are reserved on 28-pin devices; always maintain these bits clear.
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8.0 CAPTURE/COMPARE/PWM
MODULES

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

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

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

CCP1 Module:

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

CCP2 Module:

Capture/Compare/PWM Register2 (CCPR2) is com-
prised of two 8-bit registers: CCPR2L (low byte) and
CCPR2H (high byte). The CCP2CON register controls
the operation of CCP2. The special event trigger is
generated by a compare match and will reset Timerl
and start an A/D conversion (if the A/D module is
enabled).

Additional information on CCP modules is available in
the PICmicro™ Mid-Range MCU Family Reference
Manual (DS33023) and in application note AN594,
“Using the CCP Modules” (DS00594).

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

TABLE 8-2: INTERACTION OF TWO CCP MODULES
CCPx Mode | CCPy Mode Interaction
Capture Capture | Same TMRL1 time-base
Capture Compare | The compare should be configured for the special event trigger, which clears TMR1

Compare Compare | The compare(s) should be configured for the special event trigger, which clears TMR1

PWM PWM The PWMs will have the same frequency and update rate (TMR2 interrupt)
PWM Capture | None
PWM Compare |None
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REGISTER 8-1:

bit 7-6
bit 5-4

bit 3-0

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

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

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

Capture mode:
Unused

Compare mode:

Unused

PWM mode:

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

CCPxM3:CCPxMO0: CCPx Mode Select bits

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

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

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

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

1010 = Compare mode, generate software interrupt on match (CCPxIF bit is set,

CCPx pin is unaffected)

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

11xx = PWM mode

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

In Capture mode, CCPR1H:CCPRI1L captures the
16-bit value of the TMRL1 register when an event occurs
on pin RC2/CCP1. An event is defined as one of the
following:

e Every falling edge

« Every rising edge

« Every 4th rising edge

« Every 16th rising edge

The type of event is configured by control bits
CCP1M3:CCP1M0O (CCPxCON<3:0>). When a cap-
ture is made, the interrupt request flag bit, CCP1IF
(PIR1<2>) is set. The interrupt flag must be cleared in
software. If another capture occurs before the value in

register CCPR1 is read, the old captured value is over-
written by the new value.

8.1.1 CCP PIN CONFIGURATION

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

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

FIGURE 8-1: CAPTURE MODE
OPERATION BLOCK
DIAGRAM
RC2/CCP1 Set Flag bit CCP1IF
pin (PIR1<2>)

Prescaler
X}* +1,4,16

| ccprin | copril |

and Capture
edge detect ~ Enable
J( I/ | TR1H | TMRIL |
CCP1CON<3:0>

Qs

8.1.2 TIMER1 MODE SELECTION

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

8.1.3 SOFTWARE INTERRUPT

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

8.1.4 CCP PRESCALER

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

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

EXAMPLE 8-1: CHANGING BETWEEN

CAPTURE PRESCALERS

CLRF CCP1CON
MOVLW NEW_CAPT PS

Turn CCP module off
Load the W reg with
the new prescaler
move value and CCP ON
Load CCP1CON with this
value

MOVWF CCP1CON

7
7
7
7
7
7
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8.2 Compare Mode

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

 Driven high

 Driven low

* Remains unchanged

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

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

FIGURE 8-2: COMPARE MODE
OPERATION BLOCK
DIAGRAM

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

Special Event Trigger

Set Flag bit CCP1IF

(PIR1<2>)
RC2/CCP1
ie CCPRlHCCPRlL
Q S_Output
I~ A
TRISC<2> TMRIH | TMRIL
Output Enable  ccp1CON<3:0>

Mode Select

8.2.1 CCP PIN CONFIGURATION

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

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

data latch.

8.2.2 TIMER1 MODE SELECTION

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

8.2.3 SOFTWARE INTERRUPT MODE

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

8.24 SPECIAL EVENT TRIGGER

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

The special event trigger output of CCP1 resets the
TMRL1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable period register for
Timerl.

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

Note: The special event trigger from the
CCP1land CCP2 modules will not set inter-
rupt flag bit TMR1IF (PIR1<0>).
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8.3 PWM Mode (PWM)

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

Note: Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTC 1/O data

latch.

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

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 8.3.3.
FIGURE 8-3: SIMPLIFIED PWM BLOCK
DIAGRAM

Duty Cycle Registers’/ CCP1CON<5:4>

’ CCPRIL | ‘
‘ CCPR1H (Slave)! ‘
JU RC2/CCP1
‘ Comparator i R Q
‘ TMR2 ‘(Note 1)‘
e— S
Comparator TRISC<2>
Clear Timer,
* CCP1 pin and
PR2 latch D.C.

Note 1. The 8-bit timer is concatenated with 2-bit internal Q
clock, or 2 bits of the prescaler, to create 10-bit time-
base.

A PWM output (Figure 8-4) has a time-base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 8-4: PWM OUTPUT

Period

| [

.~ l

Duty Cycle

l . TMR2=PR2
: TMR2 = Duty Cycle

TMR2 = PR2

8.3.1 PWM PERIOD

The PWM period is specified by writing to the PR2 reg-
ister. The PWM period can be calculated using the fol-
lowing formula:
PWM period = [(PR2) + 1] « 4« TOSC »
(TMR2 prescale value)
PWM frequency is defined as 1 / [PWM period].
When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
« TMR2 is cleared
e The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)
e The PWM duty cycle is latched from CCPR1L into
CCPR1H

Note:  The Timer2 postscaler (see Section 7.1) is
not used in the determination of the PWM
frequency. The postscaler could be used
to have a servo update rate at a different
frequency than the PWM output.

8.3.2 PWM DUTY CYCLE

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

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

CCPR1L and CCP1CONK<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read-only register.

The CCPR1H register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitch-free PWM operation.

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

The maximum PWM resolution (bits) for a given PWM
frequency is given by the formula:

'Og(FOSC)

Resolution = bits
Iog(2)

Note: If the PWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be
cleared.
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8.3.3

SETUP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for PWM operation:

1. Setthe PWM period by writing to the PR2

register.

2. Set the PWM duty cycle by writing to the
CCPRLL register and CCP1CON<5:4> hits.

3. Make the CCP1 pin an output by clearing the

TRISC<2> bit.

4. Setthe TMR2 prescale value and enable Timer2
by writing to T2CON.

5. Configure the CCP1 module for PWM operation.

TABLE 8-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz
PWM Frequency 1.22kHz | 4.88kHz | 19.53kHz | 78.12kHz | 156.3 kHz | 208.3 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value OxFFh OxFFh OxFFh 0x3Fh 0x1Fh 0x17h
Maximum Resolution (bits) 10 10 10 8 7 55
TABLE 8-4: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, AND TIMER1
Value on: | Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
0Bh,8Bh, INTCON GIE PEIE | TMROIE INTE RBIE TMROIF INTF RBIF |0000 000x|[0000 000u
10Bh, 18Bh
0Ch PIR1 PsPIF® | ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF {0000 0000|{0000 0000
ODh PIR2 — — — — — — — CCP2IF |---- --- of---- --- 0
8Ch PIE1 PsPIE®| ADIE RCIE TXIE SSPIE CCP1lIE | TMR2IE | TMR1IE |0000 0000|0000 0000
8Dh PIE2 — — — — — — — CCP2IE |---- --- 0]---- --- 0
87h TRISC PORTC Data Direction Register 1111 11111111 1111
OEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX|Uuuuu uuuu
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX|Uuuu uuuu
10h T1CON — | — |Tickps1|TicKPSO|T10SCEN| TISYNC | TMRICS| TMRION|--00 0000[--uu uuuu
15h CCPRI1L |Capture/Compare/PWM Registerl (LSB) XXXX XXXX|Uuuuu uuuu
16h CCPR1H |Capture/Compare/PWM Registerl (MSB) XXXX XXXX|Uuuuu uuuu
17h ccricoN| — | — | coPix | ccpiy | ccPima [ccPiM2|ccPiMi|CcPIMO|--00 0000|--00 0000
1Bh CCPR2L |Capture/Compare/PWM Register2 (LSB) XXXX XXXX|Uuuuu uuuu
1Ch CCPR2H |Capture/Compare/PWM Register2 (MSB) XXXX XXXX|uuuu uuuu
1Dh ccrcoN| — | — | copax | ccpay | ccpams |ccPamz|copzmi | cePamo|--00 0000|--00 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by Capture and Timer1.

Note 1: The PSP is not implemented on 28-pin devices; always maintain these bits clear.
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TABLE 8-5: REGISTERS ASSOCIATED WITH PWM AND TIMER2
Value on: | Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
0Bh,8Bh, INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF {0000 000x|{0000 000u
10Bh, 18Bh
0Ch PIR1 PsSPIE®|  ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF {0000 0000(0000 0000
0Dh PIR2 —_ —_ —_ — — — —_ CCP2IF |---- --- of---- --- 0
8Ch PIE1 PSPIE®| ADIE RCIE TXIE SSPIE | CCP1lIE | TMR2IE | TMR1IE {0000 0000{0000 0000
8Dh PIE2 —_ —_ —_ — — — —_ CCP2IE |---- --- of---- --- 0
87h TRISC PORTC Data Direction Register 1111 1111)1111 1111
11h TMR2 Timer2 Module’s Register 0000 0000{0000 0000
92h PR2 Timer2 Module’s Period Register 1111 1111)1111 1111
12h T2CON — |TOUTPS3|TOUTPS2| TOUTPS1|TOUTPSO| TMR2ON | T2CKPS1|T2CKPSO0|-000 0000[-000 0000
15h CCPRI1L |Capture/Compare/PWM Registerl (LSB) XXXX XXXX[uuuu uuuu
16h CCPR1H |Capture/Compare/PWM Registerl (MSB) XXXX XXXX[uuuu uuuu
17h ccPicoN| — | — | ccPix | ccpiy | ccpims | copimz | coPimi | CCPIMO |--00 0000[--00 0000
1Bh CCPR2L |Capture/Compare/PWM Register2 (LSB) XXXX XXXX[uuuu uuuu
1Ch CCPR2H |Capture/Compare/PWM Register2 (MSB) XXXX XXXX[uuuu uuuu
1Dh ccrcoN| — | — | ccpex | ccpey | copams | copamz | copami | ccPamo |--00 0000[--00 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by PWM and Timer2.

Note 1: Bits PSPIE and PSPIF are reserved on 28-pin devices; always maintain these bits clear.
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NOTES:
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9.0 MASTER SYNCHRONOUS
SERIAL PORT (MSSP)
MODULE

9.1 Master SSP (MSSP) Module
Overview

The Master Synchronous Serial Port (MSSP) module is
a serial interface, useful for communicating with other
peripheral or microcontroller devices. These peripheral
devices may be serial EEPROMS, shift registers, dis-
play drivers, A/D converters, etc. The MSSP module
can operate in one of two modes:
« Serial Peripheral Interface (SPI)
« Inter-Integrated Circuit (I2C)

- Full Master Mode

- Slave mode (with general address call)
The I1°C interface supports the following modes in
hardware:
* Master mode
¢ Multi-Master mode
e Slave mode

9.2 Control Registers

The MSSP module has three associated registers.
These include a status register (SSPSTAT) and two
control registers (SSPCON and SSPCONZ2). The uses
of these registers and their individual configuration bits
differ significantly, depending on whether the MSSP
module is operated in SPI or 1°C mode.

Additional details are provided under the individual
sections.

9.3 SPI Mode

The SPI mode allows 8 bits of data to be synchronously
transmitted and received simultaneously. All four
modes of SPI are supported. To accomplish communi-
cation, typically three pins are used:

« Serial Data Out (SDO) - RC5/SDO

» Serial Data In (SDI) - RC4/SDI/SDA

« Serial Clock (SCK) - RC3/SCK/SCL/LVDIN

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

- Slave Select (SS) - RA5/SS/AN4

Figure 9-1 shows the block diagram of the MSSP
module when operating in SPI mode.

FIGURE 9-1: MSSP BLOCK DIAGRAM

(SPI MODE)

< Internal

Data Bus
Read *@i% Write
71

SSPBUF reg

|
g R
SDA
X}—2>—~] sspsrreg |

RCS/SDO bit0 Shift

rdl Clock
Tierlpheral OE
RA5/
Ss/
AN4 SS Control
Enable
Edge
Select
2
Clock Select
ggill SSPM3:SSPMO
SCL/ SMP:CZKE 4 (TMRZ output)
LVDIN * 2

% Edge
Select Prescaler | Tosc
4,16, 64
— Data to TX/RX in SSPSR
— TRIS bit

Note:  When the SPI s in Slave mode with SS pin
control enabled (SSPCON<3:0> = 0100),
the state of the SS pin can affect the state
read back from the TRISC<5> bit. The
Peripheral OE signal from the SSP module
into PORTC, controls the state that is read
back from the TRISC<5> bhit (see
Section 4.3 for information on PORTC). If
Read-Modify-Write instructions, such as
BSF, are performed on the TRISC register
while the SS pin is high, this will cause the
TRISC<5> bit to be set, thus disabling the
SDO output.
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9.3.1 REGISTERS

The MSSP module has four registers for SPI mode

operation. These are:

e MSSP Control Register (SSPCON)

* MSSP Status Register (SSPSTAT)

« Serial Receive/Transmit Buffer (SSPBUF)

* MSSP Shift Register (SSPSR) - Not directly
accessible

SSPCON and SSPSTAT are the control and status
registers in SPI mode operation. The SSPCON regis-
ter is readable and writable. The lower 6 bits of the
SSPSTAT are read only. The upper two bits of the
SSPSTAT are read/write.

SSPSR is the shift register used for shifting data in or
out. SSPBUF is the buffer register to which data bytes
are written to or read from.

In receive operations, SSPSR and SSPBUF together
create a double-buffered receiver. When SSPSR
receives a complete byte, it is transferred to SSPBUF
and the SSPIF interrupt is set.

During transmission, the SSPBUF is not double buff-
ered. A write to SSPBUF will write to both SSPBUF and
SSPSR.

REGISTER 9-1:  SSPSTAT: MSSP STATUS REGISTER (SPI MODE) (ADDRESS 94h)
R/W-0 RIW-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE D/A P | s | rRW | ua | BF
bit 7 bit 0

bit 7 SMP: Sample bit
SPI Master mode:

1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time

SPI Slave mode:

SMP must be cleared when SPI is used in Slave mode

bit 6 CKE: SPI Clock Edge Select bit
When CKP = 0:

1 = Data transmitted on rising edge of SCK
0 = Data transmitted on falling edge of SCK

When CKP =1:

1 = Data transmitted on falling edge of SCK
0 = Data transmitted on rising edge of SCK

bit5  D/A: Data/Address bit
Used in I2C mode only
bit4  P: STOP bit

Used in I2C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.

bit 3 S: START bit
Used in I°C mode only

bit 2 R/W: Read/Write bit information
Used in I°C mode only

bit 1 UA: Update Address bit
Used in I°C mode only

bit 0 BF: Buffer Full Status bit (Receive mode only)

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

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

W = Writable bit
"1’ = Bitis set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 9-2:

bit 7

bit 6

bit 5

bit 4

bit 3-0

SSPCON: MSSP CONTROL REGISTER1 (SPI MODE) (ADDRESS 14h)

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

wcoL | SssPov | SSPEN | CKP | SSPM3 | SSPM2 | SSPM1 | SSPMO

bit 7 bit 0

WCOL: Write Collision Detect bit (Transmit mode only)

1 = The SSPBUF register is written while it is still transmitting the previous word.
(Must be cleared in software.)

0 = No collision

SSPOV: Receive Overflow Indicator bit

SPI Slave mode:

1 = A new byte is received while the SSPBUF register is still holding the previous data. In case
of overflow, the data in SSPSR is lost. Overflow can only occur in Slave mode.The user must
read the SSPBUF, even if only transmitting data, to avoid setting overflow.

(Must be cleared in software.)

0 = No overflow

Note: In Master mode, the overflow bit is not set, since each new reception (and transmis-
sion) is initiated by writing to the SSPBUF register.

SSPEN: Synchronous Serial Port Enable bit

1 = Enables serial port and configures SCK, SDO, SDI, and SS as serial port pins

0 = Disables serial port and configures these pins as I/O port pins

Note: When enabled, these pins must be properly configured as input or output.

CKP: Clock Polarity Select bit

1 = IDLE state for clock is a high level

0 = IDLE state for clock is a low level

SSPM3:SSPMO0: Synchronous Serial Port Mode Select bits

0101 = SPI Slave mode, clock = SCK pin. g pin control disabled. SS can be used as I/0 pin
0100 = SPI Slave mode, clock = SCK pin. SS pin control enabled.

0011 = SPI Master mode, clock = TMR2 output/2

0010 = SPI Master mode, clock = Fosc/64

0001 = SPI Master mode, clock = Fosc/16

0000 = SPI Master mode, clock = Fosc/4

Note: Bit combinations not specifically listed here are either reserved, or implemented in 1’c
mode only.

Legend:

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

- n = Value at POR ']’ = Bitis set '0’ = Bit is cleared X = Bit is unknown
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9.3.2 OPERATION

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

« Master mode (SCK is the clock output)
< Slave mode (SCK is the clock input)
» Clock Polarity (IDLE state of SCK)

« Data input sample phase (middle or end of data
output time)

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

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

The MSSP consists of a transmit/receive Shift Register
(SSPSR) and a buffer register (SSPBUF). The SSPSR
shifts the data in and out of the device, MSb first. The
SSPBUF holds the data that was written to the SSPSR,
until the received data is ready. Once the 8 bits of data
have been received, that byte is moved to the SSPBUF
register. Then, the buffer full detect bit, BF
(SSPSTAT<0>), and the interrupt flag bit, SSPIF, are
set. This double buffering of the received data
(SSPBUF) allows the next byte to start reception before
reading the data that was just received. Any write to the

EXAMPLE 9-1:

SSPBUF register during transmission/reception of data
will be ignored, and the write collision detect bit, WCOL
(SSPCON<7>), will be set. User software must clear
the WCOL bit so that it can be determined if the follow-
ing write(s) to the SSPBUF register completed
successfully.

When the application software is expecting to receive
valid data, the SSPBUF should be read before the next
byte of data to transfer is written to the SSPBUF. Buffer
full bit, BF (SSPSTAT<0>), indicates when SSPBUF
has been loaded with the received data (transmission
is complete). When the SSPBUF is read, the BF bit is
cleared. This data may be irrelevant if the SPI is only a
transmitter. Generally, the MSSP Interrupt is used to
determine when the transmission/reception has com-
pleted. The SSPBUF must be read and/or written. If the
interrupt method is not going to be used, then software
polling can be done to ensure that a write collision does
not occur. Example 9-1 shows the loading of the
SSPBUF (SSPSR) for data transmission.

The SSPSR is not directly readable or writable, and
can only be accessed by addressing the SSPBUF reg-
ister. Additionally, the MSSP status register (SSPSTAT)
indicates the various status conditions.

LOADING THE SSPBUF (SSPSR) REGISTER

LOOP BTFSS SSPSTAT, BF
BRA LOOP ;No
MOVF SSPBUF, W
MOVWF RXDATA

MOVWF SSPBUF ;New data to xmit

;Has data been received(transmit complete)?

iWREG reg = contents of SSPBUF
;Save in user RAM, if data is meaningful
MOVF TXDATA, W ;W reg = contents of TXDATA
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9.3.3 ENABLING SPI I/O

To enable the serial port, SSP Enable bit, SSPEN
(SSPCON<5>), must be set. To reset or reconfigure
SPlI mode, clear the SSPEN bit, re-initialize the
SSPCON registers, and then set the SSPEN bit. This
configures the SDI, SDO, SCK, and SS pins as serial
port pins. For the pins to behave as the serial port func-
tion, some must have their data direction bits (in the
TRIS register) appropriately programmed. That is:

« SDlI is automatically controlled by the SPI module
* SDO must have TRISC<5> bit cleared

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

¢ SCK (Slave mode) must have TRISC<3> bit set
« SS must have TRISC<4> bit set
Any serial port function that is not desired may be over-

ridden by programming the corresponding data direc-
tion (TRIS) register to the opposite value.

FIGURE 9-2:

9.3.4 TYPICAL CONNECTION

Figure 9-2 shows a typical connection between two
microcontrollers. The master controller (Processor 1)
initiates the data transfer by sending the SCK signal.
Data is shifted out of both shift registers on their pro-
grammed clock edge, and latched on the opposite
edge of the clock. Both processors should be pro-
grammed to same Clock Polarity (CKP), then both con-
trollers would send and receive data at the same time.
Whether the data is meaningful (or dummy data)
depends on the application software. This leads to
three scenarios for data transmission:

« Master sends data — Slave sends dummy data
* Master sends data — Slave sends data
« Master sends dummy data — Slave sends data

SPI MASTER/SLAVE CONNECTION

SPI Master SSPM3:SSPMO0 = 00xxb

|
PROCESSOR 1 :

| | | |
| | | |
: SDO | ' sDI :
I I T I
| | | |
: Serial Input Buffer : : Serial Input Buffer :
| (SSPBUF) | | (SSPBUF) |
| | | |
| | | |
| | | |
| | | |
: Shift Register Sl : - : SDO Shift Register :
| (SSPSR) | | (SSPSR) |
| | | |
I MShb LSb | | MSb LSb |
: : Serial Clock : :
| SCK — SCK |
| | |
| | |

PROCESSOR 2
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9.3.5 MASTER MODE Figure 9-3, Figure 9-5, and Figure 9-6, where the MSB
is transmitted first. In Master mode, the SPI clock rate

The master can initiate the data transfer at any time
because it controls the SCK. The master determines
when the slave (Processor 2, Figure 9-2) is to broad-
cast data by the software protocol. + Fosc/4 (or Tcy)

e Fosc/16 (or 4 « Tcy)

following:

In Master mode, the data is transmitted/received as

soon as the SSPBUF register is written to. If the SPI is + Fosc/64 (or 16 « Tcy)

only going to receive, the SDO output could be dis- » Timer2 output/2

abled (programmed as an input). The SSPSR register This allows a maximum data rate (at 40 MHz) of 10.00
will continue to shift in the signal present on the SDI pin Mbps.

at the programmed clock rate. As each byte is
received, it will be loaded into the SSPBUF register as
if a normal received byte (interrupts and status bits
appropriately set). This could be useful in receiver
applications as a “Line Activity Monitor” mode.

(bit rate) is user programmable to be one of the

Figure 9-3 shows the waveforms for Master mode.
When the CKE bit is set, the SDO data is valid before
there is a clock edge on SCK. The change of the input
sample is shown based on the state of the SMP bit. The

time when the SSPBUF is loaded with the received

The clock polarity is selected by appropriately program- data is shown.
ming the CKP bit (SSPCON<4>). This then, would give
waveforms for SPI communication as shown in

FIGURE 9-3: SPI MODE WAVEFORM (MASTER MODE)

Write to
SSPBUF ¢

SCK
(CKP=0
CKE = 0)

T
|

ScK
(CKP=1 |
|

CKE=0) 4 clock

modes

|

SCK |
(CKP=0

CKE =1) i

|

I

|

|

SCK
(CKP=1
CKE = 1)

| | | | | | | |
SDO D bitz X bite X bits X bita X bitg X bitz X bitt X big
(CKE:O) 1 T T T T T T T |
| | | | | | |
SDO X bitz X bite X bits X bitd X bit3, X b2 X it X bitg
(CKE = 1) I f I f f f f f '
(SWP=0) | b7 | | | | | | | oo !

RN S S S S N N R

(SMP = 0) ! | | | | | | | '
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SSPIF
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0
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9.3.6 SLAVE MODE

In Slave mode, the data is transmitted and received as
the external clock pulses appear on SCK. When the
last bit is latched, the SSPIF interrupt flag bit is set.

While in Slave mode, the external clock is supplied by
the external clock source on the SCK pin. This external
clock must meet the minimum high and low times, as
specified in the electrical specifications.

While in SLEEP mode, the slave can transmit/receive
data. When a byte is received, the device will wake-up
from SLEEP.

9.3.7 SLAVE SELECT

SYNCHRONIZATION

The SS pin allows a Synchronous Slave mode. The
SPI must be in Slave mode with SS pin control
enabled (SSPCON<3:0> = 04h). The pin must not
be driven low for the SS pin to function as an input.
The Data Latch must be high. When the SS pin is
low, transmission and reception are enabled and
the SDO pin is driven. When the SS pin goes high,

the SDO pin is no longer driven, even if in the mid-
dle of a transmitted byte, and becomes a floating
output. External pull-up/pull-down resistors may be
desirable, depending on the application.

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

2: Ifthe SPIis used in Slave Mode with CKE
set, then the SS pin control must be
enabled.

When the SPI module resets, the bit counter is forced
to 0. This can be done by either forcing the SS pin to a
high level or clearing the SSPEN bit.

To emulate two-wire communication, the SDO pin can
be connected to the SDI pin. When the SPI needs to
operate as a receiver, the SDO pin can be configured
as an input. This disables transmissions from the SDO.
The SDI can always be left as an input (SDI function)
since it cannot create a bus conflict.

FIGURE 9-4: SLAVE SYNCHRONIZATION WAVEFORM
ss __\ E / \ Z
SCK I '{S‘
(CKP=0 ;
CKE = 0} . . ) , , , , , . A
SCK : \ \ r
(CKP =1 ' . .
CKE = 0) : ; . \ ! ! \ \ —SS— : .
Write to : ¢ ! ! ! ! ! ' ! ' l :
SSPBUF ! - - - - . . . . - -
: l ! ! ! ! ! ! e 5 -
sDo . . o X bito
. X . . ; . X X 7)) . :
oo OO OO mC
(SMP =0) I Lobit7 l l l Lobit7 | l ! i
Input I : l l l l l l l : l
Sample . . T . T . . . ' f . T . (Sf . T : ?
(SMP =0) : : : : : ! ! : 7 : .
SSPIE : f : : : : ' : : : Z‘
Hterrupt (S |
a9 ) Next Q4 cycle
SSPSR to (after Q2
SSPBUF 5)
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FIGURE 9-5: SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 0)

optional

SCK
(CKP =0 ! .
CKE = O) ! . . . . ' ' ' ' ' :

sScK . l
(CKP =1 ' !
CKE =0) ! . .

Write to . X ' ' X X . ' X :
SSPBUF ' ¢ . . . . . ,

SDO E/ii£££}< itz ) tm6><b% >< M4>< bit3 | mzb( m1><imm

SDI .
(SMP = O) : " bit7 ! ! ! : ! : ! bit0

o ! EEREEEREEEREEREE!

(SMP =0) : Z Z Z Z : Z Z Co

SSPIF . : : : : : : : :
Interrupt : ' ' ' ' X ' X '

Flag : : : : : : : : A b NextQacycle
SSPSR to . ' ' ' ' , : : : after Q24
SSPBUF

FIGURE 9-6: SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 1)

not optional :

ScK : !
(CKP =0 : |
CKE = 1) : . . . . , . .

SCK l !
(CKP =1 -
CKE = 1) : . . . !
Write to : . ' . ' : : : :
SSPBUF ¢ : ! . . . . , . :

SDO

SDI
(SMP = 0)

Input
Sample : : .
(SMP =0) . . ! Z | : : ! !

SSPIF ! ' ; ; ' ; ' ' ' ]
Hterrupt . | . . . . : . . LL

a9 ' ' : : : : : : : + Next Q4 cycle
SSPSR to : . . \ | . : , , f after Q24
SSPBUF ' ' ' ' ' ) ! \
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9.3.8 SLEEP OPERATION

In Master mode, all module clocks are halted, and the
transmission/reception will remain in that state until the
device wakes from SLEEP. After the device returns to
normal mode, the module will continue to transmit/
receive data.

In Slave mode, the SPI transmit/receive shift register
operates asynchronously to the device. This allows the
device to be placed in SLEEP mode, and data to be
shifted into the SPI transmit/receive shift register.
When all 8-bits have been received, the MSSP inter-
rupt flag bit will be set and if enabled, will wake the
device from SLEEP.

9.3.9 EFFECTS OF A RESET

A reset disables the MSSP module and terminates the
current transfer.

9.3.10 BUS MODE COMPATIBILITY

Table 9-1 shows the compatibility between the stan-
dard SPI modes and the states the CKP and CKE con-
trol bits.

TABLE 9-1: SPI BUS MODES
Standard SPI Mode Control Bits State
Terminology CKP CKE
0, 0 0 1
0, 1 0 0
1, 0 1 1
1, 1 1 0

There is also a SMP bit which controls when the data is
sampled.

TABLE 9-2: REGISTERS ASSOCIATED WITH SPI OPERATION
Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O POR, all other
BOR RESETS
INTCON | GIE/GIEH PEIE/ TMROIE | INTOIE RBIE TMROIF INTOIF RBIF 0000 000x | 0000 000u
GIEL
PIR1 psPIF® ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF [ 0000 0000 [ 0000 0000
PIE1 PsSPIE® ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
IPR1 pspip® ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP | 0000 0000 | 0000 0000
TRISC PORTC Data Direction Register 1111 1111 1111 1111
SSPBUF | Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX |uuuu uuuu
SSPCON | WCOL [ SSPOV | SSPEN | CKP | SSPM3 | SSPM2 | SSPM1 [ SSPM0 [0000 0000 [0000 0000
TRISA — PORTA Data Direction Register --11 1111 |--11 1111
SSPSTAT | smP cke | bA | P | s RW | uA | BF [0000 00000000 0000
Legend: x =unknown, u = unchanged, - = unimplemented read as '0".

Shaded cells are not used by the MSSP in SPI mode.
Note 1:

The PSPIF, PSPIE and PSPIP bits are reserved on 28-pin devices. Always maintain these bits clear.
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9.4  1°C Mode

The MSSP module in 12C mode fully implements all
master and slave functions (including general call sup-
port) and provides interrupts on START and STOP bits
in hardware to determine a free bus (multi-master func-
tion). The MSSP module implements the standard
mode specifications, as well as 7-bit and 10-bit
addressing.

Two pins are used for data transfer:

« Serial clock (SCL) - RC3/SCK/SCL
« Serial data (SDA) - RC4/SDI/SDA

The user must configure these pins as inputs or outputs
through the TRISC<4:3> bits.

FIGURE 9-7: MSSP BLOCK DIAGRAM
(1°C MODE)
< Internal
Data Bus
Read *@% Write
|
RC3/SCK/SCL ’ SSPBUF reg ‘

NS
|-Z3hift
Clock
E Q«—‘ SSPSR reg
RC4/ MSb LSb
SDI/ .-'}
SDA

‘ Match Detect }—v Addr Match

ih

‘ SSPADD reg ‘

START and Set, Reset

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

94.1 REGISTERS

The MSSP module has six registers for 12C operation.
These are:

¢ MSSP Control Register (SSPCON)

e MSSP Control Register 2 (SSPCON2)

* MSSP Status Register (SSPSTAT)

¢ Serial Receive/Transmit Buffer (SSPBUF)

* MSSP Shift Register (SSPSR) - Not directly
accessible

* MSSP Address Register (SSPADD)

SSPCON, SSPCON2 and SSPSTAT are the control
and status registers in 1’C mode operation. The
SSPCON and SSPCONZ2 registers are readable and
writable. The lower 6 bits of the SSPSTAT are read
only. The upper two bits of the SSPSTAT are read/
write.

SSPSR is the shift register used for shifting data in or
out. SSPBUF is the buffer register to which data bytes
are written to or read from.

SSPADD register holds the slave device address
when the SSP is configured in 12C Slave mode. When
the SSP is configured in Master mode, the lower
seven bits of SSPADD act as the baud rate generator
reload value.

In receive operations, SSPSR and SSPBUF together
create a double buffered receiver. When SSPSR
receives a complete byte, it is transferred to SSPBUF
and the SSPIF interrupt is set.

During transmission, the SSPBUF is not double buff-
ered. A write to SSPBUF will write to both SSPBUF and
SSPSR.
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REGISTER 9-3: SSPSTAT: MSSP STATUS REGISTER (1°C MODE) (ADDRESS 94h)

R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE pA | P | s | RW | ua | FPBF
bit 7 bit 0

bit 7 SMP: Slew Rate Control bit
In Master or Slave mode:
1= Slew rate control disabled for standard speed mode (100 kHz and 1 MHz)
0= Slew rate control enabled for high speed mode (400 kHz)
bit 6 CKE: SMBus Select hit
In Master or Slave mode:
1 = Enable SMBus specific inputs
0 = Disable SMBus specific inputs
bit5  D/A: Data/Address bit
In Master mode:
Reserved
In Slave mode:
1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address
bit 4 P: STOP bhit
1 = Indicates that a STOP bit has been detected last
0 = STOP bit was not detected last
Note: This bit is cleared on RESET and when SSPEN is cleared.
bit 3 S: START bit
1 = Indicates that a START bit has been detected last
0 = START bit was not detected last
Note: This bit is cleared on RESET and when SSPEN is cleared.
bit 2 R/W: Read/Write bit information (IZC mode only)
In Slave mode:
1 = Read
0 = Write
Note: This bit holds the R/W bit information following the last address match. This bit is only
valid from the address match to the next START bit, STOP bit, or not ACK bit.
In Master mode:
1 = Transmit is in progress
0 = Transmit is not in progress
Note: ORing this bit with SEN, RSEN, PEN, RCEN, or ACKEN will indicate if the MSSP is
in IDLE mode.
bit 1 UA: Update Address (10-bit Slave mode only)
1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated
bit 0 BF: Buffer Full Status bit
In Transmit mode:
1 = Receive complete, SSPBUF is full
0 = Receive not complete, SSPBUF is empty
In Receive mode: L
1 = Data Transmit in progress (does not include the ACK and STOP bits), SSPBUF is full
0 = Data Transmit complete (does not include the ACK and STOP bits), SSPBUF is empty

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 9-4: SSPCON: MSSP CONTROL REGISTER1 (I°C MODE) (ADDRESS 14h)

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

wcoL | ssPov | SSPEN | CKP | SsPM3 | SsPM2 | SsPM1 | SSPMO

bit 7 bit 0

bit 7 WCOL: Write Collision Detect bit
In Master Transmit mode:
1 = A write to the SSPBUF register was attempted while the I1°C conditions were not valid for a
transmission to be started. (Must be cleared in software.)
0 = No collision
In Slave Transmit mode:
1 = The SSPBUF register is written while it is still transmitting the previous word. (Must be cleared
in software.)
0 = No collision
In Receive mode (Master or Slave modes):
This is a “don’t care” bit.
bit 6 SSPOV: Receive Overflow Indicator bit
In Receive mode:
1 =A byte is received while the SSPBUF register is still holding the previous byte. (Must be
cleared in software.)
0 = No overflow
In Transmit mode:
This is a “don’t care” bit in Transmit mode.
bit 5 SSPEN: Synchronous Serial Port Enable bit

1 = Enables the serial port and configures the SDA and SCL pins as the serial port pins
0 = Disables serial port and configures these pins as I/O port pins

Note: When enabled, the SDA and SCL pins must be properly configured as input or output.
bit 4 CKP: SCK Release Control bit

In Slave mode:

1 = Release clock

0 = Holds clock low (clock stretch). (Used to ensure data setup time.)
In Master mode:
Unused in this mode
bit 3-0 SSPM3:SSPMO0: Synchronous Serial Port Mode Select bits
1111 = IC Slave mode, 10-bit address with START and STOP bit interrupts enabled
1110 = IC Slave mode, 7-bit address with START and STOP bit interrupts enabled
1011 = I°C Firmware Controlled Master mode (Slave IDLE)
1000 = I°C Master mode, clock = Fosc / (4 * (SSPADD+1))
0111 = I2C Slave mode, 10-bit address
0110 = I2C Slave mode, 7-bit address

Note: Bit combinations not specifically listed here are either reserved, or implemented in
SPI mode only.

Legend:

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

- n = Value at POR "1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 9-5:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SSPCON2: MSSP CONTROL REGISTER? (12C MODE) (ADDRESS 91h)

R/W-0 R/W-0 R/W-0 R/W-0 RW-0 RW-0 RMW-0  R/W-0
GCEN | ACKSTAT | ACKDT | ACKEN | RCEN | PEN | RSEN | SEN
bit 7 bit 0

GCEN: General Call Enable bit (Slave mode only)

1 = Enable interrupt when a general call address (0000h) is received in the SSPSR

0 = General call address disabled

ACKSTAT: Acknowledge Status bit (Master Transmit mode only)

1 = Acknowledge was not received from slave

0 = Acknowledge was received from slave

ACKDT: Acknowledge Data bit (Master Receive mode only)

1 = Not Acknowledge

0 = Acknowledge

Note: Value that will be transmitted when the user initiates an Acknowledge sequence at

the end of a receive.

ACKEN: Acknowledge Sequence Enable bit (Master Receive mode only)

1 = Initiate Acknowledge sequence on SDA and SCL pins, and transmit ACKDT data bit.
Automatically cleared by hardware.

0 = Acknowledge sequence IDLE

RCEN: Receive Enable bit (Master mode only)

1 = Enables Receive mode for I°C

0 = Receive IDLE

PEN: STOP Condition Enable bit (Master mode only)

1 = Initiate STOP condition on SDA and SCL pins. Automatically cleared by hardware.

0 = STOP condition IDLE

RSEN: Repeated START Condition Enabled bit (Master mode only)

1 = Initiate Repeated START condition on SDA and SCL pins.
Automatically cleared by hardware.

0 = Repeated START condition IDLE

SEN: START Condition Enabled/Stretch Enabled bit

In Master mode:

1 = Initiate START condition on SDA and SCL pins. Automatically cleared by hardware.

0 = START condition IDLE

In Slave mode:

1 = Clock stretching is enabled for both Slave Transmit and Slave Receive (stretch enabled)
0 = Clock stretching is enabled for Slave Transmit only (PIC16F87X compatibility)

Note: For bits ACKEN, RCEN, PEN, RSEN, SEN: If the [2C module is not in the IDLE
mode, this bit may not be set (no spooling) and the SSPBUF may not be written (or
writes to the SSPBUF are disabled).

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

© 2001 Microchip Technology Inc. Advance Information DS39582A-page 81



PIC16F87XA

9.4.2 OPERATION

The MSSP module functions are enabled by setting
MSSP Enable bit, SSPEN (SSPCON<5>).

The SSPCON register allows control of the 12C opera-
tion. Four mode selection bits (SSPCON<3:0>) allow
one of the following 1°C modes to be selected:

« I12C Master mode, clock = OSC/4 (SSPADD +1)

« 12C Slave mode (7-bit address)

« 12C Slave mode (10-bit address)

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

« 12C Slave mode (10-bit address), with START and
STOP bit interrupts enabled

« 12C Firmware controlled master operation, slave
is IDLE

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

9.4.3 SLAVE MODE

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

The I12C Slave mode hardware will always generate an
interrupt on an address match. Through the mode
select bits, the user can also choose to interrupt on
START and STOP bits

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

Any combination of the following conditions will cause
the MSSP module not to give this ACK pulse:

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

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

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit SSPIF (PIR1<3>) is set. The
BF bit is cleared by reading the SSPBUF register, while
bit SSPOV is cleared through software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
I2C specification, as well as the requirement of the
MSSP module, is shown in timing parameter #100 and
parameter #101.

9.4.3.1 Addressing

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

1. The SSPSR register value is loaded into the
SSPBUF register.

2. The buffer full bit BF is set.

An ACK pulse is generated.

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

w

In 10-bit Address mode, two address bytes need to be
received by the slave. The five Most Significant bits
(MSbs) of the first address byte specify if this is a 10-bit
address. Bit R/W (SSPSTAT<2>) must specify a write
so the slave device will receive the second address
byte. For a 10-bit address, the first byte would equal
‘11110 A9 A8 0 ', where ‘A9’ and ‘A8’ are the two

MSbs of the address. The sequence of events for 10-bit

address is as follows, with steps 7 through 9 for the

slave-transmitter:

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

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

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

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

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

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

7. Receive Repeated START condition.

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

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

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT
register is cleared. The received address is loaded into
the SSPBUF register and the SDA line is held low
(ACK).

When the address byte overflow condition exists, then
the No Acknowledge (ACK) pulse is given. An overflow
condition is defined as either bit BF (SSPSTAT<0>) is
set or bit SSPOV (SSPCON<6>) is set.

An MSSP interrupt is generated for each data transfer
byte. Flag bit SSPIF (PIR1<3>) must be cleared in soft-
ware. The SSPSTAT register is used to determine the
status of the byte.

If SEN is enabled (SSPCON<0>=1), RC3/SCK/SCL
will be held low (clock stretch) following each data
transfer. The clock must be released by setting bit CKP
(SSPCON<4>). See Section 9.4.4 (“Clock Stretching”)
for more detail.

9.4.3.3 Transmission

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit and pin RC3/SCK/SCL is held
low, regardless of SEN (see “Clock Stretching”,
Section 9.4.4, for more detail). By stretching the clock,
the master will be unable to assert another clock pulse
until the slave is done preparing the transmit data.The
transmit data must be loaded into the SSPBUF register,
which also loads the SSPSR register. Then pin RC3/
SCK/SCL should be enabled by setting bit CKP
(SSPCON<4>). The eight data bits are shifted out on
the falling edge of the SCL input. This ensures that the
SDA signal is valid during the SCL high time
(Figure 9-9).

The ACK pulse from the master-receiver is latched on
the rising edge of the ninth SCL input pulse. If the SDA
line is high (not ACK), then the data transfer is com-
plete. In this case, when the ACK is latched by the
slave, the slave logic is reset (resets SSPSTAT regis-
ter) and the slave monitors for another occurrence of
the START bit. If the SDA line was low (ACK), the next
transmit data must be loaded into the SSPBUF register.
Again, pin RC3/SCK/SCL must be enabled by setting
bit CKP.

An MSSP interrupt is generated for each data transfer
byte. The SSPIF bit must be cleared in software and
the SSPSTAT register is used to determine the status
of the byte. The SSPIF bit is set on the falling edge of
the ninth clock pulse.
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12C SLAVE MODE TIMING WITH SEN =0 (RECEPTION, 7-BIT ADDRESS)

FIGURE 9-8:
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12C SLAVE MODE TIMING (TRANSMISSION, 7-BIT ADDRESS)

FIGURE 9-9:
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I2C SLAVE MODE TIMING WITH SEN = 0 (RECEPTION, 10-BIT ADDRESS)

FIGURE 9-10:
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12C SLAVE MODE TIMING (TRANSMISSION, 10-BIT ADDRESS)

FIGURE 9-11:
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9.4.4 CLOCK STRETCHING

Both 7 and 10-bit Slave modes implement automatic
clock stretching during a transmit sequence.

The SEN bit (SSPCON2<0>) allows clock stretching to
be enabled during receives. Setting SEN will cause
the SCL pin to be held low at the end of each data
receive sequence.

9.4.4.1 Clock Stretching for 7-bit Slave
Receive Mode (SEN = 1)

In 7-bit Slave Receive mode, on the falling edge of the
ninth clock at the end of the ACK sequence, if the BF
bit is set, the CKP bit in the SSPCON register is auto-
matically cleared, forcing the SCL output to be held
low. The CKP being cleared to ‘0’ will assert the SCL
line low. The CKP bit must be set in the user’'s ISR
before reception is allowed to continue. By holding the
SCL line low, the user has time to service the ISR and
read the contents of the SSPBUF before the master
device can initiate another receive sequence. This will
prevent buffer overruns from occurring (see
Figure 9-13).

Note 1: If the user reads the contents of the
SSPBUF before the falling edge of the
ninth clock, thus clearing the BF bit, the
CKP bit will not be cleared and clock
stretching will not occur.

2: The CKP bit can be set in software,
regardless of the state of the BF bit. The
user should be careful to clear the BF bit
in the ISR before the next receive
sequence in order to prevent an overflow
condition.

9.4.4.2 Clock Stretching for 10-bit Slave
Receive Mode (SEN = 1)

In 10-bit Slave Receive mode, during the address
sequence, clock stretching automatically takes place
but CKP is not cleared. During this time, if the UA bit is
set after the ninth clock, clock stretching is initiated.
The UA bit is set after receiving the upper byte of the
10-bit address, and following the receive of the second
byte of the 10-bit address, with the R/W bit cleared to
‘0. The release of the clock line occurs upon updating
SSPADD. Clock stretching will occur on each data
receive sequence as described in 7-bit mode.

Note: If the user polls the UA bit and clears it by
updating the SSPADD register before the
falling edge of the ninth clock occurs, and if
the user hasn'’t cleared the BF bit by read-
ing the SSPBUF register before that time,
then the CKP bit will still NOT be asserted
low. Clock stretching on the basis of the
state of the BF bit only occurs during a data
sequence, not an address sequence.

9.4.4.3 Clock Stretching for 7-bit Slave
Transmit Mode

7-bit Slave Transmit mode implements clock stretching
by clearing the CKP bit after the falling edge of the
ninth clock, if the BF bit is clear. This occurs regard-
less of the state of the SEN bit.

The user’s ISR must set the CKP bit before transmis-
sion is allowed to continue. By holding the SCL line
low, the user has time to service the ISR and load the
contents of the SSPBUF before the master device can
initiate another transmit sequence (see Figure 9-9).

Note 1: If the user loads the contents of SSPBUF,
setting the BF bit before the falling edge of
the ninth clock, the CKP bit will not be
cleared and clock stretching will not occur.

2: The CKP bit can be set in software
regardless of the state of the BF bit.

9.4.4.4 Clock Stretching for 10-bit Slave
Transmit Mode

In 10-bit Slave Transmit mode, clock stretching is con-
trolled during the first two address sequences by the
state of the UA bit, just as it is in 10-bit Slave Receive
mode. The first two addresses are followed by a third
address sequence, which contains the high order bits
of the 10-bit address and the R/W bit set to ‘1. After
the third address sequence is performed, the UA bit is
not set, the module is now configured in Transmit
mode, and clock stretching is controlled by the BF flag
as in 7-bit Slave Transmit mode (see Figure 9-11).
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9.4.45 Clock Synchronization

and the CKP Bit
When the CKP bit is cleared, the SCL output is forced

remain low until the CKP bit is set, and all other
devices on the I2C bus have de-asserted SCL. This
ensures that a write to the CKP bit will not violate the

to ‘0’; however, setting the CKP bit will not assert the r;ln&r:;ugjlzf)ngh time requirement for SCL  (see
SCL output low until the SCL output is already sam- 9 ’
pled low. Therefore, the CKP bit will not assert the
SCL line until an external 12C master device has
already asserted the SCL line. The SCL output will
FIGURE 9-12: CLOCK SYNCHRONIZATION TIMING
‘Ql Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1 Q3|Q4|Q1{Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4
I | ; I I ! I I b I
T ' SS |
SDA | | DX | | I | | >< | DX-1 |
i i — i I —S——— — |
| | ro | : | | b |
scL . . L . | !
| | 1 | \\ | If ————— I—/ﬂ—1
| | o R Y N | | |
l I | Master device | | I
CKP | | 1\ | asserts clock L | 1/ | |
| f E—)) | ;
| | : | | Master deviceJ | : | |
| | I —| | de-asserts clock | L |
o | | h\ | ; (e | /I \ |
SSPCON bl } — ,
| | | | | | | |
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12C SLAVE MODE TIMING WITH SEN =1 (RECEPTION, 7-BIT ADDRESS)

FIGURE 9-13:
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I2C SLAVE MODE TIMING SEN = 1 (RECEPTION, 10-BIT ADDRESS)

FIGURE 9-14:
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9.4.5 GENERAL CALL ADDRESS
SUPPORT

The addressing procedure for the 1°C bus is such that
the first byte after the START condition usually deter-
mines which device will be the slave addressed by the
master. The exception is the general call address,
which can address all devices. When this address is
used, all devices should, in theory, respond with an
Acknowledge.

The general call address is one of eight addresses
reserved for specific purposes by the I2C protocaol. It
consists of all 0's with R/W = 0.

The general call address is recognized when the Gen-
eral Call Enable bit (GCEN) is enabled (SSPCON2<7>
set). Following a START bit detect, 8-bits are shifted
into the SSPSR and the address is compared against
the SSPADD. It is also compared to the general call
address and fixed in hardware.

If the general call address matches, the SSPSR is
transferred to the SSPBUF, the BF flag bit is set (eighth
bit), and on the falling edge of the ninth bit (ACK bit),
the SSPIF interrupt flag bit is set.

When the interrupt is serviced, the source for the inter-
rupt can be checked by reading the contents of the
SSPBUF. The value can be used to determine if the
address was device specific or a general call address.

In 10-bit mode, the SSPADD is required to be updated
for the second half of the address to match, and the UA
bit is set (SSPSTAT<1>). If the general call address is
sampled when the GCEN bit is set, while the slave is
configured in 10-bit Address mode, then the second
half of the address is not necessary, the UA bit will not
be set, and the slave will begin receiving data after the
Acknowledge (Figure 9-15).

FIGURE 9-15: SLAVE MODE GENERAL CALL ADDRESS SEQUENCE
(7 OR 10-BIT ADDRESS MODE)
Address is compared to General Call Address
i after ACK, set interrupt
.. W=0 Receiving data ACK

SDA _j_\ ! General Call Address m@mmm@m

SCL

SSPIF

BF (SSPSTAT<0>)

SSPOV (SSPCON<6>)

I Cleared in software
SSPBUF is read

GCEN (SSPCON2<7>)
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9.4.6 MASTER MODE

Master mode is enabled by setting and clearing the
appropriate SSPM bits in SSPCON and by setting the
SSPEN bit. In Master mode, the SCL and SDA lines
are manipulated by the MSSP hardware.

Master mode of operation is supported by interrupt
generation on the detection of the START and STOP
conditions. The STOP (P) and START (S) bits are
cleared from a RESET, or when the MSSP module is
disabled. Control of the 12C bus may be taken when the
P bit is set or the bus is IDLE, with both the S and P bits
clear.

In Firmware Controlled Master mode, user code con-
ducts all 1°C bus operations based on START and
STOP bit conditions.

Once Master mode is enabled, the user has six
options.
1. Assert a START condition on SDA and SCL.

2. Assert a Repeated START condition on SDA
and SCL.

3. Write to the SSPBUF register, initiating trans-
mission of data/address.

4. Configure the 12c port to receive data.

5. Generate an Acknowledge condition at the end
of a received byte of data.

6. Generate a STOP Condition on SDA and SCL.

The MSSP module, when configured in Ee
Master mode, does not allow queueing of
events. For instance, the user is not
allowed to initiate a START condition and
immediately write the SSPBUF register to
initiate transmission before the START
condition is complete. In this case, the
SSPBUF will not be written to and the
WCOL bit will be set, indicating that a write
to the SSPBUF did not occur.

Note:

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

* START condition

e STOP condition

« Data transfer byte transmitted/received

» Acknowledge Transmit

* Repeated START

FIGURE 9-16: MSSP BLOCK DIAGRAM (I2C MASTER MODE)
< Internal SSPM3:SSPMO
Data Bus SSPADD<6:0>
Read Write ‘
’ SSPBUF Baud
Rate
’ ’ Generator
SDA ~ Shift 5
SDA In Clock bt
o 7 ° —_
X} = <—{ SSPSR 8lg
N MSb LSb 3l5
[ o
e Q|2
= s =%
w Start bit, Stop bit, 46_‘ = 2|8
2 Acknowledge S sle
2 O =
3 Generate x = o
[5] <|=
SCL & o ~|g
S O SI<
X > 5
| e
[ \l
1 START bit Detect
- STOP bit Detect
SCL In Write Collision Detect —» Set/Reset, S, P, WCOL (SSPSTAT)
Clock Arbitration Set SSPIF, BCLIF
Bus Collision State Counter for Reset ACKSTAT, PEN (SSPCON2)
end of XMIT/RCV
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9.4.6.1 12C Master Mode Operation

The master device generates all of the serial clock
pulses and the START and STOP conditions. A trans-
fer is ended with a STOP condition or with a repeated
START condition. Since the repeated START condition
is also the beginning of the next serial transfer, the 12c
bus will not be released.

In Master Transmitter mode, serial data is output
through SDA, while SCL outputs the serial clock. The
first byte transmitted contains the slave address of the
receiving device (7 bits) and the Read/Write (R/W) bit.
In this case, the R/W bit will be logic '0’. Serial data is
transmitted 8 bits at a time. After each byte is transmit-
ted, an Acknowledge bit is received. START and STOP
conditions are output to indicate the beginning and the
end of a serial transfer.

In Master Receive mode, the first byte transmitted con-
tains the slave address of the transmitting device
(7 bits) and the R/W bit. In this case, the R/W bit will be
logic '1’. Thus, the first byte transmitted is a 7-bit slave
address followed by a '1’ to indicate receive bit. Serial
data is received via SDA, while SCL outputs the serial
clock. Serial data is received 8 bits at a time. After each
byte is received, an Acknowledge bit is transmitted.
START and STOP conditions indicate the beginning
and end of transmission.

The baud rate generator used for the SPI mode opera-
tion is used to set the SCL clock frequency for either
100 kHz, 400 kHz or 1 MHz I2C operation. See
Section 9.4.7 (“Baud Rate Generator”) for more detail.

A typical transmit sequence would go as follows:

1. The user generates a START Condition by set-
ting the START enable bit, SEN
(SSPCON2<0>).

2. SSPIF is set. The MSSP module will wait the
required START time before any other operation
takes place.

3. The user loads the SSPBUF with the slave
address to transmit.

4. Address is shifted out the SDA pin until all 8 bits
are transmitted.

5. The MSSP Module shifts in the ACK bit from the
slave device and writes its value into the
SSPCON2 register (SSPCON2<6>).

6. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the SSPIF
bit.

7. The user loads the SSPBUF with eight bits of
data.

8. Data is shifted out the SDA pin until all 8 bits are
transmitted.

9. The MSSP Module shifts in the ACK bit from the
slave device and writes its value into the
SSPCON2 register (SSPCON2<6>).

10. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the SSPIF
bit.

11. The user generates a STOP condition by setting
the STOP enable bit, PEN (SSPCON2<2>).

12. Interrupt is generated once the STOP condition
is complete.
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9.4.7 BAUD RATE GENERATOR

In 12C Master mode, the baud rate generator (BRG)
reload value is placed in the lower 7 bits of the
SSPADD register (Figure 9-17). When a write occurs to
SSPBUF, the baud rate generator will automatically
begin counting. The BRG counts down to 0 and stops
until another reload has taken place. The BRG count is
decremented twice per instruction cycle (Tcy) on the
Q2 and Q4 clocks. In I°C Master mode, the BRG is
reloaded automatically.

Once the given operation is complete, (i.e. transmis-
sion of the last data bit is followed by ACK), the internal
clock will automatically stop counting and the SCL pin
will remain in its last state.

Table 15-3 demonstrates clock rates based on instruc-
tion cycles and the BRG value loaded into SSPADD.

FIGURE 9-17: BAUD RATE GENERATOR BLOCK DIAGRAM

SSPM3:SSPMO :\/1 SSPADD<6:0>

SSPM3:SSPM0 Reload
SCL —P» Control

Reload )

CLKOUT<—‘ BRG Down Counter [«<——Fosc/4

TABLE 9-3: I°C CLOCK RATE W/BRG

Fey Fev:2 BRG VALUE (2 roIIovFeSrZLof BRG)
10 MHz 20 MHz 19h 400 kHz®
10 MHz 20 MHz 20h 312.5 kHz
10 MHz 20 MHz 3Fh 100 kHz
4 MHz 8 MHz 0Ah 400 kHz®
4 MHz 8 MHz 0Dh 308 kHz
4 MHz 8 MHz 28h 100 kHz
1 MHz 2 MHz 03h 333 kHz®
1 MHz 2 MHz 0Ah 100 kHz
1 MHz 2 MHz 00h 1 MHz®

Note 1: The I°C interface does not conform to the 400 kHz I°C specification (which applies to rates greater than
100 kHz) in all details, but may be used with care where higher rates are required by the application.
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9.4.7.1 Clock Arbitration

Clock arbitration occurs when the master, during any
receive, transmit or Repeated START/STOP condition,
de-asserts the SCL pin (SCL allowed to float high).
When the SCL pin is allowed to float high, the baud rate
generator (BRG) is suspended from counting until the
SCL pin is actually sampled high. When the SCL pin is

FIGURE 9-18:

sampled high, the baud rate generator is reloaded with
the contents of SSPADD<6:0> and begins counting.
This ensures that the SCL high time will always be at
least one BRG rollover count, in the event that the clock
is held low by an external device (Figure 15-18).

BAUD RATE GENERATOR TIMING WITH CLOCK ARBITRATION

SDA DX ><

DX-1

SCL \

SCL de-asserted but slave holds
SCL low (clock arbitration)

F SCL allowed to transition high

BRG decrements on
Q2 and Q4 cycles

! | ! |
BRG X osn X ozn ><th >< 00h (hold off) |>< 03rQ< 02h
Value | |
SCL is sampled high, reload takes
| place and BRG starts its count.
BRG ]
Reload
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I2C MASTER MODE START
CONDITION TIMING

To initiate a START condition, the user sets the START
condition enable bit, SEN (SSPCON2<0>). If the SDA
and SCL pins are sampled high, the baud rate genera-
tor is reloaded with the contents of SSPADD<6:0> and
starts its count. If SCL and SDA are both sampled high
when the baud rate generator times out (TBRG), the
SDA pin is driven low. The action of the SDA being
driven low, while SCL is high, is the START condition,
and causes the S bit (SSPSTAT<3>) to be set. Follow-
ing this, the baud rate generator is reloaded with the
contents of SSPADD<6:0> and resumes its count.
When the baud rate generator times out (TBRG), the
SEN bit (SSPCON2<0>) will be automatically cleared
by hardware, the baud rate generator is suspended,
leaving the SDA line held low and the START condition
is complete.

9.4.8

Note: If, at the beginning of the START condition,
the SDA and SCL pins are already sam-
pled low, or if during the START condition,
the SCL line is sampled low before the
SDA line is driven low, a bus collision
occurs, the Bus Collision Interrupt Flag
BCLIF is set, the START condition is
aborted, and the 12C module is reset into its

IDLE state.

FIGURE 9-19: FIRST START BIT TIMING

9.48.1 WCOL Status Flag

If the user writes the SSPBUF when a START
sequence is in progress, the WCOL is set and the con-
tents of the buffer are unchanged (the write doesn’t
occur).

Note: Because queueing of events is not
allowed, writing to the lower 5 bits of
SSPCONZ2 is disabled until the START

condition is complete.

Write to SEN bit occurs here.

Set S bit (SSPSTAT<3>)

At completion of START bit,

Hardware clears SEN bit
l and sets SSPIF bit

Write to SSPBUF occurs here

SDA =1,

SCL=1

l

k—TBrG —-TBRG,
SDA é é
sct o

[« TBRG |

r/ 1st Bit >< 2nd Bit

[«TBRG+|
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9.4.9 I2C MASTER MODE REPEATED
START CONDITION TIMING

A Repeated START condition occurs when the RSEN
bit (SSPCON2<1>) is programmed high and the 1°C
logic module is in the IDLE state. When the RSEN bit is
set, the SCL pin is asserted low. When the SCL pin is
sampled low, the baud rate generator is loaded with the
contents of SSPADD<5:0> and begins counting. The
SDA pin is released (brought high) for one baud rate
generator count (TBRG). When the baud rate generator
times out, if SDA is sampled high, the SCL pin will be
de-asserted (brought high). When SCL is sampled
high, the baud rate generator is reloaded with the con-
tents of SSPADD<6:0> and begins counting. SDA and
SCL must be sampled high for one TBRG. This action is
then followed by assertion of the SDA pin (SDA = 0) for
one TBRG while SCL is high. Following this, the RSEN
bit (SSPCON2<1>) will be automatically cleared and
the baud rate generator will not be reloaded, leaving
the SDA pin held low. As soon as a START condition is
detected on the SDA and SCL pins, the S bit
(SSPSTAT<3>) will be set. The SSPIF bit will not be set
until the baud rate generator has timed out.

Note 1: If RSEN is programmed while any other
event is in progress, it will not take effect.

2: A bus collision during the Repeated
START condition occurs if:

» SDA is sampled low when SCL goes
from low to high.

e SCL goes low before SDA is
asserted low. This may indicate that
another master is attempting to
transmit a data "1".

FIGURE 9-20:

Immediately following the SSPIF bit getting set, the
user may write the SSPBUF with the 7-bit address in
7-bit mode, or the default first address in 10-bit mode.
After the first eight bits are transmitted and an ACK is
received, the user may then transmit an additional eight
bits of address (10-bit mode), or eight bits of data (7-bit
mode).

9.49.1 WCOL Status Flag

If the user writes the SSPBUF when a Repeated
START sequence is in progress, the WCOL is set and
the contents of the buffer are unchanged (the write
doesn’t occur).

Note: Because queueing of events is not
allowed, writing of the lower 5 bits of
SSPCON2 is disabled until the Repeated
START condition is complete.

REPEAT START CONDITION WAVEFORM

Write to SSPCON2

SDA =1,
SCL (no change)

SDA

Falling edge of ninth clock
End of Xmit

SCL

occurs here. SDA=1,
SCL=1

-
lTerGTBRG TI‘—T RG —
T
|
|

Set S (SSPSTAT<3>)

At completion of START bit,
hardware clear RSEN bit
l and set SSPIF

B
|
| 1st Bit X
T
|

Write to SSPBUF occurs here.

[TBRG

|
Lo
= Repeated START

Sr
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9.4.10 I2C MASTER MODE
TRANSMISSION

Transmission of a data byte, a 7-bit address or the
other half of a 10-bit address is accomplished by simply
writing a value to the SSPBUF register. This action will
set the buffer full flag bit, BF, and allow the baud rate
generator to begin counting and start the next transmis-
sion. Each bit of address/data will be shifted out onto
the SDA pin after the falling edge of SCL is asserted
(see data hold time specification parameter #106). SCL
is held low for one baud rate generator rollover count
(TBRG). Data should be valid before SCL is released
high (see Data setup time specification parameter
#107). When the SCL pin is released high, it is held that
way for TBRG. The data on the SDA pin must remain
stable for that duration and some hold time after the
next falling edge of SCL. After the eighth bit is shifted
out (the falling edge of the eighth clock), the BF flag is
cleared and the master releases SDA. This allows the
slave device being addressed to respond with an ACK
bit during the ninth bit time, if an address match
occurred or if data was received properly. The status
of ACK is written into the ACKDT bit on the falling edge
of the ninth clock. If the master receives an Acknowl-
edge, the Acknowledge status bit, ACKSTAT, is
cleared. If not, the bit is set. After the ninth clock, the
SSPIF bit is set and the master clock (baud rate gener-
ator) is suspended until the next data byte is loaded
into the SSPBUF, leaving SCL low and SDA
unchanged (Figure 9-21).

After the write to the SSPBUF, each bit of address will
be shifted out on the falling edge of SCL, until all seven
address bits and the R/W bit are completed. On the fall-
ing edge of the eighth clock, the master will de-assert
the SDA pin, allowing the slave to respond with an
Acknowledge. On the falling edge of the ninth clock, the
master will sample the SDA pin to see if the address
was recognized by a slave. The status of the ACK bit is
loaded into the ACKSTAT status bit (SSPCON2<6>).
Following the falling edge of the ninth clock transmis-
sion of the address, the SSPIF is set, the BF flag is
cleared and the baud rate generator is turned off until
another write to the SSPBUF takes place, holding SCL
low and allowing SDA to float.

9.4.10.1 BF Status Flag

In Transmit mode, the BF bit (SSPSTAT<0>) is set
when the CPU writes to SSPBUF and is cleared when
all 8 bits are shifted out.

9.4.10.2  WCOL Status Flag

If the user writes the SSPBUF when a transmit is
already in progress, (i.e., SSPSR is still shifting out a
data byte), the WCOL is set and the contents of the
buffer are unchanged (the write doesn’t occur).

WCOL must be cleared in software.

9.4.10.3  ACKSTAT Status Flag

In Transmit mode, the ACKSTAT bit (SSPCON2<6>) is
cleared when the slave has sent an Acknowledge
(ACK = 0), and is set when the slave does Not
Acknowledge (ACK = 1). A slave sends an Acknowl-
edge when it has recognized its address (including a
general call), or when the slave has properly received
its data.

9.4.11 I2C MASTER MODE RECEPTION

Master mode reception is enabled by programming the
receive enable bit, RCEN (SSPCON2<3>).

Note: The MSSP Module must be in an IDLE
state before the RCEN bit is set, or the
RCEN bit will be disregarded.

The baud rate generator begins counting, and on each
rollover, the state of the SCL pin changes (high to low/
low to high) and data is shifted into the SSPSR. After
the falling edge of the eighth clock, the receive enable
flag is automatically cleared, the contents of the
SSPSR are loaded into the SSPBUF, the BF flag bit is
set, the SSPIF flag bit is set and the baud rate genera-
tor is suspended from counting, holding SCL low. The
MSSP is now in IDLE state, awaiting the next com-
mand. When the buffer is read by the CPU, the BF flag
bit is automatically cleared. The user can then send an
Acknowledge bit at the end of reception, by setting the
Acknowledge sequence enable hit, ACKEN
(SSPCON2<4>).

9.4.11.1 BF Status Flag

In receive operation, the BF bit is set when an address
or data byte is loaded into SSPBUF from SSPSR. It is
cleared when the SSPBUF register is read.

9.4.11.2 SSPOV Status Flag

In receive operation, the SSPOV bit is set when 8 bits
are received into the SSPSR and the BF flag bit is
already set from a previous reception.

9.4.11.3 WCOL Status Flag

If the user writes the SSPBUF when a receive is
already in progress (i.e., SSPSR is still shifting in a data
byte), the WCOL bit is set and the contents of the buffer
are unchanged (the write doesn’t occur).
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1°C MASTER MODE WAVEFORM (TRANSMISSION, 7 OR 10-BIT ADDRESS)

FIGURE 9-21:
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1°C MASTER MODE WAVEFORM (RECEPTION, 7-BIT ADDRESS)

FIGURE 9-22:
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9.4.12 ACKNOWLEDGE SEQUENCE

TIMING

An Acknowledge sequence is enabled by setting the
Acknowledge sequence enable bit, ACKEN
(SSPCON2<4>). When this bit is set, the SCL pin is
pulled low and the contents of the Acknowledge data bit
is presented on the SDA pin. If the user wishes to gen-
erate an Acknowledge, then the ACKDT bit should be
cleared. If not, the user should set the ACKDT bit before
starting an Acknowledge sequence. The baud rate gen-
erator then counts for one rollover period (TBRG) and
the SCL pin is de-asserted (pulled high). When the SCL
pin is sampled high (clock arbitration), the baud rate
generator counts for TBRG. The SCL pin is then pulled
low. Following this, the ACKEN bit is automatically
cleared, the baud rate generator is turned off and the
MSSP module then goes into IDLE mode (Figure 9-23).

9.4.12.1  WCOL Status Flag

If the user writes the SSPBUF when an Acknowledge
sequence is in progress, then WCOL is set and the
contents of the buffer are unchanged (the write doesn’t
occur).

9.4.13 STOP CONDITION TIMING

A STOP bit is asserted on the SDA pin at the end of a
receive/transmit, by setting the STOP sequence enable
bit, PEN (SSPCON2<2>). At the end of a receive/
transmit, the SCL line is held low after the falling edge
of the ninth clock. When the PEN bit is set, the master
will assert the SDA line low. When the SDA line is sam-
pled low, the baud rate generator is reloaded and
counts down to 0. When the baud rate generator times
out, the SCL pin will be brought high, and one TBRG
(baud rate generator rollover count) later, the SDA pin
will be de-asserted. When the SDA pin is sampled high
while SCL is high, the P bit (SSPSTAT<4>) is set. A
TBRG later, the PEN bit is cleared and the SSPIF bit is
set (Figure 9-24).

9.4.13.1  WCAOL Status Flag

If the user writes the SSPBUF when a STOP sequence
is in progress, then the WCOL bit is set and the con-
tents of the buffer are unchanged (the write doesn't
occur).

FIGURE 9-23: ACKNOWLEDGE SEQUENCE WAVEFORM
Acknowledge sequence starts here, ACKEN automatically cleared
Wiite to SSPCON2 17
ACKEN =1, ACKDT =0 .
l—TeRrRG —’!‘_TBRG —]
SDA X Do \ A |
) I
|
scL g | Vg
| |
| | |
SSPIF :

Set SSPIF at the end —!

of receive software

Note: TBRG = one baud rate generator period.

Cleared in

L Cleared in
software

Set SSPIF at the end
of Acknowledge sequence

FIGURE 9-24: STOP CONDITION RECEIVE OR TRANSMIT MODE
Write to SSPCON2 SCL =1 for TBRG, followed by SDA = 1 for TBRG
Set PEN ™| j after SDA sampled high. P bit (SSPSTAT<4>) is set
Falling edge of PEN bit (SSPCON2<2>) is cleared by
9th clock l - — 1 hardware and the SSPIF bit is set
TBRG
o \[—
SDA ACK | / |
L P v

“— TBrG —— TeBre —*— Terc —
SCL brought high after TBRG

SDA asserted low before rising edge of clock
to setup STOP condition.

Note: TBRG = one baud rate generator period.
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9.4.14

SLEEP OPERATION

While in SLEEP mode, the 1°C module can receive
addresses or data, and when an address match or
complete byte transfer occurs, wake the processor
from SLEEP (if the MSSP interrupt is enabled).

9.4.15

EFFECT OF A RESET

A RESET disables the MSSP module and terminates
the current transfer.

9.4.16

MULTI-MASTER MODE

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

In multi-master operation, the SDA line must be moni-
tored for arbitration, to see if the signal level is at the
expected output level. This check is performed in hard-
ware, with the result placed in the BCLIF bit.

The states where arbitration can be lost are:

Address Transfer

Data Transfer

A START Condition

A Repeated START Condition
An Acknowledge Condition

9.4.17 MULTI-MASTER COMMUNICATION,
BUS COLLISION, AND BUS

ARBITRATION

Multi-Master mode support is achieved by bus arbitra-
tion. When the master outputs address/data bits onto
the SDA pin, arbitration takes place when the master
outputs a '1' on SDA by letting SDA float high and
another master asserts a '0'. When the SCL pin floats
high, data should be stable. If the expected data on
SDA is a '1' and the data sampled on the SDA pin =0/,
then a bus collision has taken place. The master will set
the Bus Collision Interrupt Flag, BCLIF, and reset the
12C port to its IDLE state (Figure 9-25).

If a transmit was in progress when the bus collision
occurred, the transmission is halted, the BF flag is
cleared, the SDA and SCL lines are de-asserted, and
the SSPBUF can be written to. When the user services
the bus collision Interrupt Service Routine, and if the
I2C bus is free, the user can resume communication by
asserting a START condition.

If a START, Repeated START, STOP, or Acknowledge
condition was in progress when the bus collision
occurred, the condition is aborted, the SDA and SCL
lines are de-asserted, and the respective control bits in
the SSPCONZ2 register are cleared. When the user ser-
vices the bus collision Interrupt Service Routine, and if
the I2C bus is free, the user can resume communication
by asserting a START condition.

The Master will continue to monitor the SDA and SCL
pins. If a STOP condition occurs, the SSPIF bit will be set.

A write to the SSPBUF will start the transmission of
data at the first data bit, regardless of where the trans-
mitter left off when the bus collision occurred.

In Multi-Master mode, the interrupt generation on the
detection of START and STOP conditions allows the
determination of when the bus is free. Control of the I12C
bus can be taken when the P bit is set in the SSPSTAT
register, or the bus is IDLE and the S and P bits are
cleared.

FIGURE 9-25: BUS COLLISION TIMING FOR TRANSMIT AND ACKNOWLEDGE
Data changes SDA line pulled low Sample SDA. While SCL is high
while SCL=0 by another source data doesn’t match what is driven
l by the master. Bus collision has occurred.
SDA released
by master _l A\ _i_ o
SDA \

SCL \ / \

BCLIF

Set bus collision
i interrupt (BCLIF).
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9.4.171 Bus Collision During a START

Condition

During a START condition, a bus collision occurs if:
a) SDA or SCL are sampled low at the beginning of

the START condition (Figure 9-26).
b) SCL is sampled low before SDA is asserted low

(Figure 9-27).
During a START condition, both the SDA and the SCL
pins are monitored.
If the SDA pin is already low, or the SCL pin is already
low, then all of the following occur:
« the START condition is aborted,
< the BCLIF flag is set, and
e the MSSP module is reset to its IDLE state

(Figure 9-26).

The START condition begins with the SDA and SCL
pins de-asserted. When the SDA pin is sampled high,
the baud rate generator is loaded from SSPADD<6:0>
and counts down to 0. If the SCL pin is sampled low
while SDA is high, a bus collision occurs, because it is

assumed that another master is attempting to drive a
data '1' during the START condition.

FIGURE 9-26:

If the SDA pin is sampled low during this count, the
BRG is reset and the SDA line is asserted early
(Figure 9-28). If, however, a '1'is sampled on the SDA
pin, the SDA pin is asserted low at the end of the BRG
count. The baud rate generator is then reloaded and
counts down to 0, and during this time, if the SCL pin is
sampled as '0', a bus collision does not occur. At the
end of the BRG count, the SCL pin is asserted low.

Note: The reason that bus collision is not a factor
during a START condition, is that no two
bus masters can assert a START condition
at the exact same time. Therefore, one
master will always assert SDA before the
other. This condition does not cause a bus
collision, because the two masters must be
allowed to arbitrate the first address follow-
ing the START condition. If the address is
the same, arbitration must be allowed to
continue into the data portion, Repeated
START or STOP conditions.

BUS COLLISION DURING START CONDITION (SDA ONLY)

Set BCLIF,

SDA=0,SCL=1

SDA \

SDA goes low before the SEN bit is set.

S bit and SSPIF set because

— e e e — — — A

SEN cleared automatically because of bus collision.

I
I
| SSP module reset into IDLE state.
I
I

| t_ SsPIF and BCLIF are
I cleared in software.

SCL
Set SEN, enable START
condition if SDA = 1, SCL=1
SEN
SDA sampled low before
START condition. Set BCLIF. Jy
S bit and SSPIF set because
BCLIF SDA=0,SCL=1.
S
SSPIF

SSPIF and BCLIF are
cleared in software.
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FIGURE 9-27: BUS COLLISION DURING START CONDITION (SCL = 0)

SDA=0,SCL=1

l— TBRG —*¢— TBrRG —

SDA N
scL Set SEN, enable START AR
sequence if SDA=1,SCL=1 S
¢ T—— SCL =0 before SDA =0,

SEN bus collision occurs. Set BCLIF.

SCL = 0 before BRG time-out, _l
bus collision occurs. Set BCLIF.

BCLIF | _

T_ Interrupt cleared

in software.
S 0 0
SSPIF O ()
FIGURE 9-28: BRG RESET DUE TO SDA ARBITRATION DURING START CONDITION
SDA=0,SCL=1
l Sets i Set SSPIF
Less than TBRG —~I ’__I*_—j - ‘TBRG_’}

I N

SDA  SDA pulled low by other m:aster. | \ |

Reset BRG and assert SDA. | id |
|

sl

L
|
SCL I
| . A
I I SCL pulled low after BRG
SEN I : time-out
T— Set SEN, enable START
sequence if SDA=1,SCL=1
BCLIF I | 0
I |
I |
! |
S I
I
I
SSPIF \ )
SDA =0, SCL =ﬂ L Interrupts cleared
Set SSPIF in software.
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9.4.17.2 Bus Collision During a Repeated
START Condition

During a Repeated START condition, a bus collision
occurs if:

a) Alow level is sampled on SDA when SCL goes
from low level to high level.

b) SCL goes low before SDA is asserted low, indi-
cating that another master is attempting to trans-
mit a data '1’.

When the user de-asserts SDA and the pin is allowed
to float high, the BRG is loaded with SSPADD<6:0>
and counts down to 0. The SCL pin is then de-asserted,
and when sampled high, the SDA pin is sampled.

If SDA is low, a bus collision has occurred (i.e., another
master is attempting to transmit a data '0’, Figure 9-29).
If SDA is sampled high, the BRG is reloaded and

begins counting. If SDA goes from high to low before
the BRG times out, no bus collision occurs because no
two masters can assert SDA at exactly the same time.

If SCL goes from high to low before the BRG times out
and SDA has not already been asserted, a bus collision
occurs. In this case, another master is attempting to
transmit a data '1’ during the Repeated START condi-
tion (Figure 9-30).

If, at the end of the BRG time-out, both SCL and SDA
are still high, the SDA pin is driven low and the BRG is
reloaded and begins counting. At the end of the count,
regardless of the status of the SCL pin, the SCL pin is
driven low and the Repeated START condition is
complete.

FIGURE 9-29: BUS COLLISION DURING A REPEATED START CONDITION (CASE 1)
SDA
SCL
Sample SDA when SCL goes high.
If SDA = 0, set BCLIF and release SDA and SCL.
RSEN ‘
BCLIF \7
Cleared in software
s 0
SSPIF 0
FIGURE 9-30: BUS COLLISION DURING REPEATED START CONDITION (CASE 2)
i i TBRG i
SbDA /.
SCL /
SCL goes low before SDA
BCLIF set BCLIF. Release SDA and SCL. ‘
Interrupt cleared
in software
RSEN ‘
S o
SSPIF
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9.4.17.3 Bus Collision During a STOP
Condition

Bus collision occurs during a STOP condition if:

a) After the SDA pin has been de-asserted and
allowed to float high, SDA is sampled low after
the BRG has timed out.

b) After the SCL pin is de-asserted, SCL is sam-
pled low before SDA goes high.

The STOP condition begins with SDA asserted low.
When SDA is sampled low, the SCL pin is allowed to
float. When the pin is sampled high (clock arbitration),
the baud rate generator is loaded with SSPADD<6:0>
and counts down to 0. After the BRG times out, SDA is
sampled. If SDA is sampled low, a bus collision has
occurred. This is due to another master attempting to
drive a data '0’ (Figure 9-31). If the SCL pin is sampled
low before SDA is allowed to float high, a bus collision
occurs. This is another case of another master attempt-
ing to drive a data '0’ (Figure 9-32).

FIGURE 9-31: BUS COLLISION DURING A STOP CONDITION (CASE 1)
| Tero TBRG | TBRG | SDA sampled
low after TBRG,
""""""""" set BCLIF.
SDA
f
SDA asserted low
SCL
PEN Q L
BCLIF
P 0
SSPIF 0
FIGURE 9-32: BUS COLLISION DURING A STOP CONDITION (CASE 2)
‘ TBRG ‘ TBRG ‘
SDA
T Assert SDA SCL goes low before SDA goes high,
set BCLIF.
SCL \/
PEN 4, L
BCLIF
P 0
SSPIF 0
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NOTES:
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10.0 ADDRESSABLE UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

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

The USART can be configured in the following modes:

« Asynchronous (full duplex)

« Synchronous - Master (half duplex)

¢ Synchronous - Slave (half duplex)

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

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

The USART module also has a multi-processor com-
munication capability using 9-bit address detection.

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

RW-0  RW-0 RW-O  RW-0 U-0 RW-0 Rl  RMW-0
CSRC TX9 TXEN | SYNC — | BRGH | TRMT | Tx9D
bit 7 bit 0
bit 7 CSRC: Clock Source Select bit

Asynchronous mode:
Don't care

Synchronous mode:

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

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

Note: SREN/CREN overrides TXEN in SYNC mode.

bit 4 SYNC: USART Mode Select bit

1 = Synchronous mode
0 = Asynchronous mode

bit 3 Unimplemented: Read as '0'

bit 2 BRGH: High Baud Rate Select bit

Asynchronous mode:
1 = High speed

0 = Low speed
Synchronous mode:
Unused in this mode

bit 1 TRMT: Transmit Shift Register Status bit
1 =TSR empty
0 =TSR full

bit O TX9D: 9th bit of Transmit Data, can be Parity bit
Legend:

R = Readable bit
-n =Value at POR

W = Writable bit
1’ = Bitis set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown
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REGISTER 10-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

RCSTA: RECEIVE STATUS AND CONTROL REGISTER (ADDRESS 18h)

R/IW-0 RW-0  R/W-0 RIW-0 R/IW-0 R-0 R-0 R-X
SPEN RX9 SREN CREN | ADDEN | FERR | OERR | RX9D
bit 7 bit 0

SPEN: Serial Port Enable bit

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

RX9: 9-bit Receive Enable bit

1 = Selects 9-bit reception

0 = Selects 8-bit reception

SREN: Single Receive Enable bit

Asynchronous mode:

Don't care

Synchronous mode - Master:

1 = Enables single receive

0 = Disables single receive

This bit is cleared after reception is complete.
Synchronous mode - Slave:

Don't care

CREN: Continuous Receive Enable bit

Asynchronous mode:

1 = Enables continuous receive

0 = Disables continuous receive

Synchronous mode:

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

ADDEN: Address Detect Enable bit

Asynchronous mode 9-bit (RX9 = 1):

1 = Enables address detection, enables interrupt and load of the receive buffer when
RSR<8> is set

0 = Disables address detection, all bytes are received, and ninth bit can be used as parity bit

FERR: Framing Error bit

1 = Framing error (can be updated by reading RCREG register and receive next valid byte)

0 = No framing error

OERR: Overrun Error bit

1 = Overrun error (can be cleared by clearing bit CREN)

0 = No overrun error

RX9D: 9th bit of Received Data (can be parity bit, but must be calculated by user firmware)

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 = Bitis unknown
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10.1 USART Baud Rate Generator
(BRG)

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

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

TABLE 10-1: BAUD RATE FORMULA

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

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

10.1.1 SAMPLING

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

SYNC BRGH =0 (Low Speed) BRGH =1 (High Speed)
0 (Asynchronous) Baud Rate = FOsc/(64(X+1)) Baud Rate = Fosc/(16(X+1))
1 (Synchronous) Baud Rate = Fosc/(4(X+1)) N/A
X =value in SPBRG (0 to 255)
TABLE 10-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR
Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
98h TXSTA CSRC | TX9 | TXEN | SYNC BRGH | TRMT | TX9D | 0000 -010| 0000 -010
18h RCSTA SPEN RX9 SREN [ CREN | ADDEN FERR | OERR | RX9D | 0000 000x | 0000 000x
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - =unimplemented, read as '0'. Shaded cells are not used by the BRG.
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TABLE 10-3: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)

Fosc = 20 MHz Fosc = 16 MHz Fosc = 10 MHz
BAUD
RATE % SPBRG % SPBRG % SPBRG

) | kaup ErRrOR , YalU® | kpaup ERROR  VAU€ | kpAaUD ERROR | VAlUe

(decimal) (decimal) (decimal)

0.3 - - - - - - - - -

12 1.221 175 255 1.202 0.17 207 1.202 0.17 129

2.4 2.404 0.17 129 2.404 0.17 103 2.404 0.17 64

9.6 9.766 1.73 31 9.615 0.16 25 9.766 1.73 15
19.2 | 19531 1.72 15 19.231 0.16 12 19531 172 7
288 | 31.250 8.51 9 27.778 3.55 8 31250 851

336 | 34.722 3.34 8 35.714 6.29 6 31250  6.99

57.6 | 62.500 8.51 4 62.500 8.51 3 52083  9.58 2
HIGH | 1.221 - 255 0.977 - 255 0.610 - 255
LOW | 312.500 - 0 250.000 - 0 156.250 - 0

Fosc = 4 MHz Fosc = 3.6864 MHz
ATE PBRG SPBRG
R&T)E ER(I;/:OR S"a!“e ER(IZOOR value
KBAUD (decimal) | KBAUD (decimal)

0.3 0.300 0 207 0.3 0 191

1.2 1.202 0.17 51 1.2 0 47

2.4 2.404 0.17 25 2.4 0 23

9.6 8.929 6.99 6 9.6 0 5

19.2 | 20.833 8.51 2 19.2 0 2

28.8 | 31.250 8.51 1 28.8 0 1

336 - - - - - -

57.6 | 62.500 8.51 0 57.6 0 0

HIGH | 0.244 - 255 0.225 - 255

LOW | 62.500 - 0 57.6 - 0

TABLE 10-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 1)

Fosc = 20 MHz Fosc = 16 MHz Fosc = 10 MHz
BAUD
RATE % SPBRG % SPBRG % SPBRG
) | kgaup ErRrROR |, Y3U® | kgauD ERROR |, YAU€ | kpaUD ERROR | Value
(decimal) (decimal) (decimal)
03 } - } - - } - - -
12 ; - ; i - ; - - :
24 ; - ; i - ; 2.441 171 255
9.6 9.615 0.16 129 9.615 0.16 103 9.615 0.16 64
192 | 19231 016 64 19231 0.16 51 19531 172 31
288 | 29070 094 42 29412 213 33 28.409  1.36 21
336 | 33784 055 36 33333 079 29 32805 210 18
576 | 59524  3.34 20 58.824  2.13 16 56818  1.36 10
HIGH | 4.883 . 255 3.906 . 255 2.441 . 255
Low | 1250.000 - 0 1000.000 0 625.000 . 0
Fosc = 4 MHz FOSC = 3.6864 MHz
BAUD
RATE % SPBRG % SPBRG
(K) ERROR , Value ERROR , value
KBAUD (decimal) | KBAUD (decimal)
03 - ; ; ; ; -
12 1.202 0.17 207 12 0 191
24 2.404 0.17 103 2.4 0 95
9.6 9.615 0.16 25 96 0 23
192 | 19231 016 12 19.2 0 1
288 | 27798 355 8 28.8 0 7
336 | 35714 6.29 6 32.9 2.04 6
576 | 62500 851 3 57.6 0 3
HIGH | 0.977 ; 255 0.9 ; 255
Low | 250.000 ; 0 230.4 ; 0
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10.2 USART Asynchronous Mode

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

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

The USART Asynchronous module consists of the
following important elements:

» Baud Rate Generator

e Sampling Circuit

* Asynchronous Transmitter
« Asynchronous Receiver

10.2.1 USART ASYNCHRONOUS
TRANSMITTER

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

FIGURE 10-1:

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

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

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

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

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

USART TRANSMIT BLOCK DIAGRAM

JE Data Bus

TXREG Register

Pin Buffer
and Control

RC6/TX/CK pin

‘SPEN‘
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When setting up an Asynchronous Transmission,

follow these steps:

Enable the transmission by setting bit TXEN,

which will also set bit TXIF.

1. Initialize the SPBRG register for the appropriate If 9-bit transmission is selected, the ninth bit
baud rate. If a high speed baud rate is desired, should be loaded in bit TX9D.
set bit BRGH (Section 10.1). Load data to the TXREG register (starts trans-
2. Enable the asynchronous serial port by clearing mission).
bit SYNC and setting bit SPEN. If using interrupts, ensure that GIE and PEIE
3. If interrupts are desired, then set enable bit (bits 7 and 6) of the INTCON register are set.
TXIE.
4. If 9-bit transmission is desired, then set transmit
bit TX9.
FIGURE 10-2: ASYNCHRONOUS MASTER TRANSMISSION
Write to TXREG I {5
BRG Output Word 1
utpu !
(Shift Clogk) — L 1 1 55_[ I 1 [ [
RCB/TX/CK (pin _— ' '
(pin) " \START Bit Bito X Bt X__ (§ > Bit7/8 ,/STOP Bit .
TXIF bit o Word 1 : :
Transmit Buffer ' cc '
eg. Empty Flag) U D) '
. Word1 —*> '
TRMT bit ; ; '
Transmit Shift Transmit Shift Reg !
eg. Empty Flag) cc |
DJ
FIGURE 10-3: ASYNCHRONOUS MASTER TRANSMISSION (BACK TO BACK)
Write to TXREG I I )r)r
BRG Output Word 1 Word 2
(Shift Clock) e e R
RC6/TXI/CK (pin) N\START Bit K _BIt0 X BItT X__§ X _Bit7/8_/5T0P Bit\START Bit (_Bit0
TXIF bit I | Word 1 } Word 2
(Interrupt Reg. Flag) i | J(J(
TRMT bit Wordl —
t . T Word2 —
TerghSEnr;:})ghgtag) Transmit Shift Reg. Transmit Shift Reg.
] C
PB)
Note: This timing diagram shows two consecutive transmissions.
TABLE 10-5: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION
Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
0Bh, 8Bh, |[INTCON GIE PEIE | TMROIE| INTE RBIE | TMROIF INTF ROIF 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIFY) | ADIF | RCIF | TXIF | SSPIF| CCP1IF| TMR2IF | TMRI1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 | SREN | CREN — FERR | OERR | RX9D | 0000 -00x| 0000 -00x
19h TXREG | USART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE® | ADIE | RCIE | TXIE | SSPIE| CCP1IE| TMR2IE | TMRLIE | 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH TRMT TX9D 0000 -010| 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented locations read as '0'. Shaded cells are not used for asynchronous transmission.

Note 1: Bits PSPIE and PSPIF are reserved on 28-pin devices; always maintain these bits clear.

DS39582A-page 114

AdvancelInformation

© 2001 Microchip Technology Inc.




PIC16F87XA

10.2.2 USART ASYNCHRONOUS
RECEIVER

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

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

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

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

FIGURE 10-4: USART RECEIVE BLOCK DIAGRAM
,_ .X64 Baud Rate CLK OERR ‘ FERR
; ; CREN
Fose SPBRG ' o l _____ T __________ T _______
: : +g;1 ' MSb RSR Register LSb
" Baud Rate Generator +16 . STOP|(8)| 7| eee [1]0|START|!
RC7/RX/DT S K
Pin Buffer Data
and Control Recovery [ RX9
SPEN RX9D| RCREG Register
FIFO
8
Interrupt Data Bus

RCIE
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FIGURE 10-5: ASYNCHRONOUS RECEPTION
RX (pin) SE)?ERMSTOP\STQR? oo Y_SS Yoizis STOP\STt/)-\'F TABW 718/ STOP
i i t t t t | t
: bit I I : bit I . bit
Roy Shift__ G M «d M qd :
Rcv Buffer Reg :T Word 1 \évgngzG T :
Read Rcv CC . RCREG C (C : mn
Buffer Reg D) D)) D) T
RCREG ! : ’)
' C C !
RCIF C f —
(Interrupt Flag) J) R ) '
i C CQ C
OERR bit S -5 S .
CREN C C Q 3
J)J P ) |
Note:  This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word,
causing the OERR (overrun) bit to be set.

When setting up an Asynchronous Reception, follow 6. Flag bit RCIF will be set when reception is com-
these steps: plete and an interrupt will be generated if enable
1. Initialize the SPBRG register for the appropriate bit RCIE is set. _ S
baud rate. If a h|gh speed baud rate is desired, 7. Read the RCSTA register to get the ninth bit (If
set bit BRGH (Section 10.1). enabled) and determine if any error occurred
2. Enable the asynchronous serial port by clearing during reception.
bit SYNC and setting bit SPEN. 8. Read the 8-bit received data by reading the
3. If interrupts are desired, then set enable bit RCREG register.
RCIE. 9. If any error occurred, clear the error by clearing
4. If 9-bit reception is desired, then set bit RX9. enaple b'_t CREN.
5. Enable the reception by setting bit CREN. 10. If using interrupts, ensure that _GIE and PEIE
(bits 7 and 6) of the INTCON register are set.
TABLE 10-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION
Value on: Value on
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
0Bh, 8Bh, |INTCON GIE PEIE | TMROIE| INTE RBIE | TMROIF| INTF ROIF 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIFD|  ADIF RCIF | TXIF | SSPIF| CCP1IF | TMR2IF | TMR1IF| 0000 0000 | 0000 0000
18h RCSTA | SPEN RX9 SREN | CREN — FERR | OERR | RX9D | 0000 -00x| 0000 -00x
1Ah RCREG | USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE®| ADIE RCIE TXIE | SSPIE| CCP1lIE| TMR2IE| TMR1IE| 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH TRMT TX9D | 0000 -010| 0000 -010
9%h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented locations read as '0'. Shaded cells are not used for asynchronous reception.

Note 1: Bits PSPIE and PSPIF are reserved on 28-pin devices; always maintain these bits clear.
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10.2.3 SETTING UP 9-BIT MODE WITH
ADDRESS DETECT

When setting up an Asynchronous Reception with
Address Detect Enabled:

« Initialize the SPBRG register for the appropriate
baud rate. If a high speed baud rate is desired, set
bit BRGH.

« Enable the asynchronous serial port by clearing
bit SYNC and setting bit SPEN.

« If interrupts are desired, then set enable bit RCIE.
« Set bit RX9 to enable 9-bit reception.

» Set ADDEN to enable address detect.

« Enable the reception by setting enable bit CREN.

Flag bit RCIF will be set when reception is com-

plete, and an interrupt will be generated if enable
bit RCIE was set.

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

Read the 8-bit received data by reading the
RCREG register, to determine if the device is
being addressed.

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

If the device has been addressed, clear the
ADDEN bit to allow data bytes and address bytes
to be read into the receive buffer, and interrupt the
CPU.

FIGURE 10-6: USART RECEIVE BLOCK DIAGRAM
_ . _X64BaudRate CLK OERR ‘ FERR
: : CREN |
Fosc | ' T
_ SPBRG T T A R
l 1 +64 ' Msb RSR Register Lsb
_________________ or ! !
Baud Rate Generator + 16 STOP|@8)| 7| eee |1 | O|START|
RC7/RX/DT l A s
Pin Buffer Data
and Control Recovery RX9
8
SPEN
RX9 Enable

ADDEN

RX9
ADDEN
RSR<8>

Interrupt

Load of

Receive

Buffer

RX9D RCREG Register
FIFO

8

— —
Data Bus
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FIGURE 10-7: ASYNCHRONOUS RECEPTION WITH ADDRESS DETECT
RC7/RX/DT (pin) START _ : START
bit bit0 bitl i i i i STOP
it bito Y "bit XSS Y bite sgictJP\ bit_{bito S X bthS T0
Load RSR —» C)C) | C)C) | |_| C) ()
Bit8 = 0, Data Byte Bit8 = 1, Address Byte T Word 1
CC Cc | ROREE (¢ i
Read D) ) ) ' ) )
: C
C C
RCIF D) b)) |. ) —
Note: This timing diagram shows a data byte followed by an address byte. The data byte is not read into the RCREG (receive buffer)
because ADDEN = 1.
FIGURE 10-8: ASYNCHRONOUS RECEPTION WITH ADDRESS BYTE FIRST
RC7/RX/DT (pin) START START
bit ( bito X' bitl bi bi bi bi STOP
EYENEN CYSON VI 6N Crver:
. C M C C
Load RSR ) i . ») | o))
Bit8 = 1, Address Byte Bit8 = 0, Data Byte T Word 1
CC | (C RERES (¢ o
Read 3 : b)) D) )
' C C
RCIF ()() J) D) I
Note: This timing diagram shows a data byte followed by an address byte. The data byte is not read into the RCREG (receive buffer)
because ADDEN was not updated and still = 0.
TABLE 10-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION
Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS

0Bh, 8Bh, [INTCON GIE PEIE |[TMROIE | INTE | RBIE | TMROIF | INTF ROIF 0000 000x | 0000 000u
10Bh,18Bh

0Ch PIR1 PSPIF® | ADIF RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 |0000 0000
18h RCSTA SPEN RX9 | SREN | CREN |ADDEN| FERR | OERR | RX9D |0000 000x |[0000 000x
1Ah RCREG | USART Receive Register 0000 0000 [0000 0000
8Ch PIE1 psPIE® | ADIE RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 |0000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH | TRMT | TX9D |[0000 -010 |0000 -010
9%9h SPBRG | Baud Rate Generator Register 0000 0000 |[0000 0000
Legend: x =unknown, - = unimplemented locations read as '0'. Shaded cells are not used for asynchronous reception.

Note 1: Bits PSPIE and PSPIF are reserved on 28-pin devices; always maintain these bits clear.
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10.3 USART Synchronous
Master Mode

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

10.3.1 USART SYNCHRONOUS MASTER
TRANSMISSION

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

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data.
The first data bit will be shifted out on the next available
rising edge of the clock on the CK line. Data out is sta-
ble around the falling edge of the synchronous clock
(Figure 10-9). The transmission can also be started by
first loading the TXREG register and then setting bit
TXEN (Figure 10-10). This is advantageous when slow
baud rates are selected, since the BRG is kept in
RESET when bits TXEN, CREN and SREN are clear.
Setting enable bit TXEN will start the BRG, creating a
shift clock immediately. Normally, when transmission is
first started, the TSR register is empty, so a transfer to
the TXREG register will result in an immediate transfer
to TSR, resulting in an empty TXREG. Back-to-back
transfers are possible.

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

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

Steps to follow when setting up a Synchronous Master
Transmission:

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

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

If interrupts are desired, set enable bit TXIE.

If 9-bit transmission is desired, set bit TX9.
Enable the transmission by setting bit TXEN.
If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

Start transmission by loading data to the TXREG
register.

8. If using interrupts, ensure that GIE and PEIE
(bits 7 and 6) of the INTCON register are set.

n

o0 s w
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TABLE 10-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

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

0Bh, 8Bh, |INTCON GIE PEIE |[TMROIE| INTE | RBIE | TMROIF | INTF ROIF | 0000 000x | 0000 000u
10Bh,18Bh

0ch PIR1 PSPIFD | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 5000 0000 | 0000 0000
18h RCSTA SPEN RX9 SREN | CREN — FERR OERR RX9D | 0000 -00x| 0000 -00x
19h TXREG | USART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 PsPIE® | ADIE RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMRI1IE | 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH TRMT TX9D | 0000 -010| 0000 -010
9%h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented, read as '0'. Shaded cells are not used for synchronous master transmission.

Note 1: Bits PSPIE and PSPIF are reserved on 28-pin devices; always maintain these bits clear.

FIGURE 10-9: SYNCHRONOUS TRANSMISSION

Qfozlosjosariozlosfoderiodesjoderiodosiodarioriosiod  fosjosarjododedaroriododarodosfosatioziododotoziododarerasios

T 16 S G G § W G o

RC7/RX/DT pin X TR0 B L BItZ < {— X Bit7
. - Word 2

RCB/TX/CK pin : o G v I vy IR e RN s N o § S oy I

Write to ' ' : : : ' :
TXREG reg N1 : S — : : : S
Write Word 1 Write Word 2+ ' ' \ ' '
TXIF bit P ' ' ' ' ' ' ! (¢ '
(Interrupt Flag) ' : ! : )()( . . X . R :
TRMT bit : : : ' (c : : : . ¢ :
\ \ \ \ ) \ \ \ ] ) )

TXEN bit : : : l (¢ : : : {5 I :

Note: Sync Master mode; SPBRG ='0". Continuous transmission of two 8-bit words.

FIGURE 10-10: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RC7/RX/DT pin X b0 X b X bi2 Y X bite X bit7
RCB/TX/CK pin 4/—\_/—\_/—\%( N\ |
TXRI\EAgitISet(g) j (
: ) §
TXIF bit 4 >/ )/
TRMT bit j >()( ‘—
TXENbit | >(>(
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10.3.2 USART SYNCHRONOUS MASTER

RECEPTION

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

receive bit is buffered the same way as the receive
data. Reading the RCREG register will load bit RX9D
with a new value, therefore, it is essential for the user
to read the RCSTA register before reading RCREG, in
order not to lose the old RX9D information.

When setting up a Synchronous Master Reception:

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

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

3. Ensure bits CREN and SREN are clear.

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

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

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

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

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

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

RCREG register.

If any error occurred, clear the error by clearing

bit CREN.

If using interrupts, ensure that GIE and PEIE

(bits 7 and 6) of the INTCON register are set.

10.

11.

TABLE 10-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION
. . . . . . . . Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit4 | Bit3 Bit 2 Bit 1 Bit 0 POR BOR all other
’ RESETS
0Bh, 8Bh, |[INTCON GIE PEIE |[TMROIE| INTE | RBIE | TMROIF INTF ROIF 0000 000x | 0000 000U
10Bh,18Bh
0Ch PIR1 PsSPIF® | ADIF RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 5000 0000 | 0000 0000
18h RCSTA SPEN RX9 SREN | CREN — FERR OERR RX9D | 0000 -00x| 0000 -00x
1Ah RCREG | USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 PsPIE®) | ADIE RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH TRMT TX9D | 0000 -010| 0000 -010
99%h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented, read as '0'. Shaded cells are not used for synchronous master reception.
Note 1: Bits PSPIE and PSPIF are reserved on 28-pin devices; always maintain these bits clear.
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FIGURE 10-11:

SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

Q2|<93|Q4jo:4<32|o3|o4l: QJJQ2|Q3|Q4jQJJQ2|Q3|Q4:QJJQ2|Q3{Q4jollQ2|Q#Q4:Q11Q2|Q3{Q4iollQ2|Qa|QAjQJlQZ|Q3{Q4jQJJQ2|Q3{Q4iQ11Q2|Q#Q4i

RC7/RX/DT pin I

X bito

bitl

"bit4 . bit5

bite > bit7 I .

Thiz > hit3

RC6/TX/CK pin : [] [ 1

Write to

bit SREN f : I :

SREN bit — . I I I

CRENbit -9 i i i

RCIF bit ! ! ! !

(Interrupt) . . . .
Read : : : :

RXREG

Note: Timing diagram demonstrates SYNC Master mode with bit SREN ="1" and bit BRG ='0".

10.4 USART Synchronous Slave Mode

Synchronous Slave mode differs from the Master mode
in the fact that the shift clock is supplied externally at
the RC6/TX/CK pin (instead of being supplied internally
in Master mode). This allows the device to transfer or
receive data while in SLEEP mode. Slave mode is
entered by clearing bit CSRC (TXSTA<T7>).

10.4.1 USART SYNCHRONOUS SLAVE

TRANSMIT

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

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

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

b) The second word will remain in TXREG register.

c) Flag bit TXIF will not be set.

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

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

When setting up a Synchronous Slave Transmission,
follow these steps:

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

2. Clear bits CREN and SREN.

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

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

5. Enable the transmission by setting enable bit
TXEN.

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

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

8. If using interrupts, ensure that GIE and PEIE
(bits 7 and 6) of the INTCON register are set.

DS39582A-page 122

AdvancelInformation

© 2001 Microchip Technology Inc.




PIC16F87XA

TABLE 10-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR BOF@ all other
’ RESETS

0Bh, 8Bh, [INTCON GIE PEIE |TMROIE | INTE RBIE | TMROIF | INTF ROIF [ 0000 000x| 0000 000u
10Bh,18Bh

0Ch PIR1 PSPIF® | ADIF RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF [ 0000 0000|0000 0000
18h RCSTA SPEN RX9 SREN | CREN | ADDEN | FERR | OERR | RX9D | 0000 000x |0000 000x
19h TXREG |USART Transmit Register 0000 0000|0000 0000
8Ch PIE1 psPIE®) | ADIE RCIE TXIE | SSPIE |CCP1IE | TMR2IE | TMR1IE | 0000 0000|0000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH | TRMT | TX9D |0000 -010[0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000|0000 0000
Legend: x =unknown, - = unimplemented, read as '0'. Shaded cells are not used for synchronous slave transmission.

Note 1: Bits PSPIE and PSPIF are reserved on 28-pin devices; always maintain these bits clear.

10.4.2 USART SYNCHRONOUS SLAVE When setting up a Synchronous Slave Reception, fol-
RECEPTION low these steps:
1. Enable the synchronous master serial port by
setting bits SYNC and SPEN and clearing bit
CSRC.

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

If receive is enabled by setting bit CREN prior to the 2.1t |nt§rrupts a_re d.eS|red_, set enaple bit RCIE.
SLEEP instruction, then a word may be received during 3. If9-bit reception is desired, set bit RX9.

SLEEP. On completely receiving the word, the RSR 4. To enable reception, set enable bit CREN.
register will transfer the data to the RCREG register 5. Flag bit RCIF will be set when reception is com-
and if enable bit RCIE bit is set, the interrupt generated plete and an interrupt will be generated, if
will wake the chip from SLEEP. If the global interrupt is enable bit RCIE was set.

enabled, the program will branch to the interrupt vector 6. Read the RCSTA register to get the ninth bit (if
(0004h). enabled) and determine if any error occurred

during reception.

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

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

9. If using interrupts, ensure that GIE and PEIE
(bits 7 and 6) of the INTCON register are set.

TABLE 10-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR BOﬁ all other
’ RESETS

0Bh, 8Bh, |INTCON GIE PEIE | TMROIE | INTE RBIE | TMROIF | INTF ROIF | 0000 000x| 0000 000u
10Bh,18Bh

0Ch PIR1 PSPIF® | ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF [ 0000 0000|0000 0000
18h RCSTA SPEN RX9 SREN | CREN | ADDEN | FERR OERR RX9D |[0000 000x|[0000 000x
1Ah RCREG | USART Receive Register 0000 0000|0000 0000
8Ch PIE1 psPIE® | ADIE RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000|0000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH TRMT TX9D |[0000 -010|{0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000|0000 0000
Legend: x =unknown, - = unimplemented, read as '0'. Shaded cells are not used for synchronous slave reception.

Note 1: Bits PSPIE and PSPIF are reserved on 28-pin devices, always maintain these bits clear.
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11.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module has five
inputs for the 28-pin devices and eight for the 40/44-pin
devices.

The conversion of an analog input signal results in a
corresponding 10-bit digital number. The A/D module
has high and low voltage reference input, that is soft-
ware selectable to some combination of VDD, Vss,
RA2, or RA3.

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

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

* A/D Result High Register (ADRESH)
* A/D Result Low Register (ADRESL)
e A/D Control Register0 (ADCONO)
« A/D Control Registerl (ADCON1)

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

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

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

RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 u-0 RIW-0
ADCS1 ADCS0 ‘ CHS2 ‘ CHS1 ‘ CHSO ‘ GO/DONE ‘ — ADON
bit 7 bit 0

bit 7-6 ADCS1:ADCSO0: A/D Conversion Clock Select bits (ADCONO bits in bold)

ADCON1 ADCONO
<ADCS2> | <ADCS1:ADCS0>

Clock Conversion

00

01

10

11

FRc (clock derived from the internal A/D RC oscillator)

00

01

10

HlIRP[(RP[FP[O|lO|O| O

11

FRc (clock derived from the internal A/D RC oscillator)

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

000 = Channel 0 (ANO)
001 = Channel 1 (AN1)
010 = Channel 2 (AN2)
011 = Channel 3 (AN3)
100 = Channel 4 (AN4)
101 = Channel 5 (AN5)
110 = Channel 6 (AN6)
111 = Channel 7 (AN7)

Note: The PIC16F873A/876A devices only implement A/D channels 0 through 4; the unimplemented
selections are reserved. Do not select any unimplemented channels with these devices.

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

When ADON =1:

1 = A/D conversion in progress (setting this bit starts the A/D conversion which is automatically
cleared by hardware when the A/D conversion is complete)

0 = A/D conversion not in progress

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

1 = A/D converter module is powered up

0 = A/D converter module is shut-off and consumes no operating current

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

W = Writable bit
1’ = Bitis set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown
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REGISTER 11-2:

bit 7

bit 6

bit 5-4
bit 3-0

ADCON1 REGISTER (ADDRESS 9Fh)

R/W-0 RIW-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
ADFM | Apcs2 | — | — | PCFG3 | PCFG2 | PCFGL | PCFGO
bit 7 bit 0

ADFM: A/D Result Format Select.bit

1 = Right justified. Six (6) Most Significant bits of ADRESH are read as '0’.
0 = Left justified. Six (6) Least Significant bits of ADRESL are read as '0'.

ADCS2: A/D Conversion Clock Select bit (ADCONL1 bits in shaded area and in bold)

ADCON1 ADCONO Clock Conversion
<ADCS2> | <ADCS1:ADCS0>
0 00 Fosc/2
0 01 Fosc/8
0 10 Fosc/32
0 11 FRc (clock derived from the internal A/D RC oscillator)
1 00 Fosc/4
1 01 Fosc/16
1 10 Fosc/64
1 11 FRc (clock derived from the internal A/D RC oscillator)

Unimplemented: Read as '0’
PCFG3:PCFGO0: A/D Port Configuration Control bits

E?SS AN7 | AN6 | AN5 | AN4 | AN3 AN2 | AN1 | ANO | VREF+ | VREF- | C/R
0000 A A A A A A A A VDD Vss 8/0
0001 A A A A VREF+ A A A AN3 Vss 711
0010 D D D A A A A A VDD Vss | 5/0
0011 D D D A | VREF+ A A A AN3 Vss | 4/1
0100 D D D D A D A A VDD Vss 3/0
0101 D D D D | VREF+ D A A AN3 Vss | 2/1
011x D D D D D D D D — — 0/0
1000 A A A A VREF+ | VREF- A A AN3 AN2 | 6/2
1001 D D A A A A A A VDD Vss | 6/0
1010 D D A A | VREF+ A A A AN3 Vss | 5/1
1011 D D A A VREF+ | VREF- A A AN3 AN2 | 4/2
1100 D D D A | VREF+ | VREF- | A A AN3 | AN2 | 3/2
1101 D D D D VREF+ | VREF- A A AN3 AN2 | 2/2
1110 D D D D D D D A VDD Vss | 1/0
1111 D D D D | VREF+ | VREF- | D A AN3 | AN2 | 1/2

A = Analog input D = Digital /0O

C /R =# of analog input channels / # of A/D voltage references

Legend:

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

-n =Value at POR reset 1’ =Bitis set '0" = Bit is cleared x = Bit is unknown
Note:  On any device RESET, the port pins that are multiplexed with analog functions (ANXx)

are forced to be an analog input.
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The ADRESH:ADRESL registers contain the 10-bit
result of the A/D conversion. When the A/D conversion
is complete, the result is loaded into this A/D result reg-
ister pair, the GO/DONE bit (ADCONO0<2>) is cleared
and the A/D interrupt flag bit ADIF is set. The block dia-
gram of the A/D module is shown in Figure 11-1.

After the A/D module has been configured as desired,
the selected channel must be acquired before the con-
version is started. The analog input channels must
have their corresponding TRIS bits selected as inputs.

To determine sample time, see Section 11.1. After this
acquisition time has elapsed, the A/D conversion can
be started.

These steps should be followed for doing an A/D
Conversion:
1. Configure the A/D module:

» Configure analog pins/voltage reference and
digital /O (ADCON1)

» Select A/D input channel (ADCONO)
» Select A/D conversion clock (ADCONO)
e Turn on A/D module (ADCONO)

Configure A/D interrupt (if desired):

» Clear ADIF bit

» Set ADIE bit

» Set PEIE bit

» Set GIE bit

Wait the required acquisition time.

Start conversion:

+ Set GO/DONE bit (ADCONO)

Wait for A/D conversion to complete, by either:

« Polling for the GO/DONE bit to be cleared
(with interrupts enabled); OR

* Waiting for the A/D interrupt

Read A/D result register pair
(ADRESH:ADRESL), clear bit ADIF, if required.
For the next conversion, go to step 1 or step 2,
as required. The A/D conversion time per bit is
defined as TAD.

FIGURE 11-1: A/D BLOCK DIAGRAM
CHS2:CHSO
. 111
; : RE2/AN7()
: 110
. RE1/AN6(D
: 101
: \ REO/AN5(D)
: 100
l I—O RAS5/AN4
VAIN . .
011
(Input Voltage) o ; RA3/AN3/VREF+
A/D 010
Converter —O ‘.{E RA2/AN2/VREF-

Note 1: Not available on 28-pin devices.

VREF+ ! o/ :
(Reference : o
Voltage) . H H .
PCFG3:PCFGO
VREF- ' O/O '
(Reference ! )
Voltage)

NI vss
PCFG3:PCFGO
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11.1  A/D Acquisition Requirements

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHoLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 11-2. The source
impedance (Rs) and the internal sampling switch (RsS)
impedance directly affect the time required to charge
the capacitor CHoLD. The sampling switch (RsS)
impedance varies over the device voltage (VDD), see
Figure 11-2. The maximum recommended imped-
ance for analog sources is 10 kQ. As the impedance
is decreased, the acquisition time may be decreased.

EQUATION 11-1: ACQUISITION TIME

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

To calculate the minimum acquisition time,
Equation 11-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

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

TacQ = Amplifier Settling Time +
Hold Capacitor Charging Time +
Temperature Coefficient

TAMP + TC + TCOFF
2us + Tc + [(Temperature -25°C)(0.05u5/°C)]

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

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

leakage specification.

Note 1: The reference voltage (VREF) has no effect on the equation, since it cancels itself out.
2: The charge holding capacitor (CHOLD) is not discharged after each conversion.

3: The maximum recommended impedance for analog sources is 10 kQ. This is required to meet the pin

FIGURE 11-2: ANALOG INPUT MODEL
VDD s i
T ampling
. VT = 0.6V . Switch
: Rs: ANX Ric<1K:SS Rss:
| . W
' Ceen | L eakaee SAR i
' ! PIN _| 1 = capacitance
@ ST vr=06v(PLERAE T Cie
= ¢ 1 Vss
Legend CPIN = input capacitance
VT = threshold voltage g
| LEAKAGE = leakage current at the pin due to VDD 4
various junctions 3
RiC = interconnect resistance 2\
SS = sampling switch
CHOLD = sample/hold capacitance (from DAC) 567891011
Sampling Switch
(k)
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11.2 Selecting the A/D Conversion

Clock

The A/D conversion time per bit is defined as TAD. The
A/D conversion requires a minimum 12TAD per 10-bit
conversion. The source of the A/D conversion clock is
software selected. The seven possible options for TAD
are:

» 2T0sC

» 4Tosc

» 8Tosc

» 16Tosc

e 32Tosc

e 64Tosc

* Internal A/D module RC oscillator (2-6 us)

For correct A/D conversions, the A/D conversion clock

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

Table 11-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

11.3

The ADCON1 and TRIS registers control the operation
of the A/D port pins. The port pins that are desired as
analog inputs, must have their corresponding TRIS bits
set (input). If the TRIS bit is cleared (output), the digital
output level (VoH or VoL) will be converted.

Configuring Analog Port Pins

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

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

2: Analog levels on any pin that is defined as
a digital input (including the AN7:ANO
pins), may cause the input buffer to con-
sume current that is out of the device

specifications.

TABLE 11-1: TaAbpvs. MAXIMUM DEVICE OPERATING FREQUENCIES (STANDARD DEVICES (C))
AD Clock Source (TAD) Maximum Device Frequency
Operation ADCS2:ADCS1:ADCSO0 Max.
2Tosc 000 1.25 MHz
4Tosc 100 2.5 MHz
8Tosc 001 5 MHz
16Tosc 101 10 MHz
32Tosc 010 20 MHz
64Tosc 110 20 MHz
Rc 23 x11 (Note 1)
Note 1: The RC source has a typical TAD time of 4 us, but can vary between 2-6 ps.

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

mended for SLEEP operation.

3: For extended voltage devices (LC), please refer to the Electrical Characteristics (Sections 17.1 and 17.2).
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11.4 A/D Conversions

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The A/D result register
pair will NOT be updated with the partially completed
A/D conversion sample. That is, the ADRESH:ADRESL
registers will continue to contain the value of the last
completed conversion (or the last value written to the
ADRESH:ADRESL registers). After the A/D conversion

FIGURE 11-3:

is aborted, the next acquisition on the selected channel
is automatically started. The GO/DONE bit can then be
set to start the conversion.

In Figure 11-3, after the GO bit is set, the first time seg-
ment has a minimum of Tcy and a maximum of TAD.

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

Note:

A/D CONVERSION Tab CYCLES

T b9 b8 b7 b6

Conversion starts

Set GO bit

Tcyto TAD, TAD1  TAD2  TaD3  TAD4  TAD5 K TAD6 = TAD7  TaD8 = TaD9 TAD10 TAD11

Holding capacitor is disconnected from analog input (typically 100 ns)

b5 b4 b3 b2 bl b0

ADRES is loaded

GO bit is cleared

ADIF bit is set

Holding capacitor is connected to analog input

1141 A/D RESULT REGISTERS

The ADRESH:ADRESL register pair is the location
where the 10-bit A/D result is loaded at the completion
of the A/D conversion. This register pair is 16-bits wide.
The A/D module gives the flexibility to left or right justify
the 10-bit result in the 16-bit result register. The A/D

FIGURE 11-4:

A/D RESULT JUSTIFICATION

Format Select bit (ADFM) controls this justification.
Figure 11-4 shows the operation of the A/D result justi-
fication. The extra bits are loaded with '0’s’. When an
A/D result will not overwrite these locations (A/D dis-
able), these registers may be used as two general
purpose 8-bit registers.

ADFM =1

7 2107 0

0000 00 :

~" 8 ~
ADRESH ADRESL
YT
10-bit Result

Right Justified

10-bit Result

ADFM =0

7 0765 0

! 0000 00

A J

Y YT
ADRESH ADRESL

~" ’
10-bit Result

Left Justified
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11.5 A/D Operation During SLEEP

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

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

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

Note:  For the A/D module to operate in SLEEP,
the A/D clock source must be set to RC
(ADCS1:ADCSO = 11). To allow the con-
version to occur during SLEEP, ensure the
SLEEP instruction immediately follows the

instruction that sets the GO/DONE bit.

11.6 Effects of a RESET

A device RESET forces all registers to their RESET
state. This forces the A/D module to be turned off, and
any conversion is aborted. All A/D input pins are con-
figured as analog inputs.

The value that is in the ADRESH:ADRESL registers is
not modified for a Power-on Reset. The
ADRESH:ADRESL registers will contain unknown data
after a Power-on Reset.

TABLE 11-2: REGISTERS/BITS ASSOCIATED WITH A/D
Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, MCLR,
BOR WDT

0Bh,8Bh, INTCON GIE PEIE | TMROIE INTE RBIE TMROIF INTF RBIF | 0000 000x |[0000 000u
10Bh,18Bh
0Ch PIR1 PsPIF® | ADIF RCIF TXIF SSPIF | CCP1lIF | TMR2IF | TMR1IF | 0000 0000 [ 0000 0000
8Ch PIE1 PSPIE® | ADIE RCIE TXIE SSPIE | CCPlIE |TMR2IE | TMR1IE | 0000 0000 [0000 0000
1Eh ADRESH | A/D Result Register High Byte XXXX XXXX |Uuuuu uuuu
9Eh ADRESL |A/D Result Register Low Byte XXXX XXXX |UUuuu uuuu
1Fh ADCONO | ADCS1 |ADCSO| CHS2 | CHS1 | CHSO |GODONE| — | ADON |0000 00-0[0000 00-0
9Fh ADCON1 | ADFM | ADCS2 — — PCFG3 | PCFG2 | PCFG1 | PCFGO | 00-- 0000 [00-- 0000
85h TRISA — — | PORTA Data Direction Register --11 1111 (--11 1111
05h PORTA — — | PORTA Data Latch when written: PORTA pins when read --0x 0000 [--0u 0000
89h® TRISE IBF OBF IBOV | PSPMODE — PORTE Data Direction bits 0000 -111{0000 -111
09h® PORTE — — — — — RE2 | REL | REO [---- -xcx|---- -uuu
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used for A/D conversion.

Note 1: These registers are not available on 28-pin devices.
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12.0 COMPARATOR MODULE The CMCON register (Register 12-1) controls the com-

parator input and output multiplexers. A block diagram
The comparator module contains two analog compara- of the various comparator configurations is shown in
tors. The inputs to the comparators are multiplexed Figure 12-1.

with 1/0 port pins RAO through RA3, while the outputs
are multiplexed to pins RA4 and RA5. The on-chip Volt-
age Reference (Section 13.0) can also be an input to
the comparators.

REGISTER 12-1: CMCON REGISTER

R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-1 R/W-1
C20UT C10UT C2INV C1INV CIs CM2 CM1 CMO
bit 7 bit 0
bit 7 C20UT: Comparator 2 Output bit

When C2INV = 0:
1 =C2VIN+ > C2 VIN—
0 = C2 VIN+ < C2 VIN—

When C2INV = 1.
1 =C2VIN+ < C2 VIN-
0=C2 VIN+ > C2 VIN—
bit 6 C1OUT: Comparator 1 Output bit
When C1INV = 0:

1 =C1VIN+>C1lVIN—-
0 =C1VIN+<ClVIN—-

When C1INV = 1:
1=C1VIN+ < C1lVIN-
0 =C1 VIN+ > C1 VIN-
bit 5 C2INV: Comparator 2 Output Inversion bit
1 = C2 output inverted
0 = C2 output not inverted
bit 4 C1INV: Comparator 1 Output Inversion bit
1 = C1 Output inverted
0 = C1 Output not inverted
bit 3 CIS: Comparator Input Switch bit
When CM2:CM0O =110:
1 = C1 VIN— connects to RA3/AN3
C2 VIN— connects to RA2/AN2
0 = C1 VIN— connects to RAO/ANO
C2 VIN- connects to RA1T/AN1
bit 2 CM2:CMO0: Comparator Mode bits

Figure 12-1 shows the Comparator modes and CM2:CMO bit settings

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

There are eight modes of operation for the compara-
tors. The CMCON register is used to select these
modes. Figure 12-1 shows the eight possible modes.
The TRISA register controls the data direction of the
comparator pins for each mode. If the Comparator

FIGURE 12-1: COMPARATOR I/0O OPERATING MODES

mode is changed, the comparator output level may not
be valid for the specified mode change delay shown in
the Electrical Specifications (Section 17.0).

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

Comparators Reset (POR Default Value)
CM2:CMO0 =000

RAO/ANO A VN |
C1 Off (Read as 0’
RA3/AN3 A VIN* 1, ( )
RA1/AN1 w_
2 Off (Read as 0’
RAZ/ANZ A Vit |, C ( )

Comparators Off
CM2:CMO0 =111

RAO/ANO —2 V- | -
C1 Off (Read as 0’
RA3/AN3 D gVN* ], ( )
RALANL 2 VY- [~
2 Off (Read as 0’
RAZIANZ D g+ ] © ( )

Two Independent Comparators
CM2:CMO = 010

RAO/ANO w_

c1 C10UT
RA3/AN3 A VIN* |
RA1/AN1 w_

c2 C20UT
RA2/AN2 _A_ VIN* |

Two Independent Comparators with Outputs
CM2:CMO =011

RAO/ANO A VN [T

c1 >-+— clouUT
RA3/AN3 _A___ VNt |

RA4/TOCKI/C10UT

RALANT A V- |7

c2 >+— C20UT
RA2/AN2 A VNt |

RA5/SS/AN4/C20UT

Two Common Reference Comparators
CM2:CMO =100

RAO/ANO A VN |5

c1 c1ouT
RA3/AN3 A Vint |
RAL/ANT —A L VIN- |

c2 C20UT
RA2/AN2 B LVIN*t |

Two Common Reference Comparators with Outputs
CM2:CMO =101

RAO/ANO A V- |7

RA3/AN3 A Vin+ +Cl — C1OUT
RA4/TOCKI/C10UT

RAL/ANL A [ViN- |-

RA2/AN2 D VNt +C2 — C20UT
RA5/SS/AN4/C20UT

One Independent Comparator with Output
CM2:CMO = 001

RAO/ANO A VN |5

c1 c1ouT
RA3/AN3 A VIN*t |
RA4/TOCKI/CLOUT
RALANI 2 YN |-

Cc2 Off (Read as '0’
RA2/AN2 D ¢ VIN* | ( )

Four Inputs Multiplexed to Two Comparators
CM2:CMO =110

A
RAD/ANO === 5oy [N
RA3/AN Ao CIS=1 L c c1louT
RAUANL =0 oo o | v [N
RA2/AN2 Ao ~CIS=1 | L c2 c20uUT
CVREF  From Comparator

VREF Module

A = Analog Input, port reads zeros always. D = Digital Input.

CIS (CMCON<3>) is the Comparator Input Switch.
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12.2 Comparator Operation

A single comparator is shown in Figure 12-2 along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input VIN—, the output of the
comparator is a digital low level. When the analog input
at VIN+ is greater than the analog input VIN—, the output
of the comparator is a digital high level. The shaded
areas of the output of the comparator in Figure 12-2
represent the uncertainty due to input offsets and
response time.

12.3 Comparator Reference

An external or internal reference signal may be used
depending on the comparator operating mode. The
analog signal present at VIN— is compared to the signal
at VIN+, and the digital output of the comparator is
adjusted accordingly (Figure 12-2).

FIGURE 12-2: SINGLE COMPARATOR
VIN+
Output
VIN—

1231 EXTERNAL REFERENCE SIGNAL

When external voltage references are used, the
comparator module can be configured to have the com-
parators operate from the same, or different reference
sources. However, threshold detector applications may
require the same reference. The reference signal must
be between Vss and VDD, and can be applied to either
pin of the comparator(s).

12.3.2 INTERNAL REFERENCE SIGNAL

The comparator module also allows the selection of an
internally generated voltage reference for the
comparators. Section 13.0 contains a detailed descrip-
tion of the Comparator Voltage Reference Module that
provides this signal. The internal reference signal is
used when comparators are in mode CM<2:0>=110
(Figure 12-1). In this mode, the internal voltage refer-
ence is applied to the VIN+ pin of both comparators.

12.4 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the
comparator output has a valid level. If the internal ref-
erence is changed, the maximum delay of the internal
voltage reference must be considered when using the
comparator outputs. Otherwise, the maximum delay of
the comparators should be used (Section 17.0).

12.5 Comparator Outputs

The comparator outputs are read through the CMCON
Register. These bits are read only. The comparator
outputs may also be directly output to the RA4 and RA5
I/0O pins. When enabled, multiplexors in the output path
of the RA4 and RA5 pins will switch and the output of
each pin will be the unsynchronized output of the com-
parator. The uncertainty of each of the comparators is
related to the input offset voltage and the response time
given in the specifications. Figure 12-3 shows the com-
parator output block diagram.

The TRISA bits will still function as an output
enable/disable for the RA4 and RA5 pins while in this
mode.

The polarity of the comparator outputs can be changed
using the C2INV and C1INV bits (CMCON<4:5>).

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

2: Analog levels on any pin defined as a dig-
ital input, may cause the input buffer to
consume more current than is specified.

3: RA4 is an open collector 1/0O pin. When
used as an output, a pull-up resistor is
required.

© 2001 Microchip Technology Inc.
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FIGURE 12-3: COMPARATOR OUTPUT BLOCK DIAGRAM
Port Pins
MULTIPLEX
T
CXINV
Ne——
To RA4 or
RA5 Pin
Bus |
Data \N Q D
Read CMCON EN
Set
CMIF — Q D
bit From
Other EN b
Comparator
CL Read CMCON
RESET
12.6 Comparator Interrupts Note: If a change in the CMCON register
The comparator interrupt flag is set whenever there is Egalc?gTegﬁg ﬁ?sug;iihogli:igzr (\ggi?oi
a change in the output value of either comparator. i 2p o) th thg CM”l:J PIR .
Software will need to maintain information about the € Q el e 4z ( regis-
ters) interrupt flag may not get set.

status of the output bits, as read from CMCON<7:6>, to
determine the actual change that occurred. The CMIF
bit (PIR registers) is the comparator interrupt flag. The
CMIF bit must be RESET by clearing it (‘0’). Since it is
also possible to write a '1' to this register, a simulated
interrupt may be initiated.

The CMIE bit (PIE registers) and the PEIE bit INTCON
register) must be set to enable the interrupt. In addition,
the GIE bit must also be set. If any of these bits are
clear, the interrupt is not enabled, though the CMIF bit
will still be set if an interrupt condition occurs.

The user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of CMCON will end the mis-
match condition.

b) Clear flag bit CMIF.

A mismatch condition will continue to set flag bit CMIF.

Reading CMCON will end the mismatch condition, and
allow flag bit CMIF to be cleared.
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12.7 Comparator Operation During
SLEEP

When a comparator is active and the device is placed
in SLEEP mode, the comparator remains active and
the interrupt is functional, if enabled. This interrupt will
wake-up the device from SLEEP mode, when enabled.
While the comparator is powered up, higher SLEEP
currents than shown in the power-down current
specification will occur. Each operational comparator
will consume additional current, as shown in the com-
parator specifications. To minimize power consumption
while in SLEEP mode, turn off the comparators,
CM<2:0> = 111, before entering SLEEP. If the device
wakes up from SLEEP, the contents of the CMCON
register are not affected.

12.8 Effects of a RESET

A device RESET forces the CMCON register to its
RESET state, causing the comparator module to be in
the comparator off mode, CM<2:0>=111. This
ensures compatibility to the PIC16F87X devices.

12.9 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 12-4. Since the analog pins are connected to a
digital output, they have reverse biased diodes to VDD
and Vss. The analog input, therefore, must be between
Vss and VDD. If the input voltage deviates from this
range by more than 0.6V in either direction, one of the
diodes is forward biased and a latch-up condition may
occur. A maximum source impedance of 10 kQ is rec-
ommended for the analog sources. Any external com-
ponent connected to an analog input pin, such as a
capacitor or a Zener diode, should have very little
leakage current.

FIGURE 12-4: ANALOG INPUT MODEL
VDD
VT=06V RIC
I ILEAKAGE
CPIN VT=06V +500 NA

Legend: CrPIN

Input Capacitance

Leakage Current at the pin due to various junctions

VT = Threshold Voltage
ILEAKAGE =

Ric = Interconnect Resistance
Rs = Source Impedance

VA = Analog Voltage

% =

Vss
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TABLE 12-1: REGISTERS ASSOCIATED WITH COMPARATOR MODULE
value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR All Other
RESETS
9Ch CMCON | C20UT | C10UT | C2INV | C1INV CIS CM2 cM1 CMO 0000 0111 | 0000 0111
9Dh CVRCON | CVREN | CVROE | CVRR — CVR3 CVR2 CVR1 CVRO | 000- 0000 | 000- 0000
0OBh, 8Bh, |INTCON GIE/ PEIE/ | TMROIE | INTIE RBIE | TMROIF | INTIF RBIF [ 0000 000x {0000 000u
10Bh,18Bh GIEH GIEL
0Dh PIR2 — CMIF — — BCLIF LVDIF | TMR3IF | CCP2IF | -0-- 0000 |[-0-- 0000
8Dh PIE2 — CMIE — — BCLIE LVDIE | TMRS3IE | CCP2IE | -0-- 0000 |-0-- 0000
05h PORTA — — RA5 RA4 RA3 RA2 RA1 RAO --0x 0000 | --0u 0000
85h TRISA — — PORTA Data Direction Register --11 1111 | --11 1111

Legend: x = unknown, u = unchanged, - = unimplemented, read as “0”. Shaded cells are unused by the comparator module.
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13.0 COMPARATOR VOLTAGE
REFERENCE MODULE

The Comparator Voltage Reference Generator is a
16-tap resistor ladder network that provides a fixed
voltage reference when the comparators are in mode
110. A programmable register controls the function of
the reference generator. Register 13-1 lists the bit func-
tions of the CVRCON register.

As shown in Figure 13-1, the resistor ladder is seg-
mented to provide two ranges of CVREF values and has
a power-down function to conserve power when the
reference is not being used. The comparator reference

supply voltage (also referred to as CVRSRC) comes
directly from VDD. It should be noted, however, that the
voltage at the top of the ladder is CVRSRC - VSAT, where
VSAT is the saturation voltage of the power switch tran-
sistor. This reference will only be as accurate as the
values of CVRSRC and VsSAT.

The output of the reference generator may be con-
nected to the RA2/AN2/VREF-/CVREF pin. This can be
used as a simple D/A function by the user, if a very high
impedance load is used. The primary purpose of this
function is to provide a test path for testing the refer-
ence generator function.

REGISTER 13-1: CVRCON CONTROL REGISTER (ADDRESS 9Dh)

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

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

CVREN | CVROE | CVRR | — | CVR3 | CVR2 | CVRL | CVRO
bit 7 bit 0
bit 7 CVREN: Comparator Voltage Reference Enable bit

1 = CVREF circuit powered on

0 = CVREF circuit powered down

bit 6 CVROE: Comparator VREF Output Enable bit

1 = CVREF voltage level is output on RA2/AN2/VVREF-/CVREF pin

0 = CVREF voltage level is disconnected from RA2/AN2/VREF-/CVREF pin
bit 5 CVRR: Comparator VREF Range Selection bit

1= 0to 0.75 CVRSRC, with CVRSRC/24 step size
0= 0.25 CVRsRC to 0.75 CVRsRc, with CVRSRC/32 step size

bit 4 Unimplemented: Read as ‘0’

bit 3-0 CVR3:CVRO0: Comparator VREF Value Selection bits 0 < VR3:VR0 < 15

When CVRR =1:

CVREF = (VR<3:0>/ 24) ¢ (CVRSRC)

When CVRR =0:

CVREF = 1/4 ¢ (CVRsRC) + (VR3:VRO0/ 32) ¢ (CVRSRC)

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

© 2001 Microchip Technology Inc.

Advance Information

DS39582A-page 139



PIC16F87XA

FIGURE

13-1:

COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM

CVREN~‘>o—d 8R R

RA2/AN2/VREF-/CVREF

VDD

16 Stages
N
R R R
—MA—ANANA - o 0 0 SN,

-t

&

8R —JF—cvrr

CVROE
=L k- VRS
CVREF . CVR2
Inputto e 16:1 Analog MUX GVRL
Comparator CVRO
TABLE 13-1: REGISTERS ASSOCIATED WITH COMPARATOR VOLTAGE REFERENCE
Value On Value On
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR All Other
RESETS
9Dh CVRCON | CVREN | CVROE | CVRR — CVR3 CVR2 CVR1 CVRO |000- 0000|000- 0000
9Ch CMCON | C20UT | C10UT | C2INV | C1INV CIS CM2 CcM1 CMO |[0000 0111|0000 0111
Legend: x = unknown, u = unchanged, - = unimplemented, read as “0".

Shaded cells are not used with the comparator voltage reference.
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14.0 SPECIAL FEATURES OF THE
CPU

All PIC16F87XA devices have a host of features
intended to maximize system reliability, minimize cost
through elimination of external components, provide
power saving operating modes and offer code protec-
tion. These are:
» Oscillator Selection
* RESET

- Power-on Reset (POR)

- Power-up Timer (PWRT)

- Oscillator Start-up Timer (OST)

- Brown-out Reset (BOR)
* Interrupts
* Watchdog Timer (WDT)
e SLEEP
» Code Protection
 |ID Locations
« In-Circuit Serial Programming
* Low Voltage In-Circuit Serial Programming
 In-Circuit Debugger
PIC16F87XA devices have a Watchdog Timer, which

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

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

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

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

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

14.1 Configuration Bits

The configuration bits can be programmed (read as '0"),
or left unprogrammed (read as '1'), to select various
device configurations. The erased, or unprogrammed
value of the configuration word is 3FFFh. These bits
are mapped in program memory location 2007h.

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

© 2001 Microchip Technology Inc.
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REGISTER 14-1: CONFIGURATION WORD (ADDRESS 2007h)(1)

R/P-1  U-0 R/P-1 R/P-1  R/P-1 R/P-1 R/P-1 R/P-1 u-0 U-0 R/P-1 R/P-1 R/P-1 R/P-1

| cp | — | peBuG | wrT1 [wrTo | cPD | LvP [BOREN | — | — [PWRTEN | WDTEN | Fosc1 | Fosco |
bit13 bito
bit 13 CP: FLASH Program Memory Code Protection bit

1 = Code protection off
0 = All program memory code protected

bit 12 Unimplemented: Read as ‘1’

bit 11 DEBUG: In-Circuit Debugger Mode bit
1 = In-Circuit Debugger disabled, RB6 and RB7 are general purpose I/O pins
0 = In-Circuit Debugger enabled, RB6 and RB7 are dedicated to the debugger
bit 10-9 WRT1:WRTO FLASH Program Memory Write Enable bits
For PIC16F876A/877A:
11 = Write protection off; all program memory may be written to by EECON control
10 = 0000h to 00FFh write protected; 0100h to 1FFFh may be written to by EECON control
01 = 0000h to 07FFh write protected; 0800h to 1FFFh may be written to by EECON control
00 = 0000h to OFFFh write protected; 1000h to 1FFFh may be written to by EECON control
For PIC16F873A/874A:
11 = Write protection off; all program memory may be written to by EECON control
10 = 0000h to 00FFh write protected; 0100h to OFFFh may be written to by EECON control
01 = 0000h to 03FFh write protected; 0400h to OFFFh may be written to by EECON control
00 = 0000h to 07FFh write protected; 0800h to OFFFh may be written to by EECON control
bit 8 CPD: Data EEPROM Memory Code Protection bit
1 = Data EEPROM code protection off
0 = Data EEPROM code protected
bit 7 LVP: Low Voltage In-Circuit Serial Programming Enable bit
1 = RB3/PGM pin has PGM function; low voltage programming enabled
0 = RB3 is digital /0, HV on MCLR must be used for programming
bit 6 BOREN: Brown-out Reset Enable bit
1 = BOR enabled
0 = BOR disabled
bit 5-4 Unimplemented: Read as ‘1’

bit 3 PWRTEN: Power-up Timer Enable bit
1 = PWRT disabled
0 = PWRT enabled

bit 2 WDTEN: Watchdog Timer Enable bit
1 = WDT enabled
0 = WDT disabled

bit 1-0 FOSC1:FOSCO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

Note 1: The erased (unprogrammed) value of the configuration word is 3FFFh.

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state

DS39582A-page 142 AdvancelInformation © 2001 Microchip Technology Inc.



PIC16F87XA

14.2 Oscillator Configurations

1421 OSCILLATOR TYPES

The PIC16F87XA can be operated in four different
oscillator modes. The user can program two configura-
tion bits (FOSC1 and FOSCO) to select one of these
four modes:

 LP Low Power Crystal

e XT Crystal/Resonator

e HS High Speed Crystal/Resonator

« RC Resistor/Capacitor

14.2.2 CRYSTAL OSCILLATOR/CERAMIC

RESONATORS

In XT, LP or HS modes, a crystal or ceramic resonator
is connected to the OSC1/CLKIN and OSC2/CLKOUT
pins to establish oscillation (Figure 14-1). The
PIC16F87XA oscillator design requires the use of a
parallel cut crystal. Use of a series cut crystal may give
a frequency out of the crystal manufacturers specifica-
tions. When in XT, LP or HS modes, the device can
have an external clock source to drive the OSC1/
CLKIN pin (Figure 14-2).

FIGURE 14-1: CRYSTAL/CERAMIC
RESONATOR OPERATION
(HS, XT OR LP
OSC CONFIGURATION)
C]l.(l) 0sC1 DO_L
I l To
1. Inte_rnal
I XTAL EgERF(s) Logic
- 0SC2 1 SLEEP
R®?
c2m PIC16F87XA

Note 1. See Table 14-1 and Table 14-2 for recom-
mended values of C1 and C2.

2: A series resistor (Rg) may be required for AT
strip cut crystals.

3: RF varies with the crystal chosen.

FIGURE 14-2:

OPERATION (H
LP OSC

EXTERNAL CLOCK INPUT

S, XT OR

CONFIGURATION)

Clock from
Ext. System

«D@—» 0sc1
PIC16F87XA

Open <«—— OSC2

TABLE 14-1: CERAMIC RESONATORS &
Ranges Tested: @
Mode Freq. 0sc1 /(M

XT 455kHz | 68-100 pF § Y100 pF

2.0 MHz 15-68 %-68 pF

4.0 MHz 15 - 6/8\ 15 - 68 pF

HS 8.0 MHz 10 - 10 - 68 pF

16.0MHz | 10-92DPF | 10-22pF

These values are for d guidance
See notes following T; -2.

only.

&eswors Used:
455 kHz | Panh§gpic EFO-A455K04B | +0.3%
2.0 MHz | Niuta Erie CSA2.00MG | +0.5%
4.0 MHz{QMurata Erie CSA4.00MG | +0.5%
8.0 MUY¥/&> Murata Erie CSA8.00MT | +0.5%
16 M7 | Murata Erie CSA16.00MX | +0.5%

Mona’[ors used did not have built-in capacitors.

%
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TABLE 14-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR

Crystal Cap. Range |Cap.Range
OscType|  rreq. c1 C2 o
LP 32 kHz 33 pF 33 pEY)
200 kHz 15 pF =4
XT 200 kHz 47-68 pF %Q)pF
1 MHz 15 pF /5 pF
4 MHz 15 pF N7 15 pF
S
HS 4 MHz 15 15 pF
8 MHz 15(B3)pF 15-33 pF
20 MHz <\(@:JT:%’pF 15-33 pF

These values are for
See notes foIIowmg th

guidance only.

@stals Used

32kHz | EpSol C-001R32.768K-A | *20 PPM

200 kHz QS*ID XTL 200.000KHz +20 PPM
1 I\/m(z\\v(b ECS ECS-10-13-1 +50 PPM
4/@% ECS ECS-40-20-1 +50 PPM

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

\?&MHZ EPSON CA-301 20.000M-C | + 30 PPM

Note 1: Higher capacitance increases the stability
of oscillator, but also increases the start-
up time.

2: Since each resonator/crystal has its own
characteristics, the user should consult the
resonator/crystal manufacturer for appro-
priate values of external components.

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

4: When migrating from other PICmicro®
devices, oscillator performance should be

verified.

14.2.3 RC OSCILLATOR

For timing insensitive applications, the “RC” device
option offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the resis-
tor (RexT) and capacitor (CEXT) values, and the operat-
ing temperature. In addition to this, the oscillator
frequency will vary from unit to unit due to normal pro-
cess parameter variation. Furthermore, the difference
in lead frame capacitance between package types will
also affect the oscillation frequency, especially for low
CexT values. The user also needs to take into account
variation due to tolerance of external R and C compo-
nents used. Figure 14-3 shows how the R/C combina-
tion is connected to the PIC16F87XA.

FIGURE 14-3: RC OSCILLATOR MODE

VDD

REXT

OSCl | Internal
L Clock
Cext T PIC16F87XA

Vss —

-%—| OSC2/CLKOUT
Fosc/4

Recommended values: 3 kQ < REXT < 100 kQ
CEXT > 20pF
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14.3 RESET

The PIC16F87XA differentiates between various kinds
of RESET:

¢ Power-on Reset (POR)

« MCLR Reset during normal operation

+ MCLR Reset during SLEEP

* WDT Reset (during normal operation)

* WDT Wake-up (during SLEEP)

* Brown-out Reset (BOR)

Some registers are not affected in any RESET condi-

tion. Their status is unknown on POR and unchanged
in any other RESET. Most other registers are reset to a

“RESET state” on Power-on Reset (POR), on the
MCLR and WDT Reset, on MCLR Reset during
SLEEP, and Brown-out Reset (BOR). They are not
affected by a WDT Wake-up, which is viewed as the
resumption of normal operation. The TO and PD bits
are set or cleared differently in different RESET situa-
tions, as indicated in Table 14-4. These bits are used in
software to determine the nature of the RESET. See
Table 14-6 for a full description of RESET states of all
registers.

A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 14-4.

FIGURE 14-4: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT
External
Reset
7
MCLR

SLEEP

WDT T —

Module [ Time-out

Reset
o VDD Rise

Power-on Reset

Detect
VDD
Brown-out
Reset BODEN

OST/PWRT
OST

n

Chip_Reset

> e

10-bit Ripple Counter @
OSC1 _

1)  PWRT
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Note 1: This is a separate oscillator from the RC oscillator of the CLKIN pin.
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144 MCLR

PIC16F87XA devices have a noise filter in the MCLR
Reset path. The filter will detect and ignore small
pulses.

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

The behavior of the ESD protection on the MCLR pin
differs from previous devices of this family. Voltages
applied to the pin that exceed its specification can
result in both RESETS and current consumption out-
side of device specification during the RESET event.
For this reason, Microchip recommends that the MCLR
pin no longer be tied directly to VDD. The use of an RC
network, as shown in Figure 14-5, is suggested.

FIGURE 14-5: RECOMMENDED MCLR

CIRCUIT

Voo PIC16F87XA

R1
1 kQ (or greater)

D}XJ—MCLR

C1
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(not critical)

T

14,5 Power-On Reset (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected (in the range of 1.2V - 1.7V). To
take advantage of the POR, tie the MCLR pin to VDD
through an RC network, as described in Section 14.4.
A maximum rise time for VDD is specified. See
Section 17.0 (“Electrical Specifications”) for details.

When the device starts normal operation (exits the
RESET condition), device operating parameters (volt-
age, frequency, temperature, etc.) must be met to
ensure operation. If these conditions are not met, the
device must be held in RESET until the operating con-
ditions are met. Brown-out Reset may be used to meet
the start-up conditions. For additional information, refer
to Application Note, ANO007, “Power-up Trouble
Shooting”, (DS00007).

14.6 Power-up Timer (PWRT)

The Power-up Timer provides a fixed 72 ms nominal
time-out on power-up only from the POR. The Power-
up Timer operates on an internal RC oscillator. The
chip is kept in RESET as long as the PWRT is active.
The PWRT’s time delay allows VDD to rise to an accept-
able level. A configuration bit is provided to enable or
disable the PWRT.

The power-up time delay will vary from chip to chip due
to VDD, temperature and process variation. See
Section 17.0 for details (TPWRT, parameter #33).

14.7 Oscillator Start-up Timer (OST)

The Oscillator Start-up Timer (OST) provides a delay of
1024 oscillator cycles (from OSC1 input) after the
PWRT delay is over (if PWRT is enabled). This helps to
ensure that the crystal oscillator or resonator has
started and stabilized.

The OST time-out is invoked only for XT, LP and HS
modes and only on Power-on Reset or Wake-up from
SLEEP.

14.8 Brown-out Reset (BOR)

The configuration bit, BODEN, can enable or disable
the Brown-out Reset circuit. If VDD falls below VBOR
(parameter D005, about 4V) for longer than TBOR
(parameter #35, about 100 uS), the brown-out situation
will reset the device. If VDD falls below VBOR for less
than TBOR, a RESET may not occur.

Once the brown-out occurs, the device will remain in
Brown-out Reset until VDD rises above VBOR. The
Power-up Timer then keeps the device in RESET for
TPWRT (parameter #33, about 72 mS). If Vbb should
fall below VBOR during TPWRT, the Brown-out Reset
process will restart when VDD rises above VBOR with
the Power-up Timer Reset. The Power-up Timer is
always enabled when the Brown-out Reset circuit is
enabled, regardless of the state of the PWRT configu-
ration bit.

14.9 Time-out Sequence

On power-up, the time-out sequence is as follows: the
PWRT delay starts (if enabled) when a POR Reset
occurs. Then, OST starts counting 1024 oscillator
cycles when PWRT ends (LP, XT, HS). When the OST
ends, the device comes out of RESET.

If MCLR is kept low long enough, the time-outs will
expire. Bringing MCLR high will begin execution imme-
diately. This is useful for testing purposes or to synchro-
nize more than one PIC16F87XA device operating in
parallel.

Table 14-5 shows the RESET conditions for the
STATUS, PCON and PC registers, while Table 14-6
shows the RESET conditions for all the registers.
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14.10 Power Control/Status Register
(PCON)

The Power Control/Status Register, PCON, has up to
two bits depending upon the device.

Bit0 is the Brown-out Reset Status bit, BOR. The BOR
bit is unknown on a Power-on Reset. It must then be set
by the user and checked on subsequent RESETS to see
if it has been cleared, indicating that a BOR has

occurred. When the Brown-out Reset is disabled, the
state of the BOR bit is unpredictable and is, therefore,
not valid at any time.

Bitl is POR (Power-on Reset Status bit). It is cleared on
a Power-on Reset and unaffected otherwise. The user
must set this bit following a Power-on Reset.

TABLE 14-3. TIME-OUT IN VARIOUS SITUATIONS
Oscillator Configuration = Power-up— Brown-out Wake-up from
PWRTE = 0 PWRTE =1 SLEEP
XT, HS, LP 72 ms + 1024Tosc 1024Tosc 72 ms + 1024Tosc 1024Tosc
RC 72 ms — 72 ms —
TABLE 14-4. STATUS BITS AND THEIR SIGNIFICANCE
POR | BOR | TO | PD

0 x 1 1 | Power-on Reset

0 x 0 x |lllegal, TO is set on POR

0 x x 0 |lllegal, PD is set on POR

1 0 1 1 | Brown-out Reset

1 1 0 1 |WDT Reset

1 1 0 0 |WDT Wake-up

1 1 u u | MCLR Reset during normal operation

1 1 1 0 |MCLR Reset during SLEEP or interrupt wake-up from SLEEP
Legend: x = don’t care, u = unchanged
TABLE 14-5: RESET CONDITION FOR SPECIAL REGISTERS

Condition Program STATUS PCQN
Counter Register Register

Power-on Reset 000h 0001 1xxx | ---- -- 0x
MCLR Reset during normal operation 000h 000u uuuu | = —--- -- uu
MCLR Reset during SLEEP 000h 0001 Ouuu |  ---- -- uu
WDT Reset 000h 0000 luuu | ---- -- uu
WDT Wake-up PC+1 uuu0 Ouuu | ---- -- uu
Brown-out Reset 000h 0001 luuu |  ---- -- uo
Interrupt wake-up from SLEEP pPC +1® uuul Ouuu | ---- -- uu
Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0'

Note 1. When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector

(0004h).
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TABLE 14-6:  INITIALIZATION CONDITIONS FOR ALL REGISTERS

Register Devices Power-on Reset, M Resets, Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt
w 73A | 74A | 76A | T7A XXXX XXXX uuuu uuuu uuuu uuuu
INDF 73A | 74A | 76A | T7A N/A N/A N/A
TMRO 73A | 74A | 7T6A | 7T7A XXXX XXXX uuuu uuuu uuuu uuuu
PCL 73A | 7T4A | 76A | T7A 0000 0000 0000 0000 pc + 10
STATUS 73A | 74A | T6A | 7T7A 0001 1xxx 000g quuu® uwuug quuu®
FSR 73A | 74A | 76A | 7T7A XXXX XXXX uuuu uuuu uuuu uuuu
PORTA 73A | 7T4A | 76A | T7A --0x 0000 --0u 0000 --uu uuuu
PORTB T73A | 74A | 76A | 7T7TA XXXK XXXX uuuu uuuu uuuu uuuu
PORTC 73A | 74A | 7T6A | 77A XXXX XXXX uuuu uuuu uuuu uuuu
PORTD 73A | 74A | 76A | 77A XXXX XXXX uuuu uuuu uuuu uuuu
PORTE 73A | 74A | 76A | 77A ---- -XXX ---- -uuu ---- -uuu
PCLATH 73A | 74A | 76A | 77A ---0 0000 ---0 0000 ---u uuuu
INTCON 73A | 74A | 76A | 77A 0000 000x 0000 000u uuuu uuuu®)
PIR1 73A | 74A | 76A | T7A r000 0000 r000 0000 ruuu uuuu®
73A | 74A | 76A | 77A 0000 0000 0000 0000 uuuu uuuu®
PIR2 73A | 74A | 76A | T7A -0-0 0--0 -0-0 0--0 -u-u u--u®
TMRI1L 73A | 74A | 76A | 77A XXXX XXXX uuuu uuuu uuuu uuuu
TMR1H 73A | 74A | 76A | T7A XXXX XXXX uuuu uuuu uuuu uuuu
T1CON T73A | 74A | 76A | 7T7TA --00 0000 --uu uuuu --uu uuuu
TMR2 T73A | 74A | 76A | 7T7TA 0000 0000 0000 0000 uuuu uuuu
T2CON 73A | 74A | 7T6A | 77A -000 0000 -000 0000 -uuu uuuu
SSPBUF 73A | 74A | 7T6A | 7T7A XXXX XXXX uuuu uuuu uuuu uuuu
SSPCON 73A | 74A | 7T6A | 7T7A 0000 0000 0000 0000 uuuu uuuu
CCPRI1L T3A | 74A | 76A | 7T7A XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1H T3A | 74A | 76A | 7T7A XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON T3A | 74A | 76A | 77A --00 0000 --00 0000 --uu uuuu
RCSTA T73A | 74A | 7T6A | 7T7A 0000 000x 0000 000x uuuu uuuu
TXREG T73A | 74A | 7T6A | 7T7A 0000 0000 0000 0000 uuuu uuuu
RCREG T3A | 74A | 7T6A | 7T7A 0000 0000 0000 0000 uuuu uuuu
CCPR2L T3A | 74A | 76A | 7T7A XXXX XXXX uuuu uuuu uuuu uuuu
CCPR2H 73A | 74A | 76A | 7T7A XXXX XXXX uuuu uuuu uuuu uuuu
CCP2CON 73A | 74A | 76A | 7T7A 0000 0000 0000 0000 uuuu uuuu
ADRESH T3A | 74A | 76A | 7T7A XXXX XXXX uuuu uuuu uuuu uuuu
ADCONO 73A | 7T4A | 76A | T7A 0000 00-0 0000 00-0 uuuu uu-u
OPTION_REG 73A | 74A | 76A | T7A 1111 1111 1111 1111 uuuu uuuu
TRISA 73A | 74A | 76A | T7A --11 1111 --11 1111 --uu uuuu
TRISB T3A | 74A | 76A | 7T7A 1111 1111 1111 1111 uuuu uuuu
TRISC T3A | 74A | 76A | T7A 1111 1111 1111 1111 uuuu uuuu
TRISD 73A | 74A | 76A | 77A 1111 1111 1111 1111 uuuu uuuu
TRISE 73A | 74A | 76A | 77A 0000 -111 0000 -111 uuuu -uuu
Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0’, g = value depends on condition,

r = reserved, maintain clear. Shaded cells indicate conditions do not apply for the designated device.
Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector
(0004h).
3: See Table 14-5 for RESET value for specific condition.
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TABLE 14-6: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
Register Devices Power-on Reset, MCLR Resets, Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt
PIE1 73A | 74A | 76A | 77A r000 0000 r000 0000 ruuu uuuu
73A | 74A | 76A | 77A 0000 0000 0000 0000 uuuu uuuu
PIE2 73A | 7T4A | 76A | T7A -0-0 0--0 -0-0 0--0 -u-u u--u
PCON 73A | 74A | 76A | 7TTA| - --- -- a @ | ---- -- awuw | - -- uu
SSPCON2 T3A | 74A | 76A | 7T7A 0000 0000 0000 0000 uuuu uuuu
PR2 73A | 74A | 76A | 7T7A 1111 1111 1111 1111 1111 1111
SSPADD 73A | 74A | 7T6A | 7T7A 0000 0000 0000 0000 uuuu uuuu
SSPSTAT 73A | 7T4A | 76A | T7A --00 0000 --00 0000 --uu uuuu
TXSTA 73A | 74A | 7T6A | 77A 0000 -010 0000 -010 uuuu -uuu
SPBRG 73A | 74A | 76A | 7T7A 0000 0000 0000 0000 uuuu uuuu
CMCON 73A | 974 | 76A | T7A 0000 0111 0000 0111 uuuu uuuu
CVRCON 73A | 7T4A | 76A | 7T7A 000- 0000 000- 0000 uuu- uuuu
ADRESL T73A | 74A | 7T6A | 7T7A XXXX XXXX uuuu uuuu uuuu uuuu
ADCON1 73A | 7T4A | 76A | T7A 00-- 0000 00-- 0000 uu-- uuuu
EEDATA 73A | 7T4A | 76A | T7A 0--- 0000 0--- 0000 u--- uuuu
EEADR T73A | 74A | 76A | 7T7A XXXX XXXX uuuu uuuu uuuu uuuu
EEDATH 73A | 74A | 76A | 7T7A XXXX XXXX uuuu uuuu uuuu uuuu
EEADRH 73A | 74A | 76A | 7T7A XXXX XXXX uuuu uuuu uuuu uuuu
EECON1 T3A | 74A | 76A | 7TTA X--- x000 u--- u000 u--- uuuu
EECON2 T3A | 7T4A | 7T6A | TTA |  ---- === |  —=-= —=-= | —--- ----
Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0’, g = value depends on condition,

r = reserved, maintain clear. Shaded cells indicate conditions do not apply for the designated device.

Note 1:

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

2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector
(0004h).
3. See Table 14-5 for RESET value for specific condition.

FIGURE 14-6:

TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD VIA RC NETWORK)
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FIGURE 14-7:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 1
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FIGURE 14-8:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2
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FIGURE 14-9:

SLOW RISE TIME (MCLR TIED TO VDD VIA RC NETWORK)
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14.11 Interrupts

The PIC16F87XA family has up to 15 sources of inter-
rupt. The interrupt control register (INTCON) records
individual interrupt requests in flag bits. It also has indi-
vidual and global interrupt enable bits.

Note: Individual interrupt flag bits are set, regard-
less of the status of their corresponding
mask bit, or the GIE bit.

A global interrupt enable bit, GIE (INTCON<7>)
enables (if set) all unmasked interrupts, or disables (if
cleared) all interrupts. When bit GIE is enabled, and an
interrupt’s flag bit and mask bit are set, the interrupt will
vector immediately. Individual interrupts can be dis-
abled through their corresponding enable bits in vari-
ous registers. Individual interrupt bits are set,
regardless of the status of the GIE bit. The GIE bit is
cleared on RESET.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine, as well as sets the GIE bit, which
re-enables interrupts.

FIGURE 14-10: INTERRUPT LOGIC

The RBO/INT pin interrupt, the RB port change inter-
rupt, and the TMRO overflow interrupt flags are con-
tained in the INTCON register.

The peripheral interrupt flags are contained in the spe-
cial function registers, PIR1 and PIR2. The correspond-
ing interrupt enable bits are contained in special
function registers, PIE1 and PIE2, and the peripheral
interrupt enable bit is contained in special function reg-
ister INTCON.

When an interrupt is responded to, the GIE bit is
cleared to disable any further interrupt, the return
address is pushed onto the stack and the PC is loaded
with 0004h. Once in the Interrupt Service Routine, the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs. The latency
is the same for one or two-cycle instructions. Individual
interrupt flag bits are set, regardless of the status of
their corresponding mask bit, PEIE bit, or GIE bit.
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Note 1: PSP interrupt is implemented only on PIC16F874A/877A devices.
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14.11.1  INT INTERRUPT

External interrupt on the RBO/INT pin is edge triggered,
either rising, if bit INTEDG (OPTION_REG<6>) is set,
or falling, if the INTEDG bit is clear. When a valid edge
appears on the RBO/INT pin, flag bit INTF
(INTCON<1>) is set. This interrupt can be disabled by
clearing enable bit INTE (INTCON<4>). Flag bit INTF
must be cleared in software in the Interrupt Service
Routine before re-enabling this interrupt. The INT inter-
rupt can wake-up the processor from SLEEP, if bit INTE
was set prior to going into SLEEP. The status of global
interrupt enable bit, GIE, decides whether or not the
processor branches to the interrupt vector following
wake-up. See Section 14.14 for details on SLEEP
mode.

14.11.2 TMRO INTERRUPT

An overflow (FFh — 00h) in the TMRO register will set
flag bit TMROIF (INTCON<2>). The interrupt can be
enabled/disabled by setting/clearing enable bit
TMROIE (INTCON<5>) (Section 5.0).

14.11.3 PORTB INTCON CHANGE

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit RBIE (INTCON<4>)
(Section 4.2).

14.12 Context Saving During Interrupts

During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key reg-
isters during an interrupt, (i.e., W register and STATUS
register). This will have to be implemented in software.

For the PIC16F873A/874A devices, the register
W_TEMP must be defined in both banks 0 and 1 and
must be defined at the same offset from the bank base
address (i.e., If W_TEMP is defined at 0x20 in bank 0,
it must also be defined at OxAO in bank 1). The regis-
ters, PCLATH_TEMP and STATUS_TEMP, are only
defined in bank 0.

Since the upper 16 bytes of each bank are common in
the PIC16F876A/877A devices, temporary holding reg-
isters W_TEMP, STATUS_TEMP, and PCLATH_TEMP
should be placed in here. These 16 locations don't
require banking and therefore, make it easier for con-
text save and restore. The same code shown in
Example 14-1 can be used.

EXAMPLE 14-1:  SAVING STATUS, W, AND PCLATH REGISTERS IN RAM

MOVWF W_TEMP jCopy W to TEMP register
SWAPF STATUS, W ;Swap status to be saved into W
CLRF STATUS ;bank 0, regardless of current bank, Clears IRP,RP1,RPO
MOVWF STATUS_TEMP ;Save status to bank zero STATUS_TEMP register
MOVF PCLATH, W ;0nly required if using pages 1, 2 and/or 3
MOVWF PCLATH_ TEMP ;Save PCLATH into W
CLRF PCLATH ;Page zero, regardless of current page
: (ISR) ; (Insert user code here)
MOVF PCLATH_TEMP, W ;Restore PCLATH
MOVWF PCLATH ;Move W into PCLATH
SWAPF STATUS_TEMP, W iSwap STATUS_TEMP register into W
; (sets bank to original state)
MOVWF STATUS ;Move W into STATUS register
SWAPF W_TEMP, F jSwap W_TEMP
SWAPF W_TEMP, W ;Swap W_TEMP into W
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14.13 Watchdog Timer (WDT)

The Watchdog Timer is a free running on-chip RC oscil-
lator, which does not require any external components.
This RC oscillator is separate from the RC oscillator of
the OSC1/CLKIN pin. That means that the WDT will
run, even if the clock on the OSC1/CLKIN and OSC2/
CLKOUT pins of the device has been stopped, for
example, by execution of a SLEEP instruction.

During normal operation, a WDT time-out generates a
device RESET (Watchdog Timer Reset). If the device is
in SLEEP mode, a WDT time-out causes the device to
wake-up and continue with normal operation (Watch-
dog Timer Wake-up). The TO bit in the STATUS regis-
ter will be cleared upon a Watchdog Timer time-out.

The WDT can be permanently disabled by clearing
configuration bit WDTE (Section 14.1).

WDT time-out period values may be found in the Elec-
trical Specifications section under parameter #31. Val-
ues for the WDT prescaler (actually a postscaler, but
shared with the TimerO prescaler) may be assigned
using the OPTION_REG register.

Note 1: The CLRWDT and SLEEP instructions
clear the WDT and the postscaler, if
assigned to the WDT, and prevent it from
timing out and generating a device
RESET condition.

2: When a CLRWDT instruction is executed
and the prescaler is assigned to the WDT,
the prescaler count will be cleared, but
the prescaler assignment is not changed.

FIGURE 14-11: WATCHDOG TIMER BLOCK DIAGRAM
From TMRO Clock Source
(Figure 5-1)
| o
M Postscaler
: U
WDT Timer X o
Y
% f 8-t0-1MUX |<#— PS2:PSO
WDT PSA
Enable Bit
&——m To TMRO (Figure 5-1)
oy 1
MUX -1— PSA
WDT
Time-out
Note: PSA and PS2:PS0 are bits in the OPTION_REG register.
TABLE 14-7: SUMMARY OF WATCHDOG TIMER REGISTERS
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

2007h Config. bits 1) BODEN®D | cP1 | cpo | PWRTE®W | WDTE | FOSC1 | FOSCO
81h,181h |OPTION_REG| RBPU INTEDG TOCS | TOSE PSA PS2 PS1 PSO

Legend: Shaded cells are not used by the Watchdog Timer.

Note 1: See Register 14-1 for operation of these bits.
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14.14 Power-down Mode (SLEEP)

Power-down mode is entered by executing a SLEEP
instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the PD bit (STATUS<3>) is cleared, the
TO (STATUS<4>) hit is set, and the oscillator driver is
turned off. The 1/O ports maintain the status they had
before the SLEEP instruction was executed (driving
high, low, or hi-impedance).

For lowest current consumption in this mode, place all
I/0O pins at either VDD or Vss, ensure no external cir-
cuitry is drawing current from the I/O pin, power-down
the A/D and disable external clocks. Pull all I/O pins
that are hi-impedance inputs, high or low externally, to
avoid switching currents caused by floating inputs. The
TOCKI input should also be at VDD or Vss for lowest
current consumption. The contribution from on-chip
pull-ups on PORTB should also be considered.

The MCLR pin must be at a logic high level (ViHMC).

14.141 WAKE-UP FROM SLEEP

The device can wake-up from SLEEP through one of

the following events:

1. External RESET input on MCLR pin.

2. Watchdog Timer Wake-up (if WDT was
enabled).

3. Interrupt from INT pin, RB port change or
peripheral interrupt.

External MCLR Reset will cause a device RESET. All

other events are considered a continuation of program

execution and cause a “wake-up”. The TO and PD bits

in the STATUS register can be used to determine the

cause of device RESET. The PD bit, which is set on

power-up, is cleared when SLEEP is invoked. The TO

bit is cleared if a WDT time-out occurred and caused

wake-up.

The following peripheral interrupts can wake the device

from SLEEP:

1. PSP read or write (PIC16F874/877 only).

2. TMR1interrupt. Timerl must be operating as an
asynchronous counter.

3. CCP Capture mode interrupt.

4. Special event trigger (Timerl in Asynchronous
mode using an external clock).

5. SSP (START/STOP) bit detect interrupt.

6. SSP transmit or receive in Slave mode
(SPI/I2C).

7. USART RX or TX (Synchronous Slave mode).

8. A/D conversion (when A/D clock source is RC).

9. EEPROM write operation completion.

10. Comparator output changes state.

Other peripherals cannot generate interrupts since dur-
ing SLEEP, no on-chip clocks are present.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction and then branches to the inter-
rupt address (0004h). In cases where the execution of
the instruction following SLEEP is not desirable, the
user should have a NOP after the SLEEP instruction.

14.14.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the execution of a
SLEEP instruction, the SLEEP instruction will com-
plete as a NOP. Therefore, the WDT and WDT
postscaler will not be cleared, the TO bit will not
be set and PD bits will not be cleared.

« If the interrupt occurs during or after the execu-
tion of a SLEEP instruction, the device will imme-
diately wake-up from SLEEP. The SLEEP
instruction will be completely executed before the
wake-up. Therefore, the WDT and WDT
postscaler will be cleared, the TO bit will be set
and the PD bit will be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruc-
tion should be executed before a SLEEP instruction.

DS39582A-page 154

AdvancelInformation

© 2001 Microchip Technology Inc.



PIC16F87XA

FIGURE 14-12:

WAKE-UP FROM SLEEP THROUGH INTERRUPT

» Q11 Q2 @3l Q4; Q1 Q2| Q3 Q4, Q1 :

. Q1 Q4 Q3 Q4 Q1l Q21 Q31 Q4; Q1 Q4 Q3| Q4 Q1l Q2| Q3 Q4

Note 1:

If GIE ='0", execution will continue in-line.

osc1 mm/\—mmﬂ/ﬂﬂmmﬂﬂwm
CLKOUT® ) N A  Tost®| / \ / A / N
INT pin : : : ! : : : : 1
INTEFlag . , \/.
(INTCON<1>) : ' ‘Interrupt Latency(® ' '
GIE bit | ' ' _ : ' ' | i |
(INTCON<7>), ' processor in, : ' \ ' - :
. . " SLEEP . . . . .
INSTRUCTION FLOW : : j : : : : :
PC ¥ PC X PcH X PC+2 X PC+2 ¥ PC+2 ¥ ___0004h ¥ ___0005h .
Fotehed®™ ' Inst(PC) = SLEEP  Inst(PC +1) ' InstPC +2) ' Inst(0004h) ' Inst(0005h) '
E‘f&uuctg%n {- Inst(PC-1) + SLEEP ! + Inst(PC+ 1) « Dummycycle . Dummy cycle Inst(0004h)
XT, HS or LP oscillator mode assumed.

2: TosT = 1024Tosc (drawing not to scale) This delay will not be there for RC osc mode.
3: GIE ="1"assumed. In this case, after wake- up, the processor jumps to the interrupt routine.

4: CLKOUT is not available in these osc modes, but shown here for timing reference.

14.15 In-Circuit Debugger

When the DEBUG bit in the configuration word is pro-
grammed to a '0’, the In-Circuit Debugger functionality
is enabled. This function allows simple debugging func-
tions when used with MPLAB® ICD. When the micro-
controller has this feature enabled, some of the
resources are not available for general use. Table 14-8
shows which features are consumed by the back-
ground debugger.

TABLE 14-8: DEBUGGER RESOURCES
I/O pins RB6, RB7
Stack 1 level

Address 0000h must be NOP
Last 100h words

0x070 (0XOF0, 0x170, OX1FO0)
OX1EB - OX1EF

Program Memory

Data Memory

To use the In-Circuit Debugger function of the micro-
controller, the design must implement In-Circuit Serial
Programming connections to MCLR/VpPP, VDD, GND,
RB7 and RB6. This will interface to the In-Circuit
Debugger module available from Microchip, or one of
the third party development tool companies.

14.16 Program Verification/Code
Protection

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

14.17

Four memory locations (2000h - 2003h) are designated
as ID locations, where the user can store checksum or
other code identification numbers. These locations are
not accessible during normal execution, but are read-
able and writable during program/verify. It is recom-
mended that only the 4 Least Significant bits of the ID
location are used.

ID Locations

© 2001 Microchip Technology Inc.
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14.18 In-Circuit Serial Programming

PIC16F87XA microcontrollers can be serially pro-
grammed while in the end application circuit. This is
simply done with two lines for clock and data and three
other lines for power, ground, and the programming
voltage. This allows customers to manufacture boards
with unprogrammed devices, and then program the
microcontroller just before shipping the product. This
also allows the most recent firmware, or a custom firm-
ware to be programmed.

When using ICSP, the part must be supplied at 4.5V to
5.5V, if a bulk erase will be executed. This includes
reprogramming of the code protect, both from an on-
state to off-state. For all other cases of ICSP, the part
may be programmed at the normal operating voltages.
This means calibration values, unique user IDs, or user
code can be reprogrammed or added.

For complete details of serial programming, please
refer to the EEPROM Memory Programming Specifica-
tion for the PIC16F87XA.

14.19 Low Voltage ICSP Programming

The LVP bit of the configuration word enables low volt-
age ICSP programming. This mode allows the micro-
controller to be programmed via ICSP using a VDD
source in the operating voltage range. This only means
that VPP does not have to be brought to ViHH, but can
instead be left at the normal operating voltage. In this
mode, the RB3/PGM pin is dedicated to the program-
ming function and ceases to be a general purpose 1/O
pin. During programming, VDD is applied to the MCLR
pin. To enter Programming mode, VDD must be applied
to the RB3/PGM, provided the LVP bit is set. The LVP
bit defaults to on (‘1’) from the factory.

Note 1: The High Voltage Programming mode is
always available, regardless of the state
of the LVP bit, by applying VIHH to the
MCLR pin.

2: While in Low Voltage ICSP mode, the
RB3 pin can no longer be used as a gen-
eral purpose /O pin.

3: When using low voltage ICSP program-
ming (LVP) and the pull-ups on PORTB
are enabled, bit 3 in the TRISB register
must be cleared to disable the pull-up on
RB3 and ensure the proper operation of
the device.

4: RB3 should not be allowed to float if LVP
is enabled. An external pull-down device
should be used to default the device to
normal operating mode. If RB3 floats
high, the PIC16F87XA device will enter
Programming mode.

5: LVP mode is enabled by default on all
devices shipped from Microchip. It can be
disabled by clearing the LVP bit in the
CONFIG register.

6: Disabling LVP will provide maximum com-

patibility to other PIC16CXXX devices.

If Low Voltage Programming mode is not used, the LVP
bit can be programmed to a '0' and RB3/PGM becomes
a digital I/O pin. However, the LVP bit may only be pro-
grammed when programming is entered with VIHH on
MCLR. The LVP bit can only be charged when using
high voltage on MCLR.

It should be noted, that once the LVP bit is programmed
to 0, only the High Voltage Programming mode is avail-
able and only High Voltage Programming mode can be
used to program the device.

When using low voltage ICSP, the part must be supplied
at 4.5V to 5.5V, if a bulk erase will be executed. This
includes reprogramming of the code protect bits from an
on-state to off-state. For all other cases of low voltage
ICSP, the part may be programmed at the normal oper-
ating voltage. This means calibration values, unique
user IDs, or user code can be reprogrammed or added.
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15.0 INSTRUCTION SET SUMMARY

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

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

Each PIC16 instruction is a 14-bit word divided into an
opcode which specifies the instruction type, and one or
more operands which further specify the operation of
the instruction. The formats for each of the categories
is presented in Figure 15-1, while the various opcode
fields are summarized in Table 15-1.

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

For byte-oriented instructions, ‘£’ represents a file reg-
ister designator and ‘d’ represents a destination desig-
nator. The file register designator specifies which file
register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If ‘d’ is zero, the result is
placed in the W register. If ‘d’ is one, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, ‘b’ represents a bit field
designator which selects the bit affected by the opera-
tion, while ‘£’ represents the address of the file in which
the bit is located.

For literal and control operations, 'k’ represents an
eight- or eleven-bit constant or literal value

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

Note: To maintain upward compatibility with
future PIC16F87XA products, do not use
the OPTION and TRIS instructions.

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

15.1 READ-MODIFY-WRITE
OPERATIONS

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

For example, a “clrf P ORTB” instruction will read
PORTB, clear all the data bits, then write the result
back to PORTB. This example would have the unin-
tended result that the condition that sets the RBIF flag
would be cleared.

TABLE 15-1: OPCODE FIELD
DESCRIPTIONS

Field Description

£ Register file address (0x00 to Ox7F)
W Working register (accumulator)

b Bit address within an 8-bit file register
k Literal field, constant data or label

x

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

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

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

PC Program Counter

TO Time-out bit

PD Power-down bit

GENERAL FORMAT FOR
INSTRUCTIONS

FIGURE 15-1:

Byte-oriented file register operations
13 8 7 6 0
OPCODE | d | f (FILE #)

d = 0 for destination W
d =1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 7 6 0
OPCODE |b (BIT #)| f (FILE #)

3-bit bit address

b
f = 7-bit file register address

Literal and control operations

General

13 8 7 0
OPCODE | k (literal)

k = 8-bit immediate value

CALL and GOTO instructions only
13 11 10 0
OPCODE k (literal)

k = 11-bit immediate value
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TABLE 15-2: PIC16F87XA INSTRUCTION SET
Mnemonic, . 14-Bit Opcode Status
Description Cycles Notes
Operands MSb Lsp | Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f, d Add W and f 1 00 0111 dfff ffff| CDC,Z 1,2
ANDWF f, d AND W with f 1 00 0101 dfff ffff z 1,2
CLRF f Clear f 1 00 0001 1fff ffff z 2
CLRW - Clear W 1 00 0001 O0xXxX XXXX VA
COMF f, d Complement f 1 00 1001 dfff ffff Z 1,2
DECF f, d Decrement f 1 00 0011 dfff ffff Z 1,2
DECFSZ f,d Decrement f, Skip if 0 1(2) 00 1011 dfff ffff 12,3
INCF f, d Increment f 1 00 1010 dfff ffff Z 1,2
INCFSZ f, d Increment f, Skip if 0 1(2) 00 1111 AJdfff ffff 123
IORWF f, d Inclusive OR W with f 1 00 0100 Adfff ffff z 1,2
MOVF f, d Move f 1 00 1000 dfff ffff z 1,2
MOVWF f Move W to f 1 00 0000 1fff ffff
NOP - No Operation 1 00 0000 0xx0 0000
RLF f, d Rotate Left f through Carry 1 00 1101 dfff ffff C 1,2
RRF f, d Rotate Right f through Carry 1 00 1100 dfff ffff C 1,2
SUBWF f, d Subtract W from f 1 00 0010 dfff ffff| C,DC,Z 1,2
SWAPF f, d Swap nibbles in f 1 00 1110 dfff ffff 1,2
XORWF f, d Exclusive OR W with f 1 00 0110 dfff ffff z 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b Bit Clear f 1 01 00bb bfff ffff 1,2
BSF f, b Bit Set f 1 01 01lbb bfff ffff 1,2
BTFSC f,b Bit Test f, Skip if Clear 1(2) 01 10bb bfff ffff 3
BTFSS f,b Bit Test f, Skip if Set 1(2) 01 11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS
ADDLW k Add literal and W 1 11 111x kkkk kkkk| C,DC,Z
ANDLW k AND literal with W 1 11 1001 kkkk kkkk z
CALL k Call subroutine 2 10 Okkk kkkk kkkk|
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 o0100| TO,PD
GOTO k Go to address 2 10 1kkk kkkk kkkk
IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk z
MOVLW k Move literal to W 1 11 00xx kkkk kkkk
RETFIE - Return from interrupt 2 00 0000 0000 1001
RETLW k Return with literal in W 2 11  01xx kkkk kkkk
RETURN Return from Subroutine 2 00 0000 0000 1000|
SLEEP - Go into Standby mode 1 00 0000 0110 o0011| TO,PD
SUBLW k Subtract W from literal 1 11 110x kkkk kkkk| C,DC,Z
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk z
Note 1: When an I/O register is modified as a function of itself ( e.g., MOVF PORTB, 1), the value used will be that value present

on the pins themselves. For example, if the data latch is '1’ for a pin configured as input and is driven low by an external

device, the data will be written back with a '0’.

2: |If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if
assigned to the TimerO module.
3: If Program Counter (PC) is modified, or a conditional test is true, the instruction requires two cycles. The second cycle is
executed as a NOP.
Note:  Additional information on the mid-range instruction set is available in the PICmicro™ Mid-Range MCU

Family Reference Manual (DS33023).
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15.2 Instruction Descriptions

ADDLW Add Literal and W

Syntax: [label ] ADDLW  k

Operands: 0<k<255

Operation: (W) +k - (W)

Status Affected: C,DC, Z

Description: The contents of the W register
are added to the eight-bit literal 'k’
and the result is placed in the W
register.

ADDWF Add W and f

Syntax: [label] ADDWF f,d

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

Operation: (W) + (f) —> (destination)

Status Affected: C, DC, Z

Description: Add the contents of the W register
with register 'f. If 'd’ is 0, the result
is stored in the W register. If 'd’ is
1, the result is stored back in
register 'f'.

ANDLW AND Literal with W

Syntax: [label] ANDLW k

Operands: 0<k<255

Operation: (W) .AND. (k) — (W)

Status Affected: Z

Description: The contents of W register are
AND’ed with the eight-bit literal
'k'. The result is placed in the W
register.

ANDWF AND W with f

Syntax: [label] ANDWF fd

Operands: 0<f<127
d e [0,1]

Operation: (W) .AND. (f) — (destination)

Status Affected: Z

Description: AND the W register with register

'f'. If 'd" is 0, the result is stored in
the W register. If 'd" is 1, the result
is stored back in register 'f'.

BCF Bit Clear f

Syntax: [label ] BCF fb

Operands: 0<f<127
0<b<7

Operation: 0 — (f<b>)

Status Affected:  None

Description: Bit 'b" in register 'f' is cleared.

BSF Bit Set f

Syntax: [label ] BSF f,b

Operands: 0<f<127
0<b<7

Operation: 1 — (f<b>)

Status Affected:  None

Description: Bit 'b" in register 'f' is set.

BTFSS Bit Test f, Skip if Set

Syntax: [label ] BTFSS f,b

Operands: 0<f<127
0<b<7

Operation: skip if (f<b>) = 1

Status Affected: None

Description: If bit 'b" in register 'f' is '0', the next
instruction is executed.
If bit 'b" is '1', then the next instruc-
tion is discarded and a NOP is
executed instead, making this a
2Tcy instruction.

BTFSC Bit Test, Skip if Clear

Syntax: [label ] BTFSC f,b

Operands: 0<f<127
0<b<7

Operation: skip if (f<b>) =0

Status Affected: None

Description: If bit 'b" in register 'f' is '1', the next

instruction is executed.

If bit 'b", in register 'f', is '0', the
next instruction is discarded, and
a NOP is executed instead, making
this a 2Tcy instruction.

© 2001 Microchip Technology Inc.
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CALL Call Subroutine

Syntax: [label] CALL k

Operands: 0< k<2047

Operation: (PC)+ 1— TOS,
k — PC<10:0>,
(PCLATH<4:3>) — PC<12:11>

Status Affected: None

Description: Call Subroutine. First, return
address (PC+1) is pushed onto
the stack. The eleven-bit immedi-
ate address is loaded into PC bits
<10:0>. The upper bits of the PC
are loaded from PCLATH. CALLis
a two-cycle instruction.

CLRF Clear f

Syntax: [label] CLRF f

Operands: 0<f<127

Operation: 00h — (f)
1527

Status Affected: Z

Description: The contents of register 'f' are
cleared and the Z bit is set.

CLRW Clear W

Syntax: [label] CLRW

Operands: None

Operation: 00h — (W)
1-Z7

Status Affected: Z

Description: W register is cleared. Zero hit (2)

is set.

CLRWDT Clear Watchdog Timer

Syntax: [label] CLRWDT

Operands: None

Operation: 00h —» WDT
0 — WDT prescaler,
170
1->PD

Status Affected:  TO, PD

Description: CLRWDT instruction resets the
Watchdog Timer. It also resets
the prescaler of the WDT. Status
bits TO and PD are set.

COMF Complement f

Syntax: [label] COMF f,d

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

Operation: (H) — (destination)

Status Affected: Z

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

DECF Decrement f

Syntax: [label] DECF fd

Operands: 0<f<127
d e [0,1]

Operation: (f) - 1 — (destination)

Status Affected: Z

Description: Decrement register 'f’. If 'd" is 0,

the result is stored in the W
register. If 'd’ is 1, the result is
stored back in register 'f'.
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DECFSz Decrement f, Skip if O

Syntax: [label] DECFSz f.d

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

Operation: (f) - 1 — (destination);
skip if result =0

Status Affected: None

Description: The contents of register 'f’ are
decremented. If 'd’ is 0, the result
is placed in the W register. If 'd’ is
1, the result is placed back in
register 'f'.
If the result is 1, the next instruc-
tion is executed. If the result is 0,
then a NOP is executed instead,
making it a 2Tcy instruction.

GOTO Unconditional Branch

Syntax: [label] GOTO k

Operands: 0<k<2047

Operation: k — PC<10:0>
PCLATH<4:3> —» PC<12:11>

Status Affected: None

Description: GOTO is an unconditional branch.
The eleven-bit immediate value is
loaded into PC bits <10:0>. The
upper bits of PC are loaded from
PCLATH<4:3>. GOoTO is a two-
cycle instruction.

INCF Increment f

Syntax: [label] INCF fd

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

Operation: () + 1 — (destination)

Status Affected: Z

Description: The contents of register 'f' are

incremented. If 'd’ is 0, the result
is placed in the W register. If 'd’ is
1, the result is placed back in
register 'f'.

INCFSZ Increment f, Skip if 0
Syntax: [label] INCFSz fd
Operands: 0<f<127
d e [0,1]
Operation: (f) + 1 — (destination),
skip if result = 0
Status Affected: None
Description: The contents of register 'f’ are
incremented. If 'd’ is O, the result is
placed in the W register. If 'd’is 1,
the result is placed back in
register 'f'.
If the result is 1, the next instruc-
tion is executed. If the result is 0,
aNOP is executed instead, making
it a 2Tcy instruction.
IORLW Inclusive OR Literal with W
Syntax: [label] 1ORLW k
Operands: 0<k<255
Operation: (W) .OR. k = (W)
Status Affected: Z
Description: The contents of the W register are
OR’ed with the eight-bit literal 'k'.
The result is placed in the W
register.
IORWF Inclusive OR W with f
Syntax: [label] I1ORWF f,d
Operands: 0<f<127
de [0,1]
Operation: (W) .OR. (f) — (destination)
Status Affected: Z
Description: Inclusive OR the W register with

register 'f'. If 'd" is O the result is
placed in the W register. If 'd" is 1
the result is placed back in
register 'f'.
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MOVF Move f

Syntax: [label] MOVF fd

Operands: 0<f<127
d e [0,1]

Operation: (f) — (destination)

Status Affected: Z

Description: The contents of register f are
moved to a destination dependant
upon the status of d. If d =0,
destination is W register. If d = 1,
the destination is file register f itself.
d =1 is useful to test a file register,
since status flag Z is affected.

MOVLW Move Literal to W

Syntax: [label] MOVLW k

Operands: 0<k<255

Operation: k — (W)

Status Affected:  None

Description: The eight-bit literal 'k’ is loaded
into W register. The don't cares
will assemble as 0’s.

MOVWF Move W to f

Syntax: [label] MOVWF f

Operands: 0<f<127

Operation: W) - ()

Status Affected:  None

Description: Move data from W register to

register 'f'.

NOP No Operation
Syntax: [label] NOP
Operands: None
Operation: No operation
Status Affected: None
Description: No operation.
RETFIE Return from Interrupt
Syntax: [label] RETFIE
Operands: None
Operation: TOS — PC,
1> GIE
Status Affected: None
RETLW Return with Literal in W
Syntax: [label] RETLW k
Operands: 0<k<255
Operation: k — (W);
TOS —» PC
Status Affected:  None
Description: The W register is loaded with the

eight-bit literal 'k'. The program
counter is loaded from the top of
the stack (the return address).
This is a two-cycle instruction.
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RLF Rotate Left f through Carry SLEEP
Syntax: [label] RLF f.d Syntax: [label ] SLEEP
Operands: 0<f<127 Operands: None
de [01] Operation: 00h — WDT,
Operation: See description below 0 — WDT prescaler,
Status Affected: C 1-T0O,
o ) 0—PD
Description: The contents of register 'f' are rotated ] S —
one bit to the left through the Carry Status Affected:  TO, PD L
Flag. If 'd’ is 0, the result is placed in Description: The power-down status bit, PD is
the W register. If 'd’ is 1, the result is cleared. Time-out status bit, TO
stored back in register f. is set. Watchdog Timer and its
prescaler are cleared.
The processor is put into SLEEP
mode with the oscillator stopped.
RETURN Return from Subroutine SUBLW Subtract W from Literal
Syntax: [label] RETURN Syntax: [label] SUBLW k
Operands: None Operands: 0<k<255
Operation: TOS —» PC Operation: k- (W)—> (W)
Status Affected:  None Status Affected: C, DC, Z
Description: Return from subroutine. The stack Description: The W register is subtracted (2's
is POPed and the top of the stack complement method) from the
(TOS) is loaded into the program eight-bit literal 'k'. The result is
counter. This is a two-cycle placed in the W register.
instruction.
RRF Rotate Right f through Carry SUBWF Subtract W from f
Syntax: [label] RRF fd Syntax: [label] SUBWF f,d
Operands: 0<f<127 Operands: 0<f<127
de [0,1] de [0,1]
Operation: See description below Operation: (f) - (W) — (destination)
Status Affected: C Status C,DC,z
Description: The contents of register 'f’ are Affected:
rotated one bit to the right through Description: Subtract (2's complement method)

the Carry Flag. If 'd’is 0, the result
is placed in the W register. If 'd’ is
1, the result is placed back in
register 'f’.

W register from register 'f'. If 'd" is O,
the result is stored in the W
register. If 'd' is 1, the result is
stored back in register 'f'.
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Exclusive OR W with f

SWAPF Swap Nibbles in f XORWF
Syntax: [label | SWAPFfd Syntax:
Operands: 0<f<127 Operands:
d e [0,1]
Operation: (f<3:0>) — (destination<7:4>), Operation:
(f<7:4>) — (destination<3:0>) Status Affected:
Status Affected: None Description:
Description: The upper and lower nibbles of
register 'f are exchanged. If 'd’is 0,
the result is placed in the W regis-
ter. If 'd’ is 1, the result is placed in
register 'f'.
XORLW Exclusive OR Literal with W
Syntax: [label] XORLW k
Operands: 0<k<255
Operation: (W) .XOR. k - (W)
Status Affected: z
Description: The contents of the W register

are XOR’ed with the eight-bit
literal 'k'. The result is placed in
the W register.

[label] XORWF fd
0<f<127

d e [0,1]

(W) .XOR. (f) — (destination)

4

Exclusive OR the contents of the
W register with register 'f'. If 'd" is
0, the result is stored in the W

register. If 'd" is 1, the result is
stored back in register 'f'.

DS39582A-page 164

AdvancelInformation

© 2001 Microchip Technology Inc.



PIC16F87XA

16.0 DEVELOPMENT SUPPORT

The PICmicro® microcontrollers are supported with a
full range of hardware and software development tools:
 Integrated Development Environment

- MPLAB® IDE Software
» Assemblers/Compilers/Linkers

- MPASM™ Assembler

- MPLAB C17 and MPLAB C18 C Compilers

- MPLINK™ Obiject Linker/
MPLIB™ Object Librarian

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

- PICSTART® Plus Entry-Level Development
Programmer

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

16.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8-bit microcon-
troller market. The MPLAB IDE is a Windows®-based
application that contains:
« An interface to debugging tools
- simulator
- programmer (sold separately)
- emulator (sold separately)
- in-circuit debugger (sold separately)
« A full-featured editor
* A project manager
« Customizable toolbar and key mapping
* A status bar
e On-line help

The MPLAB IDE allows you to:

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

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

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

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

16.2 MPASM Assembler

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

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

The MPASM assembler features include:

 Integration into MPLAB IDE projects.

» User-defined macros to streamline assembly
code.

« Conditional assembly for multi-purpose source
files.

« Directives that allow complete control over the
assembly process.

16.3 MPLAB C17 and MPLAB C18
C Compilers

The MPLAB C17 and MPLAB C18 Code Development
Systems are complete ANSI ‘C’ compilers for
Microchip’s PIC17CXXX and PIC18CXXX family of
microcontrollers, respectively. These compilers provide
powerful integration capabilities and ease of use not
found with other compilers.

For easier source level debugging, the compilers pro-
vide symbol information that is compatible with the
MPLAB IDE memory display.

© 2001 Microchip Technology Inc.
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16.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK object linker combines relocatable
objects created by the MPASM assembler and the
MPLAB C17 and MPLAB C18 C compilers. It can also
link relocatable objects from pre-compiled libraries,
using directives from a linker script.

The MPLIB object librarian is a librarian for pre-
compiled code to be used with the MPLINK object
linker. When a routine from a library is called from
another source file, only the modules that contain that
routine will be linked in with the application. This allows
large libraries to be used efficiently in many different
applications. The MPLIB object librarian manages the
creation and modification of library files.

The MPLINK object linker features include:

« Integration with MPASM assembler and MPLAB
C17 and MPLAB C18 C compilers.

 Allows all memory areas to be defined as sections
to provide link-time flexibility.

The MPLIB object librarian features include:

« Easier linking because single libraries can be
included instead of many smaller files.

« Helps keep code maintainable by grouping
related modules together.

« Allows libraries to be created and modules to be
added, listed, replaced, deleted or extracted.

16.5 MPLAB SIM Software Simulator

The MPLAB SIM software simulator allows code devel-
opment in a PC-hosted environment by simulating the
PICmicro series microcontrollers on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a file, or user-defined key press, to any of the pins. The
execution can be performed in single step, execute
until break, or trace mode.

The MPLAB SIM simulator fully supports symbolic debug-
ging using the MPLAB C17 and the MPLAB C18 C com-
pilers and the MPASM assembler. The software simulator
offers the flexibility to develop and debug code outside of
the laboratory environment, making it an excellent multi-
project software development tool.

16.6 MPLAB ICE High Performance
Universal In-Circuit Emulator with
MPLAB IDE

The MPLAB ICE universal in-circuit emulator is intended
to provide the product development engineer with a
complete microcontroller design tool set for PICmicro
microcontrollers (MCUs). Software control of the
MPLAB ICE in-circuit emulator is provided by the
MPLAB Integrated Development Environment (IDE),
which allows editing, building, downloading and source
debugging from a single environment.

The MPLAB ICE 2000 is a full-featured emulator sys-
tem with enhanced trace, trigger and data monitoring
features. Interchangeable processor modules allow the
system to be easily reconfigured for emulation of differ-
ent processors. The universal architecture of the
MPLAB ICE in-circuit emulator allows expansion to
support new PICmicro microcontrollers.

The MPLAB ICE in-circuit emulator system has been
designed as a real-time emulation system, with
advanced features that are generally found on more
expensive development tools. The PC platform and
Microsoft® Windows environment were chosen to best
make these features available to you, the end user.

16.7 ICEPIC In-Circuit Emulator

The ICEPIC low cost, in-circuit emulator is a solution
for the Microchip Technology PIC16C5X, PIC16C6X,
PIC16C7X and PIC16CXXX families of 8-bit One-
Time-Programmable (OTP) microcontrollers. The mod-
ular system can support different subsets of PIC16C5X
or PIC16CXXX products through the use of inter-
changeable personality modules, or daughter boards.
The emulator is capable of emulating without target
application circuitry being present.
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16.8 MPLAB ICD In-Circuit Debugger

Microchip’s In-Circuit Debugger, MPLAB ICD, is a pow-
erful, low cost, run-time development tool. This tool is
based on the FLASH PICmicro MCUs and can be used
to develop for this and other PICmicro microcontrollers.
The MPLAB ICD utilizes the in-circuit debugging capa-
bility built into the FLASH devices. This feature, along
with Microchip’s In-Circuit Serial Programming™ proto-
col, offers cost-effective in-circuit FLASH debugging
from the graphical user interface of the MPLAB
Integrated Development Environment. This enables a
designer to develop and debug source code by watch-
ing variables, single-stepping and setting break points.
Running at full speed enables testing hardware in real-
time.

16.9 PRO MATE Il Universal Device
Programmer

The PRO MATE Il universal device programmer is a
full-featured programmer, capable of operating in
stand-alone mode, as well as PC-hosted mode. The
PRO MATE Il device programmer is CE compliant.

The PRO MATE Il device programmer has program-
mable VbD and VpPp supplies, which allow it to verify
programmed memory at VDD min and VDD max for max-
imum reliability. It has an LCD display for instructions
and error messages, keys to enter commands and a
modular detachable socket assembly to support various
package types. In stand-alone mode, the PRO MATE Il
device programmer can read, verify, or program
PICmicro devices. It can also set code protection in this
mode.

16.10 PICSTART Plus Entry Level
Development Programmer

The PICSTART Plus development programmer is an
easy-to-use, low cost, prototype programmer. It con-
nects to the PC via a COM (RS-232) port. MPLAB
Integrated Development Environment software makes
using the programmer simple and efficient.

The PICSTART Plus development programmer sup-
ports all PICmicro devices with up to 40 pins. Larger pin
count devices, such as the PIC16C92X and
PIC17C76X, may be supported with an adapter socket.
The PICSTART Plus development programmer is CE
compliant.

16.11 PICDEM 1 Low Cost PICmicro
Demonstration Board

The PICDEM 1 demonstration board is a simple board
which demonstrates the capabilities of several of
Microchip’s microcontrollers. The microcontrollers sup-
ported are: PIC16C5X (PIC16C54 to PIC16C58A),
PIC16C61, PIC16C62X, PIC16C71, PIC16C8X,
PIC17C42, PIC17C43 and PIC17C44. All necessary
hardware and software is included to run basic demo
programs. The user can program the sample microcon-
trollers provided with the PICDEM 1 demonstration
board on a PRO MATE Il device programmer, or a
PICSTART Plus development programmer, and easily
test firmware. The user can also connect the
PICDEM 1 demonstration board to the MPLAB ICE in-
circuit emulator and download the firmware to the emu-
lator for testing. A prototype area is available for the
user to build some additional hardware and connect it
to the microcontroller socket(s). Some of the features
include an RS-232 interface, a potentiometer for simu-
lated analog input, push button switches and eight
LEDs connected to PORTB.

16.12 PICDEM 2 Low Cost PIC16CXX
Demonstration Board

The PICDEM 2 demonstration board is a simple dem-
onstration board that supports the PIC16C62,
PIC16C64, PIC16C65, PIC16C73 and PIC16C74
microcontrollers. All the necessary hardware and soft-
ware is included to run the basic demonstration pro-
grams. The wuser can program the sample
microcontrollers provided with the PICDEM 2 demon-
stration board on a PRO MATE Il device programmer,
or a PICSTART Plus development programmer, and
easily test firmware. The MPLAB ICE in-circuit emula-
tor may also be used with the PICDEM 2 demonstration
board to test firmware. A prototype area has been pro-
vided to the user for adding additional hardware and
connecting it to the microcontroller socket(s). Some of
the features include a RS-232 interface, push button
switches, a potentiometer for simulated analog input, a
serial EEPROM to demonstrate usage of the I2C™ bus
and separate headers for connection to an LCD
module and a keypad.
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16.13 PICDEM 3 Low Cost PIC16CXXX
Demonstration Board

The PICDEM 3 demonstration board is a simple dem-
onstration board that supports the PIC16C923 and
PIC16C924 in the PLCC package. It will also support
future 44-pin PLCC microcontrollers with an LCD Mod-
ule. All the necessary hardware and software is
included to run the basic demonstration programs. The
user can program the sample microcontrollers pro-
vided with the PICDEM 3 demonstration board on a
PRO MATE Il device programmer, or a PICSTART Plus
development programmer with an adapter socket, and
easily test firmware. The MPLAB ICE in-circuit emula-
tor may also be used with the PICDEM 3 demonstration
board to test firmware. A prototype area has been pro-
vided to the user for adding hardware and connecting it
to the microcontroller socket(s). Some of the features
include a RS-232 interface, push button switches, a
potentiometer for simulated analog input, a thermistor
and separate headers for connection to an external
LCD module and a keypad. Also provided on the
PICDEM 3 demonstration board is a LCD panel, with 4
commons and 12 segments, that is capable of display-
ing time, temperature and day of the week. The
PICDEM 3 demonstration board provides an additional
RS-232 interface and Windows software for showing
the demultiplexed LCD signals on a PC. A simple serial
interface allows the user to construct a hardware
demultiplexer for the LCD signals.

16.14 PICDEM 17 Demonstration Board

The PICDEM 17 demonstration board is an evaluation
board that demonstrates the capabilities of several
Microchip microcontrollers, including PIC17C752,
PIC17C756A, PIC17C762 and PIC17C766. All neces-
sary hardware is included to run basic demo programs,
which are supplied on a 3.5-inch disk. A programmed
sample is included and the user may erase it and
program it with the other sample programs using the
PRO MATE Il device programmer, or the PICSTART
Plus development programmer, and easily debug and
test the sample code. In addition, the PICDEM 17 dem-
onstration board supports downloading of programs to
and executing out of external FLASH memory on board.
The PICDEM 17 demonstration board is also usable
with the MPLAB ICE in-circuit emulator, or the
PICMASTER emulator and all of the sample programs
can be run and modified using either emulator. Addition-
ally, a generous prototype area is available for user
hardware.

16.15 KEeLoQ Evaluation and
Programming Tools

KEELOQ evaluation and programming tools support
Microchip’s HCS Secure Data Products. The HCS eval-
uation kit includes a LCD display to show changing
codes, a decoder to decode transmissions and a pro-
gramming interface to program test transmitters.
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DEVELOPMENT TOOLS FROM MICROCHIP

TABLE 16-1:
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NOTES:
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17.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings T

Ambient temperature UNAEr DIBS..........coiiiiiiiiiii et .-55to +125°C
SEOrAGE LEMPEIALUIE ...ttt ettt e e e ettt et e e eeeeaeaaeeeaa s s s s s bbb b b be e s e s eeeeeeeeaaeeaeeeeaaaanannnen -65°C 40 +150°C
Voltage on any pin with respect to Vss (except VDb, MCLR. and RA4) ...-0.3V t 0.3V)
Voltage 0N VDD With r@SPECE IO VSS ....eeiiiiiiiiiiie ettt e e e et e e e e aac e .. -O\3 to +7.5V
Voltage on MCLR With reSPect t0 VSS (NOTE 2) .......vu.vuvvieeeeeeeeeeereseeseeeeseeessseseneesesee e gl Nrri . 0to +14V
Voltage on RAZ With reSPECT t0 VSS .....ciiiiiiiiiiee et «

Total power dissipation (NOTE 1) .....coiveveiiiiieiiiieiiiee e
Maximum current out Of VSS PN ....cooiiiiiiiiiiiee e
Maximum current int0 VDD PN .....c..eeeiviieriiieniee e
Input clamp current, IIK (V1 <0 0r VI > VDD).....ccoevuevereenrerenns,

Output clamp current, lok (Vo <0 or Vo > VDD)

Maximum current sunk by PORTA, P
Maximum current sourced by PO
Maximum current sunk b

Maximum current sou

pulling this pin directly to Vss.
3: PORTD and PORTE are not implemented on PIC16F873A/876A devices.

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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FIGURE 17-1: PIC16F87XA VOLTAGE-FREQUENCY GRAPH
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FIGURE 17-2: PIC16LF87XA VOLTAGE-FREQUENCY GRAPH
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ﬁ(i.o MHz/V) (VDDAPPMIN - 2.0V) + 4 MHz
% te 1. VDDAPPMIN is the minimum voltage of the PICmicro® device in the application.

2: FMAX has a maximum frequency of 10 MHz.

DS39582A-page 172

AdvancelInformation

© 2001 Microchip Technology Inc.



PIC16F87XA

17.1 DC Characteristics: PIC16F873A/874A/876A/877A (Industrial)
PIC16LF873A/874A/876A/877A (Industrial)

. Standard Operating Conditions (unless otherwisest
PIC16LF873A/874A/876A/877A (Industrial) Operating temperature  -40°C < Ta < +85°C fopindush
. Standard Operating Conditions (unless othe wqieﬂéz teE()
PIC16F873A/874A/876A/877A (Industrial) Operating temperature  -40°C < Ta < +853C fur' ial
Param | Symbol Characteristic/ Min | Typt | Max | Units C {tions
No. Device
VDD Supply Voltage B
D001 16LF87XA 2.0 — 55 \ LP,) Xy? sc configuration
NDC MHz)
D001 16F87XA | 40 | — | 55 NXN/RC osc configuration
DO01A 4.5 5.5 \¥| sc configuration
VBOR SVB/%V BOR enabled, Fmax = 14 MHz(")

D002 |VDR  |RAM Data Retention — | 15 x\

Voltage®
D003 VPOR VDD Start Voltage to — Vss& d V | See section on Power-on Reset for

ensure internal Power-on details

Reset signal
D004 SvDD VDD Rise Rate to ensure 0%% — V/ms | See section on Power-on Reset for

internal Power-on Reset details

signal @5
D005 VBOR Brown-out Reset \Gg/ 4.0 4.35 V | BODEN bit in configuration word

Voltage enabled

Legend: Rows with standard voltage iceydata only are shaded for improved readability.
t Datain “Typ” column is at 5 °C, Mpless otherwise stated. These parameters are for design guidance
only, and are not tested
Note 1: This is the limit to whi
2: The supply currentis
pin loading, switc

an‘be lowered without losing RAM data.
function of the operating voltage and frequency. Other factors, such as I/O

VDD; WDT enabled/disabled as specified.
n current in SLEEP mode does not depend on the oscillator type. Power-down current is
the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VoD and Vss.

p configuration, current through REXT is not included. The current through the resistor can be esti-

ed by the formula Ir = VDD/2REXT (mA) with REXT in KOhm.

B 1 oscillator (when enabled) adds approximately 20 pA to the specification. This value is from charac-
erization and is for design guidance only. This is not tested.
The A current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IDD or IPD measurement.
7: When BOR is enabled, the device will operate correctly until the VBOR voltage trip point is reached.
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17.1 DC Characteristics: PIC16F873A/874A/876A/877A (Industrial)
PIC16LF873A/874A/876A/877A (Industrial) (Continge&

. Standard Operating Conditions (unless otherwi k%
PIC16LF873A/874A/876A/877A (industrial) | S0t B0 8o o 40 < Ta < +85°C foml

PIC16F873A/874A/8T6AISTTA (Industrial) | orandard Operating Conditions (unless Ot%w E&‘;{ri;)

Operating temperature  -40°C < TA < +835

Param | Symbol Characteristic/ Min | Typt | Max | Units onditigns
No. Device

IDb Supply Current?®) \v\
D010 16LF87XA | — 0.6 2.0 mA R&\vgsc configuration
RREOEWMHz, VoD = 3.0V
D010 16F87XA | — 1.6 4 m*\\%éé configurations
2\ \Pgsc =4 MHz, VbD = 5.5V
DO010A 16LF87XA — 20 35§\§1P osc configuration
Fosc = 32 kHz, Vbb = 3.0V,
7‘_\\ WDT disabled
D013 16F87XA | — \@] mA [ HS osc configuration,
N Fosc = 20 MHz, VoD = 5.5V
D015 AIBOR Brown-out — \5 200 LA | BOR enabled, VDD = 5.0V
Reset Current®

only, and are not tested.
Note 1: This is the limit to which VDD ¢

Legend: Rows with standard voltage device data lysare shaded for improved readability.
t  Datain “Typ” column is at 5V, 25°C, uh (wise stated. These parameters are for design guidance
owered

el without losing RAM data.

2. The supply current is mainly, on of the operating voltage and frequency. Other factors, such as 1/0
3: n SLEEP mode does not depend on the oscillator type. Power-down current is

in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD and Vss.
4: tlon, current through REXT is not included. The current through the resistor can be esti-

a J o the base IbD or IPD measurement.

./ FRe A.current is the additional current consumed when this peripheral is enabled. This current should be
% BOR is enabled, the device will operate correctly until the VBOR voltage trip point is reached.
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17.1 DC Characteristics: PIC16F873A/874A/876A/877A (Industrial)
PIC16LF873A/874A/876A/877A (Industrial) (Contingé&\
. Standard Operating Conditions (unless otherwi aﬁs%
PIC16LF873A/874A/876A/877A (industrial) | 2 00 S0 B0 o0 oG < Ta < +85°C fo ﬁﬁ%@'
. Standard Operating Conditions (unless ot r%éefbt;i%d)
PIC16F873A/874A/876A/877A (Industrial) Operating temperature  -40°C < TA < 485° : fol
Param | Symbol Characteristic/ Min | Typt | Max | Units on&ﬁ@ns
No. Device
IPD Power-down Current(®5) < N\
D020 16LF87XA | — 7.5 30 HA p A30¥, WDT enabled,
0 85°C
D020 16F87XA| — | 105 | 42 F{s% 2.0V, WDT enabled,
N C to +85°C
D021 16LF87XA| — | 09 | 5 { AA—Vbp = 3.0V, WDT disabled,
{ Tl o°Cto +70°C
D021 16F87XA| — | 15 (/18] WA |[VoD = 4.0V, WDT disabled,
-40°C to +85°C
DO21A 16LF87XA pA | VDD = 3.0V, WDT disabled,
-40°C to +85°C
D021A 16F87XA \5\/ 19 pA | VDD = 4.0V, WDT disabled,
S -40°C to +85°C
D023 AIBOR | Brown-out > 85 200 UA | BOR enabled, Vbb = 5.0V
Reset Current(®)

Legend: Rows with standard voltage de
T Datain “Typ” column is at 5V{28&°
only, and are not tested.

Note 1: This is the limit to whici ¥DD lowered without losing RAM data.
2: The supply current is mali nction of the operating voltage and frequency. Other factors, such as 1/0
pin loading, switch ate, oseillator type, internal code execution pattern and temperature also have an
impact on the

ata only are shaded for improved readability.
ss otherwise stated. These parameters are for design guidance

DD measurements in active operation mode are:
rnal square wave, from rail-to-rail; all /O pins tri-stated, pulled to VDD;

e part in SLEEP mode, with all I/0 pins in hi-impedance state and tied to VbD and Vss.
onfiguration, current through REXT is not included. The current through the resistor can be esti-
by the formula Ir = VDD/2REXT (mA) with REXT in kKOhm.

oscillator (when enabled) adds approximately 20 A to the specification. This value is from charac-

he A current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IDD or IPD measurement.
. When BOR is enabled, the device will operate correctly until the VBOR voltage trip point is reached.
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17.2 DC Characteristics: PIC16F873A/874A/876A/877A (Industrial)
PIC16LF873A/874A/876A/877A (Industrial)

Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +85°C for industria
Operating voltage VDD range as described in DC spgecificati
(Section 17.1)

DC CHARACTERISTICS

Pilr(;":lm Sym Characteristic Min Typt| Max |Units Cc(@%o\jw
ViL Input Low Voltage \
/O ports %w
D030 with TTL buffer Vss — |0.15VpD| V |Foféntike(DD range
DO30A Vss — 0.8v V {45¥.LVDbXK 5.5V
D031 with Schmitt Trigger buffer Vss — |0.2vDD | V v
D032 MCLR, OSC1 (in RC mode) Vss — | 0.2vVDD
D033 OSC1 (in XT and LP modes) Vss | — | 03V &@ e 1)
OSCL1 (in HS mode) Vss — 0.3VD§
Ports RC3 and RC4 —
D034 with Schmitt Trigger buffer Vss — é} [N |For entire VDD range
DO34A with SMBus -0.5 g\ V |for VDD =4.5t0 5.5V
VIH Input High Voltage [( \
I/O ports —\y
D040 with TTL buffer 2 >— VDD V |45V <VDD<5.5V
DO40A 5 — VDD V |For entire VDD range
D041 with Schmitt Trigger buffer < VDD V |For entire VDD range
D042 MCLR VDD \%
DO42A OSC1 (in XT and LP modes) VDD V |(Note 1)
OSC1 (in HS mode) VDD Vv
D043 OSC1 (in RC mode) VDD \Y,
Ports RC3 and R
D044 with Schmift Trigg er 0.7vbb | — VDD V |For entire VDD range
D044A with SWU 1.4 — 55 V |for VDD =4.5t0 5.5V
D070 [lrure |[PORTB WeakPui-up Current 50 250 | 400 HA [VDD =5V, VPIN = Vss,
- -40°C 1O +85°C
I Inp}LkLea{\a\\bg Current? 3)
D060 I/ W — — +1 UA |Vss <VPIN £VDD,
Pin at hi-impedance
D061 L A4/TOCKI — — 5 LA |Vss <VPIN £VDD
D063 Q — — 5 LA |Vss <VPIN £VDD, XT, HS
/\ and LP osc configuration

"Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
and are not tested.
RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
PIC16F87XA be driven with external clock in RC mode.
The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels
represent normal operating conditions. Higher leakage current may be measured at different input voltages.
3: Negative current is defined as current sourced by the pin.

Not

* ’I‘k@:? larameters are characterized but not tested.
tat
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17.2

DC Characteristics: PIC16F873A/874A/876A/877A (Industrial)

PIC16LF873A/874A/876A/877A (Industrial) (Continued)

Standard Operating Conditions (unless otherwis
DC CHARACTERISTICS Operat!ng temperature -40°C < TA S +85t’C for in _
Operating voltage VDD range as described in D€ speci
(Section 17.1) (e’ﬁ?ec\
Pilrc?m Sym Characteristic Min Typt| Max |Units W
VoL Output Low Voltage (/\
D080 /O ports — — 0.6 v = 8.5, VDD = 4.5V,
85°C
D083 OSC2/CLKOUT (RC osc config) — — 0.6 1.6 mA, VDD = 4.5V,
N\ 4L to +85°C
VOH Output High Voltage DN\
D090 110 ports® Vvop-0.7| — | = \\/> loH = -3.0 mA, VDD = 4.5V,
@? -40°C to +85°C
D092 OSC2/CLKOUT (RC osc config) |VbD - 0.7| — V |loH =-1.3 mA, VDD = 4.5V,
/RN -40°C to +85°C
D150* |[Vopo  |Open-Drain High Voltage — [ 1)85 vV |RA4 pin
Capacitive Loading Specs on {é ./
Output Pins
D100 |[Cosc2 |OSC2 pin — 15 pF |In XT, HS and LP modes when
external clock is used to drive
oscC1
D101 |[Cio All /O pins and OSC2 (RC — 50 pF
D102 |CB mode) SCL, SDA (I°C mode) = — | 400 | pF
Data EEPROM Memory,”
D120 |ED Endurance < 100K [ 1M — | E/W [-40°C to +85°C
D121 |VDrRw |VDD for read/wri \(7 VMIN — 5.5 V |Using EECON to read/write
VMIN = min. operating voltage
D122 |Toew |Eraselwrite gyc — 4 8 ms
Program FDASH Merhory
D130 |EP 10K |100K| — E/W [-40°C to +85°C
D131 |VPR VMIN — 5.5 V |VMIN = min operating voltage
D132A VMIN — 55 V |Using EECON to read/write,
VMIN = min. operating voltage
D133 |TPEY~| — 4 8 ms

amgters are characterized but not tested.

* Ths@pe.r\f

Datadn'Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
OR Na
,.

are not tested.

oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
6F87XA be driven with external clock in RC mode.
e leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels
represent normal operating conditions. Higher leakage current may be measured at different input voltages.

Negative current is defined as current sourced by the pin.

© 2001 Microchip Technology Inc.
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TABLE 17-1: COMPARATOR SPECIFICATIONS

Operating Conditions: 3.0V < VDpD < 5.5V, -40°C < Ta < +85°C, unless otherwise stated.

Param Characteristics Sym Min Typ Max Units Co?@s

No. AN
D300 Input Offset Voltage VIOFF — +50 +10 mv (( \) hS)
D301 Input Common Mode Voltage* Vicm 0 - VoD - 1.5
D302 Common Mode Rejection Ratio* | CMRR 55 - — (\ dés
300 Response Time®" TRESP — 150 4 {Ys PIC16F87XA
300A o ns PIC16LF87XA
301 Comparator Mode Change to Tmc20v — Vg\%o ps
Output Valid* a

* These parameters are characterized but not tested. NS

Note:  Response time measured with one comp t (VDD - 1.5)/2 while the other input transitions from

Vss to VDD. X

TABLE 17-2: VOLTAGE RE @CIFICATIONS

Operating Conditions: 3.0V(\VS§<%§V, -40°C < TA < +85°C, unless otherwise stated.
A N
Spec v ) . .
No /\ taristics Sym Min Typ Max Units Comments
D310 [Resqlytih VRES vopo/24 | — | Voo/32 | LSb
D311 lute Accuracy VRAA — — 1/4 LSb |Low Range (VRR ="1")
— — 1/2 LSb |High Range (VRR =0")

D312 Unit Resistor Value (R)* VRUR — 2k — Q
310 Settling Time®" TsET — — 10 Hs

*  These parameters are characterized but not tested.
Note:  Settling time measured while VRR = 1 and VR<3:0> transitions from 0000 to 1111.
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17.3 Timing Parameter Symbology

The timing parameter symbols have been created

following one of the following formats:

1. TppS2ppS 3.Tce:sT (1°C specifications only)
2.TppS 4.Ts (1°C specifications only)
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pp
cc CCP1 osc OSC1
ck CLKOUT rd RD
cs cs w RD or WR
di SDI sc SCK
do SDO ss SS
dt Data in to TOCKI
io I/O port t1 T1CKI
mc MCLR wr WR
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
| Invalid (Hi-impedance) \% Valid
L Low Z Hi-impedance
1°c only
AA output access High High
BUF Bus free Low Low
Tcc:sT (I2C specifications only)
CcC
HD Hold SuU Setup
ST
DAT DATA input hold STO STOP condition
STA START condition
FIGURE 17-3: LOAD CONDITIONS
Load Condition 1 Load Condition 2
\/DD/2
RL
1
Pin Ct CL
3
Vss Vss
RL = 464Q
CL = 50 pF forall pins except OSC2, but including PORTD and PORTE outputs as ports,
15 pF for OSC2 output
Note: PORTD and PORTE are not implemented on PIC16F873A/876A devices.

© 2001 Microchip Technology Inc.
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us | LP osc mode

Oscillator Period §\§§ — ns |RC osc mode
2 — 10,000 ns | XT osc mode

(Note 1) S
x 00| — 250 ns |HS osc mode
50 — 250 ns |HS osc mode
5 — — us | LP osc mode

2 Tey Instruction f?@ TW 200 | Tecvy DC ns |Tcy =4/Fosc

FIGURE 17-4: EXTERNAL CLOCK TIMING
i Q4 Q1 . Q2 . Q3 ; Q4 ! Q1 !
| - | : | | |
osc1 : /! : ; ! E
: 1 . e 3 ' 3 ' —>:4:<— —>'4'<—
: - 2 >
CLKOUT \/\
TABLE 17-3: EXTERNAL CLOCK TIMING REQUIREMENTS U

N

Parameter Sym Characteristic Min | Typt Max | Units Conditions

No. /\
Fosc |External CLKIN Frequency DC — 4 MH\Z\ d RC osc mode
(Note 1) DC — 20 z \ NS osc mode
DC — Z@N LP osc mode
Oscillator Frequency DC — /\Z\WZ RC osc mode
(Note 1) 0.1 — O > MHz | XT osc mode
4 \g;? MHz | HS osc mode
5 /j\ 0 kHz | LP osc mode
1 Tosc |External CLKIN Period 25 \/ — ns | XT and RC osc mode

(Note 1) 7 — — ns |HS osc mode

(Note 1) )\
3 TosL, |Extern IWSCD Highor| 100 — — ns | XT oscillator
TosH | LowH 2.5 — — us | LP oscillator
15 — — ns |HS oscillator
4 TosR, I‘ﬁf Clock in (OSC1)Riseor| — — 25 ns | XT oscillator
To e — — 50 ns | LP oscillator

— — 15 ns | HS oscillator
Data Wcolumn is at 5V, 25°C unless otherwise stated. These parameters are for design guidance

bas&d on characterization data for that particular oscillator type under standard operating conditions, with

device executing code. Exceeding these specified limits may result in an unstable oscillator operation
and/or higher than expected current consumption. All devices are tested to operate at "min." values with an
external clock applied to the OSC1/CLKIN pin. When an external clock input is used, the "max." cycle time
limit is "DC" (no clock) for all devices.

DS39582A-page 180 AdvancelInformation © 2001 Microchip Technology Inc.



PIC16F87XA

FIGURE 17-5:

CLKOUT AND I/O TIMING

0OSC1

CLKOUT

1/0 Pin
(Input)

1/0 Pin
(Output)

Old Value

(o=
<\\\ { New Value

Note: Refer to Figure 17-3 for load conditions.

o=

W

TABLE 17-4: CLKOUT AND I/O TIMING REQUIRWN
/>

PaNr:m Symbol Characteristic % Min Typt Max Units | Conditions
10* | TosH2ckL | OSC1Tto CLKOUT! w — 75 200 ns |(Note 1)
11* | TosH2ckH [0SC1T to CLKOUTT O — 75 200 ns |(Note 1)
12* | TckR CLKOUT rise time — 35 100 ns |(Note 1)
13* | TckF CLKOUT fall time ( / ~ — 35 100 ns | (Note 1)
14* | TckL2iov | CLKOUT ! to Port/egp/ems\\/ _ — |osTey+20] ns [(Note 1)
15* | Tiov2ckH | Port in valid befofe(CLKGOTT Tosc +200 | — — ns |(Note 1)
16* | TckH2iol | Portin hold a@s@u\r@/yf 0 — — ns |(Note 1)
17+ | TosH2iov |0sc1® Q}Ey@ — 100 255 ns

Port out valj
18* | TosH2iol Standard (F) 100 — — ns
Extended (LF) 200 — — ns
19* | TioV2 %}\{nb@t valid to OSC17T (I/O in setup time) 0 — — ns
20% | Ti PortOutput rise time Standard (F) — 10 40 ns
Q Extended (LF) — — 145 ns
2 Tio?\/ Port output fall time Standard (F) — 10 40 ns
JT% Extended (LF) — — 145 ns
221t* i’inp INT pin high or low time Tecy — — ns
231t* [Trbp RB7:RB4 change INT high or low time Tey — — ns
* These parameters are characterized but not tested.
T Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
Tt These parameters are asynchronous events not related to any internal clock edges.
Note 1: Measurements are taken in RC mode where CLKOUT output is 4 x TosC.

© 2001 Microchip Technology Inc.

Advance Information

DS39582A-page 181



PIC16F87XA

FIGURE 17-6: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING

; )
VDD /

l I

. \ / >>

Internal

' : : » s
: ﬁ
f— 33— : I(d
PWRT ! : )
Time-out ' | 30 . !

osc - ' V
Time-out ! %
Internal \ / \S
Reset . :
Watchdog T SN
Timer ! w '
Reset . O !

Note: Refer to Figure 17-3 for load conditions.

FIGURE 17-7: BROWN-OUT RESE®

VDD

N VBOR - - - - - ‘—1

D

TABLE 17-5:

Py

CHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER,
N-OUT RESET REQUIREMENTS

>

Parilrgeter ‘% \> Characteristic Min Typt Max | Units Conditions
3q/{_[ryyL | MCLR Pulse Width (low) 2 — — | s |vop=5V,-40°C to +85°C
31* ot Watchdog Timer Time-out Period 7 18 33 ms | VDD =5V, -40°C to +85°C
— (No Prescaler)
TosT Oscillation Start-up Timer Period — 1024 Tosc — — | Tosc = OSC1 period
E&g) TPWRT Power-up Timer Period 28 72 132 ms | VDD =5V, -40°C to +85°C
34 Tioz 1/0 Hi-impedance from MCLR Low — — 21 us
or Watchdog Timer Reset
35 TBOR Brown-out Reset pulse width 100 — — us | VDD < VBOR (D005)

*  These parameters are characterized but not tested.
T Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.
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FIGURE 17-8:

TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

RA4/TOCKI f
|

TMRO or

40

EX

41

42

RCO/T10SO/T1CKI /

45

46

TMR1

Note: Refer to Figure 17-3 for load conditions.

TABLE 17-6: TIMERO AND TIMER1 EXTERNAL CLOCK RE}U@@

PaNr:m Symbol Characteristic TypT Max | Units Conditions
40* |TtOH TOCKI High Pulse Width No Prescale( \.ﬁsxﬁcv + 20 — — ns |Must also meet
With Prgsgal& \_//10 — | — ns |parameter 42
41+ |TtOL TOCKI Low Pulse Width No Pyéséaler, [~06Tcy+20 | — | — | ns |Mustalso meet
W(ixh\bre\soéler 10 — | — T ns |parameter 42
42*  TtOP TOCKI Period NoRrescalep | Tov +40 — | — | ns
<@aler Greater of: — | = ns |N = prescale value
20 or Tcy + 40 (2, 4,..., 256)
N
45* |Tt1H T1CKI High Time Syncb@nous, Presealer = 1 0.5Tcy + 20 — — ns |Must also meet
Sypthfopops,  |Standard(F) 15 — | — | ns |parameter 47
Pr&%@/}% Extended(LF) 25 — | — | ns
#éynch?a(yaﬁs Standard(F) 30 — — ns
ﬂ Extended(LF) 50 — — ns
46*  |TtlL T1CKI Low hve\&yueﬁronous, Prescaler =1 0.5Tcy + 20 — — ns [Must also meet
Synchronous,  |Standard(F) 15 — | — | ns |parameter 47
Prescaler = 2,4,8 |Extended(LF) 25 — | — | ns
Asynchronous  |Standard(F) 30 — — ns
v Extended(LF) 50 — — ns
47* |TtAP CFS)\put Synchronous Standard(F) Greater of: — — ns |N = prescale value
s%o 30 OR Tc + 40 (L, 2, 4, 8)
N
Q Extended(LF) Greater of: N = prescale value
50 oR TcY + 40 1,2, 4,8)
N
v> Asynchronous  |Standard(F) 60 — — ns
Extended(LF) 100 — — ns
VFtL Timerl Oscillator Input Frequency Range DC — | 200 | kHz
(oscillator enabled by setting bit TLOSCEN)
48 |TCKEZtmrl |Delay from external clock edge to timer increment 2Tosc — |7Tosc| —

+

These parameters are characterized but not tested.
Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are

not tested.
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FIGURE 17-9: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2) O\

RC1/T10Sl/CCP2
and RC2/CCP1
(Capture Mode)

RC1/T10Sl/CCP2
and RC2/CCP1
(Compare or PWM Mode)

53 —=.

Note: Refer to Figure 17-3 for load conditions. @

TABLE 17-7: CAPTURE/COMPARE/PWM REQW (CCP1 AND CCP2)
PaNr:m Sym Characteristic % Min Typt| Max [Units| Conditions
50* |TccL |CCP1and CCP2 [No Prescaler 0.5Tcy +20 | — — ns
input low time S\;TBQ\da\r}@ 10 — — ns
With Prescaler [ tentieti(LF) 20 — | =1 ns
51* |TccH |CCP1land CCP2 |No Pre{c@o 0.5Tcy+20 | — — ns
input high time \iy/’%{andard(':) 10 — — ns
: resca Extended(LF) 20 — — ns
52* |TccP |CCP1 and CCPZY pU 3Tcy +40 — — ns |N = prescale
N value (1, 4 or 16)
53* |TccR |CCPland C rise time |Standard(F) — 10 25 ns
m Extended(LF) — 25 | 50 | ns
54* |TcckF |C a &Z output fall time | Standard(F) — 10 25 ns
Extended(LF) — 25 45 ns
* Th camelers are characterized but not tested.
T (Typ™Column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are

DS39582A-page 184 AdvancelInformation © 2001 Microchip Technology Inc.



PIC16F87XA

RE1L/WR

FIGURE 17-10: PARALLEL SLAVE PORT TIMING (PIC16F874A/877A ONLY) O\
RE2/CS
REO/RD —\\—/ &

RD7:RDO \’ ‘ @ \ /

Note: Refer to Figure 17-3 for load conditions.

TABLE 17-8: PARALLEL SLA@% REQUIREMENTS (PIC16F874A/877A ONLY)

Parilrzeter Symbol 67 ﬂ Characteristic Min | Typt | Max | Units | Conditions
62 Tdtv2wrH Dat}@\@d‘b%re WRT or CST (setup time) 20| — | — | ns
63* TwrH2dtl to data—in invalid (hold time) | Standard(F) 20 | — — ns
(N\V@ Extended(LF) 3B | — | — ns
64 Trc{i’_\%dt\<\/_ and CS1 to data—out valid — | — | 80 | ns
65 TrdFl\Z\(tl \ RDT or CS! to data—out invalid 10| — | 30 | ns

* Thes ﬁ térs are characterized but not tested.
T ataNp "Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are
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FIGURE 17-11: SPI MASTER MODE TIMING (CKE =0, SMP = 0)

oxr wh\_f
(CKP = 1) ; \ i ! &

, :sof l
| —, ! L (C
SDO W . MSb ;X: BIT6 - 22 -1 >< LSb

SDI

Note: Refer to Figure 17-3 for load conditions.

FIGURE 17-12: SPI MASTER MODE TIMING (CKE =1, SMP =1)

81—

ScK : ' .

: 71— . 72— — .
' ' 79

Y.

SCK Co
(CKP =1) ro

SDO &Y L MSb X B|T6-;-?----1 >< Lsb

SDI

Note: Refer to Figure 17-3 for load conditions.

DS39582A-page 186 AdvancelInformation

© 2001 Microchip Technology Inc.



PIC16F87XA

FIGURE 17-13: SPI SLAVE MODE TIMING (CKE = 0)

(C
)
scK
(CKP =0)
scK
(CKP = 1)

SDI

Note: Refer to Figure 17-3 for load conditions.

FIGURE 17-14: SPI SLAVE MODE TIMING (CKE = 1)

))

_ 82 /L
SS C ( !

SCK D\ / ; !
(CKP =1) b f v :
Lo '80 .

SDO 41 . MSb X BIT6———§—§— -1 X LSb m

: : — -— )) :,,
B 75, 76 77
SDI MSbIN BIT6 - - 221 LSb IN

Note: Refer to Figure 17-3 for load conditions.
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TABLE 17-9: SPI MODE REQUIREMENTS
Pzr:m Symbol Characteristic Min Typt | Max | Uni @Qﬁns

70 | TssL2scH, |SS!to SCK{ or SCKT input Tey — | = Do
TssL2scL (ﬂs\

71* TscH SCK input high time (Slave mode) Tcy + 20 — é\ “ns—

72* TscL SCK input low time (Slave mode) Tcy + 20 — — ns

73*% TdiV2scH, Setup time of SDI data input to SCK edge 100 —O ns
TdiV2scL

74* TscH2diL, Hold time of SDI data input to SCK edge 100 b— ns
TscL2diL \)v

75* TdoR SDO data output rise time Standard(F) — \ 1\0 25 ns

Extended(LF) O 50 ns

76* TdoF SDO data output fall time R \> 10 25 ns

77* TssH2doz SSTto SDO output hi-impedance /) )_0\\/ — 50 ns

78* TscR SCK output rise time (Master mode) | Standard(F) — 10 25 ns

Extende 25 50 ns

79* TscF SCK output fall time (Master mode) ( K 3 ) — 10 25 ns

80* TscH2doV, SDO data output valid after SCK S arafE)\_/ — — 50 ns
TscL2doV edge X (LF) — — 145

81* TdoV2scH, |SDO data output setup to SCK edge Tey — — ns
TdoV2scL

82* TssL2doV SDO data output valid after/S\_S\i\que\) — — 50 ns

83* TscH2ssH, | SST after SCK edge 1.5Tcy + 40 — — ns
TscL2ssH

* These parameters are characteriz u
t  Datain "Typ" column is at 5V, 25

ot tested.

not tested.

FIGURE 17-15:

20)3&\( /STOP BITS TIMING

erwise stated. These parameters are for design guidance only and are

SCL

SDA

(C

D))
(C

START
Condition

Note: Refer to Figure 17-3 for load conditions.

J)

STOP
Condition

DS39582A-page 188

AdvancelInformation

© 2001 Microchip Technology Inc.




PIC16F87XA

TABLE 17-10: 1°C BUS START/STOP BITS REQUIREMENTS

Par’a\lgeter Symbol Characteristic Min | Typ | Max | Units Conditions
i A
90 Tsu:sta START condition 100 kHz mode 4700 | — | — ns |Only releva owd
Setup time 400 kHz mode 600 | — | — STAR;\C(((;%%‘)
91 Thd:sta START condition 100 kHz mode 4000 | — | — ns A’ft/ t}}réi\ggn\e\nojd,/the first clock
Hold time 400 kHz mode | 600 | — | — Q@\’;\i\is erated
92 Tsu:sto STOP condition 100 kHz mode 4700 | — | — n
Setup time 400 kHz mode 600
93 Thd:sto | STOP condition 100 kHz mode [ 4000 NSV ns
Hold time 400 kHz mode _, | (q00\~0| —
% -/
FIGURE 17-16: I2C BUS DATA TIMIN&@
N . D .

103+ ~—

100__o .

Note: Refer to Figure 17-3 for load conditions.
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TABLE 17-11: 1°C BUS DATA REQUIREMENTS

P;a\lr:m Sym Characteristic Min Max Units Cond@

100 THIGH Clock high time 100 kHz mode 4.0 — us Device nm;fje ata
minipym z

400 kHz mode 0.6 — us e i&\@:&btloperate ata
I imum 0 MHz

SSP Module 0.5Tcy —

101 TLow Clock low time 100 kHz mode 4.7 — sv%ce must operate at a
minimum of 1.5 MHz

400 kHz mode 1.3 — \/ Device must operate at a
<\\ minimum of 10 MHz

SSP Module 0.5Tcy \—
102 TR SDA and SCL rise 100 kHz mode — /@7 ns
time 400 kHz mode 20 +6- C}\SOO ns Cb is specified to be from
10 to 400 pF
103 |TF SDA and SCL fall time | 100 kHz mode \\e ]| 300 | ns
400 kHz mode<<?ﬁ +\O.‘16b 300 ns Cb is specified to be from
10 to 400 pF
90 Tsu:sta START condition 100 kHz m&}e\ 4.7 — us Only relevant for Repeated
setup time 400 kH 0.6 — us START condition
91 Thd:sta START condition hold 100{22\\325;\/ 4.0 — us After this period, the first clock
time 400 kHz}a&ie 06 — us pulse is generated
106 Thd:dat Data input hold ti (/1@0 kHz mode 0 — ns

Q()Ojkﬁz mode 0 0.9 us

107 Tsu:dat Data input setlp ti 0 kHz mode 250 — ns (Note 2)
<\ 400 kHz mode 100 — ns

92 Tsu:sto ST ithan setup |100 kHz mode 4.7 — us
tim 400 kHz mode 0.6 — us
109 TAA Q& vad from 100 kHz mode — 3500 ns (Note 1)
<\ C\;jb 400 kHz mode — — ns
110 T%/ B\@free time 100 kHz mode 4.7 — us Time the bus must be free
400 kHz mode 13 — us :ae;o;t:aerltnew transmission
\ CB )) Bus capacitive loading — 400 pF

L As\a\t;aﬁsmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300 ns) of
falling edge of SCL to avoid unintended generation of START or STOP conditions.

A fast mode (400 kHz) 12C bus device can be used in a standard mode (100 kHz) 12C bus system, but the requirement that
Tsu:dat > 250 ns must then be met. This will automatically be the case if the device does not stretch the LOW period of the
SCL signal. If such a device does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line
TR max.+ Tsu:dat = 1000 + 250 = 1250 ns (according to the standard mode I12C bus specification) before the SCL line is
released.
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FIGURE 17-17: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

Pin - e -
- 121

Co O
RC7/RX/FI?i'r: | >< X (A

—» 120 - SR V

I - 122
Note: Refer to Figure 17-3 for load conditions.

TABLE 17-12: USART SYNCHRONOUS TRANSMISSION REQUIREME %

Pilr;lm Sym Characteristic @r\ 'B\é Max | Units | Conditions

120 TckH2dtV | SYNC XMIT (MASTER & Standard(F) o

SLAVE) ) — 80 ns

Clock high to data out valid Extended(LF) \/(\7_ _ 100 ns

121 Tekrf Clock out rise time and fall time | Standard(F) — — 45 ns

(Master mode) Extended(L(:)( \ \ — — 50 ns

122 Tdtrf Data out rise time and fall time Standf/a,r@l:) — — 45 ns

Exteﬁd‘é{j@ﬁ) — — 50 ns

t  Datain “Typ” column is at 5V, 25°C unless other tﬁte@'hese parameters are for design guidance only and are
not tested.

FIGURE 17-18: USART SYNCHWNOU&CEIVE (MASTER/SLAVE) TIMING

RC6/TX/CK
pin

RC7/RX/DT
pin

126 ———

Note: Refer{a\Fi l@l <3 for load conditions.

TABL@ USART SYNCHRONOUS RECEIVE REQUIREMENTS

T@g\&(/ Sym Characteristic Min Typt| Max Units | Conditions

\i5 Tdtv2ckL | SYNC RCV (MASTER & SLAVE)
Data setup before CK{ (DT setup time) 15 — — ns
126 TckL2dtl | Data hold after CK{ (DT hold time) 15 — — ns

t Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.
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TABLE 17-14: A/D CONVERTER CHARACTERISTICS: PIC16F873A/874A/876A/877A (INDUSTRIAL)
PIC16LF873A/874AI876A/877A (INDUS”F\%AL)

P;a\lr:m Sym Characteristic Min Typt Max Units Cor%!'&?>
A01 NR Resolution — — 10-bits bit |VREF \‘%E:}' 2V,
V@g IN<SVREF
AO03 EiL Integral linearity error — — <#1 LSb REFXX%D =5.12V,
S < VA < VREF
AO4 EbL Differential linearity error — — <#1 /\% VE@ VDD = 5.12V,
v ‘V§s < VAIN < VREF
AO6 Eorr |Offset error — — <* g VREF = VDD = 5.12V,
\ Vss < VAIN < VREF
AO07 EGN |Gain error — — <A\ \\sb |Vrer = VoD = 5.12V,
N Vss < VAIN < VREF
A10 — Monotonicity — guaranteed@(\//é — |Vss < VAN < VREF
A20 VREF |Reference voltage (VREF+ - VREF-) 2.0 \VgD +0.3 V  |Absolute minimum electrical
spec. To ensure 10-bit
accuracy.
A21 VREF+ | Reference voltage High AVDD - 2.5 AVDD +0.3V| V
A22 VREF- |Reference voltage Low AVSS - ?Qb\ < VREF+-2.0V| V
A25 VAIN  [Analog input voltage Vss, - ON — VREF +0.3V \%
A30 ZAIN  |Recommended impedance of > — 10.0 kQ
analog voltage source
A40 1AD A/D conversion Stand% 220 — WA |Average current consumption
current (VDD) Ext/e‘rfdég/\ — 90 — WA when A/D is on (Note 1)
A50 IREF | VREF input current (Note 2) 10 — 1000 UA | During VAIN acquisition.
Based on differential of
VHOLD to VAIN to charge
CHoLD, see Section 11.1.
& — — 10 UA  |During A/D Conversion cycle
~—
These parameters ar@c@acterized but not tested.
t  Datain "Typ" is a5V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested

ill not consume any current other than minor leakage current.
cdrrent spec includes any such leakage from the A/D module.

om RAS3 pin or VDD pin, whichever is selected as reference input.

gonversion result never decreases with an increase in the input voltage, and has no missing codes.
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FIGURE 17-19: A/D CONVERSION TIMING

BSF ADCONO, GO 1 Tey

—| | @
(Tosc/2) 131
Q4 L . .

AD CLK <—132,,

D €D GBS G €5 &9 €7 (

A/D DATA N
ADRES I ! OLD_DATA X NEW_DATA
ADIF : !

§
<\
%“
SAMPLE SAMPLING ST(Q%

Note: Ifthe A/D clock source is selected as RC, a time of Tcyx s
instruction to be executed.

TABLE 17-15: A/D CONVERSION REQL@

Param

No. Sym Characteristic Typt Max Units Conditions
130 TaD | A/D clock period SW@W 1.6 — — us |Tosc based, VREF = 3.0V
rEktended(F) 3.0 — — us |Tosc based, VREF > 2.0V
(smj.d)ard(F) 2.0 4.0 6.0 ps |A/D RC mode
x | Extefided(LF) 3.0 6.0 9.0 us |A/D RC mode

131 Tcny | Conversiondme insjuding S/H time) — 12 TAD
(Note 1)

132 [Taco |Acqui ti% N\ (Note2) | 40 — us

10* — — us | The minimum time is the
amplifier settling time. This may
be used if the "new" input volt-
age has not changed by more
than 1 LSb (i.e., 20.0 mV @
5.12V) from the last sampled
voltage (as stated on CHOLD).

Y,

134 Q4 to A/D clock start — Tosc/2 § — — |If the A/D clock source is
selected as RC, a time of Tcy is

added before the A/D clock
starts. This allows the SLEEP
instruction to be executed.

These parameters are characterized but not tested.

T Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are
not tested.

§  This specification ensured by design.

Note 1: ADRES register may be read on the following Tcy cycle.
2: See Section 11.1 for minimum conditions.
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NOTES:
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18.0 DC AND AC
CHARACTERISTICS GRAPHS
AND TABLES

Graphs are not available at this time.
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NOTES:
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19.0 PACKAGING INFORMATION

19.1 Package Marking Information

40-Lead PDIP Example
) 0.9.0.9.0.9.9.0.9.9.9.9.9.9.9.0.9.¢ PIC16F877A-/P
), 0.9.0.9.0.9.0.0.0.0.0.9.0.9.0.0.0.
) Q XXX XXXXX XXX XXX XXXX > O O
YYWWNNN 0112017
MicroCHIP MICROCHIP
O O
44-Lead TQFP Example
MicrocHIP MicrocHIP
XXXXXXXXXX PIC16F877A
XXXXXXXXXX -IPT
XXXXXXXXXX
O YYWWNNN o 0111017
44-Lead PLCC Example
O

o 2 C

XXXXXXXXXX PIC16F877A
XXX XXXXXXX -20/L
XXX XXXXXXX

YYWWNNN O 0103017 Q

Legend: XX...X Customer specific information*
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code

In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line thus limiting the number of available characters

for customer specific information.

Note:

*  Standard PICmicro device marking consists of Microchip part number, year code, week code, and
traceability code. For PICmicro device marking beyond this, certain price adders apply. Please check
with your Microchip Sales Office. For QTP devices, any special marking adders are included in QTP

price.
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Package Marking Information (Cont'd)

28-Lead PDIP (Skinny DIP)

XXXXKXXXKXXXXXXXX
) O XXXXX XXX XX XXX XXX X O

R\ YYWWNNN

28-Lead SOIC

XXXXXXXXXXXXXXXXX
XXXXXX XXX XXX XXXXX
XXXXXXXXXXXXXXXXX

O @ YYWWNNN

28-Lead SSOP

XXXXXXXXXXXX
XXXXXXXXXXXX

O g\ YYWWNNN

28-Lead MLF

XXXXXXXX

XXXXXXXX
YYWWNNN
—

Example

PIC16F876A-/SP

)

R 0117017

O

Example

PIC16F876A-/SO

o R\ 0110017

Example

PIC16F876A
-/ISO

O @ 0110017

Example

PIC16F873A

-I/ML
0112017
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40-Lead Plastic Dual In-line (P) — 600 mil (PDIP)

D

o oo

[ M

g M

g M

g M

g M

g M

g M

g M

g M

g M D

g M

g M

g M

g M

g M

g M

g M

{ 02 O [-—

n op1 ¥
— 1 '
™
T |
— ] L
i
[—— B ——| [~-—DB p
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 40 40
Pitch p .100 2.54
Top to Seating Plane A .160 175 .190 4.06 4.45 4.83
Molded Package Thickness A2 .140 .150 .160 3.56 3.81 4.06
Base to Seating Plane Al .015 0.38
Shoulder to Shoulder Width E .595 .600 .625 15.11 15.24 15.88
Molded Package Width E1l .530 .545 .560 13.46 13.84 14.22
Overall Length D 2.045 2.058 2.065 51.94 52.26 52.45
Tip to Seating Plane L .120 .130 .135 3.05 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width Bl .030 .050 .070 0.76 1.27 1.78
Lower Lead Width B .014 .018 .022 0.36 0.46 0.56
Overall Row Spacing 8 eB .620 .650 .680 15.75 16.51 17.27
Mold Draft Angle Top ol 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MO-011

Drawing No. C04-016
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44-Lead Plastic Thin Quad Flatpack (PT) 10x10x1 mm Body, 1.0/0.10 mm Lead Form (TQFP)

E—

ft———— F] ——————— =
f— #leads=nl —==
o | IO
—] —
| — —1
| — —1
—] —
| — —1
— —1 D1 D
| — —1
| — —1
—] —
| — —12
= OF51
I H O
CHx45 ~
0 i
LA = | AP O
T Tl ]
B le_ A1;| A2
[t— (F)
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 44 44
Pitch p .031 0.80
Pins per Side nl 11 11
Overall Height A .039 .043 .047 1.00 1.10 1.20
Molded Package Thickness A2 .037 .039 .041 0.95 1.00 1.05
Standoff § Al .002 .004 .006 0.05 0.10 0.15
Foot Length L .018 .024 .030 0.45 0.60 0.75
Footprint (Reference) (F) .039 1.00
Foot Angle 0 0 3.5 7 0 3.5 7
Overall Width E .463 472 482 11.75 12.00 12.25
Overall Length D .463 472 .482 11.75 12.00 12.25
Molded Package Width El .390 .394 .398 9.90 10.00 10.10
Molded Package Length D1 .390 .394 .398 9.90 10.00 10.10
Lead Thickness c .004 .006 .008 0.09 0.15 0.20
Lead Width B .012 .015 .017 0.30 0.38 0.44
Pin 1 Corner Chamfer CH .025 .035 .045 0.64 0.89 1.14
Mold Draft Angle Top [ 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MS-026

Drawing No. C04-076
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44-Lead Plastic Leaded Chip Carrier (L) — Square (PLCC)

| — E prow
El
[~=— #leads=nl —==|
iminininininininisiai _j_
O ul
O ul
O ul
0 u
0 u
0 0 D1 D
0 u
0 u
O u
O ul
§ O i
S Ny Ny Ny Ny N Ny Ny
nl?2
CH2 x 45° CH1 x 45° |-
r A3 o
[
[ A
A2
3 A
. B1
¢ 5 B Al
p
-—E2 et D2 —
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 44 44
Pitch p .050 1.27
Pins per Side nl 11 11
Overall Height A .165 173 .180 4.19 4.39 4.57
Molded Package Thickness A2 .145 .153 .160 3.68 3.87 4.06
Standoff § Al .020 .028 .035 0.51 0.71 0.89
Side 1 Chamfer Height A3 .024 .029 .034 0.61 0.74 0.86
Corner Chamfer 1 CH1 .040 .045 .050 1.02 1.14 1.27
Corner Chamfer (others) CH2 .000 .005 .010 0.00 0.13 0.25
Overall Width E .685 .690 .695 17.40 17.53 17.65
Overall Length D .685 .690 .695 17.40 17.53 17.65
Molded Package Width E1l .650 .653 .656 16.51 16.59 16.66
Molded Package Length D1 .650 .653 .656 16.51 16.59 16.66
Footprint Width E2 .590 .620 .630 14.99 15.75 16.00
Footprint Length D2 .590 .620 .630 14.99 15.75 16.00
Lead Thickness c .008 .011 .013 0.20 0.27 0.33
Upper Lead Width Bl .026 .029 .032 0.66 0.74 0.81
Lower Lead Width B .013 .020 .021 0.33 0.51 0.53
Mold Draft Angle Top [ 0 5 10 0 5 10
Mold Draft Angle Bottom B 0 5 10 0 5 10

* Controlling Parameter
§ Significant Characteristic
Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed

.010” (0.254mm) per side.
JEDEC Equivalent: MO-047
Drawing No. C04-048
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28-Lead Skinny Plastic Dual In-line (SP) — 300 mil (PDIP)

[t — [ ] — -

| PSS TP TP P P B P P B P LS B B B |

=N

A e e S e O B i O i e B B e B e B e B e W

]

]!
+
g

{
s
P
b

p
eB
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 28 28
Pitch p .100 2.54
Top to Seating Plane A .140 .150 .160 3.56 3.81 4.06
Molded Package Thickness A2 125 .130 .135 3.18 3.30 3.43
Base to Seating Plane Al .015 0.38
Shoulder to Shoulder Width E .300 .310 .325 7.62 7.87 8.26
Molded Package Width E1l .275 .285 .295 6.99 7.24 7.49
Overall Length D 1.345 1.365 1.385 34.16 34.67 35.18
Tip to Seating Plane L 125 .130 .135 3.18 3.30 3.43
Lead Thickness c .008 .012 .015 0.20 0.29 0.38
Upper Lead Width B1 .040 .053 .065 1.02 1.33 1.65
Lower Lead Width B .016 .019 .022 0.41 0.48 0.56
Overall Row Spacing § eB .320 .350 .430 8.13 8.89 10.92
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimension D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MO-095

Drawing No. C04-070
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28-Lead Plastic Small Outline (SO) — Wide, 300 mil (SOIC)

B —

jooooooooooooa

N

h ——

f

45°

| Biininiululululuininlalin)mie

j

ICN
F
— >

T ;
" ;

(B L Al—
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 28 28

Pitch p .050 1.27

Overall Height A .093 .099 .104 2.36 2.50 2.64
Molded Package Thickness A2 .088 .091 .094 2.24 2.31 2.39
Standoff § Al .004 .008 .012 0.10 0.20 0.30
Overall Width E .394 407 420 10.01 10.34 10.67
Molded Package Width E1l .288 .295 .299 7.32 7.49 7.59
Overall Length D .695 .704 712 17.65 17.87 18.08
Chamfer Distance h .010 .020 .029 0.25 0.50 0.74
Foot Length L .016 .033 .050 0.41 0.84 1.27
Foot Angle Top 0 0 4 8 0 4 8
Lead Thickness c .009 .011 .013 0.23 0.28 0.33
Lead Width B .014 .017 .020 0.36 0.42 0.51
Mold Draft Angle Top [ 0 12 15 0 12 15
Mold Draft Angle Bottom B 0 12 15 0 12 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed

.010” (0.254mm) per side.
JEDEC Equivalent: MS-013
Drawing No. C04-052
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28-Lead Plastic Shrink Small Outline (SS) — 209 mil, 5.30 mm (SSOP)

B —]

UTTUTugrumme

=N

Q

A2

| L

Clr:”—j i 3

B
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 28 28

Pitch p .026 0.65

Overall Height A .068 .073 .078 1.73 1.85 1.98
Molded Package Thickness A2 .064 .068 .072 1.63 1.73 1.83
Standoff § Al .002 .006 .010 0.05 0.15 0.25
Overall Width E .299 .309 .319 7.59 7.85 8.10
Molded Package Width El .201 .207 212 5.11 5.25 5.38
Overall Length D .396 402 407 10.06 10.20 10.34
Foot Length L .022 .030 .037 0.56 0.75 0.94
Lead Thickness C .004 .007 .010 0.10 0.18 0.25
Foot Angle [} 0 4 8 0.00 101.60 203.20
Lead Width B .010 .013 .015 0.25 0.32 0.38
Mold Draft Angle Top o 0 5 10 0 5 10
Mold Draft Angle Bottom B 0 5 10 0 5 10

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MS-150

Drawing No. C04-073

DS39582A-page 204 AdvancelInformation © 2001 Microchip Technology Inc.



PIC16F87XA

28-Lead Plastic Micro Leadframe Package (MF) 6x6 mm Body (MLF) — Packaging

CH x 45°

TOP VIEW

EXPOSED
METAL

PADS

[ £ —

BOTTOM VIEW

o
L a2
Al [1T] *
A3
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 28 28

Pitch p .026 BSC 0.65 BSC

Overall Height A .033 .039 0.85 1.00
Molded Package Thickness A2 .026 .031 0.65 0.80
Standoff Al .000 .0004 .002 0.00 0.01 0.05
Base Thickness A3 .008 REF. 0.20 REF.

Overall Width E .236 BSC 6.00 BSC

Molded Package Width El .226 BSC 5.75 BSC

Exposed Pad Width E2 .140 .146 152 3.55 3.70 3.85
Overall Length D .236 BSC 6.00 BSC

Molded Package Length D1 .226 BSC 5.75 BSC

Exposed Pad Length D2 .140 .146 152 3.55 3.70 3.85
Lead Width B .009 .011 .014 0.23 0.28 0.35
Lead Length L .020 .024 .030 0.50 0.60 0.75
Tie Bar Width R .005 .007 .010 0.13 0.17 0.23
Tie Bar Length Q .012 .016 .026 0.30 0.40 0.65
Chamfer CH .009 .017 .024 0.24 0.42 0.60
Mold Draft Angle Top o 12° 12°

*Controlling Parameter
Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010” (0.254mm) per side.

JEDEC equivalent: pending
Drawing No. C04-114
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28-Lead Plastic Micro Leadframe Package (MF) 6x6 mm Body (MLF) — Solder Pads

PACKAGE
SOLDER EDGE
MASK
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Pitch p .026 BSC 0.65 BSC
Pad Width B .009 .011 .014 0.23 0.28 0.35
Pad Length L .020 .024 .030 0.50 0.60 0.75
Pad to Solder Mask M .005 .006 0.13 0.15

*Controlling Parameter

Drawing No. C04-2114
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APPENDIX A: REVISION HISTORY

Version | Date

Revision Description

A 11/2001 | Original revision.

The devices presented are
enhanced versions of the
PIC16F87X microcontrollers dis-
cussed in the “PIC16F87X Data
Sheet” (DS30292).

APPENDIX B:

DEVICE

DIFFERENCES

The differences between the devices in this data sheet
are listed in Table B-1.

TABLE B-1: DIFFERENCES BETWEEN DEVICES IN THE PIC16F87XA FAMILY
PIC16F873A PIC16F874A PIC16F876A PIC16F877A
FLASH Program Memory 4K 4K 8K 8K
(14-bit words)
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory (bytes) 128 128 256 256
Interrupts 14 15 14 15
I/O Ports Ports A,B,C Ports A,B,C,D,E Ports A,B,C Ports A,B,C,D,E
Serial Communications MSSP, USART | MSSP, USART | MSSP, USART | MSSP, USART
Parallel Slave Port no yes no yes
10-bit Analog-to-Digital Module 5 input channels | 8 input channels | 5 input channels | 8 input channels
Packages 28-pin PDIP 40-pin PDIP 28-pin PDIP 40-pin PDIP
28-pin SOIC 44-pin PLCC 28-pin SOIC 44-pin PLCC
28-pin SSOP 44-pin QFP 28-pin SSOP 44-pin QFP
28-pin MLF 28-pin MLF

© 2001 Microchip Technology Inc.
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APPENDIX C: CONVERSION

CONSIDERATIONS

Considerations for converting from previous versions
of devices to the ones listed in this data sheet are listed

in Table C-1.
TABLE C-1: CONVERSION CONSIDERATIONS
Characteristic PIC16C7X PIC16F87X PIC16F87XA
Pins 28/40 28/40 28/40
Timers 3 3 3
Interrupts 11 or 12 13 o0r 14 14 or 15

Communication

PSP, USART, SSP
(SPI, I2C Slave)

PSP, USART, SSP
(SPI, 12C Master/Slave)

PSP, USART, SSP
(SPI, 12C Master/Slave)

Frequency 20 MHz 20 MHz 20 MHz

Voltage 2.5V -55V 2.2V -55V 2.0V -55Vv

A/D 8-bit, 10-bit, 10-hit,

4 conversion clock selects | 4 conversion clock selects 7 conversion clock selects

CCP 2 2 2

Comparator — — 2

Comparator Voltage — — yes

Reference

Program Memory 4K, 8K EPROM 4K, 8K FLASH 4K, 8K FLASH
(Erase/Write on (Erase/Write on

single word) four-word blocks)

RAM

192, 368 bytes

192, 368 bytes

192, 368 bytes

EEPROM data

None

128, 256 bytes

128, 256 bytes

Code Protection

On/Off

Segmented, starting at end
of program memory

On/Off

Program Memory
Write Protection

On/Off

Segmented, starting at
beginning of
program memory

Other

In-Circuit Debugger,
Low Voltage Programming

In-Circuit Debugger,
Low Voltage Programming
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INDEX

A

AID e e et s 125
Acquisition Requirements .........cccocceeeevveeeenniiieenninenn. 128
ADCONO REQISIEN ..ccvvviveiiiiee e esee e riee e 125
ADCONL REQISIEN .ccvvvieeiiieeeciiieeeeiiee e eeee e 125
ADIF DIt oo 127
ADRESH REQISIEN ....vvvveiiieeeciiiee e eeee e seeee e 125
ADRESL REQISIEI ..ccvvvveiiiieeciiiee e eeee e seeee e 125
Analog POrt PiNS .......cccooiiiiiiiiiieiee e 47,49
Associated Registers and BitS .........cccccccveveviiiinnnnn. 131
Calculating Acquisition TiMe ........cccccveeveeevviiiiienenn. 128
Configuring Analog Port Pins ........c.cccceeiiiiieiniiinenns 129
Configuring the Interrupt .......ccccooveiieeeereniiiiieeeee 127
Configuring the Module ........ccccovviiiiiiriiiiieee e 127
Conversion CIOCK ........cocuieiiiiiiniieie e 129
CONVEISIONS ...t 130
Converter CharacteristiCS ........c.ccocvvriveeiiieieeeniieenns 192
DEIAYS .ot 128
Effects of @a RESET .....coooiiiiiiiieieeec e 131
GO/DONE DIt ..ot 127
Internal Sampling Switch (Rss) Impedance ............. 128
Operation During SLEEP ..........cccceiiiiiiiniciieie 131
ReSUlt REQISTErS .....ccviiiiiiiicciiie e 130
Source IMpPedance .........ccccevueeerrieie e 128
TimME DEIAYS ..oveeiiiie et 128

A/D Conversion REQUIrEMENTS .......cceeveviuveeervieerierneennennens 193

Absolute Maximum Ratings .......cccccueeriiiieiniieeeniiieeeiienn 171

ACKSTAT oo

ADCONO Register
ADCONL1 Register
Addressable Universal Synchronous Asynchronous

Receiver Transmitter. See USART.
ADRESH REQISIEN ...coiiiiiiiiiieeeieee et 17
ADRESL REQISEr ...vivviiiiiiee et 18
Analog-to-Digital Converter. See A/D.
Application Notes

AN552 (Implementing Wake-up on Key Strokes

UsiNg PICLIECXXX) wocuvevvereeieeiieireenenieneens 42
AN556 (Implementing a Table Read) ..........cccceeeenns 28
Assembler
MPASM AsSembIer .........ccccoveviiiiiiiecee e 165
Asynchronous Reception
Associated RegiSters .........cccoccvvveriivieenineenninne. 116,118
Asynchronous Transmission
Associated RegiSters ........cccccvviiiiieiieniinnicneenen 114
B
Banking, Data MemOory ..........cccoceeiiiiieiniieeesieeeeeeen
Baud Rate Generator ......
Associated Registers .
BCLIF oo
B s
Block Diagram
RA3:RAOD POrt PiNS ..ooiiiiiiiiiie e 39
121 (o o 1 D= To ] = T 4 1S P 56
AID o 127
Analog Input Model ... ... 128,137
Baud Rate Generator ..........ccccoevvveeriniennieee e 95
Capture Mode Operation .. ....63
Comparator /0 Operating Modes ..........ccccceeerineennes 134
Comparator OULPUL .....coevveeiieeeeeeiiieie e 136
Comparator Voltage Reference ........ccccccoevvvvviennenn. 140
Compare Mode Operation ...........ccceevveeinieeeesiieeesns 64

Crystal/Ceramic Resonator Operation (HS, XT

or LP Osc Configuration) .........cccccceeevnnnnes 143
External Clock Input Operation (HS, XT
or LP Osc Configuration) .........cccccceeueennee 143
INErTUPt LOGIC oot 151
MSSP
12C MOOE .vooveeveereceeeeesees s 78
MSSP (SPIMOAE) ....oeeuiiiiiiiiiiiiiie e 69
ON-Chip RESET CirCUIt ......cocccveviiiiieiiieniieeieeenn 145
PIC16F873A/PIC16F876A Architecture ..........cc.ccoe... 6
PIC16F874A/PIC16F877A Architecture ........cc.cccoceeenee 7
PORTC
Peripheral Output Override
(RC0:2,5:7) PiNS oo 44
Peripheral Output Override
(RC 3:4) PiNS .o 44
PORTD (in I/O POrt MOde) .......ovvveveeiiiiiiiieee e 46

PORTD and PORTE (Parallel Slave Port)
PORTE (In I/O Port Mode) ...

RA4/TOCKI Pin ................ ... 40
RAB PiN e 40
RB3:RBO POt PiNS .....eovviieiiiiiiiiiie e 42
RC Oscillator Mode ........cccoeviiiiiiieieeieiiiiiieee e 144
Recommended MCLR Circuit .........ccccovevvevinerennnnen. 146
Simplified PWM Mode ........ccocoiiiiiiiiiieieieeces 65
TimerO/WDT Prescaler .......ccccceeeeeeeciivveeeeeeecccvveeenn. 51
TIMer2 ..ccoocvveeeeeeennen.

USART Receive ...

USART Transmit .....

Watchdog TIMEr ....ccceeeeiiiie e

BOR. See Brown-out Reset.

BRG. See Baud Rate Generator.

BRGH Bit ..vviviiiiiie et eee et

Brown-out Reset (BOR) ........
BOR Status (BOR Bit)

Bus Collision During a Repeated START

CONAItION ..t 106
Bus Collision During a START Condition ..........ccccccveennee 104
Bus Collision During a STOP Condition ..........cccececveeennes 107
Bus Collision Interrupt Flag bit, BCLIF ...........cccceeiiiieninen. 26
Bus Collision Timing for Transmit and
ACKNOWIEAQE .o 103
C
Capture/Compare/PWM (CCP) ....coovviieiiiiieiiieeieeeees 61
Associated Registers
Capture, Compare and Timerl ........cccccecveeenen. 66
PWM and Timer2 ..........ccccceeenee. ... 67

Capture Mode ............... ... 63
CCP1IF ..... ... 63
Prescaler ... 63

CCP Timer RESOUICES ......ccoiuuiiiiiiieeiiieeeiieieeeiee s 61

Compare
Special Trigger Output of CCP1 ........ccccvvveeeennn. 64
Special Trigger Output of CCP2 .... .64

Compare Mode .................... .64
Software Interrupt Mode . ... 64
Special Event Trigger .......occocvveeeniiiieeiiieee s 64

Interaction of Two CCP Modules (Table) ................... 61

PWM MOE ....ooviiiiiiieeiee e 65
DULY CYCIE .t 65
Example Frequencies/Resolutions (Table) ........ 66
PWM Period .......ccccoviirieniiiiiiiiee e 65

Special Event Trigger and A/D Conversions ............. 64
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Capture/Compare/PWM Requirements

(CCP1and CCP2) ...ccveeiiieieeiieeciee e 184
CCP. See Capture/Compare/PWM.
CCPLICON ..ottt ettt sna e
CCP1CON Register .
CCP2CON .....ccceunee. .
CCP2CON REQISIEI .uvvveecieiiiecieeeeeieeessiiee s sineeseeeenaaae e 17
CCPR1H REgIStEr ...vvviviieeeieiiiiieie e 17,19,61
CCPRILL REJISIEN ..ovtiiiiieiiiiiieeiie et 17,19,61
CCPR2H REQISLEI .iiiiiieee et 17,19
CCPR2L REQISIEN ..ot 17,19
CCPXMO DIt ..ottt

CCPxML1 bit ...
CCPxM2 bit ...
CCPxM3 bit ...

CCPXX DIt o
CCPXY DIt o
CLKOUT and I/O Timing Requirements ...........ccccceeeuveeen. 181
CMCON REQGISLEI ...eeiiiiiieiiiieee e 18
Code Examples
Call of a Subroutine in Page 1 from Page O ............... 28
Indirect ADAreSSing .......cccovcveeiriieenniee e 29
Initializing PORTA ..ooiiiiiiee e 39
Loading the SSPBUF (SSPSR) Register ................... 72
Reading Data EEPROM .........ccccooiiviiiieiniieee e 33
Reading FLASH Program Memory ........c..ccccovevernnnnes 34
Saving STATUS, W and PCLATH Registers ........... 152
Writing to Data EEPROM ........cccoiviiiiiiiiieiecceieee 33
Writing to FLASH Program Memory ........cccccvvevcveenn. 36
Code Protection .........cccceeeveeviivveeeeeeeeiinnens .141, 155
Comparator Module ..........cccccovieiiiiiieiee e 133
Analog Input Connection Considerations ................. 137
Associated RegiSters ........ccouveevviiniiiiiieniiniee e 138
ConfigUration .........coovviiiiiiiie e 134
Effects of RESET ......ccoooiiiiiiiiiiiie e 137
Interrupts ............... ...136
Operation ......cccocceeeveeenn. ...135
Operation During SLEEP .. 137
OUPULS ..ot 135
Reference ... 135
RESPONSE TIME ..oooiiiiiiiiiiieieee e 135
Comparator Voltage Reference ........ccccccccevvvvvvenieennnnenn. 139
Associated REQISIErS ........ccceveiiiiiiiiieeiieee e 140
Computed GOTO ...oiiiiiiiiiiiiee e 28
Configuration Bits ..... .. 141

Configuration Word ..

Conversion Considerations .. ...208

CVRCON REJISIEN ...ivviiiieieeeiciieie e ee e 18

D

Data EEPROM and FLASH Program Memory
EEADR REQISIEI ..vooiiiiiiiiiieciieee e 31
EEADRH REQISIEN ....eeiiiiiiiiiiiie e 31
EECONL REQISLEN ....vviiiiiiiiiieie et e 31
EECON2 REQISIEN ...vvvvviceiieeeiiieesitieeeeitie e s siieeesieae e 31
EEDATA REQISIEl ...vvviiiciiiieeieieeeitieeeeitee e s siieeeseae e 31
EEDATH REQISIEI ....eiiiiiiiiiiiiie e 31

Data EEPROM Memory
Associated REQISLErS ......ccovviviviiiiieeeeiiiieieee e 37
EEADR REQISIEr .....eeiiiiiiiiiieeeeeie et 31
EEADRH Register .

EECONL1 Register .. .31
EECONZ2 Register ..........cccc...... .31
Operation During Code Protect .........cccccoevvciviveeneennnn 37
Protection Against Spurious Writes .........cccccceveevinnnes 37
REAAING et 33
Write Complete Flag (EEIF Bit) .......ccccvvveveeeeviiinnnn. 31
WIHIEING ceeeeeieeee e
Data MEMOIY ...t
Bank Select (RP1:RPO Bits) .
General Purpose Registers .....
Register File Map ..................
Special Function RegisSters .........cccoceevvverniieennneeenns
DC and AC Characteristics Graphs and Tables .............. 195
DC CharacteristiCs .........ccceevieriiieniiriiesie e 173177
Development SUPPOIt ......cooovieeriiieeeriiee e 165
Device Differences
Device Overview .....
DireCt AdAreSSING ...c.cvveeeiiiieeeiiiee et
E
EEADR REQISIEN .c..viiiiiiiiiiiie ettt

EEADRH Register ...
EECONL1 Register ...

EECON2 REQISIET ....oovviiiiiiiieiiiceiee et
EEDATA REQISIEN ...uviiiiiiieee ittt
EEDATH REQISIEN ...uviiiiiiiieeiieeeeeiiee e
Electrical Characteristics ............cccovevveiniiniiiniciiee e 171
EXTALA ..o 4
External Interrupt Input (RBO/INT). See Interrupt Sources.
External Reference Signal ..........coovvvevieiiiiiiiiiee e, 135
E
Firmware INSIrUCHONS ......cvvveviiieciiee e 157
FLASH Program Memory

Associated RegiSIErS .........ccovevveiiniinieeieneenecaee 37

EECONL1 Register ..

EECONZ2 Register .. .31
[RI=T Vo [T To TSR RSSPR 34
KA1 T S 35
FSR REQIStEr ..ouviiiiiiiieeiie e 17,18, 19, 29
G
General Call Address SUPPOIt .......ceeevrieeeriiieeniiee e 92
I
1@ oo SRR
I12C Bus Data Requirements ...........ccceenee

12C Bus START/STOP Bits Requirements
I12C Mode

REGISEIS ...t 78
12C MOOE .vvvevverreieeisee e 78
ACK PUISE ..ottt 82,83
Acknowledge Sequence TimiNg ......c.cccocevrvevneeennn. 102
Baud Rate GENerator ..........cccceeeevvveeeeeeisiiieiieee e e e 95
Bus Collision
Repeated START Condition ..........ccceeevviveennns 106
START Condition ........ccccvvvieieeiiiiiiiie e 104
STOP Condition .......cccoiiivviiiieee e 107
ClOCK ArbItration ........cocevviiieiieee e 96
Effect of aRESET ...coooiiiiiiieieiceee e 103
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General Call Address SUppOrt .......c.ccecveevienneeneenene. 92
MaSEEr MOAE ....vevviiiiiciiiie e 93
OPEratioN ...eeeeiiiieiiiece et 94
Repeated START Timing ...
Master Mode Reception ................
Master Mode START Condition .... .
Master Mode TransSmisSion .........ccccevcvveeeiveeeeiveeennnn.
Multi-Master Communication, Bus Collision
and Arbitration ..........ccccceeeeiiiiiiie e 103
Multi-Master Mode .........cccooveenninnnninnnn e 103
Read/Write Bit Information (R/W Bit) ................... 82,83
Serial Clock (RC3/SCK/SCL) ....oovuieiiiiiiaiieeiiee e 83
Slave Mode ......ccceeevveeiiieeeinn
Addressing ...
Reception ........
Transmission
SLEEP Operation .......cccccvevvieresiieeesieeesieeesnnieee e
STOP Condition TiMING ....cocceviiiiiieiiiie e 102
ICEPIC In-Circuit Emulator ........ccccceeviviiiieieee e 166
ID Locations .......ccccceeueeee
In-Circuit Debugger ...
RESOUICES ....ovvvviviviviiiiiiieiiiiiieie
In-Circuit Serial Programming (ICSP) ........cccccevnene. 141, 156
INDF oottt 19
INDF REQISIEN ..eivieiiiiiiieie e eeeiiieee e eieee e e e 17,18, 29
INdirect AdAreSSing ......veveveeeriiiiiieee e eiiiieee e ee e e e 29
FSR REQISIEr ..eiiiiiiie et 14
INStrUCtion FOrMat .......ovvveeeeeiiiiiieee e 157
INSTFUCHION ST .ooiiieiiiiiieie e 157

ADDLW ..o 159
ADDWEF ..o 159

COMPF e 160
DECF oo 160
DECFSZ ....ooiiiiiiiiiiiiii 161
GOTO i 161

INCF oo 161
INCFSZ ..o, 161
IORLW .o 161
IORWEF ..o 161
MOVF .o, 162
MOVLW Lo 162

RETLW e 162

INT Interrupt (RBO/INT). See Interrupt Sources.
INTCON ottt 19
INTCON REQISIEN ..vviiieieee ettt e e 22
GIE Bt oot
INTE Bit oot
INTF Bit ..
PEIE Bit oot
RBIE Bt eeeuviiiieieeiieseene et
RBIF Bit oo e
TMROIE Bit .ot 22
TMROIF Bit ..o 22
Inter-Integrated Circuit. See 1°C.
Internal Reference Signal ........c.cccooiiiiiiiieiiciiicnce
Internal Sampling Switch (Rss) Impedance ...
INterrupt SOUICES ......ccevveeeviiiiiiiiieee e
Interrupt-on-Change (RB7:RB4 ) ......cccovvevivveeiiieens
RBO/INT Pin, External .........ccocceevieiieinieiieens
TMRO OVErflOW ...oooiiiiiiiiiiie e
USART Receive/Transmit Complete .........cccccoeeunees
Interrupts
Bus Collision Interrupt ...........ccccueee.
Synchronous Serial Port Interrupt .... .
Interrupts, Context Saving DUMNg ........ccccveveeriiiiieeeeennns
Interrupts, Enable Bits
Global Interrupt Enable (GIE Bit) ........ccccovvveenn. 22,151
Interrupt-on-Change (RB7:RB4) Enable
(RBIE BIt) ecveeveeieeiiesieneeesicie e
Peripheral Interrupt Enable (PEIE Bit) ...........cccceuee..
RBO/INT Enable (INTE Bit) ......cccceevvnee.
TMRO Overflow Enable (TMROIE Bit) ....
Interrupts, Flag Bits
Interrupt-on-Change (RB7:RB4) Flag

(RBIF Bit) .eoveeeeiieeiieviieeieeieiee 22,42,152
RBO/INT Flag (INTF Bit) ..cccoeoviiiiiieceineee e 22
TMRO Overflow Flag (TMROIF Bit) .......cccccooveunene 22,152
K
KEELOQ Evaluation and Programming Tools ................... 168
L
Loading Of PC ....ooiiiiiiee e 28
Low Voltage ICSP Programming .......c..ccoceeevvvenveniveeninens 156
Low Voltage In-Circuit Serial Programming ..........c.ccc...... 141
M
Master Clear (MCLRY) .......ooiiiiiiiiiiieieee e 8
MCLR Reset, Normal Operation ... ...145, 147,148
MCLR Reset, SLEEP ........ccoccciivieiiiiiine 145, 147,148
Master Synchronous Serial Port (MSSP).
See MSSP.
Master Synchronous Serial Port. See MSSP
MCLR .o 146
MCLRIVPP ...ccviiciiiiee ... 10
Memory Organization ........... ... 13
Data EEPROM Memory ... 31
Data MEMOIY ...ooviiiiiiiiiiie e 14
FLASH Program MemoOry ......ccccceeveveviiiiieeneeniniiieens 31
Program MemOIY .....c.vuevieieeiiiiiieie e 13
MPLAB C17 and MPLAB C18 C Compilers ..........c....... 165
MPLAB ICD In-Circuit Debugger .......c.cccccuvveveeeriiiiieennn. 167
MPLAB ICE High Performance Universal In-Circuit
Emulator with MPLAB IDE .........cccceovinieiiniieeein. 166
MPLAB Integrated Development Environment
SOftWAre ...oocviiiiiiiiii s 165
MPLINK Object Linker/MPLIB Object Librarian ............... 166
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MSSP et 69
12C Mode. See I2C.
SPIMOAE ..o 69
SPI Mode. See SPI

MSSP Mode
SPI Slave MOGE .....ccviiiiiiiiiiie e 75

MSSP Module
Clock StretChing ....cocveeeeeiee e 88
Clock Synchronization and the CKP Bit ..................... 89
Control Registers (General) .......ccccooecvveeveeeiniiineieennn. 69
[©]'01=] - 11T o SRS 82
OVEIVIEW ittt ie ettt et e e e 69
SPI Master Mode ... .74

SSPBUF ..o 74
SSPSR ot 74
Multi-Master Mode ..........ccooceiiiiiiiiiiiiiii s 103
N
nternal Reference Signal .........ccccoooviiiiiiiincicecee 135
@)
ON-LiN@ SUPPOIT ...oeeiiiiiiiisiiieeee et 217
OPCODE Field Descriptions ... ...157
OPTION_REG Register ... .21
INTEDG Bit .....cce..e .21
PS2:PS0O BIlS ...cveieeuiieeeieeiiesecse et 21
PSA Bl i 21
TOCS Bl oo 21
TOSE Bit .eoveieeiieiieeeie et 21

OSCIlAtor, WDT ...ttt 153

Oscillators
Capacitor Selection ............ .. 144
Ceramic Resonator Selection ...... ... 143
Crystal and Ceramic Resonators ............cccocceeveneeen. 143
RC e 144

P

Package Marking Information ..........c.cccceeviiieiniiienniennne 197

Packaging Information ............

Paging, Program Memory ....

Parallel Slave Port (PSP) .....cccoeviiiiieiiiieeiieeeeee 12, 46, 49
Associated REgISIErS .......occcveiiiieiiiieeeiie e 50
Block Diagram ... 49
REOQ/RD/ANS PiN ..o 47,49
RE1/WR/ANG Pin ... .. 47,49
RE2/CS/IANT PiN oo, 47,49
Select (PSPMODE Bit) .....cccccovveverveeennne. 46,47, 48,49

Parallel Slave Port Requirements
(PIC1BF874AA/8TTA ONIY) oo 185

PCL REGISIEN ..vveiivieeeceiiie e 17,18, 28

PCLATH REQISEr ...eeeiiieiiieciiieee e 17,18, 19, 28

PCON REQISIEr ....oviiiiiiiiiiiiiii s 18, 27,147
BOR Bit
POR Bit

PIC16F87XA Product Identification System .................... 219

PICDEM 1 Low Cost PICmicro
Demonstration Board ..........cccceeviviiiiiiieniiiie e 167

PICDEM 17 Demonstration Board ...........cccceeveeneenienennns 168

PICDEM 2 Low Cost PIC16CXX

Demonstration Board ...........ccocveviirniiiiiiieenieenn 167
PICDEM 3 Low Cost PIC16CXXX

Demonstration Board ...........cccccocvveinieiiniiee s 168
PICSTART Plus Entry Level

Development Programmer ...........cccocceeevieeesnieeenns 167
PIEL REQISIET .ot 18,23
PIE2 REQISIET vttt 18,25
Pinout Descriptions

PIC16F873A/PICLEF8T76A ......coveveeieeeeeieee e 8
PIRL REQISIEN .viiiiiieeieeecciiieie et 17,24
PIR2 REQISIEr ..t 17,26
POP e 28
POR. See Power-on Reset
PORTA e

Associated Registers

FUNCHONS .ot

PORTA REQISEr ....ooviiiiiiiiieiiie e

TRISA REQISIET ...eeiiiiiiie ettt
PORTB ..ooviiiieiiiieeeiieee

Associated Registers
Block Diagrams

RB7:RB4 POrt PiNS ......cccoccviiiiiiiiiiiiiiiieesee 42
FUNCLIONS ..ottt 43
PORTB REQISLEr .....evviiiiiieiiiie e 17,42
RBO/INT Edge Select (INTEDG Bit) .......cccocvecverrinenens 21
RBO/INT Pin, External ..........cccoeeoieniiinniennenns 9,11, 152
RB7:RB4 Interrupt-on-Change .........ccccceceeeenieennnes 152
RB7:RB4 Interrupt-on-Change Enable

(RBIE Bit) ovvvvveiieeceeeeeee e 22,152
RB7:RB4 Interrupt-on-Change Flag
(RBIF Bit) c.veeeeevenieeieeieeesecie e
TRISB REGISLET ..ot
PORTB REQISLEN ..cccuviiieiiiieeiiie et
PORTC it
Associated Registers
Functions ........

PORTC Register
RC3/SCKI/SCL PiN .ot
RCB/TX/CK PiN oot
RCT7/RX/DT PiN e
TRISC REQISIEN ...vvvveeieieeciiee e e eeee e
PORTD .ottt
Associated REQISIErS .......cccceeiiiiiiiiiiieieee e
FUNCLiONS ...oooviiieiiieeceee e
Parallel Slave Port (PSP) Function .
PORTD Register .......ccococeeeivinene
TRISD REQISIEN ettt e
PORTE ..ottt
Analog POrt PiNS ........ccoiiiiiiiiiie e
Associated RegISIErS .......ccvvivviieiieeiiiiiiiee e
Functions ........cccccoviieiiiieeennnn.
Input Buffer Full Status (IBF Bit) ..
Input Buffer Overflow (IBOV Bit) ..... .
Output Buffer Full Status (OBF Bit) ........ccccveeivieenns
PORTE REQISLEr .....vviiiiiiiieieie e
PSP Mode Select (PSPMODE Bit) ...........
REO/RD/ANS PiN oo
RE1/WR/ANG Pin ...
RE2/CS/AN7 Pin

TRISE REQISIEN ....eviiiiiiiieiiieee e
Postscaler, WDT

Assignment (PSA Bit) .....cooeviiiieiiiiiee e 21

Rate Select (PS2:PS0 BitS) ......cccoevriveeeriiieeeieeee, 21

Power-down Mode. See SLEEP.
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Power-on Reset (POR) .......ccceveueeen. 141, 145, 146, 147, 148
Oscillator Start-up Timer (OST) ...ccccoovvvveenens 141, 146
POR Status (POR Bit) .....cccvevveriiieiiieesierenieee e 27
Power Control (PCON) RegiSter .........cccccveevvvreennen. 147
Power-down (ﬁ Bit) coeee e 20, 145
Power-up Timer (PWRT) ... 141,146
Time-out (TO Bit) ..ccceviviiiieiieeiieccceceee e 20, 145

PR2 REQISIEN ..ootiiiiieiiie et 18, 59

Prescaler, TimerO
Assignment (PSA Bit) .....ccooviiiiiiiiiicieecs 21
Rate Select (PS2:PS0 BitS) ....cccocvevvvveriieeeeiieeeseenenn 21

PRO MATE Il Universal Device Programmer .................. 167

Program Counter
Reset Conditions

Program Memory .........

INterrupt VECION ....oovvviiiiiiiiiiiiieieeieeeeee e

[ 2=V |1 T P

Program Memory Map and Stack

(PIC1BF873A/874A) cceeeeeeeiieieieeeeeeee 13
Program Memory Map and Stack
(PIC16F876A/877A)

RESET VECtOr .....ccvvveiieeiirecne
Program Verification .........ccccccceiiiiiiiiieii e
Programming Pin (VPP) .eeeeeveeeiiiiie e
Programming, Device INStructions ...........ccccceeveeiiiveennnns
PSP. See Parallel Slave POrt. ........ccccoeeviiienieecee, 49
Pulse Width Modulation.See Capture/Compare/PWM,

PWM Mode.
PUSH .o 28
R
RAO/AND PN oottt 8
RAO/ANO PiN it 10
RA1/AN1 Pin ................ ...8,10
RA2/AN2/VREF-ICVREF ....ciiiiiiiiiiie ettt 10
RA2/AN2/VREF-/CVREF PIN ....oiiiiiiiiiiiieiiiie e 8
RAS/ANS/VREFH ..viiciiieitieeieeeteestee e sareeste e e sseesesanae e 10
RA3/ANI/VREF+ PN ..coiiiiiiiiiiie et 8
RA4/TOCKI/CLOUT PiN ..evieiiiiiieiiie e 8,10
RAS/SSIANA/C20UT PN ..coovveoveriosieeeesieseies oo 8,10

RAM. See Data Memory.
RBO/INT Pin .
RB1 Pin .....
RB2 PN .o
RB3/PGM PiN oo
RB4 PN oo
RBS5 PN .o
RBB/PGC PiN ..ottt
RB7/PGD PiN ...oocoiiiiiiiiiiciicccc
RCO/T10SO/T1CKI Pin ..

RC1/T10SI/CCP2 Pin .....

RC2/CCP1 Pin .............
RC3/SCK/SCL PiN ..ceiiiiiiiiiiiiiiiiee e
RCA/SDI/SDA PiN ..ottt
RCS5/SDO PiN ...oiciiiiiiiiiiii i
RCB/TXICK PN oo
RC7/RX/DT Pin ...
RCREG ............ ... 19
RCREG REQJISIEN .....eviiiiiiieiiiieeiiie et 17

RCSTA REQISIEN ..iviiiiiiiieiiiee e 17,19
ADDEN Bit .oeeviieiceeeee e 110
CREN Bt ..ot 110
FERR Bit ....

OERR Bit
RX9 Bit ...
RX9D Bit
SPEN Bit
SREN Bit
RDO/PSPO Pin
RD1/PSP1 Pin
RD2/PSP2 Pin
RD3/PSP3 Pin ...
RD4/PSP4 Pin ...
RD5/PSP5 Pin ...
RD6/PSP6 Pin
RD7/PSP7 Pin

REO/RD/ANS PiN ....oocvoecveecrecreseesseesesensessesessss s 12
RELWRIANG PiN w...ocooveeeecieeeeeeeeceeesesvees e 12
RE2/CS/AN7 Pin ... 12
Reader Response .................... .. 218
Read-Modify-Write Operations .. 157
REGIStEr File ..ot 14
Register File Map (PIC16F873A/874A) .....ccovvveeiiieeeninnn. 16
Register File Map (PICL6F876A/877A) ..ccccevcvvveeevieeeeennnn 15
Registers

ADCONO (A/D Control 0) Register ........cccceerrueenne 125

ADCONL1 (A/D Control 1) Register .......cccccevvvveennn.. 126

CCP1CON/CCP2CON (CCP Control 1 and

CCP Control 2) Register .........ccccovvveeniunenn.

CMCON (Comparator Control) Register
CVRCON (Voltage Reference Control)

REQISLEr oo 139
EECON1 (EEPROM Control) Register .........c.ccvvvens 32
FSR o 29
INTCON REQISLEN ...ooiviiiiiiieiiie e 22
OPTION_REG Register ................ .21,52
PCON (Power Control) Register .........ccccceeevvvrennnnenn. 27
PIE1 (Peripheral Interrupt Enable 1) Register ........... 23
PIE2 (Peripheral Interrupt Enable 2) Register ........... 25
PIR1 (Peripheral Interrupt Request 1) Register ......... 24
PIR2 (Peripheral Interrupt Request 2) Register ......... 26
RCSTA (Receive Status and Control)

REQISLEr o 110
Special Function, SUMMArY .......ccccovieiiiinieninieiienns 17
SSPCON (MSSP Control) Registerl

(IPC MOTE) eovooveeveeeeeeeeeeeee e, 80
SSPCON (MSSP Control) Registerl

(SPIMOAE) ...eeviiiiiiiiieeeeec e 71
SSPCON2 (MSSP Control) Register2

(IPC MOGE) ..o 81
SSPSTAT (MSSP Status) Register

(IPC MOGE) ..o 79
SSPSTAT (MSSP Status) Register

(SPIMOME) ..ot 70
STATUS REQISIEN ...ovviiiiiiiiieeiiieiieeiee e 20
T1CON (Timerl Control) Register .........cccoccveeerirnenns 55
T2CON (Timer2 Control Register) ........ccccecveeeriiieennns 59
TRISE Register
TXSTA (Transmit Status and Control) Register ....... 109

RESET .ottt 141, 145

MCLR Reset. See MCLR.
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Reset
Brown-out Reset (BOR).
See Brown-out Reset (BOR).
Power-on Reset (POR).
See Power-on Reset (POR).

RESET Conditions for PCON Register ...........c.c...... 147
RESET Conditions for Program Counter ................ 147
RESET Conditions for STATUS Register ................ 147

WDT Reset. See Watchdog Timer (WDT)
RESET, Watchdog Timer, Oscillator Start-up Timer,
Power-up Timer, and Brown-out

Reset ReqQUIrEMENtS ........coovviiiiiiie e 182
ReVISION HIStOIY .....viiiiiieiiiiiiieee e 207
S
Sales and SUPPOIT ......ooviiiiiiiie e 219

SCI. See USART

Serial Clock, SCK ...t 69
Serial Communication Interface. See USART.

Serial Data In, SDI .....uvviviiiiiicee e 69
Serial Data Out, SDO .......cccoiiiiiiiiiieeeeecee e 69

Serial Peripheral Interface. See SPI.
Slave Select Synchronization ..

Slave Select, SS .....cc.oevveennn.

SLEEP .

Software Simulator (MPLAB SIM) ........cccccoviiiiiniiieiieenn. 166

SPBRG REQISIEI ...eeiiiiiiiiiiiieeeieie et 18

Special Features of the CPU .........cccceevvieeeviie e, 141

Special Function RegiSters .........cccccveeviiieeiiiienneee e 17

Special Function Registers (SFRS) .......cccccvviiinieieiiieeene 17

Speed, OPErating ......c.cvveeeeeeiiiiiiiiee e eerieeer e e e 1

SPIMode ....ccocovvriiiiiiee ..69,75
Associated REgISIErS .......occciviiieiiiiie e 77
Bus Mode Compatibility ........ccccooovviiierieiiiiiiieeenees 77
Effects of @ RESET ....oooiiiiiiiiiiiieeceeeee e 77
ENabling SPI /O ..cooviiiiiiie e 73
MaSter MOOE .......ccooiiiiiiiiieeeie e 74

Master/Slave Connection
Serial Clock ..

Serial Data In ... ..69
Serial Data OUL ......ccooueiiiiiiieiii e 69
SIAVE SEIECE ..eiiiiiiiiiie e 69
Slave Select Synchronization ...........cc.cccevcveeiiiieennes 75
SLEEP Operation .........ccccevvieiieiiiiiieeiienreesree s 7
SPICIOCK ittt 74
Typical CONNECLION .....cevviiiiiieiiiie e 73
SPI Mode Requirements ... ...188
[S3S TPUP USRS 69
SSP
SPI Master/Slave Connection ..........cccceeeviveeiieeeeannns 73
SSPADD REQISIEN ...eiiiiiiiiiiieeiiiie ettt 18
SSPBUF .t 19
SSPBUF REQISIEN ..eeiiviveeiiiieeecieeeeiee e siieeesnitneesaeaesnneeeens 17

SSPCON Register ....
SSPCON2 Register ..

SSPIF v, .24
SSPOV e 99
SSPSTAT REQISIEN ..o 18
RIW Bt wevvieieeiicecieeee e 82,83
STACK ittt 28
OVEITIOWS ..ottt 28
UNAErfloOW ... 28

STATUS Register

C Bt et

DC Bt eeeiuiieiieiiee ettt

IRP Bit ...

PD Bit ..............

RP1:RPO Bits ..

TO Bt eovvevecveeceeieesveeeseeeeeeeese s

Z Bt e
Synchronous Master Reception

Associated RegiSters .........cccceevieniiniienie e 121
Synchronous Master Transmission

Associated REQISIErS .......cccceeviiiiiiiiieeeeeeeee e 120
Synchronous Serial Port INterrupt .........cccceevvvveeviineeiinnens 24
Synchronous Slave Reception

Associated REgISIErS .......ccccoeviiieiiiiieeneeeeece e 123
Synchronous Slave Transmission

Associated RegIStErS .......coovovvivieireeeiiiiieieeeeee s 123
T
TLCKPSO0 DIt wooveeiiiiiiiieeee et 55
TLCKPSL DIt .ottt 55
TLCON et e e e a e 19
TLCON REQISIEN ...eeiiiiiiiieeieieetie e 17,19
TLOSCEN Dt ceveiiiiiiiiiiie et 55
T1SYNC bit .......
T2CKPSO bit
T2CKPS1 bit .
T2CON REGISIEN ..eiiviiiiieiiie ettt 17,19
TAD ettt 129
TIME-0Ut SEQUENCE ..coviviiiiiiiee ettt 146
1001 (O RS SS 51

Associated REQISIErS .......ccceeiiiiiiriiieeieie e 53

Clock Source Edge Select (TOSE Bit) .......ccccceevveennes 21

Clock Source Select (TOCS Bit) ............... .21

External Clock ..........cccocceeennnne. .. 52
Interrupt ... .51
Overflow Enable (TMROIE Bit) ......cccvvveveveiiiiiieeeenns 22
Overflow Flag (TMROIF Bit) .....cccccovevenicienienns 22,152
Overflow INEerrupt ......oeeeiiie e 152
PreSCaler .......cocvviiiiiie e 52
TOCKI ittt e 52

Timer0 and Timerl External Clock
REQUIFEMENTS ..evviiiieeciciiiieee e 183

TIMEIL oo 55, 56
Associated REGISIEIS ......cocceeiiiiiiiiiiee e 58
Asynchronous Counter MOde .......cccceevvvvveeeveeriiinnnnns 57

Reading and Writing t0 .......ccccoeiiieeiiiieeniieees 57
Counter OPEeration ..........cccceoveeeeerueeeniiieeeneeeeeseieeenes
Operation in Timer Mode ..........ccooveeiiiieiniiie e
Oscillator .......cccccveeveeninenns

Capacitor Selection ....

Prescaler ........coccvviieiiciecennn. .
Resetting of Timerl Registers .........cccoocveveveenienneennn. 58
Resetting Timerl using a CCP

Trigger OULPUL ...ooovvvieiiiee e 57
Synchronized Counter Mode ..........ccocveeiiiieeeiiieenns 56
TMRIH e
TMRI1L ...

TIMEr2 .ooeveiiiieeieeeieeeie .
Associated RegiSters .........ccovevviiiieiieiiiienieeneeneen 60
OUEPUL . 60
POSESCAIET ..o 59
PreSCaler ......oooueiiiiiie e 59

Timijg Diagrams
SPI Master Mode (CKE =1, SMP = 1) ....cccccvvvenene 186
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Timing DIagrams ........cooeiriiiniienieeiee et 103
AID CONVEISION ...vvveeiiireeciiieeeeiieeeeieeeeseee e seeeeeeneeeeas 193
Acknowledge SequenCe ..........cccovcveeeniireniiereenninennn 102
Asynchronous Master Transmission ...........ccccccvee... 114
Asynchronous Master Transmission

(Back to Back) ........cccceevvieiiiiiiieniieeeis 114
Asynchronous RECEPLION .......cccevevvveeeiveeenienieenienenn 116
Asynchronous Reception with

Address Byte Frist .......cccccooeeriiieeiiieenne 118
Asynchronous Reception with

Address Detect .......ccoocveeviveeeniieeeriiees 118
Baud Rate Generator with Clock Arbitration .............. 96

BRG Reset Due to SDA Arbitration During
START Condition

Brown-out Reset ..o,
Bus Collision During a Repeated START

Condition (Case 1) ..ccceveeeveiiiiiiireeeeninns 106
Bus Collision During Repeated START

Condition (Case 2) ......cceevveeeeiveeeeiineens 106
Bus Collision During START Condition

(SCL=0) eoeiieieeeiee e 105
Bus Collision During START Condition

(SDA ONIY) e 104
Bus Collision During STOP Condition

(CASE 1) weeiiiiieiiie e 107
Bus Collision During STOP Condition

(CBSE 2) it 107
Capture/Compare/PWM (CCP1 and CCP2) ............ 184
CLKOUT and /O ....oovvrieieiiiiie e 181
Clock Synchronization ...........cccocceeeiiieeiiieeesiieee s 89
First START Bit TIMING ..ccovvvveiiiiieeiieceeeeeee e 97
[2C BUS DALA e 189
12C Bus START/STOP BitS .....occoveverrereecerieceesinnan, 188
I2C Master Mode (Reception,

7-bit ADAress) ....ccccoveeieeneiiiiciie e 101
I2C Master Mode (Transmission, 7 or

10-bit ADAress) ......cccoccevmeereeiiieenieeieenn 100
12C Slave Mode Timing (Transmission,

10-bit ADAress) .....cccceveevveeiiiieeiiieeeseeene 87
I2C Slave Mode Timing (Transmission,

7-bit ADAress) ....cccccveeiieeneiiiieiie e 85
12C Slave Mode Timing SEN = 1 (Reception,

10-bit ADAress) ......cccoveeeveenieiieneeseee e 91
I2C Slave Mode Timing with SEN = 0

(Reception, 10-bit Address) .........ccccevueenne 86
I2C Slave Mode Timing with SEN = 0

(Reception, 7-bit ADdress) .........cceeeerveenne 84
I2C Slave Mode Timing with SEN = 1

(Reception, 7-bit ADdress) ........cccceeeevveenne 90
Parallel Slave Port (PSP)

Read Waveforms ..........cccccoviiiiiiiiiiiiiiine 50
Write Waveforms ..o, 50

Parallel Slave Port Timing

(PIC16F874A/87T7TA ONlY) ocvveviieiene 185
Power-up TIMEr .....cccooiiiiiiiie et 182
Repeat START Condition ........ccceeveeeveiiiiiiieeeeeeiiiinns 98
RESET .ottt 182

Slave Mode General Call Address Sequence

(7 or 10-bit Address Mode)
Slave Synchronization
Slow Rise Time (MCLR Tied to VDD via

RC Network) .....cccooveviiiiieiiiieciieciees 150
SPI Master Mode (CKE =0, SMP = 0) ....c.ccovnuenn. 186
SPI Mode Timing (Master Mode) ..........ccecveeiiieeennnes 74
SPI Mode Timing (Slave Mode with CKE = 0) ........... 76

SPI Mode Timing (Slave Mode with CKE = 1) ........... 76
SPI Slave Mode (CKE = 0) ...vveevvviveiiieeeeciieeesieee s 187
SPI Slave Mode (CKE = 1) ....oooiiiiiiniieeeeiiieeeeieee s 187
Start-up TIMEr .....eveveeeiiieeee e .. 182
STOP Condition Receive or Transmit Mode ............ 102
Synchronous Reception (Master Mode, SREN) ...... 122
Synchronous TransSmissSioN ........ccccccveeeevviiiieeeeenennns 120
Synchronous Transmission (Through TXEN) .......... 120

Time-out Sequence on Power-up
(MCLR Not Tied to VDD)
CASE L oot 150
CASE 2 i 150
Time-out Sequence on Power-up (MCLR Tied to
VDD via RC Network)

TIMEr0 ...oooviiiiiiiiie e .
TIMEIL oottt
USART Synchronous Receive (Master/Slave) ........ 191
USART Synchronous Transmission
(Master/SIave) .....cccccceeveieeeiiiee e 191
Wake-up from SLEEP via Interrupt ..... .. 155
Watchdog Timer ..... .. 182
TMRO oo, ... 19
TMRO REQISIEN .eviieiiiiiiiiie et 17
TMRICS Dt oottt 55
TMRIH oo 19
TMRIH REQISIEr oottt 17
TIMRIL ittt et 19
TMRIL REQISIEN oveiiiiiiiiiii ettt ee e 17
TMR1ON bit ....
TMR2 ...........
TMR2 Register
TMR20ON DIt i
TMRO Register
TOUTPSO0 Dt et
TOUTPSL DIt coveeieieiiieeieeseeeee e s

TOUTPS2 bit ..
TOUTPSS bit ..
TRISA Register ..
TRISB Register

TRISC REQISIEN ...ttt 18
TRISD REQISIEN ...t 18
TRISE REGISIEN ..vviiieieieeeeiiee et 18, 47
IBF Bit oo 48
[IBOV Bit .ot 48
OBF Bit woieiiiiiiciiiie ettt 48
PSPMODE Bit ... ... 46,47, 48, 49
TXREG ..ttt 19
TXREG REQGISIET ..ot 17
TXSTA REQISIEN .. 18
BRGH Bit ..veiiiiiciereeie e 109
CSRC Bt eeveiiiiiie st 109
SYNC Bit ... .109

TRMT Bit .. . 109
TX9 Bit .... .. 109
TXOD Bl oot 109

TXEN Bt .o 109
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USART ottt e 109
Address Detect Enable (ADDEN Bit) ........ccccccevennee. 110
AsyNchronous Mode ..........cccceeveiiiiiiiciiieneeiees 113
Asynchronous Receive (9-bit Mode) .........cccceeenee. 117
Asynchronous Receive with Address

Detect. SeeAsynchronous
Receive (9-bit Mode)..
ASYNChronous RECEIVET ........ccccuvvieeeeriiiiiiieeees e 115
Asynchronous Reception .........cccccceeeveviivieeneeeneinnnns 116
Asynchronous TransSmitter ...........cccccevieeeriiieenninnn. 113
Baud Rate Generator (BRG) ......ccccvvvveeeveiiviiieeeennnn. 111
Baud Rate Formula ...........c..cccooviiiiiiiinnnnn, 111
Baud Rates, Asynchronous Mode
(BRGH = 0) oo 112
Baud Rates, Asynchronous Mode
(BRGH = 1) oo 112
High Baud Rate Select (BRGH Bit) .................. 109
SAMPING oo 111
Clock Source Select (CSRC Bit) ...cceeevvveeeiiieeeieen. 109
Continuous Receive Enable (CREN Bit)
Framing Error (FERR Bit) ...
Mode Select (SYNC Bit) .....
Overrun Error (OERR Bit) .....ccevvviiiiiiiiecieceenn
Receive Data, 9th bit (RX9D Bit) .......ccoocevrivvvrrineeenne
Receive Enable, 9-bit (RX9 Bit) .......cccecvvvrivriernnens
Serial Port Enable (SPEN Bit) .......ccccceocvveennen.
Single Receive Enable (SREN Bit) .......cccccocvveeieen.
Synchronous Master Mode ..........ccccocvveeieriinneenennn.
Synchronous Master Reception .........
Synchronous Master Transmission ....
Synchronous Slave Mode .................. .
Synchronous Slave Reception .........cccccceevieveeniineenn.
Synchronous Slave Transmit .........ccccocoeeeiiieenineenn.
Transmit Data, 9th Bit (TX9D) ......ccccevvievveeiiienienn
Transmit Enable (TXEN Bit) .....ccccooieeiiiieeniiecen.
Transmit Enable, Nine-bit (TX9 Bit) .........
Transmit Shift Register Status (TRMT Bit) .. "
USART Synchronous Receive Requirements ..................

\%
VDD PN i 9,12
VSS PN oot 9,12
W
Wake-up from SLEEP ........cccciiiiiiiiiieniiee e 141,154
INEEITUPLS .o 147,148
MCLR RESEL ...ttt 148
WDT RESEL .oiviiiiiiiiieiiieiiieeeeee e 148
Wake-Up Using INterrupts ........cccceeviieeeniieennieie e 154
Watchdog Timer
REgiISter SUMMATY .....ccccvveeviieeeiiieessieeesieee e sieee s
Watchdog Timer (WDT) .... .
Enable (WDTE Bit) ....coooeeeiiiieeiiiee i
Postscaler. See Postscaler, WDT
Programming Considerations ...........cccccevvveeeriieenne 153
RC OSCillator .......cccoiviiiiieiiiiiceie e 153
Time-out Period ..........cccoooiiiiiiiiii s 153
WDT Reset, Normal Operation ....145,147,148
WDT Reset, SLEEP .. ....145,147,148
WECOL e 97,99, 102
WCOL Status Flag ....ccoooveiriieieiiie e 97
WWW, ON-LiN€ SUPPOIT .ceeeeiiiiieeiiie et 4
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ON-LINE SUPPORT

Microchip provides on-line support on the Microchip
World Wide Web (WWW) site.

The web site is used by Microchip as a means to make
files and information easily available to customers. To
view the site, the user must have access to the Internet
and a web browser, such as Netscape or Microsoft
Explorer. Files are also available for FTP download
from our FTP site.

Connectingto the Microchip Internet Web Site

The Microchip web site is available by using your
favorite Internet browser to attach to:

www.microchip.com

The file transfer site is available by using an FTP ser-
vice to connect to:

ftp://ftp.microchip.com

The web site and file transfer site provide a variety of
services. Users may download files for the latest
Development Tools, Data Sheets, Application Notes,
User's Guides, Articles and Sample Programs. A vari-
ety of Microchip specific business information is also
available, including listings of Microchip sales offices,
distributors and factory representatives. Other data
available for consideration is:

« Latest Microchip Press Releases

e Technical Support Section with Frequently Asked
Questions

« Design Tips

 Device Errata

« Job Postings

* Microchip Consultant Program Member Listing

« Links to other useful web sites related to
Microchip Products

« Conferences for products, Development Systems,
technical information and more

« Listing of seminars and events

Systems Information and Upgrade Hot Line

The Systems Information and Upgrade Line provides
system users a listing of the latest versions of all of
Microchip's development systems software products.
Plus, this line provides information on how customers
can receive any currently available upgrade kits.The
Hot Line Numbers are:

1-800-755-2345 for U.S. and most of Canada, and
1-480-792-7302 for the rest of the world.

013001
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this Data Sheet.

To: Technical Publications Manager Total Pages Sent
RE: Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):

Would you like areply? Y N

Device: PIC16F87XA Literature Number: DS39582A
Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this data sheet easy to follow? If not, why?

4. What additions to the data sheet do you think would enhance the structure and subject?

5. What deletions from the data sheet could be made without affecting the overall usefulness?

6. Isthere any incorrect or misleading information (what and where)?

7. How would you improve this document?

8. How would you improve our software, systems, and silicon products?
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PIC16F87XA PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. X [XX XXX
'|' —|— —|_ Examples:
Device Temperature Package Pattern a) PIC16F873A - I/P 301 = Industrial temp., PDIP
Range package, normal VDD limits, QTP pattern #301.
b)  PIC16LF876A - I/SO = Industrial temp., SOIC
package, Extended VDD limits.
Device PIC16F87XA®, PIC16F87XAT®; VoD range 4.0V to 5.5V ¢ PICIGFETTA - VP = Indusirial temp., PDIP

PIC16LF87XAD, PIC16LF87XAT®); Vbp range 2.0V to 5.5V package, 10MHz, normal Voo limits.

Temperature Range | = -40°C to +85°C (Industrial)
Package ML = MLF (Metal Lead Frame)
PT = TQFP (Thin Quad Flatpack)
SO = SoIC
SP = Skinny plastic DIP
P = PDIP
L = PLCC

Note 1. F = CMOS FLASH
LF = Low Power CMOS FLASH
2: T = intape and reel - SOIC, PLCC,
TQFP packages only.

Sales and Support

Data Sheets
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom-
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

1.  Your local Microchip sales office

2. The Microchip Corporate Literature Center U.S. FAX: (480) 792-7277

3. The Microchip Worldwide Site (www.microchip.com)

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

New Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.
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WORLDWIDE SALES AND SERVICE

AMERICAS

Corporate Office

2355 West Chandler Blvd.

Chandler, AZ 85224-6199

Tel: 480-792-7200 Fax: 480-792-7277
Technical Support: 480-792-7627

Web Address: http://www.microchip.com
Rocky Mountain

2355 West Chandler Blvd.

Chandler, AZ 85224-6199

Tel: 480-792-7966 Fax: 480-792-7456

Atlanta

500 Sugar Mill Road, Suite 200B
Atlanta, GA 30350

Tel: 770-640-0034 Fax: 770-640-0307
Boston

2 Lan Drive, Suite 120

Westford, MA 01886

Tel: 978-692-3848 Fax: 978-692-3821
Chicago

333 Pierce Road, Suite 180

Itasca, IL 60143

Tel: 630-285-0071 Fax: 630-285-0075
Dallas

4570 Westgrove Drive, Suite 160
Addison, TX 75001

Tel: 972-818-7423 Fax: 972-818-2924
Dayton

Two Prestige Place, Suite 130
Miamisburg, OH 45342

Tel: 937-291-1654 Fax: 937-291-9175
Detroit

Tri-Atria Office Building

32255 Northwestern Highway, Suite 190
Farmington Hills, Ml 48334

Tel: 248-538-2250 Fax: 248-538-2260
Kokomo

2767 S. Albright Road

Kokomo, Indiana 46902

Tel: 765-864-8360 Fax: 765-864-8387
Los Angeles

18201 Von Karman, Suite 1090

Irvine, CA 92612

Tel: 949-263-1888 Fax: 949-263-1338
New York

150 Motor Parkway, Suite 202
Hauppauge, NY 11788

Tel: 631-273-5305 Fax: 631-273-5335
San Jose

Microchip Technology Inc.

2107 North First Street, Suite 590

San Jose, CA 95131

Tel: 408-436-7950 Fax: 408-436-7955
Toronto

6285 Northam Drive, Suite 108
Mississauga, Ontario L4V 1X5, Canada
Tel: 905-673-0699 Fax: 905-673-6509

ASIA/PACIFIC

Australia

Microchip Technology Australia Pty Ltd

Suite 22, 41 Rawson Street

Epping 2121, NSW

Australia

Tel: 61-2-9868-6733 Fax: 61-2-9868-6755
China - Beijing

Microchip Technology Consulting (Shanghai)
Co., Ltd., Beijing Liaison Office

Unit 915

Bei Hai Wan Tai Bldg.

No. 6 Chaoyangmen Beidajie

Beijing, 100027, No. China

Tel: 86-10-85282100 Fax: 86-10-85282104
China - Chengdu

Microchip Technology Consulting (Shanghai)
Co., Ltd., Chengdu Liaison Office

Rm. 2401, 24th Floor,

Ming Xing Financial Tower

No. 88 TIDU Street

Chengdu 610016, China

Tel: 86-28-6766200 Fax: 86-28-6766599
China - Fuzhou

Microchip Technology Consulting (Shanghai)
Co., Ltd., Fuzhou Liaison Office

Rm. 531, North Building

Fujian Foreign Trade Center Hotel

73 Wusi Road

Fuzhou 350001, China

Tel: 86-591-7557563 Fax: 86-591-7557572
China - Shanghai

Microchip Technology Consulting (Shanghai)
Co., Ltd.

Room 701, Bldg. B

Far East International Plaza

No. 317 Xian Xia Road

Shanghai, 200051

Tel: 86-21-6275-5700 Fax: 86-21-6275-5060
China - Shenzhen

Microchip Technology Consulting (Shanghai)
Co., Ltd., Shenzhen Liaison Office

Rm. 1315, 13/F, Shenzhen Kerry Centre,
Renminnan Lu

Shenzhen 518001, China

Tel: 86-755-2350361 Fax: 86-755-2366086
Hong Kong

Microchip Technology Hongkong Ltd.

Unit 901-6, Tower 2, Metroplaza

223 Hing Fong Road

Kwai Fong, N.T., Hong Kong

Tel: 852-2401-1200 Fax: 852-2401-3431
India

Microchip Technology Inc.

India Liaison Office

Divyasree Chambers

1 Floor, Wing A (A3/A4)

No. 11, O’'Shaugnessey Road

Bangalore, 560 025, India

Tel: 91-80-2290061 Fax: 91-80-2290062

Japan

Microchip Technology Japan K.K.

Benex S-1 6F

3-18-20, Shinyokohama

Kohoku-Ku, Yokohama-shi

Kanagawa, 222-0033, Japan

Tel: 81-45-471- 6166 Fax: 81-45-471-6122

Korea

Microchip Technology Korea

168-1, Youngbo Bldg. 3 Floor
Samsung-Dong, Kangnam-Ku

Seoul, Korea 135-882

Tel: 82-2-554-7200 Fax: 82-2-558-5934
Singapore

Microchip Technology Singapore Pte Ltd.
200 Middle Road

#07-02 Prime Centre

Singapore, 188980

Tel: 65-334-8870 Fax: 65-334-8850
Taiwan

Microchip Technology Taiwan

11F-3, No. 207

Tung Hua North Road

Taipei, 105, Taiwan

Tel: 886-2-2717-7175 Fax: 886-2-2545-0139

EUROPE

Denmark

Microchip Technology Nordic ApS

Regus Business Centre

Lautrup hoj 1-3

Ballerup DK-2750 Denmark

Tel: 45 4420 9895 Fax: 45 4420 9910
France

Microchip Technology SARL

Parc d’Activite du Moulin de Massy

43 Rue du Saule Trapu

Batiment A - ler Etage

91300 Massy, France

Tel: 33-1-69-53-63-20 Fax: 33-1-69-30-90-79
Germany

Microchip Technology GmbH
Gustav-Heinemann Ring 125

D-81739 Munich, Germany

Tel: 49-89-627-144 0 Fax: 49-89-627-144-44
Italy

Microchip Technology SRL

Centro Direzionale Colleoni

Palazzo Taurus 1 V. Le Colleoni 1

20041 Agrate Brianza

Milan, Italy

Tel: 39-039-65791-1 Fax: 39-039-6899883
United Kingdom

Arizona Microchip Technology Ltd.

505 Eskdale Road

Winnersh Triangle

Wokingham

Berkshire, England RG41 5TU

Tel: 44 118 921 5869 Fax: 44-118 921-5820
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PIC16F877A Buy/Sample Options

Lead |Package|Environmental|Temperature|Packing o |Budgetary
0 Features Sl CIi 2 Type Friendly Grade Media Al Pricing

g

g

PIC16F877A-

E/L a4
E}ﬁlLGF877A- 44
gglGFS??A- 40
E;l(DZ_IJ:GF877A- 44

PIC16F877A-I/L 44

::;’I\;:L16F877A- 44
::/’IIDC16F877A- 40
|F;||3C-:r16F877A- 44
::/’II_C16F877AT- 44
:7’I\§I:L16F877AT- 44
::/’ll:Sr16F877AT- 44
::/’II_C16LF877A- 24
::/’ll\/CIIL16LF877A- 44
:7IIDC16LF877A- 20
::/’II:)(§r16LF877A- 44
::/’II_C16LF877AT- 44
PIC16LF877AT- 44

I/PT

PLCC

QFN

PDIP

TQFP

PLCC

QFN

PDIP

TQFP

PLCC

QFN

TQFP

PLCC

QFN

PDIP

TQFP

PLCC

TQFP

SnPb

SnPb

SnPb

SnPb

SnPb

SnPb

SnPb

SnPb

SnPb

SnPb

SnPb

SnPb

SnPb

SnPb

SnPb

SnPb

SnPb

Automotive-
40C to
+125C

Automotive-
40C to
+125C

Automotive-
40C to
+125C

Automotive-
40C to
+125C

Industrial-
40C to +85C
Industrial-
40C to +85C
Industrial-
40C to +85C
Industrial-
40C to +85C
Industrial-
40C to +85C
Industrial-
40C to +85C
Industrial-
40C to +85C
Industrial-
40C to +85C
Industrial-
40C to +85C
Industrial-
40C to +85C
Industrial-
40C to +85C
Industrial-
40C to +85C

Industrial-
40C to +85C

TUBE

TUBE

TUBE

TRAY

TUBE

TUBE

TUBE

TRAY

T/R

T/IR

T/R

TUBE

TUBE

TUBE

TRAY

T/R

T/R

Available

Available

Available

Available

Available

Available

Available

Available

Available

Available

Available

Available

Available

Available

Available

Available

Available

6.07

5.93

©.4l5)

5.93

5.5l

5.40

4.68

5.40

5.67

5.65

5.53

5.80

5.65

4.92

5.65

5.94

5.81


http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=1335&dDocName=en010242
http://asp.microchip.com/distisearch/distijump.aspx?partnumber=PIC16F877A-E/L
http://asp.microchip.com/distisearch/distijump.aspx?partnumber=PIC16F877A-E/ML
http://asp.microchip.com/distisearch/distijump.aspx?partnumber=PIC16F877A-E/P
http://asp.microchip.com/distisearch/distijump.aspx?partnumber=PIC16F877A-E/PT
http://sample.microchip.com/ShoppingCart.aspx?ProductID=PIC16F877A-I/L
http://asp.microchip.com/distisearch/distijump.aspx?partnumber=PIC16F877A-I/L
http://asp.microchip.com/distisearch/distijump.aspx?partnumber=PIC16F877A-I/ML
http://sample.microchip.com/ShoppingCart.aspx?ProductID=PIC16F877A-I/P
http://asp.microchip.com/distisearch/distijump.aspx?partnumber=PIC16F877A-I/P
http://sample.microchip.com/ShoppingCart.aspx?ProductID=PIC16F877A-I/PT
http://asp.microchip.com/distisearch/distijump.aspx?partnumber=PIC16F877A-I/PT
http://asp.microchip.com/distisearch/distijump.aspx?partnumber=PIC16F877AT-I/L
http://asp.microchip.com/distisearch/distijump.aspx?partnumber=PIC16F877AT-I/ML
http://asp.microchip.com/distisearch/distijump.aspx?partnumber=PIC16F877AT-I/PT
http://asp.microchip.com/distisearch/distijump.aspx?partnumber=PIC16LF877A-I/L
http://sample.microchip.com/ShoppingCart.aspx?ProductID=PIC16LF877A-I/ML
http://asp.microchip.com/distisearch/distijump.aspx?partnumber=PIC16LF877A-I/ML
http://sample.microchip.com/ShoppingCart.aspx?ProductID=PIC16LF877A-I/P
http://asp.microchip.com/distisearch/distijump.aspx?partnumber=PIC16LF877A-I/P
http://sample.microchip.com/ShoppingCart.aspx?ProductID=PIC16LF877A-I/PT
http://asp.microchip.com/distisearch/distijump.aspx?partnumber=PIC16LF877A-I/PT
http://asp.microchip.com/distisearch/distijump.aspx?partnumber=PIC16LF877AT-I/L
http://asp.microchip.com/distisearch/distijump.aspx?partnumber=PIC16LF877AT-I/PT

