MICROCHIP

PIC16C77X

28/40-Pin, 8-Bit CMOS Microcontrollers w/ 12-Bit A/D

Microcontroller Core Features:

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

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

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

+ 4K x 14 words of Program Memory,
256 x 8 bytes of Data Memory (RAM)

+ Interrupt capability (up to 14 internal/external
interrupt sources)

« Eight level deep hardware stack
+ Direct, indirect, and relative addressing modes
« Power-on Reset (POR)

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

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

* Programmable code-protection
+ Power saving SLEEP mode
+ Selectable oscillator options

* Low-power, high-speed CMOS EPROM
technology

+ Fully static design
+ In-Circuit Serial Programming™ (ISCP)
« Wide operating voltage range: 2.5V to 5.5V
+ High Sink/Source Current 25/25 mA
+ Commercial and Industrial temperature ranges
* Low-power consumption:
- <2mA @5V, 4 MHz
- 22.5 pA typical @ 3V, 32 kHz
- <1 pA typical standby current

Enhanced features

Pin Diagram

600 mil. PDIP, Windowed CERDIP

MCLR/vpp —~[] 1 / 40 ] <«—» RB7
RAO/ANO -a—[] 2 39 [1 -«—m RB6
RA1/AN1 <—[]3 38 [] --— RB5
RA2/AN2/VREF-/VRL ~e—m [] 4 37 ] «—» RB4
RA3/AN3/VREF+VRH <—»[] 5 36 [[] ~—»~ RB3/AN9/LVDIN
RA4/TOCK| --—[] 6 35 [] --— RB2/ANS
RA5/AN4 --—[] 7 < 34 [] -— RB1/SS
REO/RD/AN5 <—[] 8 N~ 33 [J -«— RBO/INT
RE1/WR/ANs <—[] g I~ 32 [ -—— vop
RE2/CS/AN7 -— [ 10 Q 31 [1 --——vss
AVDD —— [ 11 © 30 [J <e— RD7/PSP7
Avss — o [] 12 5 29 [] — RD6/PSPS
OSC1/CLKIN ——»~[] 13 b4 28 [[] <—»~ RDS/PSP5
0SC2/CLKOUT <——[] 14 o 27 [] ~e—m RD4/PSP4
RCO/T10SO/T1CKI w—[] 15 26 [[] <— RC7/RX/DT
RC1/T10SIICCP2 <w—»-[] 16 25 [[1 <—»~ RCB/TX/CK
RC2/CCP1 -a—»[] 17 24 [ -«— RC5/SDO
RC3/SCK/SCL <—[] 18 23 [] <e— RC4/SDI'SDA
RDO/PSP0 <—[] 19 22 [] ~+—m RD3/PSP3
RD1/PSP1 -w—[] 20 21 [ ~e— RD2/PSP2

Peripheral Features:

Timer0: 8-bit timer/counter with 8-bit prescaler
Timer1: 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

12-bit multi-channel Analog-to-Digital converter
On-chip absolute bandgap voltage reference
generator

Synchronous Serial Port (SSP) with SPI™ (Master
Mode) and PC™

Universal Synchronous Asynchronous Receiver
Transmitter, supports high/low speeds and 9-bit
address mode (USART/SCI)

Parallel Slave Port (PSP) 8-bits wide, with
external RD, WR and CS controls
Programmable Brown-out detection circuitry for
Brown-out Reset (BOR)

Programmable Low-voltage detection circuitry
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PIC16C77X

Pin Diagrams

300 mil. SDIP, SOIC, Windowed CERDIP, SSOP

MCLRVPP—[].1 ~ 2s[]<«—» RB7

RAO/ANO <«— ] 27 []«+—» RB6

RA1/AN <—»[] 26[]<«—» RB5
RA2/AN2/VREF-/VRL «— ] 25 ] -«+—» RB4

RA3/AN3/VREF+/VRH <«—» ]
RA4/TOCK| «— []

AVDD — [

AVss — []

OSC1/CLKIN —» []
OSC2/CLKOUT «— [] 10

24 [] -«—» RB3/AN9/LVDIN
[]<«—= RB2/AN8
22[]-«—» RB1/SS

21 []«—» RBO/INT

20 [ ]-«—— VDD

19[] -— Vss

@~ O uhs N

PIC16C773

RCO/T10OSO/T1CKI| -— ] 11 18 [ ] -— RC7/RX/DT
RC1/T10SI/CCP2 «— [] 12 17 []--—» RC6/TX/CK
RC2/CCP1 e—[]13 16 [] -+—s RC5/SDO
RC3/SCK/SCL «—» [ 14 15[ ] -«—» RC4/SDI/SDA
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RA4/TOCK| «~— 7 f-— RB3/ANY/LVDIN
B2/AN8

A5/, -— h-— RB2/
REO/RD/ANS «— b — RB1/S
RE1/WR/AN6 «~— 0<— RBO/INT
RE2/CSA/§\/N7 -— 11 35 (- VDD
DD — ~— Vss
AVss —. PIC16C774 0-— RD7/PSP7
OSC1/CLKIN — n-— RD6/PSP6
OSC2/CLKOUT «— 15 b -—— RD5/PSP5
RCO/T10SO/T1CKI| «—— Q16 0 «— RD4/PSP4
NC h.— RC7/RX/DT
J88K
OO0 000000
aoogoan
SORBBBBRRD
gogaana2?
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RC7/RX/DT <« 1 NC
RD4/PSP4 — 2 O 1 «— RCO/T1OSO/T1CKI
RD5/PSP5 «— 3 R — OSC2/ Ol
RD6/PSP6 -« 4 1 — OSC1/CLKIN
RD7/PSP7 1 ~— AVs!
Vss 5 -— AVDD
M «— RE2/CS/AN7
RBO/INT «— 8 B — RE1/WR/AN6
RB1/SS «— s B — REO/RD/ANS
RB2/AN8 «—— - RA5/AN4
RB3/AN9/LVDIN «—» 1 -— RA4/TOCKI
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PIC16C77X

Key Features

This Materia

PICmicro™ Mid-Range Reference Manual PIC16C773 PIC16C774
(DS33023)
Operating Frequency DC - 20 MHz DC - 20 MHz
Resets (and Delays) POR, BOR, MCLR, WDT POR, BOR, MCLR, WDT
(PWRT, OST) (PWRT, OST)
Program Memory (14-bit words) 4K 4K
Data Memory (bytes) 256 256
Interrupts 13 14
1/O Ports Ports A,B,C Ports A,B,C,D,E
Timers 3 3
Capture/Compare/PWM modules 2 2
Serial Communications MSSP, USART MSSP, USART
Parallel Communications — PSP

12-bit Analog-to-Digital Module

6 input channels

10 input channels

Instruction Set

35 Instructions

35 Instructions

© 1999 Microchip Technology Inc.
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PIC16C77X

Table of Contents

1.0 Device Overview ...
2.0 Memory Organization..
BL0 0 PO . ettt et et h et e e £ eht e et £ e h e e eae e e e e aae e e sae e
4.0 TIMEIO MOUIE ..o et ettt et oot e e oat e e e bt e £ o et oo S h e £ e a b e e £ eht e e sh e £ essae e e eaneeee e e e eae e e e aaeae s
5.0 TIMEIT MOAUIE ... ettt et e o ht e e et £ e ettt e e he e £ ettt e £ ehe e e sh e £ esste e e eaeeeeate e e ate e e e eae e
6.0 TIMEI2 MOUIE ... ettt ettt fht e e st e £ e ettt e S ha e £ et b e e £ ehe e e sh e £ esnte e e eaeeeaeae e e aae e e e eaeae s
7.0 Capture/Compare/PWM (CCP) Module(s)
8.0 Master Synchronous Serial Port (MSSP) Module

9.0 Addressable Universal Synchronous Asynchronous Receiver Transmitter (USART) ..o 97
10.0 Voltage Reference Module and Low-voltage Detect ... 113
11.0 Analog-to-Digital Converter (A/D) ModUle ..o e 117
12.0 Special Features of the CPU ....................... .127

13.0 Instruction Set Summary... .143
14.0 Development Support ....... .145
15.0 Electrical CharacCteriStICS ........ ... ettt et et st et ettt e s ae e e eae e seee e e e e enie s 151
16.0 DC and AC Characteristics Graphs and Tables ..o et 173
17.0 Packaging INfOrMation ..o e e e e e e 175
Appendix A: REVISION HISTOIY . ... e ettt et oot ettt et st e et e 187
Appendix B:  Device Differences.............. .187
Appendix C:  Conversion Considerations.... .187
INEX ..o .

Bit/Register Cross-Reference List...............c.ooiiiii

ON=LNE SUPPOM ... .ottt e et £ et e ehe e e et 4o at e ea she e ee b oo £ ohs e o2 he e £ eh e e 2 be oo eh b e e £ b e e et e e et e e eae e e e

Reader Response.............cccccoiiiiiiiiicne
PIC16C77X Product Identification System

To Our Valued Customers
Most Current Data Sheet
To obtain the most up-to-date version of this data sheet, please check 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 may exist for current devices, describing minor operational differences (from the data sheet) and recommended
workarounds. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revi-
sion 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: (602) 786-7277

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.

Corrections to this Data Sheet

We constantly strive to improve the quality of all our products and documentation. We have spent a great deal of time to ensure
that this document is correct. However, we realize that we may have missed a few things. If you find any information that is missing
or appears in error, please:

« Fill out and mail in the reader response form in the back of this data sheet.

« E-mail us at webmaster@microchip.com.

We appreciate your assistance in making this a better document.
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PIC16C77X

1.0 DEVICE OVERVIEW

This document contains device-specific information.
Additional information may be found in the PICmicro™
Mid-Range Reference Manual, (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip website. The
Reference Manual should be considered a comple-

There a two devices (PIC16C773 and PIC16C774)
covered by this datasheet. The PIC16C773 devices
come in 28-pin packages and the PIC16C774 devices
come in 40-pin packages. The 28-pin devices do not
have a Parallel Slave Port implemented.

The following two figures are device block diagrams
sorted by pin number; 28-pin for Figure 1-1 and 40-pin

for Figure 1-2. The 28-pin and 40-pin pinouts are listed

mentary document to this data sheet, and is highly rec- . ’
in Table 1-1 and Table 1-2, respectively.

ommended reading for a better understanding of the
device architecture and operation of the peripheral
modules.

FIGURE 1-1: PIC16C773 BLOCK DIAGRAM

13 Data Bus 8, PORTA
EPROM [ Program Counter 7 RAG/ANO
Program RA1/AN1
Memory RAM RA2/AN2/VREF-/VRL
8 Level Stack Filo ] RA3/AN3/VREF+/VRH
4Kx 14 (13-bit) Registers RA4/TOCKI
P 256 x 8
rogram
Bus 4 RAM Addr () ? 9 PORTB
- Addr MUX RBO/INT
Instruction reg RB1/SS
Direct Addr /) RB2/ANS
y S| RB3/AN9/LVDIN
-~ RB7:RB4
8 PORTC
Wi RCO/T10SO/T1CKI
‘} RC1/T10SI/CCP2
RC2/CCP1
Instruction Y RC3/SCK/SCL
Decode & k= 5 RC4/SDI/SDA
Control gl'v'lﬁgll’lp RC5/SDO
— RC6/TX/CK
iming Oscillator
OSC1/CLKIN B> Generation [ | startap Tmer RC7/RX/DT
OSC2/CLKOUT
Power-on
Reset
Watchdog
— Timer
Low-voltage [ _, Precision Brown-out
Detect ~ Reference Reset
MCLR VDD, Vss
12-bit =—X] Avoo
ADC l«—1X] Avss
Timer0 Timer1 Timer2

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

PIC16C77X

FIGURE 1-2: PIC16C774 BLOCK DIAGRAM
Z— Program Counter 7
EPROM J RAO/ANO
Program RA1/AN1
Memory RAM X RA2/AN2/VREF-/VRL
8 Level Stack File RA3/AN3/VREF+/VRH
AKx 14 (13-bit) Registers RA4/TOCKI
256 x 8 RA5/AN4
Program 14
Bus RAM Addr PORTB
| / RBO/INT
nstruction reg RB1/SS
Direct Addr 7, Indirect RB2/AN8
£ r > RB3/ANY/LVDIN
=~ RB7:RB4
8 PORTC
i RCO/T10SO/T1CKI
\} - RC1/T108I/ICCP2
3 - RC2/CCP1
Instruction -+ RC3/SCK/SCL
Decode & Li—y RC4/SDI/SDA
Control POTV'.ﬁng S +—=X RC5/SDO
Timing paywe ALU RC6/TX/CK
scillator
OSC1/CLKINDIG= Generation 1 | sta o Tmer RC7/RX/DT
OSC2/CLKOUT PORTD
Power-on
Reset
Watchdog
Timer =[] RD7/PSP7:RDO/PSPO
Low-voltage | Precision ll Brown-out
Detect [~ | Reference Reset
% é Parallel Slave Port K- PORTE
MCLR VDD, Vss g REO/ANS/RD
> X RE1/AN6/WR
12-bit «— AvoD X Re2/aN7/CS
ADC +—X] Avss
Timer0 Timer1 Timer2
Synchronous
CcP1.2 Serial Port USART
Note 1: Higher order bits are from the STATUS register.
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PIC16C77X

TABLE 1-1 PIC16C773 PINOUT DESCRIPTION

DIP,
Pin Name SSOP, vorp Buffer Description

SOIC Type Type P

Pin#
OSC1/CLKIN 9 | ST/CMOSs® |Oscillator crystal input/external clock source input.
OSC2/CLKOUT 10 O — Oscillator crystal output. Connects to crystal or resonator in crystal

oscillator mode. In RC mode, the OSC2 pin outputs CLKOUT which has
1/4 the frequency of OSC1, and denotes the instruction cycle rate.
MCLR/VPP 1 /P ST Master clear (reset) input or programming voltage input. This pin is an
active low reset to the device.

PORTA is a bi-directional 1/0 port.

RAO/ANO 2 l{e} TTL RAO can also be analog inputO

RA1/AN1 3 le} TTL RA1 can also be analog input1

RA2/AN2/VREF-/VRL 4 110 TTL RA2 can also be analog input2 or negative analog reference voltage
input or internal voltage reference low

RA3/AN3/VREF+/VRH 5 l{e] TTL RA3 can also be analog input3 or positive analog reference voltage
input or internal voltage reference high

RA4/TOCKI 6 110 ST RA4 can also be the clock input to the Timer0 module. Output is

open drain type.

PORTB is a bi-directional /O port. PORTB can be software pro-
grammed for internal weak pull-up on all inputs.

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

RB1/SS 22 /0 TTL/STM RB1 can also be the SSP slave select

RB2/AN8 23 l{e] TTL RB2 can also be analog input8

RB3/AN9/LVDIN 24 l{e] TTL RB3 can also be analog input9 or the low voltage detect input
reference

RB4 25 110 TTL Interrupt on change pin.

RB5 26 l{e] TTL Interrupt on change pin.

RB6 27 /1O TTL/ST® Interrupt on change pin. Serial programming clock.

RB7 28 I{e] TTL/ST® Interrupt on change pin. Serial programming data.

PORTC is a bi-directional I/O port.

RCO/T10SO/T1CKI 11 l{e] ST RCO can also be the Timer1 oscillator output or Timer1 clock input.

RC1/T10SI/CCP2 12 l{e] ST RC1 can also be the Timer1 oscillator input or Capture2 input/
Compare2 output/PWM2 output.

RC2/CCP1 13 /10 ST RC2 can also be the Capture1 input/Comparei output/PWM1
output.

RC3/SCK/SCL 14 /@] ST RC83 can also be the synchronous serial clock input/output for both
SPI and 12C modes.

RC4/SDI/SDA 15 l{e] ST RC4 can also be the SPI Data In (SPI mode) or
data I/O (12C mode).

RC5/SDO 16 l{e] ST RC5 can also be the SPI Data Out (SPI mode).

RC6/TX/CK 17 l{e] ST RC6 can also be the USART Asynchronous Transmit or
Synchronous Clock.

RC7/RX/DT 18 110 ST RC7 can also be the USART Asynchronous Receive or

Synchronous Data.

AVss 8 P Ground reference for A/D converter
AVDD 7 P Positive supply for A/D converter
Vss 19 P — Ground reference for logic and I/O pins.
VDD 20 P — Positive supply for logic and I/O pins.
Legend: |=input O = output 1/0 = input/output P = power

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

Note 1: This buffer is a Schmitt Trigger input when configured for the multiplexed function.
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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PIC16C77X

TABLE 1-2 PIC16C774 PINOUT DESCRIPTION
Pin Name DIP PLCC QFP | I/O/P Buffer Description
Pin# Pini# Pin# | Type Type P
OSC1/CLKIN 13 14 30 | ST/cCMOS® |Oscillator crystal input/external clock source input.
OSC2/CLKOUT 14 15 31 O — Oscillator crystal output. Connects to crystal or resonator
in crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denotes the instruction cycle rate.
MCLR/VPP 1 2 18 /P ST Master clear (reset) input or programming voltage input.
This pin is an active low reset to the device.
PORTA is a bi-directional I/O port.
RAO/ANO 19 le} TTL RAO can also be analog inputO
RA1/AN1 20 le} TTL RA1 can also be analog input1
RA2/AN2/VREF-/VRL 21 /0 TTL RA2 can also be analog input2 or negative analog
reference voltage input or internal voltage reference
low
RA3/AN3/VREF+/VRH 5 6 22 /0 TTL RA3 can also be analog input3 or positive analog
reference voltage input or internal voltage reference
high
RA4/TOCKI 6 7 23 110 ST RA4 can also be the clock input to the Timer0 timer/
counter. Output is open drain type.
RA5/AN4 7 8 24 I{e] TTL RAS5 can also be analog input4
PORTB is a bi-directional 1/O port. PORTB can be soft-
ware programmed for internal weak pull-up on all inputs.
RBO/INT 33 36 8 1/0 TTUSTD RBO can also be the external interrupt pin.
RB1/SS 34 37 9 o | TTUSTM RB1 can also be the SSP slave select
RB2/AN8 35 38 10 l{e] TTL RB2 can also be analog input8
RB3/ANS/LVDIN 36 39 11 l{e] TTL RB3 can also be analog input9 or input reference for
low voltage detect
RB4 37 41 14 l{e] TTL Interrupt on change pin.
RB5 38 42 15 110 TTL Interrupt on change pin.
RB6 39 43 16 l{e] TTUST® Interrupt on change pin. Serial programming clock.
RB7 40 44 17 l{e] TTU/ST® Interrupt on change pin. Serial programming data.
Legend: | =input O = output 1/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 for the multiplexed function.

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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PIC16C77X

TABLE 1-2 PIC16C774 PINOUT DESCRIPTION (Cont.’d)
Pin Name DIP PLCC QFP | l/O/P Buffer Description
Pin# Pin# Pin# | Type Type P
PORTC is a bi-directional I/O port.
RCO/T10SO/T1CKI 15 16 32 110 ST RCO can also be the Timer1 oscillator output or a
Timer1 clock input.
RC1/T10S1/CCP2 16 18 35 /0 ST RC1 can also be the Timeri oscillator input or
Capture2 input/Compare2 output/PWM2 output.
RC2/CCP1 17 19 36 110 ST RC2 can also be the Capture1 input/Compare1
output/PWM1 output.
RC3/SCK/SCL 18 20 37 le} ST RC3 can also be the synchronous serial clock input/
output for both SPI and IC modes.
RC4/SDI/SDA 23 25 42 /0 ST RC4 can also be the SPI Data In (SPI mode) or
data I/0O (I2C mode).
RC5/SDO 24 26 43 /0 ST RC5 can also be the SPI Data Out
(SPI mode).
RC6/TX/CK 25 27 44 /0 ST RCS6 can also be the USART Asynchronous
Transmit or Synchronous Clock.
RC7/RX/DT 26 29 1 110 ST RC?7 can also be the USART Asynchronous Receive
or Synchronous Data.
PORTD is a bi-directional I/O port or parallel slave port
when interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 /o | ST/TL®
RD1/PSP1 20 22 39 o | sT/TTL®
RD2/PSP2 21 23 40 /o | ST/TTL®
RD3/PSP3 22 24 41 o | sT/TTL®
RD4/PSP4 27 30 2 o | sT/TTL®
RD5/PSP5 28 31 3 /o | ST/TL®
RD6/PSP6 29 32 4 o | sT/TTL®
RD7/PSP7 30 33 5 /o | ST/TL®
PORTE is a bi-directional 1/O port.
REO/RD/AN5 8 9 25 le} ST/TTL® REO can also be read control for the parallel slave
port, or analog input5.
RE1/AWR/AN6 9 10 26 le} ST/TTL® RE1 can also be write control for the parallel slave
port, or analog input6.
RE2/CS/AN7 10 11 27 /0 ST/TTL® RE2 can also be select control for the parallel slave
port, or analog input7.
AVss 12 13 29 P Ground reference for A/D converter
AVDD 11 12 28 P Positive supply for A/D converter
Vss 31 34 6 P — Ground reference for logic and I/O pins.
VDD 32 35 7 P — Positive supply for logic and 1/O pins.
NC —_ 1,17,28, | 12,13, —_ These pins are not internally connected. These pins
40 33,34 should be left unconnected.
Legend: | =input O = output 1/0 = input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured for the multiplexed function.

2: This buffer is a Schmitt Trigger input when used in serial programming mode.

3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).

4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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NOTES:
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PIC16C77X

2.0 MEMORY ORGANIZATION

There are two memory blocks in each of these
PICmicro® microcontrollers. Each block (Pro-
gram Memory and Data Memory) has its own bus
so that concurrent access can occur.

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

2.1 Program Memory Organization

The PIC16C77X PICmicros have a 13-bit program
counter capable of addressing an 8K x 14 program
memory space. Each device has 4K x 14 words of pro-
gram memory. Accessing a location above the physi-
cally implemented address will cause a wraparound.

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

FIGURE 2-1: PROGRAM MEMORY MAP
AND STACK

PC<12:0>

CALL, RETURN 13
RETFIE, RETLW

Stack Level 1
Stack Level 2

Stack Level 8

Reset Vector 0000h
: 4:
L]
Interrupt Vector 0004h
0005h
. Page 0
|g)n-chlp 07FFh
rogram
0800h
Memory Page 1
OFFFh

1000h

3FFFh

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 and RPO are the
bank select bits.

RP1 m (STATUS<6:5>)

=00 — Bank0
=01 — Banki
=10 —» Bank2
=11 — Bank3

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 “high use” special function
registers from one bank may be mirrored in another
bank for code reduction and quicker access.

2.2.1 GENERAL PURPOSE REGISTER FILE

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

© 1999 Microchip Technology Inc.
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FIGURE 2-2: REGISTER FILE MAP

File File File File
Address Address Address Address
Indirect addr.?| 00h | Indirect addr.?| 8oh | Indirect addr.(?| 100h | Indirect addr.?| 180n
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 FS 104h FS 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h 106h 186h
PORTC 07h TRISC 87h 107h 187h
PORTD ¢ | 08h TRISD ™ | 88h 108h 188h
PORTE ™ | 09h TRISE ©® | 89nh | iooh | 189h
PCLATH | 0An | PCLATH | 8An 10Ah 8Ah
INTCON | 0Bh INTCON _| 8Bh 10Bh 18Bh
PIR1 0Ch PIE1 8Ch 10Ch 18Ch
PIR2 0Dh PIE2 8Dh 10Dh 18Dh
TMRI1L OEh 8Eh 10Eh 18Eh
TMR1H OFh 8Fh 10Fh 18Fh
T1CON 10h 90h 110h 190h
TMR2 11h SSPCON2 | 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD 93h 113h 193h
SSPCON 14h 94h 114h 194h
CCPRI1L 15h 95h 115h 195h
CCPR1H 16h 96h 116h 196h
CCP1CON | 17h {1 97h 117h 197h
RCSTA 18h TXSTA 98h 118h 198h
TXREG 19h SPBRG 99h 119h 199h
RCREG 1Ah 9Ah 11Ah 19Ah
CCPR2L | 1Bh REFCON | 9Bh 11Bh 19Bh
CCPR2H 1Ch 9Ch 11Ch 19Ch
CCP2CON | 1Dh 4 9Dh 11Dh 19Dh
ADRESH 1Eh ADRESL 9Eh 11Eh 19Eh
ADCONO 1Fh ADCON1 9Fh 11Fh 19Fh
20h AOh 120h 1A0h
General General General
Purpose Purpose Purpose
Register Register Register
96 Bytes 80 Bytes EFh 80 Bytes 6Eh 1EFh
accesses Foh accesses 70h 1FOh
70h-7Fh 70h - 7Fh 70h - 7Fh
7Fh FFh 17Fh 1FFh
Bank O Bank 1 Bank 2 Bank 3
(1) Not implemented on PIC16C773.
Unimplemented data memory locations, read as '0’.
* Not a physical register.
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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

The special function registers can be classified into two

sets; core (CPU) and peripheral. Those registers asso-

implemented as static RAM. A list of these registers is peripheral feature section.

given in Table 2-1.

ciated 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 that

TABLE 2-1 PIC16C77X SPECIAL FUNCTION REGISTER SUMMARY
Value on: | Value onall
Address | Name Bit7 Bit 6 Bit 5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0 POR, other resets
BOR (2)
Bank 0

00h) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 0000 0000
01h TMRO Timer0 module’s register XXXX XXXX uuuu uuuu
02h® PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
03h®) | STATUS IRP | RP1 | RPO | TO PD z DC c 0001 1xxx | 000q quuu
04h(® FSR Indirect data memory address pointer XXXX XXXX uuuu uuuu
05h PORTA IPORTAS(S) |PORTA Data Latch when written: PORTA<4:0> pins when read | --0x 0000 --Ou 0000
06h PORTB PORTB Data Latch when written: PORTB pins when read xxxx 11xx uuuu 1luu
07h PORTC PORTC Data Latch when written: PORTC pins when read XXXX XXXX uuuu uuuu
08h®) | PORTD PORTD Data Latch when written: PORTD pins when read XXXX XXXX | uuun aud
ooh® | PORTE RE2 RE1 REO ---- -000 - -000
0AR(#) | PCLATH Write Buffer for the upper 5 bits of the Program Counter ---0 0000 ---0 0000
0Bh™® [ INTCON GIE PEIE TOIE INTE RBIE ToIF INTF RBIF 0000 000x | ©000 000u
0Ch PIR1 PSPIF® ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000
0Dh PIR2 LVDIF |  — . BCLIF COP2IF | 0--0-0 | 0-0-0
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 ! T1CKPSH I T1CKPSO0 I T10SCEN | TISYNC I TMR1CS | TMR1ON --00 0000 --uu uuuu
11h TMR2 Timer2 module’s register 0000 0000 0000 0000
12h T2CON lTOUTPSS | TOUTPS2 | TOUTPS1 |TOUTPSO | TMR20ON | T2CKPS1 | T2CKPSO0 | -000 0000 -000 0000
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX uuuu uuua
14h SSPCON wcoL | sspov | sspen [ ckp | sspva | sspmz | sspwt | ssPvo | ooo0o000 | 0000 0000
15h CCPR1L Capture/Compare/PWM Register1 (LSB) XXXX XXXX uuuu uuuu
16h CCPR1H Capture/Compare/PWM Register1 (MSB) XXXX XXXX uuuu uuua
17h CCP1CON | = CCP1X CCP1Y CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO --00 0000 --00 0000
18h RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x 0000 000x
19h TXREG USART Transmit Data Register 0000 0000 0000 0000
1Ah RCREG USART Receive Data Register 0000 0000 0000 0000
1Bh CCPR2L Capture/Compare/PWM Register2 (LSB) XXXX XXXX uuuu uuun
1Ch CCPR2H Capture/Compare/PWM Register2 (MSB) XXXX XXXX uuuu uuuu
1Dh CCP2CON | copex | copey | copems | copamz | copamt | copamo | —o00000 | --00 0000
1Eh ADRESH A/D High Byte Result Register XXXX XXXX uuuu uuua
1Fh ADCONO ADCS1 | ADCSO0 | CHS2 I CHSH1 | CHSO0 | GO/WI CHS3 | ADON 0000 0000 0000 0000

Legend: x =unknown, u = unchanged, q = value depends on condition, - = unimplemented read as '0'.
Shaded locations are unimplemented, read as ‘0’.

Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose contents are transferred to
the upper byte of the program counter.

2: Other (non power-up) resets include external reset through MCLR and Watchdog Timer Reset.
3: Bits PSPIE and PSPIF are reserved on the 28-pin devices, always maintain these bits clear.
4: These registers can be addressed from any bank.
5: These registers/bits are not implemented on the 28-pin devices read as '0'.
© 1999 Microchip Technology Inc. Advance Information DS30275A-page 13
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TABLE 2-1 PIC16C77X SPECIAL FUNCTION REGISTER SUMMARY (Cont.’d)

Value on: | Value onall

Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other resets
BOR (2)
Bank 1
8on® INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 0000 0000
81h OPTION_REG| RBPU | INTEDG | TOCS | TOSE | PSA | PS2 | PS1 | PS0 1111 1111 1111 1111
82n4) PCL Program Counter’s (PC) Least Significant Byte 0000 0000 0000 0000
83n® | STATUS IRP | RP1 | RPO | TO | PD | z | DC | c 0001 Ixxx | 000q quuu
84h4 FSR Indirect data memory address pointer XXXX XXXX uuuu uuun
85h TRISA |PORTA Data Direction Register —-111111 --11 1111
86h TRISB PORTB Data Direction Register 1111 1111 1111 1111
87h TRISC PORTC Data Direction Register 1111 1111 1111 1111
88h(®) TRISD PORTD Data Direction Register 1111 1111 1111 1111
89n® TRISE IBF OBF IBOV PSPMODE PORTE Data Direction Bits 0000 -111 0000-111

8Ah(14) | PCLATH Write Buffer for the upper 5 bits of the Program Counter ---0 0000 ---0 0000

8Bh# | INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000U
8Ch PIE1 PSPIE® ADIE RCIE TXIE SSPIE | CCPYIE | TMR2IE | TMR1IE | 00000000 | 00000000
8Dh PIE2 LVDIE BCLIE CCP2IE 0--- 0--0 0--- 0--0
8Eh PCON BOR aq S

91h sspcoNz | aeeN | akstar | akor | aken | moen | Pen | msen | sen | ooo00o00 | 00000000
92h PR2 Timer2 Period Register 1111 1111 1111 1111
93h SSPADD Synchronous Serial Port (IZC mode) Address Register 0000 0000 0000 0000
94h SSPSTAT svp | cke | A | p | s [ mrwW [ ua | 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

VRHOEN VRLOEN 0000 ---- 0000 ----

LVDEN

REFCON

LVDCON BGST -000101 --00 0101

9Eh ADRESL A/D Low Byte Result Register XXXX XXXX uuuu uuuu
9Fh ADCON/1 ADFM | VCFG2 | VCFG1 VCFGO | PCFG3 | PCFG2 | PCFG1 | PCFGO 0000 0000 0000 0000
Legend:  x = unknown, u = unchanged, q = value depends on condition, - = unimplemented read as '0’.

Shaded locations are unimplemented, read as ‘0’.
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose contents are transferred to
the upper byte of the program counter.

2: Other (non power-up) resets include external reset through MCLR and Watchdog Timer Reset.
3: Bits PSPIE and PSPIF are reserved on the 28-pin devices, always maintain these bits clear.
4: These registers can be addressed from any bank.
5: These registers/bits are not implemented on the 28-pin devices read as '0'.
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TABLE 2-1 PIC16C77X SPECIAL FUNCTION REGISTER SUMMARY (Cont.’d)

Value on: | Value onall

Address |Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other resets
BOR (2)
Bank 2

100h®) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 0000 0000
101h TMRO Timer0 module’s register XXXX XXXX uuuu uuuu
102h®  [PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
103h@® [STATUS IRP RP1 | RPO TO | PD | z | DC | C 0001 1xxx | 000q quuu
104h® |FSR Indirect data memory address pointer XXXX XXXX uuuu uuu

106h PORTB PORTB Data Latch when written: PORTB pins when read XxXxx 11xx uuuu 1lua

10AK(14) |PCLATH Write Buffer for the upper 5 bits of the Program Counter -0 0000 --0 0000

10Bh# [INTCON GIE PEIE TOIE INTE RBIF 0000 000x 0000 000u

RBIE | TOIF | INTF

Bank 3
180h®) INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 0000 0000
181h OPTION_REG| RBPU | INTEDG | TOCS | TOSE | PSA | PS2 | PS1 | PSO 1111 1111 1111 1111
182h®  [PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
183n@ [STATUS IRP RP1 | RPO TO | PD | z | DC | c 0001 lxxx | 000q quuu
184h@ [FSR Indirect data memory address pointer XXXX XXXX uuuu uuun

186h TRISB PORTB Data Direction Register 1111 1111 1111 1111

18An(14) |PCLATH Write Buffer for the upper 5 bits of the Program Counter ---0 0000 ---0 0000

18Bh# [INTCON GIE PEIE TOIE INTE | RBIE | TOIF | INTF | RBIF 0000 000x | 0000 000u

Legend: x =unknown, u = unchanged, q = value depends on condition, - = unimplemented read as '0’.
Shaded locations are unimplemented, read as ‘0’.
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose contents are transferred to
the upper byte of the program counter.
2: Other (non power-up) resets include external reset through MCLR and Watchdog Timer Reset.
3: Bits PSPIE and PSPIF are reserved on the 28-pin devices, always maintain these bits clear.
4: These registers can be addressed from any bank.
5: These registers/bits are not implemented on the 28-pin devices read as '0'.
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2221 STATUS REGISTER

The STATUS register, shown in Figure 2-3, 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

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.”

intended.
FIGURE 2-3: 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 RP1 RPO o | PD z oc | ¢ R = Readable bit
bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘'O’
- n = Value at POR reset

bit 7: IRP: Register Bank Select bit (used for indirect addressing)
1 =Bank 2, 3 (100h - 1FFh)
0 = Bank 0, 1 (00h - FFh)

bit 6-5: RP1:RPO: Register Bank Select bits (used for direct addressing)
11 = Bank 3 (180h - 1FFh)
10 = Bank 2 (100h - 17Fh)
01 = Bank 1 (80h - FFh)
00 = Bank 0 (00h - 7Fh)
Each bank is 128 bytes

bit 4:  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.
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2222 OPTION_REG REGISTER

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

FIGURE 2-4: OPTION_REG REGISTER (ADDRESS 81h, 181h)

RW-1 R RM- RW-1 RM- R/W-1 RW-1 R/W-1
RBPU | INTEDG | Tocs | Tose | pPsa | Ps2 Ps1 | Pso | |[R =Readable bit
bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’

- n = Value at POR reset

bit 7: RBPU: PORTB Pull-up Enable bit
1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values
bit 6: INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin
bit 5: TOCS: TMRO Clock Source Select bit
1 = Transition on RA4/TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)
bit 4: TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin
bit 3:  PSA: Prescaler Assignment bit

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

bit 2-0: PS2:PS0: Prescaler Rate Select bits
Bit Value @ TMRO Rate WDT Rate

000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128
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2223 INTCON REGISTER

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

FIGURE 2-5: 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

| ge | PEE | 70 | NTE | RBIE [ ToF | INTF | RBIF | [R =Readable bit
bit7 bito [W = Writable bit
U = Unimplemented bit,
read as ‘0’
- n = Value at POR reset

bit 7: GIE: Global Interrupt Enable bit
1 = Enables all un-masked interrupts
0 = Disables all interrupts

bit 6:  PEIE: Peripheral Interrupt Enable bit
1 = Enables all un-masked peripheral interrupts
0 = Disables all peripheral interrupts

bit 5: TOIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt

bit 4: IINTE: 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:  TOIF: 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 (must be cleared in software)
0 = None of the RB7:RB4 pins have changed state
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2224 PIE1 REGISTER

This register contains the individual enable bits for the
peripheral interrupts.

FIGURE 2-6: PIE1 REGISTER (ADDRESS 8Ch)

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

[PsPiEM]| ADIE | RcliE | TXIE | ssSPIE | ccP1IE | TMR2IE | TMRIIE | [R = Readable bit
bit7 bito [W = Writable bit
U = Unimplemented bit,
read as ‘0’
- n = Value at POR reset

bit7:  PSPIEM: Parallel Slave Port Read/Write Interrupt Enable bit
1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt

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

bit 5: RCIE: USART Receive Interrupt Enable bit
1 = Enables the USART receive interrupt
0 = Disables the USART receive interrupt

bit 4:  TXIE: USART Transmit Interrupt Enable bit
1 = Enables the USART transmit interrupt
0 = Disables the USART transmit interrupt

bit 3:  SSPIE: Synchronous Serial Port Interrupt Enable bit
1 = Enables the SSP interrupt
0 = Disables the SSP interrupt

bit 2:  CCP1IE: CCP1 Interrupt Enable bit
1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

bit 1: TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

bit 0: TMRI1IE: TMR1 Overflow Interrupt Enable bit
1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

Note 1: PSPIE is reserved on the 28-pin devices, always maintain this bit clear.
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2225 PIR1 REGISTER

This register contains the individual flag bits for the
peripheral interrupts.

FIGURE 2-7: PIR1 REGISTER (ADDRESS 0Ch)

RW-0  R/W-0 R-0 R-0 RW-0  RW-O  RMW-0  RM-0
[PsPIFD | ADIF | RciF | TxIF | sspiF | ccp1iF [ TMR2IF | TMR1IF | [R = Readable bit
bit7 bito [W = Writable bit
U = Unimplemented bit,
read as 'O’

- n = Value at POR reset

bit7:  PSPIF": Parallel Slave Port Read/Write Interrupt Flag bit
1 = A read or a write operation has taken place (must be cleared in software)
0 = No read or write has occurred

bit 6:  ADIF: A/D Converter Interrupt Flag bit
1 = An A/D conversion completed (must be cleared in software)
0 = The A/D conversion is not complete

bit 5: RCIF: USART Receive Interrupt Flag bit
1 = The USART receive buffer is full (cleared by reading RCREG)
0 = The USART receive buffer is empty

bit 4: TXIF: USART Transmit Interrupt Flag bit
1 = The USART transmit buffer is empty (cleared by writing to TXREG)
0 = The USART transmit buffer is full

bit 3:  SSPIF: Synchronous Serial Port Interrupt Flag bit
1 = The transmission/reception is complete (must be cleared in software)
0 = Waiting to transmit/receive

bit 22 CCP1IF: 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 TMR1 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: TMRI1IF: TMR1 Overflow Interrupt Flag bit
1 = TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

Note 1: PSPIF is reserved on the 28-pin devices, always maintain this bit clear.
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2226

PIE2 REGISTER

This register contains the individual enable bits for the
CCP2, SSP bus collision, and low voltage detect inter-

rupts.
FIGURE 2-8: PIE2 REGISTER (ADDRESS 8Dh)
R/W-0 U-0 u-o U-0 R/W-0 u-o U-0 R/W-0
LVDIE CCP2IE R = Readable bit
bit7 bito [W = Writable bit
U = Unimplemented bit,
read as ‘0’
- n = Value at POR reset
bit 7 LVDIE: Low-voltage Detect Interrupt Enable bit
1 = LVD Interrupt is enabled
0 = LVD Interrupt is disabled
bit 6-4: Unimplemented: Read as '0’
bit 3: BCLIE: Bus Collision Interrupt Enable bit
1 = Bus Collision interrupt is enabled
0 = Bus Collision interrupt is disabled
bit 2-1: Unimplemented: Read as '0’
bit 0: CCP2IE: CCP2 Interrupt Enable bit
1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt
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2227

This register contains the CCP2, SSP Bus Collision,
and Low-voltage detect interrupt flag bits.

PIR2 REGISTER

FIGURE 2-9: PIR2 REGISTER (ADDRESS 0Dh)
R/W-0 0 R/W-0 u-0 U-0 R/W-0
LVDIF ' BCLIF | — | ccpaiF | [R = Readable bit
bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
- n = Value at POR reset

bit 7: LVDIF: Low-voltage Detect Interrupt Flag bit
1 = The supply voltage has fallen below the specified LVD voltage (must be cleared in software)
0 = The supply voltage is greater than the specified LVD voltage

bit 6-4: Unimplemented: Read as '0’

bit 3: BCLIF: Bus Collision Interrupt Flag bit
1 = A bus collision has occurred while the SSP module configured in [PC Master was transmitting
(must be cleared in software)
0 = No bus collision 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 TMR1 register capture occurred
Compare Mode
1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred
PWM Mode
Unused
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2228 PCON REGISTER

The Power Control (PCON) register contains a flag bit
to allow differentiation between a Power-on Reset
(POR) to an external MCLR Reset or WDT Reset.
Those devices with brown-out detection circuitry con-
tain an additional bit to differentiate a Brown-out Reset
condition from a Power-on Reset condition.

FIGURE 2-10: PCON REGISTER (ADDRESS 8Eh)

bit 7-2: Unimplemented: Read as '0’

bit 1: POR: Power-on Reset Status bit
1 = No Power-on Reset occurred

bit O: BOR: Brown-out Reset Status bit
1 = No Brown-out Reset occurred

uU-0 U-0 uU-0 U-0 U-0 U-0 R/W-0 R/W-1
POR BOR R = Readable bit
bit7 bito [W = Writable bit

0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)

U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset
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23 PCL and PCLATH

The program counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 13 bits
wide. The low byte is called the PCL register. This reg-
ister is readable and writable. The high byte is called
the PCH register. This register contains the PC<12:8>
bits and is not directly readable or writable. All updates
to the PCH register go through the PCLATH register.

2.3.1 STACK

The stack allows a combination of up to 8 program calls
and interrupts to occur. The stack contains the return
address from this branch in program execution.

Midrange devices have an 8 level deep x 13-bit wide
hardware stack. The stack space is not part of either
program or data space and the stack pointer is not
readable or writable. The PC is PUSHed onto the stack
when a CALL instruction is executed or an interrupt
causes a branch. The stack is POPed in the event of a
RETURN, RETLW Or a RETFIE instruction execution.
PCLATH is not modified when the stack is PUSHed or
POPed.

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).

24 Program Memory Paging

PIC16C77X devices are capable of addressing a con-
tinuous 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
(or interrupt) is executed, the entire 13-bit PC is pushed
onto the stack. Therefore, manipulation of the
PCLATH<4:3> bits are not required for the return
instructions (which POPs the address from the stack).
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The INDF register is not a physical register. Address- EXAMPLE 2-1:
ing INDF actually addresses the register whose
address is contained in the FSR register (FSR is a
pointer). This is indirect addressing.

1
Reading INDF itself indirectly (FSR = 0) will produce i
00h. Writing to the INDF register indirectly results in a NEXT clrf
no-operation (although STATUS bits may be affected). incf
A simple program to clear RAM locations 20h-2Fh btfss
using indirect addressing is shown in Exampie 2-1. CONTINUE goto

HOW TO CLEAR RAM
USING INDIRECT

ADDRESSING

0x20 ;initialize pointer
FSR ; to RAM

INDF ;clear INDF register

FSR ;inc pointer
FSR,4 ;all done?
NEXT ;NO, clear next

;YES, continue

An effective 9-bit address is obtained by concatenating
the 8-bit FSR register and the IRP bit (STATUS<7>), as
shown in Figura 2-11.

FIGURE 2-11: DIRECT/INDIRECT ADDRESSING

Direct Addressing

Indirect Addressing

Note 1: For register file map detail see Figure 2-2.

RP1:RPO 6 from opcode 0 IRP 7 FSR register 0
HEnEEEEEEE L] LI T TTTTT1]
- v J - v AL v J
bank select location select bank select location select
\ » 00 01 10 11 o
L 00h 80h 100h 180h
Data
Memory(1)
7Fh FFh 17Fh 1FFh
Bank O Bank1 Bank2 Bank 3
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NOTES:
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3.0 I/0 PORTS FIGURE 3-1: BLOCK DIAGRAM OF

Some pins for these 1/O ports are multiplexed with an RA3:RA2 PINS

alternate function for the peripheral features on the Data
device. In general, when a peripheral is enabled, that bus
pin may not be used as a general purpose I/O pin.

Additional information on I/O ports may be found in the WR

PICmicro™  Mid-Range  Reference  Manual, Port cK LQ ‘D_{ P

(DS33023).
Data Latch
3.1 PORTA and the TRISA Register J

D Q

PORTA is a 6-bit wide bi-directional port for the 40/44
- . . . . . . WR

pin devices and is 5-bits wide for the 28-pin devices. TRIS _
PORTA<5> is not on the 28-pin devices. The corre- ] CK _Q
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 p
hi-impedance mode. Clearing a TRISA bit (=0) will
make the corresponding PORTA pin an output, i.e., put H;Iﬂt
the contents of the output latch on the selected pin. buffer

—X

N 1/0 pin™

TRIS Latch

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. EN
Therefore a write to a port implies that the port pins are _‘

read, this value is modified, and then written to the port

data latch. RDPORT {>0

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/TOCKI pin. The RA4/TOCKI To A/D Converter
pin is a Schmitt Trigger input and an open drain output.
All other RA port pins have TTL input levels and full

CMOS output drivers.

Other PORTA pins are multiplexed with analog inputs
and analog VREF inputs and precision on-board refer- VRH, VRL -D‘—<
ences (VRL/VRH). The operation of each pin is

selected by clearing/setting the control bits in the
ADCONT1 register (A/D Control Register1).

VRHOEN, VRLOEN

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs. Sense input for B
VRO+, VRO- amplifier

EXAMPLE 3-1: INITIALIZING PORTA
BCFEF STATUS, RPO
CLRF PORTA Initialize PORTA by
clearing output Note 1: 1/O pins have protection diodes to VDD and
data latches Vss.

Select Bank 1
Value used te

BSF STATUS, RPO
MOVLW OxCF

initialize data
direction

Set RA<3:0> as inputs
RA<5:4> as outputs
TRISA<7:6> are always
read as 0.

MOVWE TRISA

Ne Mo Mo Ne N Mo Ne S Ne N SNe S
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FIGURE 3-2: BLOCK DIAGRAM OF FIGURE 3-3: BLOCK DIAGRAM OF
RA1:RA0 AND RA5 PINS RA4/TOCKI PIN
Data Eata
bus b us D Q
Q WR
WR VDD PORT kLG o
Port | 5 N P
—t cK™\Q D_I 5 Data Latch
Data Latch >—|E +—D Q Vss
— WR
D Q N 1/0 pint IRIS i) Schmitt
Trigger S7
WR_ TRIS Latch et
— cK L Q Vss !
Analog
TRIS Latch nput RD TRIS
L el Q D
TTL
input EN
buffer
Q D RD PORT [:>G _1
_ TMRO clock input
EN i
Note 1: I/O pin has protection diodes to Vss only.
RD PORT [:)»
To A/D Converter
Note 1: 1/O pins have protection diodes to VDD and
Vss.
TABLE 3-1 PORTA FUNCTIONS
Name Bit# Buffer |Function
RAO/ANO bit0 TTL Input/output or analog input0
RA1/AN1 bit1 TTL Input/output or analog input1
RA2/AN2/VREF-/VRL bit2 TTL Input/output or analog input2 or VREF- input or internal reference
voltage low
RA3/AN3/VREF+/VRH bit3 TTL Input/output or analog input or VREF+ input or output of internal
reference voltage high
RA4/TOCKI bit4 ST Input/output or external clock input for Timer0
Output is open drain type
RA5/AN4(T) bits TTL Input/output or analog input
Legend: TTL = TTL input, ST = Schmitt Trigger input
Note 1: RA5 is reserved on the 28-pin devices, maintain this bit clear.
TABLE 3-2 SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
Value on: Value on all
Address | Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
other resets
BOR
05h PORTAM RA5 RA4 RA3 RA2 RA1 RAO | --0x 0000 [ ——0u 0000
85h TRISAM PORTA Data Direction Register —=11 1111 [ --11 1111
9Fh ADCON/ | PeFas | PeFaz | PoFat | PoFGo | 0000 0000 | 0000 0000

Legend: x = unknown, u = unchanged, — = unimplemented locations read as '0'. Shaded cells are not used by PORTA.
Note 1: PORTA<5>, TRISA<5> are reserved on the 28-pin devices, maintain these bits clear.
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3.2 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-impedance mode. Clearing a TRISB bit (=0) will
make the corresponding PORTB pin an outpult, i.e., put
the contents of the output latch on the selected pin.

EXAMPLE 3-1: INITIALIZING PORTB
BCF STATUS, RPO
CLRF PORTR Initialize PORTR by
clearing output
data latches

Select Rank 1

Value used to

BSF STATUS, RPO
MOVLW 0xCF
initialize data
direction

Set RB<3:0> as inputs
RB<5:4> as outputs
RB<7:6> as inputs

MOVWE TRISB

Ne Mo N NE Ne Ne S N Ne N S

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

The RBO pin is multiplexed with the external interrupt
(RBO/INT).

FIGURE 3-4: BLOCK DIAGRAM OF RBO PIN

VDD
RBPU®
RBPU® ] wosi
pull-up
Data bus Data Latch_
> —{<
WR Port Vo
CK —\_ pin(1)
TRIS | atch
D Q
TTL 7
Input
MRS CK™Y Buffer
[
RD TRIS
rd Q 5
RD Port EN
RBO/INT <‘ X
~
Bt 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>).

The RB1 pin is multiplexed with the SSP module slave
select (RB1/SS).

FIGURE 3-5: BLOCK DIAGRAM OF RB1/SS

PIN
VDD
RBPU® Tt
P
A L pull-up
Data bus Data Latch
> —X
WR Port Vo
CK _\_ pin(1)
TRIS L atch
D Q
TTL
Input
TR CK _\_ Buffer 7
[
RD TRIS
\/Irl Q D
RD Port EN
S input <|I X
Schmitt Trigger | RD Port
Buffer

Note 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>).

The RB2 pin is multiplexed with analog channel 8
(RB2/ANS).

FIGURE 3-6: BLOCK DIAGRAM OF

RB2/ANS8 PIN
VDD
RBP((2
RBPU® 5 weak
pull-up
Data bus Data Latch
- >——4-IX
WR Port l{e]
CKY pin
TRIS L atch
D Q
Analog
N ———
WRTRIS CK™} input mode I
TTL

[ Input
Buffer

RD TRIS
RD Port EN 2

To A/D converter

RD Port

Note 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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The RB3 pin is multiplexed with analog channel 9 and
the low voltage detect input (RB3/AN9/LVDIN)

FIGURE 3-7: BLOCK DIAGRAM OF
RB3/AN9/LVDIN PIN

VDD
RBPU®) weak
—D_q P pull-up
Data bus Data Latch
o a >t
WR Port 1o
CK R pin(1)
TRIS | atch
D Q
WRTRIS Analog ¢
CK™ input mode
or LVD input
mode TTL
[ Input
Buffer
RD TRIS
RD Port EN
To A/D converter and LVD reference input E

RD Port

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

2: To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (OPTION_REG<7>).

Four of PORTB’s pins, RB7:RB4, have an interrupt on
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e. any RB7:RB4 pin con-
figured 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 Inter-
rupt with flag bit RBIF (INTCON<0>).

This interrupt can wake the device from SLEEP. The
user, in the interrupt service routine, can clear the inter-
rupt 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.

FIGURE 3-8: BLOCK DIAGRAM OF

RB7:RB4 PINS
VDD
RBPLI(2
RBPU®@ T veci
pull-up
Data bus Data Latch
°C —<
110
WRPort | K O
TRIS Latch
D Q
WR TRIS L
e || Y Y
Buffer ST

p F b Buffer

RD TRIS Latch
ﬁ Q D
RD Port EN Q1
Set RBIFE
From other E Q D
RB7:RB4 pins RD Port
EN
Q3

RB7:RB6 in serial programming mode

Note 1: /O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (OPTION_REG<7>).
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TABLE 3-3 PORTB FUNCTIONS

Name Bit# Buffer Function

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

RB1/SS bit1 TTL/ST® | Input/output pin or SSP slave select. Internal software programmable
weak pull-up.

RB2/AN8 bit2 TTL Input/output pin or analog input8. Internal software programmable
weak pull-up.

RB3/AN9/LVDIN bit3 TTL Input/output pin or analog input9 or Low-voltage detect input. Internal
software programmable weak pull-up.

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

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

RB6 bité TTL/STR Input/output pin (with interrupt on change). Internal software
programmable weak pull-up. Serial programming clock.

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

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

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in serial programming mode.
3: This buffer is a Schmitt Trigger input when used as the SSP slave select.

TABLE 3-4 SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Value on: Value on all

Address | Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
other resets

BOR
06h, 106h | PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO | xxxx 1lxx| uuuu lluu
86h, 186h | TRISB PORTB Data Direction Register 1111 1111 1111 1111
81h, 181h | OPTION_REG 1111 1111} 1111 1111
9Fh ADCON1 0000 0000 | 0000 0000
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3.3 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
(Tabie 3-8). PORTC pins have Schmitt Trigger input
buffers.

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

EXAMPLE 3-1: INITIALIZING PORTC
BCF STATUS, RPO Select Bank O

CLRF PORTC Initialize PORTC by
clearing output
data latches

Select BRank 1

Value used to

BSF STATUS, RPO
MOVLW 0OxCF
initialize data
direction

Set RC<3:0> as inputs
RC<5:4> as outputs
RC<7:6> as inputs

MOVWE  TRISC

NeNe N N Ne N we Ne Ne Ne s

FIGURE 3-9: PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT
OVERRIDE)

PORT/PERIPHERAL Select®

Peripheral Data Out o VDD
Data bus
WR D Q ) P
PORT cKLQ
Data Latch %
D Q I/0
WR pin(
TRIS cKk\a N
TRIS Latch
Vss
q
Schmitt
RD TRIS Trigger 7
Peripheral
OE® < Q D
RD EN
PORT
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.
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TABLE 3-5 PORTC FUNCTIONS
Name Bit# |Buffer Type |Function
RCO/T10SO/T1CKI bit0 ST Input/output port pin or Timer1 oscillator output/Timer1 clock input
RC1/T10SI/CCP2 bit1 ST Input/output port pin or Timer1 oscillator input or Capture2
input/Compare2 output/PWM2 output
RC2/CCP1 bit2 ST Input/output port pin or Capture1 input/Compare1 output/PWM1
output
RC3/SCK/sCL bit3 ST RC3 can also be the synchronous serial clock for both SPI and Pc
modes.
RC4/SDI/SDA bit4 ST RC4 can also be the SPI Data In (SPI mode) or data /O (I°C mode).
RC5/SDO bits ST Input/output port pin or Synchronous Serial Port data output
RC6/TX/CK bité ST Input/output port pin or USART Asynchronous transmit or
Synchronous clock
RC7/RX/DT bit7 ST Input/output port pin or USART Asynchronous receive or

Synchronous data

Legend: ST = Schmitt Trigger input

TABLE 3-6 SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Value on: Value on all

Address | Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
other resets

BOR
07h PORTC RC7 RC6 RC5 RC4 RC3 RC2 RCA1 RCO XXXX XXXX [ uuuu uuuu
87h TRISC PORTC Data Direction Register 1111 1111 | 1111 1111

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

This section is applicable to the 40/44-pin devices only.

FIGURE 3-10: PORTD BLOCK DIAGRAM (IN

I/0 PORT MODE)

Data

PORTD is an 8-bit port with Schmitt Trigger input buff- bus
A . . D o—| )>—1
ers. Each pin is individually configurable as an input or WR H‘E
OUtpUt. PORT _\_ 1/10 pinm
CK

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

PSPMODE (TRISE<4>). In this mode, the input buffers —|D Q

are TTL. WR

TRIS Schmitt
| e Y
input
TRIS Latch bt
) ]
RD TRIS
/I Q D
EN
RD PORT {>o —I
Note 1: I/O pins have protection diodes to VDD and Vss.

TABLE 3-7 PORTD FUNCTIONS

Name Bit# Buffer Type Function

RDO/PSPO bit0 sT/TTLM Input/output port pin or parallel slave port bitO

RD1/PSP1 bit1 sT/TTL Input/output port pin or parallel slave port bit1

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

RD3/PSP3 bit3 sT/TTL Input/output port pin or parallel slave port bit3

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

RD5/PSP5 bit5 sT/TTLY Input/output port pin or parallel slave port bits

RD6/PSP6 bité sT/TTLM Input/output port pin or parallel slave port bité

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

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

TABLE 3-8 SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Value on: Value on all

Address | Name Bit7 | Bit6 | Bit5 Bit 3 Bit 2 Bit 1 Bito0 POR,
other resets

BOR
08h PORTD | RD7 | RD6é | RD5 RD3 RD2 RD1 RDO XXXX XXXX [ uuuu uuuu
88h TRISD | PORTD Data Direction Register 1111 1111 | 1111 1111
89h TRISE PSPMODE 0000 -111 0000 -111

Legend: x =unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used by PORTD.
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3.5 PORTE and TRISE Register FIGURE 3-11: PORTE BLOCK DIAGRAM (IN
/0 PORT MODE)

This section is applicable to the 40/44-pin devices only.

— __ Data
PORTE has three pins REO/RD/AN5, RE1/WR/AN6 bus D Q _[>—4._|E
and RE2/CS/AN7, which are individually configurable WR 0
as inputs or outputs. These pins have Schmitt Trigger PORT KL VO pin
input buffers. L
I/O PORTE becomes control inputs for the micropro- pata Latch
cessor port when bit PSPMODE (TRISE<4>) is set. In +— 0 @
this mode, the user must make sure that the yI'VRF?S )
TRISE<2:0> bits are set (pins are configured as digital E— CK A -Srrfgg;':t S
inputs). Ensure ADCON1 is configured for digital I/O. In TRIS Lateh input 7
this mode the input buffers are TTL. Pl buffer
Figure 3-12 shows the TRISE register, which also con- \l\l
trols the parallel slave port operation. RD TRIS
PORTE pins are multiplexed with analog inputs. When A
selected as an analog input, these pins will read as '0’s. Q D
TRISE controls the direction of the RE pins, even when EN
they are being used as analog inputs. The user must RD PORT —I
make sure to keep the pins configured as inputs when - {>o
using them as analog inputs. Note 1: I/O pins have protection diodes to VDD and Vss.

FIGURE 3-12: TRISE REGISTER (ADDRESS 89h)

R-0 R-0 RW-0  RMW-0 U-0 R/W-1 RW-1_ RW-1
| iBF | oBF | iBov [PsPMODE bit2 | bitt bit0 R = Readable bit
bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
- n = Value at POR reset

bit7 : IBF: Input Buffer Full Status bit
1 = A word has been received and is waiting to be read by the CPU
0 = No word has been received

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

bit 5: IBOV: Input Buffer Overflow Detect bit (in microprocessor mode)
1 = A write occurred when a previously input word has not been read (must be cleared in software)
0 = No overflow occurred

bit 4: PSPMODE: Parallel Slave Port Mode Select bit
1 = Parallel slave port mode
0 = General purpose I/O mode

bit 3: Unimplemented: Read as '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 RE1/AWR/AN6
1 = Input
0 = Output

bit O: Bit0: Direction Control bit for pin REQ/RD/AN5
1 = Input
0 = Output
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TABLE 3-9 PORTE FUNCTIONS

Name Bit# Buffer Type Function
REO/RD/ANS5 bit0 sT/TTL) Input/output port pin or read control input in parallel slave port mode or
analog input:
RD

1 = Not a read operation
0 = Read operation. Reads PORTD register (if chip selected)

RE 1/WR/AN6 bit1 sT/TTLM Input/output port pin or write control input in parallel slave port mode or
analog input:

WR

1 = Not a write operation

0 = Write operation. Writes PORTD register (if chip selected)

RE2/CS/AN7 bit2 sT/TTL! Input/output port pin or chip select control input in parallel slave port
mode or analog input:
CSs
1 = Device is not selected
0 = Device is selected
Legend: ST = Schmitt Trigger input TTL = TTL input
Note 1: Input buffers are Schmitt Triggers when in IO mode and TTL buffers when in Parallel Slave Port Mode.

TABLE 3-10 SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

Value on: Value on all

Addr [ Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
other resets

BOR
0%h |PORTE RE2 RE1 REO ———— —-xxX | ———— -—uuu
89h | TRISE PSPMODE PORTE Data Direction Bits 0000 —111 | 0000 —-111
9Fh | ADCON1 { PCFG3 | PCFG2 | PCFG1 | PCFGO | 0000 0000 | 0000 0000

Legend: x =unknown, u = unchanged, - = unimplemented read as '0’. Shaded cells are not used by PORTE.
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3.6 Parallel Slave Port FIGURE 3-13: PORTD AND PORTE BLOCK
L DIAGRAM (PARALLEL SLAVE

The Parallel Slave Port is implemented on the PORT)

40/44-pin devices only.

PORTD operates as an 8-bit wide Parallel Slave Port, r——=—=—™=—=—=—™=—"—™=—"—™=—"™—

or microprocessor port when control bit PSPMODE | Databus b a ™~ . I{E

(TRISE<4>) is set. In slave mode it is asynchronously I WR L

readable and writable by the external world through RD PORT RDX

control_input pin REO/RD and WR control input pin I CKAL I pin

RE1/WR. | TTL |

It can directly interface to an 8-bit microprocessor data | Q

bus. The external microprocessor can read or write the |

PORTD latch as an 8-bit latch. Setting bit PSPMODE RD

enables port pin REO/RD to be the RD input, RE1/WR ' PORT

to be the WR input and RE2/CS to be the CS (chip I(-)n:bit_of FORTD

select) input. For this functionality, the corresponding

data direction bits of the TRISE register (TRISE<2:0>) , Set interrupt flag

must be configured as inputs (set). The configuration ~ PSPIF (PIR1<7>)

bits, PCFG3:PCFGO (ADCON1<3:0>) must be config-
ured to make pins RE2:REO as digital I/O.

A write to the PSP occurs when both the CS and WR
lines are first detected low. A read from the PSP occurs
when both the CS and RD lines are first detected low.

Note: I/O pin has protection diodes to VDD and Vss.

FIGURE 3-14: PARALLEL SLAVE PORT WRITE WAVEFORMS

Qt | @2 | @3 | «4 +Qf | @2 | a3 ! Q4 E Ql | @2 | @3 | «4

=\ 5 e

WR AR T

o N
PORTD<7:0> —} E \\_) : ;
IBF 5 : \ y ;

OBF E E \\ E E

PSPIF . : \\,y ;
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FIGURE 3-15: PARALLEL SLAVE PORT READ WAVEFORMS

Ql | @2 | a3 | a4 Ql | @2 | a3 | a4 Ql | @2 | a3 | a4

m ' '

i e
s \
N

S

PORTD<7:0>

IBF

OBF

PSPIF

TABLE 3-11 REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT

Value on: Value on all
Address | Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
BOR other resets

08h PORTD

XXXX XXXX uuuu uuuu

0%h PORTE

RE2 | RET | REO |- —xxx| - -uuu

89h TRISE IBF OBF IBOV [ PSPMODE PORTE Data Direction Bits [ 0000 -111| 0000 -111

0Ch PIR1 0000 0000 | 0000 0000
8Ch PIE1 0000 0000 | 0000 0000
9Fh ADCON1 PCFG3 | PCFG2 | PCFG1 | PCFGO | 0000 0000 [ 0000 0000

Legend: x = unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used by the Parallel Slave Port.
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40 TIMERO MODULE

The Timer0 module timer/counter has the following fea-
tures:

+ 8-bit timer/counter

* Readable and writable

* Internal or external clock select

« Edge select for external clock

+ 8-bit software programmable prescaler
* Interrupt on overflow from FFh to 00h

Figure 4-1 is a simplified block diagram of the Timer0Q
module.

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

41 TimerQ Operation

TimerO can operate as a timer or as a counter.

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

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

When an external clock input is used for TimerO0, it must
meet certain requirements. The requirements ensure
the external clock can be synchronized with the internal
phase clock (Tosc). Also, there is a delay in the actual
incrementing of Timer0 after synchronization.

FIGURE 4-1: TIMERO BLOCK DIAGRAM

Additional information on external clock requirements
is available in the PICmicro™ Mid-Range Reference
Manual, (DS33023).

4.2 Prescaler

An 8-bit counter is available as a prescaler for the
Timer0 module, or as a postscaler for the Watchdog
Timer, respectively (Figure 4-2). For simplicity, this
counter is being referred to as “prescaler” throughout
this data sheet. Note that there is only one prescaler
available which is mutually exclusively shared between
the Timer0 module and the Watchdog Timer. Thus, a
prescaler assignment for the Timer0 module means
that there is no prescaler for the Watchdog Timer, and
vice-versa.

The prescaler is not readable or writable.

The PSA and PS2:PS0 bits (OPTION_REG<3:0>)
determine the prescaler assignment and prescale ratio.

Clearing bit PSA will assign the prescaler to the Timer0
module. When the prescaler is assigned to the Timer0
module, prescale values of 1:2, 1:4, ..., 1:256 are
selectable.

Setting bit PSA will assign the prescaler to the Watch-
dog Timer (WDT). When the prescaler is assigned to
the WDT, prescale values of 1:1, 1:2, ..., 1:128 are
selectable.

When assigned to the Timer0 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 WDT.

Data bus
Fosc/4 0 PSout 8
Sync with
Dﬁ 1 Internal TMRO
RA4/TOCKI Programmable clocks o ot
pin Prescaler
TOSE (2 cycle delay)
3
Set interrupt
PS2, PS1, PSO PSA flag bit TOIF
T0CS on overflow
Note 1: TOCS, TOSE, PSA, PS2:PS0 (OPTION_REG<5:0>).
2: The prescaler is shared with Watchdog Timer (refer to Figure 4-2 for detailed block diagram).
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4.2.1 SWITCHING PRESCALER ASSIGNMENT 43 TimerOQ Interrupt

The prescaler assignment is fully under software con- The TMRO interrupt is generated when the TMRO reg-
trol, i.e., it can be changed “on the fly” during program ister overflows from FFh to 00h. This overflow sets bit
execution. TOIF (INTCON<2>). The interrupt can be masked by

clearing bit TOIE (INTCON<5>). Bit TOIF must be
cleared in software by the Timer0 module interrupt ser-
vice routine before re-enabling this interrupt. The
TMRO interrupt cannot awaken the processor from
SLEEP since the timer is shut off during SLEEP.

FIGURE 4-2: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER

CLKOUT (=Fosc/4) Data Bus
A J 8
ol M 1 /I/
RA4/TOCKI . M SYNG
pin D71 ol Y > 2 TMRO reg
X Cycles
TOSE T f
TOCS )
PSA Set flag bit TOIF
on Overflow
0 o .
M > 8-bit Prescaler
u
Watchdog 11 X s A
Timer
T 8 -to - IMUX le—— PS2:PS0O
T PSA
0 | 1

WDT Enable bit
MUX |«—— PSA

WDT
Time-out

Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION_REG<5:0>).

TABLE 4-1 REGISTERS ASSOCIATED WITH TIMERO

Value on:

Address | Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bito poR, | Valueonall
other resets

BOR
01h,101h TMRO Timer0 module’s register XxXX XXxX | uuuu uuuu

0Bh,8Bh, INTCON GIE TOIE TOIF 0000 000x [ 0000 000u
10Bh,18Bh

81h,181h | OPTION_REG TOCS | TOSE | PSA Ps2 PS1 PSO | 1111 1111 | 1111 1111
85h TRISA PORTA Data Direction Register --11 1111 ] --11 1111

Legend: x = unknown, u = unchanged, — = unimplemented locations read as '0'. Shaded cells are not used by Timer0.

DS30275A-page 40 Addvancs nformation © 1999 Microchip Technology Inc.

This Material Copyrighted By Its Respective Manufacturer



PIC16C77X

5.0 TIMER1 MODULE

The Timer1 module timer/counter has the following fea-
tures:

+ 16-bit timer/counter
(Two 8-bit registers; TMR1H and TMR1L)
+ Readable and writable (Both registers)
« Internal or external clock select
* Interrupt on overflow from FFFFh to 0000h
* Reset from CCP module trigger
Timer1 has a control register, shown in Figure 5-1.

Timer1 can be enabled/disabled by setting/clearing
control bit TMR1ON (T1CON<0>).

Figure 5-3 is a simplified block diagram of the Timer1
module.

Additional information on timer modules is available in

5.1 Timer1 Operation

Timer1 can operate in one of these modes:

* As atimer
« As a synchronous counter
« As an asynchronous counter

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

In timer mode, Timer1 increments every instruction
cycle. In counter mode, it increments on every rising
edge of the external clock input.

When the Timer1 oscillator is enabled (T1OSCEN is
set), the RC1/T10SI and RCO/T10OSO/T1CKI pins
become inputs. That is, the TRISC<1:0> value is
ignored.

Timer1 also has an internal “reset input”. This reset can

the PICmicro™ Mid-Range Reference Manual, be generated by the CCP module (Sectien 7.0).
(DS33023).
FIGURE 5-1: T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)
uU-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
T1CKPS1 |T1 CKPSO |T1 OSCEN| T1SYNC | TMR1CS | TMR1ON | R = Readable bit
bit7 bito W = Writable bit
U = Unimplemented bit,
read as ‘0’
- n = Value at POR reset
bit 7-6: Unimplemented: Read as '0’

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

1 = Enables Timer1
0 = Stops Timer1

bit 5-4: T1ICKPS1:T1CKPSO0: Timer1 Input Clock Prescale Select bits

bit 3: T1OSCEN: Timer1 Oscillator Enable Control bit
1 = Oscillator is enabled
0 = Oscillator is shut off
Note: The oscillator inverter and feedback resistor are turned off to eliminate power drain
bit 2:  T1SYNC: Timeri External Clock Input Synchronization Control bit
TMR1CS =1
1 = Do not synchronize external clock input
0 = Synchronize external clock input
TMR1CS =0
This bit is ignored. Timer1 uses the internal clock when TMR1CS = 0.
bit 1: TMR1CS: Timer1 Clock Source Select bit
1 = External clock from pin RCO/T10SO/T1CKI (on the rising edge)
0 = Internal clock (Fosc/4)
bit 0: TMR1ON: Timeri On bit
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51.1 TIMER1 COUNTER OPERATION

In this mode, Timer1 is being incremented via an exter-
nal source. Increments occur on a rising edge. After
Timer1 is enabled in counter mode, the module must
first have a falling edge before the counter begins to
increment.

FIGURE 5-2: TIMER1 INCREMENTING EDGE

T1CKI
(Default high)

T1CKI
(Default low)

Note: Arrows indicate counter increments.

FIGURE 5-3: TIMER1 BLOCK DIAGRAM

Set flag bit
TMR1IF on
Overflow 0l Synchronized
TMR1 clock input
TMR1H | TMR1L
1| —
TMR1ON
........ on/off T1SYNC
' T108C !
RCO/T10SO/T1CKI |X! PP ,l’> 1 —
X | Prescaler yne ronlze_
T10SCEN Fosc/4 . 2,4, A det
RC1/T10SI gna'ﬁlet () [ternal— 0 } |
1 scillator’
Clock 2 SLEEP input

________ T1CKPS1:T1CKPS0
TMR1CS

Note 1: When the TIOSCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.
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5.2 Timer1 Oscillator

A crystal oscillator circuit is built in between pins T10SI
(input) and T1OSO (amplifier output). It is enabled by
setting control bit TIOSCEN (T1CON<3>). The oscilla-
tor is a low power oscillator rated up to 200 kHz. It will
continue to run during SLEEP. It is primarily intended
for a 32 kHz crystal. Table 5-1 shows the capacitor
selection for the Timer1 oscillator.

The Timer1 oscillator is identical to the LP oscillator.
The user must provide a software time delay to ensure
proper oscillator start-up.

TABLE 5-1 CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR
Osc Type Freq C1 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 appropri-
ate values of external components.

TABLE 5-2

53 Timer1 Interrupt

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/clear-
ing TMR1 interrupt enable bit TMR1IE (PIE1<0>).

54 Resetting Timer1 using a CCP Trigger
Output

If the CCP module is configured in compare mode to
generate a “special event trigger" (CCP1M3:CCP1MO0
=1011), this signal will reset Timer1 and start an A/D
conversion (if the A/D module is enabled).

Timer1 must be configured for either timer or synchro-
nized counter mode to take advantage of this feature. If
Timer1 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, the write will take prece-
dence.

In this mode of operation, the CCPR1H:CCPRI1L regis-
ters pair effectively becomes the period register for
Timer1.

REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER

Value on: Value on

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0 POR, all other
BOR resets

0Bh,8Bh, INTCON GIE PEIE 1 0000 000x [ 0000 000u
10Bh,18Bh
0Ch PIR1 0000 0000 [ 0000 0000
8Ch PIE1 : > TMR1IE | 0000 0000 [ 0000 0000
OEh TMR1L | Holding register for the Least Significant Byte of the 16-bit TMR1 register XREX XXXX [ uuuu uuuu
OFh TMR1H | Holding register for the Most Significant Byte of the 16-bit TMR1 register XXXX XXXX | uuuu uuuu
10h TICON o= | T1ckPs1 | T1CKPS0 | T1OSCEN | TISYNC | TMR1CS | TMR1ON [ ~~00 0000 | ——uu uuuu
Legend: x = unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by the Timer1 module.

Note 1: These bits are reserved on the 28-pin devices, always maintain these bits clear.
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6.0 TIMER2 MODULE
The Timer2 module timer has the following features:

+ 8-bit timer (TMR2 register)

+ 8-bit period register (PR2)

* Readable and writable (Both registers)

+ Software programmable prescaler (1:1, 1:4, 1:16)

+ Software programmable postscaler (1:1 to 1:16)

* Interrupt on TMR2 match of PR2

+ SSP module optional use of TMR2 output to gen-
erate clock shift

Timer2 has a control register, shown in Figure &6-1.
Timer2 can be shut off by clearing control bit TMR20ON
(T2CON<2>) to minimize power consumption.

Figure 6-2 is a simplified block diagram of the Timer2
module.

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

6.1 Timer2 Operation

Timer2 can be used as the PWM time-base for PWM
mode of the CCP module.

The TMR2 register is readable and writable, and is
cleared on any device reset.

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

The 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>)).

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

+ a write to the TMR2 register

+ a write to the T2CON register

* any device reset (Power-on Reset, MCLR reset,
Watchdog Timer reset, or Brown-out Reset)

TMR2 is not cleared when T2CON is written.

FIGURE 6-1: T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)

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

R/W-0

R/W-0 R/W-0

3| TOUTPS3|TOUTPS2|TOUTPS1|TOUTPS0| TMR20ON |TZCKPS1 |T20KPSO| R = Readable bit

bit 7: Unimplemented: Read as '0’

0000 = 1:1 Postscale
0001 = 1:2 Postscale

.
.

.

1111 = 1:16 Postscale

bit 2: TMR2ON: Timer2 On bit
1 =Timer2is on
0 = Timer2 is off

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

bit 6-3: TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits

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

bito |W = Writable bit

U = Unimplemented bit,
read as ‘0’

- n = Value at POR reset
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6.2 Timer2 Interrupt FIGURE 6-2: TIMER2 BLOCK DIAGRAM
The Timer2 module has an 8-bit period register PR2. Sets flag

: TMR2
Timer2 increments from 00h until it matches PR2 and BIt TMR2IF | output (9

then resets to 00h on the next increment cycle. PR2 is
a readable and writable register. The PR2 register is ini- Reset
tialized to FFh upon reset.

Prescaler
1:1, 1:4, 1:16

TMR2 reg

—Fosc/4

Postscaler 1/2
6.3 Output of TMR2 11 1o 1:16[ £Q
The output of TMR2 (before the postscaler) is fed to the ,I/4

Synchronous Serial Port module which optionally uses
it to generate shift clock.

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

TABLE 6-1 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 Bit0 POR, all other
BOR resets

0Bh,8Bh, | INTCON 0000 000x [ 0000 000u
10Bh,18Bh

0Ch PIR1 TMR2IF 0000 0000 | 0000 0000
8Ch PIE1 TMR2IE 0000 0000|0000 0000
11h TMR2 Timer2 module’s register 0000 0000|0000 0000
12h T2CON | Toutps3 | ToutPs2 | TouTPS1 | TOUTPSO I TMR20ON | T2CKPS1 | T2CKPSQ | 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: These bits are reserved on the 28-pin, always maintain these bits clear.
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70 CAPTURE/COMPARE/PWM CCP2 Module

(CCP) MODULE(S) 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. All are readable and writable.

Each CCP (Capture/Compare/PWM) module contains
a 16-bit register which can operate as a 16-bit capture
register, as a 16-bit compare register or as a PWM

master/slave Duty Cyc|e register_ Table 7-1 shows the Additional information on the CCP module is available
timer resources of the CCP module modes. in the PICmicro™ Mid-Range Reference Manual,
The operation of CCP1 is identical to that of CCP2, with (DS33023).

the exception of the special trigger. Therefore, opera- TABLE 7-1 CCP MODE - TIMER

tion of a CCP module in the following sections is RESOURCE

described with respect to CCP1.

Table 7-2 shows the interaction of the CCP modules. CCP Mode Timer Resource
CCP1 Module Capture Timer1
Capture/Compare/PWM Register1 (CCPR1) is com- C(;,rw)are Pmer;

prised of two 8-bit registers: CCPR1L (low byte) and imer

CCPR1H (high byte). The CCP1CON register controls

the operation of CCP1. All are readable and writable.

TABLE 7-2 INTERACTION OF TWO CCP MODULES

CCPx Mode | CCPy Mode Interaction

Capture Capture Same TMR1 time-base.

Capture Compare The compare should be configured for the special event trigger, which clears TMR1.
Compare Compare The compare(s) should be configured for the special event trigger, which clears TMR1.
PWM PWM The PWMs will have the same frequency, and update rate (TMR2 interrupt).

PWM Capture None

PWM Compare None

FIGURE 7-1: CCP1CON REGISTER (ADDRESS 17h) / CCP2CON REGISTER (ADDRESS 1Dh)

UO U0 RW-0 RW-O0 RW-0 RW-0 RW-0 RW-O
| ccPxx | ccPxy | ccPxM3 | ccPxM2 | CCPxM1 | CCPxMO | |R = Readable bit

bit7 bito | W =Writable bit
U = Unimplemented bit, read
as ‘0’

- n =Value at POR reset

bit 7-6: Unimplemented: Read as '0'

bit 5-4: 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.

bit 3-0: CCPxM3:CCPxMO0: CCPx Mode Select bits

0000 = Capture/Compare/PWM off (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; CCP1 resets TMR1; CCP2 resets TMR1
and starts an A/D conversion (if A/D module is enabled))

11xx = PWM mode
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71 Capture Mode

In Capture mode, CCPR1H:CCPR1L captures the
16-bit value of the TMR1 register when an event occurs
on pin RC2/CCP1. An event is defined as:

« every falling edge

* every rising edge

* every 4th rising edge

« every 16th rising edge

An event is selected by control bits CCP1M3:CCP1MO0
(CCP1CON<3:0>). When a capture is made, the inter-
rupt request flag bit CCP1IF (PIR1<2>) is set. It must
be cleared in software. If another capture occurs before

the value in register CCPR1 is read, the old captured
value will be lost.

711 CCP PIN CONFIGURATION

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

FIGURE 7-2: CAPTURE MODE OPERATION
BLOCK DIAGRAM

Set flag bit CCP1IF
|

Prescaler (PIR1<2>)

RC2ICCP1 [ ccPriH [ cepriL |
n
and Capture
edge detect Enable
} [ T™MR1H | TMRIL |
CCP1CON<3:0>

Q’s

7.1.2  TIMER1 MODE SELECTION

Timer1 must be running in timer mode or synchronized
counter mode for the CCP module to use the capture
feature. In asynchronous counter mode, the capture
operation may not work.

7.1.3  SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCP1IE (PIE1<2>) clear to avoid false interrupts and
should clear the flag bit CCP1IF following any such
change in operating mode.

7.1.4  CCP PRESCALER

There are four prescaler settings, specified by bits
CCP1M3:CCP1M0. Whenever the CCP module is
turned off, or the CCP module is not in capture mode,
the prescaler counter is cleared. This means that 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 7-1 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 7-1: CHANGING BETWEEN
CAPTURE PRESCALERS

CLRF CCP1CON ;Turn CCP module off

MOVLW NEW_CAPT_PS ;Load the W reg with

; the new prescaler

; mode value and CCP ON

;Load CCP1CON with this

; value

MOVWE  CCP1CON
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7.2 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 7-3: COMPARE MODE
OPERATION BLOCK
DIAGRAM

Special event trigger will:

reset Timer1, but not set interrupt flag bit TMR1IF (PIR1<0>),
and set bit GO/DONE (ADCONO0<2>)

which starts an A/D conversion

Special Event Trigger (CCP2 only)

Set flag bit CCP1IF

(PIR1<2>)
CCPR1H| GCPR1IL
\/

. Comparator
RC2/CCP1 g Logic P
Pin

TRISG<2> TMR1H| TMR1L

Output Enable

match

CCP1CON<3:0>
Mode Select

7.2.1 CCP PIN CONFIGURATION

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

722 TIMER1 MODE SELECTION

Timer1 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.

7.2.3 SOFTWARE INTERRUPT MODE

When generate software interrupt is chosen the CCP1
pin is not affected. Only a CCP interrupt is generated (if
enabled).

7.24  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
TMR1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable period register for
Timert.

The special trigger output of CCP2 resets the TMR1
register pair, and starts an A/D conversion (if the A/D
module is enabled).

REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, AND TIMER1

TABLE 7-3

Value on: | Value on
Address |Name Bit7 |Bit6| Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR, all other

BOR resets

0Bh,8Bh, |[INTCON GIE PEIE | 0000 000x|0000 000u
10Bh,18Bh
0Ch PIR1 CCP1IF TMR1IF | 0000 0000|0000 0000
8Ch PIE1 CCP1IE TMRT1IE [o000 0000|0000 0000
87h TRISC PORTC Data Direction Register 1111 1111)1111 1111
OEh TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXX XXXX[uuuu uuuu
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1register XXXX XXXX|uuuu uuuu
10h T1CON T1CKPS1 [T1CKPSO| T1OSCEN | TTSYNC [TMR1CS [TMR1ON|--00 0000[--uu uuuu
15h CCPR1L |Capture/Compare/PWM register1 (LSB) XXXX XXXX|[uuuu uuuu
16h CCPR1H |Capture/Compare/PWM register1 (MSB) XXXX XXXX|[uuuu uuuu
17h CCP1CON | T |eepty  [ccpima [copimz|cePiMt [coPiMO|-—00 0000[--00 0000
Legend: x = unknown, u = unchanged, — = unimplemented read as '0’. Shaded cells are not used by Capture and Timer1.
Note 1: Bits PSPIE and PSPIF are reserved on the 28-pin, always maintain these bits clear.
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7.3 PWM Mode

In Pulse Width Modulation (PWM) mode, the CCP1 pin
produces 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.

Figure 7-4 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 7.3.3.
FIGURE 7-4: SIMPLIFIED PWM BLOCK
DIAGRAM

CCP1CON<5:4>

Duty cycle registers //

| CCPRiL |

%—

| CCPR1H (Slave) | |

| Comparator i R Q
{} RC2/CCP1
| TMR2 | (Note 1) |
o—S
Comparator TRISC<2>
Clear Timer,
CCP1 pin and

latch D.C.

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

A PWM output (Figure 7-8) 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 7-5: PWM OUTPUT

Period

I [

:<—>
+ Duty Cycle

. TMR2 =PR2
TMR2 = Duty Cycle

TMR2 = PR2

7.3.1 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
* The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)
* The PWM duty cycle is latched from CCPR1L into
CCPR1H

7.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRI1L 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 = (CCPR1IL:CCP1CON<5:4>) »
Tosc * (TMR2 prescale value)

CCPR1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read-only register.

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

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

Maximum PWM resolution (bits) for a given PWM

frequency:
Fosc
|°9( FPwWM )

= — bits
log(2)

For an example PWM period and duty cycle calcu-
lation, see the PICmicro™ Mid-Range Reference
Manual, (DS33023).
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7.3.3 SET-UP 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 regis-
ter.

2. Set the PWM duty cycle by writing to the
CCPR1L register and CCP1CON<5:4> bits.

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 7-4 EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz

PWM Frequency 1.22 kHz | 4.88 kHz | 19.53 kHz | 78.12 kHz | 156.3 kHz | 208.3 kHz

Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value OxFF OxFF OxFF Ox3F Ox1F ox17
Maximum Resolution (bits) 10 10 10 8 7 5.5
TABLE 7-5 REGISTERS ASSOCIATED WITH PWM AND TIMER2

Value on: Value on
Address |Name Bit7 Bit6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other

BOR resets

0Bh,8Bh, [INTCON 0000 000x|0000 000u
10Bh,18Bh
0Ch PIR1 0000 0000|0000 0000
8Ch PIE1 = : 0000 0000|0000 0000
87h TRISC PORTC Daia Direction Register 1111 11111111 1111
11h TMR2 Timer2 module’s register 0000 0000|0000 0000
92h PR2 Timer2 module’s period register 1111 1111)1111 1111
12h T2CON |TouTPS3| TOUTPS2| TOUTPS1 | TOUTPSO| TMR2ON| T2CKPS1 [ T2CKPSO| 000 0000 | 000 0000
15h CCPR1L Capture/Compare/PWM register1 (LSB) XXXX XXXX |uuuu uuuu
16h CCPR1H Capture/Compare/PWM register1 (MSB) XXXX XXXX|Uuuuu uuuu
17h CCP1CON ccpix | coPiy | coPiMs [cePimz| coPiMi | cGPIMO[——00 0000 [-—00 0000

Legend: x =unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by PWM and Timer2.
Note 1: Bits PSPIE and PSPIF are reserved on the 28-pin, always maintain these bits clear.
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NOTES:
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8.0 MASTER SYNCHRONOUS
SERIAL PORT (MSSP)
MODULE

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 EEPROMSs, 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 (IQCT"")
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FIGURE 8-1: SSPSTAT: SYNC SERIAL PORT STATUS REGISTER (ADDRESS: 94h)

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

[smp [ cke | oA [ P | s | RW | uA | BF | |R=Readable bi

bit7

bit 7:

bit 6:

bit 5:

bit 4:

bit 3:

bit 2:

bit 1:

bit 0:

bit0 W =Writable bit

U =Unimplemented bit, read
as ‘0’

- n =Value at POR reset

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

SP| Slave Mode

SMP must be cleared when SPI is used in slave mode

In I°C 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)

CKE: SPI Clock Edge Select (Figure &-6, Figure 8-8, and Figure 8-9)
CKP =0

1 = Data transmitted on rising edge of SCK

0 = Data transmitted on falling edge of SCK

CKP = 1

1 = Data transmitted on falling edge of SCK

0 = Data transmitted on rising edge of SCK

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

P: Stop bit

(PC mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared)
1 = Indicates that a stop bit has been detected last (this bit is '0' on RESET)

0 = Stop bit was not detected last

S: Start bit

(IQC mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared)
1 = Indicates that a start bit has been detected last (this bit is '0' on RESET)

0 = Start bit was not detected last

R/W: Read/Write bit information (I°C mode only)

This bit holds the R/W bit information following the last address match. This bit is only valid from the
address match to the next start bit, stop bit, or not ACK bit.

mgc slave mode:

1 = Read

0 = Write

In I2C master mode:

1 = Transmit is in progress

0 = Transmit is not in progress.

Or’ing this bit with SEN, RSEN, PEN, RCEN, or AKEN will indicate if the MSSP is in IDLE mode

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

BF: Buffer Full Status bit

Receive (SPI and I2C modes)

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

Transmit (2C mode only)

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
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FIGURE 8-2: SSPCON: SYNC SERIAL PORT CONTROL REGISTER (ADDRESS 14h)

R/W-0

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

| weoL | ssPov | SSPEN | CKP | SSPM3 | SSPM2 | SSPM1 | SSPM0 | |R = Readable bit

bit7

bit 7:

bit 6:

bit 5:

bit 4:

bit 3-0:

bit0 W = Writable bit
- n =Value at POR reset

WCOL: Write Collision Detect bit

Master Mode:

1 = A write to the SSPBUF register was attempted while the [°C conditions were not valid for a
transmission to be started

0 = No collision

Slave Mode:

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

In SP1 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. In slave mode, the user must read the
SSPBUF, even if only transmitting data, to avoid setting overflow. In master mode, the overflow bit is not
set since each new reception (and transmission) is initiated by writing to the SSPBUF register. (Must be
cleared in software).

0 = No overflow

mgC mode

1 = A byte is received while the SSPBUF register is still holding the previous byte. SSPOV is a "don’t care”
in transmit mode. (Must be cleared in software).

0 = No overflow

SSPEN: Synchronous Serial Port Enable bit

In both modes, when enabled, these pins must be properly configured as input or output.

In SPI mode .

1 = Enables serial port and configures SCK, SDO, SDI, and SS as the source of the serial port pins
0 = Disables serial port and configures these pins as I/O port pins

In I2C mode

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

CKP: Clock Polarity Select bit

In SPI mode

1 = Idle state for clock is a high level

0 = Idle state for clock is a low level

MZC slave mode

SCK release control

1 = Enable clock

0 = Holds clock low (clock stretch) (Used to ensure data setup time)
In 2C master mode

Unused in this mode

SSPM3:SSPMO: Synchronous Serial Port Mode Select bits

0000 = SPI master mode, clock = Fosc/4

0001 = SPI master mode, clock = FOSC/16

0010 = SPI master mode, clock = FOsc/64

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

0100 = SPI slave mode, clock = SCK pin. SS pin control enabled.
0101 = SPI slave mode, clock = SCK pin. SS pin control disabled. SS can be used as /O pin
0110 = I2C slave mode, 7-bit address

0111 = I2C slave mode, 10-bit address

1000 = [°C master mode, clock = FOSG / (4 * (SSPADD+1) )

1xx1 = Reserved

1x1x = Reserved
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FIGURE 8-3: SSPCON2: SYNC SERIAL PORT CONTROL REGISTER2 (ADDRESS 91h)

RWO RWO RWO RW-O RWO RWO RWO0 RW-0
| GCEN | AKSTAT | AKDT | AKEN | RCEN | PEN | RSEN | SEN | [R =Readable bit

bit7 bit0 W =Writable bit
U =Unimplemented bit,
Read as ‘0’
- h =Value at POR reset

bit 7: GCEN: General Call Enable bit (In [PC slave mode only)
1 = Enable interrupt when a general call address (0000h) is received in the SSPSR.
0 = General call address disabled.

bit 6: AKSTAT: Acknowledge Status bit (In I°C master mode only)
In master transmit mode:
1 = Acknowledge was not received from slave
0 = Acknowledge was received from slave

bit 5: AKDT: Acknowledge Data bit (In [PC master mode only)
In master receive mode:
Value that will be transmitted when the user initiates an Acknowledge sequence at the end of a receive.
1 = Not Acknowledge
0 = Acknowledge

bit 4: AKEN: Acknowledge Sequence Enable bit (In [°C master mode only).
In master receive mode:
1 = Initiate Acknowledge sequence on SDA and SCL pins, and transmit AKDT data bit. Automatically
cleared by hardware.
0 = Acknowledge sequence idle

bit 3: RCEN: Receive Enable bit (In I°C master mode only).
1 = Enables Receive mode for I°C
0 = Receive idle

bit 2:  PEN: Stop Condition Enable bit (In [PC master mode only).
SCK release control
1 = Initiate Stop condition on SDA and SCL pins. Automatically cleared by hardware.
0 = Stop condition idle
bit 1: RSEN: Repeated Start Condition Enabled bit (In I°C master mode only)
1 = Initiate Repeated Start condition on SDA and SCL pins. Automatically cleared by hardware.
0 = Repeated Start condition idle.
bit 0: SEN: Start Condition Enabled bit (In [PC master mode only)
1 = Initiate Start condition on SDA and SCL pins. Automatically cleared by hardware.
0 = Start condition idle.

Note: For bits AKEN, 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).
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8.1 SPI Mode FIGURE 8-4: MSSP BLOCK DIAGRAM

. (SP1 MODE)
The SPI mode allows 8-bits of data to be synchro-
nously transmitted and received simultaneously. All < Jg}:rgﬁls
four modes of SPI are supported. To accomplish com-

munication, typically three pins are used: Read Write
+ Serial Data Out (SDO
. Serial Data In (S(DI) ) SSPBUF reg
+ Serial Clock (SCK)
Additionally, a fourth pin may be used when in a slave N
mode of operation: |z_l>__| SSPSR reg |_.
- Slave Select (SS) SDI bit0 shift
clock
81.1  OPERATION M
SDO
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>). SS Control
These control bits allow the following to be specified: Izﬁ Enable
SS

+ Master Mode (SCK is the clock output) Edge

- Slave Mode (SCK s the clock input) Select
+ Clock Polarity (Idle state of SCK) 5
* Data input sample phase

(middle or end of data output time) Clock Select
. ?lotc ) (te(cj:ig(te ising/falling edge of SCK) SSPM3:SSPMO

output data on rising/falling edge o SMP:CKE
+ Clock Rate (Master mode only) f2 4 TMR220utput
+ Slave Select Mode (Slave mode only) lXI_‘ Edge

-

Figure 8-4 shows the block diagram of the MSSP mod- SCK Select Tefcalir Tosc
ule when in SPI mode. . 16,6

— Data to TX/RX in SSPSR
— Data direction bit

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
(PIR1<3>) 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 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 following write(s) to the SSP-
BUF 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 the SSP-
BUF has been loaded with the received data (transmis-
sion is complete). When the SSPBUF is read, bit BF is
cleared. This data may be irrelevant if the SPIl is only a
transmitter. Generally the MSSP Interrupt is used to
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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 81 shows the loading of the
SSPBUF (SSPSR) for data transmission.

EXAMPLE 8-1: LOADING THE SSPBUF
(SSPSR) REGISTER

BSF STATUS, RPO
LOOP BTFSS SSPSTAT, BF

;Specify BRank 1
;Has data been
;received

; (transmit
;complete) ?
GOTO LOOP ;No

BCF STATUS, RPO
MOVE  SSPBUF, W

; Specify BRank O

;W reg = coeontents
;of SSPBRUF

MOVFEF  TXDATA, W ;W reg contents
; of TXDATA

MOVWE SSPRUF ;New data to xmit

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

81.2 ENABLING SPI /O

To enable the serial port, MSSP Enable bit, SSPEN
(SSPCON<5>) must be set. To reset or reconfigure SPI
mode, clear bit SSPEN, re-initialize the SSPCON reg-
isters, and then set bit SSPEN. This configures the

SDI, SDO, SCK, and SS pins as serial port pins. For the
pins to behave as the serial port function, some must
have their data direction bits (in the TRIS register)
appropriately programmed. That is:

+ SDI is automatically controlled by the SPI module
+ SDO must have TRISC<5> cleared

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

+ SCK (Slave mode) must have TRISC<3> set
+ SS must have TRISA<5> set

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.

8.1.3  TYPICAL CONNECTION

Figure 8-5 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 programmed to
same Clock Polarity (CKP), then both controllers 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

FIGURE 8-5: SPI MASTER/SLAVE CONNECTION

r_--mm s - A re_ - - mmsmmmm—-—-— A
: SPI Master SSPM3:SSPMO = 00xxb : : SPI Slave SSPM3:SSPMO = 010xb :
I | I |
| SDO | . SDI |
I I | I
1 I 1 I
| Serial Input Buffer l ! Serial Input Buffer

1 (SSPBUF) I I (SSPBUF) I
| | | |
I I 1 I
I I I I
I | I I
! soi ! ' sbo !
1 Shift Register | - 1 Shift Register 1
I (SSPSR) I i (SSPSR) I
I I I 1
I MSb LSb I I MSb LSb I
] | I |
| 1 Serial Clock | |
. SCK ; . SCK |
| PROCESSOR 1 ! | PROCESSOR 2 !
L e e e e e e e e e e e e e e e e o e — — — -4 L e e e e e e e e e e e e o e e e o = — — — 4
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8.1.4 MASTER MODE

The master can initiate the data transfer at any time
because it controls the SCK. The master determines
when the slave (Processor 2, Figure 8-5) is to broad-
cast data by the software protocol.

In master mode the data is transmitted/received as
soon as the SSPBUF register is written to. If the SPI
module is only going to receive, the SDO output could
be disabled (programmed as an input). The SSPSR
register will continue to shift in the sighal present on the
SDI pin 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”.

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

Figure 8-6, Figure 8-8, and Figure 8- where the MSb
is transmitted first. In master mode, the SPI clock rate
(bit rate) is user programmable to be one of the follow-
ing:

+ Fosc/4 (or Toy)

+ Fosc/16 (or 4 « Tcy)

+ Fosc/64 (or 16 « Tcy)

« Timer2 output/2

This allows a maximum bit clock frequency (at 20 MHz)
of 8.25 MHz.

Figure 8-6 shows the waveforms for Master mode.
When CKE = 1, 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 data is
shown.

FIGURE 8-6: SPI MODE WAVEFORM (MASTER MODE)
SSPBUF 1
SCK
(CKP =0
CKE = 0)
|
%ﬂ%=1 |
cKE=9) | | | | | | | | | 4 clock
SCK modes
i S S I I I N B
CKE = 1)
|
SCK .
ce- L L L L) L L L
| | | | | | | |
iﬁé—m m7P( meP(tmsp( m4>< msD( mzp( mw)( bit)
- . ]
Sbo mwi)( mw!)( mwi)( mm!)( bit3, X mmi)( mn!)( bit
(CKE = 1) | | | | | | | '
|
(SMP = 0) | o7 | | | | ! | | “bio |
|
TN S S S S SN SO S
(SMP = 0) | | | | | | f |

npur t t ¢

(SMP =1) | bit7 b0

f

t t t ¢

Sample I
(SMP = 1) |
SSPIF

e

SSPSR to
SSPBUF

} } Next Q4 cycle
after Q2!
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8.1.5 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 interrupt flag bit SSPIF (PIR1<3>)
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.

8.1.6  SLAVE SELECT SYNCHRONIZATION

The SS pin allows a synchronous slave mode. The
SPl must be in slave mode with SS pin control
enabled (SSPCON<3:0> = 0100). The pin must not
be driven low for the SS pin to function as an input.
TRISA<5> must be set. When the SS pin is low,
transmission and reception are enabled and the
SDO pin is driven. When the SS pin goes high, the

FIGURE 8-7:

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

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.

SLAVE SYNCHRONIZATION WAVEFORM

=

SCK
(CKP=0
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SCK
(CKP = 1
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Write to

SSPBUF
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o : | i | ! S
SuP=0 Db : : : \ o7 | . : :

Input X X . X X . X . : : :
Sample . . T ] T ' 1 ' i T ' T ) (S T \ T ! 1
(SMP =0) ; : : : : : : : 7 : .
SSPIF 1 1 : 1 1 1 1 1 : 1

Interrupt cC

Flag ) Next Q4 cycle %
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DS30275A-page 60

Addvancs nformation

© 1999 Microchip Technology Inc.

Copyrighted By Its Respective Manufacturer



This Materia

PIC16C77X

FIGURE 8-8:

SPI SLAVE MODE WAVEFORM (CKE = 0)
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optional
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Input '
Sample
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after Q20

FIGURE 8-9:

SPI SLAVE MODE WAVEFORM (CKE = 1)

not optional '
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8.1.7 SLEEP OPERATION 8.1.8 EFFECTS OF A RESET
In master mode all module clocks are halted, and the A reset disables the MSSP module and terminates the
transmission/reception will remain in that state until the current transfer.

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 interrupt
flag bit will be set and if enabled will wake the device
from sleep.

TABLE 8-1 REGISTERS ASSOCIATED WITH SPI OPERATION

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR | MCLR, WDT
SoBhyan | INTCON GIE PEIE 0000 000x | 0000 000U
0Ch PIR1 0000 0000 | 0000 0000
8Ch PIE1 0000 0000 | 0000 0000
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | uuuu uuuu
14h SSPCON WCOL SSPOV | SSPEN | CKP | SSPM3 | SSPM2 SSPM1 SSPMO | 0000 0000 | 0000 0000
94h SSPSTAT SMP CKE | BF | 0000 0000 | 0000 0000
Legend:  x = unknown, u = unchanged, - = unimplemented read as '0’. Shaded cells are not used by the SSP in SPI mode.

Note 1: These bits are reserved on the 28-pin devices, always maintain these bits clear.
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8.2 MSSP 12C Operation FIGURE 8-11: I2C MASTER MODE BLOCK
o . DIAGRAM
The MSSP module in 1“C mode fully implements all
master and slave functions (including general call sup- < Internal
port) and provides interrupts on start and stop bits in data bus
hardware to determine a free bus (multi-master func- Read Write
tion). The MSSP module implements the standard SSPA'?{,'%<61°>
mode specifications as well as 7-bit and 10-bit address-
ing. | Baud Rate Generator |
Refer to Application Note AN578, "Use of the SSP
Module in the 12C Multi-Master Environment." SCL ~ | SSPBUF reg |
A "glitch" filter is on the SCL and SDA pins when the pin |XI == ehift
is an input. This filter operates in both the 100 kHz and clock N
400 kHz modes. In the 100 kHz mode, when these pins & <I__' SSPSR reg
are an output, there is a slew rate control of the pin that SDA MSb Lsb
is independant of device frequency. | /> 4
FIGURE 8-10: 12C SLAVE MODE BLOCK | Match detect |- Addr Match
DIAGRAM T
< Internal | SSPADD reg |
data bus
Read ﬁ% Write Start and Stop bit Set/(;lri?r S bit
detect / generate ["&|oar/Set P bit
soL | SSPBUFreg | (SSPSTAT reg)
NN and Set SSPIF
X = shit Zﬁi lL
clock Two pins are used for data transfer. These are the SCL
|ZI <I__| SSPSR reg pin, which is the clock, and the SDA pin, which is the
data. The SDA and SCL pins that are automatically
SDA ’_l> MSb LSb configured when the [PC mode is enabled. The SSP
Z N2 module functions are enabled by setting SSP Enable
| Match detect |—> Addr Match bit SSPEN (SSPCON<5>).
ﬁ} The MSSP module has six registers for °Pc operation.
| SSPADD reg | They are the:
« SSP Control Register (SSPCON)
Start and Set, Reset + SSP Control Register2 (SSPCON2)
Stop bit detect [ S, P bits « SSP Status Register (SSPSTAT)
(SSPSTAT reg) . Serial Receive/Transmit Buffer (SSPBUF)

+ SSP Shift Register (SSPSR) - Not directly acces-
sible
+ SSP Address Register (SSPADD)

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

+ I12C Slave mode (7-bit address)
+ I12C Slave mode (10-bit address)
+ 12C Master mode, clock = OSC/4 (SSPADD +1)

Before selecting any 1°C mode, the SCL and SDA pins
must be programmed to inputs by setting the appropri-
ate TRIS bits. Selecting an I2C mode, by setting the
SSPEN bit, enables the SCL and SDA pins to be used
as the clock and data lines in 12C mode.
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The SSPSTAT register gives the status of the data
transfer. This information includes detection of a
START (S) or STOP (P) bit, specifies if the received
byte was data or address if the next byte is the comple-
tion of 10-bit address, and if this will be a read or write
data transfer.

SSPBUF is the register to which the transfer data is
written to or read from. The SSPSR register shifts the
data in or out of the device. In receive operations, the
SSPBUF and SSPSR create a doubled buffered
receiver. This allows reception of the next byte to begin
before reading the last byte of received data. When the
complete byte is received, it is transferred to the
SSPBUF register and flag bit SSPIF is set. If another
complete byte is received before the SSPBUF register
is read, a receiver overflow has occurred and bit
SSPOV (SSPCON<6>) is set and the byte in the
SSPSR is lost.

The SSPADD register holds the slave address. In 10-bit
mode, the user needs to write the high byte of the
address (1111 0 A9 A8 0). Following the high byte
address match, the low byte of the address needs to be
loaded (A7:A0).

8.2.1 SLAVE MODE

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

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

There are certain conditions that will cause the MSSP
module not to give this ACK pulse. These are if either
(or both):

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

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

If the BF bit is set, the SSPSR register value is not
loaded into the SSPBUF, but bit SSPIF and SSPOV are
set. Table 8-2 shows what happens when a data trans-
fer byte is received, given the status of bits BF and
SSPOV. The shaded cells show the condition where
user software did not properly clear the overflow condi-
tion. Flag bit BF is cleared by reading the SSPBUF reg-
ister while bit SSPQV is cleared through software.

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

8.2.1.1 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:

a) The SSPSR register value is loaded into the
SSPBUF register on the falling edge of the 8th
SCL pulse.

b) The buffer full bit, BF is set on the falling edge of
the 8th SCL pulse.

c) An ACK pulse is generated.

d) SSP interrupt flag bit, SSPIF (PIR1<3>) is set
(interrupt is generated if enabled) - on the falling
edge of the 9th SCL pulse.

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
‘1111 0 A9 A8 0’, where A9 and A8 are the two MSbs
of the address. The sequence of events for a 10-bit
address is as follows, with steps 7- 9 for slave-transmit-
ter:

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. This will clear bit UA and
release the SCL line.

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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8.21.2 SLAVE 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.

When the address byte overflow condition exists, then
no acknowledge (ACK) pulse is given. An overflow con-
dition is defined as either bit BF (SSPSTAT<0>) is set
or bit SSPOV (SSPCON<«6>) is set.

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

TABLE 8-2 DATA TRANSFER RECEIVED BYTE ACTIONS
Status Bits as Data
Transfer is Received Set bit SSPIF
Generate ACK (SSP Interrupt occurs
BF SSPOV SSPSR — SSPBUF Pulse if enabled)
0 0 Yes Yes Yes
1 0 No No Yes
1 1 No No Yes

Note 1: Shaded cells show the conditions where the user software did not properly clear the overflow condition.

8.2.1.3 SLAVE 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 the SCL pin is held low.
The transmit data must be loaded into the SSPBUF
register, which also loads the SSPSR register. Then the
SCL pin should be enabled by setting bit CKP (SSP-
CON<4>). The master must monitor the SCL pin prior
to asserting another clock pulse. The slave devices
may be holding off the master by stretching the clock.
The eight data bits are shifted out on the falling edge of
the SCL input. This ensures that the SDA signal is valid
during the SCL high time (Figuire 8-13).

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

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

o R/W=0
. Receiving Address ACK

FIGURE 8-12: 12C WAVEFORMS FOR RECEPTION (7-BIT ADDRESS)

Receiving Data

SDA mmmmm +_/D7XDeXD5XD4XD3XD2XD1XD0)__/D7XD6XD5XD4XD3XD2XD1XD0) I\ :r
1
1

Z

ot
ACK Receiving Data ACK

4

SSPOV (SSPCON<6>)

) /1p
| | | L,
| | T
. I
SSPIF O I 1 Bus Master
t T | terminates
! [ | transfer
BF (SSPSTAT<0>) — f ]
I
l

LI— Cleared in software
SSPBUF register is read

Bit SSPOV is set because the SSPBUF register is still full. —

ACK is not sent.
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FIGURE 8-13: 12C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)

RW=1__ RW=0
.- Receiving Address ACK Transmitting Data  Not ACK - - -
SDA /A7 X A6 X ASX AdX A3 X A2 X A1) :
scL g :
Lo , Datain . SEII_ hal:(’iulov\v . .
. . while ! 1
sampled responds to SSPIF| ' '
SSPIF ) .
[ n N
BF (SSPSTAT<0>) ! q L
' cleat.'ed ir-1 sof‘t-ware }me SSP interrupt
X SSPBUF is written in software [ service routine
CKP (SSPCON<4>) ‘
Set bit after writing to SSPBUF
(the SSPBUF must be written-to
before the CKP bit can be set)
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I°C SLAVE-TRANSMITTER (10-BIT ADDRESS)

FIGURE 8-14
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I°C SLAVE-RECEIVER (10-BIT ADDRESS)

FIGURE 8-15
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8.2.2 GENERAL CALL ADDRESS SUPPORT

The addressing procedure for the 12C 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 acknowl-
edge.

The general call address is one of eight addresses
reserved for specific purposes by the I°C protocol. It
consists of all 0’s with R/'W = 0

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

If the general call address matches, the SSPSR is
transfered to the SSPBUF, the BF flag is set (eighth bit),

and on the falling edge of the ninth bit (ACK bit) the
SSPIF flag is set.

When the interrupt is serviced. The source for the
interrupt can be checked by reading the contents of the
SSPBUF to determine if the address was device spe-
cific 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 GCEN is set while the slave is config-
ured 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 8-16).

FIGURE 8-16: SLAVE MODE GENERAL CALL ADDRESS SEQUENCE (7 OR 10-BIT MODE)

Address is compared to General Call Address
after ACK, set interrupt flag

[ RW =0 Receiving data ACK
! General Call Address '

! /57 Y(os X 002 X 03X 02X 51X 20)

1 1 '
SCL —

8. :
SSPIF '
BF ] T
(SSPSTAT<0>) |_

I Cleared in software
SPBUF is read

SSPOV 0
(SSPCON<6>]
GCEN 1
(SSPCON2<7>)
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823 SLEEP OPERATION 824 EFFECTS OF A RESET
While in sleep mode, the [PC module can receive A reset diables the SSP module and terminates the
addresses or data, and when an address match or current transfer.

complete byte transfer occurs wake the processor from
sleep (if the SSP interrupt is enabled).

TABLE 8-3 REGISTERS ASSOCIATED WITH 12C OPERATION

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR | MCLR, WDT
SoBhregn | INTCON GIE PEIE 0000 000x | 0000 000u
0Ch PIR1 0000 0000 | 0000 0000
8Ch PIE1 0000 0000 | 0000 0000
0oDh PIR2 0-——- 0--0 | 0-—— 0--0
8Dh PIE2 0-——— 0-—0] 0-——— 0-—0
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX XKXXX | uuuu uuuu
14h SSPCON WCOL SSPOV | SSPEN | CKP | SSPM3 | SSPM2 SSPM1 SSPMO | 0000 0000 | 0000 0000
91h SSPCON2 GCEN AKSTAT | AKDT |AKEN | RCEN PEN RSEN SEN 0000 0000 | 0000 0000
94h SSPSTAT SMP CKE D/A P S RW UA BF 0000 0000 | 0000 0000
Legend: x =unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used by the SSP in I2C mode.

Note 1: These bits are reserved on the 28-pin devices, always maintain these bits clear.
2: These bits are reserved on these devices, always maintain these bits clear.
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825 MASTER MODE In master mode, the SCL and SDA lines are manipu-
lated by the MSSP hardware.

Master mode of operation is supported by interrupt
P PP y P The following events will cause SSP Interrupt Flag bit,

generation on the detection of the START and STOP

conditions. The STOP (P) and START (S) bits are SSPIF, to be set (SSP Interrupt if enabled):
cleared from a reset or when the MSSP module is dis- * START condition

abled. Control of the 12C bus may be taken when the P « STOP condition

bit is set, or the bus is idle with both the S and P bits

+ Data transfer byte transmitted/received
« Acknowledge transmit
* Repeated Start

clear.

FIGURE 8-17: SSP BLOCK DIAGRAM (IZC MASTER MODE)

< Internal SSPM3:SSPMO,
data bus SSPADD<6:0>
Read Write |
|  sspBUF | Baud
rate
generator
SDA I~ shift o
. SDA in clock ] 9o
X = — SSPSR 3l
al|o
L <] Msb LSb ol5
K} o3
= @ E S
] Start bit, Stop bit, _G_‘ = 2 3
g Acknowledge 5 = &
p § Generate {é @ [o
SCL S S5|e
) ° 8I1=
= °
| e
[ ~d
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 AKSTAT, PEN (SSPCON2)
end of XMIT/RCV
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8.26

MULTI-MASTER OPERATION

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 1°C
bus may be taken when bit P (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 gener-
ate the interrupt when the STOP condition occurs.

In multi-master operation, the SDA line must be moni-
tored, for abitration, to see if the signal level is 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:

8.2.7

Address Transfer

Data Transfer

A Start Condition

A Repeated Start Condition
An Acknowledge Condition

[°C MASTER OPERATION SUPPORT

Master Mode is enabled by setting and clearing the
appropriate SSPM bits in SSPCON and by setting the
SSPEN bit. Once master mode is enabled, the user
has six options.

- Assert a start condition on SDA and SCL.

- Assert a Repeated Start condition on SDA and
SCL.

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

- Generate a stop condition on SDA and SCL.

- Configure the I°C port to receive data.

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

8274 I°C 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 Pc
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 SP| mode operation
is now used to set the SCL clock frequency for either
100 kHz, 400 kHz, or 1 MHz ’c operation. The baud
rate generator reload value is contained in the lower 7
bits of the SSPADD register. The baud rate generator
will automatically begin counting on a write to the SSP-
BUF. Once the given operation is complete (i.e. trans-
mission 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

A typical transmit sequence would go as follows:

a) The user generates a Start Condition by setting
the START enable bit (SEN) in SSPCON2.

b) SSPIF is set. The module will wait the required
start time before any other operation takes
place.

c) The user loads the SSPBUF with address to
transmit.

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

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

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

g) The user loads the SSPBUF with eight bits of
data.

h) DATA is shifted out the SDA pin until all 8 bits
are transmitted.
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i)  The MSSP Module shifts in the ACK bit from the
slave device, and writes its value into the
SSPCON2 register ( SSPCON2<6>).

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

In I2C master mode, the BRG is reloaded automatically.
If Clock Arbitration is taking place for instance, the BRG
will be reloaded when the SCL pin is sampled high
(Figure 8-19).

FIGURE 8-18: BAUD RATE GENERATOR

This Materi al

K) The user generates a STOP condition by setting

BLOCK DIAGRAM

the STOP enable bit PEN in SSPCON2.

SSPMS:SSPMO:>| SSPADD<6:0> |

I) Interrupt is generated once the STOP condition
is complete.

8.2.8 BAUD RATE GENERATOR Reload

Control

In IPC master mode, the reload value for the BRG is

Fieloagi|

located in the lower 7 bits of the SSPADD register

(Figure 8-18). When the BRG is loaded with this value,

CLKOUT<—| BRG Down Counter|<Fo—SC/4

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
clock.

FIGURE 8-19: BAUD RATE GENERATOR TIMING WITH CLOCK ARBITRATION

SDA DX X DX-1

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

BRG decrements
l l l (on Q2 and Q4 cycles)
— 1

BRG | 03h x 02h X 01h X 00h (hold off) |>< 03h X 02h
value |
| SCL is sampled high, reload takes
l place, and BRG starts its count.
BRG l
reload

1— SCL allowed to transition high
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[PC MASTER MODE START CONDITION
TIMING

829

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 re-loaded 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 (Tgrg),
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 (Tgrg), 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.

FIGURE 8-20: FIRST START BIT TIMING

8.295 WCOL STATUS FLAG

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

Write to SEN bit occurs here.
SDA =1,

SCL=1

l

Set S bit (SSPSTAT<3>)

r - =0F

At completion of start bit,
Hardware clears SEN bit
1 and sets SSPIF bit

Write to SSPBUF occurs here

R
17/ 1st Bit X 2nd Bit

I Tope 4

SCL !
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FIGURE 8-21: START CONDITION FLOWCHART

SSPEN =1,
SSPCON<3:0> = 1000

]

> Idle Mode

o
Y

| SEN (SSPCON2<0> = 1) |

Bus collision detected,
- Set BCLIF,

Release SCL,
Clear SEN

A

Load BRG with
SSPADD<6:0>

No

BRG
Rollover?

Yes

Reset BRG

Force SDA =0,
- Load BRG with
o SSPADD<6:0>,
Set S bit.

<Y

BRG
rollover?

Reset BRG

Force SCL =0,

o | Start Condition Done,
Clear SEN

and set SSPIF
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8.2.10 I°C MASTER MODE REPEATED START
CONDITION TIMING

A Repeated Start condition occurs when the RSEN bit
(SSPCON2<1>) is programmed high and the I°C mod-
ule 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<6:0>, and begins counting. The SDA pin
is released (brought high) for one baud rate generator
count (Tgrg)- 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 re-loaded with the contents of
SSPADD<«6:0> and begins counting. SDA and SCL
must be sampled high for one Tgrg. This action is then
followed by assertion of the SDA pin (SDA is low) for
one Tgrg While SCL is high. Following this, the RSEN
bit in the SSPCON2 register will be automatically
cleared, and the baud rate generator is not reloaded,
leaving the SDA pin held low. As soon as a start con-
dition 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.

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).

8.2.10.6 WCOL STATUS FLAG

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

FIGURE 8-22: REPEAT START CONDITION WAVEFORM

Write to SSPCON2

End of Xmit

SCL

occurs here. ch;ﬁ = : At completion of start bit,
SDA =1, 3 hardware clear RSEN bit
SCL(no change) l and set SSPIF
-
F-Tere M Tare -*—TT,G -
/ \ | / 1st Bit x
SDA | N
Falling edge of ninth clock | | Write to SSPBUF occurs here.

/—\_/_M

Set S (SSPSTAT<3>)

I
P
L a BRG
Sr = Repeated Start
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FIGURE 8-23: REPEATED START CONDITION FLOWCHART (PAGE 1)

Idle Mode,

SSPCON<3:0> = 1000

RSEN =1

!

Force SCL=0

<l
-

Release SDA,
Load BRG with
SSPADD<«6:0>

i
-~

BRG
rollover?

Release SCL

(Clock Arbitration)

Bus Collision,
Set BCLIF,
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Load BRG with
SSPADD<«6:0>
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FIGURE 8-24: REPEATED START CONDITION FLOWCHART (PAGE 2)

BRG
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8.2.11 I°C MASTER MODE TRANSMISSION

Transmission of a data byte, a 7-bit address, or either
half of a 10-bit address is accomplished by simply writ-
ing a value to SSPBUF register. This action will set the
buffer full flag (BF) and allow the baud rate generator to
begin counting and start the next transmission. 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 spec). SCL is held low for one baud rate gener-
ator roll over count (Tgrg). Data should be valid before
SCL is released high (see Data setup time spec).
When the SCL pin is released high, it is held that way
for Tgra, the data on the SDA pin must remain stable
for that duration and some hold time after the next fall-
ing 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 allowing the slave device
being addressed to respond with an ACK bit during the
ninth bit time, if an address match occurs or if data was
received properly. The status of ACK is read into the
AKDT on the falling edge of the ninth clock. If the mas-
ter receives an acknowledge, the acknowledge status
bit (AKSTAT) is cleared. If not, the bit is set. After the
ninth clock the SSPIF is set, and the master clock
(baud rate generator) is suspended until the next data
byte is loaded into the SSPBUF leaving SCL low and
SDA unchanged (Figure 8-28).

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/AW 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 recoghized by a slave. The status of the ACK bit is
loaded into the AKSTAT status bit (SSPCON2<6>). Fol-
lowing the falling edge of the ninth clock transmission
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.

8.2.11.7 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.

8.2.11.8 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), then WCOL is set and the contents of the
buffer are unchanged (the write doesn’t occur).

WCOL must be cleared in software.
8.2.11.9 AKSTAT STATUS FLAG

In transmit mode, the AKSTAT bit (SSPCON2<6>) is
cleared when the slave has sent an acknowledge
(ACK =0), and is set when the slave does not acknow!-
edge (ACK = 1). A slave sends an acknowledge when
it has recognized its address (including a general call),
or when the slave has properly received its data.
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FIGURE 8-25: MASTER TRANSMIT FLOWCHART
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DS30275A-page 80 Addvancs nformation © 1999 Microchip Technology Inc.

This Material Copyrighted By Its Respective Manufacturer



PIC16C77X

FIGURE 8-26: 1°C MASTER MODE TIMING (TRANSMISSION, 7 OR 10-BIT ADDRESS)
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8.2.12 IC MASTER MODE RECEPTION

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

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 is set,
the SSPIF is set, and the baud rate generator is sus-
pended from counting, holding SCL low. The SSP is
now in IDLE state, awaiting the next command. When
the buffer is read by the CPU, the BF flag is automati-
cally cleared. The user can then send an acknowledge
bit at the end of reception, by setting the acknowledge
sequence enable bit, AKEN (SSPCON2<4>).

8.2.12.10 BF STATUS FLAG

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

8.2.12.11 SSPOV STATUS FLAG

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

8.2.12.12 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), then WCOL is set and the contents of the buffer
are unchanged (the write doesn’t occur).
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FIGURE 8-27: MASTER RECEIVER FLOWCHART
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12C MASTER MODE TIMING (RECEPTION 7-BIT ADDRESS)

FIGURE 8-28
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8.2.13 ACKNOWLEDGE SEQUENCE TIMING

An acknowledge sequence is enabled by setting the
acknowledge sequence enable bit, AKEN
(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
generate an acknowledge, then the AKDT bit should be
cleared. If not, the user should set the AKDT bit before
starting an acknowledge sequence. The baud rate
generator then counts for one rollover period (Tgrg),
and the SCL pin is de-asserted (pulled high). When the
SCL pin is sampled high (clock arbitration), the baud

rate generator counts for Tgrg . The SCL pin is then
pulled low. Following this, the AKEN bit is automati-
cally cleared, the baud rate generator is turned off, and
the SSP module then goes into IDLE mode. (Figure 8-
29)

8.2.13.13 WCOL STATUS FLAG

If the user writes the SSPBUF when an acknowledege
sequence is in progress, then WCOL is set and the

contents of the buffer are unchanged (the write doesn’t
occur).

FIGURE 8-29: ACKNOWLEDGE SEQUENCE WAVEFORM

Acknowledge sequence starts here,
Write to SSPCON2
AKEN = 1, AKDT =0

]7 AKEN automatically cleared

Set SSPIF at the end —
of receive

Note: Tgpe= one baud rate generator period.

SDA X DO ACK !
| |
scL 8 | Vo9
l ! :
SSPIF '

Cleared in
software

[ Cleared in
software

Set SSPIF at the end
of acknowledge sequence
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FIGURE 8-30: ACKNOWLEDGE FLOWCHART
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8.2.14 STOP CONDITION TIMING while SCL is high, the P bit (SSPSTAT<4>) is set. A
TBRG later the PEN bit is cleared and the SSPIF bit is

A stop bit is asserted on the SDA pin at the end of a set (Figure 8-31).

receive/transmit by setting the Stop Sequence Enable . .

bit PEN (SSPCON2<25). At the end of a receive/trans- Whenever the firmware decides to take control of the

mit the SCL line is held low after the falling edge of the bus, it will first determine if the bus is busy by checking

ninth clock. When the PEN bit is set, the master will the S and P bits in the SSPSTAT register. If the bus is
busy, then the CPU can be interrupted (notified) when

assert the SDA line low . When the SDA line is sam- 1 ' )
a Stop bit is detected (i.e. bus is free).

pled low, the baud rate generator is reloaded and

counts down to 0. When the baud rate generator times 821414 WCOL STATUS FLAG

out, the SCL pin will be brought high, and one Tgrg

(baud rate generator rollover count) later, the SDA pin If the user writes the SSPBUF when a STOP sequence
will be de-asserted. When the SDA pin is sampled high is in progress, then WCOL is set and the contents of the

buffer are unchanged (the write doesn’t occur).

FIGURE 8-31: STOP CONDITION RECEIVE OR TRANSMIT MODE

SCL =1 for Tgge, followed by SDA = 1 for Tggg

Write to SSPCON2 after SDA sampled high. P bit (SSPSTAT<4>) s set

Set PEN__
Falling edge of l PEN bit (SSPCON2<2>) is cleared by
9th clock l - — o hardware and the SSPIF bit is set
T
seL \_f—— I
I I
SDA ACK | / |
L P, <
TBRG TBRG TBRG _.(

SCL brought high after Tggg

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

Note: Tggre= one baud rate generator period.
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FIGURE 8-32: STOP CONDITION FLOWCHART
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8.2.15 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 gen-
erator (BRG) is suspended from counting until the SCL
pin is actually sampled high. When the SCL pin is sam-
pled 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 8-33).

8.2.16 SLEEP OPERATION

While in sleep mode, the [PC module can receive
addresses or data, and when an address match or
complete byte transfer occurs wake the processor from
sleep ( if the SSP interrupt is enabled).

8.2.17 EFFECTS OF A RESET

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

FIGURE 8-33: CLOCK ARBITRATION TIMING IN MASTER TRANSMIT MODE
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8.2.18 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 8-34).

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 ’c
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 SSPCON2 register are cleared. When the user
services the bus collision interrupt service routine, and
if the I2C bus is free, the user can resume communica-
tion by asserting a START condition.

The Master will continue to monitor the SDA and SCL
pins, and 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 bus collision occurred.

In multi-master mode, the interrupt generation on the
detection of start and stop conditions allows the deter-
mination of when the bus is free. Control of the 12C bus
can be taken when the P bit is set in the SSPSTAT reg-
ister, or the bus is idle and the S and P bits are cleared.

FIGURE 8-34: BUS COLLISION TIMING FOR TRANSMIT AND ACKNOWLEDGE

Data changes
while SCL =0

SDA \

SDA line pulled low
by another source

- |

l SDA released
by master

Sample SDA. While SCL is high
data doesn’t match what is driven
by the master.

Bus collision has occurred.

BCLIF

SCL —\—/—\—/ Set bus collision
rinterrupt.
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8.2.18.15 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 8-35).

b) SCL is sampled low before SDA is asserted low.
(Figuire 8-38).

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:

the START condition is aborted,

and the BCLIF flag is set,

and the SSP module is reset to its IDLE state

(Figure 8-35).
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

FIGURE 8-35: BUS COLLISION DURING START CONDITION (SDA ONLY)

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.

If the SDA pin is sampled low during this count, the
BRG is reset and the SDA line is asserted early
(Figure 8-37). 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 pins
is sampled as ’0’, a bus collision does not occur. At the
end of the BRG count the SCL pin is asserted low.

Set BCLIF,

SDA=0,SCL=1

SDA \

SDA goes low before the SEN bit is set.

S bit and SSPIF set because

SEN cleared automatically because of bus collision.

SSP module reset into idle state.

' t_ SSPIF and BCLIF are
cleared in software.

SCL .
Set SEN, enable start 3 :
condition if SDA =1, SCL=1 ]

SEN :

SDA sampled low before
START condition.  Set BCLIF
S bit and SSPIF set because
BCLIF SDA =0.SCL =1
I
I
S
I
]
SSPIF :

t

SSPIF and BCLIF are
cleared in software.
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FIGURE 8-36: BUS COLLISION DURING START CONDITION (SCL = 0)

SDA=0,SCL=1

SDA \
Set SEN, enable start \ N
SCL sequence if SDA=1, SCL =1 =
Jr 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 |
Interrupts cleared
T_ in software.
S 0’ 0
SSPIF 0O o

FIGURE 8-37: BRG RESET DUE TO SDA COLLISION DURING START CONDITION

SDA =0, SCL =1

l Set S l Set SSPIF
| —
Less than Tggg | C — Tore "
SDA pulled low by other mdster. ! N !
SDA Reset BRG and assert SDA I \ l : 1
T |
SCL | g ! \I\
: LS, |
| : t sa pulled low after BRG
1 Timeout
SEN ! |
Set SEN, enable start
sequence if SDA=1,SCL=1
BCLIF _© 1 )
[
! I
I 1
S 1
1
SSPIF . 4
SDA =0, SCL =ﬂ Interrupts cleared
Set SSPIF in software.
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8.2.18.16 BUS COLLISION DURING A REPEATED
START CONDITION

During a Repeated Start condition, a bus collision
occurs if:

a) A low 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 sam-

pled. If SDA is low, a bus collision has occurred (i.e.

another master is attempting to transmit a data '0’). If

however SDA is sampled high then 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, however, SCL goes from high to low before the BRG
times out and SDA has not already been asserted, then
a bus collision occurs. In this case, another master is
attempting to transmit a data ’1’ during the Repeated
Start condition.

If at the end of the BRG time out both SCL and SDA are
still high, the SDA pin is driven low, the BRG is
reloaded, and begins counting. Atthe end of the count,
regardless of the status of the SCL pin, the SCL pin is
driven low and the Repeated Start condition is com-
plete (Figure 8-38).

FIGURE 8-38: BUS COLLISION DURING A REPEATED START CONDITION (CASE 1)

SDA z
SCL /

Sample SDA when SCL goes high.

If SDA =0, set BCLIF and release SDA and SCL
RSEN |
BCLIF

Cleared in software

S 0 0’
SSPIF @ o

FIGURE 8-39: BUS COLLISION DURING REPEATED START CONDITION (CASE 2)

i TBRG i TBRG |
SDA # ______________________
/ A x
SCL goes low before SDA;

BCLIF Set BCLIF. Release SDA and SCL |
Interrupt cleared
in software

RSEN |

S 0 0

sspiF _© o
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8.2.18.17 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 allow 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 sam-
pled. If SDA is sampled low, a bus collision has
occurred. This is due to another master attempting to
drive a data ’0’. 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 attempting to
drive a data ‘0’ (Figure 3-40).

FIGURE 8-40: BUS COLLISION DURING A STOP CONDITION (CASE 1)

| Tera TBRG | TBRG | SDA sampled
low after TBRG,
ST T T T T T Set BCLIF
SDA .’
1
SDA asserted low
SCL
PEN Q L
BCLIF
P 0 o
SSPIF 0 o
FIGURE 8-41: BUS COLLISION DURING A STOP CONDITION (CASE 2)
| TBRG | TBRG | TBRG |
SDA \
T Assert SDA SCL goes low before SDA goes high
Set BCLIF

SCL / \ /
PEN
BCLIF
P o
SSPIF ©
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8.3 Connection Considerations for 12C_
Bus

For standard-mode 12C bus devices, the values of

resistors R, Rgin Figure 8-42 depends on the following
p

parameters

* Supply voltage

* Bus capacitance

« Number of connected devices
(input current + leakage current).

The supply voltage limits the minimum value of resistor
R, due to the specified minimum sink current of 3 mA
at VoL max = 0.4V for the specified output stages. For

example, with a supply voltage of VDD = 5V+10% and
VoL max = 0.4V at 3 mA, Ry in = (5.5-0.4)/0.003 =
1.7 kQ. VDD as a function of Ry is shown in Figure 8-42.
The desired noise margin of 0.1VDD for the low level
limits the maximum value of Rg. Series resistors are
optional and used to improve ESD susceptibility.

The bus capacitance is the total capacitance of wire,
connections, and pins. This capacitance limits the max-
imum value of R, due to the specified rise time
(Figure 8-42).

The SMP bit is the slew rate control enabled bit. This bit
is in the SSPSTAT register, and controls the slew rate
of the I/O pins when in [°C mode (master or slave).

FIGURE 8-42: SAMPLE DEVICE CONFIGURATION FOR I2C BUS

This Materi al

VoD + 10%
DEVICE
RP RP
R R
SDA .
SCL
. i Cp=10 - 400 pF
NOTE: [2C devices with input levels related to VDD must have one common supply T T
line to which the pull up resistor is also connected. = =
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NOTES:
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9.0 ADDRESSABLE UNIVERSAL

SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) module is one of the two serial
I/O 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 Asynchronous
Receiver Transmitter.

The USART module also has a multi-processor com-
munication capability using 9-bit address detection.

FIGURE 9-1: TXSTA: TRANSMIT STATUS AND CONTROL REGISTER (ADDRESS 98h)
R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0 R-1 R/W-0
| csRc | Tx9 | TXEN | SYNC BRGH | TRMT | TX9D | [R = Readable bit
bit7 bito | W = Writable bit
U = Unimplemented bit,
read as ‘0’
- n =Value at POR reset
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

TXEN: Transmit Enable bit
1 = Transmit enabled
0 = Transmit disabled

bit 5:

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

TRMT: Transmit Shift Register Status bit
1 =TSR empty
0 = TSR full

bit 1:

bit O:

TX9D: 9th bit of transmit data. Can be parity bit.
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FIGURE 9-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER (ADDRESS 18h)

RW-0 RW-0 RW-0 RWO RWO RO R-0 R-
| sSPEN | Rx9 | SREN | CREN [ ADDEN | FERR | OERR | RX9D | [R = Readable bit
bit7 bito | W = Writable bit
U = Unimplemented bit,
read as ‘0’

- n =Value at POR reset

bit 7: SPEN: Serial Port Enable bit
1 = Serial port enabled (Configures RC7/RX/DT and RC6/TX/CK pins as serial port pins)
0 = Serial port disabled

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

bit 5: SREN: Single Receive Enable bit

Asynchronous mode
Don’t care

Synchronous mode - master
1 = Enables single receive

0 = Disables single receive
This bit is cleared after reception is complete.

Synchronous mode - slave
Unused in this mode

bit 4: CREN: Continuous Receive Enable bit

Asynchronous mode
1 = Enables continuous receive

0 = Disables continuous receive

Synchronous mode
1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive
bit 3: ADDEN: Address Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1)
1 = Enables address detection, enable 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

bit 2:  FERR: Framing Error bit
1 = Framing error (Can be updated by reading RCREG register and receive next valid byte)
0 = No framing error
bit 1: OERR: Overrun Error bit
1 = Overrun error (Can be cleared by clearing bit CREN)
0 = No overrun error

bit 0: RX9D: 9th bit of received data (Can be parity bit)
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9.1 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 9-1 shows the formula for computation of the
baud rate for different USART modes which only apply
in master mode (internal clock).

Given the desired baud rate and Fosc, the nearest inte-
ger value for the SPBRG register can be calculated
using the formula in Tabie 9-1. From this, the error in
baud rate can be determined.

Example 8-1 shows the calculation of the baud rate
error for the following conditions:

Fosc = 16 MHz

Desired Baud Rate = 9600

BRGH =0

SYNC =0

TABLE 9-1 BAUD RATE FORMULA

EXAMPLE 9-1: CALCULATING BAUD RATE
ERROR
Desired Baud rate = Fosc / (64 (X + 1))
9600 = 16000000 /(64 (X + 1))
X = [25042]=25
Calculated Baud Rate=16000000 / (64 (25 + 1))
= 9615

Error = (Calculated Baud Rate - Desired Baud Rate)
Desired Baud Rate

(9615 - 9600) / 9600
0.16%

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.

9.1.1 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)) NA

X = value in SPBRG (0 to 255)

TABLE 9-2 REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR

Address | Name Bit7 | Bit6 | Bit5 Bit 4

Bit 3

Value on:
Bit 2 Bit 1 Bit 0 POR,
BOR

Value on all
other resets

98h TXSTA SYNC

EOOOO -010 [ 0000 -010

18h RCSTA | SPEN

000 000x | 0000 000x

0000 0000 | 0000 0000

99h SPBRG | Baud Rate Generator Register
Legend: x = unknown, - =unimplemented read as '0". Shaded cells are not used by the BRG.
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TABLE 9-3 BAUD RATES FOR SYNCHRONOUS MODE

BAUD FOSC = 20 MHz SPBRG 16 MHz SPBRG 10 MHz SPBRG 7.15909 MHz SPBRG
RATE % value % value % value % value
() |KBAUD  Epror  (decimal)| “BAYP ERROR (decimal)| “BAYP ERROR (decimal)| KBAYP  ERROR  (decimal)
0.3 NA - - NA - - NA - - NA - -
1.2 NA - - NA - - NA - - NA - -
2.4 NA - - NA - - NA - - NA - -
9.6 NA - - NA - - 9.766 +1.73 255 9.622 +0.23 185
19.2 19.53 +1.73 255 19.23 +0.16 207 19.23 +0.16 129 19.24 +0.23 92
76.8 76.92 +0.16 64 76.92 +0.16 51 75.76 -1.36 32 77.82 +1.32 22
96 96.15 +0.16 51 95.24 -0.79 41 96.15 +0.16 25 94.20 -1.88 18
300 294 .1 -1.96 16 307.69 +2.56 12 3125 +4.17 7 298.3 -0.57 5
500 500 0 9 500 0 7 500 0 4 NA - -
HIGH 5000 - 0 4000 - 0 2500 - 0 1789.8 - 0
LOW 19.53 - 255 15.625 - 255 9.766 - 255 6.991 - 255
FOSC = 5.0688 MHz 4 MHz 3.579545 MHz 1 MHz 32.768 kHz
BAUD SPBRG SPBRG SPBRG SPBRG SPBRG
RATE | KBAUD % value |KBAUD % value | KBAUD % value |KBAUD % value | KBAUD % value
(K) ERROR (decimal) ERROR (decimal) ERROR (decimal) ERROR (decimal) ERROR (decimal)
0.3 NA - - NA - - NA - - NA - - 0.303 +1.14 26
1.2 NA - - NA - - NA - - 1.202 +0.16 207 1.170 -2.48 6
2.4 NA - - NA - - NA - - 2.404 +0.16 103 NA - -
9.6 9.6 0 131 9.615 +0.16 103 9.622 +0.23 92 9.615 +0.16 25 NA - -
19.2 19.2 0 65 19.231 +0.16 51 19.04 -0.83 46 19.24 +0.16 12 NA - -
76.8 79.2 +3.13 15 76.923 +0.16 12 74.57 -2.90 11 83.34 +8.51 2 NA - -
96 97.48 +1.54 12 1000 +4.17 9 99.43 +3.57 8 NA - - NA - -
300 316.8 +5.60 3 NA - - 298.3 -0.57 2 NA - - NA - -
500 NA - - NA - - NA - - NA - - NA - -
HIGH 1267 - 0 100 - 0 894.9 - 0 250 - 0 8.192 - 0
LOW 4.950 - 255 3.906 - 255 3.496 - 255 0.9766 - 255 0.032 - 255
TABLE 9-4 BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)
BAUD FOSC = 20 MHz SPBRG 16 MHz SPBRG 10 MHz SPBRG 7.15909 MHz SPBRG
RATE % value % value % value % value
(K) KBAUD ERROR (decimal)l KBAUD ERROR (decimal)]KBAUD ERROR (decimal)l KBAUD ERROR (decimal)
0.3 NA - - NA - - NA - - NA - -
1.2 1.221 +1.73 255 1.202 +0.16 207 1.202 +0.16 129 1.203 +0.23 92
2.4 2.404 +0.16 129 2.404 +0.16 103 2.404 +0.16 64 2.380 -0.83 46
9.6 9.469 -1.36 32 9.615 +0.16 25 9.766 +1.73 15 9.322 -2.90 11
19.2 19.53 +1.73 15 19.23 +0.16 12 19.53 +1.73 7 18.64 -2.90 5
76.8 78.13 +1.73 3 83.33 +8.51 2 78.13 +1.73 1 NA - -
96 104.2 +8.51 2 NA - - NA - - NA - -
300 312.5 +4.17 0 NA - - NA - - NA - -
500 NA - - NA - - NA - - NA - -
HIGH | 3125 - 0 250 - 0 156.3 - 0 111.9 - 0
LOW 1.221 - 255 0.977 - 255 0.6104 - 255 0.437 - 255
FOSC = 5.0688 MHz 4 MHz 3.579545 MHz 1 MHz 32.768 kHz
BAUD SPBRG SPBRG SPBRG SPBRG SPBRG
RATE % value % value % value % value % value
(K) KBAUD ERROR (decimal)| KBAUD ERROR (decimal)| KBAUD ERROR (decimal)| KBAUD ERROR (decimal)| KBAUD ERROR (decimal)
0.3 0.31 +3.13 255 0.3005 -0.17 207 0.301 +0.23 185 0.300 +0.16 51 0.256 -14.67 1
1.2 1.2 0 65 1.202 +1.67 51 1.190 -0.83 46 1.202 +0.16 12 NA - -
2.4 2.4 0 32 2.404 +1.67 25 2.432 +1.32 22 2.232 -6.99 6 NA - -
9.6 9.9 +3.13 7 NA - - 9.322 -2.90 5 NA - - NA - -
19.2 19.8 +3.13 3 NA - - 18.64 -2.90 2 NA - - NA - -
76.8 79.2 +3.13 0 NA - - NA - - NA - - NA - -
96 NA - - NA - - NA - - NA - - NA - -
300 NA - - NA - - NA - - NA - - NA - -
500 NA - - NA - - NA - - NA - - NA - -
HIGH 79.2 - 0 62.500 - 0 55.93 - 0 15.63 - 0 0.512 - 0
LOW | 0.3094 - 255 3.906 - 255 0.2185 - 255 0.0610 - 255 0.0020 - 255
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TABLE 9-5 BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 1)

BAUD FOSC =20 MHz SPBRG 16 MHz SPBRG 10 MHz SPBRG 7.16 MHz SPBRG

RATE %o value % value % value % value

(K) KBAUD ERROR (decimal)|KBAUD ERROR (decimal)| KBAUD ERROR (decimal)l KBAUD ERROR (decimal)

9.6 9.615 +0.16 129 9.615 +0.16 103 9.615 +0.16 64 9.520 -0.83 46

19.2 [ 19.230 +0.16 64 19.230 +0.16 51 18.939 -1.36 32 19.454 +1.32 22

38.4 | 37.878 -1.36 32 38.461 +0.16 25 39.062 +1.7 15 37.286 -2.90 11

576 |56.818 -1.36 21 58.823 +2.12 16 56.818 -1.36 10 55.930 -2.90 7

115.2 |113.636 -1.36 10 111.111 -3.55 8 125 +8.51 4 111.860 -2.90 3

250 250 0 4 250 0 3 NA - - NA - -

625 625 0 1 NA - 625 0 0 NA - -

1250 1250 0 0 NA - - NA - - NA - -
BAUD Fosc = 5.068 MHz SPBRG 4 MHz SPBRG 3.579 MHz SPBRG 1 MHz SPBRG 32.768 kHz SPBRG
RATE %o value % value % value % value % value
(K) KBAUD ERROR (decimal)| KBAUD ERROR (decimal)] KBAUD ERROR (decimal)| KBAUD ERROR (decimal)| KBAUD ERROR (decimal)
9.6 9.6 0 32 NA - - 9.727 +1.32 22 8.928 -6.99 6 NA - -
19.2 18.645 -2.94 16 1.202  ,g.17 207 18.643 -2.90 11 20.833 +8.51 2 NA - -
38.4 39.6 +3.12 7 2.403 +0.13 103 37.286 -2.90 5 31.25 -18.61 1 NA - -
57.6 52.8 -8.33 5 9.615 +0.16 25 55.930 -2.90 3 62.5 +8.51 0 NA - -
115.2 105.6 -8.33 2 19.231 +0.16 12 111.860 -2.90 1 NA - - NA - -
250 NA - - NA - - 223.721 -10.51 0 NA - - NA - -
625 NA - - NA - - NA - - NA - - NA - -
1250 NA - - NA - - NA - - NA - - NA - -
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9.2 USART Asynchronous Mode

In this mode, the USART uses standard nonreturn-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 generator
can be used to derive standard baud rate frequencies
from the oscillator. The USART transmits and receives
the LSb first. The USART’s transmitter and receiver are
functionally independent but use the same data format
and baud rate. The baud rate 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 fol-
lowing important elements:

+ Baud Rate Generator

+ Sampling Circuit

« Asynchronous Transmitter
* Asynchronous Receiver

9.2.1 USART ASYNCHRONOUS TRANSMITTER

The USART transmitter block diagram is shown in
Figure 9-3. 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

(occurs in one Tcy), the TXREG register is empty and
flag bit TXIF (PIR1<4>) is set. This interrupt can be
enabled/disabled by setting/clearing enable bit TXIE
( 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 indicated the sta-
tus of the TXREG register, another bit TRMT
(TXSTA<1>) shows the status of the TSR register. Sta-
tus 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.

Steps to follow when setting up an Asynchronous
Transmission:

1. Initialize the SPBRG register for the appropriate
baud rate. If a high speed baud rate is desired,

set bit BRGH. (Section 3.1)

2. Enable the asynchronous serial port by clearing
bit SYNC and setting bit SPEN.

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

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

5. Enable the transmission by setting bit TXEN,
which will also set bit TXIF.

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

7. Load data to the TXREG register (starts trans-

data from the TXREG register (if available). Once the mission).
TXREG register transfers the data to the TSR register
FIGURE 9-3: USART TRANSMIT BLOCK DIAGRAM
, Data Bus
TXREG register |
8
"""""""""""" LSb .
. e I 0 | : Pin Buffer
. and Control
_______ TSRregister _ _ _ _ _____. RC6/TX/CK pin
Interrupt
|TRMT | | SPEN |
Baud Rate Generator
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FIGURE 9-4: ASYNCHRONOUS TRANSMISSION

Write to TXREG I (¢
BRG Worp 1
(shift gggf)t — L ' 1 I 1 I 1 I 5 S_I 1 | ] | ] —
RC6/TX/CK (pi L : !
(P N\ StartBit < B0 X Bl X ¢ X BB JstopBit
TXIF bit Do WORD 1 ! :
(Transmit buffer ' cc :
reg. empty flag) U ) .
. WORD 1 —» '
TRMT bit : P '
(Transmit shift Transmit Shift Reg '
reg. empty flag) —l cc
JJ
FIGURE 9-5: ASYNCHRONOUS TRANSMISSION (BACK TO BACK)
Write to TXREG I I cc
Word 1 Word 2 J)
2?% g;ggk“)‘ | | | | | L1 B gy 1 | | | | | 1
RC6/TX/CK (pin) ! . _ _ _ _ i
N_ Start Bit B Start Bit
TXIF bi N art Bit L Bito__X__ Bit1 )(jD( Bit 7/8 _ Stop Bit l art Bi ,{W
(interrupt reg. flag) L WORD 1 1 WORD 2
U | cc
JJ
TRMT bit WORD_1 — WORD 2—™
g:”;g&;?gg) Transmit Shift Reg. Transmit Shift Reg.
(C
JJ
Note: This timing diagram shows two consecutive transmissions.
TABLE 9-6 REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION
Value on: Value on
Address | Name Bit7 Bit6| Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR Resets
0Ch PIR1 0000 0000 [ 0000 0000
18h RCSTA 0000 000x [ 0000 000x
19h TXREG [ USART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 TXIE 0000 0000 [ 0000 0000
98h TXSTA | 3| TX9 SYNC 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 Transmission.

Note 1: Bits PSPIE and PSPIF are reserved on the 28-pin devices, always maintain these bits clear.
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9.2.2 USART ASYNCHRONOUS RECEIVER

The receiver block diagram is shown in Figure 8-6. 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 FOscC.

The USART module has a special provision for multi-
processor communication. When the RX9 bit is set in
the RCSTA register, 9-bits are received and the ninth bit
is placed in the RX9D status bit of the RSTA register.
The port can be programmed such that when the stop
bit is received, the serial port interrupt will only be acti-
vated if the RX9D bit = 1. This feature is enabled by
setting the ADDEN bit RCSTA<3> in the RCSTA regis-
ter. This feature can be used in a multi-processor sys-
tem as follows:

A master processor intends to transmit a block of data
to one of many slaves. It must first send out an address
byte that identifies the target slave. An address byte is
identified by the RX9D bit being a ‘1’ (instead of a ‘0’ for
a data byte). If the ADDEN bit is set in the slave’s
RCSTA register, all data bytes will be ignored. How-
ever, if the ninth received bit is equal to a ‘1’, indicating
that the received byte is an address, the slave will be
interrupted and the contents of the RSR register will be
transferred into the receive buffer. This allows the slave
to be interrupted only by addresses, so that the slave
can examine the received byte to see if it is addressed.
The addressed slave will then clear its ADDEN bit and
prepare to receive data bytes from the master.

When ADDEN is set, all data bytes are ignored. Fol-
lowing the STOP bit, the data will not be loaded into the
receive buffer, and no interrupt will occur. If another
byte is shifted into the RSR register, the previous data
byte will be lost.

The ADDEN bit will only take effect when the receiver
is configured in 9-bit mode.

The receiver block diagram is shown in Figure 8-6.

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

9.2.3  SETTING UP 9-BIT MODE WITH ADDRESS
DETECT

Steps to follow 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.

+ |f 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.
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FIGURE 9-6: USART RECEIVE BLOCK DIAGRAM

,._X64BaudRate CLK | OERR | | FERR
' ! CREN
. SPBRG ' . l _____ T _________ I ______
: : w54 © MSb RSR register LSb
" "Baud Rate Generator +16 celstop| @] 7| eoe |1]0|star] -
RC7/RX/DT N Y
Pin Buffer Data
and Control Recovery RX9
/18
SPEN
RX9 Enable
ADDEN Load of S 7 ’X7
Receive
RX9
ADDEN Buffer
RSR<8> /18
RX9D RCREG register
FIFO
A 8
Interrupt Data Bus
RCIE
FIGURE 9-7: ASYNCHRONOUS RECEPTION WITH ADDRESS DETECT
RC7/RX/DT (pin) —\Stirt/(—m Start
bit bit0 bit1 bit8 / Sto| bit bit0 bit8 Stop
Y ELVENGET &30 ETWER
CC C [1 L
Load RSR —» 5 | 3 i ! oD
Bit8 = 0, Data Byte Bit8 = 1, Address Byte T WORD 1
| RCREG
Read CC C : CC N
JJ PP [ J)J }
1
C Qe ; CQ S
RCIF 5 b)) . 77
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.
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FIGURE 9-8: ASYNCHRONOUS RECEPTION WITH ADDRESS BYTE FIRST

RC7/RX/DT (pi Start Start
NV 5 6N YA ED 65 &5 ET:
bit T i

CC mn C C
Load RSR —» ) I ; )] i >>)
Bit8 = 1, Address Byte Bit8 = 0, Data Byte T WORD A1
CC 3 cC RORES (¢ n_
Read >y N D) D) }
' C C
RCIF C)C) I ) D)  —

Note: This timing diagram shows an address byte followed by a data byte. The data byte is not read into the RCREG (receive buffer)
because ADEN was not updated and still = 0.

TABLE 9-7 REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Value on: Value on
Address | Name Bit7 Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit0 POR, all other
BOR Resets
0Ch PIR1 0000 0000 0000 0000
18h RCSTA 0000 000x | 0000 000x
1Ah RCREG [ USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 0000 0000 | 0000 0000
98h TXSTA 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 the 28-pin devices, always maintain these bits clear.
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9.3 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>).

9.3.1 USART SYNCHRONOUS MASTER
TRANSMISSION

The USART transmitter block diagram is shown in
Figura 9-3. 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

TABLE 9-8

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.

Steps to follow when setting up a Synchronous Master
Transmission:

1. Initialize the SPBRG register for the appropriate
baud rate (Section 9.1).

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

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 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.

REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

Value on: Value on all

Address | Name Bit7 Bit6 | Bit5 | Bit4 Bit3 Bit 2 Bit 1 Bit 0 POR,
other Resets

BOR
0Ch PIR1 0000 0000 0000 0000
18h RCSTA SPEN 0000 000x 0000 000x
19h TXREG | USART Transmit 0000 0000 0000 0000
8Ch PIE1 : 0000 0000 0000 0000
98h TXSTA CSRC | TX9 | TXEN 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 the 28-pin devices, always maintain these bits clear.
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FIGURE 9-9: SYNCHRONOUS TRANSMISSION

Qi |Q2|oa|o4io1|oz|oa|04:o1|oz|os|o4io1 |oz|os|o4'o1|oz|os|04| |os|o4: o1|oz|oa|o4!01 |oz|oa|o4!o1|02|03|04:'o1|02|os|o4o1 |02|03|04501|02|Qs|o4
RC7/RX/DT pift : XI B0 Xl Bit 1 X‘MS:X Btz X I Bito X I B X : )CSDCK
1 - 1 \WORD -t L P WORD 2 1 L .
RCB/TX/CK pin : | N e I o IS o § G ooy o IS oy Y oy N oy § G iy
Write to : : : : : : : : :
TXREG reg MN— : Il ! ¢ : : : ; {5 :
Write word1 ' Write word2 ' ' ' ' '
TXIF bit e ! ' ' ! ! (C '
(Interrupt flag) : : : : 5)( 1 1 : : 3 :
TRMT bt —— : ' e ' ' ' : . ' —
' ' JJ | | | [ JJ
' ! 1 1 1 1 1 ' 1
TXEN bt — : : : : g¢ ' (¢ AN

Note: Sync master mode; SPBRG = '0’. Continuous transmission of two 8-bit words.

FIGURE 9-10: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RC7/RX/DT pin X bito X bitt X bit2 SS X vits X it

RC6/TX/CK pin M( S\ /\
) .
Write to X
TXREG reg j )/ )/ :
TXIF bit : (¢ :
L )) :
TRMT bit ] )()(
((C
TXEN bit ))
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9.3.2 USART SYNCHRONOUS MASTER
RECEPTION

Once Synchronous mode is selected, reception is
enabled by setting either enable bit SREN (RCSTA<5>)
or enable bit CREN (RCSTA<4>). Data is sampled on
the RC7/RX/DT pin on the falling edge of the clock. If
enable bit SREN is set, then only a single word is
received. If enable bit CREN is set, the reception is
continuous until CREN is cleared. If both bits are set
then CREN takes precedence.

Steps to follow when setting up a Synchronous Master

Reception:

1. Initialize the SPBRG register for the appropriate
baud rate. (Section 9.1)

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

10.

Ensure bits CREN and SREN are clear.

If interrupts are desired, then set enable bit
RCIE.

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

If a single reception is required, set bit SREN.
For continuous reception set bit CREN.
Interrupt flag bit RCIF will be set when reception
is complete and an interrupt will be generated if
enable bit RCIE was set.

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

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

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

TABLE 9-9 REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

Value on: Value on all

Address | Name Bit7 Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
other Resets

BOR
0Ch PIR1 RCIF 0000 0000 0000 0000
18h RCSTA SPEN RX9 [ SREN 0000 000x 0000 000x
1Ah RCREG | USART Receive Register 0000 0000 0000 0000
8Ch PIE1 0000 0000 0000 0000
98h TXSTA X 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 Reception.

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

FIGURE 9-11: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

02|os|04{o1|caz|o3|c:4|o1| 02|03|Q4|Q1| Q2|Q3|Q4o1| 02|Q3|Q4|Q1| 04Q3|04|o ! Q2|Q3|Q4|Qf|cazios|04h ! QZ|Q3|04|Q i 02|03|Q4|Q ! Q2|03|Q4|

RG7/RX/DT pin : X bit0 X bit1 X bit2 ){ bit3 >( bitd >( bit5 X.bne >( bit7 : .

RC6/TX/CK pin : I: l I; L I; |

Write to . X X

bit SREN _|_| ) \ \

SREN bit —

CREN bit @
RCIF bit

(interrupt) X
Read :

RXREG

Note: Timing diagram demonstrates SYNC master mode with bit SREN = '1' and bit BRGH =
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9.4 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<7>).

9.4.1 USART SYNCHRONOUS SLAVE
TRANSMIT

The operation of the synchronous master and slave
modes are identical except in the case of the SLEEP
mode.

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

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

b) The second word will remain in TXREG register.

c) Flag bit TXIF will not be set.

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

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

Steps to follow when setting up a Synchronous Slave
Transmission:

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

2. Clear bits CREN and SREN.

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

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

5. Enable the transmission by setting enable bit
TXEN.

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

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

9.4.2 USART SYNCHRONOUS SLAVE
RECEPTION

The operation of the synchronous master and slave
modes is identical except in the case of the SLEEP
mode. Also, bit SREN is a don’t care in slave mode.

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

Steps to follow when setting up a Synchronous Slave
Reception:

1. Enable the synchronous master serial port by
setting bits SYNC and SPEN and clearing bit
CSRC.

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

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

4. To enable reception, set enable bit CREN.

5. Flag bit RCIF will be set when reception is com-
plete and an interrupt will be generated, if
enable bit RCIE was set.

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

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

8. If any error occurred, clear the error by clearing
bit CREN.
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TABLE 9-10 REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

Value on: Value on all

Address | Name Bit7 Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
other Resets

BOR
0Ch PIR1 0000 0000 0000 0000
18h RCSTA 0000 000x 0000 000x
19h TXREG 0000 0000 0000 0000
8Ch PIE1 TXIE | 0000 0000 0000 0000
98h TXSTA CSRC | TX9 | TXEN | SYNC | 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 Slave Transmission.

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

TABLE 9-11 REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

Value on: Value on all

Address | Name Bit 7 Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit0 POR,
other Resets

BOR
0Ch PIR1 RCIF 0000 0000 0000 0000
18h RCSTA SPEN RX9 | SREN 0000 000x 0000 000x
1Ah RCREG [ USART Receive Register 0000 0000 0000 0000
8Ch PIE1 | RCIE | 0000 0000 | 0000 0000
98h TXSTA CSRC 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 Slave Reception.

Note 1: Bits PSPIE and PSPIF are reserved on the 28-pin devices, always maintain these bits clear.
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10.0 VOLTAGE REFERENCE
MODULE AND LOW-VOLTAGE
DETECT

The Voltage Reference module provides reference volt-

ages for the Brown-out Reset circuitry, the Low-voltage
Detect circuitry and the A/D converter.

The source for the reference voltages comes from the
bandgap reference circuit. The bandgap circuit is ener-
gized anytime the reference voltage is required by the
other sub-modules, and is powered down when not in
use. The control registers for this module are LVDCON
and REFCON, as shown in Figure 10-1 and
Figure 10-2.

FIGURE 10-1: LVDCON: LOW-VOLTAGE DETECT CONTROL REGISTER
u-o u-o R-0 R/W-0 RW-0 R/W-1 RW-0 R/W-1
BGST LVDEN LV3 Lv2 LV1 LvVO R = Readable bit
W = Writable bit
: - U = Unimplementedbit,
b|t7 b|t0 read as ‘0O’
- n =Value at POR reset
bit 7-6: Unimplemented: Read as '0'
bit 5: BGST: Bandgap Stable Status Flag bit
1 = Indicates that the bandgap voltage is stable, and LVD interrupt is reliable
0 = Indicates that the bandgap voltage is not stable, and LVD interrupt should not be enabled
bit 4: LVDEN: Low-voltage Detect Power Enable bit
1 = Enables LVD, powers up bandgap circuit and reference generator
0 = Disables LVD, powers down bandgap circuit if unused by BOR or VRH/VRL
bit 3-0: LV3:LVO: Low Voltage Detection Limit bits M
1111 = External analog input is used
1110 = 4.5V
1101 =42V
1100 = 4.0V
1011 = 3.8V
1010 = 3.6V
1001 = 3.5V
1000 = 3.3V
0111 =3.0V
0110 =28V
0101 =27V
0100 = 2.5V
Note 1: These are the minimum trip points for the LVD, see Table 15-3 for the trip point tolerances. Selection
of an unused setting may result in an inadvertant interrupt.

© 1999 Microchip Technology Inc.

Advance Information

DS30275A-page 113

Copyrighted By Its Respective Manufacturer



PIC16C77X

FIGURE 10-2: REFCON: VOLTAGE REFERENCE CONTROL REGISTER

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

VRHEN VRLEN | VRHOEN | VRLOEN R = Readable bit

W = Writable bit

U = Unimplemented
bit, read as ‘0’

- n =Value at POR
reset

bit7 bit0

bit 7: VRHEN: Voltage Reference High Enable bit (VRH = 4.096V)
1 = Enabled, powers up reference generator
0 = Disabled, powers down reference generator if unused by LVD, BOR, or VRL
bit 6: VRLEN: Voltage Reference Low Enable bit (VRL = 2.048V)
1 = Enabled, powers up reference generator
0 = Disabled, powers down reference generator if unused by LVD, BOR, or VRH
bit 5 VRHOEN: High Voltage Reference Output Enable bit
1 = Enabled, VRH analog reference is presented on RA3 if enabled (VRHEN = 1)
0 = Disabled, analog reference is used internally only
bit 4: VRLOEN: Low Voltage Reference Output Enable bit
1 = Enabled, VRL analog reference is presented on RA2 if enabled (VRLEN = 1)
0 = Disabled, analog reference is used internally only

bit 3-0: Unimplemented: Read as '0’

Each voltage reference can source/sink up to 5 mA of
current.

10.1 Bandgap Voltage Reference

The bandgap module generates a stable voltage refer- Each reference, If enabled, can be presented on an

This Materi al

ence of 1.22V over a range of temperatures and device
supply voltages. This module is enabled anytime any of
the following are enabled:

* Brown-out Reset
* Low-voltage Detect

« Either of the internal analog references (VRH,
VRL)

Whenever the above are all disabled, the bandgap
module is disabled and draws no current.

10.2 Internal VREF for A/D Converter

The bandgap output voltage is used to generate two
stable references for the A/D converter module. These
references are enabled in software to provide the user
with the means to turn them on and off in order to min-
imize current consumption. Each reference can be indi-
vidually enabled.

The 4.096V reference (VRH) is enabled with control bit
VRHEN (REFCON<7>). When this bit is set, the gain
amplifier is enabled. After a specified start-up time a
stable reference of 4.096V is generated and can be
used by the A/D converter as the VRH input.

The 2.048V reference (VRL) is enabled by setting con-
trol bit VRLEN (REFCON<6>). When this bit is set, the
gain amplifier is enabled. After a specified start up time
a stable reference of 2.048V is generated and can be
used by the A/D converter as the VRL input.

external pin by setting the VRHOEN (high reference
output enable) or VRLOEN (low reference output
enable) control bit. If the reference is not enabled, the
VRHOEN and VRLOEN bits will have no effect on the
corresponding pin. The device specific pin can then be
used as general purpose I/O.
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10.3 Low-voltage Detect (LVD)

This module is used to generate an interrupt when the
supply voltage falls below a specified “trip” voltage.
This module operates completely under software

control. This allows a user to power the module on
and off to periodically monitor the supply voltage, and
thus minimize total current consumption.

FIGURE 10-3: BLOCK DIAGRAM OF LVD AND VOLTAGE REFERENCE CIRCUIT

EN%

VDD LVDCON REFCON
g Voo LVDEN [
- g VRXEN
§ >
|
=
~ N
RB3/AN9/LVDIN § o >_LVD
s S g
- § o
[ ]
: P
V : r— A/D Ref = 4.096V
* BODEN
5 BGA +

— A/D Ref = 2.048V

The LVD module is enabled by setting the LVDEN bit in
the LVDCON register. The “trip point” voltage is the
minimum supply voltage level at which the device can
operate before the LVD module asserts an interrupt.
When the supply voltage is equal to or less than the trip
point, the module will generate an interrupt signal set-
ting interrupt flag bit LVDIF. If interrupt enable bit LVDIE
was set, then an interrupt is generated. The LVD inter-
rupt can wake the device from sleep. The "trip point"
voltage is software programmable to any one of 16 val-
ues, five of which are reserved (See Figure 10-1). The
trip point is selected by programming the LV3:LVO bits
(LVDCON<3:0>).

Once the LV bits have been programmed for the speci-
fied trip voltage, the low-voltage detect circuitry is then
enabled by setting the LVDEN (LVDCON<4>) bit.

If the bandgap reference voltage is previously unused
by either the brown-out circuitry or the voltage refer-
ence circuitry, then the bandgap circuit requires a time
to start-up and become stable before a low voltage con-
dition can be reliably detected. The low-voltage inter-
rupt flag is prevented from being set until the bandgap
has reached a stable reference voltage.

When the bandgap is stable the BGST (LVDCON<5>)
bit is set indicating that the low-voltage interrupt flag bit
is released to be set if VDD is equal to or less than the
LVD trip point.

10.3.1 EXTERNAL ANALOG VOLTAGE INPUT

The LVD module has an additional feature that allows
the user to supply the trip voltage to the module from
an external source. This mode is enabled when
LV3:LVO =1111. When these bits are set the compar-
ator input is multiplexed from an external input pin
(RB3/AN9/LVDIN.
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NOTES:
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11.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The analog-to-digital (A/D) converter module has six
inputs for the PIC16C773 and ten for the PIC16C774.

The analog-to-digital converter (A/D) allows conver-
sion of an analog input signal to a corresponding
12-bit digital number. The A/D module has up to 10
analog inputs, which are multiplexed into one sample
and hold. The output of the sample and hold is the
input into the converter, which generates the result via
successive approximation. The analog reference volt-
ages are software selectable to either the device’s
analog positive and negative supply voltages
(AVDD/AVsS), the voltage level on the VREF+ and
VREF- pins, or internal voltage references if available
(VRH, VRL).

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

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

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

« A/D Result Register Low ADRESL
+ A/D Result Register High ADRESH
« A/D Control Register 0 (ADCONO)
* A/D Control Register 1 (ADCON1)

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.

1.1 Control Registers

The ADCONO register, shown in Figure 11-1, controls
the operation of the A/D module. The ADCON1 regis-
ter, shown in Figure 11-2, configures the functions of
the port pins, the voltage reference configuration and
the result format. The port pins can be configured as
analog inputs or as digital I/O.

The combination of the ADRESH and ADRESL regis-
ters contain the result of the A/D conversion. The reg-
ister pair is referred to as the ADRES register. When
the A/D conversion is complete, the result is loaded
into ADRES, the GO/DONE bit (ADCONO0<2>) is
cleared, and the A/D interrupt flag ADIF is set. The
block diagram of the A/D module is shown in
Figure 11-3.

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0  R/W-0
ADCS1 | ADCSO | CHS2 | CHSH1 CHSO | GO/DONE | CHS3 | ADON R = Readable bit
W= Writable bit
bit7 bit 0 -n= Value at POR reset
bit 7:6 ADCS1:ADCSO0: A/D Conversion Clock Select bits
00 = Fosc/2
01 = Fosc/8
10 = Fosc/32
11 = FRC (clock derived from an RC oscillator = 1 MHz max)
bit 5:3,1 CHS3:CHSO0: Analog Channel Select bits
0000 = channel 00 (ANO)
0001 = channel 01 (AN1)
0010 = channel 02 (AN2)
0011 = channel 03 (AN3)
0100 = channel 04 (AN4) (Reserved on 28-pin devices, do not use)
0101 = channel 05 (AN5) (Reserved on 28-pin devices, do not use)
0110 = channel 06 (AN6) (Reserved on 28-pin devices, do not use)
0111 = channel 07 (AN7) (Reserved on 28-pin devices, do not use)
1000 = channel 08 (ANS8)
1001 = channel 09 (AN9)
1010, 1011, 1100, 1101, 1110,1111 are reserved, do not select.
bit 2: GO/DONE: A/D Conversion Status bit
1 = A/D conversion cycle in progress. Setting this bit starts an A/D conversion cycle.
This bit is automatically cleared by hardware when the A/D conversion has completed.
0 = A/D conversion completed/not in progress
bit O: ADON: A/D On bit
1 = A/D converter module is operating
0 = A/D converter is shutoff and consumes no operating current
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FIGURE 11-2: ADCON1 REGISTER (ADDRESS 9Fh)

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

| ADFM | VCFG2 | VCFG1 | VCFGO | PCFG3 | PCFG2 | PCFG1 | PCFGO | R= Readable bit

=  Writable bit
bit7 bit 0 U= Unimplemented bit, read as ‘0’
-n= Value at POR reset

bit 7: ADFM: A/D Result Format Select bit
1 = Right justified
0 = Left justified

bit 6:4 VCFG2:VCFGO: Voltage reference configuration bits

A/D VREFH A/D VREFL

000 AvVDD Avss

001 External VREF+ External VREF-
010 Internal VRH Internal VRL
011 External VREF+ Avss

100 Internal VRH Avss

101 AVDD External VREF-
110 AVDD Internal VRL
111 Internal VRL Avss

bit3:0 PCFG3:PCFGO: A/D Port Configuration bits("

AN9 | AN8 [ AN7 | AN6 | AN5 | AN4 | AN3 [ AN2 | AN1 [ ANO
0000 A A A A A A A A A A
0001 A A A A A A A A A A
0010 A A A A A A A A A A
0011 A A A A A A A A A A
0100 A A A A A A A A A A
0101 A A A A A A A A A A
0110 D A A A A A A A A A
0111 D D A A A A A A A A
1000 D D D A A A A A A A
1001 D D D D A A A A A A
1010 D D D D D A A A A A
1011 D D D D D D A A A A
1100 D D D D D D D A A A
1101 D D D D D D D D A A
1110 D D D D D D D D D A
1111 D D D D D D D D D D

A = Analog input D= Digital I/O

Note 1: Selection of an unimplemented channel produces a result of OXFFFFFF.
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The value that is in the ADRESH and ADRESL regis-
ters are not modified for a Power-on Reset. The
ADRESH and ADRESL registers will contain unknown
data after a Power-on Reset.

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 an
input. To determine acquisition time, see Section 11.6.
After this acquisition time has elapsed the A/D conver-
sion can be started. The following steps should be fol-
lowed for doing an A/D conversion:

11.2 Configuring the A/D Module
1.3 Configuring Analog Port Pins

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 bit
set (input). If the TRIS bit is cleared (output), the digital
output level (VOH or VoL) will be converted.

The A/D operation is independent of the state of the
CHS3:CHSO0 bits and the TRIS bits.

11.3.1 CONFIGURING THE REFERENCE
VOLTAGES

The VCFG bits in the ADCONT1 register configure the
A/D module reference inputs. The reference high
input can come from an internal reference (VRH) or
(VRL), an external reference (VREF+), or AvDD. The
low reference input can come from an internal refer-
ence (VRL), an external reference (VREF-), or Avss. If
an external reference is chosen for the reference high
or reference low inputs, the port pin that multiplexes
the incoming external references is configured as an
analog input, regardless of the values contained in the
A/D port configuration bits (PCFG3:PCFGO).

After the A/D module has been configured as desired.
and the analog input channels have their correspond-
ing TRIS bits selected for port inputs, the selected
channel must be acquired before conversion is
started. The A/D conversion cycle can be initiated by
setting the GO/DONE bit. The A/D conversion begins,
and lasts for 13TAD. The following steps should be fol-
lowed for performing an A/D conversion:

1. Configure the A/D module

« Configure analog pins / voltage reference /
and digital I/lO (ADCON1)

+ Select A/D input channel (ADCONO)
« Select A/D conversion clock (ADCONO)
* Turn on A/D module (ADCONO)
2. Configure A/D interrupt (if required)
+ Clear ADIF bit
+ Set ADIE bit
« Set PEIE bit
« Set GIE bit
3. Wait the required acquisition time (3TAD)
4. Start conversion
+ Set GO/DONE bit (ADCONO)

5.  Wait 13TAD until A/D conversion is complete, by
either:

« Polling for the GO/DONE bit to be cleared
OR

« Waiting for the A/D interrupt

6. Read A/D Result registers (ADRESH and
ADRESL), clear ADIF if required.

7. For next conversion, go to step 1, step 2 or step
3 as required.

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The ADRESH and
ADRESL registers WILL be updated with the partially
completed A/D conversion value. That is, the ADRESH
and ADRESL registers WILL contain the value of the
current incomplete conversion.
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FIGURE 11-3: A/D BLOCK DIAGRAM

CHS3:CHSO
E o] reaiane
: \T>f———— RBZ/AN8
: Mot RE2/AN7(
E N3] Ret/ans™
VAN : So+—X Reoans®
(Input voltage) E O—E 1 RA5/AN4(M
\o-.-.— RA3/ANG/VREF+/VRH
' o RA2/AN2/VREF-/VRL
o RA1/ANT
________ AYpO E \C : RAO/ANO
VREFH E o E —VRH
(Reference . O VRL
voltage) ' o—
I
A/D VCFG2:VCFGO
Converter
VREFL : o
Lo~ O+ VRL
Coiege) - 1. or 1
H H AVss
VCFG2:VCFGO
Note 1: Not available on 28-pin devices.
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1.4 Selecting the A/D Conversion Clock

The A/D conversion cycle requires 13TAD: 1 TAD for set-
tling time, and 12 TAD for conversion. The source of the
A/D conversion clock is software selected. The four
possible options for TAD are:

Note that these options are the same as those of the
8-bit A/D.

For correct A/D conversions, the A/D conversion clock
(TAD) must be selected to ensure a minimum TAD time
of 1.6 us. Tabie 11-1 shows the resultant TAD times
derived from the device operating frequencies and the

« 2Tosc A/D clock source selected.
* 8Tosc The ADIF bit is set on the rising edge of the 14th TAD.
« 32Tosc The GO/DONE bit is cleared on the falling edge of the
+ Internal RC oscillator 14th TAD.

TABLE 11-1 Tap vs. DEVICE OPERATING FREQUENCIES

AD Clock Source (TAD) Device Frequency

Operation ADCS<1:0> 20 MHz 5 MHz 4 MHz 1.25 MHz

2 Tosc 00 1 100 nst® ' 1.6 s

8 Tosc 01 1.6 us 6.4 us

32 Tosc 10 1.6 us 6.4 us

RC 11 2-6pus’¥ 2-6pus’4 2-6ust’¥ 2-6pus’¥

Note 1: The RC source has a typical TAD time of 4 us for VDD > 3.0V.
2: These values violate the minimum required TAD time.

3: For faster conversion times, the selection of another clock source is recommended.
4: When the device frequency is greater than 1 MHz, the RC A/D conversion clock source is only recommended if the conver-

sion will be performed during sleep.

115 A/D Conversions

Figure 11-5 shows an example that performs an A/D
conversion. The port pins are configured as analog
inputs. The analog reference VREF+ is the device AVDD
and the analog reference VREF- is the device AVSs. The
A/D interrupt is enabled, and the A/D conversion clock
is TRC. The conversion is performed on the ANO chan-
nel.

FIGURE 11-4: PERFORMING AN A/D CONVERSION

BCF PIR1, ADIF ;Clear A/D Int Flag

BSFE STATUS, RPO ;Select Page 1

CLRF ADCON1 ;Configure A/D Inputs

BSFE PIE1l, ADIE ;Enable A/D interrupt

BCF STATUS, RPO ;Select Page O

MOVLW 0xC1 ;RC clock, A/D is on,
;Ch 0 is selected

MOVWE  ADCONO ;

BSFEF INTCON, PEIE ;Enable Peripheral

BSFEF INTCON, GIE ;Enable All Interrupts

Ensure that the required sampling time for the
selected input channel has lapsed. Then the
conversion may be started.

BSFE ADCONO, GO ;Start A/D Conversion

H ;The ADIF bit will be

;set and the GO/DONE bit
;cleared upon completion—
;of the A/D conversion.

NeoNe Ne Ne
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FIGURE 11-5: FLOWCHART OF A/D OPERATION

ADON =0

ADON =07 !
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Start of AID Yes Finish Conversion
Conversion Delayed [———- — GO =0
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ADIF =0 ADIF = 1
N |
Finish C i SLEEP ) i
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ADIF =1
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116 A/D Sample Requirements
11.6.1 RECOMMENDED SOURCE IMPEDANCE

The maximum recommended impedance for ana-
log sources is 2.5 kQ. This value is calculated based
on the maximum leakage current of the input pin. The
leakage current is 100 nA max., and the analog input
voltage cannot be vary by more than 1/4 LSb or
250 mV due to leakage. This places a requirement on
the input impedance of 250 uV/100 nA = 2.5 kQ.

11.6.2 SAMPLING TIME CALCULATION

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 11-8. The

FIGURE 11-6: A/D SAMPLING TIME EQUATION

(-Te/C (RIC +Rss + Rs)
) VREF(1 - 1/16384) = MREF » (1 -e

VHOLD =(VREF - VREF/16384) = (VREF) * (1 -e

source impedance (RsS) 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 11-8. The maximum recom-
mended impedance for analog sources is 2.5 kQ
After the analog input channel is selected (changed)
this sampling must be done before the conversion can
be started.

To calculate the minimum sampling time,
Equation 11-8 may be used. This equation assumes
that 1/4 LSb error is used (16384 steps for the A/D).
The 1/4 LSb error is the maximum error allowed for the
A/D to meet its specified resolution.

The CHoLD is assumed to be 25 pF for the 12-bit
A/D.

(-Te/C (RIC +Rss + Rs))

Te = -CHOLD (1kQ + Rss + Rs) In (1/16384)

Figure 11-7 shows the calculation of the minimum time
required to charge CHOLD. This calculation is based on
the following system assumptions:

CHoLD = 25 pF

Rs =2.5kQ

1/4 LSb error

VDD = 5V — Rss = 10 kQ (worst case)
Temp (system Max.) = 50°C
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FIGURE 11-7: CALCULATING THE MINIMUM REQUIRED SAMPLE TIME

TacQ = Amplifier Settling Time
+ Holding Capacitor Charging Time
+Temperature Coefficient T

Taca = Sus
+TC

+ [(Temp - 25°C)(0.05 us/°C)] T

Tc=  + Holding Capacitor Charging Time

Tc= (CHoLD) (Ric + Rss + Rs) In (1/16384)
Tc= -25pF (1 kQ +10kQ + 2.5 kQ) In (1/16384)
Tc= -25pF (13.5kQ) In (1/16384)
(

Tc= -0.338 (-9.704)us

Tc= 3.3us
Taca = Sus
+ 3.3 us

+[(50°C - 25°C)(0.05 ps / °C)]

Taca = 83 us +1.25us

TAcQ=  9.55pus

1 The temperature coefficient is only required for

temperatures > 25°C.

FIGURE 11-8: ANALOG INPUT MODEL

VDD

Sampling
VT =06V . ssgvn_cr_] -.
Ric <1k 1 Rss 1
AVAVAV :_);. A :
- ILEAKAGE CHoLD = 25 pF
VT=06V{ y )+ 100 nA
LVSS
Legend CPIN = input capacitance
VT = threshold voltage g¥
ILEAKAGE = leakage current at the pin due to VDD 4V-
various junctions 3V.
Ric = interconnect resistance 2V
SS = sampling switch
CHoLD = sample/hold capacitance (from DAC) 567891011

Sampling Switch
(kQ)
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11.7 Use of the CCP Trigger

An A/D conversion can be started by the “special event
trigger” of the CCP module. This requires that the
CCPnM<3:0> bits be programmed as 1011b and that
the A/D module is enabled (ADON is set). When the
trigger occurs, the GO/DONE bit will be set on Q2 to
start the A/D conversion and the Timer1 counter will
be reset to zero. Timer1 is reset to automatically
repeat the A/D conversion cycle, with minimal software
overhead (moving the ADRESH and ADRESL to the
desired location). The appropriate analog input chan-
nel must be selected before the “special event trigger”
sets the GO/DONE bit (starts a conversion cycle).

If the A/D module is not enabled (ADON is cleared),
then the “special event trigger” will be ignored by the
A/D module, but will still reset the Timer1 counter.

11.8 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. The value that is in the
ADRESH and ADRESL registers are not modified.
The ADRESH and ADRESL registers will contain
unknown data after a Power-on Reset.

1.9 Faster Conversion - Lower
Resolution Trade-off

Not all applications require a result with 12-bits of res-
olution, but may instead require a faster conversion
time. The A/D module allows users to make the
trade-off of conversion speed to resolution. Regard-
less of the resolution required, the acquisition time is
the same. To speed up the conversion, the A/D mod-
ule may be halted by clearing the GO/DONE bit after
the desired humber of bits in the result have been con-
verted. Once the GO/DONE bit has been cleared, all
of the remaining A/D result bits are ‘0’. The equation
to determine the time before the GO/DONE bit can be
switched is as follows:

Conversion time = N*TAD + 1TAD

Where: N = number of bits of resolution required,
and 1TAD is the amplifier settling time.

Since TAD is based from the device oscillator, the user
must use some method (a timer, software loop, etc.) to
determine when the A/D GO/DONE bit may be
cleared. Table 11-2 shows a comparison of time
required for a conversion with 4-bits of resolution, ver-
sus the normal 12-bit resolution conversion. The
example is for devices operating at 20 MHz. The A/D
clock is programmed for 32 Tosc.

TABLE 11-2  4-BIT vs. 12-BIT
CONVERSION TIMES

Freq. Resolution

(MHz) | 4.pit | 12-bit
Tosc 20 |50 ns 50 ns
TAD = 32 Tosc 20 (1.6 us 1.6 us
1TAD+N<TAD 20 |8 us 20.8 us
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11.10 A/D Operation During Sleep

The A/D module can operate during SLEEP mode. This
requires that the A/D clock source be configured for RC
(ADCS1:ADCSO0 = 11b). With the RC clock source
selected, when the GO/DONE bit is set the A/D module
waits one instruction cycle before starting the conver-
sion cycle. This allows the SLEEP instruction to be exe-
cuted, which eliminates all digital switching nhoise
during the sample and conversion. When the conver-
sion cycle is completed the GO/DONE bit is cleared,
and the result loaded into the ADRESH and ADRESL
registers. 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 module 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 causes the present conver-
sion to be aborted and the A/D module is 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.

11.11

Connection Considerations

Since the analog inputs employ ESD protection, they
have diodes to VDD and Vss. This requires that the
analog input must be between VDD and Vss. If the input
voltage exceeds this range by greater than 0.3V (either
direction), one of the diodes becomes forward biased
and it may damage the device if the input current spec-
ification is exceeded.

An external RC filter is sometimes added for anti-alias-
ing of the input signal. The R component should be
selected to ensure that the total source impedance is
kept under the 2.5 kQ recommended specification. Any
external components connected (via hi-impedance) to
an analog input pin (capacitor, zener diode, etc.) should
have very little leakage current at the pin.

TABLE 11-3  SUMMARY OF A/D REGISTERS

. . . . . . . . Value on: Value on all

Address Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
BOR other Resets

?(E);gf?géh INTCON | GIE | PEIE | 000x | 0000 000u
0oCh PIR1 ADIF : 0000 | 0000 0000
8Ch PIEA1 ADIE 0000 | 0000 0000
1Eh ADRESH | A/D High Byte Result Register XXXX XXXX | uuuu uuuu
9Eh ADRESL | A/D Low Byte Result Register XXXX XXXX [ uuuu uuuu
9Bh REFCON [ VRHEN | VRLEN | VRHOEN VRLOEN ——— 0000 ———-—
1Fh ADCONO | ADCSH1 ADCSO0 CHS2 CHS1 CHS0 GO/DONE CHS3 ADON 0000 0000 | 0000 0000
9Fh ADCON1 ADFM VCFG2 VCFG1 VCFGO PCFG3 PCFG2 PCFG1 PCFGO 0000 0000 0000 0000
05h PORTA PORTA5® | PORTA Data Latch when written: PORTA<4:0> pinswhenread [ -——0x 0000 | ——0u 0000
06h PORTB xxxx 1llxx | uwuuu lluu
09h(® PORTE RE2 RE1 REO ———— -000| ———— -000
85h TRISA PORTA Data Direction Register ——11 1111 | ——11 1111
86h TRISB PORTB Data Direction Register 1111 1111 | 1111 1111
89n@ TRISE IBF | OBF | IBOV PSPMODE PORTE Data Direction Bits 0000 —-111| 0000 —-111
Legend: x =unknown, u = unchanged, - = unimplemented read as '0’. Shaded cells are not used for A/D conversion.

Note 1: Bits PSPIE and PSPIF are reserved on the 28-pin devices, always maintain these bits clear.
2: These bits/registers are not implemented on the 28-pin devices, read as '0’.
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12.0 SPECIAL FEATURES OF THE
CPU

These PICmicro 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)

* Low-voltage detection

« SLEEP

+ Code protection

* ID locations

+ In-circuit serial programming

These devices have a Watchdog Timer which can be
shut off only through configuration bits. It runs off its
own RC oscillator for added reliability. There are two
timers that offer necessary delays on power-up. One is
the Oscillator Start-up Timer (OST), intended to keep
the chip in reset until the crystal oscillator is stable. The
other is the Power-up Timer (PWRT), which provides a
fixed delay of 72 ms (nominal) on power-up type resets
only (POR, BOR), designed to keep the part in reset
while the power supply stabilizes. With these two timers
on-chip, most applications need no external reset cir-
cuitry.

SLEEP mode is designed to offer a very low current
power-down mode. The user can wake-up from SLEEP
through external reset, Watchdog Timer Wake-up, or
through an interrupt. Several oscillator options are also
made available to allow the part to fit the application.
The RC oscillator option saves system cost while the
LP crystal option saves power. A set of configuration
bits are used to select various options.

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

12.1 Configuration Bits

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

The user will note that address 2007h is beyond the
user program memory space. In fact, it belongs to the
special test/configuration memory space (2000h -
3FFFh), which can be accessed only during program-
ming.

Some of the core features provided may not be neces-
sary to each application that a device may be used for.
The configuration word bits allow these features to be
configured/enabled/disabled as necessary. These fea-
tures include code protection, brown-out reset and its
trippoint, the power-up timer, the watchdog timer and
the devices oscillator mode. As can be seen in
Figure 12-1, some additional configuration word bits
have been provided for brown-out reset trippoint selec-
tion.
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FIGURE 12-1: CONFIGURATION WORD

CP1 | CPO [BORV1|BORVO| CP1 | CPO CP1 | CPO | PWRTE | WDTE | FOSC1 | FOSCO Register: CONFIG
Address 2007h

bit13 12 11 10 9 8 7 6 5 4 3 2 1 bit0

bit 13-12: CP1:CP0: Code Protection bits (?)
bit 9-8: 11 = Program memory code protection off
bit 5-4: 10 = 0800h-OFFFh code protected

01 = 0400h-OFFFh code protected

00 = 0000h-OFFFh code protected

bit 11-10: BORV1:BORVO: Brown-out Reset Voltage bits®®
11 = VBOR set to 2.5V
10 = VBOR set to 2.7V
01 = VBOR set to 4.2V
00 = VBOR set to 4.5V

bit 7: Unimplemented, Read as '1’
bit 6: BODEN: Brown-out Reset Enable bit (1)
1 = Brown-out Reset enabled
0 = Brown-out Reset disabled
bit 3: PWRTE: Power-up Timer Enable bit (1)
1 = PWRT disabled
0 = PWRT enabled
bit 2: WDTE: Watchdog Timer Enable bit
1 = WDT enabled
0 = WDT disabled
bit 1-0: FOSC1:FOSCO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator
Note 1:

setting may result in an inadvertant interrupt.

Enabling Brown-out Reset automatically enables the Power-up Timer (PWRT) regardless of the value of bit PWRTE.
Ensure the Power-up Timer is enabled anytime Brown-out Reset is enabled.

2: All of the CP1:CPQ pairs have to be given the same value to enable the code protection scheme listed.

3: These are the minimum trip points for the BOR, see Table 15-4 for the trip point tolerances. Selection of an unused

12.2 Oscillator Configurations
12.2.1 OSCILLATOR TYPES

The PIC16C77X can be operated in four different oscil-
lator modes. The user can program two configuration
bits (FOSC1 and FOSCO) to select one of these four
modes:

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

12.2.2 CRYSTAL OSCILLATOR/CERAMIC
RESONATORS

In XT, LP or HS modes, a crystal or ceramic resonator
is connected to the OSC1/CLKIN and OSC2/CLKOUT
pins to establish oscillation (Figure 12-2). The
PIC16C77X oscillator design requires the use of a par-
allel cut crystal. Use of a series cut crystal may give a
frequency out of the crystal manufacturers specifica-
tions.

A difference from the other mid-range devices may be
noted in that the device can be driven from an external
clock only when configured in HS mode (Figure 12-3).
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FIGURE 12-2: CRYSTAL/CERAMIC

TABLE 12-2 CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR

RESONATOR OPERATION
(HS, XT ORLP
OSC CONFIGURATION)
c1® osci ll:
I l To
1. internal
CIXTAL 'S RF® logic
= osc2| 1+
e | | SLEEP
c2M PIC16C77X

Note1: See Table 12-1 and Table 12-2 for recom-
mended values of C1 and C2.
2: A series resistor (RS) may be required for
AT strip cut crystals.
3: REF varies with the crystal chosen.

FIGURE 12-3: EXTERNAL CLOCK INPUT
OPERATION (HS OSC
CONFIGURATION)

Clock from ~I>O—> OSC1
ext. system PIC16C77X

Open -«—— OSC2

TABLE 12-1 CERAMIC RESONATORS

Osc Type C'r:\r(:;al Cap.CR1ange Cap.cf{zange

LP 32 kHz 33 pF 33 pF
200 kHz 15 pF 15 pF

XT 200 kHz 47-68 pF 47-68 pF
1 MHz 15 pF 15 pF
4 MHz 15 pF 15 pF
HS 4 MHz 15 pF 15 pF

8 MHz 15-33 pF 15-33 pF

20 MHz 15-33 pF 15-33 pF

These values are for design guidance only. See
notes at bottom of page.

Crystals Used
32 kHz Epson C-001R32.768K-A + 20 PPM

200 kHz STD XTL 200.000KHz +20 PPM
1 MHz ECS ECS-10-13-1 + 50 PPM
4 MHz ECS ECS-40-20-1 + 50 PPM

8 MHz EPSON CA-301 8.000M-C + 30 PPM
20 MHz EPSON CA-301 20.000M-C | 30 PPM

Ranges Tested:
Mode Freq OSCH1 0SC2
XT 455 kHz 68 - 100 pF 68 - 100 pF
2.0 MHz 15 - 68 pF 15 - 68 pF
4.0 MHz 15 - 68 pF 15 - 68 pF
HS 8.0 MHz 10 - 68 pF 10 - 68 pF
16.0 MHz 10 - 22 pF 10 - 22 pF

These values are for design guidance only. See
notes at bottom of page.

Resonators Used:

455 kHz [ Panasonic EFO-A455K04B |+ 0.3%

2.0 MHz [Murata Erie CSA2.00MG +0.5%

4.0 MHz [Murata Erie CSA4.00MG +0.5%

8.0 MHz | Murata Erie CSA8.00MT +0.5%

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

All resonators used did not have built-in capacitors.
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12.2.3 RC OSCILLATOR

For timing insensitive applications the “RC” device
option offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the resis-
tor (REXT) and capacitor (CEXT) values, and the operat-
ing temperature. In addition to this, the oscillator
frequency will vary from unit to unit due to normal pro-
cess parameter variation. Furthermore, the difference
in lead frame capacitance between package types will
also affect the oscillation frequency, especially for low
CEXT values. These factors and the variation due to tol-
erances of external R and C components used need to
be taken into account for each application. Figure 12-4
shows how the R/C combination is connected to the

PIC16C77X.
FIGURE 12-4: RC OSCILLATOR MODE
VDD
Rext
osci | Internal
J_ A\ clock
Cext JT;l PIC16C77X
1 =
Vss —
-4—| OSC2/CLKOUT
Fosc/4
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12.3 Reset

The PIC16C77X devices have several different resets.
These resets are grouped into two classifications;
power-up and non-power-up. The power-up type resets
are the power-on and brown-out resets which assume
the device VDD was below its normal operating range
for the device’s configuration. The non-power up type
resets assume normal operating limits were main-
tained before/during and after the reset.

« Power-on Reset (POR)

* Brown-out Reset (BOR)

* MCLR reset during normal operation
+ MCLR reset during SLEEP

+ WDT Reset (during normal operation)

Some registers are not affected in any reset condition.
Their status is unknown on a power-up reset and
unchanged in any other reset. Most other registers are
placed into an initialized state upon reset, however they
are not affected by a WDT reset during sleep because
this is considered a WDT Wakeup, which is viewed as
the resumption of normal operation.

Several status bits have been provided to indicate
which reset occurred (see Table 12-4). See Table 12-6
for a full description of reset states of all registers.

A simplified block diagram of the on-chip reset circuit is
shown in Figura 12-5.

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

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

FIGURE 12-5: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

External

Reset
7

SLEEP

wWDT | WDT

Module [Time-out
Reset

VDD rise

detect
VDD
Brown-out
Reset BODEN

Power-on Reset

OST/PWRT
OST

Chip_Reset

—

10-bit Ripple counter I >
QOSC1

(1)  PWRT
On-chip — |
RC OSC —|> 10-bit Ripple counter |

Enable PWRT

Enable OST

Note 1: This is a separate oscillator from the RC oscillator of the CLKIN pin.
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12.4 Power-On Reset (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected (in the range of 1.5V - 2.1V). To
take advantage of the POR, just tie the MCLR pin
directly (or through a resistor) to VDD. This will elimi-
nate external RC components usually needed to create
a Power-on Reset. A maximum rise time for VDD is
specified. See Electrical Specifications for details. For
a slow rise time, see Figure 12-8.

Two delay timers have been provided which hold the
device in reset after a POR (dependant upon device
configuration) so that all operational parameters have
been met prior to releasing to device to resume/begin
normal operation.

When the device starts normal operation (exits the
reset condition), device operating parameters (voltage,
frequency, temperature,...) must be met to ensure oper-
ation. If these conditions are not met, the device must
be held in reset until the operating conditions are met.
Brown-out Reset may be used to meet the startup con-
ditions, or if necessary an external POR circuit may be
implemented to delay end of reset for as long as
needed.

FIGURE 12-6: EXTERNAL POWER-ON
RESET CIRCUIT (FOR SLOW
Vbb POWER-UP)

VDD

D R
R1 L
MCLR

c PIC16C77X

I

Note 1: External Power-on Reset circuit is required
only if VDD power-up slope is too slow. The
diode D helps discharge the capacitor
quickly when VDD powers down.

2: R <40 kQ is recommended to make sure
that voltage drop across R does hot violate
the device’s electrical specification.

3: R1=100Q to 1 kQ will limit any current
flowing into MCLR from external capacitor
C in the event of MCLR/VPP pin break-
down due to Electrostatic Discharge
(ESD) or Electrical Overstress (EOS).

12.5 Power-up Timer (PWRT)

The Power-up Timer provides a fixed 72 ms nominal
time-out on power-up type resets only. For a POR, the
PWRT is invoked when the POR pulse is generated.
For a BOR, the PWRT is invoked when the device exits
the reset condition (VDD rises above BOR trippoint).
The Power-up Timer operates on an internal RC oscil-
lator. The chip is kept in reset as long as the PWRT is
active. The PWRT’s time delay is designed to allow VDD
to rise to an acceptable level. A configuration bit is pro-
vided to enable/disable the PWRT for the POR only. For
a BOR the PWRT is always available regardless of the
configuration bit setting.

The power-up time delay will vary from chip to chip due
to VDD, temperature, and process variation. See DC
parameters for details.

12.6  Oscillator Start-up Timer (OST)

The Oscillator Start-up Timer (OST) provides 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over. This ensures that the crystal oscil-
lator or resonator has started and stabilized.

The OST time-out is invoked only for XT, LP and HS
modes and only on a power-up type reset or a wake-up
from SLEEP.

12.7 Brown-Out Reset (BOR)

The Brown-out Reset module is used to generate a
reset when the supply voltage falls below a specified
trip voltage. The trip voltage is configurable to any one
of four voltages provided by the BORV1:BORVO config-
uration word bits.

Configuration bit, BODEN, can disable (if cleat/pro-
grammed) or enable (if set) the Brown-out Reset cir-
cuitry. If VDD falls below the specified trippoint for
greater than parameter #35 in the electrical specifica-
tions section, the brown-out situation will reset the chip.
A reset may not occur if VDD falls below the trippoint for
less than parameter #35. The chip will remain in Brown-
out Reset until VDD rises above BVDD. The Power-up
Timer will be invoked at that point and will keep the chip
in RESET an additional 72 ms. If VDD drops below
BVDD while the Power-up Timer is running, the chip will
go back into a Brown-out Reset and the Power-up
Timer will be re-initialized. Once VDD rises above
BVDD, the Power-up Timer will again begin a 72 ms
time delay. Even though the PWRT is always enabled
when brown-out is enabled, the PWRT configuration
word bit should be cleared (enabled) when brown-out is
enabled.
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12.8 Time-out Sequence

On power-up the time-out sequence is as follows: First
PWRT time-out is invoked by the POR pulse. When the
PWRT delay expires the Oscillator Start-up Timer is
activated. The total time-out will vary based on oscilla-
tor configuration and the status of the PWRT. For exam-
ple, in RC mode with the PWRT disabled, there will be
no time-out at all. Figure 12-7, Figure 12-8, Figure 12-
8 and Figura 12-10 depict time-out sequences on
power-up.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire. Then
bringing MCLR high will begin execution immediately
(Figure 12-9). This is useful for testing purposes or to
synchronize more than one PICmicro microcontroller
operating in parallel.

Tabla 12-5 shows the reset conditions for some special
function registers, while Table 12-6 shows the reset
conditions for all the registers.

12.9 Power Control/Status Register

(PCON)

The Power Control/Status Register, PCON has two sta-
tus bits that provide indication of which power-up type
reset occurred.

Bit0 is Brown-out Reset Status bit, BOR. Bit BOR is set
on a Power-on Reset. It must then be set by the user
and checked on subsequent resets to see if bit BOR
cleared, indicating a BOR occurred. However, if the
brown-out circuitry is disabled, the BOR bit is a "Don’t
Care" bit and is considered unknown upon a POR.

Bit1 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 12-3  TIME-OUT IN VARIOUS SITUATIONS
Oscillator Configuration Power-up Brown-out Waksel:lé%gom
PWRTE =0 PWRTE =1
XT, HS, LP 72 ms + 1024Tosc 1024TosC 72 ms + 1024Tosc 1024Tosc
RC 72 ms — 72 ms —
TABLE 12-4 STATUS BITS AND THEIR SIGNIFICANCE
POR | BOR | TO | PD
0 1 1 1 Power-on Reset
0 x 0 x llegal, TO is set on POR
0 X x 0 llegal, PD is set on POR
1 0 1 1 Brown-out Reset
1 1 0 1 WDT Reset
1 1 0 0 WDT Wake-up
1 1 u u MCLR Reset during normal operation
1 1 1 0 MCLR Reset during SLEEP or interrupt wake-up from SLEEP
TABLE 12-5 RESET CONDITION FOR SPECIAL REGISTERS
Condition Coonter | Register Reglater
Power-on Reset 000h 0001 1xxx [ ——=—= —-= 01
MCLR Reset during normal operation 000h 000u uuuu | = —— uu
MCLR Reset during SLEEP 000h 0001 Ouuu | = ———— —— uu
WDT Reset 000h 0000 luuu | @ ———— —— uu
WDT Wake-up PC +1 uuu0 Ouuu | ———— —— uu
Brown-out Reset 000h 0001 luuu [  ———— —— u0
Interrupt wake-up from SLEEP PC + 1M uuul OQuuu | ———— —— 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 12-6  INITIALIZATION CONDITIONS FOR ALL REGISTERS

Register Devices Power-on Reset, MCLR Resets Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt
w 773 | 774 XXKXX XKXXX uuuu uuuu uuuu uuuu
INDF 773 | 774 N/A N/A N/A
TMRO 773 | 774 XXKXX XXXX uuuu uuuu uuuu uuuu
PCL 773 | 774 0000h 0000h pc + 1@
STATUS 773 | 774 0001 1xxx 000g quuu® uwuug quuu®
FSR 773 | 774 XXXX KXXX uuuu uuuu uuuu uuuu
PORTA 773 | 774 --0x 0000 -—0u 0000 -—uu uuuu
PORTB 773 | 774 xxxx 11lxx uuuu 1lluu uuuu uuuu
PORTC 774 XXKXX XXXX uuuu uuuu uuuu uuuu
PORTD 774 XXXKX KXXX uuuu uuuu uuuu uuuu
PORTE | 774 -——— -000 -——— -000 -——— —uuu
PCLATH 773 | 774 -—-0 0000 -—-0 0000 -—-u uuuu
INTCON 773 | 774 0000 000x 0000 000u )
PIR1 773 r000 0000 r000 0000 ruuu uuuu(®
774 0000 0000 0000 0000 )
PIR2 773 | 774 0-— 0--0 0-—— 0--0 u——— u——ul®
TMR1L 773 | 774 XXXX KXXX uuuu uuuu uuuu uuuu
TMR1H 773 | 774 XXXX XXXX uuuu uuuu uuuu uuuu
T1CON 773 | 774 --00 0000 -—uu uuuu —--uu uuuu
TMR2 773 | 774 0000 0000 0000 0000 uuuu uuuu
T2CON 773 | 774 -000 0000 -000 0000 -uuu uuuu
SSPBUF 773 | 774 XXXX XXXX uuuu uuuu uuuu uuuu
SSPCON 773 | 774 0000 0000 0000 0000 uuuu uuuu
CCPR1L 773 | 774 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1H 773 | 774 XXXX XKXXX uuuu uuuu uuuu uuuu
CCP1CON 773 | 774 --00 0000 --00 0000 —-—uu uuuu
RCSTA 773 | 774 0000 000x 0000 000x uuuu uuuu
TXREG 773 | 774 0000 0000 0000 0000 uuuu uuuu
RCREG 773 | 774 0000 0000 0000 0000 uuuu uuuu
CCPR2L 773 | 774 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR2H 773 | 774 XXXX XKXXX uuuu uuuu uuuu uuuu
CCP2CON 773 | 774 --00 0000 --00 0000 —-—uu uuuu
ADRESH 773 | 774 XXXX XKXXX uuuu uuuu uuuu uuuu
ADCONO 773 | 774 0000 0000 0000 0000 uuuu uuuu
OPTION_REG 773 | 774 1111 1111 1111 1111 uuuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as '0’, g = value depends

on condition
Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the
interrupt vector (0004h).
3: See Table 12-5 for reset value for specific condition.
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TABLE 12-6  INITIALIZATION CONDITIONS FOR ALL REGISTERS (Cont.’d)

MCLR Resets

Register Devices Power-on Reset, Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt

TRISA -—-1 1111 -—-1 1111 —-——u uuuu
--11 1111 --11 1111 ——uu uuuu
TRISB 773 | 774 1111 1111 1111 1111 uuuu uuuu
TRISC 773 | 774 1111 1111 1111 1111 uuuu uuuu
TRISD 1111 1111 1111 1111 uuuu uuuu
TRISE 0000 -111 0000 -111 uuuu —uuu
PIEA1 r000 0000 r000 0000 ruuu uuuu
774 0000 0000 0000 0000 uuuu uuuu
PIE2 773 | 774 0-—- 0--0 0-—— 0--0 u-—— u--u
PCON 773|774 ———— —— g | @ -—= - aa | === == uu
PR2 773 | 774 1111 1111 1111 1111 1111 1111
SSPADD 773 | 774 0000 0000 0000 0000 uuuu uuuu
SSPSTAT 773 | 774 0000 0000 0000 0000 uuuu uuuu
TXSTA 773 | 774 0000 -010 0000 -010 uuuu —uuu
SPBRG 773 | 774 0000 0000 0000 0000 uuuu uuuu
REFCON 773 | 774 0000 —-——- 0000 ———- uuuu ———-—
LVDCON 773 | 774 --00 0101 --00 0101 -—uu uuuu
ADRESL 773 | 774 XXXX XXXX uuuu uuuu uuuu uuuu
ADCON1 773 | 774 0000 000 0000 0000 uuuu uuuu

Legend: u =unchanged, x = unknown, - = unimplemented bit, read as’0’, g = value depends

on condition

Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the

interrupt vector (0004h).

3: See Table 12-5 for reset value for specific condition.

FIGURE 12-7: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)

VDD

MCLR

INTERNAL POR

\ TPWRT

PWRT TIME-OUT

= TOST->

OST TIME-OUT

INTERNAL RESET
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FIGURE 12-8: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vpb): CASE 1

VDD —/

MCLR

INTERNAL POR l_l

PWRT TIME-OUT |+ TOST—

X TPWRT '

OST TIME-OUT

INTERNAL RESET

FIGURE 12-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vbb): CASE 2

VDD —/ '

MCLR — -

INTERNAL POR l_l

TPWRT !

PWRT TIME-OUT < TOST—>

OST TIME-OUT

INTERNAL RESET |

FIGURE 12-10: SLOW RISE TIME (MCLR TIED TO VDD)

: 5V
VDD oV TV
MCLR -
INTERNAL POR ] o
TPWRT;
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12.10 Interrupts

The PIC16C77X family has up to 14 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.

A global interrupt enable bit, GIE (INTCON<7>)
enables (if set) all un-masked interrupts or disables (if
cleared) all interrupts. When bit GIE is enabled, and an
interrupt’s flag bit and mask bit are set, the interrupt will
vector immediately. Individual interrupts can be dis-
abled through their corresponding enable bits in vari-
ous registers. Individual interrupt bits are set
regardless of the status of the GIE bit. The GIE bit is
cleared on reset.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine as well as sets the GIE bit, which
re-enables interrupts.

FIGURE 12-11: INTERRUPT LOGIC

The RBO/INT pin interrupt, the RB port change interrupt
and the TMRO overflow interrupt flags are contained in
the INTCON register.

The peripheral interrupt flags are contained in the spe-
cial function registers PIR1 and PIR2. The 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 or the GIE bit

LVDIF
LVDIE

1
PSPIF :D

BCLIF
BCLIE

PSPIE
ADIF :D ToIF Wake-up (If in SLEEP mode)
ADIE TOIE
RCIF INTF
RCIE :I )7 :I )
INTE Interrupt to CPU
TXIF RBIF
TXIE RBIE
SSPIF
SSPIE D
PEIE
CCP1IF
CCP1IE GIE
TMR2IF:I )
TMR2IE
TMR1IF
TMR1IE
CCP2IF
CCP2IE

The following table shows which devices have which interrupts.

Device (TOIF |INTF | RBIF | PSPIF | ADIF | RCIF | TXIF

SSPIF | CCP1IF | TMR2IF | TMR1IF | LVDIF | BCLIF | CCP2IF

PIC16C773 | Yes | Yes | Yes - Yes | Yes | Yes Yes Yes Yes Yes Yes Yes Yes
PIC16C774 | Yes | Yes | Yes Yes Yes | Yes | Yes Yes Yes Yes Yes Yes Yes Yes
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12.10.1 INT INTERRUPT

External interrupt on 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 rou-
tine before re-enabling this interrupt. The INT interrupt
can wake-up the processor from SLEERP, if bit INTE was
set prior to going into SLEEP. The status of global inter-
rupt enable bit GIE decides whether or not the proces-
sor branches to the interrupt vector following wake-up.
See Section 12.13 for details on SLEEP mode.

12.10.2 TMRO INTERRUPT

An overflow (FFh — 00h) in the TMRO register will set
flag bit TOIF (INTCON<2>). The interrupt can be
enabled/disabled by setting/clearing enable bit TOIE
(INTCON<5>). (Section 4.0)

12.10.3 PORTB INTCON CHANGE

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit RBIE (INTCON<4>).
(Section 3.2)

12.11 Context Saving During Interrupts

During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key reg-
isters during an interrupt, i.e., W register and STATUS
register. This will have to be implemented in software.

Example 12-1 stores and restores the W and STATUS
registers. The register, W_TEMP, must be defined in
each bank 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 0xAO0 in bank

1).
The example:

a) Stores the W register.
) Stores the STATUS register in bank 0.
c) Stores the PCLATH register.
) Executes the interrupt service routine code
(User-generated).
e) Restores the STATUS register (and bank select
bit).
fy Restores the W and PCLATH registers.

EXAMPLE 12-1: SAVING STATUS, W, AND PCLATH REGISTERS IN RAM

MOVWE W_TEMP ;Copy W to TEMP register, could be bank one or zero
SWAPF STATUS, W ;Swap status to be saved into W
CLRF STATUS ;bank 0, regardless of current bank, Clears IRP,RP1,RPO
MOVWE STATUS_TEMP ;Save status to bank zero STATUS_TEMP register
MOVE PCLATH, W ;Only required if using pages 1, 2 and/or 3
MOVWFEF PCLATH_TEMP ;Save PCLATH into W
CLRF PCLATH ;Page zero, regardless of current page
BCF STATUS, IRP ;Return to Rank O
MOVF FSR, W ;Copy FSR to W
MOVWFEF FSR_TEMP ;Copy FSR from W to FSR_TEMP
: (ISR)
MOVF PCLATH_TEMP, W ;Restore PCLATH
MOVWF PCLATH ;jMove W into PCLATH
SWAPF STATUS_TEMP, W ;Swap STATUS_TEMP register into W
; (sets bank to original state)
MOVWE STATUS ;Move W into STATUS register
SWAPF W_TEMP, F ; Swap W_TEMP
SWAPF W_TEMP, W ;Swap W_TEMP into W
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12.12 Watchdog Timer (WDT) The WDT can be permanently disabled by clearing
configuration bit WDTE (Section 12.1).

WDT time-out period values may be found in the Elec-
trical Specifications section under parameter #31. Val-
ues for the WDT prescaler may be assigned using the
OPTION_REG register.

The Watchdog Timer is as a free running on-chip RC
oscillator which does not require any external compo-
nents. This RC oscillator is separate from the RC oscil-
lator of the OSC1/CLKIN pin. That means that the WDT
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 hormal 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 register
will be cleared upon a Watchdog Timer time-out.

FIGURE 12-12: WATCHDOG TIMER BLOCK DIAGRAM

From TMRO Clock Source
(Figure 4-2)

o
AR EE— Postscaler
WDT Timer TS u
X /#s
* f 8-1t0-1MUX |-s— PS2:PSO
WDT PSA
Enable Bit
&——m To TMRO (Section 4-2)

MUX -4— PSA

wDT

Note: PSA and PS2:PS0 are bits in the OPTION_REG register. Time-out

FIGURE 12-13: SUMMARY OF WATCHDOG TIMER REGISTERS

Address |Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit0
2007h Config. bits WDTE

8ih,181h | OPTION_REG PS2 PS1 PSO
Legend: Shaded cells are not used by the Watchdog Timer.

Note 1: See Figure 12-1 for the full description of the configuration word bits.
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12.13 Power-down Mode (SLEEP)

Power-down mode is entered by executing a SLEEP
instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, the PD bit (STATUS<3>) is cleared, the
TO (STATUS<4>) bit is set, and the oscillator driver is
turned off. The I/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/O pins at either VDD, or VSS, ensure no external cir-
cuitry is drawing current from the /O pin, power-down
the A/D, disable external clocks. Pull all I1/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 be considered.

The MCLR pin must be at a logic high level (VIHMC).
12.13.1 WAKE-UP FROM SLEEP

The device can wake up from SLEEP through one of

the following events:

1. External reset input on MCLR pin.

2. Watchdog Timer Wake-up (f WDT was
enabled).

3. Interrupt from INT pin, RB port change, or some
Peripheral Interrupts.

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.

2. TMRT1 interrupt. Timer1 must be operating as
an asynchronous counter.

3. CCP capture mode interrupt.

Special event trigger (Timer1 in asynchronous
mode using an external clock).

SSP (Start/Stop) bit detect interrupt.

SSP transmit or receive in slave mode (SP/I2C).
USART RX or TX (synchronous slave mode).
A/D conversion (when A/D clock source is RC).
Low-voltage detect.

»~

© 0N O

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 (PG + 1) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction and then branches to the inter-
rupt address (0004h). In cases where the execution of
the instruction following SLEEP is not desirable, the
user should have a NOP after the SLEEP instruction.

12.13.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the execution of a
SLEEP instruction, the sSLEEP instruction will com-
plete as a NOP. Therefore, the WDT and WDT
postscaler will not be cleared, the TO bit will not
be set and PD bits will not be cleared.

« If the interrupt occurs during or after the execu-
tion of a SLEEP instruction, the device will imme-
diately wake up from sleep. The SLEEP instruction
will be completely executed before the wake-up.
Therefore, the WDT and WDT postscaler will be
cleared, the TO bit will be set and the PD bit will
be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruc-
tion should be executed before a SLEEP instruction.
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FIGURE 12-14: WAKE-UP FROM SLEEP THROUGH INTERRUPT

vatlazl aslas; atl @2l sl a4 a1l X y a1l @2l asla4; a1l a2l asla4; a1l @2l @zl a4 a1l 2| @3] a4,
osC1/ A\ /S ; y ; y .
CLKOUT(4) \ / \ / \ L TOST(2) | / \ / A\ / A\ / |
1 1 1 ' Ll 1 1 1 1
INT pin 1 ' ' ! ' ' ' ' '
NTF 1 1 1 \ : T 1 1 1 [
1 1 1
(|NTooa|€\;|<1>) /i ' | Interrupt Latency , : X
\ | | ' I | (Note 2) | 1 !
) 1 \ \ ] \ | 1 1
(GIII\FI’(b)nON<7>) : : 1 Processor in | : : \ : : :
\ \ \  SLEEP ! 1 | | | .
\ \ | ! ! | 1 1 !
INSTRUCTION FLOW ! [ ! 1 1 1 [
| 1 \ \ \ \ \ L
pc X PC X PC+1 X PC+2 X PC+2 X PC+2 X 0004h D { 0005h |
Instructi | | | 1 | \ i :
fotohad " {: Inst(PC) = SLEEP !  Inst(PC +1) ' ' nstPC+2) ! ' Inst(0004h) ' Inst(co0Sh)
N 1 1 1 Ll 1 1 1 1
Ienxsetg:l?ggn ' Inst(PC - 1) ' SLEEP ' ' Inst(PC + 1) ' Dummy cycle ' Dummy cycle ' Inst(0004h) !
Note 1 XT, HS or LP oscillator mode assumed.
2: TosT = 1024Tosc (drawing not to scale) This delay will not be there for RC osc mode.
3: GIE ="1"assumed. In this case after wake- up, the processor jumps to the interrupt routine. If GIE = '0’, execution will continue in-line.
4: CLKOUT is not available in these osc modes, but shown here for timing reference.

12.14 Program Verification/Code Protection

If the code protection bit(s) have nhot been pro-
grammed, the on-chip program memory can be read
out for verification purposes.

12.15 |ID Locations

Four memory locations (2000h - 2003h) are designated
as ID locations where the user can store checksum or
other code-identification numbers. These locations are
not accessible during normal execution but are read-
able and writable during program/verify. It is recom-
mended that only the 4 least significant bits of the ID
location are used.

For ROM devices, these values are submitted along
with the ROM code.

12.16 _n-Circuit Serial Programming

PIC16CXXX microcontrollers can be serially pro-
grammed while in the end application circuit. This is
simply done with two lines for clock and data, and three
other lines for power, ground, and the programming
voltage. This allows customers to manufacture boards
with unprogrammed devices, and then program the
microcontroller just before shipping the product. This
also allows the most recent firmware or a custom firm-
ware to be programmed.

For complete details of serial programming, please
refer to the In-Circuit Serial Programming (ICSP™)
Guide, (DS30277).
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NOTES:
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13.0 INSTRUCTION SET SUMMARY

Each PIC16CXXX 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 PIC16CXX instruction
set summary in Table 13-2 lists byte-oriented, bit-ori-
ented, and literal and control operations. Table 13-1
shows the opcode field descriptions.

For byte-oriented instructions, ’f’ represents a file reg-
ister designator and 'd’ represents a destination desig-
nator. The file register designator specifies which file
register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If 'd’ is zero, the result is
placed in the W register. If 'd’ is one, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, 'b’ represents a bit field
designator which selects the number of the bit affected
by the operation, while '’ represents the number of the
file in which the bit is located.

For literal and control operations, 'k’ represents an
eight or eleven bit constant or literal value.

Table 13-2 lists the instructions recognized by the
MPASM assembiler.

Figure 13-1 shows the general formats that the instruc-
tions can have.

TABLE 13-1  OPCODE FIELD
DESCRIPTIONS
Field Description
f 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 = O: store result in W,
d = 1: store result in file register f.
Defaultis d = 1
PC Program Counter
TO Time-out bit
PD Power-down bit

The instruction set is highly orthogonal and is grouped
into three basic categories:

+ Byte-oriented operations
+ Bit-oriented operations
+ Literal and control operations

All instructions are executed within one single instruc-
tion cycle, unless a conditional test is true or the pro-
gram counter is changed as a result of an instruction.
In this case, the execution takes two instruction cycles
with the second cycle executed as a NOP. One instruc-
tion cycle consists of four oscillator periods. Thus, for
an oscillator frequency of 4 MHz, the normal instruction
execution time is 1 us. If a conditional test is true or the
program counter is changed as a result of an instruc-
tion, the instruction execution time is 2 us.

All examples use the following format to represent a
hexadecimal number:
Oxhh

where h signifies a hexadecimal digit.

FIGURE 13-1: GENERAL FORMAT FOR
INSTRUCTIONS
Byte-oriented file register operations
13 8 7 6
| OPCODE | d | f (FILE #) |

d = O for destination W
d =1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 109 7 6 0
OPCODE |b (BIT #)| f (FILE #)

bit bit address

=3-
= 7-bit file register address

Literal and control operations

General

13 8 7 0
OPCODE k (literal) |

k = 8-bit immediate value

CALL and GOTO instructions only
13 11 10 0
OPCODE k (literal)

k = 11-bit immediate value

A description of each instruction is available in the
PICmicro™ Mid-Range Reference Manual,
(DS33023).
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TABLE 13-2 PIC16CXXX INSTRUCTION SET

Mnemonic, Description Cycles 14-Bit Opcode Status Notes
Operands MSb LSb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF f,d | Add W and f 1 00 0111 dfff ffff|C,DC,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 Oxxx xxxx|Z

COMF f,d | Complement f 1 00 1001 dfff ffff|Z 1,2
DECF f,d | Decrement f 1 00 0011 dfff ffff|Z 1,2
DECFSZ f,d | Decrement f, Skip if O 1(2) | oo 1011 dfff ffff 1,2,3
INCF f,d | Increment f 1 00 1010 dfff ffff|Z 1,2
INCFSZ f,d [ Increment f, Skip if O 1(2) | oo 1111 dfff ffff 1,2,3
IORWF f,d | Inclusive OR W with f 1 00 0100 dfff 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,DCZ 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,
BIT-ORIENTED FILE REGISTER OPERATIONS

BCF f,b Bit Clear f 1 01 00bb Dbfff ffff 1,2
BSF f,b Bit Set f 1 01 Olbb Dbfff 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 1llbb 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| TOPD

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  0lxx kkkk kkkk

RETURN - Return from Subroutine 2 00 0000 0000 1000

SLEEP - Go into standby mode 1 00 0000 0110 0011| TOPD
SuUBLW 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 /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 Timer0 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.

DS30275A-page 144 Addvancs nformation © 1999 Microchip Technology Inc.

This Material Copyrighted By Its Respective Manufacturer



This Materi al

PIC16C77X

14.0 DEVELOPMENT SUPPORT

14.1 Development Tools

The PICmicro® microcontrollers are supported with a
full range of hardware and software development tools:
+ MPLAB™ -ICE Real-Time In-Circuit Emulator

+ |ICEPIC™ Low-Cost PIC16C5X and PIC16CXXX
In-Circuit Emulator

« PRO MATE® Il Universal Programmer

« PICSTART® Plus Entry-Level Prototype
Programmer

« SIMICE

+ PICDEM-1 Low-Cost Demonstration Board
* PICDEM-2 Low-Cost Demonstration Board
* PICDEM-3 Low-Cost Demonstration Board
+ MPASM Assembler

« MPLAB™ SIM Software Simulator

+ MPLAB-C17 (C Compiler)

* Fuzzy Logic Development System
(fuzzy TECH®-MP)
+ KeeLoq® Evaluation Kits and Programmer

14.2 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
P1Cmicro microcontrollers (MCUs). MPLAB-ICE is sup-
plied with the MPLAB Integrated Development Environ-
ment (IDE), which allows editing, “make” and
download, and source debugging from a single envi-
ronment.

Interchangeable processor modules allow the system
to be easily reconfigured for emulation of different pro-
cessors. The universal architecture of the MPLAB-ICE
allows expansion to support all new Microchip micro-
controllers.

The MPLAB-ICE Emulator System has been designed
as a real-time emulation system with advanced fea-
tures that are generally found on more expensive devel-
opment tools. The PC compatible 386 (and higher)
machine platform and Microsoft Windows® 3.x or
Windows 95 environment were chosen to best make
these features available to you, the end user.

MPLAB-ICE is available in two versions.
MPLAB-ICE 1000 is a basic, low-cost emulator system
with simple trace capabilities. It shares processor mod-
ules with the MPLAB-ICE 2000. This is a full-featured
emulator system with enhanced trace, trigger, and data
monitoring features. Both systems will operate across
the entire operating speed reange of the PICmicro
MCU.

14.3 ICEPIC: Low-Cost PICmicro
In-Circuit Emulator

ICEPIC is a low-cost in-circuit emulator solution for the
Microchip PIC12CXXX, PIC16C5X and PIC16CXXX
families of 8-bit OTP microcontrollers.

ICEPIC is designed to operate on PGC-compatible
machines ranging from 386 through Pentium™ based
machines under Windows 3.x, Windows 95, or Win-
dows NT environment. ICEPIC features real time, non-
intrusive emulation.

144 PRO MATE llI: Universal Programmer

The PRO MATE Il Universal Programmer is a full-fea-
tured programmer capable of operating in stand-alone
mode as well as PC-hosted mode. PRO MATE Il is CE
compliant.

The PRO MATE Il has programmable VDD and VPP
supplies which allows it to verify programmed memory
at VDD min and VDD max for maximum reliability. It has
an LCD display for displaying error messages, keys to
enter commands and a modular detachable socket
assembly to support various package types. In stand-
alone mode the PRO MATE Il can read, verify or pro-
gram PIG12CXXX, P1C14C000, PIC16C5X,
PIC16CXXX and PIC17CXX devices. It can also set
configuration and code-protect bits in this mode.

14.5 PICSTART Plus Entry Level
Development System

The PICSTART programmer is an easy-to-use, low-
cost prototype programmer. It connects to the PC via
one of the COM (RS-232) ports. MPLAB Integrated
Development Environment software makes using the
programmer simple and efficient. PICSTART Plus is not
recommended for production programming.

PICSTART Plus supports all PIC12CXXX, PIC14C000,
PIC16C5X, PIC16CXXX and PIC17CXX devices with
up to 40 pins. Larger pin count devices such as the
P1C16C923, PIC16C924 and PIC17C756 may be sup-
ported with an adapter socket. PICSTART Plus is CE
compliant.

© 1999 Microchip Technology Inc.
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14.6 SIMICE Entry-Level Hardware
Simulator

SIMICE is an entry-level hardware development sys-
tem designed to operate in a PC-based environment
with Microchip’s simulator MPLAB™-SIM. Both SIM-
ICE and MPLAB-SIM run under Microchip Technol-
ogy’s MPLAB Integrated Development Environment
(IDE) software. Specifically, SIMICE provides hardware
simulation for Microchip’s PIC12C5XX, PIC12CE5XX,
and PIC16C5X families of PICmicro 8-bit microcontrol-
lers. SIMIGE works in conjunction with MPLAB-SIM to
provide non-real-time 1/O port emulation. SIMICE
enables a developer to run simulator code for driving
the target system. In addition, the target system can
provide input to the simulator code. This capability
allows for simple and interactive debugging without
having to manually generate MPLAB-SIM stimulus
files. SIMICE is a valuable debugging tool for entry-
level system development.

14.7 PICDEM-1 Low-Cost PICmicro
Demonstration Board

The PICDEM-1 is a simple board which demonstrates
the capabilities of several of Microchip’s microcontrol-
lers. The microcontrollers supported are: PIC16C5X
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X,
PIC16C71, PIC16C8X, PIC17C42, PIC17C43 and
PIC17C44. All necessary hardware and software is
included to run basic demo programs. The users can
program the sample microcontrollers provided with
the PICDEM-1 board, on a PRO MATE Il or
PICSTART-Plus programmer, and easily test firm-
ware. The user can also connect the PICDEM-1
board to the MPLAB-ICE emulator and download the
firmware to the emulator for testing. Additional proto-
type area is available for the user to build some addi-
tional hardware and connect it to the microcontroller
socket(s). Some of the features include an RS-232
interface, a potentiometer for simulated analog input,
push-button switches and eight LEDs connected to
PORTB.

14.8 PICDEM-2 Low-Cost PIC16CXX
Demonstration Board

The PICDEM-2 is a simple demonstration board that
supports the PIC16C62, PIC16C64, PIC16C65,
PIC16C73 and PIC16C74 microcontrollers. All the
necessary hardware and software is included to
run the basic demonstration programs. The user
can program the sample microcontrollers provided
with the PICDEM-2 board, on a PRO MATE Il pro-
grammer or PICSTART-Plus, and easily test firmware.
The MPLAB-ICE emulator may also be used with the
PICDEM-2 board to test firmware. Additional prototype
area has been provided to the user for adding addi-
tional hardware and connecting it to the microcontroller
socket(s). Some of the features include a RS-232 inter-
face, push-button switches, a potentiometer for simu-
lated analog input, a Serial EEPROM to demonstrate
usage of the I°C bus and separate headers for connec-
tion to an LCD module and a keypad.

14.9 PICDEM-3 Low-Cost PIC16CXXX
Demonstration Board

The PICDEM-3 is a simple demonstration board that
supports the PIC16C923 and PIC16C924 in the PLCC
package. It will also support future 44-pin PLCC
microcontrollers with a LCD Module. All the neces-
sary hardware and software is included to run the
basic demonstration programs. The user can pro-
gram the sample microcontrollers provided with
the PICDEM-3 board, on a PRO MATE Il program-
mer or PICSTART Plus with an adapter socket, and
easily test firmware. The MPLAB-ICE emulator may
also be used with the PICDEM-3 board to test firm-
ware. Additional prototype area has been provided to
the user for adding hardware and connecting it to the
microcontroller socket(s). Some of the features include
an RS-232 interface, push-button switches, a potenti-
ometer for simulated analog input, a thermistor and
separate headers for connection to an external LCD
module and a keypad. Also provided on the PICDEM-3
board is an LCD panel, with 4 commons and 12 seg-
ments, that is capable of displaying time, temperature
and day of the week. The PICDEM-3 provides an addi-
tional RS-232 interface and Windows 3.1 software for
showing the demultiplexed LCD signals on a PC. A sim-
ple serial interface allows the user to construct a hard-
ware demultiplexer for the LCD signals.
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14.10 MPLAB Integrated Development
Environment Software

The MPLAB IDE Software brings an ease of software
development previously unseen in the 8-bit microcon-
troller market. MPLAB is a windows based application
which contains:

« A full featured editor
« Three operating modes
- editor
- emulator
- simulator
* A project manager
« Customizable tool bar and key mapping
+ A status bar with project information
+ Extensive on-line help

MPLAB allows you to:

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

* One touch assemble (or compile) and download
to PICmicro tools (automatically updates all
project information)

+ Debug using:

- source files
- absolute listing file

The ability to use MPLAB with Microchip’s simulator
allows a consistent platform and the ability to easily
switch from the low cost simulator to the full featured
emulator with minimal retraining due to development
tools.

14.11 Assembler (MPASM)

The MPASM Universal Macro Assembler is a PC-
hosted symbolic assembler. It supports all microcon-
troller series including the PIC12C5XX, PIC14000,
PIC16C5X, PIC16CXXX, and PIC17CXX families.

MPASM offers full featured Macro capabilities, condi-
tional assembly, and several source and listing formats.
It generates various object code formats to support
Microchip's development tools as well as third party
programmers.

MPASM allows full symbolic debugging from MPLAB-
ICE, Microchip’s Universal Emulator System.

MPASM has the following features to assist in develop-
ing software for specific use applications.

« Provides translation of Assembler source code to
object code for all Microchip microcontrollers.

* Macro assembly capability.

» Produces all the files (Object, Listing, Symbol, and
special) required for symbolic debug with
Microchip’s emulator systems.

+ Supports Hex (default), Decimal and Octal source
and listing formats.

MPASM provides a rich directive language to support
programming of the PICmicro. Directives are helpful in
making the development of your assemble source code
shorter and more maintainable.

14.12 Software Simulator (MPLAB-SIM)

The MPLAB-SIM Software Simulator allows code
development in a PC host environment. It allows the
user to simulate the PICmicro series microcontrollers
on an instruction level. On any given instruction, the
user may examine or modify any of the data areas or
provide external stimulus to any of the pins. The input/
output radix can be set by the user and the execution
can be performed in; single step, execute until break, or
in a trace mode.

MPLAB-SIM fully supports symbolic debugging using
MPLAB-C17 and MPASM. The Software Simulator
offers the low cost flexibility to develop and debug code
outside of the laboratory environment making it an
excellent multi-project software development tool.

14.13 MPLAB-C17 Compiler

The MPLAB-C17 Code Development System is a
complete ANSI ‘C’ compiler and integrated develop-
ment environment for Microchip’s PIC17CXXX family of
microcontrollers. The compiler provides powerful inte-
gration capabilities and ease of use not found with
other compilers.

For easier source level debugging, the compiler pro-
vides symbol information that is compatible with the
MPLAB IDE memory display.

14.14 Fuzzy Logic Development System
fuzzyTECH-MP

fuzzyTECH-MP fuzzy logic development tool is avail-
able in two versions - a low cost introductory version,
MP Explorer, for designers to gain a comprehensive
working knowledge of fuzzy logic system design; and a
full-featured version, fuzzyTECH-MP, Edition for imple-
menting more complex systems.

Both versions include Microchip’s fuzzyl AB™ demon-
stration board for hands-on experience with fuzzy logic
systems implementation.

14.15 SEEVAL® Evaluation and
Programming System

The SEEVAL SEEPROM Designer's Kit supports all
Microchip 2-wire and 3-wire Serial EEPROMs. The Kit
includes everything necessary to read, write, erase or
program special features of any Microchip SEEPROM
product including Smart Serials™ and secure serials.
The Total Endurance™ Disk is included to aid in trade-
off analysis and reliability calculations. The total kit can
significantly reduce time-to-market and result in an
optimized system.

© 1999 Microchip Technology Inc.
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14.16 KEELoQ® Evaluation and
Programming Tools

KEELOQ evaluation and programming tools support
Microchips HCS Secure Data Products. The HCS eval-
uation kit includes an LCD display to show changing
codes, a decoder to decode transmissions, and a pro-
gramming interface to program test transmitters.
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DEVELOPMENT TOOLS FROM MICROCHIP

TABLE 14-1
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NOTES:
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15.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Ambient temperature UNAEr DIas...........oueiiiiiiiiii e e e e e e e 5510 +125°C
StOrage tEMPEIALUIE ......oeiei ettt ee e e e e e e e e e e e ereeeeeeeseeeesnnennnneeneeeeeeeses @ uen -65°C to +150°C
Voltage on any pin with respect to VSs (except VDD, MCLR. and RA4)...oooiiiiiiiee 0.3V to (VDD + 0.3V)

Voltage on VDD With reSpect 0 VSS ...t e e e e e ee e p @) e -0.31t0 +7.5V
Voltage on MCLR with respect 10 VSS (NOLE 2)....cuiiiiiiiiiiieiie e e\ e e e 0to +8.5V
Voltage on RA4 with respect 10 VSS ........ciiiiiiiiiniiiiiiiiiiiieiencee e e N e\ e et 0 to +8.5V
Total power dissipation (Note 1) .....ccccciiiiiiieieeeeeeeeee e oo N e N T e N e e 1.0W
Maximum current out Of VSS PN .....cooiiiuiiiiiiiiieir e ecne cpinggeeeeeeee e\ e\ Ner oo - Nereee e segfenes frrnemeeeeeeiee e e eseeeeens 300 mA

Maximum current iNto VDD PiN ....coiieiiiiiiii e Nemr e e e o e Ne N e eeee2amfes e ernnneeeereeeeeesanenanas 250 mA

TABLE 15-1 CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)

osc PIC16C773-04 PIC16C773-20 PIC16LC773-04 JW Devices
PIC16C774-04 PIC16C774-20 PIC16LC774-04
VDD: 4.0V to 5.5V \ VDD: 2.5V 1o 5.5V VDD: 4.0V to 5.5V
RC Ibb: 5 mA max. at 5.5V IDD: 3.8 mA max. at 3.0V IDD: 5 mA max. at 5.5V
IPD: 16 pA max. at 4V IPD: 5 pA max. at 3V IPD: 16 pA max. at 4V
Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max.
VDD: 4.0V to 5.5V VDD: 2.5V to 5.5V VDD: 4.0V to 5.5V
XT Ibb: 5 mA max. at 5.5V 3.8 mA max. at 3.0V IDD: 5 mA max. at 5.5V
IPD: 16 pA max. at 4V 5 pA max. at 3V IPD: 16 pA max. at 4V
: 4 MH : 4 MH : 4 MHz max.
DD: 4.5V to 5.5V : 45Vto 5.5V
HS '
“““““““““““““““ oo i -
VpD: 2.5V to 5.5V VDD: 2.5V to 5.5V
IDD: 48 pA max. at 32 kHz, |[IDD: 48 pA max. at 32 kHz,
LP 3.0V 3.0V
IPD: 5.0 pA max. at 3.0V IPD: 5.0 pA max. at 3.0V
Freq: 200 kHz max. Freq: 200 kHz max.

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications.
It is recommended that the user select the device type that ensures the specifications required.
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15.1  DC Characteristics: PIC16C77X (Commercial, Industrial)
Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for industrial and
0°C < TA < +70°C for commercial
Param Characteristic Sym Min | Typt | Max | Units Conditions
No.
D001 Supply Voltage VDD 4.0 — | 55 V | XT, RC and LP osc configuration
DOO1A 45 — | 55 V | HS osc configuration
D002 | RAM Data Retention VDR — 15 [ — Vv
Voltage (Note 1)
D003 VDD start voltage to VPOR — Vss | — V |See section on P er@eﬁat or details
ensure internal Power-on
Reset signal
D004* | VDD rise rate to ensure SvDD 0.05 | — — | V/ims e gectjon on Po wer-o Réﬁet details.
internal Power-on Reset P enabled
signal
D010 Supply Current (Note 2) | IDD — 2.7 5 mA confl ation
OSC = Hz, VDD = 5.5V (Note 4)
D013 — 13 \39\ m S osc configuration
(/\ SC = 20 MHz, VDD = 5.5V
D020 Power-down Current IPD 5 /1/6/\\;#? VDD = 4.0V, -0°C to +70°C
DO020A | (Note 3) <)3\ .5 ( 19 | pA | VDD = 4.0V, -40°C to +85°C
Module Differenti A U
rent (Note 5)
D021 AIWDT 60 | 20 | pA (VDD =4.0V
D023* >§IB R TBD | 200 | — | nA [BOR enabled, VDD = 5.0V
D023B* AlBGE — | 40uA |TBD| pA
D025 AlTiosc | — 5 9 uA | VDD = 4.0V
Do026* | A/D Gefiverter AlAD — 300 | — | uA | VDD =5.5V, A/D on, not converting

* These parameters are characterized but not tested.

1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.

Note 1: This is the limit to which VDD can be lowered without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an
impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail to rail; all I/O pins tristated, pulled to VDD
MCLR = VDD; WDT enabled/disabled as specified.

3: The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is mea-
sured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD or Vss.

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti-
mated by the formula Ir = VDD/2Rext (mA) with Rext in kOhm.

5: The A current is the additional current consumed when the peripheral is enabled. This current should be
added to the base (IPD or IDD) current.

6: The bandgap voltate reference provides 1.22V to the VRL, VRH, LVD and BOR circuits. When calculating cur-
rent consumption use the following formula: AIVRL + AIVRH + AILVD + AIBOR + AIBG. Any of the AIVRL, AIVRH,
AlLVD or AIBOR can be 0.
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15.2 DC Characteristics:PIC16LC77X-04 (Commercial, Industrial
Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for industrial and
0°C < TA < +70°C fof commercial
Param Characteristic Sym Min | Typt | Max | Units /CﬁUZns
No. PN
D001 Supply Voltage VDD 25 — | 55 \ Wo 3 (DC -4
2)
D002* |RAM Data Retention VDR — |15 =1V \/
Voltage (Note 1) <\ 1\
D003 | VDD start voltage to VPOR — Vss | — Vv eWn owef-on Reset for
ensure internal Power-on </\ ails
Reset signal N
D004* | VDD rise rate to ensure SvDD . — M See\section on Power-on Reset for
internal Power-on Reset \ ails. PWRT enabled
signal N\ Y
D010 | Supply Current (Note 2) |ID L350 \3> “mA XT, RC osc configuration
/{ FOSG = 4 MHz, VDD = 3.0V (Note 4)
DO10A Q — 2.5 | 48 UA | LP osc configuration
Fosc = 32 kHz, VDD = 3.0V, WDT dis-
abled
D020 er -down urrent IPD — 0.9 5 uA | VDD = 3.0V, 0°C to +70°C
D02 e 3) — 0.9 5 uA | VDD = 3.0V, -40°C to +85°C
mW
D021 dog~Fmer AlwDT — 6 20 uWA (VDD = 3.0V
D023* \ Brown-out Reset Current | AIBOR TBD | 200 — uA | BOR enabled, VDD = 5.0V
te 5)
D025* | Timer1 oscillator AlT1osc | — 1.5 3 uWA (VDD =3.0V
D026* | A/D Converter AlIAD — 300 | — wA | VDD = 5.5V, A/D on, not converting

* These parameters are characterized but not tested.

1 Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.

Note 1: This is the limit to which VDD can be lowered without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an
impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail to rail; all I/O pins tristated, pulled to VDD
MCLR = VDD; WDT enabled/disabled as specified.

3: The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD or Vss.

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti-
mated by the formula Ir = VDD/2Rext (mA) with Rext in kKOhm.

5: The A current is the additional current consumed when the peripheral is enabled. This current should be

added to the base (IPD or IDD) current.
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15.3 DC Characteristics: PIC16C77X (Commercial, Industrial)

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industrial and

DC CHARACTERISTICS 0°C < TA < +70°C for commercial
Operating voltage VDD range as described in DC spec Section 15.1 and
Bection 15.2.

Param Characteristic Sym Min | Typt| Max [Units Conditions
No.

Input Low Voltage

/O ports ViL
D030 with TTL buffer Vss — |0.15VDD| V
DO30A Vss — 0.8V \ .
D031 with Schmitt Trigger buffer
RC3 and RC4 Vss — | 03VDbD| V
All others Vss — | 0.2VDD
D032 [MCLR, OSC1 (in RC mode) Vss — 0.2VD<
D033 |[OSC1 (in XT, HS and LP) Vss — _y&3VDD
Input High Voltage k
I/O ports VIH —
with TTL buffer \ S~
D040 0 D V |45V <VDD <55V
D040A 0.25 DE> oA V |Forentire VDD range
+0.8V
with Schmitt Trigger buffer
D041 RC3 and RC4 Q 0.7V — VDD V' |12C compliant
All others .8VD - VDD V' |For entire VDD range
D042 |MCLR \ 8VDD| — VDD \
D042A |(OSC1 (XT, HS jnd\P) 0.7VpD | — VDD V  |Note1
D043 OS(C/QTR\RC modg) 0.9VDD | — VDD \

D070 [PORTBWweakpull-Op chwént /| IPURB| 50 250 | 400 A [VDD =5V, VPIN = Vss
t

rré(l/

(Notes
D060 |I/O ports«digi L — — +1 uA [Vss < VPIN < VDD, Pin at hi-
impedance
DO060A |I/O poits”(RAO-RA3, RA5, RB2, L — — +100 nA [Vss <VPIN VDD, Pin at hi-
RB3 analog) impedance
D061 |MCLR, RA4/TOCKI — — +5 UA [Vss < VPIN < VDD
D063 |OSCH — — 15 pA [Vss < VPIN< VDD, XT, HS and LP

osc configuration

Output Low Voltage

D080 /O ports VoL — — 0.6 V |loL=85mA, VDD = 4.5V,
-40°C to +85°C
D083 |OSC2/CLKOUT (RC osc config) — — 0.6 V [loL=1.6 mA, VDD = 4.5V,

-40°C to +85°C

These parameters are characterized but not tested.
1 Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.
Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
PIC16C77X be driven with external clock in RC mode.
2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels
represent normal operating conditions. Higher leakage current may be measured at different input voltages.
3: Negative current is defined as current sourced by the pin.
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Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industrial and
DC CHARACTERISTICS 0°C < TA £ +70°C for commercial
Operating voltage VDD range as described in DC spec Section 15.1 and
Section 15.2. A
Param Characteristic Sym Min Typt| Max |Units Conditions
No.

Output High Voltage

D090 (I/O ports (Note 3) VOH (VDD -0.7] — - |V
D092 |OSC2/CLKOUT (RC osc config) VoD -0.7 — & G\ ﬂ
D150* [Open-Drain High Voltage VoD — < FENEN
Capacitive Loading Specs on
Output Pins \\ \'/
D100 OSC2 pin Cos \TS\ F [In XT, HS and LP modes when
external clock is used to drive
b OSCH.
D101 |All VO pins and OSC2 (in RC Cio — pF
D102 |mode) SCL, SDA in#2Cxqode \ |\ CB 7/ 400 | pF

terized but ngr?sted
nless otherwise stated. These parameters are for design guidance only

C1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
external clock in RC mode.
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15.4 DC Characteristics: VREF
TABLE 15-2 ELECTRICAL CHARACTERISTICS: VREF

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA £ +85°C for industrial and

DC CHARACTERISTICS 0°C < TA < +70°C for commercial
Operating voltage VDD range as described in DC spec Section 15.1 and Section 15.2.

PaNr:m Characteristic Symbol | Min Typt Max Units Conditions
D200 | Output Voltage VRL 20 | 2.048 | 2.1 V__ | VoD =280

VRH 4.0 4.096 4.2 \' VDB2> 4
D401A | VRL Quiescent Supply Current | AIVRL — 70 TBD pA  [No ls@d op VR
D401B [ VRH Quiescent Supply Current | AIVRH — 70 TBD | _uA—]N&loadon¥RH.
D402 | Ouput Voltage Drift TCVout | — 15* 50*  VppmiGl Notg 1 < \
D404 | External Load Source IVREFSO [ mA N
D405 | External Load Sink IVREFSI \mA [} \
D406 |Load Regulation Isouyce =0 mA to

AVouT/ \;/5%\

AlouT Msink =0mAto

¢ 5mA
D407 |Line Regulation AVoUT/
VDD wvn

* These parameters are characterized\but\not te

1 Data in “Typ” column is at

only and are not tested

Note 1: Production testeg-dt TAMB > . ifications-6ver temp limits guaranteed by characterization.
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FIGURE 15-1: LOW-VOLTAGE DETECT CHARACTERISTICS

VDD

VIWVD ——------mmat e I
(LVDIF set by hardware)

LVDIF

TABLE 15-3 ELECTRIC@(‘{A*A&TER\ST‘CS: LVD

tmatiné,%nditions (unless otherwise stated)
erating temperature -40°C < TA < +85°C for industrial and
DC CHARACT le 0°C < TA £ +70°C for commercial

p

rating voltage VDD range as described in DC spec Section 15.1 and Section 15.2.

ICS
Parim &M}iﬁ{ic Symbol Min | Typt | Max | Units Conditions

No \
D420 |\D Valtage> © [LVV = 0100 25 | 258 | 266 | V
LVV = 0101 27 | 278 | 2.86 \';
LVV =0110 28 | 2.89 | 2.98 \'/
LVV = 0111 3.0 | 3.1 3.2 \';
LVV = 1000 3.3 | 3.41 | 3.52 \';
LVV = 1001 3.5 | 3.61 | 3.72 \'/
LVV = 1010 36 | 3.72 | 3.84 \';
LVV =1011 3.8 | 3.92 | 4.04 \'/
LVV = 1100 40 | 413 | 4.26 \'/
LVV = 1101 42 | 433 | 446 \';
LVV =1110 45 | 464 | 478 \'/
D421 | Supply Current AlLVD — 10 20 uA
D422* [LVD Voltage Drift Temperature TCVouT — 15 50 |ppm/°C
coefficient
D423* |LVD Voltage Drift with respect to AVLVD/ — — 50 uv/v
VDD Regulation AVDD
D424* | Low-voltage Detect Hysteresis VLHYS TBD | — 100 mV

* These parameters are characterized but not tested.
Note 1: Production tested at Tamb = 25°C. Specifications over temp limits ensured by characterization.
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FIGURE 15-2: BROWN-OUT RESET CHARACTERISTICS

VDD

---------------------- (device not in Brown-out Reset)

VBOR ——---------t. o
(device in Brown-out Reset)

RESET (due to BOR) 72 ms nme out

TABLE 15-4 ELECTRICAL CHARACTERISTICS: BORX \\/
\ot.@;\év}e stated)
TAL +85%€ for industrial and

Standard Operatin
Operating temperatuye

DC CHARACTERISTICS A+70°C for commercial
Operating voltage VD in DC spec Section 15.1 and
Segtion 15.8
Param Chara isti Symbol Min T Max Units Conditions
No. /Ietl\ y yp
D005 |BOR Voltage RBORY1:0 11 ) 25 | 258 | 2.66
BRRW1:0 = T . 27 | 278 | 2.86 v
BQRV/1:0 = 01 42 | 433 | 4.46
LBORX/'1:0 = 00 45 | 464 | 478
Doo6* tag Te rature coef- | TCVouT — 15 50 ppm/°C
i.e'?} A
DOOBA* age Dfift with respect to AVBOR/ — — 50 VNV
V egulation AVDD
D007 Brt\zwr?-out Hysteresis VeHys | TBD | — 100 mvV
D022A | Supply Current AIBOR — 10 20 UA

* These parameters are characterized but not tested.
Note 1: Production tested at TAMB = 25°C. Specifications over temp limits ensured by characterization.
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15.5 AC Characteristics: PIC16C77X (Commercial, Industrial)

15.5.1  TIMING PARAMETER SYMBOLOGY

The timing parameter symbols have been created following one of the following formats:
1. TppS2ppS 3. Tcc:sT (12C specifications.ofly
2. TppS 4. Ts (I°C specifications-only) A\

i F Frequency T Tiﬁ\\// PN

Lowercase letters (pp) and their meanings:

PP
cc CCP1
ck CLKOUT
cs cs
di SDI
do SDO
dt Data in
io I/O port
mc MCLR (

Uppercase Ietters/a‘ﬁ?rmgan\ingi\:\ \ \

P Period

R Rise

\ Valid

Z Hi-impedance

output access High High

BUF Bus free Low Low
Tcc:sT (IQC specifications only)
cC
HD Hold SuU Setup
ST
DAT DATA input hold STO STOP condition
STA START condition
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FIGURE 15-3: LOAD CONDITIONS

Load condition 1 Load condition 2
VDD/2
RL
S M
—_—— CL

; ; CL

Pin T Pin
Vss Vss

RL = 4640

CL = 50 pF for all pins except OSC2, but including PORTD ang'PQ utp :
ports

15pF for OSC2 output
Note: PORTD and PORTE are not implementedN CX73.

%@ .
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15.5.2 TIMING DIAGRAMS AND SPECIFICATIONS

FIGURE 15-4: EXTERNAL CLOCK TIMING

OSCA1

CLKOUT

Q4 Q1

Q2

AN
|

\/
TABLE 15-5 EXTERNAL CLOCK TIMING REQUIREME

Parameter Sym | Characteristic (\ Min Tyrt @ Units | Conditions
No. N N\
Fosc | External CLKIN Fréqiency \/>DC A 4 MHz |XT and RC osc mode
(Note 1) /De,\> 4 MHz | HS osc mode (-04)
DC — 20 MHz [ HS osc mode (-20)
g DC — 200 kHz | LP osc mode
Oscﬂlato Fre erM V| bc — 4 MHz | RC osc mode
< 0.1 —_ 4 MHz [ XT osc mode
4 — 20 MHz [ HS osc mode
N 5 — 200 kHz |LP osc mode
f Josc Exi\e\pafc IN Period 250 [ — — ns | XT and RC osc mode
E\ ote 1 250 — — ns |HS osc mode (-04)
>/\> 50 — — ns [HS osc mode (-20)
5 —_ — ps | LP osc mode
Oscillator Period 250 — — ns | RC osc mode
(Note 1) 250 — 10,000 ns | XT osc mode
250 — 250 ns HS osc mode (-04)
50 — 250 ns [ HS osc mode (-20)
5 —_ — ps | LP osc mode
2 Tecy |Instruction Cycle Time (Note 1) 200 Toy DC ns [Tcy=4/Fosc
3* TosL, | External Clock in (OSC1) High or 100 — — ns | XT oscillator
TosH | Low Time 25 — — us | LP oscillator
15 — —_ ns HS oscillator
4* TosR, | External Clock in (OSC1) Rise or — — 25 ns | XT oscillator
TosF | Fall Time — — 50 ns | LP oscillator
— — 15 ns HS oscillator
*  These parameters are characterized but not tested.
1 Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note 1: Instruction cycle period (TCY) equals four times the input oscillator time-base period. All specified values are based on

characterization data for that particular oscillator type under standard operating conditions with the device executing code.
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con-
sumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1/CLKIN pin.

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices.
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FIGURE 15-5: CLKOUT AND 1I/O TIMING

0OSCH1

CLKOUT

1/O Pin
(input)

Q1 .

Q4 :

Q2

Qs

-

\

old value : :_x: :

Note: Refer to Figuire 15-3 for load conditions.
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TABLE 15-6 CLKOUT AND /O TIMII\(\?EQL\R&NR\)

Parameter | Sym Characteristi \ \ Typt Max Units | Conditions
No. <\
10© | TosH2ckL [OSCATto CLRQUTK \ [ — 75 200 ns Note 1
11* | TosH2ckH KOSCGAT to COUYT \ — 75 200 ns Note 1
12* TckR OLKOWT rise tilie | — 35 100 ns Note 1
13*  |FekPN | CLKQUNfall tige | — 35 100 ns Note 1
14* [ {ckhRioV CLKOYT M6 Poout valid — — |o5Tey+20| ns Note 1
15* TjoVRckPp | PoPhp valigtefore CLKOUT T 0.25Tcy +25 | — — ns Note 1
16* | TqHZiol {Poxtinfiold after CLKOUT T 0 — — ns Note 1
17* TOXHZE OSC1T (Q1 cycle) to — 50 150 ns
Port out valid
18 TosM2iol [0OSC1T (Q2 cycle) to PIC16C77X 100 — —_ ns
Port input invalid (I/O in PIC16LC77X 200 — — ns
hold time)
19* TioV2osH | Port input valid to OSC17T (I/O in setup time) 0 — — ns
20* TioR Port output rise time PIC16C77X — 10 25 ns
PIC16LC77X — — 60 ns
21* TioF Port output fall time PIC16C77X —_ 10 25 ns
PIC16LC77X — — 60 ns
2211 Tinp INT pin high or low time Tey — — ns
231t Trbp RB7:RB4 change INT high or low time Tey — — ns

*

These parameters are characterized but not tested.

1 Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
11 These parameters are asynchronous events not related to any internal clock edges.
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc.
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FIGURE 15-6: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING
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TABLE 15-7 RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER,POWER-UP TIMER,
AND BROWN-OUT RESET REQUIREMENTS

Parameter Sym | Characteristic Min Typt Max | Units Conditions
No.
30" TmcL [MCLR Pulse Width (low) 100 — — ns |VDD=5V,-40°C to +85°C
31" Twdt | Watchdog Timer Time-out Period 7 18 33 ms |VDD =5V, -40°C to +85°C
(No Prescaler)
32 Tost Oscillation Start-up Timer Period — 1024Tosc — — | Tosc = OSC1 period
33 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 — — 100 ns
or Watchdog Timer Reset
35* TBOR | Brown-out Reset pulse width 100 — — ns | VbbD < VBOR (D0O05)
* These parameters are characterized but not tested.
1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
© 1999 Microchip Technology Inc. Advance Information DS30275A-page 163

This Material Copyrighted By Its Respective Manufacturer



PIC16C77X

FIGURE 15-8: BANDGAP START-UP TIME
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TABLE 15-8 BANDGAP START-UP TIME
Parameter | Sym | Characteristic Min Typt Max [Units] COW
No.
36~ TBGAP | Bandgap start-up time — 30 < D s | Defified\as the tinfe between
the instgnt that the bandgap
isgnabled and the moment
th e bandgap reference
v voltage is stable.
* These parameters are characterized but not teste \/
T Data in "Typ" column is at 5V, 25°C unless gtherwige stated. These patamyters are for design guidance only and are not

tested
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TABLE 15-9 A/D CONVERTER CHARACTERISTICS:
Param Sym | Characteristic Min Typt Max Units Conditions
No.
AO1 NR Resolution —_ —_ 12 bits bit | Min. resolution for A/D is 1 mV,
AO3 EiL | Integral error — — +/-2 LSb — M
RERS < VAINS EF%
A04 EpL | Differential error —_ —_ +2 L —{ | No missing_co¥es 16 12-its
-1 LSb VREF+ 3 AVDD =2\4,096V,
AVYS = 0V,
( =< VMN < VREF+
AO6 EoFF [ Offset error — — lexs.than — F = AVDD = 4.096V,
+2\LS VREF- = AVSS = 0V,
m ™~ VREF- < VAN < VREF+
A07 EcN | Gain Error +/-® LSb | VREF+ = AVDD = 4.096V,
> VREF- = AVSS = 0V,
VREF- < VAN < VREF+
A10 — Monotonicity\ \—\ gl.\ara&nteed@ — — |AVss < VAN < VREF+
A20 VREF | Ref ce ag\e\ 409 \/L VDD +0.3V| V | Absolute minimum electrical spec to
RW-) ensure 12-bit accuracy.
A21 VREF+ Z\Ref&rence V Nigh VgEE~ — AVDD V [ Min. resolution for A/D is 1 mV
VDD\or VREF+4)
A2 Vni Referenge V Low AVss — VREF+ \' Min. resolution for A/D is 1 mV
\\ (Avss or F-
A25 \ \V@ Aﬁ‘al{g\igpuﬁ/oltage VREFL — VREFH \
A30 VAl Wmended — — 25 kQ
impedance of analog
voltage source
A50 REF | VREF input current — — 10 HA [ During VAIN acquisition.
(Note 2) Based on differential of VHOLD to VAIN.
To charge CHOLD see Section 11.0.
During A/D conversion cycle.

*

1.

Note 1:

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.

When A/D is off, it will not consume any current other than minor leakage current. The power down current spec includes any
such leakage from the A/D module.

2: VREF current is from External VREF+, OR VREF-, or AVSS, or AVDD pin, whichever is selected as reference input.
3: The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.
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FIGURE 15-9: A/D CONVERSION TIMING (NORMAL MODE)
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Note 1: If the A/D clock source is selected as RC, a tim Tcy is added the A/D Iock starts. This allows the
SLEEP instruction to be executed.

TABLE 15-10 A/D CONVERSI REQ\{ AFME TS

Parameter [ Sym Cha% \% w Max Units Conditions
No.

ay

130* TAD cleck perio \/} — — pus | Tosc based, VREF > 2.5V
3.0 — — pus | Tosc based, VREF full range
130* TaD ADCS1:ADCSO0 = 11 (RC mode)
3.0 6.0 9.0 ps At VoD = 2.5V
2.0 4.0 6.0 ps At VDD = 5.0V
131* CN Conversion time (not — 13TAD — TAD | Set GO bit to new data in A/D result
including register
acquisition time)
(Note 1)
132 Taca | Acquisition Time Note 2 11.5 — ps
5* —_ — ps | The minimum time is the amplifier

settling time. This may be used if
the “new” input voltage has not
changed by more than 1LSb (i.e
1mV @ 4.096V) from the last sam-
pled voltage (as stated on CHOLD).

134* Teo | Q4 to A/D clock start —_ Tosc/2 —_ — | If the A/D clock source is selected
as RC, atime 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 Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
Note 1: ADRES register may be read on the following TcY cycle.
2: See Section 11.8 for minimum conditions.
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FIGURE 15-10: A/D CONVERSION TIMING (SLEEP MODE)
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time of Tcy is added before the A/D clock starts. This allows the

TABL;A{H XQ) ONV%R%ION REQUIREMENTS

Parajetx\ \5% l&h\alhqpte/ris ' Min Typt Max Units Conditions
N
1304 W77 % dlock period 1.6 — — ps | VREF22.5V
TBD — — pns | VReF full range
130" Tap [ A/D Internal RC ADCS1:ADCSO0 = 11 (RC mode)
oscillator period 3.0 6.0 9.0 us At VoD = 3.0V
2.0 4.0 6.0 s At VoD = 5.0V
131* TcNv | Conversion time (not — 13TAD — —
including acquisition
time)(Note 1)
132* TacQ | Acquisition Time Note 2 11.5 — us
5* — — ps | The minimum time is the amplifier
settling time. This may be used if
the “new” input voltage has not
changed by more than 1LSb (i.e
1mV @ 4.096V) from the last sam-
pled voltage (as stated on CHOLD).
134 Teo | Q4 to A/D clock start — Tosc/2 + Tey — — | If the A/D clock source is selected
as RC, atime 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.
1 Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.
Note 1: ADRES register may be read on the following TcY cycle.
2: See Section 11.6 for minimum conditions.
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FIGURE 15-11: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS
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Note: Refer to Figure 15-3 for load conditions. \
[

TABLE 15-12 TIMERO AND TIMER1 EX/\ *L \GK\ %& EMENTS
Param Sym Characteristic \ Typt | Max | Units [Conditions
No.
40* TtoH TOCKI High Pulse Width Wo Pre*cal{r 0.5TCY +20 — — ns |Must also meet
Wlth Préstyber 10 _ _ ns |parameter 42
41* TtoL TOC%Hﬁ) Wla\ N [Np Prescaler 0.5TCY + 20 — — ns |Must also meet
ZMSK Wth Prescaler 10 — — ns |parameter 42
42 TtOP  [TOCK\ Pen No Prescaler Tcy + 40 — — ns
With Prescaler |Greater of: — — ns |N = prescale value
20 or Tcy + 40 (2,4, ..., 256)
N
45* 1H\/j>|CKI igh Nepe”™ [Synchronous, Prescaler = 1 0.5TCY + 20 — | — ns |Must also meet
Synchronous, |[PIC16C77X 15 — — ns |parameter 47
Prescaler = PIC16LC77X 25 — | — ns
2,48
Asynchronous [PIC16C77X 30 —_ —_ ns
PIC16LC77X 50 — — ns
46* THL T1CKI Low Time |Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns [Must also meet
Synchronous, [PIC16C77X 15 — — ns [parameter 47
Prescaler = PIC16LC77X 25 — [ = ns
2,48
Asynchronous [PIC16C77X 30 — — ns
PIC16LC77X 50 — — ns
47* Tt1P T1CKI input period |Synchronous |PIC16C77X Greater of: — — ns [N =prescale value
30 oRTCY + 40 (1,2,4,8)
N
PIC16LC77X |Greater of: — — ns [N =prescale value
50 OR_TCY + 40 (1,2,4,8)
N
Asynchronous [PIC16C77X 60 — — ns
PIC16LC77X 100 — — ns
Ft1 Timer1 oscillator input frequency range DC — 50 kHz
(oscillator enabled by setting bit TIOSCEN)
48 TCKEZtmr1|Delay from external clock edge to timer increment 2Tosc — |7Tosc| —

*

These parameters are characterized but not tested.
T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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FIGURE 15-12: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2)

(Compare or PWM Mode)

RC1/T10SI/CCP2
and RC2/CCP1
(Capture Mode)

RC1/T10SI/CCP2
and RC2/CCP1

Note: Refer to Figure 15-2 for load c’:Bnditions

53 —».

TABLE 15-13 CAPTURE/COMP& é{PWI\\ RE&/J@N\I/ (CCP1 AND CCP2)

Parameter | Sym Charactel& \ \ \ X Min Typt| Max | Units|Conditions
No.

50" TeckCC \P\‘esc ler i 0.5Tcy+20 | — — ns
< ut low ti N~  |Piciec77x 10 N I
PN m With Prescaler [p1c16Lc77x 20 — | =1 ns
51~ N 1 \1/0 No Prescaler 05Tcy+20 | — | — ns
Y> uiNighrfime PIC16C77X 10 — | — | ns
/\3 With Prescaler PIC16LC77X 20 — — ns

52*\ \ TeeP [ccP1 and CCP2 input period 3Tcy + 40 — | — ns |N = prescale value

N (1,4 or 16)

53* TccR [CCP1 and CCP2 output fall time  |PIC16C77X — 10 25 ns
PIC16LC77X — 25 | 45 ns
54* TecF [CCP1 and CCP2 output fall time PIC16C77X —_ 10 25 ns
PIC16LC77X — 25 | 45 ns

These parameters are characterized but not tested.

T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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FIGURE 15-13: PARALLEL SLAVE PORT TIMING (PIC16C774)

REO/RD
RE1/WR '
: ——Il 65 :4_
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Note: Refer to Figure 15-3 for load conditions.

TABLE 15-14 PARALLEL SL E\P%'}\REQUIEEEENTS (PIC16C774)
Parameter Sym lefar jstic ~N v Min | Typt | Max | Units | Conditions
. (aele&\
62" tvewrH |Bataa valid bkfore WRT or CST (setup time) 20 | — — ns
‘ 25 - - NS | Extended
Temperature
Range Only
63* Twifi2gt” TWRS8r CST to data—in invalid (hold time) |PIC16C774 20| — | — | ns
PIC16LC774 35| — — ns
64* dL2dtv [RDJ and CS! to data—out valid — — 80 ns
— —_ 90 ns |Extended
Temperature
Range Only
65* TrdH2dtl |RDT or CS! to data—out invalid 10| — | 30 | ns

*

These parameters are characterized but not tested.

T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.
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FIGURE 15-14: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

RC6/TX/CK m
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Note: Refer to Figure 15-3 for load conditions.

TABLE 15-15 USART SYNCHRONOUS TRANSMIW\E\M{\\W /

N

Param |Sym Characteristic \ \ \ /'I’fo Max | Units | Conditions

No.
120* | TckH2dtv SYNCXMHYMASTER&
SLAVE) WG 4/77 — — 80 ns
Cbmh@hmdmautmm @Q%unﬁmgé/ - — | 100 | ns
121* | Tekrf Clock o eﬂme nd ¥all tim Pguéb7ﬂwﬂ% — — 45 ns
Mas‘e Pic16LC774/773 — — | =0 ns
122 Tdtrf "Data oUise me}nﬂ fal time VP‘I'é1 6C774/773 —_ —_ 45 ns
4 PIC16LC774/773 - — [ 50 | ns

* These paraxetexs are characterized bOtfiot tested.
t: in “Typ™¢olulgn is at $V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

FIGURE YNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING
/TX/CK
pin . 125 : .
RC7/RX/DT : .
pin hd ' X

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

TABLE 15-16 USART SYNCHRONOUS RECEIVE REQUIREMENTS

Parameter Sym Characteristic Min Typt Max Units | Conditions
No.
125~ TdtV2ckL |SYNC RCV (MASTER & SLAVE)
Data setup before CK | (DT setup time) 15 — — ns
126 TckL2dtl Data hold after CK | (DT hold time) 15 — — ns

*

These parameters are characterized but not tested.
1:  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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NOTES:
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16.0 DC AND AC CHARACTERISTICS GRAPHS AND TABLES

The graphs and tables provided in this section are for design guidance and are not tested.

In some graphs or tables, the data presented are outside specified operating range (i.e., outside specified VDD
range). This is for information only and devices are guaranteed to operate properly only within the specified range.

The data presented in this section is a statistical summary of data collected on units from different lots over a period
of time and matrix samples. 'Typical’ represents the mean of the distribution at 25°C. 'Max’ or 'min’ represents
(mean + 3c) or (mean - 30) respectively, where ¢ is standard deviation, over the whole temperature range.

Graphs and Tables not available at this time.
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NOTES:

DS30275A-page 174 Addvancs nformation © 1999 Microchip Technology Inc.

This Material Copyrighted By Its Respective Manufacturer



PIC16C77X

17.0 PACKAGING INFORMATION

17.1 Package Marking Information

28-Lead PDIP (Skinny DIP) Example
) 0.0.0.0.0.9.9.9.0.9.9.0.0.00¢00.04 PIC16C773-20/SP
),9.9.0.9.0.9.9,9.90.9.0,.0.9,.0.9.0.0,0,0 ¢
) O AABBCDE O ) O 9917HAT O
O MicRrocHIP O MicRrocHIP
28-Lead CERDIP Windowed Example
XXX XXXXXX PIC16C774/JW
@ XXXXXXXXXXX @
) - Q )9.9.0.0.9.9.9.0.0.0.4 ) -
ICROCHIP AABBCDE ICROCHIP 9905HAT
28-Lead SOIC Example
)0.9.0.0.0.9.9.9.0.9.9.9.9.9.0.0.0.0.6.9,9,.9,0.4 PIC16C773-20/SO
),:9.9,9.9.0.9.0,9.9.9.90.9.9.0.0,0.0.0.0.0.0.0.0 4
AX\ AABBCDE R\ 9910SAA
O O
28-Lead SSOP Example
XXXXXXXXXXXX PIC16C773
XXXXXXXXXXXX 201/SS
O Q' AABBCAE o Q 9817SBP

Legend: MM...M  Microchip part number information
XX...X Customer specific information*®

AA Year code (last 2 digits of calendar year)
BB Week code (week of January 1 is week ‘01’)
C Facility code of the plant at which wafer is manufactured
O = Outside Vendor
C =5"Line
S =6" Line
H=8"Line
D Mask revision nhumber
E Assembly code of the plant or country of origin in which

part was assembled

Note: Inthe event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line thus limiting the number of available characters
for customer specific information.

*

Standard OTP marking consists of Microchip part number, year code, week code, facility code, mask
rev#, and assembly code. For OTP marking beyond this, certain price adders apply. Please check with
your Microchip Sales Office. For QTP devices, any special marking adders are included in QTP price.
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Package Marking Information (Cont’d)

40-Lead PDIP Example
XXX KX PIC16C774-04/P
XXX XXXK XXX XX
XOOOXKXXXKXXXX XX ) 9912SAA Q

AABBCDE
o) @ MicrocHIP

'®) @ MicRocHIP

40-Lead CERDIP Windowed Example
XXX XX XX XX XX XX PIC16C774/JW
g\ XXXXXXXXXXXXX @
) . Q XXXXXXXXXXXXX ) .
ICROCHIP AABBCDE ICROCHIP 9905HAT
44-Lead TQFP Example
I\
XXXXXXXXXXXX PIC16C774
XXXXXXXXXXXX -04/PT
XXXXXXXXXXXX
o AABBCDE o 9911HAT
44-L ead MQFP Example
e\
KXXXXXXXXXXX PIC16C774
XXXXXXXXXXXX -20/PQ
XXXXXXXXXXXX
o AABBCDE o 9904 SAT
44-Lead PLCC Example

MicrocHIP MicrocHIP

KXXXXXXXXXXXX PIC16C774
O XXXXXXXXXXXX O -04/L

XXXXXXXXXXXX

AABBCDE 9903SAT
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17.2

K04-070 28-Lead Skinny Plastic Dual In-line (SP) — 300 mil

1
4

o [
H [n
4] H
4 H
H [n
H H
g H
D
H [n
H H
4 H
H [n
i H
4 » 2
nd 1 o
[recett— = 1 —fomee] + Al
L1 ] {
A THHHAHAHHAERAAHAR
AJ L
A2
p
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
PCB Row Spacing 0.300 7.62
Number of Pins n 28 28
Pitch p 0.100 2.54
Lower Lead Width B 0.016 0.019 0.022 0.41 0.48 0.56
Upper Lead Width B1T 0.040 0.053 0.065 1.02 1.33 1.65
Shoulder Radius R 0.000 0.005 0.010 0.00 0.13 0.25
Lead Thickness c 0.008 0.010 0.012 0.20 0.25 0.30
Top to Seating Plane A 0.140 0.150 0.160 3.56 3.81 4.06
Top of Lead to Seating Plane Al 0.070 0.090 0.110 1.78 2.29 2.79
Base to Seating Plane A2 0.015 0.020 0.025 0.38 0.51 0.64
Tip to Seating Plane L 0.125 0.130 0.135 3.18 3.30 3.43
Package Length D¥ 1.345 1.365 1.385 34.16 34.67 35.18
Molded Package Width E¥ 0.280 0.288 0.295 711 7.30 7.49
Radius to Radius Width E1 0.270 0.283 0.295 6.86 7.18 7.49
Overall Row Spacing eB 0.320 0.350 0.380 8.13 8.89 9.65
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

*

Controlling Parameter.

T Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003”

(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1.”

* Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.”
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17.3

K04-080 28-Lead Ceramic Dual In-line with Window (JW) — 300 mil

[eeatf— = — oo
o] m
2 [
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V\;z o] }. D
o= [
] [
] [m
7 [
q] =2
no| ER
7
— \N/] [e—

H

%Li

[et—

i

A1

A L ;

el s B e
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
PCB Row Spacing 0.300 7.62
Number of Pins n 28 28
Pitch p 0.098 0.100 0.102 2.49 2.54 2.59
Lower Lead Width B 0.016 0.019 0.021 0.41 0.47 0.53
Upper Lead Width B1 0.050 0.058 0.065 1.27 1.46 1.65
Shoulder Radius R 0.010 0.013 0.015 0.25 0.32 0.38
Lead Thickness c 0.008 0.010 0.012 0.20 0.25 0.30
Top to Seating Plane A 0.170 0.183 0.195 4.32 4.64 4.95
Top of Lead to Seating Plane Al 0.107 0.125 0.143 2.72 3.18 3.63
Base to Seating Plane A2 0.015 0.023 0.030 0.00 0.57 0.76
Tip to Seating Plane L 0.135 0.140 0.145 3.43 3.56 3.68
Package Length D 1.430 1.458 1.485 36.32 37.02 37.72
Package Width E 0.285 0.290 0.295 7.24 7.37 7.49
Radius to Radius Width E1 0.255 0.270 0.285 6.48 6.86 7.24
Overall Row Spacing eB 0.345 0.385 0.425 8.76 9.78 10.80
Window Width Wi+ 0.130 0.140 0.150 0.13 0.14 0.15
Window Length w2 0.290 0.300 0.310 0.29 0.3 0.31

* Controlling Parameter.
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17.4 K04-052 28-Lead Plastic Small Outline (SO) — Wide, 300 mil
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Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Pitch p 0.050 1.27
Number of Pins n 28 28
Overall Pack. Height A 0.093 0.099 0.104 2.36 2.50 2.64
Shoulder Height Al 0.048 0.058 0.068 1.22 1.47 1.73
Standoff A2 0.004 0.008 0.011 0.10 0.19 0.28
Molded Package Length D* 0.700 0.706 0.712 17.78 17.93 18.08
Molded Package Width E¥ 0.292 0.296 0.299 7.42 7.51 7.59
Qutside Dimension E1 0.394 0.407 0.419 10.01 10.33 10.64
Chamfer Distance X 0.010 0.020 0.029 0.25 0.50 0.74
Shoulder Radius R1 0.005 0.005 0.010 0.13 0.13 0.25
Gull Wing Radius R2 0.005 0.005 0.010 0.13 0.13 0.25
Foot Length L 0.011 0.016 0.021 0.28 0.41 0.53
Foot Angle ) 0 4 8 0 4 8
Radius Centerline L1 0.010 0.015 0.020 0.25 0.38 0.51
Lead Thickness c 0.009 0.011 0.012 0.23 0.27 0.30
Lower Lead Width BT 0.014 0.017 0.019 0.36 0.42 0.48
Mold Draft Angle Top o 0 12 15 0 12 15
Mold Draft Angle Bottom B 0 12 15 0 12 15

Controlling Parameter.

T Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003”

(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B.”

* Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.”
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17.5 K04-073 28-Lead Plastic Shrink Small Outline (SS) — 5.30 mm
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Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Pitch p 0.026 0.65
Number of Pins n 28 28
Overall Pack. Height A 0.068 0.073 0.078 1.73 1.86 1.99
Shoulder Height Al 0.026 0.036 0.046 0.66 0.91 117
Standoff A2 0.002 0.005 0.008 0.05 0.13 0.21
Molded Package Length D¥ 0.396 0.402 0.407 10.07 10.20 10.33
Molded Package Width E¥ 0.205 0.208 0.212 5.20 5.29 5.38
Qutside Dimension EA1 0.301 0.306 0.311 7.65 7.78 7.90
Shoulder Radius R1 0.005 0.005 0.010 0.13 0.13 0.25
Gull Wing Radius R2 0.005 0.005 0.010 0.13 0.13 0.25
Foot Length L 0.015 0.020 0.025 0.38 0.51 0.64
Foot Angle 0] 0 4 8 0 4 8
Radius Centerline L1 0.000 0.005 0.010 0.00 0.13 0.25
Lead Thickness c 0.005 0.007 0.009 0.13 0.18 0.22
Lower Lead Width BT 0.010 0.012 0.015 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.
T Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003”
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B.”

* Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.”
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17.6 K04-016 40-Lead Plastic Dual In-line (P) — 600 mil
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Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
PCB Row Spacing 0.600 15.24
Number of Pins n 40 40
Pitch p 0.100 2.54
Lower Lead Width B 0.016 0.018 0.020 0.41 0.46 0.51
Upper Lead Width B1f 0.045 0.050 0.055 1.14 1.27 1.40
Shoulder Radius R 0.000 0.005 0.010 0.00 0.13 0.25
Lead Thickness c 0.009 0.010 0.011 0.23 0.25 0.28
Top to Seating Plane A 0.110 0.160 0.160 2.79 4.06 4.06
Top of Lead to Seating Plane Al 0.073 0.093 0.113 1.85 2.36 2.87
Base to Seating Plane A2 0.020 0.020 0.040 0.51 0.51 1.02
Tip to Seating Plane L 0.125 0.130 0.135 3.18 3.30 3.43
Package Length D¥ 2.013 2.018 2.023 51.13 51.26 51.38
Molded Package Width E* 0.530 0.535 0.540 13.46 13.59 13.72
Radius to Radius Width E1 0.545 0.565 0.585 13.84 14.35 14.86
Overall Row Spacing eB 0.630 0.610 0.670 16.00 15.49 17.02
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

*

Controlling Parameter.

T Dimension “B1” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003”
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1.”

¥ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not

exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.”
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17.7

K04-014 40-Lead Ceramic Dual In-line with Window (JW) — 600 mil
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Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
PCB Row Spacing 0.600 15.24
Number of Pins n 40 40
Pitch p 0.098 0.100 0.102 2.49 2.54 2.59
Lower Lead Width B 0.016 0.020 0.023 0.41 0.50 0.58
Upper Lead Width B1 0.050 0.053 0.055 1.27 1.33 1.40
Shoulder Radius R 0.000 0.005 0.010 0.00 0.13 0.25
Lead Thickness c 0.008 0.011 0.014 0.20 0.28 0.36
Top to Seating Plane A 0.190 0.205 0.220 4.83 5.21 5.59
Top of Lead to Seating Plane Al 0.117 0.135 0.153 297 3.43 3.89
Base to Seating Plane A2 0.030 0.045 0.060 0.00 1.14 1.52
Tip to Seating Plane L 0.135 0.140 0.145 3.43 3.56 3.68
Package Length D 2.040 2.050 2.060 51.82 52.07 52.32
Package Width E 0.514 0.520 0.526 13.06 13.21 13.36
Radius to Radius Width E1 0.560 0.580 0.600 14.22 14.73 15.24
Overall Row Spacing eB 0.610 0.660 0.710 15.49 16.76 18.03
Window Diameter w 0.340 0.350 0.360 8.64 8.89 9.14

Controlling Parameter.
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17.8 K04-076 44-Lead Plastic Thin Quad Flatpack (PT) 10x10x1 mm Body, 1.0/0.1 mm Lead Form
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Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Pitch p 0.031 0.80
Number of Pins n 44 44
Pins along Width ni 11 11
Overall Pack. Height A 0.039 0.043 0.047 1.00 1.10 1.20
Shoulder Height Al 0.015 0.025 0.035 0.38 0.64 0.89
Standoff A2 0.002 0.004 0.006 0.05 0.10 0.15
Shoulder Radius R1 0.003 0.003 0.010 0.08 0.08 0.25
Gull Wing Radius R2 0.003 0.006 0.008 0.08 0.14 0.20
Foot Length L 0.005 0.010 0.015 0.13 0.25 0.38
Foot Angle o] 0 3.5 7 0 35 7
Radius Centerline L1 0.003 0.008 0.013 0.08 0.20 0.33
Lead Thickness c 0.004 0.006 0.008 0.09 0.15 0.20
Lower Lead Width Bf 0.012 0.015 0.018 0.30 0.38 0.45
Outside Tip Length D1 0.463 0.472 0.482 11.75 12.00 12.25
Outside Tip Width E1 0.463 0.472 0.482 11.75 12.00 12.25
Molded Pack. Length D¥ 0.390 0.394 0.398 9.90 10.00 10.10
Molded Pack. Width E* 0.390 0.394 0.398 9.90 10.00 10.10
Pin 1 Corner Chamfer X 0.025 0.035 0.045 0.64 0.89 1.14
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 12 15 5 12 15

Controlling Parameter.
T Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003”
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B.”
¥ Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.”
JEDEC equivalent:MS-026 ACB
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17.9 K04-071 44-Lead Plastic Quad Flatpack (PQ) 10x10x2 mm Body. 1.6/0.15 mm Lead Form
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Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Pitch p 0.031 0.80
Number of Pins n 44 44
Pins along Width ni 11 11
Overall Pack. Height A 0.079 0.086 0.093 2.00 2.18 2.35
Shoulder Height Al 0.032 0.044 0.056 0.81 1.11 1.41
Standoff A2 0.002 0.006 0.010 0.05 0.15 0.25
Shoulder Radius R1 0.005 0.005 0.010 0.13 0.13 0.25
Gull Wing Radius R2 0.005 0.012 0.015 0.13 0.30 0.38
Foot Length L 0.015 0.020 0.025 0.38 0.51 0.64
Foot Angle (0] 0 3.5 7 0 3.5 7
Radius Centerline L1 0.011 0.016 0.021 0.28 0.41 0.53
Lead Thickness c 0.005 0.007 0.009 0.13 0.18 0.23
Lower Lead Width Bt 0.012 0.015 0.018 0.30 0.37 0.45
Qutside Tip Length D1 0.510 0.520 0.530 12.95 13.20 13.45
Qutside Tip Width E1 0.510 0.520 0.530 12.95 13.20 13.45
Molded Pack. Length D¥ 0.390 0.394 0.398 9.90 10.00 10.10
Molded Pack. Width EF 0.390 0.394 0.398 9.90 10.00 10.10
Pin 1 Corner Chamfer X 0.025 0.035 0.045 0.635 0.89 1.143
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 12 15 5 12 15

Controlling Parameter.
T Dimension “B” does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003”
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B.”
* Dimensions “D" and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not
exceed 0.010” (0.254 mm) per side or 0.020” (0.508 mm) more than dimensions “D” or “E.”
JEDEC equivalent:MS-022 AB
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17.10 KO04-048 44-Lead Plastic Leaded Chip Carrier (L) — Square
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Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 44 44
Pitch p 0.050 1.27
Overall Pack. Height A 0.165 0.173 0.180 419 4.38 4.57
Shoulder Height Al 0.095 0.103 0.110 2.41 2.60 2.79
Standoff A2 0.015 0.023 0.030 0.38 0.57 0.76
Side 1 Chamfer Dim. A3 0.024 0.029 0.034 0.61 0.74 0.86
Corner Chamfer (1) CH1 0.040 0.045 0.050 1.02 1.14 1.27
Corner Chamfer (other) CH2 0.000 0.005 0.010 0.00 0.13 0.25
Overall Pack. Width E1 0.685 0.690 0.695 17.40 17.53 17.65
Overall Pack. Length D1 0.685 0.690 0.695 17.40 17.53 17.65
Molded Pack. Width E* 0.650 0.653 0.656 16.51 16.59 16.66
Molded Pack. Length D¥ 0.650 0.653 0.656 16.51 16.59 16.66
Footprint Width E2 0.610 0.620 0.630 15.49 15.75 16.00
Footprint Length D2 0.610 0.620 0.630 15.49 15.75 16.00
Pins along Width ni 11 11
Lead Thickness c 0.008 0.010 0.012 0.20 0.25 0.30
Upper Lead Width B1T 0.026 0.029 0.032 0.66 0.74 0.81
Lower Lead Width B 0.015 0.018 0.021 0.38 0.46 0.53
Upper Lead Length L 0.050 0.058 0.065 1.27 1.46 1.65
Shoulder Inside Radius R1 0.003 0.005 0.010 0.08 0.13 0.25
J-Bend Inside Radius R2 0.015 0.025 0.035 0.38 0.64 0.89
Mold Draft Angle Top o 0 5 10 0 5 10
Mold Draft Angle Bottom B 0 5 10 0 5 10

Controlling Parameter.
T Dimension “B1" does not include dam-bar protrusions. Dam-bar protrusions shall not exceed 0.003"
(0.076 mm) per side or 0.006” (0.152 mm) more than dimension “B1.”
* Dimensions “D” and “E” do not include mold flash or protrusions. Mold flash or protrusions shall not
exceed 0.010" (0.254 mm) per side or 0.020" (0.508 mm) more than dimensions “D” or “E.”
JEDEC equivalent:MO-047 AC
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NOTES:
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APPENDIX A: REVISION HISTORY

Version

Date

Revision Description

A

99

This is a new data sheet. However, the devices described in this data sheet are
the upgrades to the devices found in the PIC16C7X Data Sheet, DS30390E.

APPENDIX B: DEVICE DIFFERENCES

The differences between the devices in this data sheet

are listed in Table B-1.

TABLE B-1:

DEVICE DIFFERENCES

Difference

PIC16C773

PIC16C774

A/D

6 channels, 12 bits

10 channels, 12 bits

Parallel Slave Port

no

yes

Packages

28-pin PDIP, 28-pin windowed CERDIP,
28-pin SOIC, 28-pin SSOP

40-pin PDIP, 40-pin windowed CERDIP,
44-pin TQFP, 44-pin MQFF,
44-pin PLCC

APPENDIX C: CONVERSION CONSIDERATIONS

Considerations for converting from previous versions of

devices to the ones listed in this data sheet are listed in

the following:

none

Program Memory Differences

PIC16C774 vs. PIC16C74A

RA2  Added VREF- and VRL

RA3  Added VREF+ and VRH

RA5 Removed SS

Pin 11 AVDD vs. VDD

Pin 12 AVsSSvs. VsSs

RB1 Added SS, SS is now ST vs. TTL
RB2  Added AN8

RB3  Added AN9 and LVDIN

P1C16C773 vs. PIC16C73A

RA2  Added VREF- and VRL
RA3  Added VREF+ and VRH

Pin7  AVDD vs. removed RA5/SS/AN4
Pin 8 AVSS vs. VSS

RB1 Added SS, SSis now ST vs. TTL
RB2  Added ANS

RB3  Added AN9 and LVDIN

Data Memory Differences

1.

2.

Data memory size has increased to 256 from
192 by adding bank 2.

Bank 1 locations OxFO - OxFF are nhow common
RAM locations across banks 0-3.

Peripheral Differences

1.
2.

o 0 M0

12-bit A/D replaces 8-bit A/D.

Master Synchronous Serial Port replace
Synchronous Serial Port.

USART adds 9-bit address mode to module.
Bandgap Voltage Reference added.
Low-voltage Detect Module added.
Selectable Brown-out Reset voltages added.

This Materi al
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INDEX

A

AUD o 117
A/D Converter Enable (ADIE Bit) .............cocooeiieis 19
A/D Converter Flag (ADIF Bit) ..o 20

ADCONO Register
ADCON1 Register
ADRES Register ..
Analog Port Pins ...

Block Diagram .............ccooiiiiiiii
Configuring Analog Port .
Conversiontime ...
CoNversions ..o

Internal Sampling Switch (Rss) Impedence ............. 123
Operation During Sleep ..........cccccoccoiiiinns .126
Sampling Requirements ... .123
Sampling Time .............. .123
Source Impedance ............ccccccoiiiiiiiiini 123
Special Event Trigger (CCP) ... 49
A/D Conversion Clock
ACK .o 64
Acknowledge Data bit, AKD ... 56
Acknowledge Pulse ... .64
Acknowledge Sequence Enable bit, AKE ... ..56
Acknowledge Status bit, AKS .............. ...56
ADCONO Register ..........c.ccooiiiiiiiiiiiccce e 117
ADCONT1 Register ..o 117,118
ADRES

ADRES Register .........ccocoiiiiiiiiiiii 13, 14,117,126

Application Note AN578, "Use of the SSP

Module in the 12C Multi-Master Environment." ................... 63
Architecture
PIC16C63A/PIC16C73B Block Diagram ...................... 5
PIC16C65B/PIC16C74B Block Diagram ...................... 6
Assembler
MPASM Assembler ........cccccceeveeiiiiiiii e, 147
B
Banking, Data Memory ... 11,16
Baud Rate Generator ................cccoooeiiiiiiii 73
BF e 54, 64,79, 82
Block Diagrams
Baud Rate Generator ..............ccoooeiiiiiiiii i 73
12C Master Mode .............ocoeveeeeeeeceeeeeeeeeeee e 71
12C Module ........... .63
SSP (I°C Mode) ... .63
SSP (SPIMo0de) ......ooiiiiiiiiieieee et 57
BOR. See Brown-out Reset
BRG . e 73

Brown-out Reset (BOR) ...

BOR Status (BOR Bit) ......ccccooovovceeiiececeice e 23
Buffer Full bit, BF ...
Buffer Full Status bit, BF .
Bus Arbitration ...
Bus Collision

SeCHON ..o 90
Bus Collision During a RESTART Condition ...................... 93
Bus Collision During a Start Condition .
Bus Collision During a Stop Condition ................c..cccoce 94

Cc
Capture (CCP Module) ..........cooiiiiiiiiiiiiii e 48
Block Diagram
CCP Pin Configuration ... 48
CCPR1H:CCPR1L Registers ..........ccccoceiiiiiiiiin. 48
Changing Between Capture Prescalers .
Software Interrupt .............
Timer1 Mode Selection .....
Capture/Compare/PWM (CCP)
COPT o
CCP1CON Register ..
CCPR1H Register ..........cccccooiiiiiiiiiiiiic
CCPR1L Register .........cccccooiiiiiiiiiiiiii
Enable (CCP1IE Bit) .
Flag (CCP1IF Bit) .....
RC2/CCP1 Pin ..........
COP2 .o
CCP2CON Register ...........ccccoiiiiiiiiiieen.
CCPR2H Register ...
CCPR2L Register
Enable (CCP2IE Bit) .........ccccccoeiiiiiiiic
Flag (CCP2IF Bit)
RC1/T1OSI/CCP2 Pin ..o 7,9
Interaction of Two CCP Modules ................ccccoeeine 47
Timer Resources ..........c.......... ... 47
CCP1CON ............ .. 15
CCP1CON Register ................. .. 47
CCP1M3:CCPIMO Bits ......cccoooiiiiiiiiiiiiiiec e 47
CCPAX:CCP1Y Bits ... 47
CCP2CON
CCP2CON Register ..........coooiiiiiiiiiiiiii i 47
CCP2M3:CCP2MO Bits .......cccccoeviiiiiiiiiiiecc e 47
CCP2X:CCP2Y Bits .......... .. 47
CCPR1H Register ........ 138,15
CCPR1IL Register ...........ccoiiiiiiiiiiii e 15
CCPR2H Register ...........cccoooiiiiiiiiiiic e 13, 15
CCPR2L Register ...........cccooiiiiiiiiiiiicie e 13,15
Clock Polarity Select bit, CKP ..........ccccccoiiiiiiiiiiiiniee 55
Code Examples
Loading the SSPBUF register ............ccccccoeeiiiiiiins 58
Code Protection ..........ccccccvviviiiiiiiiiiiiiiiiic 127, 141
Compare (CCP Module) ........c.ccoiiiiiiiiiiiiiii e 49
Block Diagram .................. ... 49
CCP Pin Configuration ........ .. 49
CCPR1H:CCPR1L Registers ..........cccooeiiiiiiininccn. 49
Software Interrupt ...
Special Event Trigger
Timer1 Mode Selection ...........cccoceiviiiiiiiiiiiiiec 49
Configuration Bits .............cocciiiiiiii 127
Conversion Considerations ............c.cccoeveiviiie e, 187
D
DIA

Data Memory ...
Bank Select (RP1:RPO Bits)
General Purpose Registers ...
Register File Map ...
Special Function Registers ..

Data/Address bit, D/A ...........coocooiiiieiiee e

DC Characteristics
PICTBCT3 .o
PICTBCT4 ..o

Development Support

Development Tools ...

Device Differences .

Direct Addressing ........cccccccviiiiiiiiiiiii e
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E

Errata ..o 4
External Power-on Reset Circuit ...........cccccccoc, 132

F

Firmware Instructions ...........ccccccocviiiiiiiiiiiiieee, 143
Flowcharts
Acknowledge ...
Master Receiver
Master Transmit
Restart Condition ...............ccoo i
Start Condition ..........cccccoiiiii s
Stop Condition ...
FSR Register ...
Fuzzy Logic Dev. System (fuzzy TECH®-MP)

G

GIOE e
General Call Address Sequence .
General Call Address Support ...
General Call Enable bit, GCE ...............ccooe i,

Restart Condition Flowchart .......................c.ooen. 77

Slave Mode ..........ouiiiiiiiiiiiiiiiiee e

Slave Reception .......

Slave Transmission ..

SSPBUF ..o,

Start Condition Flowchart ..............ccccccciviiiiiiiin. 75

Stop Condition Flowchart .............cccccooiiiiiiins 88

Stop Condition Receive or Transmit timing .............. 87

Stop Condition timing ..o

Waveforms for 7-bit Reception ...

Waveforms for 7-bit Transmission ...............ccccvvveee. 66
[C Module Address Register, SSPADD ..............c.cc........ 64
[PC SIave MOde .........covveiieieiiieieee e 64
ICEPIC Low-Cost PIC16CXXX In-Circuit Emulator ......... 145
ID Locations .......cccoovviiiiiieiiiiei e

In-Circuit Serial Programming (ICSP) .
INDF
INDF Register ...,
Indirect Addressing
FSR Register
Instruction Format
Instruction Set

I Summary Table ...

17O POIS .ot 27 INTCON ..o

1’c INTCON REQISIEr .........covoveeieeoceieee oo

I2C Master Mode Receiver Flowchart ..............c.ocoovevoevi. 83 GIE Bit .oviese s

I2C Master Mode Reception ...............c.cceveuevvorursrienenean. 82 INTE Bit ..

I2C Master Mode Restart Condition ................................... 76 INTF Bit .....

12C Mode Selection .............occooooeoiooeeeeeeeeeeeeeeeee 63 PEIE Bit .....

[2C Module RBIE Bit ..o s
Acknowledge Flowchart ... 86 RBIF Bit ..o
Acknowledge Sequence timing ..........cc.ccocevreieennennn. 85 TOIE Bit .o
AdAreSSiNg .....oooeeiiiiiiii i 64 TOIF Bit oo
Baud Rate GENErator ..............c.cooeeoveeeeeeeerererereenen. 73 Inter-Integrated Circuit (12C) )
Block DIiagram ..........cccoiiiiiiiie et 71 internal sampling switch (Rss) impedence ..................... 123
BRG Block Diagram Interrupt Sources ...

BRG Reset due to SDA Collision ............cccccovvnnnnnen. 92 Block Diagram ...
BRG TiMING ..ot 73 Capture Complete (CCP) .........ccoevvevieiiiiecee e
Bus Arbitration ... 90 Compare Complete (CCP) ..........
BUS COllISION ..o 90 Interrupt on Change (RB7:RB4 )
Acknowledge ......... .90 RBO/INT Pin, External .................
Restart Condition .. .93 TMRO Overflow .......ccocoiiiiiiiiiicie e
Restart Condition Timing (Casel) .... ...93 TMR1 Overflow ...
Restart Condition Timing (Case2) ...................... 93 TMR2 to PR2 Match ...
Start Condition ...........ccooiiiiiii TMR2 to PR2 Match (PWM) ..........ccccciiiie
Start Condition Timing ...........ccccceoceiiine USART Receive/Transmit Complete .97
Stop Condition .........cccviiiiiiie e Interrupts, Context Saving During ... 138
Stop Condition Timing (Case1) .. Interrupts, Enable Bits
Stop Condition Timing (Case2) ................c......... A/D Converter Enable (ADIE Bit) ........ccccccocvviininenns 19
Transmit TIMING ..ocooooviviiiie e CCP1 Enable (CCP1IE Bit) ......c.cccooeiiiiiiiinnn. 19, 48
Bus Collision timing ........cc.coovriiiniriiicee e CCP2 Enable (CCP2IE Bit) ........ccoooviiiiiiiiiiiiie 21
Clock Arbitration ................cccoeeiiie i Gilobal Interrupt Enable (GIE Bit) .............c.c...... 18,137
Clock Arbitration Timing (Master Transmit) . ...89 Interrupt on Change (RB7:RB4) Enable
Conditions to not give ACK Pulse ............... .64 (RBIE Bit) ..ovoviieeeie e
General Call Address Support ........ ...69 Peripheral Interrupt Enable (PEIE Bit)
Master Mode ..........ccccooiiiiiiiiiee e 71 PSP Read/Write Enable (PSPIE Bit)
Master Mode 7-bit Reception timing .......................... 84 RBO/INT Enable (INTE Bit) ........occoiiiiiiiiies
Master Mode Operation ...........cccccceeiiiiiiiiiiieiieeees 72 SSP Enable (SSPIE Bit)
Master Mode Start Condition ...........ccccccoeiiiniiniiis 74 TMRO Overflow Enable (TOIE Bit) ...
Master Mode Transmission . TMR1 Overflow Enable (TMR1IE Bit)
Master Mode Transmit Sequence ...............cccccceueene. 72 TMR2 to PR2 Match Enable (TMR2IE Bit) ................ 19
Master Transmit Flowchart .................cc.cooiiiis USART Receive Enable (RCIE Bit) ..........cccooevvnenne 19
Multi-Master Communication USART Transmit Enable (TXIE Bit) ............cccvveene 19
Multi-master Mode ............cooiiiiiiiiii
Operation ..........cccccceiiiiiiiiine
Repeat Start Condition timing
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Interrupts, Flag Bits

A/D Converter Flag (ADIF Bit) ......ccocooiiiiniii, 20
CCP1 Flag (CCP1IF Bit) ...ooooiiiiiiiie 20, 48, 49
CCP2 Flag (CCP2IF Bit) ...cccvvvieiiiiii e 22
Interrupt on Change (RB7:RB4) Flag

(RBIF Bit) oo 18, 30, 138
PSP Read/Write Flag (PSPIF Bit) .........ccovevieiin. 20
RBO/INT Flag (INTF Bit) .... .18
SSP Flag (SSPIF Bit) ..............

TMRO Overflow Flag (TOIF Bit) ..........cooovivneeen.
TMR1 Overflow Flag (TMR1IF Bit) .......ooccoveiiieien.
TMR2 to PR2 Match Flag (TMR2IF Bit) .
USART Receive Flag (RCIF Bit) ......c.coooviiieiininnnn.
USART Transmit Flag (TXIE Bit) .......ccccooviieiinininnnn. 20

K

KeelLoq® Evaluation and Programming Tools ................. 148

Master Clear (MCLR) ..o 7,8
MCLR Reset, Normal Operation ....1381,133, 134
MCLR Reset, SLEEP ....................c. 131,183,134

Memory Organization
Data Memory ..........cccoiiiiiiii e 11
Program Memory ..

MPLAB Integrated Development Environment Software . 147

Multi-Master Communication ..., 90

Multi-Master Mode ... 72

o)

OPCODE Field Descriptions
OPTION_REG Register ............
INTEDG Bit ..o
PS2:PSO Bits .........ccoooiiiiiiiii
PSA Bit ...........
RBPU Bit
TOCS Bit
TOSE Bit .........
OSC1/CLKIN Pin ...
OSC2/CLKOUT Pin ..... .
Oscillator Configuration ...............cccoociiiiii

Oscillator, Timer1 ...

Oscillator, WDT ...

P

P e 54

Packaging ........cccoocoiiiiiiiiiiii 175

Paging, Program Memory ... .11, 24

Parallel Slave Port (PSP) .... ..9,34,37
Block Diagram ... 37
REO/RD/ANS PiN ....ooooiviieeceee s 9, 36, 37
RET/WR/ANG Pin .....ooooiiviiiniinieece e 9, 36, 37
RE2/CS/AN7 Pin .. .
Read Waveforms ..........ccccoceiiiiiiiiiiii e 38
Read/Write Enable (PSPIE Bit) ........c.cccoooviiiieii. 19
Read/Write Flag (PSPIF Bit) ...

Select (PSPMODE Bit) ........cccccciiiiiiiiienen.

Write Waveforms ..o
PCL Register .............
PCLATH Register

PCON Register .......cccccoiiiiiiiiiiiiiicc e
BOR Bt ..o
POR Bt e

PICDEM-1 Low-Cost PICmicro Demo Board .... .

PICDEM-2 Low-Cost PIC16CXX Demo Board ................

PICDEM-3 Low-Cost PIC16CXXX Demo Board

PICSTART® Plus Entry Level Development System

PIE1 Register
ADIE Bit
CCP1IE Bit
PSPIE Bit ..o 19
RCIE Bit
SSPIE Bit oo
TMRTIE Bit oo
TMR2IE Bit ....
TXIE Bit oo

PIE2 Register ..o
CCP2IE Bit ...oooiiiiiiiie e

Pinout Descriptions
PIC16CB3A/PICTIBCT73B ....ccoiiiiiiiiiiii it 7
PIC16CB5B/PIC16CT74B .....ccceiiiiiiiiieiee e 8

PIR1 Register ... 20
ADIF Bit
CCPTIF Bit oo
PSPIF Bit ..ot
RCIF Bit ......
SSPIF Bit ....
TMR1IF Bit ....
TMR2IF Bit ..o
TXIF Bit

PIR2 Register
CCP2IF Bit .ot

Pointer, FSR ...,

POR. See Power-on Reset

PORTA e 7,8,15
Analog Port Pins ..o 7,8
Initialization ........... .. 27
PORTA Register ...........c..... .. 27
RA3:RA0 and RA5 Port Pins ..........ccoooeviiiiiii 28
RA4/TOCKI Pin ..

RA5/SS/AN4 Pin
TRISA Register .

PORTA Register ..o
PORTB ..o e
Initialization .......
PORTB Register
Pull-up Enable (RBPU Bit) ...................
RBO/INT Edge Select (INTEDG Bit) ........cooeeveieneeene 17
RBO/INT Pin, External .................ccccoeeeieiiii, 7,8,138
RB3:RBO Port Pins
RB7:RB4 Interrupt on Change ..........cccccoveieiinen. 138
RB7:RB4 Interrupt on Change Enable (RBIE Bit) .... 18,
138
RB7:RB4 Interrupt on Change Flag (RBIF Bit) ... 18,30,
138
RB7:RB4 Port Pins ......ccovviiiiiic e 30
TRISB Register ... 29
PORTB Register .... .13, 126
PORTOC ..ot 7,9, 15
Block Diagram .........ccccooiiiiiiiiii e 32
Initialization
PORTC Register ... 32
RCO/T1OSO/T1CKI Pin .o 7,9
RC1/T10SI/CCP2 Pin ...... .7,9
RC2/CCP1 Pin ............... .7,9
RCB/SCK/SCL PiN . 7,9
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RC4/SDI/SDA Pin ..o 7,9 Programming, Device Instructions .....................coc 143
RCB/SDO PiN ..o 7,9 PWM (CCP Module) ........ccooiiiiiiiiiiiciicccc e 50
RCB/TX/CKPIN ..o Block Diagram .........ccccocoiiiiiiiiii e 50
RC7/RX/DT Pin ... CCPR1H:CCPR1L Registers .... .50

TRISC Register ... Duty Cycle ....ccoooviiiiiiiiies .50
PORTC Register ......... Example Frequencies/Resolutions .
PORTD ..o Output Diagram .........ccceeiiiiiiiiiiie i

Block Diagram ...........cccccoiiiiiiiiiii e Period ......ooooiii

Parallel Slave Port (PSP) Function . Set-Up for PWM Operation ...

PORTD Register .........cccccoiiiiiiiiiiii i TMR2 to PR2 Match ...,

TRISD Register ........coccoiiiiiiiiiiiieeec e TMR2 to PR2 Match Enable (TMR2IE Bit) ................ 19
PORTD Register TMR2 to PR2 Match Flag (TMR2IF Bit) ............ccc..... 20
PORTE ..ottt

Analog Port Pins ..o 9, 36, 37 Q

Block Diagram ...........cccoooiiiiiiiiiic 35 Q-ClOCK ..o 50

Input Buffer Full Status (IBF Bit) ...........cccoceviennn. 35 R

Input Buffer Overflow (IBOV Bit) ..........cccooeiviiniennnn. 35 _

Output Buffer Full Status (OBF Bit) ............c.cccccovv..... 35 RV e 54

PORTE REGISIEr ....ooovoiivieeiieeeeeeeeee e RAW DI o 64

PSP Mode Select (PSPMODE Bit) . B RIW DIt o 65

REO/RD/ANS PN oo RCE,Receive Enable bit, RCE . .56

RET/WR/ANG Pif ... RCREG ..o - 15

RE2/CS/AN7 Pin ... RCSTA Register ..o

TRISE Register CREN Bit
PORTE RegISter .......ccoviiiiiiiiiiieie et FERR Bit
Postscaler, Timer2 OERR Bit -

Select (TOUTPS3:TOUTPSO BitS) ......ccccvvvverierennnn. 45 RX9 Bit e
Postscaler, WDT RX9D Bit

Assignment (PSA BIt) .......c.cccooovoveiieeeeieiee SPEN Bit ...

BIOCK DIagram ..........ccccoooivooeioeiieeeeeeee e SREN Bl ..o

Rate Select (PS2:PSO0 Bits) Read/Write bit, R/W ..., 54

Switching Between Timer0O and WDT ........................ 40 Receive Overflow Indicator bit, SSPOV .55
Power-on Reset (POR) .................... 127,131,132, 133, 134 Register File ....... 11

Oscillator Start-up Timer (OST) Register File Map ... 12

POR Status (POR Bit) .................. Registers

Power Control (PCON) Register .. FSR

Power-down (PD Bit) .........cccocooivoeeeoeeeeeeeeereeeeenn SUMMANY oo 15

Power-on Reset Circuit, External ............................. 132 INDF

Power-up Timer (PWRT) SUMMAY oo 15

Time-0ut (TO Bit) ...o.oveeoeeeeeoeeeeeeee e INTCON

TiMe-0Ut SEQUENCE ........coov.vooeeeeeee e SUMMAY oo 15

Time-out Sequence on Power-up ... PCL
PR2 REGISIEN ... SUMMANY oo 15
Prescaler, Capture ..........cccccoooiiiiiiiinie e PCLATH
Prescaler, TIMEIO ......oooooeeeeeeeeeee oo SUMMANY oo 15

Assignment (PSA BIt) .......c.cccooovoveiieeeeeeeee PORTB

Block Diagram SUMMANY ..o 15

Rate Select (PS2:PS0 BitS) ........c.coecevevveierrennn. SSOPSTAT e 54

Switching Between Timer0O and WDT ........................ 40 STATUS
Prescaler, Timer1 SUMMAY ..t 15

Select (T1CKPS1:T1CKPSO0 Bits) SUMMANY .o e 13
Prescaler, TIMEr2 .........coooiiiiiiiiii e TMRO

Select (T2CKPS1:T2CKPSO0 Bits) ... SUMMAY oo 15
PRO MATE® Il Universal Programmer ... . TRISB
Product Identification System ............ccoeveevvveeceeeerennn. SUMMANY oo 15
Program Counter Reset

PCL REGISIEN ... Block Diagram ...........ccocciiiiiiiii

PCLATH Register .. Reset Conditions for All Registers ...........................

Reset Conditions Reset Conditions for PCON Register ... .
Program MEMONY ..........ccovuriiiiiiriieseeeeeeeecee e Reset Conditions for Program Counter .................. 133

Interrupt Vector ... Reset Conditions for STATUS Register ................... 133

PAGING oo Restart Condition Enabled bit, RSE ........................ 56

Program Memory Map ........cccccoooiiieiiniieciiee e 11 Revision History ... .. 187

RESEE VECIOT oo 11 RS e 56
Program Verification ............cccoocoiiiiiiiii 141
Programming Pin (VPP) ..ccccvveioiieiiiiiene e 7.8
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SDO s
SEEVAL® Evaluation and Programming System . .
Serial Clock, SCK ...
Serial Clock, SCL ....ccooiiiii e
Serial Data Address, SDA
Serial Data In, SDI ....
Serial Data Out, SDO ... .
Slave Select Synchronization ............cccccocciiiiiiiiinii.
Slave Select, SS ...
SLEEP .
S P e

Software Simulator (MPLAB-SIM) ......ccccccoiiiiiiiiiiin 147
SPBRG Register .
S e

Special Features of the CPU ... 127
Special Function Registers ....... ..13

PIC16C73 ...... .13
PIC16C73A ... ..13
PICTBCT4 . 13
PICTBCTAA ..o 13
PIC16C76
PIC16C77
Speed, Operating ........cccoeveiiiii e 1
SPI

Master Mode ..
Serial Clock

Serial Data In ..o
Serial Data Qut ..o
Serial Peripheral Interface (SPI) .
Slave Select ... 57
SPICIOCK ... 59
SPIMode .......ccccoeoeeiiinn. .57

SPI Clock Edge Select, CKE ...

SPI Data Input Sample Phase Select, SMP ... ...54
SPI Master/Slave Connection ...........ccccccciiiiiiiiieieniiee. 58
SPI Module
Master/Slave Connection ............cccccceviiiiiiiiiienen. 58
Slave Mode ... 60
Slave Select Synchronization ............ccccoceeiinin. 60
Slave Synch Timnig
B e
SO P e e 53
Block Diagram (SPI Mode) .. .57
Enable (SSPIE Bit) .19
Flag (SSPIF Bit) ... ...20
RAB/SS/ANA PiN ..o 8
RCB/SCK/SCL PiN e 7,9
RC4/SDI/SDA Pin
RC5/SDO PiN ..o
SPIMOE ...t 57
SSPADD
SSPBUF
SSPOONT e 55
SSPCON2 ... ..56
SSPSR ...
SSPSTAT i ....54,64
TMR2 Qutput for Clock Shift ...........ccoccoivinnenn. 45, 46
SSP I2C
SSP 12C OPEration ............ocoeeeeeoeeeeeeeeeseeseeeee e, 63

SSP Module
SPI Master Mode ............ouvviiiiiiiiiiiiiiiiiiiiieeee e 59
SPI Master./Slave Connection .............cccccvvvvveieeeeen. 58
SPI Slave Mode
SSPCONT Register ..o 63
SSP Overflow Detect bit, SSPOV ........coeiiiiiiiiiie 64
SSPADD Register .......ccccccovvnnnnenn
SSPBUF ................
SSPBUF Register ..
SSPCON Register .......ccoviiiiiic e
SSPCON1
SSPCON2 .
SSPEN e
SO PIF e
SSPM3:SSPMO ..
SSPOV i
SSOP ST AT e
SSPSTAT Register
Stack .............
Start bit (S) ..o
Start Condition Enabled bit, SAE ...................ccoeeeeeeieii, 56
STATUS Register ......coooviiiiiiicie e
C Bit
DO Bit oo e
IRP Bt oo
PD Bit ............
RP1:RPO Bits .
TO Bit ............
ZBIt oo
StOP Dit (P) oo
Stop Condition Enable bit ... .
Synchronous Serial Port ..........ccccccviiiiiiiiii
Synchronous Serial Port Enable bit, SSPEN .................... 55
Synchronous Serial Port Mode Select bits,
SSPM3:SSPMO ..oooiiiiii e 55

T

TICON e 15

T1CON Register .......ccoociiiiiiiiie e 15, 41
T1CKPS1:T1CKPSO0 Bits .. .

T1OSCEN Bit

T1SYNC Bit ... 41
TMRICS Bit .o 41

TMRION Bit oo 41
T2CON Register
T2CKPS1:T2CKPSO Bits
TMR20N Bit oo
TOUTPS3:TOUTPSO Bits .
TIMEIO .o e
Block Diagram ...........ccccooiiiiiiiiiic e
Clock Source Edge Select (TOSE Bit) ....
Clock Source Select (TOCS Bit) .
Overflow Enable (TOIE Bit) ......
Overflow Flag (TOIF Bit) ........ccccocooviiiiiiien.
Overflow Interrupt ...
RA4/TOCKI Pin, External Clock .. .
TIMEIT e e
Block Diagram ...........cccooiiiiiiiiiic e
Capacitor Selection ...........c.cccceeienn.
Clock Source Select (TMR1CS Bit) ...........
External Clock Input Sync (T1SYNC Bit) ...
Module On/Off (TMR1ON Bit) ......ccccoooiviiiiiiieii,
OSCIllator .....oooiiiii e
Oscillator Enable (T1OSCEN Bit)
Overflow Enable (TMRTIE Bit) ......cccoccoveviiiiiiiiiecins
Overflow Flag (TMR1IF Bit) ........cocoooiiiiii
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Overflow Interrupt ........ccoocoiiiiiiii e 41, 43 PSPMODEBIt ..., 34, 35, 37
RCO/T1OSO/T1CKI Pin oo 7.9 TXREG ..o 15
RC1/T1OSI/CCP2 Pin ..o 7,9 TXSTA RegIiSter ......coooiiiiiiiiiiii e 97
Special Event Trigger (CCP) ......cccccoiiiiiiiiiiiicene 43, 49 BRGH Bit .

T1CON Register ........cccooviiiiiiiiieie e 41 CSRC Bit ...
TMR1H Register .........ccccooiiiiiiiiiiic 41 SYNC Bit ...
TMR1L Register .........cccocoiiiiiiiiiiceec e 41 TRMT Bit
Timer2 TXO Bt oo
Block Diagram ...........ccoooiiiiiiiiiii TX9D Bit .
PR2 Register ... TXEN Bit
SSP Clock Shift
T2CON Register ... u
TMR2 REQIStEr .....ooiiiiiiiiiiiiiiie e U A 54
TMR2 to PR2 Match Enable (TMR2IE Bit) ................ 19 Universal Synchronous Asynchronous Receiver Transmitter
TMR2 to PR2 Match Flag (TMR2IF Bit) (USART)
TMR2 to PR2 Match Interrupt .............cccccoee Asynchronous Receiver
Timing Diagrams Setting Up Reception ........cccoooviiiiiiiiiinns
Acknowledge Sequence TimiNg .........cccccoeeeveiverreenen. 85 Timing Diagram .......... .
Baud Rate Generator with Clock Arbitration .............. 73 Update Address, UA ...
BRG Reset Due to SDA Collision USART ..o, .
Brown-out Reset ...........cccccoooiiiiiiiiiiie Asynchronous Mode ...,
Bus Collision Master Transmission ............ccccceovviiiiininiines
Start Condition TiMING ........cccoovviviiiiiiie s 91 Receive Block Diagram ...
Bus Collision During a Restart Condition (Case 1) ....93 Transmit Block Diagram ... 102
Bus Collision During a Restart Condition (Case?2) ..... 93 Baud Rate Generator (BRG) ...........c..cccooooini. 99
Bus Collision During a Start Condition (SCL =0) ...... 92 Baud Rate Error, Calculating .99
Bus Collision During a Stop Condition ....................... Baud Rate Formula ............. .. 99
Bus Collision for Transmit and Acknowledge Baud Rates, Asynchronous Mode (BRGH=0) . 100
Capture/Compare/PWM .........cccccoeiiiiiiieiiiiiiiee e Baud Rates, Asynchronous Mode (BRGH=1) . 101
CLKOUT and I/O ....coooeeiiiii Baud Rates, Synchronous Mode .....................
External Clock Timing ..........ccc.c..... High Baud Rate Select (BRGH Bit) .
I2C Master Mode First Start bit timing ...................... 74 Sampling ......ccooooiiiiii
I2C Master Mode Reception timing ............cc.c............ 84 Clock Source Select (CSRC Bit) .....coeveviviiiiiiiiins
[2C Master Mode Transmission timing ....................... 81 Continuous Receive Enable (CREN Bit) ... .
Master Mode Transmit Clock Arbitration ................... 89 Framing Error (FERR Bit) .....ooooviiiiiiiii
Power-up Timer ........ccccccveniiniennnnn. ...163 Mode Select (SYNC Bit) ........cccoooiiiiiiii
Repeat Start Condition .............cccooeeiiiiiiiii 76 Overrun Error (OERR Bit) ...
RESET ..ot RC6/TX/CK Pin ...
Slave Synchronization RC7/RX/DT Pin ...
Start-up TIMer ......ooooiiiiiiic e RCSTA RegiSter .......cooiiiiiiiiiiiiiee e
Stop Condition Receive or Transmit Receive Data, 9th bit (RX9D Bit) ..o
Time-out Sequence on Power-up ... Receive Enable (RCIE Bit) .
TIMEI0 oo, Receive Enable, 9-bit (RX9 Bit) ..........ccoooeiviiiiiiii,
TIMEr T oo, Receive Flag (RCIF Bit) .....c.cooovviiiiiiiiiiiii
USART Asynchronous Master Transmission ........... 103 Serial Port Enable (SPEN Bit) .
USART Synchronous Receive ..............cccccoeeviirennn. Single Receive Enable (SREN Bit) .........ccccoovviiieeen.
USART Synchronous Reception Synchronous Master Mode ...
USART Synchronous Transmission ................ 108, 171 Reception ..................
USART, Asynchronous Reception Transmission ........
Wake-up from SLEEP via Interrupt . Synchronous Slave Mode .........
Watchdog Timer ........coccoiiiiniiiiie e Transmit Data, 9th Bit (TX9D) .....ccccccvvviiiiiiiin.
TMBRO oo Transmit Enable (TXEN Bit) ..............coccoiiii.
TMRO Register Transmit Enable (TXIE Bit) .
TMR1H .............. Transmit Enable, Nine-bit (TX9 Bit) .............ccoiine.
TMR1H Register . Transmit Flag (TXIE Bit) ..o
TR e e Transmit Shift Register Status (TRMT Bit) .
TMRIL Register ... TXSTARegister ..o
TMR2

TMR2 Register
TRISA Register
TRISB Register ..

TRISC RegiSter .......ooviiiiiiiii it 14
TRISD Register ........coccoiiiiiiiiiiiiii e 14
TRISE Register ..o 14,35, 126
IBFE Bit ..oeoiiiii e
IBOV Bit .
OBF Bit ..ot
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w

W RegISter ... 138

Wake-up from SLEEP ... 127, 140
INterrupts ..o
MCLR Reset .
Timing Diagram ...
WDT RSt ..o

Watchdog Timer (WDT)
Block Diagram ...........cccoooiiiiiiiiic e
Enable (WDTE Bit) .......ooooviiii e 139
Programming Considerations . .139
RC Oscillator ..... .139
Time-out Period .........ccccooiiiiiiiii e 139
WDT Reset, Normal Operation ................ 131, 133,134
WDT Reset, SLEEP .......coooiiiiiiiecee 133,134

Waveform for General Call Address Sequence ................. 69

WOCOL i 55,74, 79, 82, 85, 87

WCOL Status Flag .........cooooviiiii e

Write Collision Detect bit, WCOL .

WWW, On-Line Support ..............
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BIT/REGISTER CROSS-REFERENCE
LIST

ADCONO<7:6>
....PIE1<6>
....PIR1<6>
...ADCONO<0O>
SSPSTAT<0>
PCON<O>

... TXSTA<2>
STATUS<0>
PIE1<2>

CCP1IF ....PIR1<2>
CCP1M3:CCP1MO .....cccovveeeeeiee, CCP1CON<3:0>
CCP1X:CCP1Y i CCP1CON<5:4>
CCP2IE ..o PIE2<0>
CCP2IF ..o PIR2<0>
CCP2M3:CCP2MO ....CCP2CON<3:0>
CCP2X:CCP2Y ....ooeiiieieeeeeee CCP2CON<5:4>
CHS2:CHSO ..o ADCONO0<5:3>
...SSPSTAT<6>
SSPCON<4>
RCSTA<4>
... TXSTA<7>
....SSPSTAT<5>
...STATUS<1>
RCSTA<2>
INTCON<7>
....ADCONO<2>
IBF e TRISE<7>
IBOV oo TRISE<5>
....INTCON<4>
INTEDG ... OPTION_REG<6>
INTF e, INTCON<1>
IRP e STATUS<7>
OBF oo TRISE<6>

...RCSTA<1>
SSPSTAT<4>
ADCON1<2:0>
...STATUS<3>
INTCON<6>
PCON<1>
....OPTION_REG<2:0>
....OPTION_REG<3>
...PIE1<7>
PIR1<7>
PSPMODE .......ovvvivviiieeiieeieeieeeeeie TRISE<4>
...SSPSTAT<2>
INTCON<3>
INTCON<O>
...OPTION_REG<7>
PIE1<5>
PIR1<5>
STATUS<6:5>
RCSTA<6>
...RCSTA<O>
SSPSTAT<3>
SSPSTAT<7>
...RCSTA<7>
RCSTA<5>
SSPCON<5>
....PIE1<3>
....PIR1<3>
...SSPCON<3:0>
SSPCON<6>
TXSTA<4>

TOCS oo OPTION_REG<5>
TOIE oo INTCON<5>

TOIF oo INTCON<2>
TOSE ooeeeeeeeeeeeee e ....OPTION_REG<4>
T1CKPS1:T1CKPSO ... ....TICON<5:4>
T1OSCEN .ooovveven. ....TICON<3>
TTISYNC oo T1CON<2>
T2CKPS1:T2CKPSO ..o T2CON<1:0>
TMR1CS ...T1CON<1>
TMR1IE PIE1<0>

TMBIIF oo PIR1<0>
TMR1ON .. ....TICON<O>
TMB2IE oo PIE1<1>

TMB2IF oo PIR1<1>
TMR20ON .. ....T2CON<2>

TO oo ....STATUS<4>
TOUTPS3:TOUTPSO .. ....T2CON<6:3>
TRMT oo TXSTA<1>

TX9 TXSTA<6>

... TXSTA<O>
TXSTA<S>
PIE1<4>
...PIR1<4>
SSPSTAT<1>
SSPCON<7>
STATUS<2>

0003
P
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ON-LINE SUPPORT

Microchip provides on-line support on the Microchip
World Wide Web (WWW) site.

The web site is used by Microchip as a means to make
files and information easily available to customers. To
view the site, the user must have access to the Internet
and a web browser, such as Netscape or Microsoft
Explorer. Files are also available for FTP download
from our FTP site.

Connectingtothe Microchip Internet Web Site

The Microchip web site is available by using your

favorite Internet browser to attach to:
www.microchip.com

The file transfer site is available by using an FTP ser-
vice to connect to:

ftp://ftp.microchip.com

The web site and file transfer site provide a variety of
services. Users may download files for the latest
Development Tools, Data Sheets, Application Notes,
User’s Guides, Articles and Sample Programs. A vari-
ety of Microchip specific business information is also
available, including listings of Microchip sales offices,
distributors and factory representatives. Other data
available for consideration is:

+ Latest Microchip Press Releases

« Technical Support Section with Frequently Asked
Questions

+ Design Tips

* Device Errata

+ Job Postings

* Microchip Consultant Program Member Listing

* Links to other useful web sites related to
Microchip Products

+ Conferences for products, Development Sys-
tems, 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
1-602-786-7302 for the rest of the world.
981103

Trademarks: The Microchip name, logo, PIC, PICmicro,
PICSTART, PICMASTER and PRO MATE are registered
trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries. FlexROM, MPLAB and fuzzy-
LAB are trademarks and SQTP is a service mark of Micro-
chip in the U.S.A.

All other trademarks mentioned herein are the property of

their respective companies.
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578.

Please list the following information, and use this outline to provide us with your comments about this Data Sheet.

To: Technical Publications Manager Total Pages Sent
RE: Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):
Would you like a reply? Y N

Device: PIC16C77X Literature Number: DS30275A

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. Is there 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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PIC16C77X 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. XX X XX XXX
—l— ‘I' —l— —l— Examples:
Device Frequency Temperature Package Pattern g) PIC16C774 -04/P 301 = Commercial temp.,
Range Range PDIP package, 4 MHz, normal VDD limits, QTP
pattern #301.
h) PIC16LC773 - 041/SO = Industrial temp., SOIC
Device PIC16C77X(M), PIC16C77XT®;VDD range 4.0V to 5.5V  package, 200 kHz, Extended VDD limits.
PIC16LC77X(", PIC16LC77XT®);VDD range 2.5V to 5.5V ) PIC16C774 - 20/P = Industrial temp., PDIP
package, 20MHz, normal VDD limits.
Frequency Range 04 =4 MHz
20 =20 MHz
Note1: C =CMOS
LC = Low Power CMOS
Temperature Range b® = 0°Cto 70°C  (Commercial) T = in tape and reel - SOIC, SSOP,
| = -40°Cto +85°C (Industrial) PLCC,
MQFP, TQFP packages only.
2: b = blank
Package JW =  Windowed CERDIP/Ceramic
PQ = MQFP (Metric PQFP)
PT = TQFP (Thin Quad Flatpack)
SO = SOIC
SP =  Skinny plastic dip
P = PDIP
L = PLCC
SS = SSOP
Pattern QTP, SQTP, Code or Special Requirements

(blank otherwise)

* JW Devices are UV erasable and can be programmed to any device configuration. JW Devices meet the electrical requirement of
each oscillator type (including LC devices).

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: (602) 786-7277

3.  The Microchip Worldwide Site (www.microchip.com)

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

New Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.
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