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PIC16C77X

Key Features

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

1/0 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
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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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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-
mentary document to this data sheet, and is highly rec-
ommended reading for a better understanding of the
device architecture and operation of the peripheral
modules.

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
in Table 1-1 and Table 1-2, respectively.

FIGURE 1-1: PIC16C773 BLOCK DIAGRAM
13 5 ok Data Bus 8 PORTA
EPROM € 1 RAO/ANO
Program S RA1/ANT
Memory RAM ‘ S RA2/AN2/VREF-/VRL
8 Level Stack Eio — 4 RA3/AN3/VREF+/VRH
4Kx14 (13-bit) Registers I RA4/TOCKI
o 256 x 8
rogram
Bus 14 RAM Addr (" ? 9 PORTB
; Addr MUX RBO/INT
Instruction reg RB1/SS
H Direct Addr 7 Indirect RB2/ANS
Addr — RB3/AN9Y/LVDIN
RB7:RB4
8 PORTC
RCO/T10SO/T1CKI
X} 4| RC1/T10SI/CCP2
+— RC2/CCP1
Instruction N B RC3/SCK/SCL
Decode & 5 I < RC4/SDI/SDA
Control E"I'vivrﬁre?p B RC5/SDO
Timi ALU > RC6/TX/CK
iming Oscillator RC7/RX/DT
0SC1/CLKIN XK= Generaton o7 olllate |
OSC2/CLKOUT Start-up Timer
Power-on
Watchdog

Timer

Low-voltage Precision Brown-out
Detect Reference Reset

MCLR Vbp, Vss

12-bit —Xavoo
ADC 4—& AVss
Timer0 Timer1 Timer2

it

v

v

Synchronous

CCP1.2 Serial Port

USART

Note 1: Higher order bits are from the STATUS register.
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2225 PIR1 REGISTER

This register contains the individual flag bits for the condition occurs regardiess of the state of
peripheral interrupts. its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User soft-

Note: Interrupt flag bits get set when an interrupt

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

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

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

[PsPIFM ] ADIF | RcIF | TXIF [ SSPIF | CCP1IF_| TMR2IF | TMR1IF

R = Readable bit

bit7:  PSPIF("): Parallel Slave Port Read/Write Interrupt Flag bit

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

0 = The USART transmit buffer is full
bit 3:  SSPIF: Synchronous Serial Port Interrupt Flag bit

0 = Waiting to transmit/receive

bit 2:  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

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:  TMR1IF: TMR1 Overflow Interrupt Flag bit
1 =TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

bit7 bito |W = Writable bit

1 = A read or a write operation has taken place (must be cleared in software)

1 = The USART transmit buffer is empty (cleared by writing to TXREG)

1 = The transmission/reception is complete (must be cleared in software)

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

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

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

DS30275B-page 20 Advance Information
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FIGURE 8-1: SSPSTAT: SYNC SERIAL PORT STATUS REGISTER (ADDRESS: 94h)

RW-0 RMW-0  R-0 R-0 R-0 R-0 R-0 R-0
[sMp|cke | DA | P | s | mRW | UA | BF | [R=Readable bit
bit7 bit0 W =Writable bit
U =Unimplemented bit, read
as ‘0’

- n =Value at POR reset

bit 7: SMP: Sample bit
SPI Master Mode
1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time
SPI Slave Mode
SMP must be cleared when SPI is used in slave mode
In I2C master or slave mode:
1= Slew rate control disabled for standard speed mode (100 kHz and 1 MHz)
0= Slew rate control enabled for high speed mode (400 kHz)

bit 6: CKE: SPI Clock Edge Select (Figure 8-6, 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

bit 5.  D/A: Data/Address bit (I>XC mode only)
1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address
bit 4:  P: Stop bit
(I2C 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

bit 3: S: Start bit
(I2C 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

bit 22 R/W: Read/Write bit information (12C 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.
In I2C 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

bit 1:  UA: Update Address (10-bit I°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

bit 0:  BF: Buffer Full Status bit
Receive (SPI and I2C modes)
1 = Receive complete, SSPBUF is full
0 = Receive not complete, SSPBUF is empty
Transmit (12C 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

DS30275B-page 54 Advance Information © 1999-2013 Microchip Technology Inc.
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8.2 MSSP 12C Operation

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

Refer to Application Note AN578, "Use of the SSP
Module in the 12C Multi-Master Environment."

A "glitch" filter is on the SCL and SDA pins when the pin
is an input. This filter operates in both the 100 kHz and
400 kHz modes. In the 100 kHz mode, when these pins
are an output, there is a slew rate control of the pin that
is independant of device frequency.

FIGURE 8-10: I12C SLAVE MODE BLOCK
DIAGRAM

< Internal
data bus

n
X SSPSR reg
SDA MSb LSb

Addr Match

SSPADD reg

Start and Set, Reset
Stop bit detect [ S, P bits
(SSPSTAT reg)

FIGURE 8-11: 12C MASTER MODE BLOCK
DIAGRAM

< Internal
data bus
Read Write
SSPADD<6:0>
7

Baud Rate Generator

| ssPBUFreg |

clock [
SSPSR reg

MSb LSb

Match detect
SSPADD reg

Start and Stop bit jevglﬁar S bit
detect/ generate ["G|aar/Set P bit
(SSPSTAT reg)
and Set SSPIF

Addr Match

Two pins are used for data transfer. These are the SCL
pin, which is the clock, and the SDA pin, which is the
data. The SDA and SCL pins that are automatically
configured when the I°C mode is enabled. The SSP
module functions are enabled by setting SSP Enable
bit SSPEN (SSPCON<5>).

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

SSP Control Register (SSPCON)

SSP Control Register2 (SSPCON2)

SSP Status Register (SSPSTAT)

Serial Receive/Transmit Buffer (SSPBUF)

SSP Shift Register (SSPSR) - Not directly acces-
sible

e SSP Address Register (SSPADD)

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

* I2C Slave mode (7-bit address)
* |12C Slave mode (10-bit address)
* 12C Master mode, clock = OSC/4 (SSPADD +1)

Before selecting any 12C mode, the SCL and SDA pins
must be programmed to inputs by setting the appropri-
ate TRIS bits. Selecting an 1°C mode, by setting the
SSPEN bit, enables the SCL and SDA pins to be used
as the clock and data lines in 1°C mode.

© 1999-2013 Microchip Technology Inc.
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FIGURE 8-13: 12C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)

RW =1 R/W =0
B Receiving Address ACK Transmitting Data  Not ACK - - -

SCL
\ Datain . SEIL h&l:ddow . .
: . while ) . )
sampled responds to SSPIF i '
SSPIF [ / \ '
. A ¥
BF (SSPSTAT<0>) ' L
) cleared in software From SSP interrupt
! 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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I2C SLAVE-TRANSMITTER (10-BIT ADDRESS)

FIGURE 8-14
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8.2.3 SLEEP OPERATION 8.2.4 EFFECTS OF A RESET
While in sleep mode, the I°C 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 I2C OPERATION

Address Name Bit7 Bit6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit0 POR, BOR | MCLR, WDT
0Bh, 8Bh, INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIF(™) ADIF RCIF TXIF | SSPIF CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
8Ch PIE1 PSPIE(™ ADIE RCIE TXIE | SSPIE CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
0Dh PIR2 LVDIF — = = BCLIF = = CCP2IF | 0--- 0--0| 0--- 0--0
8Dh PIE2 LVDIE — = = BCLIE = = CCP2IE | 0--- 0--0| 0--- 0--0
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
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 12C 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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8.2.6  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:

* Address Transfer

* Data Transfer

* A Start Condition

* A Repeated Start Condition
* An Acknowledge Condition

8.2.7  1°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.

Note: The MSSP Module, when configured in 1°C
Master Mode, does not allow queueing of
events. For instance: The user is not
allowed to initiate a start condition, and
immediately write the SSPBUF register to
initiate transmission before the START
condition is complete. In this case the
SSPBUF will not be written to, and the
WCOL bit will be set, indicating that a write
to the SSPBUF did not occur.

8.2.7.4 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 1°C
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 SPI mode operation
is now used to set the SCL clock frequency for either
100 kHz, 400 kHz, or 1 MHz 12c 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
SSPCONB2 register ( SSPCON2<6>).

f)  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 s 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
SSPCONB2 register ( SSPCON2<6>).

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

k) The user generates a STOP condition by setting
the STOP enable bit PEN in SSPCON2.

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

8.2.8 BAUD RATE GENERATOR

In 12C master mode, the reload value for the BRG is
located in the lower 7 bits of the SSPADD register
(Figure 8-18). When the BRG is loaded with this value,
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.

In I°C 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
BLOCK DIAGRAM

SSPM3:SSPM0O SSPADD<6:0>

SSPM3:SSPM0 ——, Reload
SCL —  Control

BRG Down Counter

Fosc/4
CLKOUT

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

SDA

DX >< DX-1

SCL

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

/

F SCL allowed to transition high

BRG decrements
l (on Q2 and Q4 cylcles)

! !

BRG I osh X ozh X oth X 00 (hold off) |>< 03h >< 02h
value

|
SCL is sampled high, reload takes
place, and BRG starts its count. %
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FIGURE 8-21: START CONDITION FLOWCHART

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

> Idle Mode

SEN (SSPCON2<0> = 1)

Bus collision detected, No
Set BCLIF,
-4 ’
Release SCL,
Clear SEN
A Yes

Load BRG with
SSPADD<6:0>

BRG
Rollover?

No
Yes No No
-
Yes

Reset BRG
Force SDA =0,
Load BRG with
SSPADD<6:0>,
Set S bit.
Y
No No BRG
rollover?
Yes
Yes
Reset BRG
\i
Force SCL =0,
Start Condition Done,
Clear SEN
and set SSPIF
I
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PIC16C77X

12C MASTER MODE TIMING (RECEPTION 7-BIT ADDRESS)

FIGURE 8-28
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PIC16C77X

FIGURE 9-6: USART RECEIVE BLOCK DIAGRAM

x64 Baud Rate CLK

| T T

Baud Rate Generator

RC7RX/OT oy

Pin Buffer Data
and Control Recovery RX9
SPEN

RX9
ADDEN

Enable
Load of

Receive

ADBI)E(EI Buffer
RSR<8> 8
RX9D RCREG register
FIFO
8
Interrupt Data Bus
RCIE
FIGURE 9-7: ASYNCHRONOUS RECEPTION WITH ADDRESS DETECT
bit0 X bit1 S
(Coito X it )55 Ybite /stop™\ bit_(bito Y 755 Ybite / Sto
Load RSR —= C)C) i C)() | ﬂ () C)
Bit8 = 0, Data Byte Bit8 = 1, Address Byte . T WORD 1
CC CC | POREE (¢
Read 5 ) - 5 57
3 CC
C C
RCIF ) 5 " PP —

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 11-5: FLOWCHART OF A/D OPERATION

ADON =0

ADON =0? !

Samgle -
Selected Channel

b

Yes

Start of AID Yes Finish Conversion
Conversion Delayed |—— —— GO =0
1 Instruction Cycle ADIF =1
No No
Yes Abort Conversion Finish Conversion
- GO =0 GO =0
ADIF =0 ADIF =1
No ¢ ¢

Wait2 Tap | —@

Finish Conversion SLEEP . Stay in Slee
GO =0 Power down A'D Wait 2 Tap Powardown AID
ADIF =1
Wait 2 TAD
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PIC16C77X

FIGURE 12-1: CONFIGURATION WORD

’ CP1 ‘ CPO ‘BORV1‘BORVO‘ CP1 ‘ CPO ‘ - ‘BODEN ‘ CP1 ‘ CPO ‘PWRTE‘ WDTE ‘ FOSC1 ‘ FOSCOo

Register:  CONFIG

bit13 12 1 10 9 8 7 6 5

bit 13-12: CP1:CPO0: Code Protection bits (2)
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:BORVO0: 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

Address 2007h
3 2 1 bit0

Note 1: 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:CPO 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

setting may result in an inadvertant interrupt.

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:

e LP Low Power Crystal

o XT Crystal/Resonator

e 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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PIC16C77X

FIGURE 12-2: CRYSTAL/CERAMIC
RESONATOR OPERATION

(HS, XT OR LP
OSC CONFIGURATION)
c1 oscH1
| >
- internal
CIXTAL 'RF®) logic
= 0sc2r SLEEP
Rs(®
ca2( 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: RF varies with the crystal chosen.

TABLE 12-2 CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Osc Type C'I;\::;al Cap.(;ange Cap.gzange
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

FIGURE 12-3: EXTERNAL CLOCK INPUT
OPERATION (HS OSC
CONFIGURATION)

Clock from ~I>o—> 0OSsC1
ext. system PIC16C77X

Open «—— OSC2

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

Note 1: Recommended values of C1 and C2 are

TABLE 12-1

CERAMIC RESONATORS

Ranges Tested:

Mode Freq OSC1 0SscC2
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

identical to the ranges tested (Table 12-1).

2: Higher capacitance increases the stability
of oscillator but also increases the start-up
time.

3: Since each resonator/crystal has its own
characteristics, the user should consult the
resonator/crystal manufacturer for appropri-
ate values of external components.

4: Rs may be required in HS mode as well as
XT mode to avoid overdriving crystals with
low drive level specification.

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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PIC16C77X

FIGURE 12-14: WAKE-UP FROM SLEEP THROUGH INTERRUPT

vatlazl a3las; a1l a2l a3l a4, a1l

v a1l a2l a3l @4 a1l a2l a3la4; ail a2l a3l a4 a1l @2| a3l @4,

XT, HS or LP oscillator mode assumed.

0SC1/ \/ /T =W\ AVAWAWAWAWAWAWAWAWAW .
/o /L / ‘ / AW VAW
CLKOUT(4) \ \ ) L TosT(2) , h ) ) |
INT pin +
h T ; \ T T ; ; g
INTF flag ' ' ' :
(INTCOIgl<1>) ' . Inter[;mt th)erwy !
. ote
GIE bit ; - —
(INTCON<7>) | Processor in |
' SLEEP
INSTRUCTION FLOW ' ' . ' ' ' '
PC X PC X PC+1 ) PC+2 PC+2 X PC+2 X 0004h X 0005h
}gtsé“;%tion {: Inst(PC) = SLEEP : Inst(PC + 1) Inst(PC + 2) : : Inst(0004h) : Inst(0005h)
Lr;(seléﬂtt:ggn w Inst(PC - 1) - SLEEP Inst(PC + 1) - Dummy cycle \ Dummy cycle \ Inst(0004h)

1
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 not been pro-
grammed, the on-chip program memory can be read
out for verification purposes.

Note: Microchip does not recommend code pro-
tecting windowed devices.

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 _In-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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PIC16C77X

17.9 K04-071 44-Lead Plastic Quad Flatpack (PQ) 10x10x2 mm Body, 1.6/0.15 mm Lead Form

Note:  For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging

E1

|<—#|ea:s:n1—>{
[T

D1

[
IHIRRRRRMRN

2
1

Of(
Juupuovoe

X x 45°

o
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 A1 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 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 Bf 0.012 0.015 0.018 0.30 0.37 0.45
Outside Tip Length D1 0.510 0.520 0.530 12.95 13.20 13.45
Outside 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 E¥ 0.390 0.394 0.398 9.90 10.00 10.10
Pin 1 Corner Chamfer X 0.025 0.035 0.045 0.635 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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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: DS30275B

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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