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PIC16C77X

FIGURE 2-2: REGISTER FILE MAP

File File File File
Address Address Address Address
Indirect addr.()| 00h | Indirect addr.(?| gon | Indirect addr.)| 100h Indirect addr.()| 180h
TMRO 01h | OPTION_REG| 81h TMRO 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD ™ | 08h TRISD ™ | 88h 108h 188h
PORTE ™ | 09h TRISE M | 89h 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch 10Ch 18Ch
PIR2 0Dh PIE2 8Dh 10Dh 18Dh
TMRIL OEh PCON 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 SSPSTAT | 94h 114h 194h
CCPR1L 15h 95h 115h 195h
CCPR1H 16h 96h 116h 196h
CCP1CON | 17h 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 LVDCON | 9Ch 11Ch 19Ch
CCP2CON | 1Dh 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 B0Bytes | ern 80Bytes | o 1EFh
accesses Foh accesses 70h accesses 1FOh
70h-7Fh 70h - 7Fh 70h - 7Fh
7Fh FFh 17Fh 1FFh
Bank 0 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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2221

The STATUS register, shown in Figure 2-3, contains

STATUS REGISTER 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).

the arithmetic status of the ALU, the RESET status and

the bank select bits for data memory.

It is recommended, therefore, that only BCF, BSF,
SWAPF and MOVWF instructions are used to alter the

The STATUS register can be the destination for any STATUS register because these instructions do not
instruction, as with any other register. If the STATUS affect the Z, C or DC bits from the STATUS register. For

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 Note 1: The C and DC bits operate as a borrow and
writable. Therefore, the result of an instruction with the digit borrow bit, respectively, in subtraction.
STATUS register as destination may be different than See the SUBLW and SUBWF instructions for
intended. examples.

other instructions, not affecting any status bits, see the
"Instruction Set Summary."

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
[ RP RPi | RPo | T0 | Pb | z | oc | ¢ | [R=Readablebit
bit7 pito | W = Writable bit
U = Unimplemented bit,
read as ‘0’
- 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.

DS30275B-page 16 Advance Information © 1999-2013 Microchip Technology Inc.
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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 output, i.e., put
the contents of the output latch on the selected pin.

EXAMPLE 3-1: INITIALIZING PORTB
BCF STATUS, RPO
CLRF PORTB ; Initialize PORTB by
; clearing output
; data latches
BSF STATUS, RPO ; Select Bank 1
MOVLW O0xCF ; Value used to
; initialize data
; direction
MOVWF TRISB ; Set RB<3:0> as inputs
; RB<5:4> as outputs
; RB<7:6> as inputs

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

VbD
RBPU®
RBPU®) J weak
pull-up
Data Latch
NS X’

D Q
WR Port S
CK_ pin()

Data bus

TTL
Input
WRTRIS CK _L Buffer

RD TRIS

RD Port EN
RBO/INT < k

~Y
Schmitt Trigger ‘ RD Port
Buffer

Note 1: 1/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s)

and clear the RBPU bit (OPTION_REG<7>).

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

FIGURE 3-5: BLOCK DIAGRAM OF RB1/SS

PIN
VoD
RBPU® weak
@o—d pull-up
Data bus Data Latch
D Q
WR Port
CKY pin(
TRIS Latch
o— D Q
WR TRIS cK _L
b
RD TRIS
RD Port EN
SS input @[
Schmitt Trigger ‘ RD Port
Buffer
Note 1: 1/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (OPTION_REG<7>).

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

FIGURE 3-6: BLOCK DIAGRAM OF

RB2/ANS8 PIN
VbD
RBPU® Erweak
@ P pull-up
Data bus Data Latch
> a -
WR Port S
CK RS pin(M
TRIS Latch
»—— D Q
Analog
R
WRTRIS CKY input mode i
TTL
Input
Buffer
RD TRIS
ﬁ a D
RD Port EN
To A/D converter k
‘ RD Port
Note 1: 1/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (OPTION_REG<7>).

© 1999-2013 Microchip Technology Inc.
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TABLE 3-3 PORTB FUNCTIONS

Name Bit# Buffer Function

RBO/INT bit0 TTLSTM 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 bit5 TTL Input/output pin (with interrupt on change). Internal software
programmable weak pull-up.

RB6 bite | TTL/ST® |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 Bit 7 Bit 6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0 POR,
other resets

BOR
06h, 106h | PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO |xxxx 11xx | uuuu 1lluu
86h, 186h | TRISB PORTB Data Direction Register 1111 1111 | 1111 1111
81h, 181h | OPTION_REG | RBPU | INTEDG | TOCS | TOSE PSA PS2 PS1 PSO |1111 1111|1111 1111
9Fh ADCON1 ADFM | VCFG2 | VCFG1 | VCFGO | PCFG3 | PCFG2 | PCFG1 | PCFGO | 0000 0000 | 0000 0000

Legend: x =unknown, u = unchanged. Shaded cells are not used by PORTB.

© 1999-2013 Microchip Technology Inc.
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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 TMR20N
(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

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 post-
scaler (which gives a 1:1 to 1:16 scaling inclusive) to
generate a TMR2 interrupt (latched in flag bit TMR2IF,
(PIR1<15)).

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

the PICmicro™ Mid-Range Reference Manual, * any device reset (Power-on Reset, MCLR reset,
(DS33023). Watchdog Timer reset, or Brown-out Reset)
TMR2 is not cleared when T2CON is written.
FIGURE 6-1: T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)
U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— TOUTPS3|TOUTPS2{TOUTPS1|TOUTPS0| TMR20ON |T20KPS1 \TZCKPSO\ R = Readable bit
bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
- n = Value at POR reset
bit 7: Unimplemented: Read as '0'
bit 6-3: TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits
0000 = 1:1 Postscale
0001 = 1:2 Postscale
1111 = 1:16 Postscale
bit 2: TMR20ON: Timer2 On bit
1 =Timer2 is on
0 = Timer2 is off
bit 1-0: T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits

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

© 1999-2013 Microchip Technology Inc.
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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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8.22 GENERAL CALL ADDRESS SUPPORT

The addressing procedure for the I2C 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 I2C protocol. It
consists of all 0’s with R/'W =0

The general call address is recognized when the Gen-
eral Call Enable bit (GCEN) is enabled (SSPCON2<7>
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
l after ACK, set interrupt flag
c- s RW =0 Receiving data ACK
son T\l A0k /57)(08 Y 0504 Y0802 ) 1) Do
SCL —
SSPIF '
BF
(SSPSTAT<0>)
I “— Cleared in software
SSPBUF is read
SSPOV 0
(SSPCON<6>)
GCEN T
(SSPCON2<7>)

© 1999-2013 Microchip Technology Inc.

Advance Information

DS30275B-page 69



PIC16C77X

8.2.10 1°C MASTER MODE REPEATED START
CONDITION TIMING

A Repeated Start condition occurs when the RSEN bit
(SSPCON2<1>) is programmed high and the 1°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.

Note 1: If RSEN is programmed while any other
event is in progress, it will not take effect.
Note 2: A bus collision during the Repeated Start
condition occurs if:
¢ SDA is sampled low when SCL goes from low to
high.
* SCL goes low before SDA is asserted low. This

may indicate that another master is attempting
to transmit a data "1".

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
occur).

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

Start condition is complete.

FIGURE 8-22: REPEAT START CONDITION WAVEFORM

Write to SSPCON2

occurs here. :gﬁf 11 At completion of start bit,

SDA=1, 3 hardware clear RSEN bit

SCL(no change) l and set SSPIF

.
= Tare 1 Tare —I'F T,TRG -
| 1st Bit X
SDA (I
Falling edge of ninth clock | | Write to SSPBUF occurs here.

SCL

Set S (SSPSTAT<3>)

([
b Tere
L _| BRG
Sr = Repeated Start
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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

SDA >< DO

k= Tere | Tore 1
ACK

( AKEN automatically cleared

scL g |

Set SSPIF at the end j

SSPIF .

Cleared in
of receive software

Note: Tgrg= One baud rate generator period.

‘L Cleared in
software

Set SSPIF at the end
of acknowledge sequence
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TABLE 9-3 BAUD RATES FOR SYNCHRONOUS MODE

aaup |FosC=20MHz —  Tie wiz PR [10MHz PBRG |715909 MHz SPBRG

RATE % value % value % value % value

) |XBAUD ERRoR  (decimal)| “BAYP  ERROR  (decimal)| KBAYP  ERROR (decimal)|KBAYP  ERROR  (decimal)

03 | NA - - NA - - NA - - NA - -

12 | NA - . NA . . NA . - NA - .

24 | NA ; ; NA ; ; NA ; ; NA ; ;

96 | NA - - NA . . 9766 +1.73 255 | 9622 +0.23 185

192 | 1953 4173 255 | 1923 4016 207 | 1923  +0.16 129 | 19.24  +0.23 92

768 | 76.92  +0.16 64 | 7692  +0.16 51 | 7576  -1.36 32 | 7782  +1.32 22

96 | 96.15  +0.16 51 | 9524  -0.79 41 | 9615  +0.16 25 | 9420  -1.88 18

300 | 2941  -1.96 16 |307.60 +2.56 12 | 8125 4447 7 | 2083 -057 5

500 | 500 0 9 500 0 7 500 0 4 NA - -

HIGH | 5000 - 0 4000 - 0 | 2500 - o |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)
03 | NA - - NA - - NA - - NA - | 08038 <114 26
12 | NA ; ; NA ; ; NA ; ; 1202 +0.16 207 | 1170 -2.48 6
24 | NA ; ; NA ; ; NA ; - | 2404 +016 103 | NA - -
96 | 96 0 131 | 9615 +016 103 | 9.622 +023 92 | 9615 4016 25 NA - -
192 | 192 0 65 |19.231 +0.16 51 | 19.04 -0.83 46 | 1924 +0.16 12 NA - -
768 | 792 4313 15 |76923 4016 12 | 7457 -2.90 11 | 8334 +8.51 2 NA - ;
96 | 9748 +154 12 | 1000 +417 9 9943 +357 8 NA . - NA - -
300 | 3168 +560 3 NA - - 2083 -0.57 2 NA . - NA - -
500 | NA . - NA . - NA - - NA . - NA - -
HIGH | 1267 - 0 100 - 0o | 849 - 0 250 - 0o |s8192 - 0
LOW | 4950 - 255 | 3906 - 255 | 3496 - 255 |09766 - 255 | 0032 - 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)|KBAUD ERROR (decimal)|KBAUD ERROR (decimal)|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 3125 +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 24 0 32 2404 +1.67 25 2432 +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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FIGURE 9-4: ASYNCHRONOUS TRANSMISSION

Write to TXREG I qe

BRG outout Word 1 )J
outpu !
(shift logk)  —! L. | LT L1 L1 e 1
RC6/TX/CK (pin L : :
(pin) N\ Start Bit Bit0 Bl X §§ X BB swpir |
) . WORD 1 . !
TXIF bit . ‘ .
(Transmit buffer ' cc !
reg. empty flag) U D) [
TRMT bit WORD 1= :

(Transmit shift Transmit Shift Reg

reg. empty flag) ﬁ

“
—

FIGURE 9-5: ASYNCHRONOUS TRANSMISSION (BACK TO BACK)

Write to TXREG 1 I 55
Word 1 Word 2
BRG output or

@hitclocy ——  L—I LTt 1 o i 1 1 1

RCB/TX/CK (pin) : ) _ _ )
N_Start Bit Bit 0 Bit 1 it \Start Bit Bi
TXIF bit N ! it XS Bit7/8 /' Stop Bit _ wornS it 0
(interrupt reg. flag) T WORD 1 }
I | (C
JJ
TRMT bit WORD 1 ——» WORD 2
(Transmit shift Transmit Shift Reg. Transmit Shift Reg.

reg. empty flag)
]

C
JJ

Note: This timing diagram shows two consecutive transmissions.

TABLE 9-6 REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Value on: Value on
Address | Name Bit 7 Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR Resets
0Ch PIR1 PSPIF™ | ADIF| RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 | SREN | CREN | ADDEN | FERR OERR RX9D | 0000 000x | 0000 000x
19h TXREG | USART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE") | ADIE| RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
98h TXSTA CSRC | TX9 | TXEN | SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -010
99h SPBRG |Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x = unknown, - = unimplemented 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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FIGURE 9-8: ASYNCHRONOUS RECEPTION WITH ADDRESS BYTE FIRST

i Start S
RN VT C1) @SS CrVCTANVETS G5 ETVeT
it i

. CQ n C C
Load RSR o)) i ‘ ) i 55
Bit8 = 1, Address Byte Bit8 = 0, Data Byte T WORD 1
cC | CC RORES (¢ n_
Read D) ‘ D) ) ’)
. C C
RCIF C)C) P DD I

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 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR Resets
0Ch PIR1 PSPIF®) | ADIF| RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 | SREN | CREN | ADDEN | FERR OERR RX9D | 0000 000x | 0000 000x
1Ah RCREG | USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE") | ADIE| RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
98h TXSTA CSRC | TX9 | TXEN | SYNC — BRGH TRMT TX9D 0000 -010 | 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented 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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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 1/0 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
1/0 pins at either VDD, or Vss, ensure no external cir-
cuitry is drawing current from the I/O pin, power-down
the A/D, disable external clocks. Pull all I/O pins, that
are hi-impedance inputs, high or low externally to avoid
switching currents caused by floating inputs. The
TOCKI input should also be at VDD or Vss for lowest
current consumption. The contribution from on-chip
pull-ups on PORTB should 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. TMR1 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 (SPI/I12C).

USART RX or TX (synchronous slave mode).

A/D conversion (when A/D clock source is RC).

Low-voltage detect.

»

© o N’

Other peripherals cannot generate interrupts since dur-
ing SLEEP, no on-chip clocks are present.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction and then branches to the inter-
rupt address (0004h). In cases where the execution of
the instruction following SLEEP is not desirable, the
user should have a NOP after the SLEEP instruction.

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:

« |f the interrupt occurs before the execution of a
SLEEP instruction, the SLEEP instruction will com-
plete as a NOP. Therefore, the WDT and WDT
postscaler will not be cleared, the TO bit will not
be set and PD bits will not be cleared.

If the interrupt occurs during or after the execu-
tion of a SLEEP instruction, the device will imme-
diately wake up from sleep. The SLEEP instruction
will be completely executed before the wake-up.
Therefore, the WDT and WDT postscaler will be
cleared, the TO bit will be set and the PD bit will
be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruc-
tion should be executed before a SLEEP instruction.
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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
Section 15.2.
Param Characteristic Sym Min | Typt| Max |Units Conditions
No.
Input Low Voltage
I/0 ports ViL
D030 with TTL buffer Vss — |0.15VDD| V
DO30A Vss — 0.8V Vv
D031 with Schmitt Trigger buffer
RC3 and RC4 Vss — | 03VDbD| V
All others Vss — | 0.2VDD
D032 |MCLR, OSC1 (in RC mode) Vss — O.2VD<
D033 |OSCH (in XT, HS and LP) Vss — _©3VoD
Input High Voltage
I/0 ports VIH —
with TTL buffer \ ™~
D040 2\0 D V |45V <VDD<5.5V
DO40A 0.25 DS> $ V  |For entire VDD range
+ 0.8V
with Schmitt Trigger buffer
D041 RC3 and RC4 Q 0.7V — VDD V' |2C compliant
All others .8VD - VDD V' |For entire VDD range
D042 |MCLR 8VDD | — VbD Vv
D042A |OSC1 (XT, HS ynd\.P) 0.7VbD | — VbD V  |Notet
D043 |0SCT inRC move) o9voo| — | voo | Vv
D070 [PORTRweak pull-Up cierént IPURB| 50 250 | 400 uA VDD =5V, VPIN = Vss
Input rrent
(Notes
D060 |I/O ports«digi I — — +1 pA |Vss < VPIN < VDD, Pin at hi-
impedance
DO60A |I/O potts(RAO-RA3, RA5, RB2, L — — +100 nA |Vss < VPIN < VDD, Pin at hi-
RB3 analog) impedance
D061 |MCLR, RA4/TOCKI — — 5 pA |Vss < VPIN < VDD
D063 |OSCH — — 5 pA |Vss < VPIN VDD, XT, HS and LP
osc configuration
Output Low Voltage
D080 |I/O ports VoL — — 0.6 V |loL=8.5mA, 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.
1t 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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FIGURE 15-3: LOAD CONDITIONS

Load condition 1 Load condition 2

VDD/2

RL

o 2

Pin T Pin T’ CL
Vss Vss
RL = 464Q
CL = 50pF forall pins except OSC2, but including PORTD angPO utp S
ports
15 pF  for OSC2 output
Note: PORTD and PORTE are not implementedm CXA3.

%@% -
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FIGURE 15-9: A/D CONVERSION TIMING (NORMAL MODE)

BSF ADCONO, GO X

134 —» -

131

1/2 Tey f——

|1

A/D DATA

I

SLEEP instruction to be executed.

. C /
ADRES ‘ OLD_DATA 7¢ X EW_ DA

' D) N

ADIF : S S /7‘ \
‘ L [ [

GO ) X \
' SAMPLING S
SAMPLE ~— 132 | JORK
Note 1:  If the A/D clock source is selected as RC, a tim Tcy is added the A/Dglock starts. This allows the

TABLE 15-10 A/D CONVERS?N\EQN ﬁFME TS

Parameter | Sym | Characteri \{9\‘ Max Units Conditions
No.
130* TaD | AXD cleck perio N\/ — — pus | Tosc based, VREF > 2.5V
3.0 — — pus | Tosc based, VREeF full range
130* TAD MNA/D Intgrnal ADCS1:ADCSO0 = 11 (RC mode)
{lator\period 3.0 6.0 9.0 us At Vpp = 2.5V
2.0 4.0 6.0 us At Vbp = 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* TacQ | Acquisition Time Note 2 115 — us
5* — — pus | 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* Tco | Q4 to A/D clock start — Tosc/2 — — | If the A/D clock source is selected
as RC, a time of Tcy is added
before the A/D clock starts. This
allows the SLEEP instruction to be
executed.

*

These parameters are characterized but not tested.

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 15-12: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2)

RC1/T10SI/CCP2
and RC2/CCP1
(Capture Mode)

:<750‘>; ;<751 —

52

RC1/T10SI/CCP2
and RC2/CCP1
(Compare or PWM Mode)

53— e

Note: Refer to Figure 15-3 for load 68nditions

TABLE 15-13 CAPTURE/COMP& é(PWI\KR /IE@N\@ (CCP1 AND CCP2)
Parameter | Sym |Characteristic Min Typt| Max | Units|Conditions
S
Tee

50" ‘BKP\\esc ler 05Tcy+20 | — | — | ns
ut Iow tl e ~_~ PIC16C77X 10 — | _ ns
With Prescaler o516 c77x 20 — [ =1 ns

51* N 1 \1/0 No Prescaler 0.5Tcy+20 | — — ns

ut\ighrtime PIC16C77X 10 — | — | ns
$ With Prescaler [5,~1a1 c77x 20 — | = ns

52*\ TccP |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* TccF |CCP1 and CCP2 output fall time  |PIC16C77X — 10 25 ns
PIC16LC77X — 25 45 ns

*

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.
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17.10 KO04-048 44-Lead Plastic Leaded Chip Carrier (L) — Square

Note:

at http://www.microchip.com/packaging

For the most current package drawings, please see the Microchip Packaging Specification located

E1

E

|<—# leads = n1 —>{

e O e O B B e e O e O O B e

O 0
O 0
O 0
O 0
O 0
O 0 D D1
O 0
O 0
| :
E O h
nt2 ~ ™~a
- CH2 x 45° CH1 x 45° & i A3
L
N\ ol R v i
R T
: N S
B A2 D] e
E2 D2
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 0.178 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 EF 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 1
Lead Thickness c 0.008 0.010 0.012 0.20 0.25 0.30
Upper Lead Width B1f 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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BIT/REGISTER CROSS-REFERENCE
LIST
ADCST:ADCSO .ovovvvrersieveenennessses ADCONO<7:6>

ADIE .
ADIF .

ADON
SSPSTAT<0>
...PCON<0>
....TXSTA<2>
STATUS<0>
CCP1IE ... ...PIE1<2>
CCP1IF ...PIR1<2>

CCP1M3:CCP1MO
CCP1X:CCP1Y
CCP2IE ...
CCP2IF ...
CCP2M3:CCP2MO0
CCP2X:CCP2Y .

CCP1CON<3:0>
...CCP1CON<5:4>

CCP2CON<3:0>
CCP2CON<5:4>
...ADCONO0<5:3>
...SSPSTAT<6>
SSPCON<4>
....RCSTA<4>

... TXSTA<7>
SSPSTAT<5>
STATUS<1>

...INTCON<4>
OPTION_REG<6>
...INTCON<1>
...STATUS<7>
TRISE<6>
RCSTA<1>
SSPSTAT<4>
...ADCON1<2:0>
...STATUS<3>
INTCON<6>
...PCON<1>

PS2:PSO .. ..OPTION_REG<2:0>
PSA .. OPTION_REG<3>
PSPIE ...

PSPIF

PSPMODE .
RW
RBIE .

SSPSTAT<2>
INTCON<3>

RBIF . ...INTCON<0>
RBPU ... ...OPTION_REG<7>
RCIE . PIE1<5>

RCIF . ...PIR1<5>
RP1:RPO .... ...STATUS<6:5>
RX9 .. RCSTA<6>

RX9D RCSTA<O>

S SSPSTAT<3>

SMP

SSPSTAT<7>
SPEN RCSTA<7>
SREN ... RCSTA<5>
SSPEN ... ...SSPCON<5>
SSPIE ... ....PIE1<3>
SSPIF ... PIR1<3>
SSPM3:SSPMO ... ...SSPCON<3:0>
SSPOV ... ...SSPCON<6>
SYNC ... TXSTA<4>

TOCS ...
TOIE
TOIF ...
TOSE
T1CKPS1:T1CKPSO ..
T10SCEN

T2CKPS1:T2CKPSO ..
TMR1CS
TMRIIE ..

TOUTPS3:TOUTPSO .
TRMT ..
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