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PIC16C77X

FIGURE 1-2: PIC16C774 BLOCK DIAGRAM
#— Program Counter
EPROM 9 4 RAO/ANO
Program B RA1/AN1
Memory RAM s RA2/AN2/VREF-/VRL
8 Level Stack File ~t RA3/AN3/VREF+/VRH
4Kx 14 (13-bit) Registers B gﬁgg?\ﬁtm
o 256 x 8 T
rogram
Bus 14 RAM Addr (" t 9 PORTB
. Addr MUX RBO/INT
Instruction reg RB1/58
‘ ‘ Direct Addr 7, Indirect RB2/ANS
Addr RB3/AN9/LVDIN
RB7:RB4
8 STATUS reg PORTC
RCO/T10SO/T1CKI
X} < RC1/T10SI/CCP2
N RC2/CCP1
Instruction < RC3/SCK/SCL
Decode & S RC4/SDI/SDA
Control qu'vivnewre-rp «— RC5/SDO
i i ALU < RC6/TX/CK
OSC1/CLKIN|X|<}:'> Ger:r::gtgi;on ko= Oscillator RC7/RX/DT
0SC2/CLKOUT Start-up Timer 8 PORTD
Power-on
Watchdog
Timer [ RD7/PSP7:RDO/PSPO
Precision Brown-out
Reference Reset
% Parallel Slave Port PORTE
MCLR VDD, Vss <>—>‘X REO/AN5/RD
4—X] RE1/AN6/WR
12-bit ——x] AvoD +—{X] RE2/AN7/CS
ADC ——X] Avss
Timer0 Timer1 Timer2
Synchronous
CCcP1.2 Serial Port USART

Note 1:

Higher order bits are from the STATUS register.
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PIC16C77X

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
(Table 3-5). 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 0

CLRF PORTC Initialize PORTC by
clearing output

; data latches

; Select Bank 1

; Value used to

BSF STATUS, RPO
MOVLW 0xCF
; initialize data
direction
MOVWF TRISC ; Set RC<3:0> as inputs
; RC<5:4> as outputs
; RC<7:6> as inputs

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

PORT/PERIPHERAL Select®

Peripheral Data Out

Data bus
AAVVEAAAAk—D Q P
PORT ck~.a
Data Latch %
— D Q 110
WR pinm
TRIS cK_Q N
TRIS Latch
Vss
L
Schmitt
RD TRIS Trigger %7
Peripheral
OE® Q D
RD EN 4]
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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3.4 PORTD and TRISD Registers

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

FIGURE 3-10: PORTD BLOCK DIAGRAM (IN

I/0 PORT MODE)

PORTD is an 8-bit port with Schmitt Trigger input buf- pata .
fers. Each pin is individually configurable as an input or WR ; H‘E
output. PORT “ 1/0 pin™
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 c Schmitt
oK Trigger %7
TRIS Latch et
RD TRIS
Q D
EN
RD PORT >° —‘
Note 1: 1/O pins have protection diodes to VDD and Vss.

TABLE 3-7 PORTD FUNCTIONS

Name Bit# Buffer Type Function

RDO/PSPO bit0 staTLM Input/output port pin or parallel slave port bit0

RD1/PSP1 bit1 sTaTLM Input/output port pin or parallel slave port bit1

RD2/PSP2 bit2 sTTLM Input/output port pin or parallel slave port bit2

RD3/PSP3 bit3 staTLM Input/output port pin or parallel slave port bit3

RD4/PSP4 bit4 STATL! Input/output port pin or parallel slave port bit4

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

RD6/PSP6 bit6 sT/TTLM Input/output port pin or parallel slave port bité

RD7/PSP7 bit7 staTLM 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 1/0 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 4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
other resets

BOR
08h PORTD | RD7 | RD6 | RD5 RD4 RD3 RD2 RD1 RDO XXXX XXXX | uuuu uuuu
88h TRISD | PORTD Data Direction Register 1111 1111 | 1111 1111
8oh TRISE | 1BF | OBF | 1BOV [ PSPMODE | — | PORTE Data Direction Bits 0000 -111 | 0000 -111

Legend: x =unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by PORTD.
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TABLE 3-9 PORTE FUNCTIONS

Name Bit# Buffer Type Function
REO/RD/AN5 bit0 sTTLM 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)

RE1/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 sTTLM Input/output port pin or chip select control input in parallel slave port
mode or analog input:
cs
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 1/0 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 Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit2 Bit 1 Bit0 POR,
other resets
BOR
09h |PORTE — — — — — RE2 RE1 REO ---- -xxX | ---- -uuu
89h | TRISE IBF OBF IBOV | PSPMODE — PORTE Data Direction Bits | 0000 -111 | 0000 -111
9Fh |ADCON1 | ADFM | VCFG2 | VCFGT | VCFGO | PCFG3 | PCFG2 | PCFG1T | 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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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 TMR10ON (T1CON<0>).

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

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

5.1 Timer1 Operation

Timer1 can operate in one of these modes:

e 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/T10SO/T1CKI pins
become inputs. That is, the TRISC<1:0> value is
ignored.

Timer1 also has an internal “reset input”. This reset can
be generated by the CCP module (Section 7.0).

FIGURE 5-1: T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)

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

R/W-0 R/W-0

\ — | — |T1CKPS1‘T1CKPSO‘T1OSCEN‘ TISYNC |TMH1CS\TMH10N\ R = Readable bit

bit7

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 = Oscillator is enabled
0 = Oscillator is shut off

TMR1CS =1
0 = Synchronize external clock input

TMR1CS =0

bit 1:  TMR1CS: Timer1 Clock Source Select bit

0 = Internal clock (FOsc/4)

bit 0: TMR1ON: Timer1 On bit
1 = Enables Timer1
0 = Stops Timer1

bit 3: T10SCEN: Timer1 Oscillator Enable Control bit

1 = Do not synchronize external clock input

W = Writable bit

U = Unimplemented bit,
read as ‘0’

- n = Value at POR reset

bit0

bit 5-4: TICKPS1:T1CKPSO0: Timer1 Input Clock Prescale Select bits

Note: The oscillator inverter and feedback resistor are turned off to eliminate power drain
bit 2:  T1SYNC: Timer1 External Clock Input Synchronization Control bit

This bit is ignored. Timer1 uses the internal clock when TMR1CS = 0.

1 = External clock from pin RCO/T10SO/T1CKI (on the rising edge)

© 1999-2013 Microchip Technology Inc.
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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.

7141 CCP PIN CONFIGURATION

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

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

FIGURE 7-2: CAPTURE MODE OPERATION
BLOCK DIAGRAM

Set flag bit CCP1IF

Prescaler (PIR1<2>)
g '7 +1,4,16 4
RC2/CCP1 CCPR1H | CCPRIL
RO _F
and Capture
edge detect Enable

TMR1H TMR1L

T CCP1CON<3:0>
Qs

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:CCP1MO0. 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 ;jLoad the W reg with

; the new prescaler

; mode value and CCP ON
;Load CCP1CON with this
; value

MOVWF CCP1CON
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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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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 8-26: 12C MASTER MODE TIMING (TRANSMISSION, 7 OR 10-BIT ADDRESS)

] o o m

N3d

"asempiey Aq paies|do NS UORIPUOD LIES JajY |«

! N3s

USplUM 4NGdSS IF

SJBMYOS Ul USRLIM SI 4NEdSS

: (<0>1vLSdSS) 49

SIEMYOS Ul PaIed|d A

L] didss

a1emyos Ul pelealn

dnueul 4SS woi4
F ' UIINO0J BIAISS SIBMYOS Ul pales|o 1«

41dSS 01 spuodsal
y NdO 8lium
Mo| p|dy T10S

108
” ” Jiwsuel} Jeis ” ”
Lo AV PUE SSSIPPE 1Iq £ Ui USHUM JNEISS IF Lo
e 0 = MOV H A vas
Lo MOV SS3IPPV 19-01 40 0=MMH 9AB|S 0} SSOIPPY HWSuel] Lo
[ S JleH puooag Jo eeq Bumiwsues| N
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FIGURE 8-27: MASTER RECEIVER FLOWCHART

Idle mode

Num_Clocks = 0,
Release SDA

Y

Force SCL=0,
Load BRG w/

\J

SSPADD<6:0>,
start count

-

Sample SDA,
Shift data into SSPSR

v

Load BRG with
SSPADD<6:0>,
start count.

(Clock Arbitration)

¢
BRG No
rollove

Num_Clocks
= Num_Clocks + 1

Force SCL =0,
Set SSPIF,
Set BF.
Move contents of SSPSR
into SSPBUF,
Clear RCEN.

L

er?
Yes Yes

No
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FIGURE 9-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER (ADDRESS 18h)

RW-0  RMW-0 RMW-0 RW-0 RMW-0 RO R-0 R-x
| SPEN [ Rx9 | SREN | CREN | ADDEN | FERR | OERR | RX9D | [R = Readable bit
bit7 pito | W =Writable bit
U = Unimplemented bit,
read as ‘0’

- n =Value at POR reset

bit7: ~ 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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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

e 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.

© 1999-2013 Microchip Technology Inc.
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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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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
0sCH | Internal

L A clock
Cext TJ'— PIC16C77X
Vss = =

-%+— OSC2/CLKOUT
Fosc/4
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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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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 'f' 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 13-1 OPCODE FIELD
DESCRIPTIONS
Field Description
£ Register file address (0x00 to 0x7F)
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. Itis the
recommended form of use for compatibility with all
Microchip software tools.

d Destination select; d = 0: store result in W,
d = 1: store result in file register f.
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 ps. 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 ps.

Table 13-2 lists the instructions recognized by the
MPASM assembler.

Figure 13-1 shows the general formats that the instruc-
tions can have.

Note: To maintain upward compatibility with
future PIC16CXXX products, do not use
the OPTION and TRIS instructions.

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 0
| OPCODE [d | f (FILE #) |

d = 0 for destination W
d = 1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 7 6 0

OPCODE |b(BIT#)| f (FILE #) |

3-bit bit address

b
f = 7-bit file register address

Literal and control operations

General
13 8 7 0
OPCODE k (literal)

k = 8-bit immediate value

CALL and GOTO instructions only
13 11 10 0
OPCODE k (literal)

k = 11-bit immediate value

A description of each instruction is available in the
PICmicro™ Mid-Range Reference Manual,
(DS33023).
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FIGURE 15-8: BANDGAP START-UP TIME

VBGAP / VBGAP = 1.2V

Enable Bandgap

<— TBGAP —»]

Bandgap stable

TABLE 15-8 BANDGAP START-UP TIME

Parameter Sym | Characteristic Min Typt Max , Uni COW
No.
36* TBGAP |Bandgap start-up time — 30 D us efimed\as tae tinfe between
the ihstgnt that the bandgap
h.

\ nabfed and the moment
t

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 gtherwi s@ se paxameters are for design guidance only and are not
tested.
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FIGURE 15-11: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

RCO/T10SO/T1CKI

TMRO or
TMRA1

Note: Refer to Figure 15-3 for load conditions.

TABLE 15-12 TIMERO AND TIMER1 EXTERN*L \SQEM\\%EMENTS

Param Characteristic \ \ \ \/ Typt [ Max | Units [Conditions
No. \
40* TtOH  [TOCKI High Pulse Width INo Pregcaldr 0.5TCY + 20 — | — | ns [Mustalso meet
With Prascaler 10 — | — | ns |parameter42
41* TtOL  [TOCKlow Wi N |Np Prescaler 0.5TcY + 20 — | — | ns [Mustalso meet
X(E&w\a‘i With Prescaler 10 — | = ns |parameter 42
42 TtOP TOCKY Peripd No Prescaler Tcy + 40 — — ns
With Prescaler |Greater of: — — ns |N = prescale value
20 or TCY + 40 2, 4, ..., 256)
N
45* 1H\ [PICKI Righ Tipe” [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 T1CKIl Low Time  |Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous, [PIC16C77X 15 - — ns |parameter 47
Prescaler = PIC16LC77X 25 — — ns
2,4,8
Asynchronous [PIC16C77X 30 - - ns
PIC16LC77X 50 — — ns
47 Tt1P  |T1CKl input period [Synchronous |PIC16C77X r r of: - - ns [N = prescale value
30 ORTCY + 40 (1,2,4,8)
N
PIC16LC77X  |Greater of: — — ns |N = prescale value
50 ORTCY + 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.
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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NOTES:
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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.

(blank otherwise)

PAR'I" NO. % 2(( /XTX XXX
Device Frequency Temperature Package Pattern
Range Range

Device PIC16C77X"), PIC16C77XT®);VDD range 4.0V to 5.5V
PIC16LC77X(1), PIC16LC77XT®;VDD range 2.5V to 5.5V

Frequency Range 04 =4 MHz
20 =20 MHz

Temperature Range b® = 0°Cto 70°C (Commercial)
| = -40°Cto +85°C (Industrial)

Package JW = Windowed CERDIP/Ceramic
PQ = MQFP (Metric PQFP)
PT = TQFP (Thin Quad Flatpack)
SO = SO0IC
SP = Skinny plastic dip
P = PDIP
L = PLCC
SS = SSOP
Pattern QTP, SQTP, Code or Special Requirements

Examples:

g) PIC16C774 -04/P 301 = Commercial temp.,
PDIP package, 4 MHz, normal VDD limits, QTP
pattern #301.

h) PIC16LC773 - 041/SO = Industrial temp., SOIC
package, 200 kHz, Extended VDD limits.

i) PIC16C774 - 20I/P = Industrial temp., PDIP
package, 20MHz, normal VDD limits.

Note1: C =CMOS
LC =Low Power CMOS
T = in tape and reel - SOIC, SSOP,
PLCC,
MQFP, TQFP packages only.
2: b = blank

* 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

1. Your local Microchip sales office

New Customer Notification System

2. The Microchip Worldwide Site (www.microchip.com)

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:

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

Register on our web site (www.microchip.com/cn) to receive the most current information on our products.
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