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PIC16C77X

Pin Diagrams

300 mil. SDIP, SOIC, Windowed CERDIP, SSOP
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2224 PIE1 REGISTER

Note: Bit PEIE (INTCON<6>) must be set to
enable any peripheral interrupt.

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

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

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

[PsPiEM] ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE

bit7 bit0

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

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

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

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

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

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

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

bit 0: TMR1IE: TMR1 Overflow Interrupt Enable bit
1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

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

R = Readable bit

W = Writable bit

U = Unimplemented bit,
read as ‘0’

- n = Value at POR reset

© 1999-2013 Microchip Technology Inc. Advance Information
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2.3 PCL and PCLATH

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

2.3.1 STACK

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

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

After the stack has been PUSHed eight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
so on).

2.4 Program Memory Paging

PIC16C77X devices are capable of addressing a con-
tinuous 8K word block of program memory. The CALL
and GOTO instructions provide only 11 bits of address
to allow branching within any 2K program memory
page. When doing a CALL or GOTO instruction the
upper 2 bits of the address are provided by
PCLATH<4:3>. When doing a CALL or GOTO instruc-
tion, the user must ensure that the page select bits are
programmed so that the desired program memory
page is addressed. If a return from a CALL instruction
(or interrupt) is executed, the entire 13-bit PC is pushed
onto the stack. Therefore, manipulation of the
PCLATH<4:3> bits are not required for the return
instructions (which POPs the address from the stack).

DS30275B-page 24
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4.0 TIMERO MODULE

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

¢ 8-bit timer/counter

¢ Readable and writable

¢ Internal or external clock select

* Edge select for external clock

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

Figure 4-1 is a simplified block diagram of the Timer0
module.

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

41 Timer0 Operation

Timer0 can operate as a timer or as a counter.

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

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

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

FIGURE 4-1: TIMERO BLOCK DIAGRAM

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

4.2 Prescaler

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

The prescaler is not readable or writable.

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

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

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

When assigned to the Timer0 module, all instructions
writing to the TMRO register (e.g. CLRF 1, MOVWF 1,
BSF  1,x...etc.) will clear the prescaler. When
assigned to WDT, a CLRWDT instruction will clear the
prescaler along with the WDT.

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

Data bus
Fosc/4 0 PSout
Sync with
1 Internal
lock:
RA4/TOCKI Programmable coeks  ogout
pin Prescaler
TOSE (2 cycle delay)
3

Set interrupt
PS2, PS1, PSO PSA flag bit TOIF
ToCs on overflow

Note 1: TOCS, TOSE, PSA, PS2:PS0 (OPTION_REG<5:0>).
2: The prescaler is shared with Watchdog Timer (refer to Figure 4-2 for detailed block diagram).

© 1999-2013 Microchip Technology Inc.
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5.1.1 TIMER1 COUNTER OPERATION

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

FIGURE 5-2: TIMER1 INCREMENTING EDGE

TiCKI
(Default high) ‘ ‘ ‘ ‘

TICKI | ‘ ‘ ‘

(Default low)

Note: Arrows indicate counter increments.

FIGURE 5-3: TIMER1 BLOCK DIAGRAM
Set flag bit
TMR1IF on
Overflow 0 Synchronized
TMR1 clock input
TMR1H | TMR1L
1 -«
TMR10ON ____
,,,,,,,, on/off T1SYNC
' T10sC |
RCO/T10SO/T1CKI ‘E . 13 ’} 1 Svrohror
X Prescaler ynchronize
T10SCEN  Fosc/4 1,2,4,8 ﬁet
C1T10S gna]ﬁh?t 4 Internal—f 0 } I
RC1/T10SI + Oscillator
- Clock 2 SLEEP input
"""" T1CKPS1:T1CKPS0
TMR1CS
Note 1: When the TIOSCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.
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6.2 Timer2 Interrupt

The Timer2 module has an 8-bit period register PR2.
Timer2 increments from 00h until it matches PR2 and
then resets to 00h on the next increment cycle. PR2 is
areadable and writable register. The PR2 register is ini-
tialized to FFh upon reset.

6.3 Output of TMR2

The output of TMR2 (before the postscaler) is fed to the
Synchronous Serial Port module which optionally uses
it to generate shift clock.

FIGURE 6-2:

TIMER2 BLOCK DIAGRAM

Sets flag

bit TMR2IF | DU (1)

TMR2 reg

V.
7

Reset
>

Postscaler
1:1 to 1:16| EQ

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

Note 1: TMR2 register output can be software selected

by the SSP Module as a baud clock.

TABLE 6-1 REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER
Value on: Value on
Address Name Bit7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit1 Bit 0 POR, all other
BOR resets
0Bh,8Bh, INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
10Bh,18Bh
0oCh PIR1 PSPIF® | ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000|0000 0000
8Ch PIE1 PSPIE™ ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE TMR1IE | 0000 0000 | 0000 0000
11h TMR2 | Timer2 module’s register 0000 0000 | 0000 0000
12h T2CON - { TOUTPS3 | TOUTPS2 { TOUTPS1 { TOUTPSO | TMR20N | T2CKPS1 { T2CKPS0 | -000 0000 | -000 0000
92h PR2 Timer2 Period Register 1111 1111 1111 1111
Legend: x = unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used by the Timer2 module.
Note 1: These bits are reserved on the 28-pin, always maintain these bits clear.

DS30275B
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NOTES:
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8.0 MASTER SYNCHRONOUS
SERIAL PORT (MSSP)
MODULE

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

¢ Serial Peripheral Interface (SPI)
« Inter-Integrated Circuit (I12C™)

© 1999-2013 Microchip Technology Inc. Advance Information DS30275B-page 53
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FIGURE 8-8: SPI SLAVE MODE WAVEFORM (CKE = 0)
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FIGURE 8-9: SPI SLAVE MODE WAVEFORM (CKE = 1)

not optional '
SCK

CKE = 1y : . . . . . . . .

SCK 1 :
(CKP =1 ‘ ‘
CKE = 1) 1 : : : : : : : : : :

Write to l ]
SSPBUF !

bits > bita > bit3 ) bit2 1% bit1 - bito -

sDo " btz bit6 |

SDI
(SMP =0)

Cobit7 X . . i i " bito |

o tot ottt ottt

(SMP = 0)
SSPIF - - - - - -

Interrupt . ) ) ) ) ) . ) ) A
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8.1.7  SLEEP OPERATION

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

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

8.1.8 EFFECTS OF A RESET

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

TABLE 8-1 REGISTERS ASSOCIATED WITH SPI OPERATION

Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit 0 POR, BOR | MCLR, WDT
0Bh, 8Bh, | \\TcON GIE PEIE | TOIE |INTE| RBIEE | TOF INTF RBIF | 0000 000x | 0000 000U
10Bh,18Bh
0Ch PIR1 PSPIF(™) ADIF RCIF TXIF | SSPIF CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
8Ch PIE1 PSPIEM ADIE RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | uuuu uuuu
14h SSPCON WCOL SSPOV | SSPEN | CKP | SSPM3 | SSPM2 SSPM1 SSPMO | 0000 0000 | 0000 0000
94h SSPSTAT SMP CKE D/A P s R/W UA BF 0000 0000 | 0000 0000
Legend:  x =unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by the SSP in SPI mode.
Note 1: These bits are reserved on the 28-pin devices, always maintain these bits clear.
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I2C MASTER MODE START CONDITION
TIMING

8.2.9

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

Note: If at the beginning of START condition the
SDA and SCL pins are already sampled
low, or if during the START condition the
SCL line is sampled low before the SDA
line is driven low, a bus collision occurs, the
Bus Collision Interrupt Flag (BCLIF) is set,

the START condition is aborted, and the

I2C module is reset into its IDLE state.

FIGURE 8-20: FIRST START BIT TIMING

8.2.9.5 WCOL STATUS FLAG

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

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

condition is complete.

Write to SEN bit occurs here.
SDA =1,

SCL=1

|

SDA

Set S bit (SSPSTAT<3>)

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

o

Write to SSPBUF occurs here

>< 2nd Bit

1st Bit
|‘ TBRG 'l

SCL

o )‘ TBRG ’l
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NOTES:
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11.7  Use of the CCP Trigger

An A/D conversion can be started by the “special event
trigger” of the CCP module. This requires that the
CCPnM<3:0> bits be programmed as 1011b and that
the A/D module is enabled (ADON is set). When the
trigger occurs, the GO/DONE bit will be set on Q2 to
start the A/D conversion and the Timer1 counter will
be reset to zero. Timer1 is reset to automatically
repeat the A/D conversion cycle, with minimal software
overhead (moving the ADRESH and ADRESL to the
desired location). The appropriate analog input chan-
nel must be selected before the “special event trigger”
sets the GO/DONE bit (starts a conversion cycle).

If the A/D module is not enabled (ADON is cleared),
then the “special event trigger” will be ignored by the
A/D module, but will still reset the Timer1 counter.

11.8  Effects of a RESET

A device reset forces all registers to their reset state.
This forces the A/D module to be turned off, and any
conversion is aborted. The value that is in the
ADRESH and ADRESL registers are not modified.
The ADRESH and ADRESL registers will contain
unknown data after a Power-on Reset.

11.9 Faster Conversion - Lower
Resolution Trade-off

Not all applications require a result with 12-bits of res-
olution, but may instead require a faster conversion
time. The A/D module allows users to make the
trade-off of conversion speed to resolution. Regard-
less of the resolution required, the acquisition time is
the same. To speed up the conversion, the A/D mod-
ule may be halted by clearing the GO/DONE bit after
the desired number of bits in the result have been con-
verted. Once the GO/DONE bit has been cleared, all
of the remaining A/D result bits are ‘0. The equation
to determine the time before the GO/DONE bit can be
switched is as follows:

Conversion time = NeTAD + 1TAD

Where: N = number of bits of resolution required,
and 1TAD is the amplifier settling time.

Since TAD is based from the device oscillator, the user
must use some method (a timer, software loop, etc.) to
determine when the A/D GO/DONE bit may be
cleared. Table 11-2 shows a comparison of time
required for a conversion with 4-bits of resolution, ver-
sus the normal 12-bit resolution conversion. The
example is for devices operating at 20 MHz. The A/D
clock is programmed for 32 Tosc.

TABLE 11-2  4-BIT vs. 12-BIT

CONVERSION TIMES
Freq. Resolution
(MH2) | gpit | 12-bit
Tosc 20 |50ns 50 ns
TAD = 32 Tosc 20 [1.6us |[1.6us
1TAD+NeTAD 20 |8us 20.8 us

© 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).

DS30275B-page 128

Advance Information

© 1999-2013 Microchip Technology Inc.



PIC16C77X

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 = =
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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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TABLE 13-2 PIC16CXXX INSTRUCTION SET

Mnemonic, Description Cycles 14-Bit Opcode Status Notes
Operands MSb LSb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF f,d | Add W and f 1 00 0111 dfff ffff|C,DC,Z 1,2
ANDWF f,d | AND W with f 1 00 0101 dfff ffff|Z 1,2
CLRF f Clear f 1 00 0001 1fff ffff|Z 2
CLRW - Clear W 1 00 0001 Oxxx xxxx|Z

COMF f,d | Complement f 1 00 1001 dfff ffff|Z 1,2
DECF f,d | Decrement f 1 00 0011 AJdfff ffff|Z 1,2
DECFSZ f,d | Decrement f, Skip if O 1(2) | oo 1011 dfff ffff 1,2,3
INCF f,d | Incrementf 1 00 1010 dfff ffff|Z 1,2
INCFSZ f,d | Increment f, Skip if 0 1(2) | oo 1111 dfff ffff 1,2,3
IORWF f,d | Inclusive OR W with f 1 00 0100 Adfff ffff|Z 1,2
MOVF f,d | Move f 1 00 1000 JQfff ffff|Z 1,2
MOVWF f Move W to f 1 00 0000 1fff £fff

NOP - No Operation 1 00 0000 0xx0 0000

RLF f,d | Rotate Left f through Carry 1 00 1101 dfff ffff|C 1,2
RRF f,d | Rotate Right f through Carry 1 00 1100 dfff ffff|C 1,2
SUBWF f,d | Subtract W from f 1 00 0010 dfff ffff|C,DC,Z 1,2
SWAPF f,d | Swap nibbles in f 1 00 1110 dfff ffff 1,2
XORWF f,d | Exclusive OR W with f 1 00 0110 AJdfff ffff|Z 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS

BCF f,b | Bit Clear f 1 01 O00bb bfff ffff 1,2
BSF f,b | BitSetf 1 01 O0lbb bfff ffff 1,2
BTFSC f, b | Bit Test f, Skip if Clear 1(2) 01 10bb bfff ffff 3
BTFSS f,b | Bit Test f, Skip if Set 1(2) 01 11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS

ADDLW k Add literal and W 1 11 111x kkkk kkkk| C,DC,Z
ANDLW k AND literal with W 1 11 1001 kkkk kkkk| Z

CALL k Call subroutine 2 10 Okkk kkkk kkkk

CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100| TOPD

GOTO k Go to address 2 10 1kkk kkkk kkkk

IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk| Z

MOVLW k Move literal to W 1 11  o00xx kkkk kkkk

RETFIE - Return from interrupt 2 00 0000 0000 1001

RETLW k Return with literal in W 2 11 0lxx kkkk kkkk

RETURN - Return from Subroutine 2 00 0000 0000 1000

SLEEP - Go into standby mode 1 00 0000 0110 0011| TOPD
SUBLW k Subtract W from literal 1 11  110x kkkk kkkk| C,DC,Z
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk| Z

Note 1: When an I/O register is modified as a function of itself ( e.g., MOVF PORTB, 1), the value used will be that value present

on the pins themselves. For example, if the data latch is '1' for a pin configured as input and is driven low by an external

device,

the data will be written back with a '0'.

2: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if assigned
to the Timer0 Module.
3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is
executed as a NOP.
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15.5

15.5.1

AC Characteristics: PIC16C77X (Commercial, Industrial)
TIMING PARAMETER SYMBOLOGY

The timing parameter symbols have been created following one of the following formats:

1. TppS2pp$S 3.TccsT  (I’C specificW
2. TppS 4.Ts (I’C specifications-6nly)
T
F Frequency T Tim / N\
Lowercase letters (pp) and their meanings: / /
PP
cc CCP1
ck CLKOUT
cs CcS D oxWR
di SDI
do SDO
dt Data in t0 TOCKI
io I/0 port T1CKI
mc MCLR wr WR
Uppercase Ietter%@l?m&min&a\\ \ |
P Period
R Rise
\% Valid
z Hi-impedance
AA output access High High
BUF Bus free Low Low
Tce:sT (I2C specifications only)
cc
HD Hold SuU Setup
ST
DAT DATA input hold STO STOP condition

STA START condition
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A/D Converter Enable (ADIE Bit) .
A/D Converter Flag (ADIF Bit)
ADCONO Register ....
ADCONT1 Register . .117,118
ADRES Register ... .

Analog Port Pins
Block Diagram
Configuring Analog Port ..
Conversion time

Internal Sampling Switch (Rss) Impedence ............. 123
Operation During Sleep
Sampling Requirements ..
Sampling Time ..
Source Impedance ...
Special Event Trigger (CCP) .
A/D Conversion Clock ...

Acknowledge Data bit, AKD ....
Acknowledge Pulse
Acknowledge Sequence Enable bit, AKE
Acknowledge Status bit, AKS
ADCONO Register
ADCONT1 Register ..
ADRES ...
ADRES Register .

AKE ....

AKS ...

Application Note AN578, "Use of the SSP

Module in the I12C Multi-Master Environment." ................... 63

Architecture
PIC16C63A/PIC16C73B Block Diagram ...
PIC16C65B/PIC16C74B Block Diagram ...
Assembler
MPASM ASSeMDIEr .......ccceiiriiiiieie e 147

B

Banking, Data Memory . .11, 16
Baud Rate Generator

Block Diagrams
Baud Rate Generator ..
I°C Master Mode
12C Module
SSP (I2C Mode)
SSP (SPI Mode)
BOR. See Brown-out Reset
BRG e 73
Brown-out Reset (BOR) ...127,131,132, 133, 134
BOR Status (BOR Bit) . ... 23
Buffer Full bit, BF ....64
Buffer Full Status bit, BF .. ....54
..90

.. 73

....63
.63
.57

Bus Arbitration
Bus Collision
Section ...90

.93
.91
...94

Bus Collision During a RESTART Condition ..
Bus Collision During a Start Condition .
Bus Collision During a Stop Condition ...

Cc

Capture (CCP ModUI) ........cccuvuriieierieiiiieieiieieesiee e 48
Block Diagram
CCP Pin Configuration .
CCPR1H:CCPRI1L Registers .
Changing Between Capture Prescalers ..
Software Interrupt .........
Timer1 Mode Selection ..

Capture/Compare/PWM (CCP)
CCP1

CCP1CON Register ..
CCPR1H Register
CCPRI1L Register .
Enable (CCP1IE Bit) ....
Flag (CCP1IF Bit) .
RC2/CCP1 Pin ...
CCP2 ..o
CCP2CON Register ..
CCPR2H Register
CCPR2L Register .
Enable (CCP2IE Bit) ....
Flag (CCP2IF Bit)
RC1/T10SI/CCP2 Pin ...
Interaction of Two CCP Modules ...
Timer Resources ...

CCP1CON ....cccoeovnee

CCP1CON Register ...
CCP1M3:CCP1MO Bits
CCP1X:CCP1Y Bits

CCP2CON

CCP2CON Register .
CCP2M3:CCP2MO Bits
CCP2X:CCP2Y Bits ...

CCPR1H Register ...

CCPRI1L Register ...

CCPR2H Register ....

CCPR2L Register .

CKE ..

CKP ..

Clock Polarity Select bit, CKP ...

Code Examples
Loading the SSPBUF register ....

Code Protection

Compare (CCP Module) ....
Block Diagram ........
CCP Pin Configuration
CCPR1H:CCPRI1L Registers .
Software Interrupt .........
Special Event Trigger
Timer1 Mode Selection ..

Configuration Bits

Conversion Considerations ............cccceveverriereeieeseneeeenens

Data Memory .
Bank Select (RP1:RPO Bits) ...
General Purpose Registers ...
Register File Map .............
Special Function Registers

Data/Address bit, D/A

DC Characteristics
PIC16C73 ..
PIC16C74 .....

Development Support ..

Development Tools ..

Device Differences

Direct Addressing ...
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