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For register and module descriptions in this data sheet, device legends show which devices apply to those sections. As
an example, the legend below would mean that the following section applies only to the PIC16C72, PIC16C73A and
PIC16C74A devices.
Applicable Devices

72|73[73A[74|74A]76]77

To Our Valued Customers

We constantly strive to improve the quality of all our products and documentation. We have spent an exceptional
amount of time to ensure that these documents are correct. However, we realize that we may have missed a few
things. If you find any information that is missing or appears in error, please use the reader response form in the
back of this data sheet to inform us. We appreciate your assistance in making this a better document.
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FIGURE 4-4: PIC16C72 REGISTER FILE
MAP
File File
Address Address

ooh| INDF® INDF®) 80h
01h TMRO OPTION 81h
02h PCL PCL 82h
03h| STATUS STATUS 83h
04h FSR FSR 84h
05h PORTA TRISA 85h
06h PORTB TRISB 86h
07h PORTC TRISC 87h
08h 88h
09h 89h
OAh PCLATH PCLATH 8Ah
0Bh INTCON INTCON 8Bh
0Ch PIR1 PIE1 8Ch
0Dh 8Dh
OEh TMRI1L PCON 8Eh
OFh TMR1H 8Fh
10h T1CON 90h
11h TMR2 91h
12h T2CON PR2 92h
13h SSPBUF SSPADD 93h
14h | SSPCON SSPSTAT 94h
15h CCPR1L 95h
16h| CCPR1H 96h
17h | CCP1CON 97h
18h 98h
19h 99h
1Ah 9Ah
1Bh 9Bh
1Ch 9Ch
1Dh 9Dh
1Eh ADRES 9Eh
1Fh| ADCONO ADCON1 9Fh
20h AOh

General General

Purpose Purpose

Register Register
BFh
COh

v/_\
v

7Fh /\ FFh

Bank 0 Bank 1

|:| Unimplemented data memory locations, read as
‘0",
Note 1: Not a physical register.

FIGURE 4-5: PIC16C73/73A/74/74A
REGISTER FILE MAP
File File
Address Address

ooh| INDF(® INDF( 80h
01lh TMRO OPTION 81h
02h PCL PCL 82h
03h STATUS STATUS 83h
04h FSR FSR 84h
05h PORTA TRISA 85h
06h PORTB TRISB 86h
07h PORTC TRISC 87h
0s8h | PORTD® TRISD® | 88h
09h | PORTE® TRISE® | 89h
0Ah PCLATH PCLATH 8Ah
0Bh INTCON INTCON 8Bh
0Ch PIR1 PIE1 8Ch
0Dh PIR2 PIE2 8Dh
OEh TMR1L PCON 8Eh
OFh TMR1H 8Fh
10h T1CON 90h
11h TMR2 91h
12h T2CON PR2 92h
13h | SSPBUF SSPADD 93h
14h | SSPCON SSPSTAT 94h
15h CCPR1L 95h
16h| CCPR1H 96h
17h | CCP1CON 97h
18h RCSTA TXSTA 98h
19h TXREG SPBRG 99h
1Ah RCREG 9Ah
1Bh CCPR2L 9Bh
1Ch| CCPR2H 9Ch
1Dh | CCP2CON 9Dh
1Eh ADRES 9Eh
1Fh| ADCONO ADCON1 9Fh
20h AOh

General General

Purpose Purpose

Register Register
7Fh FFh

Bank 0 Bank 1
|:| Unimplemented data memory locations, read as
‘0.
Note 1: Not a physical register.
2: These registers are not physically imple-

mented on the PIC16C73/73A, read as '0'.

0 1997 Microchip Technology Inc.
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FIGURE 4-13: PIR1 REGISTER PIC16C73/73A/74/74A[76/77 (ADDRESS 0Ch)

RW-0 RMW-0 RO RO RMW-0  RMW-0 RMW-0  RM-0
[PsPiIF® | abiF | rRciF | TxIF | sspiF | ccpuF | TMR2IF | TMR1IF | [R = Readable bit
bit7 bito |W = Writable bit

bit 7 PSPIFQ): Parallel Slave Port Read/Write Interrupt Flag bit

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

0 = No read or write has occurred

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

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

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

bit 3:  SSPIF: Synchronous Serial Port Interrupt Flag bit

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

0 = Waiting to transmit/receive

bit 22 CCP1IF: CCP1 Interrupt Flag bit

Capture Mode
1 = ATMRL1 register capture occurred (must be cleared in software)

0 = No TMR1 register capture occurred
Compare Mode

1 = ATMRL1 register compare match occurred (must be cleared in software)

0 = No TMR1 register compare match occurred
PWM Mode
Unused in this mode

bit 1: TMR2IF: TMR2 to PR2 Match Interrupt Flag bit
1 =TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred

bit 0: TMR1IF: TMR1 Overflow Interrupt Flag bit
1 = TMRL1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

Note 1. PIC16C73/73A/76 devices do not have a Parallel Slave Port implemented, this bit location is reserved

on these devices, always maintain this bit clear.

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

enabling an interrupt.

Interrupt flag bits get set when an interrupt condition occurs regardless of the state of its corresponding enable bit or the
global enable bit, GIE (INTCON<7>). User software should ensure the appropriate interrupt flag bits are clear prior to

DS30390E-page 36
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54 PORTD and TRISD Registers FIGURE 5-7: PORTD BLOCK DIAGRAM (IN
Applicable Devices I/0 PORT MODE)
72[73[73A[74]74A]76]77 Data
. . . . . . bus

PORTD is an 8-bit port with Schmitt Trigger input buff- D Q—I}—o—'ZI

ers. Each pin is individually configurable as an input or WR 1/0 pin®

output. PORT CK

PORTD can be configured as an 8-bit V\_/ide microprq- Data Latch

cessor port (parallel slave port) by setting control bit o lpo o

PSPMODE (TRISE<4>). In this mode, the input buffers WR

are TTL. TRIS | Mo Schmitt

r Trigger %7

TRIS

RD
< Q
RD PORT f {>o - _|

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

TABLE 5-7: PORTD FUNCTIONS

Name Bit# Buffer Type Function

RDO/PSPO bit0 sT/TTL® Input/output port pin or parallel slave port bit0
RD1/PSP1 bitl sT/TTL® Input/output port pin or parallel slave port bitl
RD2/PSP2 bit2 sTrTL® Input/output port pin or parallel slave port bit2
RD3/PSP3 bit3 sT/TTL® Input/output port pin or parallel slave port bit3
RD4/PSP4 bit4 sTrTL® Input/output port pin or parallel slave port bit4
RD5/PSP5 bit5 sT/TTL® Input/output port pin or parallel slave port bit5
RD6/PSP6 bit6 sTrTL® Input/output port pin or parallel slave port bit6
RD7/PSP7 bit7 sT/TTL® 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 /0O mode and TTL buffer when in Parallel Slave Port Mode.

TABLE 5-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Value on: Value on all
Address | Name Bit 7 | Bit 6 | 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
89h TRISE | IBF | 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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8.1 Timerl Operation in Timer Mode

Applicable Devices

72[73[73A[74]74A]76]77
Timer mode is selected by clearing the TMR1CS
(TLCON<1>) bit. In this mode, the input clock to the
timer is Fosc/4. The synchronize control bit TISYNC

(TLCON<2>) has no effect since the internal clock is
always in sync.

8.2 Timerl Operation in Synchronized

Counter Mode
Applicable Devices
72|73[73A[74]74A]76]77
Counter mode is selected by setting bit TMR1CS. In
this mode the timer increments on every rising edge of
clock input on pin RC1/T10SI/CCP2 when bit
T1OSCEN is set or pin RCO/TLOSO/T1CKI when bit
T1OSCEN is cleared.

If TASYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synchro-
nization is done after the prescaler stage. The pres-
caler stage is an asynchronous ripple-counter.

In this configuration, during SLEEP mode, Timerl will
not increment even if the external clock is present,
since the synchronization circuit is shut off. The pres-
caler however will continue to increment.

8.2.1 EXTERNAL CLOCK INPUT TIMING FOR

SYNCHRONIZED COUNTER MODE

When an external clock input is used for Timerl in syn-
chronized counter mode, it must meet certain require-
ments. The external clock requirement is due to
internal phase clock (Tosc) synchronization. Also, there
is a delay in the actual incrementing of TMR1 after syn-
chronization.

When the prescaler is 1:1, the external clock input is
the same as the prescaler output. The synchronization
of T1CKI with the internal phase clocks is accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks. Therefore, it is
necessary for T1CKI to be high for at least 2Tosc (and
a small RC delay of 20 ns) and low for at least 2Tosc
(and a small RC delay of 20 ns). Refer to the appropri-
ate electrical specifications, parameters 45, 46, and 47.

When a prescaler other than 1:1 is used, the external
clock input is divided by the asynchronous ripple-
counter type prescaler so that the prescaler output is
symmetrical. In order for the external clock to meet the
sampling requirement, the ripple-counter must be
taken into account. Therefore, it is necessary for TLCKI
to have a period of at least 4Tosc (and a small RC delay
of 40 ns) divided by the prescaler value. The only
requirement on T1CKI high and low time is that they do
not violate the minimum pulse width requirements of
10 ns). Refer to the appropriate electrical specifica-
tions, parameters 40, 42, 45, 46, and 47.

FIGURE 8-2: TIMER1 BLOCK DIAGRAM
Set flag bit
TMR1IF on
Overflow 0|< Synchronized
TMR1 clock input
TMR1H | TMR1L .
l|-—
TMR1ON
------- . on/off T1SYNC
, T10SC ! 3)
RCO/T10SO/T1CKI & o o 9 1 .
! Synchronize
. | Prescaler
T10SCEN Fosc/4 1,2,4,8 _/_det
Enable " Internal—{ 0 I
RC1/T10SI/CCP2® Oscillator) " clock J( 2 -
SLEEP input
ftottooot T1CKPS1:T1CKPSO
TMR1CS
Note 1: When the TLOSCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.
2: The CCP2 module is not implemented in the PIC16C72.
3: For the PIC16C73 and PIC16C74, the Schmitt Trigger is not implemented in external clock mode.
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PIC16C7X

11.4  12C™ Qverview

This section provides an overview of the Inter-Inte-
grated Circuit (IZC) bus, with Section 11.5 discussing
the operation of the SSP module in 12C mode.

The 12C bus is a two-wire serial interface developed by
the Philips Corporation. The original specification, or
standard mode, was for data transfers of up to 100
Kbps. The enhanced specification (fast mode) is also
supported. This device will communicate with both
standard and fast mode devices if attached to the same
bus. The clock will determine the data rate.

The 12C interface employs a comprehensive protocol to
ensure reliable transmission and reception of data.
When transmitting data, one device is the “master”
which initiates transfer on the bus and generates the
clock signals to permit that transfer, while the other
device(s) acts as the “slave.” All portions of the slave
protocol are implemented in the SSP module’s hard-
ware, except general call support, while portions of the
master protocol need to be addressed in the
PIC16CXX software. Table 11-3 defines some of the
12C bus terminology. For additional information on the
I2C interface specification, refer to the Philips docu-
ment “The 1°C bus and how to use it.”#939839340011,
which can be obtained from the Philips Corporation.

In the 12C interface protocol each device has an

In both cases the master generates the clock signal.

The output stages of the clock (SCL) and data (SDA)
lines must have an open-drain or open-collector in
order to perform the wired-AND function of the bus.
External pull-up resistors are used to ensure a high
level when no device is pulling the line down. The num-
ber of devices that may be attached to the 12C bus is
limited only by the maximum bus loading specification
of 400 pF.

11.4.1 INITIATING AND TERMINATING DATA
TRANSFER

During times of no data transfer (idle time), both the
clock line (SCL) and the data line (SDA) are pulled high
through the external pull-up resistors. The START and
STOP conditions determine the start and stop of data
transmission. The START condition is defined as a high
to low transition of the SDA when the SCL is high. The
STOP condition is defined as a low to high transition of
the SDA when the SCL is high. Figure 11-14 shows the
START and STOP conditions. The master generates
these conditions for starting and terminating data trans-
fer. Due to the definition of the START and STOP con-
ditions, when data is being transmitted, the SDA line
can only change state when the SCL line is low.

FIGURE 11-14: START AND STOP

address. When a master wishes to initiate a data trans- CONDITIONS
fer, it first transmits the address of the device that it
wishes to “talk” to. All devices “listen” to see if this is I . . ,orTT
their address. Within this address, a bit specifies if the i Lo T - - T [ ;
master wishes to read-from/write-to the slave device. SDA . . - - ; X
The master and slave are always in opposite modes L : .- : o
(transmitter/receiver) of operation during a data trans- ' ©ON / _\_/7

. B SCL' S P
fer. That is they can be thought of as operating in either o X X Lo
of these two relations: Start Change Change  Stop

. . Condition  of Data of Data  Condition
* Master-transmitter and Slave-receiver Allowed Allowed
 Slave-transmitter and Master-receiver
TABLE 11-3:  12C BUS TERMINOLOGY
Term Description
Transmitter The device that sends the data to the bus.
Receiver The device that receives the data from the bus.
Master The device which initiates the transfer, generates the clock and terminates the transfer.
Slave The device addressed by a master.
Multi-master More than one master device in a system. These masters can attempt to control the bus at the
same time without corrupting the message.
Arbitration Procedure that ensures that only one of the master devices will control the bus. This ensure that
the transfer data does not get corrupted.

Synchronization | Procedure where the clock signals of two or more devices are synchronized.

0 1997 Microchip Technology Inc.
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FIGURE 13-2: ADCON1 REGISTER (ADDRESS 9Fh)

Note 1: REO, RE1, and RE2 are implemented on the PIC16C74/74A/77 only.

U-0 U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0
| — | — | — — | — | pcre2 | PcFG1 | PCFGO | |R =Readable bit
bit7 bito | W =Writable bit
U =Unimplemented
bit, read as ‘0’
- n = Value at POR reset
bit 7-3: Unimplemented: Read as '0'
bit 2-0: PCFG2:PCFGO0: A/D Port Configuration Control bits
PCFG2:PCFGO RAO | RA1 | RA2 | RA5 | RA3 |RE0OW |RE1D |RE2D | VREF
000 A A A A A A A A VDD
001 A A A A VREF |[A A A RA3
010 A A A A A D D D VDD
011 A A A A VREF D D D RA3
100 A A D D A D D D \Ysls}
101 A A D D VREF D D D RA3
11x D D D D D D D D —
A = Analog input
D = Digital I/O

DS30390E-page 118
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14.2  Oscillator Configurations
Applicable Devices
72|73[73A[74]74A]76]77

14.2.1 OSCILLATOR TYPES

The PIC16CXX 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
e XT Crystal/Resonator
e HS High Speed Crystal/Resonator
* RC Resistor/Capacitor

14.2.2 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 14-3). The
PIC16CXX 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. When in XT, LP or HS modes, the device can
have an external clock source to drive the OSC1/
CLKIN pin (Figure 14-4).

FIGURE 14-3: CRYSTAL/CERAMIC
RESONATOR OPERATION
(HS, XT OR LP
OSC CONFIGURATION)

L. 0sCl To internal
I logic
C1
[ XTAL <. SLEEP
-é;RF PIC16CXX
= 0sCc2
RS
c2 Notel

See Table 14-1 and Table 14-2 for recommended values
of C1 and C2.

Note 1: A series resistor may be required for AT strip
cut crystals.

FIGURE 14-4: EXTERNAL CLOCK INPUT
OPERATION (HS, XT OR LP
OSC CONFIGURATION)

Clock from ~I>O—> 0sC1
ext. system PIC16CXX

Open «——— OSC2

TABLE 14-1:

CERAMIC RESONATORS

Ranges Tested:

Mode Freq OSsC1 0oscC2
XT 455 kHz 68 - 100 pF 68 - 100 pF
2.0 MHz 15 - 68 pF 15 - 68 pF
4.0 MHz 15 - 68 pF 15 - 68 pF
HS 8.0 MHz 10 - 68 pF 10 - 68 pF
16.0 MHz |10 - 22 pF 10- 22 pF

These values are for design guidance only. See
notes at bottom of page.

Resonators Used:

455 kHz | Panasonic EFO-A455K04B |+ 0.3%
2.0 MHz | Murata Erie CSA2.00MG +0.5%
4.0 MHz | Murata Erie CSA4.00MG +0.5%
8.0 MHz | Murata Erie CSA8.00MT + 0.5%
16.0 MHz | Murata Erie CSA16.00MX |+ 0.5%

All resonators used did not have built-in capacitors.

TABLE 14-2: CAPACITOR SELECTION
FOR CRYSTAL OSCILLATOR
Osc Type Clrzy::(t:‘al Cap.CRlange Cap.cl:?zange
LP 32 kHz 33 pF 33 pF
200 kHz 15 pF 15 pF
XT 200 kHz 47-68 pF 47-68 pF
1 MHz 15 pF 15 pF
4 MHz 15 pF 15 pF
HS 4 MHz 15 pF 15 pF
8 MHz 15-33 pF 15-33 pF
20 MHz 15-33 pF 15-33 pF

These values are for design guidance only. See

notes at bottom of page.

Crystals Used

32 kHz Epson C-001R32.768K-A + 20 PPM
200 kHz | STD XTL 200.000KHz + 20 PPM
1 MHz ECS ECS-10-13-1 + 50 PPM
4 MHz ECS ECS-40-20-1 + 50 PPM
8 MHz EPSON CA-301 8.000M-C + 30 PPM
20 MHz EPSON CA-301 20.000M-C | + 30 PPM
Note 1: Recommended values of C1 and C2 are

identical to the ranges tested (Table 14-1).
2: Higher capacitance increases the stability
of oscillator but also increases the start-up

time.

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

4: Rs may be required in HS mode as well as
XT mode to avoid overdriving crystals with

low drive level specification.

0 1997 Microchip Technology Inc.
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FIGURE 14-10: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbpD): CASE 1
VDD —/

MCLR

INTERNAL POR | Z

X TPWRT '

PWRT TIME-OUT 1 <—TOSF—

OST TIME-OUT

INTERNAL RESET

FIGURE 14-11: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2

VDD —/

MCLR — s

INTERNAL POR | Z 1

X TPWRT

PWRT TIME-OUT 1=—TOSF—

OST TIME-OUT X

INTERNAL RESET

FIGURE 14-12: TIME-OUT SEQUENCE ON POWER-UP (MCLRTIED TO VDD)

VDD —/
MCLR —/

INTERNAL POR | Z

j<—— TPWRT——

PWRT TIME-OUT < ToSF

OST TIME-OUT

INTERNAL RESET |
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14,5 Interrupts

Applicable Devices
72|73[73A[74]74A]76]77
The PIC16C7X family has up to 12 sources of interrupt.
The interrupt control register (INTCON) records individ-
ual interrupt requests in flag bits. It also has individual
and global interrupt enable bits.

Note: Individual interrupt flag bits are set regard-
less of the status of their corresponding
mask bit or the GIE bit.

A global interrupt enable bit, GIE (INTCON<7>)
enables (if set) all un-masked interrupts or disables (if
cleared) all interrupts. When bit GIE is enabled, and an
interrupt’s flag bit and mask bit are set, the interrupt will
vector immediately. Individual interrupts can be dis-
abled through their corresponding enable bits in vari-
ous registers. Individual interrupt bits are set
regardless of the status of the GIE bit. The GIE bit is
cleared on reset.

The “return from interrupt” instruction, RETFI E, exits
the interrupt routine as well as sets the GIE bit, which
re-enables interrupts.

The RBO/INT pin interrupt, the RB port change interrupt
and the TMRO overflow interrupt flags are contained in
the INTCON register.

The peripheral interrupt flags are contained in the spe-
cial function registers PIR1 and PIR2. The correspond-
ing interrupt enable bits are contained in special
function registers PIE1 and PIE2, and the peripheral
interrupt enable bit is contained in special function reg-
ister INTCON.

When an interrupt is responded to, the GIE bit is
cleared to disable any further interrupt, the return
address is pushed onto the stack and the PC is loaded
with 0004h. Once in the interrupt service routine the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.

For external interrupt events, such as the INT pin or
PORTB change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs (Figure 14-
17). The latency is the same for one or two cycle

instructions. Individual interrupt flag bits are set regard-
less of the status of their corresponding mask bit or the
GIE bit.

Note:  Forthe PIC16C73/74, if an interrupt occurs
while the Global Interrupt Enable (GIE) bit
is being cleared, the GIE bit may uninten-
tionally be re-enabled by the user’s Inter-
rupt Service Routine (the RETFIE
instruction). The events that would cause
this to occur are:

1. An instruction clears the GIE bit while
an interrupt is acknowledged.

2. The program branches to the Interrupt
vector and executes the Interrupt Ser-
vice Routine.

3. The Interrupt Service Routine com-
pletes with the execution of the RET-
FI E instruction. This causes the GIE
bit to be set (enables interrupts), and
the program returns to the instruction
after the one which was meant to dis-
able interrupts.

Perform the following to ensure that inter-
rupts are globally disabled:

LOOP BCF INTCON, G E ; Disable global
; interrupt bit
BTFSC I NTCON, G E ; Gobal interrupt
; di sabl ed?
GOro  LoorP ; NO, try again
: ; Yes, continue
; wi th program
; flow

0 1997 Microchip Technology Inc.
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15.1 Instruction Descriptions
ADDLW Add Literal and W ANDLW AND Literal with W
Syntax: [labell] ADDLW k Syntax: [label] ANDLW  k
Operands: 0<k<255 Operands: 0<k<255
Operation: W) +k - (W) Operation: (W) .AND. (k) - (W)
Status Affected: C,DC,Z Status Affected: Z
Encoding: |1 | 11k | kkkk | kkkk | Encoding: | 11 | 1001 | kkkk | Kkkkk |
Description: The contents of the W register are Description: The contents of W register are
added to the eight bit literal 'k’ and the AND’ed with the eight bit literal 'k’. The
result is placed in the W register. result is placed in the W register.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process | Write to Decode Read Process | Write to
literal 'k’ data W literal "k" data W
Example: ADDLW  0x15 Example ANDLW  Ox5F
Before Instruction Before Instruction
W = 0x10 W = OxA3
After Instruction After Instruction
W = 0x25 W = 0x03
ADDWF Add W and f ANDWF AND W with f
Syntax: [labell ADDWF fd Syntax: [labell ANDWF fd
Operands: 0<f<127 Operands: 0<f<127
d 00,1] d 00,1]
Operation: (W) + (f) - (destination) Operation: (W) .AND. (f) - (destination)
Status Affected: C, DC, Z Status Affected: Z
Encoding: | oo o1 | dftf | ffef | Encoding: | o0 |oo1 |diff |ffif
Description: Add the contents of the W register with Description: AND the W register with register 'f'. If 'd'
register 'f'. If 'd" is O the result is stored is 0 the result is stored in the W regis-
in the W register. If 'd' is 1 the result is ter. If 'd' is 1 the result is stored back in
stored back in register 'f'. register 'f'.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process Write to Decode Read Process Write to
register data destination register data destination
' f
Example ADDW FSR, 0 Example ANDWF  FSR, 1
Before Instruction Before Instruction
W = 0x17 W = 0x17
FSR=  0xC2 FSR=  0xC2
After Instruction After Instruction
W = 0xD9 W = 0x17
FSR = 0xC2 FSR = 0x02

0 1997 Microchip Technology Inc.
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|Applicable Devices [72]|73[73A|74[74A[76 |77 |

19.3 DC Characteristics: PIC16C73A/74A-04 (Commercial, Industrial, Extended)
PIC16C73A/74A-10 (Commercial, Industrial, Extended)
PIC16C73A/74A-20 (Commercial, Industrial, Extended)
PIC16LC73A/74A-04 (Commercial, Industrial)

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +125°C for extended,

DC CHARACTERISTICS -40°'C < TA < +85°C for industrial and

0°C < TA £ +70°C for commercial
Operating voltage VDD range as described in DC spec Section 19.1 and
Section 19.2.
Param Characteristic Sym Min [Typ Max |Units Conditions
No. t
Input Low Voltage
1/0O ports VIL
D030 with TTL buffer Vss - 10.15VpD| V |For entire VDD range
D0O30A Vss - | 0.8v 4.5V < VDD £5.5V
D031 with Schmitt Trigger buffer Vss - 10.2vbD| V
D032 |[MCLR, OSC1 (in RC mode) Vss - 10.2vbD| V
D033 |OSC1 (in XT, HS and LP) Vss - 10.3vbDb| V [Notel
Input High Voltage
1/0O ports VIH -
D040 with TTL buffer 2.0 - VDD V |45V <VDD<5.5V
DO40A 0.25VDD| - VDD V |For entire VDD range
+ 0.8V
D041 with Schmitt Trigger buffer 0.8VoD | - VDD V |For entire VDD range
D042 |MCLR 0.8VpD | - | VDD \Y
D042A |OSC1 (XT, HS and LP) 0.7VpD | - | VDD V [Notel
D043 [OSC1 (in RC mode) 0.9vVDD | - VDD \%
D070 [PORTB weak pull-up current IPURB 50 |250 400 MA |VDD =5V, VPIN = Vss
Input Leakage Current
(Notes 2, 3)
D060 |I/O ports I - - +1 MA [Vss < VPIN < VDD, Pin at hi-imped-
ance
D061 |MCLR, RA4/TOCKI - - 5 MA [Vss < VPIN < VDD
D063 0OSC1 - - +5 MA |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
DO80A - - 0.6 V |loL=7.0 mA, VDD = 4.5V,
-40°C to +125°C
D083 |[OSC2/CLKOUT (RC osc config) - - 0.6 V |loL=1.6 mA, VDD = 4.5V,
-40°C to +85°C
DO083A - - 0.6 V |loL=1.2 mA, VDD = 4.5V,
-40°C to +125°C

* These parameters are characterized but not tested.

t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only
and are not tested.

Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the

PIC16C7X 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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|Applicable Devices |72|73|73A|74[74A[76|77 |
20.0 ELECTRICAL CHARACTERISTICS FOR PIC16C76/77

Absolute Maximum Ratings T

Ambient temperature UNAEr DIAS..........ooi it e e et e e e e e e enneeee e e e anneeeean s -55t0 +125°C
STOTAQE LEMPETALUIE ... veveeveeeeecteeeteete et e eteeete et e ete et e eteeeteaseeeteeseesteesteaseestesseesteeseeereenbesssentesssenteanseareanees -65°C to +150°C
Voltage on any pin with respect to Vss (except VDD, MCLR. and RA4)..........ccccoveveeeeeeeeeeeeene -0.3V to (VDD + 0.3V)
Voltage 0N VDD With FESPECE 10 VSS ....uuiiiiiiiiiiiiiie ettt e e ettt e s et e e e e e st e e e e e s st e e e e e sastbaeeaeseasstaeaaeeasnsees -0.3t0 +7.5V
Voltage on MCLR with respect to Vss (Note 2) 0 to +14V
Voltage 0N RAZ With TESPECT L0 VSS ...uiiiiiiiiiiiiie ettt e e e e e e e e e st e e e e e e ssb b et e e e s ntbaaaeeeennneees 0to +14V
Total power dISSIPAION (INOLE L).... .. .eiiiieieiiieie ettt e ettt e e e e et e e e s e abee e e e e e e aaeeeeaeeaaatbeeeaaeasbeeeeaeaaanneeeaaeeaansbneaaaan 1.0w

Maximum current out of Vss pin

Maximum current into VDD pin

Input clamp current, ik (VI < 0 or VI > VDD)

Output clamp current, lok (Vo < 0 or Vo > VDD)

Maximum output current sunk by any I/O pin

Maximum output current sourced DY any /O PIN .........oooi i e e e e e e e e e e e anaeeeas
Maximum current sunk by PORTA, PORTB, and PORTE (combined) (Note 3)..................
Maximum current sourced by PORTA, PORTB, and PORTE (combined) (Note 3)
Maximum current sunk by PORTC and PORTD (combined) (NOtE 3)........cevieiiiiiiiieeiiiiiiiee e eesiiree e eriveee e
Maximum current sourced by PORTC and PORTD (combined) (NOte 3).......coiiuiiiiiriiiiiiie e

Note 1: Power dissipation is calculated as follows: Pdis = VbD x {IbD - ¥ 10H} + ¥ {(VDD - VOH) x IoH} + Y (VoI x loL)

Note 2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, may cause latch-up. Thus,

a series resistor of 50-100Q should be used when applying a “low” level to the MCLR pin rather than pulling
this pin directly to Vss.

Note 3: PORTD and PORTE are not implemented on the PIC16C76.

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those

indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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|Applicable Devices [72]|73[73A[74[74A[76 |77 |

TABLE 20-8: SPI MODE REQUIREMENTS
Parameter Sym Characteristic Min Typt Max Units Conditions

No.

70* TssL2scH, SS! to SCK! or SCK1 input Tcy — — ns
TssL2scL

71* TscH SCK input high time (slave mode) Tcy + 20 — — ns

72* TscL SCK input low time (slave mode) Tcy + 20 — — ns

73* TdiV2scH, Setup time of SDI data input to SCK 100 — — ns
TdiV2scL edge

74* TscH2diL, Hold time of SDI data input to SCK 100 — — ns
TsclL2diL edge

75*% TdoR SDO data output rise time — 10 25 ns

76* TdoF SDO data output fall time — 10 25 ns

77* TssH2doZ SS+t to SDO output hi-impedance 10 — 50 ns

78* TscR SCK output rise time (master mode) — 10 25 ns

79* TscF SCK output fall time (master mode) — 10 25 ns

80* TscH2doV, SDO data output valid after SCK — — 50 ns
TscL2doV edge

81* TdoV2scH, SDO data output setup to SCK Tcy — — ns
TdoV2scL edge

82* TssL2doV SDO data output valid after SSt — — 50 ns

edge

83* TscH2ssH, SS 1 after SCK edge 1.5Tcy + 40 — — ns

TscL2ssH

* These parameters are characterized but not tested.
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not

tested.
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Data based on matrix samples. See first page of this section for details.

PIC16C/7X

|Applicable Devices |72|73|73A|74[74A| 76| 77|

FIGURE 21-22: TYPICAL XTAL STARTUP
TIME vs. VDD (LP MODE, 25°C)
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FIGURE 21-23: TYPICAL XTAL STARTUP
TIME vs. VDD (HS MODE, 25°C)
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FIGURE 21-24: TYPICAL XTAL STARTUP
TIME vs. VDD (XT MODE, 25°C)
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TABLE 21-2: CAPACITOR SELECTION
FOR CRYSTAL
OSCILLATORS

Osc Type C'rzyr/:;al Cap.é?lange Cap.(lz?zange
LP 32 kHz 33 pF 33 pF
200 kHz 15 pF 15 pF
XT 200 kHz 47-68 pF 47-68 pF
1 MHz 15 pF 15 pF
4 MHz 15 pF 15 pF
HS 4 MHz 15 pF 15 pF
8 MHz 15-33 pF 15-33 pF
20 MHz 15-33 pF 15-33 pF
Crystals
Used
32 kHz Epson C-001R32.768K-A + 20 PPM
200 kHz STD XTL 200.000KHz + 20 PPM
1 MHz ECS ECS-10-13-1 + 50 PPM
4 MHz ECS ECS-40-20-1 + 50 PPM
8 MHz EPSON CA-301 8.000M-C + 30 PPM
20 MHz EPSON CA-301 20.000M-C | + 30 PPM
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Synchronous Serial Port Mode Select bits,

SSPM3:SSPMO ....oovviiiiiiiitieiesieeiesie e 79, 84
Synchronous Serial Port Module ...........cccceviiiiiiiiiineeee. 77
Synchronous Serial Port Status Register ............c.ccecvvenee. 83
T
TOCS DIt e 31
TICKPSO DIt .o 65
T1CKPS1 bit .. ..65
TLCON it 29
T1CON Register ..29, 65
TLOSCEN Dt .ot 65
TISYNC DIt oo 65
T2CKPSO0 DIt oo 70
T2CKPSL DIt oveeeeieieie et 70
T2CON REQISIEN ...ttt 29,70
TAD oot 121
Timer Modules, OVEIVIEW .........cccuvveveeeeieiiiiiieeee e 57
Timer0
RTCC et 136
Timers
Timer0
Block Diagram .........ccoccveeiiiieiniiee e 59
External ClOCK ........cccooveiiiiiniiiiienieeee e 61

External Clock Timing
Increment Delay ...

Interrupt ................ ..59
Interrupt TIMING .....coooeeeeiiee e 60
OVEIVIEW ..ot 57
Prescaler ... 62
Prescaler Block Diagram ..........ccccocceeeviieeennnen. 62
SECHON ..o 59
Switching Prescaler Assignment .............ccceeu.e. 63
Synchronization ..........cccceevieeene .61
TOCKI i 61
TOIF ....... ... 143
TIMING e 59
TMRO INtEITUPL ..o 143
Timerl
Asynchronous Counter Mode ..........ccccoeeeeiveene 67
Block Diagram .........ccccceveenuneene
Capacitor Selection ....
External Clock Input ............. .
External Clock Input Timing ........cccccceeevineeennnnn. 67
Operation in Timer Mode ..........ccocevvveeniieninenne. 66
OSCIllAtOr ...t 67
OVEIVIEW ..ot 57
Prescaler .....ccoovveeeeeeiiiiiiieeee e 66, 68
Resetting of Timerl Registers ..........cccoceeerrnnen. 68

Resetting Timerl using a CCP Trigger Output .. 68
Synchronized Counter Mode

TICON i
TMRIH L.
TMRIL it
Timer2
Block Diagram .........ccoccveeviiiiiniiee e 69
Module .............. ..69
Overview ..... .57
Postscaler ... ..69
Prescaler .....ccoveeeeeeeiciiiieee e 69
T2CON e 70
Timing Diagrams
A/D CONVErSION .....cccovvvveeeeeeecirreennnn. 182, 200, 218, 239
Brown-out Reset ........cccceevveiiiiiinennn, 134, 175, 209, 228
Capture/Compare/PWM ................... 177, 193, 211, 230
CLKOUT and I/O ...ccocvvveiieeeiiieeens 174, 190, 208, 227

External Clock Timing .........cccccccuenn. 173, 189, 207, 226
[2C BUS DAt ... 180, 197, 215, 236
12C Bus Start/Stop bits .................... 179, 196, 214, 235
12C Clock Synchronization ................cccocoveveeeeenenen. 92
I2C Data Transfer Wait State ... .. 90
I2C Multi-Master Arbitration ..... .92
12C Reception (7-bit AAAress) ........coowveeerveveeeeeeres 95
Parallel Slave Port ... 194
Power-up Timer ......ccccoccvevveineennnn. 175, 191, 209, 228
RESEL oo 175, 191, 209, 228
SPI Master Mode ..........ccceeiiiiiiiiiiiiieeeee s 87
SPIMOAE ..o 178, 195, 213
SPI Mode, Master/Slave Mode, No SS Control ......... 82
SPI Mode, Slave Mode With SS Control
SPI Slave Mode (CKE = 1) ....ccccoovivviieinnn. .
SPI Slave Mode Timing (CKE = 0) .....cccoevvivnieiinens
Start-up TIMer ......coccvveeiiieeiiee e, 175, 191, 209, 228
TimMe-0Ut SEQUENCE .....ooovveiiiiiiieiiceiieee e 139
TIMEr0 ..ooovviiieiiiiee e 59, 176, 192, 210, 229
TimerO Interrupt TiMING .....cooeviiieiiieeeee e 60
Timer0 with External Clock ...........cccooviviiiiiicnen, 61
TIMerl oo 176, 192, 210, 229
USART Asynchronous Master Transmission .......... 107
USART Asynchronous Reception ..........c.cccocoveveenne 108
USART RX Pin Sampling .......cccccevvveernirnnennn 104, 105
USART Synchronous Receive ................ 198, 216, 237
USART Synchronous Reception ...........ccccevveeneene 113
USART Synchronous Transmission 111, 198, 216, 237
Wake-up from Sleep via Interrupt ...........ccooceeeeenneen. 146
Watchdog Timer ..........cccoceeeee. . 175, 191, 209, 228
TMRO oo 29
TMRO REGISTEN .ottt 25,27
TMRICS Dt oo 65
TMRIH e 29
TMRIH REQISLEr ...eeeiiiiiiiiiiiieiiiee e 23, 25, 27
TMRILIE DIt oo 33
TMR1IF bit .. 35,36
TMRIL it 29
TMRIL REGISEN ...eeeiiiiiieiiieeiie e 23, 25, 27
TMRLON DIt .o 65
TMRZ e 29
TMR2 REQISIET ...ttt 23, 25, 27
TMR2IE bit ........
TMR2IF bit .....
TMR20N bit ...
TO DIt 1o
TOUTPSO0 DIt ..ot
TOUTPSL DIt oeeiiiieiiieeitee e
TOUTPS2 DIt eeeieiieieeeeie et
TOUTPS3 DIt oo
TRISA e

TRISA Register ....
TRISB ..o
TRISB Register .... .
TRISC e s
TRISC REJISIEN ...

TRISD e s
TRISD REQISIEN ....veiiiiiiiiiiieicee e

TRISE ..o
TRISE Register ....
Two’s Complement .
TXIE DIt oo 34
TXIF DIt oo 36
TXREG ..ottt 29
TXSTA s 29
TXSTA REGISIET ..ottt 99
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