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PIC16C/7X

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
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PIC16C7X

Example 4-1 shows the calling of a subroutine in
page 1 of the program memory. This example assumes
that PCLATH is saved and restored by the interrupt ser-
vice routine (if interrupts are used).

EXAMPLE 4-1: CALL OF A SUBROUTINE IN
PAGE 1 FROM PAGE 0
ORG 0x500
BSF PCLATH, 3 ; Sel ect page 1 (800h- FFFh)
BCF PCLATH, 4 ;Only on >4K devi ces
CALL SUB1_P1 ;Call subroutine in
: ; page 1 (800h- FFFh)
ORG 0x900
SUB1_P1: ;call ed subroutine
: ; page 1 (800h- FFFh)
RETURN ;return to Call subroutine

;in page O (000h-7FFh)

4.5 Indirect Addressing. INDF and FSR

Regqisters

Applicable Devices
72[73[73A[74]74A]76]77
The INDF register is not a physical register. Addressing
the INDF register will cause indirect addressing.

Indirect addressing is possible by using the INDF reg-
ister. Any instruction using the INDF register actually
accesses the register pointed to by the File Select Reg-
ister, FSR. Reading the INDF register itself indirectly
(FSR ="0") will read 00h. Writing to the INDF register
indirectly results in a no-operation (although status bits
may be affected). An effective 9-bit address is obtained
by concatenating the 8-bit FSR register and the IRP bit
(STATUS<7>), as shown in Figure 4-18.

A simple program to clear RAM locations 20h-2Fh
using indirect addressing is shown in Example 4-2.

EXAMPLE 4-2: INDIRECT ADDRESSING
movl w  0x20 ;initialize pointer
mvwf  FSR ;to RAM

NEXT clrf | NDF ;clear | NDF register
i ncf FSR, F ;inc pointer
btfss FSR 4 ;all done?
goto NEXT ;no cl ear next

CONTI NUE
: ;yes continue

FIGURE 4-18: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1:RPO 6 from opcode 0 IRP 7 FSR register 0
N J N v y J
bank select location select bank select location select
\ » 00 01 10 11 </
00h 80h 100h 180h
Data
Memory
7Fh FFh 17Fh 1FFh
Bank 0 Bank1 Bank2 Bank3
For register file map detail see Figure 4-4, and Figure 4-5.

0 1997 Microchip Technology Inc.
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PIC16C7X

5.2 PORTB and TRISB Registers
Applicable Devices
72|73[73A[74]74A]76]77
PORTB is an 8-bit wide bi-directional port. The corre-
sponding data direction register is TRISB. Setting a bit
in the TRISB register puts the corresponding output
driver in a hi-impedance input mode. Clearing a bit in
the TRISB register puts the contents of the output latch
on the selected pin(s).

EXAMPLE 5-2: INITIALIZING PORTB

BCF STATUS, RPO ;

CLRF  PORTB ; Initialize PORTB by
; clearing output
; data |l atches

BSF STATUS, RPO ; Select Bank 1

MOVLW  OxCF ; Value used to
; initialize data
; direction
MOWWF  TRI SB ; Set RB<3:0> as inputs

; RB<5:4> as outputs
; RB<7:6> as inputs

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is
performed by clearing bit RBPU (OPTION<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are dis-
abled on a Power-on Reset.

FIGURE 5-3: BLOCK DIAGRAM OF

RB3:RBO PINS
VDD
RBPU®) Erweak
— B
Data bus Data Latch
D Q —
WR Port 110
CKY pin@®
TRIS Latch
D
Q TTL 7
Input
WRTRIS CK ™ Buffer
9
RD TRIS
ﬁ Q D
RD Port EN K
RBO/INT <II
Schmitt Trigger | RD Port
Buffer
Note 1: I/O pins have diode protection to VDD and Vss.
2:To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (OPTION<7>).

Four of PORTB’s pins, RB7:RB4, have an interrupt on
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e. any RB7:RB4 pin con-
figured as an output is excluded from the interrupt on
change comparison). The input pins (of RB7:RB4) are
compared with the old value latched on the last read of
PORTB. The “mismatch” outputs of RB7:RB4 are
OR’ed together to generate the RB Port Change Inter-
rupt with flag bit RBIF (INTCON<0>).

This interrupt can wake the device from SLEEP. The
user, in the interrupt service routine, can clear the inter-
rupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition, and
allow flag bit RBIF to be cleared.

This interrupt on mismatch feature, together with soft-
ware configurable pull-ups on these four pins allow
easy interface to a keypad and make it possible for
wake-up on key-depression. Refer to the Embedded
Control Handbook, “Implementing Wake-Up on Key
Stroke" (AN552).

Note: For the PIC16C73/74, if a change on the
1/0O pin should occur when the read opera-
tion is being executed (start of the Q2
cycle), then interrupt flag bit RBIF may not
get set.

The interrupt on change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt on change
feature. Polling of PORTB is not recommended while
using the interrupt on change feature.

0 1997 Microchip Technology Inc.
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8.5 Resetting Timerl using a CCP Trigger
Output

Applicable Devices

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

The CCP2 module

PIC16C72 device.

If the CCP1 or CCP2 module is configured in compare
mode to generate a “special event trigger"
(CCP1M3:CCP1MO = 1011), this signal will reset
Timerl.

is not implemented on the

Note:  The special event triggers from the CCP1
and CCP2 modules will not set interrupt

flag bit TMR1IF (PIR1<0>).

Timerl must be configured for either timer or synchro-
nized counter mode to take advantage of this feature.
If Timerl is running in asynchronous counter mode, this
reset operation may not work.

In the event that a write to Timerl coincides with a spe-
cial event trigger from CCP1 or CCP2, the write will
take precedence.

In this mode of operation, the CCPRxH:CCPRXL regis-
ters pair effectively becomes the period register for
Timerl.

8.6 Resetting of Timerl Register Pair
(TMR1H,TMR1L)
Applicable Devices
72|73[73A[74]74A]76]77
TMR1H and TMRLL registers are not reset to 00h on a

POR or any other reset except by the CCP1 and CCP2
special event triggers.

T1CON register is reset to 00h on a Power-on Reset or
a Brown-out Reset, which shuts off the timer and
leaves a 1:1 prescale. In all other resets, the register is
unaffected.

8.7 Timerl Prescaler
Applicable Devices
72|73|73A74{74A]76]77

The prescaler counter is cleared on writes to the
TMR1H or TMRLL registers.

TABLE 8-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER

Value on: Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other

BOR resets

0Bh,8Bh, |INTCON GIE PEIE| TOIE INTE RBIE TOIF INTF RBIF | 0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIF®2 | 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
OEh TMR1L | Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXX XXXX | uuuu uuuu
OFh TMR1H | Holding register for the Most Significant Byte of the 16-bit TMR1 register XXXX XXXX | uuuu uuuu
10h T1CON — — | TACKPS1 | TICKPSO | TLOSCEN | TISYNC | TMR1CS | TMR1ON | --00 0000 | --uu uuuu
Legend: x =unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by the Timerl module.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16C73/73A/76, always maintain these bits clear.
2: The PIC16C72 does not have a Parallel Slave Port or a USART, these bits are unimplemented, read as '0".
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Applicable Devices

72|73[73Al74]74A]76]77

PIC16C7X

11.5.2 MASTER MODE

Master mode of operation is supported in firmware
using interrupt generation on the detection of the
START and STOP conditions. The STOP (P) and
START (S) bits are cleared from a reset or when the
SSP module is disabled. The STOP (P) and START (S)
bits will toggle based on the START and STOP condi-
tions. Control of the 12C bus may be taken when the P
bit is set, or the bus is idle and both the S and P bits are
clear.

In master mode the SCL and SDA lines are manipu-
lated by clearing the corresponding TRISC<4:3> bit(s).
The output level is always low, irrespective of the
value(s) in PORTC<4:3>. So when transmitting data, a
'1' data bit must have the TRISC<4> hit set (input) and
a '0' data bit must have the TRISC<4> bit cleared (out-
put). The same scenario is true for the SCL line with the
TRISC<3> hit.

The following events will cause SSP Interrupt Flag bit,
SSPIF, to be set (SSP Interrupt if enabled):

¢ START condition

e STOP condition

« Data transfer byte transmitted/received

Master mode of operation can be done with either the
slave mode idle (SSPM3:SSPMO0 = 1011) or with the
slave active. When both master and slave modes are

enabled, the software needs to differentiate the
source(s) of the interrupt.

1153 MULTI-MASTER MODE

In multi-master mode, the interrupt generation on the
detection of the START and STOP conditions allows
the determination of when the bus is free. The STOP
(P) and START (S) bits are cleared from a reset or
when the SSP module is disabled. The STOP (P) and
START (S) bits will toggle based on the START and
STOP conditions. Control of the I12C bus may be taken
when bit P (SSPSTAT<4>) is set, or the bus is idle and
both the S and P bits clear. When the bus is busy,
enabling the SSP Interrupt will generate the interrupt
when the STOP condition occurs.

In multi-master operation, the SDA line must be moni-
tored to see if the signal level is the expected output
level. This check only needs to be done when a high
level is output. If a high level is expected and a low level
is present, the device needs to release the SDA and
SCL lines (set TRISC<4:3>). There are two stages
where this arbitration can be lost, these are:

* Address Transfer
» Data Transfer

When the slave logic is enabled, the slave continues to
receive. If arbitration was lost during the address trans-
fer stage, communication to the device may be in
progress. If addressed an ACK pulse will be generated.
If arbitration was lost during the data transfer stage, the
device will need to re-transfer the data at a later time.

TABLE 11-5: REGISTERS ASSOCIATED WITH I°C OPERATION

Address Name Bit 7 Bit 6 Bit 5 Bit 4

Value on Value on all
Bit3 | Bit2 | Bitl Bit 0 POR, other resets
BOR

0Bh, 8Bh, [INTCON GIE PEIE TOIE INTE
10Bh,18Bh

RBIE TOIF INTF RBIF

0000 000x |0000 000u

0oCh PIR1 PSPIFY | ADIF RCIF TXIF | SSPIF |CCP1IF| TMR2IF | TMR1IF| 0000 0000 [0000 0000
8Ch PIE1 PSPIE® | ADIE RCIE TXIE | SSPIE |[CCPlIE|TMR2IE|TMR1IE| 0000 0000 |0000 0000
13h SSPBUF |Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX fuuuu uuuu
93h SSPADD |Synchronous Serial Port (12C mode) Address Register 0000 0000 | 0000 0000
14h SSPCON| WCOL |SSPOV |[SSPEN| CKP |SSPM3|SSPM2|SSPM1|SSPmo| 0000 0000 | 0000 0000
94h SSPSTAT| smP®@ | cke® | DA P RIW UA BF 0000 0000 | 0000 0000
87h TRISC PORTC Data Direction register 1111 1111 |1111 1111

Legend: x =unknown, u = unchanged, - = unimplemented locations read as '0'.

Shaded cells are not used by SSP module in SPI mode.

Note 1: PSPIF and PSPIE are reserved on the PIC16C73/73A/76, always maintain these bits clear.
2: The SMP and CKE bits are implemented on the PIC16C76/77 only. All other PIC16C7X devices have these two bits unim-

plemented, read as '0'.

0 1997 Microchip Technology Inc.
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Applicable Devi
P I C 1 6 C 7 X 72F|>$3I|C7a3Ar74|e7\2:|9756|77

FIGURE 11-27: OPERATION OF THE 1°C MODULE IN IDLE_MODE, RCV_MODE OR XMIT_MODE

IDLE_MODE (7-bit):

if (Addr_match) { Set interrupt;
ifRW=1) { Send ACK = 0;
set XMIT_MODE;
}
else if (R/W = 0) set RCV_MODE;
}
RCV_MODE:
if (SSPBUF=Full) OR (SSPOV = 1))
{ Set SSPOV;
Do not acknowledge;
}
else { transfer SSPSR - SSPBUF;

send ACK = 0;
}
Receive 8-bits in SSPSR;
Set interrupt;

XMIT_MODE:

While ((SSPBUF = Empty) AND (CKP=0)) Hold SCL Low;

Send byte;

Set interrupt;

if (ACK Received = 1) { End of transmission;

Go back to IDLE_MODE;
}
else if (ACK Received = 0) Go back to XMIT_MODE;
IDLE_MODE (10-Bit):
If (High_byte_addr_match AND (R/W = 0))
{ PRIOR_ADDR_MATCH = FALSE;
Set interrupt;
if ((SSPBUF = Full) OR ((SSPOV = 1))
{ Set SSPOV,;
Do not acknowledge;

}
else { SetUA=1;
Send ACK = 0;
While (SSPADD not updated) Hold SCL low;
Clear UA=0;
Receive Low_addr_byte;
Set interrupt;

SetUA=1;
If (Low_byte_addr_match)
{ PRIOR_ADDR_MATCH = TRUE;
Send ACK = 0;
while (SSPADD not updated) Hold SCL low;
Clear UA=0;
Set RCV_MODE;
}

}
else if (High_byte_addr_match AND (R/W = 1)
{ if (PRIOR_ADDR_MATCH)
{ send ACK = 0;
set XMIT_MODE;

}
else PRIOR_ADDR_MATCH = FALSE;

}
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TABLE 12-3: BAUD RATES FOR SYNCHRONOUS MODE
BAUD FOsC = 20 MHz SPERG 16 MHz SPERG 10 MHz SPBRG 7.15909 MHz SPBRG
RATE % value % value % value % value
) |XBAUD  £pror  (decimal)| KBAYP  ERROR (decimal)| “BAYP ERROR (decimal)| KBAYP  ERROR  (decimal)
0.3 NA - - NA - - NA - - NA - -
1.2 NA - - NA - - NA - - NA - -
24 NA - - NA - - NA - - NA - -
9.6 NA - - NA - - 9.766 +1.73 255 9.622 +0.23 185
19.2 | 19.53 +1.73 255 19.23 +0.16 207 19.23 +0.16 129 19.24 +0.23 92
76.8 76.92 +0.16 64 76.92 +0.16 51 75.76 -1.36 32 77.82 +1.32 22
96 96.15 +0.16 51 95.24 -0.79 41 96.15 +0.16 25 94.20 -1.88 18
300 294.1 -1.96 16 307.69 +2.56 12 3125 +4.17 7 298.3 -0.57 5
500 500 0 9 500 0 7 500 0 4 NA - -
HIGH 5000 - 0 4000 - 0 2500 - 0 1789.8 - 0
LOW 19.53 - 255 15.625 - 255 9.766 - 255 6.991 - 255
FOSC =5.0688 MHz 4 MHz 3.579545 MHz 1 MHz 32.768 kHz
BAUD SPBRG SPBRG SPBRG SPBRG SPBRG
RATE | KBAUD % value |KBAUD % value | KBAUD % value |KBAUD % value |KBAUD % value
(K) ERROR (decimal) ERROR (decimal) ERROR (decimal) ERROR (decimal) ERROR (decimal)
0.3 NA - - NA - - NA - - NA - - 0.303 +1.14 26
1.2 NA - - NA - - NA - - 1.202 +0.16 207 1.170 -2.48 6
24 NA - - NA - - NA - - 2.404 +0.16 103 NA - -
9.6 9.6 0 131 9.615 +0.16 103 9.622 +0.23 92 9.615 +0.16 25 NA - -
19.2 19.2 0 65 19.231 +0.16 51 19.04 -0.83 46 19.24  +0.16 12 NA - -
76.8 79.2 +3.13 15 76.923 +0.16 12 74.57 -2.90 11 83.34 +8.51 2 NA - -
96 97.48 +1.54 12 1000 +4.17 9 99.43 +3.57 8 NA - - NA - -
300 316.8 +5.60 3 NA - - 298.3  -0.57 2 NA - - NA - -
500 NA - - NA - - NA - - NA - - NA - -
HIGH | 1267 - 0 100 - 0 894.9 - 0 250 - 0 8.192 - 0
LOW | 4.950 - 255 3.906 - 255 3.496 - 255 0.9766 - 255 0.032 - 255
TABLE 12-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)
BAUD Fosc =20 MHz SPBRG 16 MHz SPBRG 10 MHz SPBRG 7.15909 MHz SPBRG
RATE % value % value % value % value
(K) |KBAUD ERROR (decimal)|KBAUD ERROR (decimal)| KBAUD ERROR (decimal)|KBAUD ERROR (decimal)
0.3 NA - - NA - - NA - - NA - -
1.2 1.221 +1.73 255 1.202 +0.16 207 1.202 +0.16 129 1.203 +0.23 92
2.4 2.404 +0.16 129 2.404 +0.16 103 2.404 +0.16 64 2.380 -0.83 46
9.6 9.469 -1.36 32 9.615 +0.16 25 9.766 +1.73 15 9.322 -2.90 11
19.2 19.53 +1.73 15 19.23 +0.16 12 19.53 +1.73 7 18.64 -2.90 5
76.8 78.13 +1.73 3 83.33 +8.51 2 78.13 +1.73 1 NA - -
96 104.2 +8.51 2 NA - - NA - - NA - -
300 312.5 +4.17 0 NA - - NA - - NA - -
500 NA - - NA - - NA - - NA - -
HIGH | 3125 - 0 250 - 0 156.3 - 0 111.9 - 0
LOW 1.221 - 255 0.977 - 255 0.6104 - 255 0.437 - 255
FOSC =5.0688 MHz 4 MHz 3.579545 MHz 1 MHz 32.768 kHz
BAUD SPBRG SPBRG SPBRG SPBRG SPBRG
RATE % value % value % value % value % value
(K) | KBAUD ERROR (decimal)| KBAUD ERROR (decimal)| KBAUD ERROR (decimal)| KBAUD ERROR (decimal)| KBAUD ERROR (decimal)
0.3 0.31 +3.13 255 0.3005 -0.17 207 0.301 +0.23 185 0.300 +0.16 51 0.256 -14.67 1
1.2 1.2 0 65 1.202  +1.67 51 1.190 -0.83 46 1.202 +0.16 12 NA - -
24 24 0 32 2404 +1.67 25 2432 +1.32 22 2232 -6.99 6 NA - -
9.6 9.9 +3.13 7 NA - - 9.322 -2.90 5 NA - - NA - -
19.2 19.8 +3.13 3 NA - - 18.64 -2.90 2 NA - - NA - -
76.8 79.2 +3.13 0 NA - - NA - - NA - - NA - -
96 NA - - NA - - NA - - NA - - NA - -
300 NA - - NA - - NA - - NA - - NA - -
500 NA - - NA - - NA - - NA - - NA - -
HIGH 79.2 - 0 62.500 - 0 55.93 - 0 15.63 - 0 0.512 - 0
LOW | 0.3094 - 255 3.906 - 255 0.2185 - 255 0.0610 - 255 0.0020 - 255
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TABLE 12-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION
Value on: Value on all
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
other Resets
BOR
0Ch PIR1 PSPIF® | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA | SPEN RX9 | SREN |CREN | — FERR | OERR | Rx9D | 0000 -00x | 0000 -00x
19h TXREG |USART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE®) | ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
98h TXSTA CSRC | TX9 | TXEN [ SYNC| — BRGH | TRMT | Tx9p | 0000 -010 | 0000 -010
99h SPBRG |Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - =unimplemented, read as '0'. Shaded cells are not used for Synchronous Master Transmission.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16C73/73A/76, always maintain these bits clear.
FIGURE 12-12: SYNCHRONOUS TRANSMISSION

Q1|Q2|Q3|Q4i Q1|Q2|Q3| Q4.:Q1|Q2|Q3| Q4EQ1|Q2P3|Q4:Ql|Q2|Q3P4| |Q3|Q4; Q1|Qz|Qa|Q4!Q1|Q2|Q3|Q4!Q1|Q2 |Q3|Q4EQ1|Q2|Q3|Q4Q1|Q2|Q3|Q4EQ1|QZ|Q3 |Q4

! !
T Bit1 X7 Bit2 X

'
' Bit7
T

'
' Bitl

RCTIRX/DT it X80 X B X B X B0 L v a—
' - WORD 1 - WORD 2 . L e
RCB/TX/CK pin : I e S e A GO s Y s Y s A s Y s § G oy I
Write to : : : : . . . : :
TXREG reg M— : I : (¢ : ' ; : 3 '
Write word1 ! Write word2 : X X X l X
TXIF bit o ' ' ' ' ' ' ! (C '
(Interrupt flag) ! l—,: X . )()( . . ! . ks '
TRMTbit — : : : : cc : : : ! ¢ : [
| | \ \ B2 , , , ' ) ,
TXEN bit ' ' Z Z (¢ : : : : {5 ' -
Note: Sync master mode; SPBRG ='0'". Continuous transmission of two 8-bit words
FIGURE 12-13: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)
RC7/RX/DT pin X b0 X bi X bit2 S Y X bite X bi

RCB/TX/CK pin

Write to
TXREG reg

TXIF bit

TRMT bit

TXEN bit

/N S

NN\ NN\
~—T\ T\

i th

N~
NN
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FIGURE 12-14: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

Q4Q4Q{Q404Q40{Q4Q#Q#Q{QﬂQ4Q40{Qﬂ0404Q4Q4Q4Q4Q4F404Q404F4Q404Q4F4Q4Q4Q4F404Q404F4Q40404

RC7/RX/DT pin . . bit0 bitl  bit2 bit3 bit4  bit5 bit6 bit7

RC6/TX/CK pin ; [ [l [ [ [ [l [ [
Write to !
bit SREN ~ L . . . . . . . . . .
SREN bit — | 3 1 1 1 1 1 1 Y S
CREN bit -0 : : : : : : : : O
RCIF bit Z Z Z Z Z Z Z Z Z .
(interrupt) . . . . . . . . . Z .
Read 2 2 2 2 2 2 2 2 2 2 2
RXREG | | | | | | | | | . .

Note: Timing diagram demonstrates SYNC master mode with bit SREN = '1" and bit BRG ="'0'".
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|Applicable Devices |72]|73[73A[74[74A[76 |77 |

17.4 Timing Parameter Symbology

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

1. TppS2ppS 3. TccisT (1°C specifications only)
2.TppS 4.Ts (I2C specifications only)
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pp
cc CCP1 osc OSC1
ck CLKOUT rd RD
cs CS rw RD or WR
di SDI sc SCK
do SDO ss SS
dt Data in t0 TOCKI
io I/O port tl T1CKI
mc MCLR wr WR
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
| Invalid (Hi-impedance) \Y Valid
L Low z Hi-impedance
12C only
AA output access High High
BUF Bus free Low Low
Tcc:sT (I2C specifications only)
CcC
HD Hold SuU Setup
ST
DAT DATA input hold STO STOP condition
STA START condition

FIGURE 17-1: LOAD CONDITIONS

Load condition 1

VbD/2

RL

Pin —_C
T
Vss
RL = 464Q
CL = 50pF for all pins except OSC2
15 pF for OSC2 output

Load condition 2

Pin T CL

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

FIGURE 17-9: 12C BUS START/STOP BITS TIMING
SCL
SDA . SS \ : j :
: \ : (¢ A
! : 2 ! !
N .
START STOP
Condition Condition
Note: Refer to Figure 17-1 for load conditions
TABLE 17-8:  12C BUS START/STOP BITS REQUIREMENTS
Parameter Sym Characteristic Min | Typ | Max | Units Conditions

No.

90 Tsu:sTA |START condition 100 kHz mode 4700 | — | — ns Only relevant for repeated START
Setup time 400 kHz mode 600 | — | — condition

91 THD:STA |START condition 100 kHz mode 4000 | — | — ns After this period the first clock
Hold time 400 kHz mode 600 | — | — pulse is generated

92 Tsu:sTo |STOP condition 100 kHz mode 4700 | — | — ns
Setup time 400 kHz mode 600 | — | —

93 THD:sSTO |STOP condition 100 kHz mode 4000 | — | — ns
Hold time 400 kHz mode 600 | — | —
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|Applicable Devices |72]|73[73A[74[74A[76 |77 |

FIGURE 17-11: A/D CONVERSION TIMING

BSF ADCONO, GO 1Tcy:

134 —»| 1) \
<— (Toscl2) 131

Q4

— 130 -—

AD CLK <1325, .

woomn X7 X o X XXX XXX |
or 1 | i
GOA | DONE

SAMPLE SAMPLING STOPPED

Note 1: If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the

SLEEP instruction to be executed.

TABLE 17-11: A/D CONVERSION REQUIREMENTS

Param | Sym [ Characteristic Min Typt Max Units Conditions
No.
130 TaD | A/D clock period PIC16C72 1.6 — — pus | Tosc based, VREF 2 3.0V
PIC16LC72 2.0 — — Us | Tosc based, VREF full range
PIC16C72 2.0 4.0 6.0 pus | A/D RC Mode
PIC16LC72 3.0 6.0 9.0 pus | A/D RC Mode
131 | Tenv | Conversion time (not including S/H — 9.5 — TAD
time) (Note 1)
132 | TACQ | Acquisition time Note 2 20 — us
5* — — ps | The minimum time is the amplifier
settling time. This may be used if
the "new" input voltage has not
changed by more than 1 LSb (i.e.,
20.0 mV @ 5.12V) from the last
sampled voltage (as stated on
CHOLD).

134 | Teo | Q4 to A/D clock start — Tosc/2 § — — | If the A/D clock source is selected
as RC, a time of Tcy is added
before the A/D clock starts. This
allows the SLEEP instruction to be
executed.

135 | Tswc | Switching from convert — sample time | 1.58§ — — TAD

*  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.
§ This specification ensured by design.
Note 1: ADRES register may be read on the following Tcy cycle.
2: See Section 13.1 for min conditions.
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|Applicable Devices |72|73|73A|74[74A|76|77 |

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +125°C for extended,
-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
Output High Voltage
D090 |I/O ports (Note 3) VoH (VDD -0.7 - - V |loH =-3.0 mA, VDD = 4.5V,
-40°C to +85°C
DO090A VbD - 0.7 - - V |loH =-2.5mA, VDD = 4.5V,
-40°C to +125°C
D092 |[OSC2/CLKOUT (RC osc config) VDD - 0.7 - - V |loH=-1.3 mA, VDD = 4.5V,
-40°C to +85°C
D092A VoD - 0.7 - - V [loH =-1.0 mA, VDD = 4.5V,
-40°C to +125°C
D150* [Open-Drain High Voltage Vob - - 14 V |RA4 pin
Capacitive Loading Specs on
Output Pins
D100 |[OSC2 pin Cosc2 - - 15 pF {In XT, HS and LP modes when exter-
nal clock is used to drive OSC1.
D101 |All /O pins and OSC2 (in RC Cio - - 50 pF
D102 |mode) SCL, SDA in I2C mode Cs - -| 400 | pF
* 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|

FIGURE 21-8: TYPICAL IpD vs. VDD BROWN- FIGURE 21-10: TYPICAL IpD vs. TIMER1
OUT DETECT ENABLED (RC ENABLED (32 kHz, RCO/RC1 =
MODE) 33 pF/33 pF, RC MODE)
1400
1200 30
/

1000
- 25
< 800 Device NOT in  —|
s Brown-out Reset 20
£ 600 .

400 |- Device in <315

Brown-out — | g
200 |- Reset - 10
0
2.5 3.0 35 4.0 45 5.0 55 6.0 5
VDD(Volts)
The shaded region represents the built-in hysteresis of the 8'5 3.0 35 \;1[')?)(\/0“:)'5 50 55 6.0
brown-out reset circuitry.
FIGURE 21-9: MAXIMUM IpD vs. VDD

BROWN-OUT DETECT FIGURE 21-11: MAXIMUM IpD vs. TIMER1
ENABLED ENABLED
(85°C TO -40°C, RC MODE) (32 kHz, RCO/RC1 = 33 pF/33
pF, 85°C TO -40°C, RC MODE)
1600
1400
1200 45
1000 Device NOT i ) o
= evice in
3 800 Brown-out Reset | =
g 30
600 [— Device i
oo 2%
400 — Reset T E’ZO
200 15
4.3 10
02.5 3.0 35 4.0 4.5 5.0 5.5 6.0 5
VDD(Volts)
The shaded region represents the built-in hysteresis of the 8,5 3.0 3.5 4.0 45 5.0 5.5 6.0
brown-out reset circuitry. VDD(Volts)
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22.3 28-Lead Plastic Dual In-line (300 mil) (SP)

N

] rararir

T S
PnNo.1__ l t eA j

Indicator s o s —— A - eB -
Area
B2| | Bl
- D >
—» S|e— l
Base — AN \ ¥ '
Plane ™\
. ' ‘
Seating ——» ' \
Plane/ L T
Detail A ey Y AL A2 A LBE L?J
- D1 > Detail A
Package Group: Plastic Dual In-Line (PLA)
Millimeters Inches
Symbol Min Max Notes Min Max Notes
a 0° 10° 0° 10°
A 3.632 4.572 0.143 0.180
Al 0.381 — 0.015 -
A2 3.175 3.556 0.125 0.140
B 0.406 0.559 0.016 0.022
B1 1.016 1.651 Typical 0.040 0.065 Typical
B2 0.762 1.016 4 places 0.030 0.040 4 places
B3 0.203 0.508 4 places 0.008 0.020 4 places
C 0.203 0.331 Typical 0.008 0.013 Typical
D 34.163 35.179 1.385 1.395
D1 33.020 33.020 Reference 1.300 1.300 Reference
E 7.874 8.382 0.310 0.330
El 7.112 7.493 0.280 0.295
el 2.540 2.540 Typical 0.100 0.100 Typical
eA 7.874 7.874 Reference 0.310 0.310 Reference
eB 8.128 9.652 0.320 0.380
L 3.175 3.683 0.125 0.145
N 28 - 28 -
S 0.584 1.220 0.023 0.048
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APPENDIX C: WHAT'S NEW

Added the following devices:

* PIC16C76
* PIC16C77

Removed the PIC16C710, PIC16C71, PIC16C711
from this datasheet.

Added PIC16C76 and PIC16C77 devices. The
PIC16C76/77 devices have 368 bytes of data memory
distributed in 4 banks and 8K of program memory in 4
pages. These two devices have an enhanced SPI that
supports both clock phase and polarity. The USART
has been enhanced.

When upgrading to the PIC16C76/77 please note that
the upper 16 bytes of data memory in banks 1,2, and 3
are mapped into bank 0. This may require relocation of
data memory usage in the user application code.

Added Q-cycle definitions to the Instruction Set Sum-
mary section.

APPENDIX D: WHAT'S CHANGED
Minor changes, spelling and grammatical changes.

Added the following note to the USART section. This
note applies to all devices except the PIC16C76 and
PIC16C77.

For the PIC16C73/73A/74/74A the asynchronous high
speed mode (BRGH = 1) may experience a high rate of
receive errors. It is recommended that BRGH = 0. If you
desire a higher baud rate than BRGH = 0 can support,
refer to the device errata for additional information or
use the PIC16C76/77.

Divided SPI section into SPI for the PIC16C76/77 and
SPI for all other devices.
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E.8 PIC16C8X Family of Devices
PIC16F8 PIC16CRS8 PIC16F84 PIC16CR84
Maximum Frequency 10 10 10 10
of Operation (MHz)
Flash Program Memory 512 — 1K —
EEPROM Program Memory — — — —
Memory ROM Program Memory — 512 — 1K
Data Memory (bytes) 36 36 68 68
Data EEPROM (bytes) 64 64 64 64
LTSI ITEN Timer Module(s) TMRO TMRO TMRO TMRO
als
Interrupt Sources 4 4 4 4
I/O Pins 13 13 13 13
Features Voltage Range (Volts) 2.0-6.0 2.0-6.0 2.0-6.0 2.0-6.0
Packages 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP,
SOIC SoIC SOIC SOIC

All PIC16/17 Family devices have Power-on Reset, selectable Watchdog Timer, selectable code protect and high 1/0 current capabil-
ity. All PIC16C8X Family devices use serial programming with clock pin RB6 and data pin RB7.

E.9 PIC16C9XX Family Of Devices

PIC16C923 PIC16C924

Peripherals

Features

Maximum Frequency of Operation (MHz) 8 8
EPROM Program Memory 4K 4K
Memory

Data Memory (bytes) 176 176

Timer Module(s) TMRO, TMRO,
TMR1, TMR1,
TMR2 TMR2

Capture/Compare/PWM Module(s) 1 1

Serial Port(s) SPI/I’C SPI/IC

(SPI/I2C, USART)

Parallel Slave Port — —

A/D Converter (8-bit) Channels — 5

LCD Module 4 Com, 4 Com,
32 Seg 32 Seg

Interrupt Sources 8 9

1/0 Pins 25 25

Input Pins 27 27

Voltage Range (Volts) 3.0-6.0 3.0-6.0

In-Circuit Serial Programming Yes Yes

Brown-out Reset — —

Packages 64-pin SDIPM), 64-pin SDIPM),
TQFP; TQFP;
68-pin PLCC, 68-pin PLCC,
Die Die

All PIC16/17 Family devices have Power-on Reset, selectable Watchdog Timer, selectable code protect and high 1/O current capa-
bility. All PIC16C9XX Family devices use serial programming with clock pin RB6 and data pin RB7.
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E.10

PIC17CXXX Family of Devices

Clock

Memory

Peripherals

Features

Clock

Memory

Peripherals

Features

PIC17C42A PIC17CR42 PIC17C43 PIC17CR43 PIC17C44
Maximum Frequency 33 33 33 33 33
of Operation (MHz)
EPROM Program Memory 2K — 4K — 8K
(words)
ROM Program Memory — 2K — 4K —
(words)
RAM Data Memory (bytes) 232 232 454 454 454
Timer Module(s) TMRO, TMRO, TMRO, TMRO, TMRO,
TMR1, TMR1, TMR1, TMR1, TMR1,
TMR2, TMR2, TMR2, TMR2, TMR2,
TMR3 TMR3 TMR3 TMR3 TMR3
Captures/PWM Module(s) 2 2 2 2 2
Serial Port(s) (USART) Yes Yes Yes Yes Yes
Hardware Multiply Yes Yes Yes Yes Yes
External Interrupts Yes Yes Yes Yes Yes
Interrupt Sources 11 11 11 11 11
1/0 Pins 33 33 33 33 33
Voltage Range (Volts) 2.5-6.0 2.5-6.0 2.5-6.0 2.5-6.0 2.5-6.0
Number of Instructions 58 58 58 58 58
Packages 40-pin DIP; 40-pin DIP; 40-pin DIP; 40-pin DIP; 40-pin DIP;
44-pin PLCC, |[44-pin PLCC, |44-pin PLCC, |44-pin PLCC, |44-pin PLCC,
MQFP, TQFP | MQFP, TQFP |MQFP, TQFP | MQFP, TQFP | MQFP, TQFP
P PIC17C756
Maximum Frequency 33 33
of Operation (MHz)
EPROM Program Memory 8K 16K
(words)
ROM Program Memory — —
(words)
RAM Data Memory (bytes) 454 902
Timer Module(s) TMRO, TMRO,
TMR1, TMR1,
TMR2, TMR2,
TMR3 TMR3
Captures/PWM Module(s) 4/3 4/3
Serial Port(s) (USART) 2 2
Hardware Multiply Yes Yes
External Interrupts Yes Yes
Interrupt Sources 18 18
1/0 Pins 50 50
Voltage Range (Volts) 3.0-6.0 3.0-6.0
Number of Instructions 58 58
Packages 64-pin DIP; 64-pin DIP;
68-pin LCC, 68-pin LCC,
68-pin TQFP 68-pin TQFP

All PIC16/17 Family devices have Power-on Reset, selectable Watchdog Timer, selectable code protect and high

1/O current capability.
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Instruction Set

CLRWDT ..ot 152

COMF oo 153

DECF oo 153
DECFSZ ..o 153
GOTO i 154
INCF oo 154
INCFSZ ..o 155
IORLW .o 155
IORWEF ..o 156
MOVF .o 156
MOVLW L, 156
MOVWE ..o 156
NOP o 157
OPTION ..ot 157
RETFIE ., 157
RETLW .o 158
RETURN ..o, 158

Summary Table ......ccoceiiiiiiiiiicinc e 148
INT INEEITUPL .o 143
INTCON ..o 29
INTCON REQGISLEN ...evviiiiiiiiiiiiiit e 32

INTEDG Dit .o .. 31, 143

Internal Sampling Switch (Rss) Impedance ..................... 120

INTEITUPLS oo 129
PortB Change ........cccoeceeeiiiiieiee e 143
RB7:RB4 Port Change .........coccoevverieeneeiiieneesieee 45
SECHON Lot 141
TMRO e 143

IRP DIt oo 30

L

Loading Of PC ....oooiiiiiiieiee e 40

M
MCLR e 133, 136
Memory
Data MEMOIY ....ooiiiiiiiiieeeie et 20
Program MEMOIY .......ccccooiuviiiiiiiiiiee e 19
Program Memory Maps
PICLBCT2 ..ot 19
PICLIBCT3 ..o 19
PICLECT3A i 19
PICLBCTA ..o 19
PICLIBCTAA ..o 19
PICLOCTE ..ottt 20
PICLBCTT it 20
Register File Maps
PIC16C72
PIC16C73
PICLIBCT3A i
PICLOCTA ..ottt
PICLIBCTAA ..ot
PICLIBCTE ..o
PIC16C77 ....
MPASM Assembler .....
MPLAB-C .....coeeoveiiiieniiee
MPSIM Software Simulator
0]
OERR bit ..
OPCODE ..
OPTION .ottt
OPTION REQISIEr ...ttt 31
Orthogonal .....couviieiiii e 9
OSC SEIECHON ..ot 129
Oscillator
Oscillator Configurations ..........ccccceeeeriieneeniieeniereeen 131
OUtPUL Of TMR2 ..ot 69
P
P 78, 83
Packaging
28-Lead Ceramic W/WINAOW .........cocevvevieniiiirienneenns 251
28-Lead PDIP ....ocveiiiiciiect e 253
28-Lead SOIC ..o 255
28-Lead SSOP ....ccoviiiiiiiiiece e 256
40-Lead CERDIP W/WINAOW ........ccovvveeiiiiieniiieenns 252
40-Lead PDIP ........cccevvnne
44-Lead MQFP ....
44-Lead PLCC .....
44-Lead TQFP ...oooiiiieieeeeee e
Paging, Program Memory .........cccccvviiiieniiieiieniee e 40
Parallel Slave Port ..o 50, 54
PCFGO DIt ..o

PCFGL1 bit ....
PCFG2 bit ....
PCL Register

PCLATH et

PCLATH Register .......ccccooue...e. 23, 24, 25, 26, 27, 28, 29, 40
PCON REQISLET .....veinviiiiiiiieiie e 29, 39, 135
[T o1 AT 30, 133, 135
PICDEM-1 Low-Cost PIC16/17 Demo Board ........... 163, 164
PICDEM-2 Low-Cost PIC16CXX Demo Board ......... 163, 164
PICDEM-3 Low-Cost PIC16C9XXX Demo Board ............ 164

PICMASTER In-Circuit Emulator
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Registers

FSR

SUMMANY oot 29
INDF

SUMMANY e 29
Initialization Conditions ..........cccoocveiiviiiiniieieene 136
INTCON

SUMMANY e 29
Maps

PICLOCT2 ..oooiiiiiiiiieteeceee e 21

PICLECT3 ..o 21

PICLIBCT3A ..o 21

PICLECTA ...ooiiiiiiiiieeeecee e 21

PICLECTAA ..o 21

PICLBCT6 ....ccvviiiiiiiiiiicciccie e 22

PICLOCTT ..ottt 22
OPTION

SUMMANY oot 29
PCL

SUMMANY e 29
PCLATH

SUMMANY .ooiiiiiiie e 29
PORTB

SUMMANY oot
Reset Conditions
SSPBUF

SECHON .. 80
SSPCON

Diagram ......ccccooviiieiiiiieee e 79
SSPSR

SECHON it 80
SSPSTAT oo 83

DIiagram ......cooeeiiiiiiiieere e 78

SECHON it 78
STATUS

SUMMANY oot 29
SUMMANY eeiiiiiiiiiiieee e 25, 27
TMRO

SUMMANY oot 29
TRISB

SUMMANY e

ReESet ..o

Reset Conditions for Special Registers
RPO DIt oo
RPL DIt oot
RXO DIt oo
RXOD Dt .t

SDO s 80
Serial Communication Interface (SCI) Module, See USART
Services

One-Time-Programmable (OTP) .......cccceviviiieeneennen. 7

Quick-Turnaround-Production (QTP) .......ccceviierriinenn. 7

Serialized Quick-Turnaround Production (SQTP) ........ 7
Slave Mode

SCL ettt 94

SDA 94
SLEEP ..... 129, 133
SIMP e 83
Software Simulator (MPSIM) ... 165
SPBRG .. 29

SPBRG REQISLEN ...uvviiiiiiiee et 26, 28
Special EVent Trigger ..o iiieiiiiieeiie e 125
Special Features of the CPU .........ccccoociiiieiieeiiinccee 129
Special Function Registers
PICLBCT2 ..ttt
PIC16C73 .....
PIC16C73A ...
PIC16C74 .....
PICLIBCTAA ...
PICLBCTE ..ottt
PIC1BCT7 ..oooviiiieviieeee
Special Function Registers, Section ...
SPEN DIt oot 100
SPI
BIOCK Diagram ........ccccovueeriieniieiieeniee e 80, 85
Master Mode -
Master Mode TimiNg ........ccceeeriueeeinieeeniee e 87
MOAE .
Serial ClOCK .......ooiviiiiiiiieiii e
Serial Data IN .....oooeiiiiiii e
Serial Data Out .
Slave Mode TiMiNG .....oooveriiiiieniiee e 88
Slave Mode Timing Diagram .........ccccevvvveeiiieeenneenn. 87
Slave Select
SPI clock ...
SPI Mode ... .
SSPCON ..ot
SSPSTAT ot
SPI Clock Edge Select bit, CKE ...........cccocveeennnen.
SPI Data Input Sample Phase Select bit, SMP
SPIMOCE ...oviiiiiiiicii e
SREN DIt oo

SSP
Module OVEIVIEW .......cevieiiiiiiiiieee et 77
LY=o 1o o T S 77
SSPBUF .o 86
SSPCON oottt 84
SSPSR
SSOP STAT 83

SSP in I2C Mode - See I°C

SSPADD oo

SSPADD Register

SSPBUF ...............

SSPBUF Register

SSPCON ittt
SSPCON Register ....25,27
SSPEN ..o ...79, 84
SSPIE DIt oo 33
SSPIF DIt oo 35, 36
SSPM3:SSPMO ..o 79, 84
SSPOV .
SSPSTAT it 78,93
SSPSTAT REQISLEr ....vveiviiiieiiieiiceieeienn 24, 26, 28, 29, 83
SEACK vttt
Overflows
Underflow ..
Start bit, S ..o
STATUS REQISIEr ....viiiiiiiiieiiiee et 29, 30
SEOP Dit, P oo 78, 83
Synchronous Serial Port (SSP)
Block Diagram, SPI Mode .........cccccoeiiiieeiiiiiennieeene 80
SPI Master/Slave Diagram ...........ccccevevenieniieeneennen 81
SPIMOGE ..ottt 80
Synchronous Serial Port Enable bit, SSPEN ................ 79, 84
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