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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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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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FIGURE 9-2: T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)

UO  RW-0 RMW-0 RWO RW-0 RWO RWO RMO
— |toutpss|toutps2|TouTpPsi|TouTPso| TMR20N |T2cKkPs1|T2CcKPSO0| [R = Readable bit

bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’

-n =Value at POR reset

bit 7: Unimplemented: Read as '0'

bit 6-3: TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits
0000 = 1:1 Postscale
0001 = 1:2 Postscale

1111 =1:16 Postscale

bit 2: TMR2ON: Timer2 On bit
1 =Timer2 is on
0 =Timer2 is off

bit 1-0: T2CKPS1:T2CKPSO: Timer2 Clock Prescale Select bits
00 =Prescaleris 1
01 = Prescaler is 4
1x = Prescaler is 16

TABLE 9-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

Value on: Value on

Address Name Bit 7 Bit 6 Bit 5 Bit 4 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
0Ch PIR1 PSPIF®2 |  ADIF RCIF® | TXIF@ SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 [ 0000 0000
8Ch PIEL PsSPIEL2) |  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 | TMR20ON | 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: 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".

DS30390E-page 70 0 1997 Microchip Technology Inc.



Applicable Devi
P I C 1 6 C 7 X 727?3:|C72Ar74|i\2:r756|77

FIGURE 11-8: SSPCON: SYNC SERIAL PORT CONTROL REGISTER (ADDRESS 14h)(PIC16C76/77)

RMW-0 RMW-0 RMW-0 RMWO RMW-0 RMW-0 RW0 RMW-O0
| weoL | sspov | ssPEN| ckp | ssPMm3 | ssPM2 | ssPM1 | ssPmo| | R = Readable bit

bit7 bito | W = Writable bit _
U = Unimplemented bit,
read as ‘0’

- n =Value at POR reset

bit 7. WCOL: Write Collision Detect bit
1 = The SSPBUF register is written while it is still transmitting the previous word
(must be cleared in software)
0 = No collision

bit 6: SSPOV: Receive Overflow Indicator bit

In SPI mode

1= A new byte is received while the SSPBUF register is still holding the previous data. In case of overflow,
the data in SSPSR is lost. Overflow can only occur in slave mode. The user must read the SSPBUF, even
if only transmitting data, to avoid setting overflow. In master mode the overflow bit is not set since each
new reception (and transmission) is initiated by writing to the SSPBUF register.

0 = No overflow

In 12C mode

1 = A byte is received while the SSPBUF register is still holding the previous byte. SSPOV is a "don’t care”
in transmit mode. SSPOV must be cleared in software in either mode.

0 = No overflow

bit 5: SSPEN: Synchronous Serial Port Enable bit

In SPI mode
1 = Enables serial port and configures SCK, SDO, and SDI as serial port pins
0 = Disables serial port and configures these pins as I/0O port pins

In 12C mode

1 = Enables the serial port and configures the SDA and SCL pins as serial port pins

0 = Disables serial port and configures these pins as I/O port pins

In both modes, when enabled, these pins must be properly configured as input or output.

bit 4: CKP: Clock Polarity Select bit
In SPI mode
1 = Idle state for clock is a high level
0 = Idle state for clock is a low level
In I2C mode
SCK release control
1 = Enable clock
0 = Holds clock low (clock stretch) (Used to ensure data setup time)

bit 3-0: SSPM3:SSPMO: Synchronous Serial Port Mode Select bits
0000 = SPI master mode, clock = Fosc/4
0001 = SPI master mode, clock = Fosc/16
0010 = SPI master mode, clock = Fosc/64
0011 = SPI master mode, clock = TMR2 output/2
0100 = SPI slave mode, clock = SCK pin. SS pin control enabled.
0101 = SPI slave mode, clock = SCK pin. SS pin control disabled. SS can be used as I/O pin
0110 = I2C slave mode, 7-bit address
0111 = I°C slave mode, 10-bit address
1011 = I2C firmware controlled master mode (slave idle)
1110 = IC slave mode, 7-bit address with start and stop bit interrupts enabled
1111 = IC slave mode, 10-bit address with start and stop bit interrupts enabled
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The SS pin allows a synchronous slave mode. The
SPI must be in slave mode (SSPCON<3:0> = 04h)
and the TRISA<5> hit must be set for the synchro-
nous slave mode to be enabled. When the SS pin is
low, transmission and reception are enabled and
the SDO pin is driven. When the SS pin goes high,
the SDO pin is no longer driven, even if in the mid-
dle of a transmitted byte, and becomes a floating
output. If the SS pin is taken low without resetting
SPI mode, the transmission will continue from the
point at which it was taken high. External pull-up/
pull-down resistors may be desirable, depending on the
application.

Note: When the SPI s in Slave Mode with SS pin
control enabled, (SSPCON<3:0> = 0100)
the SPI module will reset if the SS pin is set
to VDD.

Note: If the SPI is used in Slave Mode with
CKE =1/, then the SS pin control must be
enabled.

To emulate two-wire communication, the SDO pin can
be connected to the SDI pin. When the SPI needs to
operate as a receiver the SDO pin can be configured as
an input. This disables transmissions from the SDO.
The SDI can always be left as an input (SDI function)
since it cannot create a bus conflict.

FIGURE 11-11: SPI MODE TIMING, MASTER MODE (PIC16C76/77)

SCK (CKP =0, | | | | | |

CKE = 0)

SCK (CKP =0, F ] ] ]

CKE = 1)
SCK (CKP =1,

CKE=0) N

SCK (CKP =1,

cRE=D I

SDO X oir X bis ¥ bis b bis X bz X bin {bito

bit7
SDI (SMP = 1)

bit7
SSPIF

SDI (SMP = 0) C C C C C C C C

bit0

bit0

FIGURE 11-12: SPI MODE TIMING (SLAVE MODE WITH CKE = 0) (PIC16C76/77)

SS (optional) —|

SCK (CKP =0) L L]

SCK (CKP = 1)

SDO -( biz ¥ bie X bis X bis X bz { bz X bir X b0 X

bit7
SSPIF

SDI (SMP = 0) ' C C :/ C :/ C C C

bit0

0 1997 Microchip Technology Inc.
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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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Steps to follow when setting up an Asynchronous 4. If 9-bit transmission is desired, then set transmit
Transmission: bit TX9.
1. Initialize the SPBRG register for the appropriate 5. Enable the transmission by setting bit TXEN,

baud rate. If a high speed baud rate is desired, which will also set bit TXIF.

set bit BRGH. (Section 12.1) 6. If 9-bit transmission is selected, the ninth bit
2. Enable the asynchronous serial port by clearing should be loaded in bit TX9D.

bit SYNC and setting bit SPEN. 7. Load data to the TXREG register (starts trans-
3. |If interrupts are desired, then set enable bit mission).

TXIE.

FIGURE 12-8: ASYNCHRONOUS MASTER TRANSMISSION

Write to TXREG I (C

BRG output
(shift clock) — L

RC6/TX/CK (pin)

N startBit < Bito X Bit1_X___(§ X Bit7/8_/sop Bit

reg. empty flag) i_|

TXIF bit ' WORD 1 '
(Transmit buffer C :
JJ '

f WORD 1 —» '

TRMT bit f : '
(Transmit shift Transmit Shift Reg X
reg. empty flag) —| cc |

JJ

FIGURE 12-9: ASYNCHRONOUS MASTER TRANSMISSION (BACK TO BACK)

Write to TXREG Il M r
BRG outout Word 1 Word 2 J)
outpu
(shift clock) [ 1 | 1 [ 1 [ 1 [ 5%, | [ | | 1 | 1
RC6/TX/CK (pin) : ) i i )
) N_ Start Bit Bit0 X Bitl X 5 5 X __Bit7/8 /stop Bit \Start Bit Bit 0
TXIF bit Y WORD 1. I WoRD >
(interrupt reg. flag) :
] I Iqe
TRMT bit WORD 1——»
. WORD 2 >
(Transmit shift Transmit Shift Reg. 2
reg. empty flag) 9 Transmit Shift Reg.
C
JJ

Note: This timing diagram shows two consecutive transmissions.

TABLE 12-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

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
0Ch PIR1 PSPIFY | 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 | Tx9Dp | 0000 -010 | 0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented locations read as '0'. Shaded cells are not used for Asynchronous Transmission.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16C73/73A/76, always maintain these bits clear.
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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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13.8  Use of the CCP Trigger
Applicable Devices
72[73[73A[74]74A]76]77

Note: In the PIC16C72, the "special event trig-
ger" is implemented in the CCP1 module.

An A/D conversion can be started by the “special event
trigger” of the CCP2 module (CCP1 on the PIC16C72
only). This requires that the CCP2M3:CCP2MO bits
(CCP2CON<3:0>) be programmed as 1011 and that
the A/D module is enabled (ADON bit is set). When the
trigger occurs, the GO/DONE bit will be set, starting the
A/D conversion, and the Timerl counter will be reset to
zero. Timerl is reset to automatically repeat the A/D
acquisition period with minimal software overhead
(moving the ADRES to the desired location). The
appropriate analog input channel must be selected and
the minimum acquisition done before the “special event
trigger” sets the GO/DONE bit (starts a conversion).

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 Timerl counter.

13.9 Connection Considerations
Applicable Devices

72|73[73A[74]74A]76]77
If the input voltage exceeds the rail values (Vss or VDD)

by greater than 0.2V, then the accuracy of the conver-
sion is out of specification.

An external RC filter is sometimes added for anti-alias-
ing of the input signal. The R component should be
selected to ensure that the total source impedance is
kept under the 10 kQ recommended specification. Any
external components connected (via hi-impedance) to
an analog input pin (capacitor, zener diode, etc.) should
have very little leakage current at the pin.

13.10 Transfer Function
Applicable Devices
72|73|73A74{74A]76]77
The ideal transfer function of the A/D converter is as

follows: the first transition occurs when the analog input
voltage (VAIN) is Analog VREF/256 (Figure 13-5).

FIGURE 13-5: A/D TRANSFER FUNCTION

.. FFh
>
£ FEh
5
o
©
o
s}
o
s
=)
3 04h
03h
02h
01h
00h .
o0 o 9 o o o
nunn n n v N N
D T s B J 40
N+ N ™M < n ©o?
S Q &3
_ ~

Analog input voltage

13.11 References

A very good reference for understanding A/D convert-
ers is the "Analog-Digital Conversion Handbook" third
edition, published by Prentice Hall (ISBN
0-13-03-2848-0).

0 1997 Microchip Technology Inc.
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TABLE 14-8: INITIALIZATION CONDITIONS FOR ALL REGISTERS (Cont.d)
Register Applicable Devices Power-on Reset, MCLR Resets Wake-up viaWDT
Brown-out Reset WDT Reset or
Interrupt
INTCON 72|73 | 73A | 74| 7T4A | 76| 77 0000 000x 0000 000u uuuu uuuu®
72|73 | 73A | 74| T4A | 76 | 77 -0-- 0000 -0-- 0000 -u-- uuuu®
PIR1 72|73 | 73A |74 | 7T4A | 76 | 77 - 000 0000 - 000 0000 -uuu uuuu®
72|73 | 73A | 74| T4A | 76 | 77 0000 0000 0000 0000 uuuu uuuu®®
PIR2 72|73 | 73A | 74| 7T4A | 76 | 77 ---- ---0 ---- ---0 ceee oo y®
TMR1L 72|73 | 73A | 74| 7T4A | 76| 77 XXXX XXXX uuuu uuuu uuuu uuuu
TMR1H 72|73 | 73A | 74| T4A | 76| 77 XXXX XXXX uuuu uuuu uuuu uuuu
T1CON 72|73 | 73A | 74| 7T4A | 76| 77 --00 0000 --uu uuuu --uu uuuu
TMR2 72|73 | 73A | 74| 7T4A | 76| 77 0000 0000 0000 0000 uuuu uuuu
T2CON 72|73 | 73A | 74| 7T4A | 76| 77 - 000 0000 - 000 0000 -uuu uuuu
SSPBUF 72| 73| 73A | 74| TAA | 76| 77 XXXX XXXX uuuu uuuu uuuu uuuu
SSPCON 72|73 | 73A | 74| 7T4A | 76| 77 0000 0000 0000 0000 uuuu uuuu
CCPR1L 72| 73| 73A | 74| TAA | 76| 77 XXXX  XXXX uuuu uuuu uuuu uuuu
CCPR1H 72|73 | 73A | 74| 7T4A | 76| 77 XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON |72 |73 |73A | 74| 74A | 76| 77 --00 0000 --00 0000 --uu uuuu
RCSTA 72|73 | 73A | 74| 7T4A | 76 | 77 0000 -00x 0000 -00x uuuu -uuu
TXREG 72|73 | 73A | 74| 7T4A | 76 | 77 0000 0000 0000 0000 uuuu uuuu
RCREG 72|73 | 73A | 74| 7T4A | 76 | 77 0000 0000 0000 0000 uuuu uuuu
CCPR2L 72|73 | 73A | 74| 7T4A |76 | 77 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR2H 72|73 | 73A | 74| 7T4A | 76 | 77 XXXX XXXX uuuu uuuu uuuu uuuu
CCP2CON |72 |73 |73A |74 | 74A | 76| 77 0000 0000 0000 0000 uuuu uuuu
ADRES 72| 73| 73A | 74| 7T4A | 76| 77 XXXX XXXX uuuu uuuu uuuu uuuu
ADCONO 72|73 | 73A | 74| 7T4A | 76| 77 0000 00-0 0000 00-0 uuuu uu-u
OPTION 72|73 | 73A | 74| 7T4A | 76| 77 1111 1111 1111 1111 uuuu uuuu
TRISA 72|73 | 73A | 74| 74A | 76| 77 --11 1111 --11 1111 --uu uuuu
TRISB 7273 | 73A | 74| 7T4A | 76| 77 1111 1111 1111 1111 uuuu uuuu
TRISC 72|73 | 73A | 74| 7T4A | 76| 77 1111 1111 1111 1111 uuuu uuuu
TRISD 72|73 | 73A | 74| T4A | 76 | 77 1111 1111 1111 1111 uuuu uuuu
TRISE 72|73 | 73A | 74| 7T4A | 76 | 77 0000 -111 0000 -111 uuuu -uuu
72|73 | 73A | 74| 7T4A | 76 | 77 -0-- 0000 -0-- 0000 -u-- uuuu
PIE1 72|73 | 73A |74 | 7T4A | 76 | 77 - 000 0000 - 000 0000 - uuu uuuu
72|73 | 73A | 74| 7T4A | 76 | 77 0000 0000 0000 0000 uuuu uuuu
PIE2 72|73 | 73A | 74| 7T4A | 76 | 77 ---- ---0 ---- ---0 ---- ---U
PCON 72|73 | 73A | 74| T4A | 76 | 77 ---- --0- ---- --U- ---- --U-
72|73 | 73A |74 | 7T4A | 76 | 77 ---- --0u ---- --uu ---- --uu
PR2 72|73 | 73A | 74| 7T4A | 76| 77 1111 1111 1111 1111 1111 1111
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as '0’, q = value depends on condition
Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up).

2. When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector

(0004h).

3: See Table 14-7 for reset value for specific condition.
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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 — a

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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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
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GOTO Unconditional Branch
Syntax: [label] GOTO k
Operands: 0<k<2047
Operation: k - PC<10:0>
PCLATH<4:3> - PC<12:11>
Status Affected:  None
Encoding: | 10 | 1kkk | kkkk | kkkk |
Description: GOTOis an unconditional branch. The
eleven bit immediate value is loaded
into PC bits <10:0>. The upper bits of
PC are loaded from PCLATH<4:3>.
GOTOis a two cycle instruction.
Words: 1
Cycles: 2
Q Cycle Activity: Q1 Q2 Q3 Q4
1st Cycle Decode Read Process | Write to
literal 'k’ data PC
2nd Cycle No- No- No- No-
Operation | Operation | Operation | Operation
Example GOTO THERE

After Instruction
PC =

Address THERE

INCF Increment f
Syntax: [label] INCF fd
Operands: 0<f<127
d 0 [0,1]
Operation: (f) +1 - (destination)
Status Affected: Z
Encoding: | 00 | 1010 | dff f | fEf
Description: The contents of register 'f' are incre-
mented. If 'd" is O the result is placed in
the W register. If 'd" is 1 the result is
placed back in register 'f'.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process Write to
register data destination
Example I NCF CNT, 1
Before Instruction
CNT = OxFF
4 = 0
After Instruction
CNT = 0x00
Zz = 1
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|Applicable Devices |72]|73[73A[74[74A[76 |77 |
FIGURE 17-7: CAPTURE/COMPARE/PWM TIMINGS (CCP1)

RC2/CCP1
(Capture Mode)

RC2/CCP1
(Compare or PWM Mode)

Note: Refer to Figure 17-1 for load conditions.

TABLE 17-6: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1)

Param | Sym |Characteristic Min Typt| Max | Units|Conditions
No.
50* | TccL |CCP1 input low time No Prescaler 05Tcy+20 | — | — | ns
With Prescaler |PIC16C72 10 — — ns
PIC16LC72 20 — — ns
51* | TeeH | cCP1 input high time No Prescaler 0.5Tcy+20 | — — ns
With Prescaler |PIC16C72 10 — — ns
PIC16LC72 20 — — ns
52* | TeeP |cCP1 input period 3Tcy +40 — — ns [N = prescale
N value (1,4 or 16)
53* | TccR |CCP1 output rise time PIC16C72 — 10 25 ns
PIC16LC72 — 25 45 ns
54* | TccF [CCP1 output fall time PIC16C72 — 10 25 ns
PIC16LC72 — 25 45 ns

* 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.

0 1997 Microchip Technology Inc. DS30390E-page 177



PIC16C/7X

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

FIGURE 17-8: SPI MODE TIMING

SCK

(CKP = 1) w

- 79 78
80 !
v~ —@ )
l | X e - D) -~
' ' . 75,76 77"
SDI ( /[
L = TAe—
73
Note: Refer to Figure 17-1 for load conditions
TABLE 17-7: SPI MODE REQUIREMENTS
Parameter Sym Characteristic Min Typt Max Units Conditions
No.
70 TssL2scH, SS.! to SCK! or SCK1 input Tey — — 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 50 — — ns
TdiV2scL edge
74 TscH2diL, Hold time of SDI data input to SCK 50 — — ns
TscL2diL edge
75 TdoR SDO data output rise time — 10 25 ns
76 TdoF SDO data output fall time — 10 25 ns
77 TssH2doZ SSt 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

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

18.3

DC Characteristics:

PIC16C73/74-04 (Commercial, Industrial)

PIC16C73/74-10 (Commercial, Industrial)
PIC16C73/74-20 (Commercial, Industrial)
PIC16LC73/74-04 (Commercial, Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)

Operating temperature

-40°C
0°C

< TA < +85°C for industrial and

< TA £ +70°C for commercial
Operating voltage VDD range as described in DC spec Section 18.1 and

Section 18.2.
Param Characteristic Sym Min [Typ Max |Units Conditions
No. T
Input Low Voltage
1/0O ports VIL
D030 with TTL buffer Vss - [0.15VDD| V |For entire VDD range
DO30A Vss - 0.8V V |45V <VDD<5.5V
D031 with Schmitt Trigger buffer Vss -102vbD| V
D032 |MCLR, OSCL1 (in RC mode) Vss -|02vbp| V
D033 |OSC1 (in XT, HS and LP) Vss -1 03vbp| V [Notel
Input High Voltage
1/0O ports VIH -
D040 with TTL buffer 2.0 - VDD V |45V <VDD<5.5V
DO40A 0.25VDpD| - VDD V |For entire VDD range
+ 0.8V
D041 with Schmitt Trigger buffer 0.8VDD | - VDD V |For entire VDD range
D042 |[MCLR 0.8vbD | - | VDD \%
D042A [OSC1 (XT, HS and LP) 0.7VDD | - 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 L - - +1 MA [Vss < VPIN < VDD, Pin at hi-imped-
ance
D061 |MCLR, RA4/TOCKI - - 15 HA |Vss < VPIN < VDD
D063 |OSC1 - - +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
D083 |OSC2/CLKOUT (RC osc config) - - 0.6 V |loL=1.6 mA, VDD = 4.5V,
-40°C to +85°C
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
D092 |OSC2/CLKOUT (RC osc config) VDD - 0.7 - - V |loH=-1.3 mA, VDD = 4.5V,
-40°C to +85°C
D150* [Open-Drain High Voltage VoD - - 14 V [RA4 pin
* 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 20-14: I°C BUS DATA TIMING

103 = -

SCL

SDA
Out

Note: Refer to Figure 20-1 for load conditions

TABLE 20-10: 1°C BUS DATA REQUIREMENTS

Parameter Sym Characteristic Min Max Units Conditions
No.
100 THIGH | Clock high time 100 kHz mode 4.0 — ps Device must operate at a mini-
mum of 1.5 MHz
400 kHz mode 0.6 — ps Device must operate at a mini-
mum of 10 MHz
SSP Module 1.5Tcy —
101 TLow Clock low time 100 kHz mode 4.7 — us Device must operate at a mini-
mum of 1.5 MHz
400 kHz mode 1.3 — ps Device must operate at a mini-
mum of 10 MHz
SSP Module 1.5Tcy —
102 TR SDA and SCL rise 100 kHz mode — 1000 ns
time 400 kHz mode 20+ 0.1Cb | 300 ns |Chbis specified to be from
10 to 400 pF
103 TF SDA and SCL fall time | 100 kHz mode — 300 ns
400 kHz mode 20 +0.1Cb | 300 ns Cb is specified to be from
10 to 400 pF
90 Tsu:sTA |START condition 100 kHz mode 4.7 — ps Only relevant for repeated
setup time 200 kHz mode 0.6 — ps  |START condition
91 THD:STA |START condition hold | 100 kHz mode 4.0 — ps After this period the first clock
time 200 kHz mode 0.6 — Hs pulse is generated
106 THD:DAT |Data input hold time 100 kHz mode 0 — ns
400 kHz mode 0 0.9 ps
107 Tsu:DAT |Data input setup time | 100 kHz mode 250 — ns Note 2
400 kHz mode 100 — ns
92 Tsu:sTo |STOP condition setup | 100 kHz mode 4.7 — ps
time 400 kHz mode 0.6 — us
109 TAA Output valid from 100 kHz mode — 3500 ns Note 1
clock 400 kHz mode — — ns
110 TBUF Bus free time 100 kHz mode 4.7 — ps Time the bus must be free
2400 kHz mode 1.3 — Hs before a new transmission can
start
Cb Bus capacitive loading — 400 pF
Note 1: As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300 ns) of

the falling edge of SCL to avoid unintended generation of START or STOP conditions.

A fast-mode (400 kHz) 12C-bus device can be used in a standard-mode (100 kHz) 12C-bus system, but the requirement
tsu;DAT = 250 ns must then be met. This will automatically be the case if the device does not stretch the LOW period of the
SCL signal. If such a device does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line
TR max.+tsu;DAT = 1000 + 250 = 1250 ns (according to the standard-mode 12C bus specification) before the SCL line is
released.
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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.7

PIC16C6X Family of Devices

Clock

Peripherals PWM Module(s)

Features

Memory

Peripherals

Features

PIC16C61 PIC16C62A PIC16CR62 PIC16C63 PIC16CR63
Maximum Frequency 20 20 20 20 20
of Operation (MHz)
EPROM Program Memory 1K 2K — 4K —
(x14 words)
ROM Program Memory — — 2K — 4K
(x14 words)
Data Memory (bytes) 36 128 128 192 192
Timer Module(s) TMRO TMRO, TMRO, TMRO, TMRO,
TMR1, TMR1, TMR1, TMR1,
TMR2 TMR2 TMR2 TMR2
Capture/Compare/ — 1 1 2 2
Serial Port(s) — SPI/I’C SPI/I’C SPI/I’C, SPI/I’C
(SPI/I2C, USART) USART USART
Parallel Slave Port — — — — —
Interrupt Sources 3 7 7 10 10
I/0 Pins 13 22 22 22 22
Voltage Range (Volts) 3.0-6.0 2.5-6.0 2.5-6.0 2.5-6.0 2.5-6.0
In-Circuit Serial Programming Yes Yes Yes Yes Yes
Brown-out Reset — Yes Yes Yes Yes
Packages 18-pin DIP, SO|28-pin SDIP,  |28-pin SDIP,  |28-pin SDIP, (28-pin SDIP,
SOIC, SSOP  |SOIC, SSOP |SOIC SOIC
P 6C64A P 6CR64 P 6C65A P 6CR6 P 6C66 P 6C6
Maximum Frequency 20 20 20 20 20 20
of Operation (MHz)
EPROM Program Memory 2K — 4K — 8K 8K
(x14 words)
ROM Program Memory (x14 — 2K — 4K — —
words)
Data Memory (bytes) 128 128 192 192 368 368
Timer Module(s) TMRO, TMRO, TMRO, TMRO, TMRO, TMRO,
TMR1, TMR1, TMR1, TMR1, TMR1, TMR1,
TMR2 TMR2 TMR2 TMR2 TMR2 TMR2
Capture/Compare/PWM Mod- 1 1 2 2 2 2
ule(s)
Serial Port(s) (SPI/I°C, USART) |SPI/I2C SPI/I2C SPI/I2C, SPI/I2C, SPI/I2C, SPI/I2C,
USART USART USART USART
Parallel Slave Port Yes Yes Yes Yes — Yes
Interrupt Sources 8 8 11 11 10 11
I/0 Pins 33 33 33 33 22 33
Voltage Range (Volts) 2.5-6.0 2.5-6.0 2.5-6.0 2.5-6.0 2.5-6.0 2.5-6.0
In-Circuit Serial Programming Yes Yes Yes Yes Yes Yes
Brown-out Reset Yes Yes Yes Yes Yes Yes
Packages 40-pin DIP; |40-pin DIP;  |40-pin DIP;  |40-pin DIP; |28-pin SDIP, [40-pin DIP;
44-pin PLCC,|44-pin PLCC, |44-pin PLCC, |44-pin SolIC 44-pin
MQFP, TQFP|MQFP, TQFP [MQFP, TQFP [PLCC, PLCC,
MQFP, MQFP,
TQFP TQFP

All PIC16/17 Family devices have Power-on Reset, selectable Watchdog Timer, selectable code protect and high 1/0O current
capability. All PIC16C6X Family devices use serial programming with clock pin RB6 and data pin RB7.
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