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memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
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PIC16C/7X

Pin Diagrams

SDIP, SOIC, Windowed Side Brazed Ceramic SSOP
MCLR\VPp — [+ 1 i 28] «—» RB7 MCLR/Vpp — [+ 1 ~ 28 [] «—> RB7
RAO/ANO <— [ 2 27[] «—> RB6 RAO/ANO <— [] 2 27 [ ] <«+— RB6
RAL/AN1 <-— [ 3 26 [ ] «—> RB5 RAL/AN1 <+—» [ 3 26 [ ] «—» RB5
RA2/AN2 +— [ 4 25[ ] «—>» RB4 RA2/AN2 <—» [| 4 25[ ] -—>» RB4
RA3/AN3/VReF <+— [| 5 24[] «—» RB3 RA3/AN3/VREF <— [| 5 24 [ ] «+— RB3
RA4/TOCKI <— [| 6 23[ ] «—» RB2 RA4/TOCKI <+— | 6 23[ ] «+— RB2
RAG/SS/AN4 <— [ 7 22[]<—» RB1 RAG/SS/AN4 <— [ 7 22[]<— RB1
vss — []8 21 [] <— RBO/INT vss — [|8 21 [ ] <— RBO/INT
OSC1/CLKIN —» [ 9 20[]<«— vop OSC1/CLKIN — [ 9 20 [[]<+— vop
OSC2/CLKOUT <-— [ 10 19[] <-— Vss OSC2/CLKOUT <— [ 10 19[] -— Vss
RCO/T10SO/T1CKI <— [] 11 18 [[] <—> RC7 RCO/T10SO/T1CKI <— [] 11 18 [] «—> RC7
RC1/T10S| <+— [ 12 17 [] +— RC6 RCL/T10S| <— [ 12 17 [] <—> RC6
RC2/CCP1 <—» [ 13 16 [ ] <«— RC5/SDO RC2/CCP1 <— [ 13 16 [ ] <—» RC5/SDO
RC3/SCK/SCL <— [| 14 15 [ ] <——» RC4/SDI/SDA RC3/SCK/SCL <— [| 14 15 [ ] — RC4/SDI/SDA
PIC16C72 PIC16C72
SDIP, SOIC, Windowed Side Brazed Ceramic PDIP, Windowed CERDIP
MCLRIVi ~
pp — [[-1 28] <—> RB7 NG
MCLRVPp —[] 1 40 1 -—> RB7
RAO/ANO <— [] 2 27[]<—> RB6 RAO/ANO <—»[] 2 39 [1 <—» RB6
RAL/AN1 <+— [ 3 26 [ ] «—» RBS RAL/AN1 <—»[13 38 [J -— RB5
RA2/AN2 -— [|4 25[] -— RB4 RA2/AN2 <—[] 4 37 [J -— RB4
RA3/AN3/VREF <— [ 5 24[] <—» RB3 RAS/AN3/VREF <—-[} 5 36 [J <—»> RB3
RA4/TOCKI <-—[] 6 35 [] -— RB2
RAAUlOCKIHE 6 23[] «+—> RB2 RAS/SS/ANG <— [ 7 34 [ <—» RB1
RA5/SS/AN4 <—> |: 7 22 :| -<—>» RB1 REO/RD/AN5 <-—[] 8 33 [1 <«— RBO/INT
vss — [|8 21 [] <— RBO/NT RE1/WR/AN6 <—[] g 32 [ <+—— vop
OSC1/CLKIN — [ 9 20 []<— Voo RE2/CS/AN7 <-—[] 10 31 [1 «——vss
0SC2/CLKOUT <— []10 19[] <-— vss VoD —— [ 11 30 [ =—» RD7/PSP7
Vss —[] 12 29 [1 <— RD6/PSP6
RCO/T10SO/T1CKI <— [ 11 18 [] <— RC7/RX/DT OSCL/CLKIN >0 13 28 | <—» RDS/PSPS
RC1/T10SI/CCP2 <— [| 12 17 [[] <— RC6/TX/CK OSC2/CLKOUT <«——[] 14 27 [1 <—» RD4/PSP4
RC2/CCP1 <— [ 13 16 [ ] <— RC5/SDO RCO/T10SO/T1CKI <—[] 15 26 [1 <— RC7/RX/DT
RC3/SCK/SCL <— [| 14 15 [ ] <—» RC4/SDI/SDA RCL/T10SI/CCP2 <-—[] 16 25 [1 <— RC6/TX/CK
RC2/CCP1 <-—»[] 17 24 [] <«—» RC5/SDO
RC3/SCK/SCL <—[] 18 23 [1 <— RC4/SDI/SDA
PIC16C73 RDO/PSPO <—[] 19 22 [1 <—» RD3/PSP3
PIC16C73A RD1/PSP1 <-—[] 20 21 [1 <—» RD2/PSP2
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PIC16C7X

4.2.2.6 PIE2 REGISTER
Applicable Devices

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

This register contains the individual enable bit for the

CCP2 peripheral interrupt.

FIGURE 4-14: PIE2 REGISTER (ADDRESS 8Dh)

bit 7-1: Unimplemented: Read as '0'

bit 0: CCP2IE: CCP2 Interrupt Enable bit
1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt

U-0 U-0 U-0 U-0 U-0 U-0 U-0 RIW-0
| — | — | — | — | — — — | ccp2ie | [R = Readable bit
bit7 bito |W = Writable bit

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

0 1997 Microchip Technology Inc.
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PIC16C/7X

5.7 Parallel Slave Port FIGURE 5-11: PORTD AND PORTE BLOCK
Applicable Devices DIAGRAM (PARALLEL
72[73]73A]74]74A]76]77 SLAVE PORT)

PORTD operates as an 8-bit wide Parallel Slave Port, r—— - - - — — - — — — 1

or microprocessor port when control bit PSPMODE | Databus M I

(TRISE<4>) is set. In slave mode it is asynchronously b Q L E

readable and writable by the external world through RD | "Q’C?RT | Rox

control input pin REO/RD/AN5 and WR control input pin | CK T\ | pin

RE1/WR/ANG. I TTL I

It can directly interface to an 8-bit microprocessor data I 0 D I

bus. The external microprocessor can read or write the

PORTD latch as an 8-bit latch. Setting bit PSPMODE I RD EN I

enables port pin REO/RD/ANS to be the RD input, RE1/ I PORT I

WRJ/ANG to be the WR input and RE2/CS/AN7 to be the L — — — — — —

CS (chip select) input. For this functionality, the corre- One bit of PORTD

sponding data direction bits of the TRISE register __ Set interrupt flag

(TRISE<2:0>) must be configured as inputs (set) and “psPIF (PIR1<7>)

the A/D port configuration bits PCFG2:PCFGO

(ADCON1<2:0>) must be set, which will configure pins
REZ2:REO as digital I/O.

There are actually two 8-hit latches, one for data-out
(from the PIC16/17) and one for data input. The user
writes 8-bit data to PORTD data latch and reads data
from the port pin latch (note that they have the same
address). In this mode, the TRISD register is ignored,

. . . . . . Write __
since the microprocessor is controlling the direction of % WR

data flow.

A write to the PSP occurs when both the CS and WR Note: I/O pin has protection diodes to VDD and Vss.
lines are first detected low. When either the CS or WR
lines become high (level triggered), then the Input
Buffer Full status flag bit IBF (TRISE<7>) is set on the
Q4 clock cycle, following the next Q2 cycle, to signal
the write is complete (Figure 5-12). The interrupt flag bit
PSPIF (PIR1<7>) is also set on the same Q4 clock
cycle. IBF can only be cleared by reading the PORTD
input latch. The input Buffer Overflow status flag bit
IBOV (TRISE<5>) is set if a second write to the Parallel
Slave Port is attempted when the previous byte has not
been read out of the buffer.

A read from the PSP occurs when both the CS and RD
lines are first detected low. The Output Buffer Full sta-
tus flag bit OBF (TRISE<6>) is cleared immediately
(Figure 5-13) indicating that the PORTD latch is waiting
to be read by the external bus. When either the CS or
RD pin becomes high (level triggered), the interrupt flag
bit PSPIF is set on the Q4 clock cycle, following the
next Q2 cycle, indicating that the read is complete.
OBF remains low until data is written to PORTD by the
user firmware.

When not in Parallel Slave Port mode, the IBF and OBF
bits are held clear. However, if flag bit IBOV was previ-
ously set, it must be cleared in firmware.

An interrupt is generated and latched into flag bit
PSPIF when a read or write operation is completed.
PSPIF must be cleared by the user in firmware and the
interrupt can be disabled by clearing the interrupt
enable bit PSPIE (PIE1<7>).
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PIC16C7X

10.0 CAPTURE/COMPARE/PWM
MODULE(s)

Applicable Devices

72|73|73A|74|74A|76|77|CCP1
72|73|73A|74|74A|76|77|CCP2

Each CCP (Capture/Compare/PWM) module contains
a 16-bit register which can operate as a 16-bit capture
register, as a 16-bit compare register or as a PWM
master/slave Duty Cycle register. Both the CCP1 and
CCP2 modules are identical in operation, with the
exception of the operation of the special event trigger.
Table 10-1 and Table 10-2 show the resources and
interactions of the CCP module(s). In the following sec-
tions, the operation of a CCP module is described with

CCP1 module:

Capture/Compare/PWM Registerl (CCPR1) is com-
prised of two 8-bit registers: CCPR1L (low byte) and
CCPR1H (high byte). The CCP1CON register controls
the operation of CCP1. All are readable and writable.
CCP2 module:

Capture/Compare/PWM Register2 (CCPR2) is com-
prised of two 8-bit registers: CCPR2L (low byte) and
CCPR2H (high byte). The CCP2CON register controls
the operation of CCP2. All are readable and writable.

For use of the CCP modules, refer to the Embedded
Control Handbook, "Using the CCP Modules"(AN594).

TABLE 10-1: CCP MODE - TIMER

RESOURCE
respect to CCP1. CCP2 operates the same as CCP1,
except where noted. CCP Mode Timer Resource
Capture Timerl
Compare Timerl
PWM Timer2
TABLE 10-2: INTERACTION OF TWO CCP MODULES
CCPx Mode | CCPy Mode Interaction
Capture Capture Same TMRL1 time-base.
Capture Compare The compare should be configured for the special event trigger, which clears TMR1.
Compare Compare The compare(s) should be configured for the special event trigger, which clears TMRL1.
PWM PWM The PWMs will have the same frequency, and update rate (TMR2 interrupt).
PWM Capture None
PWM Compare None

0 1997 Microchip Technology Inc.
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10.1.4 CCP PRESCALER

There are four prescaler settings, specified by bits
CCP1M3:CCP1MO0. Whenever the CCP module is
turned off, or the CCP module is not in capture mode,
the prescaler counter is cleared. This means that any
reset will clear the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared, therefore the first capture may be from
a non-zero prescaler. Example 10-1 shows the recom-
mended method for switching between capture pres-
calers. This example also clears the prescaler counter
and will not generate the “false” interrupt.

EXAMPLE 10-1: CHANGING BETWEEN
CAPTURE PRESCALERS

CLRF CCP1CON ; Turn CCP nodul e of f

MOVLW NEW CAPT_PS ;Load the Wreg with

; the new prescaler
node val ue and CCP ON

;Load CCP1ICON with this

; val ue

MOVWF  CCP1CON

10.2 Compare Mode
Applicable Devices
72|73[73A[74]74A]76]77
In Compare mode, the 16-bit CCPR1 register value is

constantly compared against the TMR1 register pair
value. When a match occurs, the RC2/CCP1 pin is:

* Driven High

 Driven Low

« Remains Unchanged

The action on the pin is based on the value of control

bits CCP1M3:CCP1MO (CCP1CON<3:0>). At the
same time, interrupt flag bit CCP1IF is set.

FIGURE 10-3: COMPARE MODE
OPERATION BLOCK
DIAGRAM

Special event trigger will:
reset Timerl, but not set interrupt flag bit TMR1IF (PIR1<0>),
and set bit GO/DONE (ADCON0<2>)
which starts an A/D conversion (CCP1 only for PIC16C72,
CCP2 only for PIC16C73/73A/74/74AI76/77).

Special Event Trigger

Set flag bit CCP1IF

(PIR1<2>)
CCPR1H| CCPRI1L
Q SH Vv
up
RC2/CCP1 R 99 match
Pin TRISC<2 *
<2>
Output Enable  ccp1CON<3:0> TMRIN] TMRIL
Mode Select

10.2.1 CCP PIN CONFIGURATION

The user must configure the RC2/CCP1 pin as an out-
put by clearing the TRISC<2> bit.

Note: Clearing the CCP1CON register will force
the RC2/CCP1 compare output latch to the

default low level. This is not the data latch.

10.2.2 TIMER1 MODE SELECTION

Timerl must be running in Timer mode or Synchro-
nized Counter mode if the CCP module is using the
compare feature. In Asynchronous Counter mode, the
compare operation may not work.

10.2.3 SOFTWARE INTERRUPT MODE

When generate software interrupt is chosen the CCP1
pin is not affected. Only a CCP interrupt is generated (if
enabled).

10.2.4 SPECIAL EVENT TRIGGER

In this mode, an internal hardware trigger is generated
which may be used to initiate an action.

The special event trigger output of CCP1 resets the
TMR1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable period register for
Timerl.

The special trigger output of CCP2 resets the TMR1
register pair, and starts an A/D conversion (if the A/D
module is enabled).

For the PIC16C72 only, the special event trigger output
of CCP1 resets the TMR1 register pair, and starts an
A/D conversion (if the A/D module is enabled).

Note: The special event trigger from the
CCP1land CCP2 modules will not set inter-
rupt flag bit TMR1IF (PIR1<0>).

0 1997 Microchip Technology Inc.
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Applicable Devices

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

PIC16C7X

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
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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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12.4  USART Synchronous Slave Mode
Applicable Devices
72|73[73A]74]74A]76]77
Synchronous slave mode differs from the Master mode
in the fact that the shift clock is supplied externally at
the RC6/TX/CK pin (instead of being supplied internally
in master mode). This allows the device to transfer or
receive data while in SLEEP mode. Slave mode is
entered by clearing bit CSRC (TXSTA<7>).

12.41 USART SYNCHRONOUS SLAVE
TRANSMIT

The operation of the synchronous master and slave
modes are identical except in the case of the SLEEP
mode.

If two words are written to the TXREG and then the

SLEEP instruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG register.

¢) Flag bit TXIF will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second
word to the TSR and flag bit TXIF will now be
set.

e) If enable bit TXIE is set, the interrupt will wake
the chip from SLEEP and if the global interrupt
is enabled, the program will branch to the inter-
rupt vector (0004h).

Steps to follow when setting up a Synchronous Slave
Transmission:

1. Enable the synchronous slave serial port by set-
ting bits SYNC and SPEN and clearing bit
CSRC.

2. Clear bits CREN and SREN.

3. If interrupts are desired, then set enable bit
TXIE.

4. If 9-bit transmission is desired, then set bit TX9.

5. Enable the transmission by setting enable bit
TXEN.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Start transmission by loading data to the
TXREG register.

12.4.2 USART SYNCHRONOUS SLAVE
RECEPTION

The operation of the synchronous master and slave
modes is identical except in the case of the SLEEP
mode. Also, bit SREN is a don't care in slave mode.

If receive is enabled, by setting bit CREN, prior to the
SLEEP instruction, then a word may be received during
SLEEP. On completely receiving the word, the RSR
register will transfer the data to the RCREG register
and if enable bit RCIE bit is set, the interrupt generated
will wake the chip from SLEEP. If the global interrupt is
enabled, the program will branch to the interrupt vector
(0004h).

Steps to follow when setting up a Synchronous Slave

Reception:

1. Enable the synchronous master serial port by
setting bits SYNC and SPEN and clearing bit
CSRC.

2. If interrupts are desired, then set enable bit
RCIE.

3. If 9-bit reception is desired, then set bit RX9.

4. To enable reception, set enable bit CREN.

5. Flag bit RCIF will be set when reception is com-
plete and an interrupt will be generated, if
enable bit RCIE was set.

6. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

7. Read the 8-bit received data by reading the
RCREG register.

8. If any error occurred, clear the error by clearing
bit CREN.

DS30390E-page 114

0 1997 Microchip Technology Inc.



PIC16C/7X

FIGURE 14-2: CONFIGURATION WORD FOR PIC16C72/73A/7T4A[76/77

| cp1 | cro | cP1| cpo | cp1 | cro | — [BoDEN| cP1 | cPo [PWRTE|wDTE|Fosci|Fosco| |Register: CONFIG

bit13

bit 13-8
5-4:

bit 7:
bit 6:

bit 3:

bit 2:

bit 1-0:

Note 1:

pito | Address 2007h

CP1:CPO: Code Protection bits )

11 = Code protection off

10 = Upper half of program memory code protected
01 = Upper 3/4th of program memory code protected
00 = All memory is code protected

Unimplemented: Read as '1'

BODEN: Brown-out Reset Enable bit (V)
1 =BOR enabled
0 = BOR disabled

PWRTE: Power-up Timer Enable bit ()
1 = PWRT disabled
0 = PWRT enabled

WDTE: Watchdog Timer Enable bit
1 =WDT enabled
0 =WDT disabled

FOSC1:FOSCO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

Enabling Brown-out Reset automatically enables Power-up Timer (PWRT) regardless of the value of bit PWRTE.
Ensure the Power-up Timer is enabled anytime Brown-out Reset is enabled.
All of the CP1:CPO pairs have to be given the same value to enable the code protection scheme listed.
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14.3 Reset

Applicable Devices
72[73[73A[74]74A]76]77
The PIC16CXX differentiates between various kinds of
reset:

« Power-on Reset (POR)

« MCLR reset during normal operation
+ MCLR reset during SLEEP

* WDT Reset (normal operation)

* Brown-out Reset (BOR) (PIC16C72/73A/74A/76/
77)

Some registers are not affected in any reset condition;
their status is unknown on POR and unchanged in any
other reset. Most other registers are reset to a “reset
state” on Power-on Reset (POR), on the MCLR and
WDT Reset, on MCLR reset during SLEEP, and Brown-
out Reset (BOR). They are not affected by a WDT
Wake-up, which is viewed as the resumption of normal
operation. The TO and PD bits are set or cleared differ-
ently in different reset situations as indicated in
Table 14-5 and Table 14-6. These bits are used in soft-
ware to determine the nature of the reset. See
Table 14-8 for a full description of reset states of all reg-
isters.

A simplified block diagram of the on-chip reset circuit is
shown in Figure 14-8.

The PIC16C72/73A/74A/76/77 have a MCLR noise fil-
ter in the MCLR reset path. The filter will detect and
ignore small pulses.

It should be noted that a WDT Reset does not drive
MCLR pin low.

FIGURE 14-8: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

External

Reset
7

SLEEP
WDT | WDT —

Module [Time out
Reset

VDD rise N

detect
VoD @) Power-on Reset

Brown-out
Reset BODEN

—)

OST/PWRT
OSsT

| Chip_Reset
R Qr——

10-bit Ripple counter I
0SC1

]

1 PWRT

—) >
On-chi
R(r_]: ((:)slpc —|> 10-bit Ripple counter I—@J

Enable PWRT

Enable OST

©)

Note 1: This is a separate oscillator from the RC oscillator of the CLKIN pin.
2: Brown-out Reset is implemented on the PIC16C72/73A/74AI76/77.
3: See Table 14-3 and Table 14-4 for time-out situations.
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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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RLF Rotate Left f through Carry RRF Rotate Right f through Carry
Syntax: [labell RLF fd Syntax: [labell RRF fd
Operands: 0<f<127 Operands: 0<f<127
d 0[0,1] d 0 [0,1]
Operation: See description below Operation: See description below
Status Affected: C Status Affected: C
Encoding: | o0 |1101 |dfff |fff Encoding: | oo 1100 [afff |ffif
Description: The contents of register 'f' are rotated Description: The contents of register 'f' are rotated
one bit to the left through the Carry one bit to the right through the Carry
Flag. If 'd" is O the result is placed in the Flag. If 'd" is O the result is placed in the
W register. If 'd" is 1 the result is stored W register. If 'd" is 1 the result is placed
back in register 'f'. back in register 'f'.
—~[C}-~{ Regsert }~
Words: Words:
Cycles: Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read | Process | Writeto Decode Read | Process | Writeto
regli:ter data | destination register data | destination
"
Example RLF REGL, 0 Example RRF REGL, 0
Before Instruction Before Instruction
REG1 = 1110 0110 REG1 = 1110 0110
C = 0 C = 0
After Instruction After Instruction
REG1 = 1110 0110 REG1 = 1110 0110
w = 1100 1100 w = 0111 0011
C = 1 C = 0
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16.6 PICDEM-1 Low-Cost PIC16/17
Demonstration Board

The PICDEM-1 is a simple board which demonstrates
the capabilities of several of Microchip’s microcontrol-
lers. The microcontrollers supported are: PIC16C5X
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X,
PIC16C71, PIC16C8X, PIC17C42, PIC17C43 and
PIC17C44. All necessary hardware and software is
included to run basic demo programs. The users can
program the sample microcontrollers provided with
the PICDEM-1 board, on a PRO MATE Il or
PICSTART-16B programmer, and easily test firm-
ware. The user can also connect the PICDEM-1
board to the PICMASTER emulator and download
the firmware to the emulator for testing. Additional pro-
totype area is available for the user to build some addi-
tional hardware and connect it to the microcontroller
socket(s). Some of the features include an RS-232
interface, a potentiometer for simulated analog input,
push-button switches and eight LEDs connected to
PORTB.

16.7 PICDEM-2 Low-Cost PIC16CXX
Demonstration Board

The PICDEM-2 is a simple demonstration board that
supports the PIC16C62, PIC16C64, PIC16C65,
PIC16C73 and PIC16C74 microcontrollers. All the
necessary hardware and software is included to
run the basic demonstration programs. The user
can program the sample microcontrollers provided
with the PICDEM-2 board, on a PRO MATE Il pro-
grammer or PICSTART-16C, and easily test firmware.
The PICMASTER emulator may also be used with the
PICDEM-2 board to test firmware. Additional prototype
area has been provided to the user for adding addi-
tional hardware and connecting it to the microcontroller
socket(s). Some of the features include a RS-232 inter-
face, push-button switches, a potentiometer for simu-
lated analog input, a Serial EEPROM to demonstrate
usage of the I°C bus and separate headers for connec-
tion to an LCD module and a keypad.

16.8 PICDEM-3 Low-Cost PIC16CXXX
Demonstration Board

The PICDEM-3 is a simple demonstration board that
supports the PIC16C923 and PIC16C924 in the PLCC
package. It will also support future 44-pin PLCC
microcontrollers with a LCD Module. All the neces-
sary hardware and software is included to run the
basic demonstration programs. The user can pro-
gram the sample microcontrollers provided with
the PICDEM-3 board, on a PRO MATE Il program-
mer or PICSTART Plus with an adapter socket, and
easily test firmware. The PICMASTER emulator may
also be used with the PICDEM-3 board to test firm-
ware. Additional prototype area has been provided to
the user for adding hardware and connecting it to the
microcontroller socket(s). Some of the features include

an RS-232 interface, push-button switches, a potenti-
ometer for simulated analog input, a thermistor and
separate headers for connection to an external LCD
module and a keypad. Also provided on the PICDEM-3
board is an LCD panel, with 4 commons and 12 seg-
ments, that is capable of displaying time, temperature
and day of the week. The PICDEM-3 provides an addi-
tional RS-232 interface and Windows 3.1 software for
showing the demultiplexed LCD signals on a PC. A sim-
ple serial interface allows the user to construct a hard-
ware demultiplexer for the LCD signals.

16.9 MPLAB Integrated Development
Environment Software

The MPLAB IDE Software brings an ease of software
development previously unseen in the 8-bit microcon-
troller market. MPLAB is a windows based application
which contains:

» A full featured editor
» Three operating modes
- editor
- emulator
- simulator
« A project manager
» Customizable tool bar and key mapping
A status bar with project information
« Extensive on-line help

MPLAB allows you to:

« Edit your source files (either assembly or ‘C’)

¢ One touch assemble (or compile) and download
to PIC16/17 tools (automatically updates all
project information)

« Debug using:
- source files
- absolute listing file

 Transfer data dynamically via DDE (soon to be
replaced by OLE)

* Run up to four emulators on the same PC

The ability to use MPLAB with Microchip’s simulator
allows a consistent platform and the ability to easily
switch from the low cost simulator to the full featured
emulator with minimal retraining due to development
tools.

16.10 Assembler (MPASM)

The MPASM Universal Macro Assembler is a PC-
hosted symbolic assembler. It supports all microcon-
troller series including the PIC12C5XX, PIC14000,
PIC16C5X, PIC16CXXX, and PIC17CXX families.

MPASM offers full featured Macro capabilities, condi-
tional assembly, and several source and listing formats.
It generates various object code formats to support
Microchip's development tools as well as third party
programmers.

MPASM allows full symbolic debugging from
PICMASTER, Microchip’s Universal Emulator
System.
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|Applicable Devices |72|73|73A|74[74A|76|77 |

TABLE 18-13: A/D CONVERTER CHARACTERISTICS:

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

Param | Sym | Characteristic Min Typt Max Units Conditions
No.
A01 NR | Resolution — — 8-bits bit | VREF = VDD = 5.12V,
Vss < VAN < VREF
A02 | EaBs | Total Absolute error — — <+1 LSb | VREF=VDD =5.12V,
Vss < VAN < VREF
A03 EiL | Integral linearity error — - <+1 LSb | VREF = VDD =5.12V,
Vss < VAIN < VREF
A04 | EpL | Differential linearity error — — <z*1 LSb | VREF = VDD =5.12V,
Vss < VAIN < VREF
AO5 | EFs |Full scale error — — <+1 LSb | VREF = VDD =5.12V,
Vss < VAIN < VREF
AO6 | EOFF | Offset error — — <+1 LSb | VREF = VDD =5.12V,
Vss < VAN < VREF
A10 — | Monotonicity — guaranteed — — | Vss £ VAIN € VREF
A20 | VREF| Reference voltage 3.0v — VoD + 0.3 \Y
A25 | VAN | Analog input voltage Vss-0.3 — VREF+0.3| V
A30 | ZaIN | Recommended impedance of — — 10.0 kQ
analog voltage source
A40 IaD | A/D conversion current | PIC16C73/74 — 180 — MA | Average current consump-
(VDD) PIC16LC73/74 — 90 — HA tion when A/D is on.
(Note 1)
A50 | IRerF | VREF input current (Note 2) 10 — 1000 MA | During VAIN acquisition.
Based on differential of
VHOLD to VAIN to charge
CHoLD, see Section 13.1.
— — 10 HA | During A/D Conversion
cycle
*  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: When A/D is off, it will not consume any current other than minor leakage current.
The power-down current spec includes any such leakage from the A/D module.
2: VREF current is from RA3 pin or VDD pin, whichever is selected as reference input.
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|Applicable Devices |72|73|73A|74[74A|76|77 |

FIGURE 19-9: SPI MODE TIMING

SCK w
(CKP =1) o £

. 79 78
80 !
-~ v I(
: i D) >< \
v — @B L
: S e )) -—
. 75,76 77
L e 74—
73
.
Note: Refer to Figure 19-1 for load conditions
TABLE 19-8: SPI MODE REQUIREMENTS
Parameter Sym Characteristic Min Typt Max Units Conditions
No.
70 TssL2scH, SS1 to SCK1 or SCKt 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 100 — — ns
TdiV2scL edge
74 TscH2diL, Hold time of SDI data input to SCK 100 — — 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 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

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 213



PIC16C7X

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

20.4 Timing Parameter Symbology

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

1. TppS2ppS 3. Tce:sT (1°C specifications only)
2.TppS 4.Ts (1°C specifications only)
T

F Frequency T Time

Lowercase letters (pp) and their meanings:
pp

cc CCP1 0sc 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 t1 T1CKI

mc MCLR wr WR

Uppercase letters and their meanings:
S

F Fall P Period

H High R Rise

I Invalid (Hi-impedance) \% Valid

L Low z Hi-impedance
12C only

AA output access High High

BUF Bus free Low Low

Tcc:sT (12C specifications only)
CcC

HD Hold SuU Setup
ST

DAT DATA input hold STO STOP condition

STA START condition
FIGURE 20-1: LOAD CONDITIONS

Load condition 1 Load condition 2
\DD/2
RL

Pin —_ & Pin CL
1 T

Vss Vss

RL = 464Q

CL = 50pF for all pins except OSC2, but including PORTD and PORTE outputs as
ports

15 pF for OSC2 output
Note: PORTD and PORTE are not implemented on the PIC16C76.
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|Applicable Devices | 72|73[73A|74[74A|76|77|
21.0 DC AND AC CHARACTERISTICS GRAPHS AND TABLES

The graphs and tables provided in this section are for design guidance and are not tested or guaranteed.

In some graphs or tables the data presented are outside specified operating range (i.e., outside specified \bb
range). This is for information only and devices are guaranteed to operate properly only within the specified
range.

Note: The data presented in this section is a statistical summary of data collected on units from different lots over
a period of time and matrix samples. ‘Typical' represents the mean of the distribution at, 25°C, while 'max'
or 'min’ represents (mean +30) and (mean -30) respectively where ¢ is standard deviation.

FIGURE 21-1: TYPICAL IpD vs. Vbb (WDT DISABLED, RC MODE)
35

30 /
25

20

IPD(NA)

15

10

/

2.5 3.0 3.5 4.0 4.5 5.0 55 6.0
VDD(Volts)

FIGURE 21-2: MAXIMUM IrD vs. VDD (WDT DISABLED, RC MODE)

10.000
85°C
70°C
1.000
2 —"" | o
2 0100 ——— | 25°C
|
p—
—— — I R—— 1110
0.010
0.001
25 3.0 35 4.0 45 5.0 5.5 6.0
VDD(Volts)
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22.6 28-Lead Plastic Surface Mount (SSOP - 209 mil Body 5.30 mm) (SS

ws~ DIRRRAARAFAT |

BN
e

‘ (-
i afalaFla]atilafalilil N

23

-

/Ay

L

N

E'_H_'E l /— Base plane
cp—— ::‘¥
T T Seating plane
- D > AL
Package Group: Plastic SSOP
Millimeters Inches
Symbol Min Max Notes Min Max Notes

a 0° 8° 0° 8°
A 1.730 1.990 0.068 0.078
Al 0.050 0.210 0.002 0.008
B 0.250 0.380 0.010 0.015
C 0.130 0.220 0.005 0.009
D 10.070 10.330 0.396 0.407
E 5.200 5.380 0.205 0.212
e 0.650 0.650 Reference 0.026 0.026 Reference
H 7.650 7.900 0.301 0.311
L 0.550 0.950 0.022 0.037
N 28 28 28 28
CP - 0.102 - 0.004
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