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"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
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
range of applications.
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PIC16C7X

TABLE 3-3: PIC16C74/74A/77 PINOUT DESCRIPTION
. DIP PLCC QFP | l/OIP Buffer A
Pin Name Ping Pin Pin# | Type Type Description
OSC1/CLKIN 13 14 30 I | sTIcMOS®™ |Oscillator crystal input/external clock source input.
OSC2/CLKOUT 14 15 31 (0] — Oscillator crystal output. Connects to crystal or resonator in
crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denotes the instruction cycle rate.
MCLR/VPpP 1 2 18 /P ST Master clear (reset) input or programming voltage input.
This pin is an active low reset to the device.
PORTA is a bi-directional I/O port.
RAO/ANO 2 3 19 1/0 TTL RAO can also be analog inputO
RA1/AN1 3 4 20 1/0 TTL RA1 can also be analog inputl
RA2/AN2 4 5 21 1/O TTL RAZ2 can also be analog input2
RA3/AN3/VREF 5 6 22 1/O TTL RA3 can also be analog input3 or analog reference
voltage
RA4/TOCKI 6 7 23 1/0 ST RA4 can also be the clock input to the TimerO timer/
counter. Output is open drain type.
RAS5/SS/AN4 7 8 24 1/0 TTL RA5 can also be analog input4 or the slave select for
the synchronous serial port.
PORTB is a bhi-directional 1/0 port. PORTB can be software
programmed for internal weak pull-up on all inputs.
RBO/INT 33 36 1/0 TTLST® RBO can also be the external interrupt pin.
RB1 34 37 /10 TTL
RB2 35 38 10 110 TTL
RB3 36 39 11 110 TTL
RB4 37 41 14 /10 TTL Interrupt on change pin.
RB5 38 42 15 1/0 TTL Interrupt on change pin.
RB6 39 43 16 1/0 TTLST® Interrupt on change pin. Serial programming clock.
RB7 40 44 17 /o | TTLST® Interrupt on change pin. Serial programming data.
Legend: |=input O = output I/0 = input/output P = power
— = Not used TTL =TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in serial programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose 1/0 and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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PIC16C7X

3.1 Clocking Scheme/Instruction Cycle

The clock input (from OSC1) is internally divided by
four to generate four non-overlapping quadrature
clocks namely Q1, Q2, Q3 and Q4. Internally, the pro-
gram counter (PC) is incremented every Q1, the
instruction is fetched from the program memory and
latched into the instruction register in Q4. The instruc-
tion is decoded and executed during the following Q1
through Q4. The clocks and instruction execution flow
is shown in Figure 3-4.

3.2 Instruction Flow/Pipelining

An “Instruction Cycle” consists of four Q cycles (Q1,
Q2, Q3 and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g. GOTO)
then two cycles are required to complete the instruction
(Example 3-1).

A fetch cycle begins with the program counter (PC)
incrementing in Q1.

In the execution cycle, the fetched instruction is latched
into the “Instruction Register" (IR) in cycle Q1. This
instruction is then decoded and executed during the
Q2, Q3, and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination
write).

FIGURE 3-4: CLOCK/INSTRUCTION CYCLE
I QL | Q2 | Q3 | Q4 1 Q1 | Q2 | Q3 | Q4 1 Q1L | Q2 | Q3 | Q4 |
OSCll 7/ / \ / /L v/ 7/ / /L /7 N
Ql 1 1 !
Q2 '_/—\ I / \ I / \—| Internal
Q3 i —\ i / S— o
Q4 \ /) /—I\ /—I
PC ¢ PC X PC+1L X PC+2
OSC2/CLKOUT k—/—k—/—k—/—l
(RC mode) | | |
! Fetch INST (PC)
1 Execute INST (PC-1) Fetch INST (PC+1)
I Execute INST (PC) Fetch INST (PC+2)
| | Execute INST (PC+1)
EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW
TcyO Tecyl Tcy2 Tcy3 Tcy4d Tcy5
1. MOVLW 55h Fetch 1 Execute 1
2. MOWAF PORTB Fetch 2 Execute 2
3. CALL SuB 1 Fetch 3 Execute 3
4. BSF PORTA, BI T3 (Forced NOP) Fetch 4 Flush
5. Instruction @address SUB_1 Fetch SUB_1| Execute SUB_1
All instructions are single cycle, except for any program branches. These take two cycles since the fetch
instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed.

0 1997 Microchip Technology Inc.

DS30390E-page 17



PIC16C7X

FIGURE 4-4: PIC16C72 REGISTER FILE
MAP
File File
Address Address

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

General General

Purpose Purpose

Register Register
BFh
COh

v/_\
v

7Fh /\ FFh

Bank 0 Bank 1

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

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

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

General General

Purpose Purpose

Register Register
7Fh FFh

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

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

0 1997 Microchip Technology Inc.
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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

TABLE 5-1: PORTA FUNCTIONS

Name Bit# Buffer |Function
RAO/ANO bit0 TTL Input/output or analog input
RA1/AN1 bitl TTL Input/output or analog input
RA2/AN2 bit2 TTL Input/output or analog input
RA3/AN3/VREF | bit3 TTL Input/output or analog input or VREF
RA4/TOCKI bit4 ST Input/output or external clock input for TimerO
Output is open drain type
RA5/SS/AN4 bit5 TTL Input/output or slave select input for synchronous serial port or analog input

Legend: TTL =TTL input, ST = Schmitt Trigger input
TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

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
05h PORTA — — RA5 RA4 RA3 RA2 RA1 RAO | --0x 0000 | --0Ou 0000
85h TRISA — — | PORTA Data Direction Register --11 1111 | --11 1111
oFh ADCONL | — | — — | — | — | Pcre2 |Pcre1|pereo|---- 000 | ---- -000

Legend: x =unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by PORTA.

DS30390E-page 44 0 1997 Microchip Technology Inc.



Applicable Devices

PIC16C/7X

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

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 the for synchro-

point at which it was taken high. External pull-up/
pull-down resistors may be desirable, depending on the
application.

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

FIGURE 11-5: SPI MODE TIMING, MASTER MODE OR SLAVE MODE W/O SS CONTROL

(SC?KKP=0)||||||||||||||||
ScK

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.

bit7

SSPIF

FIGURE 11-6: SPI MODE TIMING, SLAVE MODE WITH SS CONTROL

SCK ; ;
o o) ! [ e e e |
SCK ! ; I
(CKP =1) — ,
| e A R s O B |
spo —<II< pitr X bite > bits < bita X b3 > bz > bir > bio >
SDI : : ; ; ; ; ; ; ;
! Lobit7 Z Z Z Z Z T R
SSPIF — 1 : : : : : : : :
TABLE 11-1: REGISTERS ASSOCIATED WITH SPI OPERATION
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
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
87h TRISC PORTC Data Direction Register 1111 11111111 1111
13h SSPBUF | Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX [uuuu uuuu
14h SSPCON | wcoL |sspov|ssPEN| ckp | ssPm3 | ssPM2 | ssPmi | ssPmo | 0000 0000|0000 0000
85h TRISA — — PORTA Data Direction Register --11 1111 |--11 1111
94h SSPSTAT| — — oA | p | s | rw | ua | BF |--00 0000]--00 0000
Legend: x =unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by the SSP in SPI mode.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16C73/73A, always maintain these bits clear.

2: The PIC16C72 does not have a Parallel Slave Port or USART, these bits are unimplemented, read as '0'.
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Applicable Devi
P I C 1 6 C 7 X 72753:|C72Ar74|?\2:r756|77

FIGURE 11-13: SPI MODE TIMING (SLAVE MODE WITH CKE = 1) (PIC16C76/77)

ait optional) |_

SCK (CKP = 0)

SCK (CKP = 1)

SDO —( b X bie X bis N bia X bz X bz X b oo XE—

soro -0 —— > < < << << >

bit7 bit0

SSPIF ,_

TABLE 11-2: REGISTERS ASSOCIATED WITH SPI OPERATION (PIC16C76/77)

Value on: Value on

Address Name Bit 7 Bit 6 Bit5 |[Bit4| Bit3 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® 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
87h TRISC PORTC Data Direction Register 1111 1111|1111 1111
13h SSPBUF | Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | uuuu uuuu
14h SSPCON |WCOL | SSPOV | SSPEN | CKP | SSPM3 | ssPm2 | ssPM1 | ssPmo | 0000 0000 | 0000 0000
85h TRISA — — PORTA Data Direction Register --11 1111 |--11 1111
94h sspsTAT| swp | cke | DA | P | s | rw | ua | BF 0000 0000|0000 0000
Legend: x =unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by the SSP in SPI mode.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16C76, always maintain these bits clear.
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Applicable Devices

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

PIC16C7X

115.1.2 RECEPTION

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT reg-
ister is cleared. The received address is loaded into the
SSPBUF register.

When the address byte overflow condition exists, then
no acknowledge (ACK) pulse is given. An overflow con-
dition is defined as either bit BF (SSPSTAT<0>) is set
or bit SSPOV (SSPCON<6>) is set.

An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF (PIR1<3>) must be cleared in soft-
ware. The SSPSTAT register is used to determine the
status of the byte.

FIGURE 11-25: 12C WAVEFORMS FOR RECEPTION (7-BIT ADDRESS)

Receiving Address RW=0___

Receiving Data

SDA . mmmmm ACH 57X DeY D5Y DX D3XD2XD1XD0)__/D7XD6XDEXDAYD3XD2XDLXD0) I\ :
]
]

ACK Receiving Data CK

Bus Master

BF (SSPSTAT<0>)

I
|

SSPIF (PIR1<3>) ' <«—— Cleared in software
|

|—|<—SSPBUF register is read

terminates
transfer

SSPOV (SSPCON<6>)

Bit SSPOV is set because the SSPBUF register is still full. 4

ACK is not sent.

0 1997 Microchip Technology Inc.
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PIC16C7X

The ADRES register contains the result of the A/D con- 3.  Wait the required acquisition time.
version. When the A/D conversion is complete, the 4. Start conversion:
result is loaded into the ADRES register, the GO/DONE . Set GO/DONE bit (ADCONO)
bit (ADCONO0<2>) is cleared, and A/D interrupt flag bit . . . .
ADIF is set. The block diagrams of the A/D module are 5. Wait f9r A/D conversion to complete, by either:
shown in Figure 13-3. * Polling for the GO/DONE bit to be cleared
After the A/D module has been configured as desired, OR
the selected channel must be acquired before the con- » Waiting for the A/D interrupt
version is started. The analog input channels must 6. Read A/D Result register (ADRES), clear bit
have their corresponding TRIS bits selected as an ADIF if required.
input. To determine acquisition time, see Section 13.1. .
After thi isition time h | d the A/D ) 7. For next conversion, go to step 1 or step 2 as
Sion can be started. The following steps should be ol required. The AID conversion time per bit is
Icl>wed for doing an A/D conve\rl\gio%' P u defined as TAD. A minimum wait of 2TAD is
9 ) required before next acquisition starts.
1. Configure the A/D module:
» Configure analog pins / voltage reference /
and digital I/O (ADCON1)
» Select A/D input channel (ADCONO)
» Select A/D conversion clock (ADCONO)
e Turn on A/D module (ADCONO)
2. Configure A/D interrupt (if desired):
 Clear ADIF bit
» Set ADIE bit
» Set GIE bit
FIGURE 13-3: A/D BLOCK DIAGRAM
CHS2:CHSO
: 11 .
' o \o——‘X’ RE2/AN7®
: 110
© ¢—0 \o——‘X’ RE1/AN6W
: 101 .
'+ 0 \O——‘ZI REO/AN5()
: \o&:—‘ZI RAS5/AN4
VIN : !
(Input voltage) ' E :\OO:L:L—._'X' RA3/AN3/VREF
: 010 ,
o i 1] reaiane
Converter X '
, 001 .
. —0 ; —|Z| RAL/AN1
l 000 |
Voo . Lo . —% RAO/ANO
T v |oooor TTTTTTTTTTTTT
' T 010 or
VREF :JD/ : 100
(Reference ! o
! ' 001 or
voltage) .- |_| [ .. 011 or
101

PCFG2:PCFGO
Note 1: Not available on PIC16C72/73/73A/76.
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PIC16C7X

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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PIC16C/7X

FIGURE 14-20: WAKE-UP FROM SLEEP THROUGH INTERRUPT

Qi qzl @3lQ4; 1l Q2] @3l 4 qul 3

. Q1l @2l @3l Q4 @1l Q2lqslqsa; @il @2l Q314 Qilq2l 3l q4,

osc1/ \ /SN T =Y\ NN\

' Inst(PC - 1)

Note 1: XT, HS or LP oscillator mode assumed.

I
: .
ckout@ . /—\ \ L TosT(2) , / \ / \ \ !
1 1 1 ' 1 1 1 1 1
INT pin « . . ' , . . . |
' ' ' T [ ' ' ' |
I(E\INTTFCfg,%<1>) , . . /i ) " Interrupt Latency , ; )
' ' ' ! ' ' (Note 2) ' ' '
GIE bit . . . . . . . . .
(INTCON<7>) | ! ' Processor in | : : \ : : :
. . " steer . . . . .
. . . . . . . .
INSTRUCTION FLOW . . ' . . . . .
pc X PC X PC+1 X PC+2 X PC+2 X PC+2 X 0004h X 0005h \
hstruction { Inst(PC) = SLEEP ' Inst(PC +1) ©ns(PC+2) ' Inst0004h) ' Inst(000Sh) '
g;se}gﬂfggn ' SLEEP ' v Inst(PC+1) . Dummycycle . Dummy cycle Inst(0004h)

2: TosT = 1024Tosc (drawing not to scale) This delay will not be there for RC osc mode.
3: GIE ="1"assumed. In this case after wake- up, the processor jumps to the interrupt routine. If GIE ='0", execution will continue in-line.
4: CLKOUT is not available in these osc modes, but shown here for timing reference.

14.9 Program Verification/Code Protection
Applicable Devices
72|73|73A]74|74A]76]77
If the code protection bit(s) have not been pro-
grammed, the on-chip program memory can be read
out for verification purposes.

Note:  Microchip does not recommend code pro-
tecting windowed devices.
14.10 1D Locations

Applicable Devices
72|73|73A[74]74A]76]77
Four memory locations (2000h - 2003h) are designated
as ID locations where the user can store checksum or
other code-identification numbers. These locations are
not accessible during normal execution but are read-
able and writable during program/verify. It is recom-
mended that only the 4 least significant bits of the 1D
location are used.

14.11 _In-Circuit Serial Programming

Applicable Devices
72|73|73A[74]74A]76]77
PIC16CXX microcontrollers can be serially pro-
grammed while in the end application circuit. This is
simply done with two lines for clock and data, and three
other lines for power, ground, and the programming
voltage. This allows customers to manufacture boards
with unprogrammed devices, and then program the
microcontroller just before shipping the product. This
also allows the most recent firmware or a custom firm-
ware to be programmed.

The device is placed into a program/verify mode by
holding the RB6 and RB7 pins low while raising the
MCLR (VPP) pin from VIL to VIHH (see programming
specification). RB6 becomes the programming clock
and RB7 becomes the programming data. Both RB6
and RB7 are Schmitt Trigger inputs in this mode.

After reset, to place the device into programming/verify
mode, the program counter (PC) is at location 00h. A 6-
bit command is then supplied to the device. Depending
on the command, 14-bits of program data are then sup-
plied to or from the device, depending if the command
was a load or a read. For complete details of serial pro-
gramming, please refer to the PIC16C6X/7X Program-
ming Specifications (Literature #DS30228).

FIGURE 14-21: TYPICAL IN-CIRCUIT SERIAL
PROGRAMMING

CONNECTION
: To Normal
External ' Connections
Connector PIC16CXX
Signals !
oV : VDD
oV : l Vss
Vep ; ® MCLR/VPP
CLK— I RB6
Data I/O ; RB7
: VDD
: To Normal
Connections
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PIC16C7X

BTFSS Bit Test f, Skip if Set CALL Call Subroutine
Syntax: [labell BTFSS fb Syntax: [label] CALL k
Operands: 0<f<127 Operands: 0<k<2047
< .
0sb<7 Operation: (PC)+ 1- TOS,
Operation: skip if (f<b>) =1 k - PC<10:0>,
Status Affected:  None (PCLATH<4:3>) - PC<12:11>
Encoding: | o1 [11b [bff [ it | Status Affected: ~ None
Description: If bit 'b' in register 'f' is '0' then the next Encoding: | 10 | Okkk | kkkk | kkkk |
instruction is executed. P - -
If bit 'b" is '1', then the next instruction is Description: (CPa(I:I +Sll;?gogég‘ﬁég'gﬁforﬁggtgggr.?_f]se
idn'gtcé’gge?ngﬂﬁ] gmgz IS‘I'ECXE?#SI,?% ction eleven bit immediate address is loaded
’ : into PC bits <10:0>. The upper bits of
Words: 1 the PC are loaded from PCLATH. CALL
is a two cycle instruction.
Cycles: 1(2) Words: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Cycles: >
Decode Read Process No- L.
register ' data | Operation Q Cycle Activity: Q1 Q2 Q3 Q4
: 1st Cycle | Decode Read Process | Write to
If Skip:  (2nd Cycle) y literal 'k, data PC
QL Q@ Q3 4 "o Staok
No- No- No- No-
Operation | Operation | Operation | Operation 2nd Cycle Ope'\:gt_ion Opglrg_tion Opglr(;_tion Op«’;‘rg_tion
Example HERE BTFSC FLAG 1 Example HERE CALL  THERE
FALSE GOTO PROCESS CODE
TRUE . Before Instruction
. PC = Address HERE
. After Instruction
Before Instruction PC = Address THERE
PC = address HERE TOS = Address HERE+1
After Instruction
if FLAG<1> =0,
PC = address FALSE
if FLAG<1>=1,
PC = address TRUE
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IORWF Inclusive OR W with f MOVLW Move Literal to W
Syntax: [ label] 10RWF fd Syntax: [label] MOVLW k
Operands: 0<f<127 Operands: 0<k< 255
d 0 [0,1] )
. L Operation: k - (W)
Operation: (W) .OR. (f) - (destination)
Status Affected:  None
Status Affected: Z )
. Encoding: | 11 [ ooxx | kkkk | kkkk |
Encoding: | 00 | 0100 | dff f | fEff |
. - - X - Description: The eight bit literal 'k’ is loaded into W
Description: Inclusive OR the W register with regis- register. The don’t cares will assemble
ter 'f'. If 'd" is O the result is placed in the o ’
W register. If 'd" is 1 the result is placed asos.
back in register 'f'. Words: 1
Words: 1 Cyc|es: 1
Cycles: 1 Q Cycle Activity: Q1 Q2 Q3 Q4
Q Cycle Activity: Q1 Q2 Q3 Q4 Decode | Read | Process | Writeto
Decode Read Process Write to lteral 'k data w
register data destination
f Example MOVLW  Ox5A
After Instruction
Example | ORWF RESULT, 0 W = Ox5A
Before Instruction
RESULT =  0x13
w = 0x91
After Instruction
RESULT =  0x13
w = 0x93
z = 1
MOVF Move f MOVWF Move W to f
Syntax: [ label] MOVF fd Syntax: [ label]] MOVWF f
Operands: 0<f<127 Operands: 0<f<127
dio1] Operation: W) - (f)
Operation: (f) - (destination) Status Affected:  None
Status Affected: Z Encoding: | 00 | 0000 | 1 ff | frff |
Encoding: | 00 | 1000 | drff | frff | Description: Move data from W register to register
Description: The contents of register f is moved to a T
destination dependant upon the status .
of d. If d = 0, destination is W register. If Words: 1
d = 1, the destination is file register f Cycles: 1
itself. d = 1 is useful to test a file regis- AT
ter since status flag Z is affected. Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process Write
Words: 1 register data |register 'f
Cycles: 1 f
Q Cycle Activity: Q1 Q2 Q3 Q4 Example MOWE  OPTI ON_REG
Decode Read Process | Write to .
register data |destination Before Instruction
T OPTION =  OxFF
W = Ox4F
Example NOVE FSR 0 After Instgjpcg%nN ot
= X
After Instruction w = Ox4F
W = value in FSR register
Z =1

DS30390E-page 156 0 1997 Microchip Technology Inc.



DEVELOPMENT TOOLS FROM MICROCHIP

PIC16C7X

TABLE 16-1:
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|Applicable Devices [72]|73[73A|74[74A[76 |77 |

18.4 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 18-1: LOAD CONDITIONS
Load condition 1 Load condition 2
VDD/2
RL

—_—CL ]—

Pin T Pin T CL
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 PIC16C73.
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|Applicable Devices [72]|73[73A|74[74A[76 |77 |

19.1

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

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
Param Characteristic Sym | Min | Typt|Max | Units Conditions
No.

D001 | Supply Voltage VDD 4.0 - 6.0 V [ XT, RC and LP osc configuration

DO01A 45 - 5.5 V | HS osc configuration

D002* | RAM Data Retention VDR - 15 - \%
Voltage (Note 1)

D003 | VDD start voltage to VPOR - Vss | - V | See section on Power-on Reset for details
ensure internal Power-on
Reset signal

D004* | VDD rise rate to ensure Svbb | 0.05 - - | VIms | See section on Power-on Reset for details
internal Power-on Reset
signal

D005 | Brown-out Reset Voltage | BvbDD 37 | 40 | 43 V | BODEN bit in configuration word enabled

37 | 40 | 44 V | Extended Range Only

D010 | Supply Current (Note 2,5) | IbD - 2.7 5 mA | XT, RC osc configuration
Fosc = 4 MHz, VbD = 5.5V (Note 4)
D013 - 10 | 20 | mA |HS osc configuration
Fosc = 20 MHz, VDD = 5.5V
D015* | Brown-out Reset Current | AIBOR - 350 | 425 | pA |BOR enabled VbD = 5.0V
(Note 6)
D020 |Power-down Current IPD - 105 | 42 | pA |VDD =4.0V, WDT enabled, -40°C to +85°C
D021 |(Note 3,5) - 15 | 16 | pA |VDD =4.0V, WDT disabled, -0°C to +70°C
D021A - 15 | 19 | pA |VDD =4.0V, WDT disabled, -40°C to +85°C
D021B - 25 | 19 MA | VDD = 4.0V, WDT disabled, -40°C to +125°C
D023* | Brown-out Reset Current | AIBOR - 350 | 425 | pA |BOR enabled VbD = 5.0V
(Note 6)

* These parameters are characterized but not tested.

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

Note 1: This is the limit to which VDD can be lowered without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an
impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail to rail; all I/O pins tristated, pulled to VbD
MCLR = VDD; WDT enabled/disabled as specified.

3: The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VbD and Vss.

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti-
mated by the formula Ir = VDD/2Rext (mA) with Rext in kOhm.

5: Timerl oscillator (when enabled) adds approximately 20 pA to the specification. This value is from charac-
terization and is for design guidance only. This is not tested.

6: The A current is the additional current consumed when this peripheral is enabled. This current should be

added to the base Ibb or IPD measurement.
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Data based on matrix samples. See first page of this section for details.

PIC16C/7X

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

FIGURE 21-3: TYPICAL IpD vs. VDD @ 25°C
(WDT ENABLED, RC MODE)
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IPD(HA)
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/

0
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FIGURE 21-4: MAXIMUM IpD vs. VDD (WDT
ENABLED, RC MODE)
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FIGURE 21-5: TYPICAL RC OSCILLATOR
FREQUENCY vs. VDD

Cext =22 pF, T =25°C

6.0
5.5
5.0

4.5 R=5k |
4.0

3.5
3.0

Fosc(MHz)

25 —

2.0
15
1.0
0.5 ‘
0.0

25 3.0 3.5 4.0 45 5.0 5.5 6.0
VDD(Volts)

Shaded area is beyond recommended range.

FIGURE 21-6: TYPICAL RC OSCILLATOR
FREQUENCY vs. VDD

Cext =100 pF, T = 25°C

2.4 |
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2.0 .
]
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FIGURE 21-7: TYPICAL RC OSCILLATOR
FREQUENCY vs. VDD

Cext =300 pF, T =25°C
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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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PIN COMPATIBILITY

Devices that have the same package type and VbD,
Vss and MCLR pin locations are said to be pin
compatible. This allows these different devices to
operate in the same socket. Compatible devices may
only requires minor software modification to allow
proper operation in the application socket
(ex., PIC16C56 and PIC16C61 devices). Not all
devices in the same package size are pin compatible;
for example, the PIC16C62 is compatible with the
PIC16C63, but not the PIC16C55.

Pin compatibility does not mean that the devices offer
the same features. As an example, the PIC16C54 is
pin compatible with the PIC16C71, but does not have
an A/D converter, weak pull-ups on PORTB, or
interrupts.

TABLE E-1: PIN COMPATIBLE DEVICES

Pin Compatible Devices Package

PIC12C508, PIC12C509, PIC12C671, PIC12C672

8-pin

PIC16C154, PIC16CR154, PIC16C156,
PIC16CR156, PIC16C158, PIC16CR158,
PIC16C52, PIC16C54, PIC16C54A,
PIC16CR54A,

PIC16C56,

PIC16C58A, PIC16CR58A,

PIC16C61,

PIC16C554, PIC16C556, PIC16C558
PIC16C620, PIC16C621, PIC16C622
PIC16C641, PIC16C642, PIC16C661, PIC16C662
PIC16C710, PIC16C71, PIC16C711, PIC16C715
PIC16F83, PIC16CR83,

PIC16F84A, PIC16CR84

18-pin,
20-pin

PIC16C55, PIC16C57, PIC16CR57B

28-pin

PIC16CR62, PIC16C62A, PIC16C63, PIC16CR63,
PIC16C66, PIC16C72, PIC16C73A, PIC16C76

28-pin

PIC16CR64, PIC16C64A, PIC16C65A,
PIC16CR65, PIC16C67, PIC16C74A, PIC16C77

40-pin

PIC17CR42, PIC17CA42A,
PIC17C43, PIC17CR43, PIC17C44

40-pin

PIC16C923, PIC16C924

64/68-pin

PIC17C756, PIC17C752

64/68-pin

0 1997 Microchip Technology Inc.
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Synchronous Serial Port Mode Select bits,

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

External Clock Timing
Increment Delay ...

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

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

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

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

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

TRISD e s
TRISD REQISIEN ....veiiiiiiiiiiieicee e

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