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"Embedded - Microcontrollers" refer to small, integrated
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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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PIC16C6X

TABLE 3-3: PIC16C64/64A/R64/65/65A/R65/67 PINOUT DESCRIPTION

Pin Name D.IP PITCC I\-II-I(())'I::FI:‘ Pin Buffer Description
Pin# | Pin# N Type Type
Pin#
OSC1/CLKIN 13 14 30 | ST/cMOS®) |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, the pin outputs CLK-
OUT which has 1/4 the frequency of OSC1, and denotes the
instruction cycle rate.
MCLR/VPP 1 2 18 1P ST Master clear reset input or programming voltage input. This
pin is an active low reset to the device.
PORTA is a bi-directional 1/0 port.
RAO 2 3 19 1/10 TTL
RA1 3 4 20 1/0 TTL
RA2 4 5 21 1/0 TTL
RA3 5 6 22 1/0 TTL
RA4/TOCKI 6 7 23 110 ST RA4 can also be the clock input to the TimerO
timer/counter. Output is open drain type.
RA5/SS 7 8 24 /0 TTL RAS5 can also be the slave select for the synchronous
serial port.
PORTB is a bi-directional I/O port. PORTB can be software
programmed for internal weak pull-up on all inputs.
RBO/INT 33 36 8 /o | TTLST® RBO can also be the external interrupt pin.
RB1 34 37 9 l{e} TTL
RB2 35 38 10 l{e} TTL
RB3 36 39 1" l{e} TTL
RB4 37 41 14 1/10 TTL Interrupt on change pin.
RB5 38 42 15 1/0 TTL Interrupt on change pin.
RB6 39 43 16 110 TTL/ST®) Interrupt on change pin. Serial programming clock.
RB7 40 44 17 [l{e} TTL/ST®) Interrupt on change pin. Serial programming data.
PORTC is a bi-directional 1/O port.
RcoT10s0MTICKI | 15 16 32 /0 ST RCO can also be the Timer1 oscillator output™ or
Timer1 clock input.
rc1Ti0siViccp2® | 16 18 35 /0 ST RC1 can also be the Timer1 oscillator input(" or
Capture2 input/Compare2 output/PWM2 output(®.
RC2/CCP1 17 19 36 110 ST RC2 can also be the Capture1 input/Compare1 out-
put/PWM1 output.
RC3/SCK/SCL 18 20 37 /0 ST RC3 can also be the synchronous serial clock input/out-
put for both SPI and I°C modes.
RC4/SDI/SDA 23 25 42 1/0 ST RC4 can also be the SPI Data In (SPI mode) or
data /O (12C mode).
RC5/SDO 24 26 43 1/10 ST RC5 can also be the SPI Data Out (SPI mode).
RC6/TX/CK®) 25 27 44 /0 ST RC6 can also be the USART Asynchronous Transmit(®
or Synchronous Clock®).
RC7/RX/DT®) 26 29 1 /0 ST RC7 can also be the USART Asynchronous Receive(®
or Synchronous Data®.
Legend: | =input O = output 1/0 = input/output P = power
— = Not used TTL =TTL input ST = Schmitt Trigger input
Note Pin functions T1OSO and T10SI are reversed on the PIC16C64.

CCP2 and the USART are not available on the PIC16C64/64A/R64.
This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

This buffer is a Schmitt Trigger input when used in serial programming mode.
This buffer is a Schmitt Trigger input when configured as general purpose /O and a TTL input when used in the Parallel Slave
Port mode (for interfacing to a microprocessor bus).

1
2
3:
4: This buffer is a Schmitt Trigger input when configured as the external interrupt.
5
6
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PIC16C6X

TABLE 3-3: PIC16C64/64A/R64/65/65A/R65/67 PINOUT DESCRIPTION (Cont.d)

TQFP .
Pin Name PDI:; PPI;:;: M(_)FP T:I:e B_rt;fgzr Description
Pin#
PORTD can be a bi-directional I/O port or parallel slave port
for interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 o | STATL®
RD1/PSP1 20 22 39 o | STATL®
RD2/PSP2 21 23 40 o | STATL®
RD3/PSP3 22 24 41 o | STATL®
RD4/PSP4 27 30 2 o | STATL®
RD5/PSP5 28 31 3 o | STATL®
RD6/PSP6 29 32 4 o | STATL®
RD7/PSP7 30 33 5 o | STATL®
PORTE is a bi-directional 1/O port.
REO/RD 8 9 25 110 ST/TTL® REO can also be read control for the parallel slave port.
RE1/WR 9 10 26 110 ST/TTL® RE1 can also be write control for the parallel slave port.
RE2/CS 10 11 27 110 ST/TTL® RE2 can also be select control for the parallel slave port.
Vss 12,31 | 13,34 6,29 P — Ground reference for logic and 1/O pins.
VDD 11,32 | 12,35 7,28 P — Positive supply for logic and 1/O pins.
NC — 1,17, | 12,13, — — These pins are not internally connected. These pins should
28,40 | 33,34 be left unconnected.
Legend: |=input O = output 1/0 = input/output P = power
— = Not used TTL =TTL input ST = Schmitt Trigger input
Note 1: Pin functions TIOSO and T10SI are reversed on the PIC16C64.
2: CCP2 and the USART are not available on the PIC16C64/64A/R64.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
4: This buffer is a Schmitt Trigger input when configured as the external interrupt.
5: This buffer is a Schmitt Trigger input when used in serial programming mode.
6: This buffer is a Schmitt Trigger input when configured as general purpose I/0 and a TTL input when used in the Parallel Slave

Port mode (for interfacing to a microprocessor bus).

© 1997-2013 Microchip Technology Inc. DS30234E-page 17




PIC16C6X

5.0 1/0 PORTS

Applicable Devices
61]62]62A[R62]63|R63]64]64A[R64]65]65ARE5]66]67
Some pins for these 1/0 ports are multiplexed with an
alternate function(s) for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose 1/O pin.

5.1 PORTA and TRISA Register

Applicable Devices
61]62]62A[R62]63|R63]64]64A[R64]65[65A]R65]66]67
All devices have a 6-bit wide PORTA, except for the
PIC16C61 which has a 5-bit wide PORTA.

Pin RA4/TOCKI is a Schmitt Trigger input and an open
drain output. All other RA port pins have TTL input lev-
els and full CMOS output drivers. All pins have data
direction bits (TRIS registers) which can configure
these pins as output or input.

Setting a bit in the TRISA register puts the correspond-
ing output driver in a hi-impedance mode. Clearing a bit
in the TRISA register puts the contents of the output
latch on the selected pin.

Reading PORTA register reads the status of the pins
whereas writing to it will write to the port latch. All write
operations are read-modify-write operations. There-
fore, a write to a port implies that the port pins are read,
this value is modified, and then written to the port data
latch.

Pin RA4 is multiplexed with Timer0 module clock input
to become the RA4/TOCKI pin.

EXAMPLE 5-1: INITIALIZING PORTA

BCF STATUS, RPO
BCF STATUS, RP1
CLRF PORTA

PIC16C66/67 only
Initialize PORTA by
; clearing output

; data latches

; Select Bank 1

; Value used to

BSF STATUS, RPO
MOVLW 0xCF
; initialize data
; direction
MOVWF TRISA ; Set RA<3:0> as inputs
; RA<5:4> as outputs
; TRISA<7:6> are always
; read as '0'.

FIGURE 5-1: BLOCK DIAGRAM OF THE
RA3:RA0 PINS AND THE RA5

PIN
Data
bus
D Q
WR VDD

Pﬁ‘t CcK L Q *D_{ 5
Data Latch J
D Q

=X

»— N 1/0 pin
WR
TRIS ck L@ Vss
TTL <7
TRIS Latch input
buffer

EN
RD PORT {>G

Note 1: /O pins have protection diodes to VDD and
Vss.
2: The PIC16C61 does not have an RA5 pin.

FIGURE 5-2: BLOCK DIAGRAM OF THE
RA4/TOCKI PIN

Data
bus D Q
WR
PORT =
ckLQ || | N 1/O pin®
Data Latch
+— D Q Vss
WR
TRIS a itel Schmitt
KY-Q
c Trigger %7
input
TRIS Latch buffer
RD TRIS
Q D
EN
RD PORT {>c T
TMRO clock input

Note 1: 1/0 pin has protection diodes to Vss only.
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PIC16C6X

TABLE 5-6: PORTC FUNCTIONS FOR PIC16C62A/R62/64A/R64

Name Bit# | Buffer Type |[Function

RCO/T10SO/T1CKI | bit0 ST Input/output port pin or Timer1 oscillator output or Timer1 clock input
RC1/T10SI bit1 ST Input/output port pin or Timer1 oscillator input

RC2/CCP1 bit2 ST Input/output port pin or Capture input/Compare output/PWM1 output
RC3/SCK/SCL bit3 ST RC3 can also be the synchronous serial clock for both SPI and I°C modes.
RC4/SDI/SDA bit4 ST RC4 can also be the SPI Data In (SPI mode) or data I/O (I°C mode).
RC5/SDO bit5 ST Input/output port pin or synchronous serial port data output

RC6 bit6 ST Input/output port pin

RC7 bit7 ST Input/output port pin

Legend: ST = Schmitt Trigger input

TABLE 5-7: PORTC FUNCTIONS FOR PIC16C63/R63/65/65A/R65/66/67

Name Bit# | Buffer Type [Function

RCO/T10SO/T1CKI | bit0 ST Input/output port pin or Timer1 oscillator output or Timer1 clock input

RC1/T10SI/CCP2 bit1 ST Input/output port pin or Timer1 oscillator input or Capture2 input/Compare2
output/PWM2 output

RC2/CCP1 bit2 ST Input/output port pin or Capture1 input/Compare1 output/PWM1 output

RC3/SCK/SCL bit3 ST RC3 can also be the synchronous serial clock for both SPI and 1°C modes.

RC4/SDI/SDA bit4 ST RC4 can also be the SPI Data In (SPI mode) or data I/O (I°C mode).

RC5/SDO bit5 ST Input/output port pin or synchronous serial port data output

RC6/TX/CK bit6 ST Input/output port pin or USART Asynchronous Transmit, or USART Syn-
chronous Clock

RC7/RX/DT bit7 ST Input/output port pin or USART Asynchronous Receive, or USART Syn-
chronous Data

Legend: ST = Schmitt Trigger input

TABLE 5-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Value on: val "
Address |[Name | Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bito POR, alue on a

other resets
BOR

07h PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO | xxxx xxxx | uuuu uuuu
87h TRISC | PORTC Data Direction Register 1111 1111 | 1111 1111
Legend: x =unknown, u = unchanged.
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PIC16C6X

8.0 TIMER1 MODULE

Applicable Devices
61]62]62A]R62[63|R6364]64A|R64[65]65A]RE5]66]67
Timer1 is a 16-bit timer/counter consisting of two 8-bit
registers (TMR1H and TMR1L) which are readable and
writable. Register TMR1 (TMR1H:TMR1L) increments
from 0000h to FFFFh and rolls over to 0000h. The
TMR1 Interrupt, if enabled, is generated on overflow
which is latched in interrupt flag bit TMR1IF (PIR1<0>).
This interrupt can be enabled/disabled by setting/clear-
ing the TMR1 interrupt enable bit TMR1IE (PIE1<0>).

Timer1 can operate in one of two modes:

¢ As atimer

¢ As a counter

The operating mode is determined by clock select bit,
TMR1CS (T1CON<1>) (Figure 8-2).

In timer mode, Timer1 increments every instruction
cycle. In counter mode, it increments on every rising
edge of the external clock input.

Timer1 can be enabled/disabled by setting/clearing
control bit TMR1ON (T1CON<0>).

Timer1 also has an internal “reset input”. This reset can
be generated by CCP1 or CCP2 (Capture/Compare/
PWM) module. See Section 10.0 for details. Figure 8-1
shows the Timer1 control register.

For the PIC16C62A/R62/63/R63/64A/R64/65A/R65/
R66/67, when the Timer1 oscillator is enabled
(T1OSCEN is set), the RC1 and RCO pins become
inputs. That is, the TRISC<1:0> value is ignored.

For the PIC16C62/64/65, when the Timer1 oscillator is
enabled (T1IOSCEN is set), RC1 pin becomes an input,
however the RCO pin will have to be configured as an
input by setting the TRISC<0> bit.

The Timer1 module also has a software programmable
prescaler.

FIGURE 8-1: T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)

U-0 U-0 R/W-0 R/W-0 R/W-0

R/W-0

R/W-0 R/W-0

[ — [ — [r1ckPs1[T1CKPSO[TIOSCEN| TTSYNC

[TMR1CS [TMR1ON| [R = Readable bit

bit7

bit 7-6:  Unimplemented: Read as '0'

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

bit 3: T10SCEN: Timer1 Oscillator Enable Control bit
1 = Oscillator is enabled
0 = Oscillator is shut off

TMR1CS =1
1 = Do not synchronize external clock input
0 = Synchronize external clock input

TMR1CS =0

bit 1: TMR1CS: Timer1 Clock Source Select bit

0 = Internal clock (Fosc/4)

bit 0: TMR1ON: Timer1 On bit
1 = Enables Timer1
0 = Stops Timer1

pito [W = Writable bit

U = Unimplemented bit,
read as ‘0’

-n = Value at POR reset

bit 5-4: T1CKPS1:T1CKPSO0: Timer1 Input Clock Prescale Select bits

Note: The oscillator inverter and feedback resistor are turned off to eliminate power drain.

bit 2: T1SYNC: Timer1 External Clock Input Synchronization Control bit

This bit is ignored. Timer1 uses the internal clock when TMR1CS = 0.

1 = External clock from T10SI (on the rising edge) (See pinouts for pin with T10SI function)

© 1997-2013 Microchip Technology Inc.
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Applicable Devices

PIC16C6X

61]62]62A]R62]63]R63]64]64A]R64]65]65A]RE5]66]67

The SS pin allows a synchronous slave mode. The
SPI must be in slave mode (SSPCON<3:0> = 04h)
and the TRISA<5> bit 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

SCK
(CKP =0) ' ‘ . ; ) ' ) X ‘ ‘

SCK oo . . . ‘ ‘
(CkP = —] mEnEaEaEaE sl
sp0 < bitt_ > bite > bits < bita < bit3 > bit2 bitt_>_" bito
501 — OO O
b | | | | | kit
SSPIF : ' : : : : ; ;
FIGURE 11-6: SPI MODE TIMING, SLAVE MODE WITH SS CONTROL
ES) /_
SCK
(CKP = 0) ~—, u \—I u u u u u [
SCK ; A . . : ‘ ‘ :
(©kP = 1) ——— mEmE el aEaEanEal e
spo —< )< _vit1 > bite > vits > bie X btz > bite > witt < bito >—
DI f f OO e
‘ Copitz 1 1 1 1 1 1 [mm_i

TABLE 11-1: REGISTERS ASSOCIATED WITH SPI OPERATION

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.

SSPIF —

Value on: Value on

Address |Name Bit7 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
oCh PIR1 PSPIF® [ @ | RcIF™ | TxIF™M | SSPIF | CCP1IF | TMR2IF | TMR1IF [0000 0000 [0000 0000
8Ch PIE1 PSPIE®@ | ©® [ RcIE®M | TXIE® | SSPIE | CCP1IE | TMR2IE | TMR1IE {0000 0000 ({0000 0000
13h SSPBUF |Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX |uuuu uuuu
14h SSPCON | WCOL [ SSPOV|SSPEN| CKP [ SSPM3] SSPM2 [ SSPM1 | SSPM0 [0000 0000 [0000 0000
85h TRISA — — PORTA Data Direction Register --11 1111 |--11 1111
87h TRISC PORTC Data Direction Register 1111 1111|1111 1111
94h SSPSTAT — | — [ oAa] P | s | AW ]| UA | BF [--00 0000 [--00 0000
Legend: x =unknown, u =unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by SSP module in SPI
mode.

Note 1: These bits are associated with the USART which is implemented on the PIC16C63/R63/65/65A/R65 only.
2: PSPIF and PSPIE are reserved on the PIC16C62/62A/R62/63/R63, always maintain these bits clear.
3: PIR1<6> and PIE1<6> are reserved, always maintain these bits clear.
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Applicable Devices
P I C 1 6 C6X 61]62[62A[R62[63[R63]64[64A[R64]65]65A[R656667

FIGURE 11-8: SSPCON: SYNC SERIAL PORT CONTROL REGISTER (ADDRESS 14h)(PIC16C66/67)

RW-0 RW-O RMW-0 RWO RW-0 RWO RW-0 RMW-O0
| weoL | sspov [ ssPEN| ckp | sspm3 | ssPm2 | ssPmi1 [ ssPMo | [R = Readable bit

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

- n =Value at POR reset

bit7:  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 =Anew 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 =Abyte 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 /O port pins

In I2C 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:SSPMO0: 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/0 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 = I2C 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

DS30234E-page 90 © 1997-2013 Microchip Technology Inc.




PIC16C6X

TABLE 12-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

Value on Value on

Address | Name Bit7 Bit 6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0 POR, all other

BOR Resets
och PIR1 PSPIFM | (2) | 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™ | (2) RCIE | TXIE |SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 | TXEN | SYNC — BRGH | TRMT TX9D | 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 Synchronous Slave Transmission.

Note 1: PSPIF and PSPIE are reserved on the PIC16C63/R63/66, always maintain these bits clear.
2: PIR1<6> and PIE1<6> are reserved, always maintain these bits clear.

TABLE 12-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

Value on Value on
Address |Name Bit7 Bit 6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit0 POR, all other
BOR Resets
0Ch PIR1 PSPIF(M) ) RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 | SREN | CREN = FERR OERR RX9D 0000 -00x | 0000 -00x
1Ah RCREG | USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 psPIEM ) RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 | TXEN | SYNC = BRGH TRMT TX9D 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 Synchronous Slave Reception.

Note 1: PSPIF and PSPIE are reserved on the PIC16C63/R63/66, always maintain these bits clear.
2: PIR1<6> and PIE1<6> are reserved, always maintain these bits clear.
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PIC16C6X

13.0 SPECIAL FEATURES OF THE
CPU

Applicable Devices
61]62]62A]R62]63[R63]64]64A[RE4]65]65A[RE5]66]67
What sets a microcontroller apart from other proces-
sors are special circuits to deal with the needs of real-
time applications. The PIC16CXX family has a host of
such features intended to maximize system reliability,
minimize cost through elimination of external compo-
nents, provide power saving operating modes and offer
code protection. These are:

¢ Oscillator selection

¢ Reset

- Power-on Reset (POR)

- Power-up Timer (PWRT)

- Oscillator Start-up Timer (OST)
- Brown-out Reset (BOR)
Interrupts

Watchdog Timer (WDT)

e SLEEP mode

¢ Code protection

¢ ID locations

* In-circuit serial programming

The PIC16CXX has a Watchdog Timer which can be

shut off only through configuration bits. It runs off its
own RC oscillator for added reliability. There are two

timers that offer necessary delays on power-up. One is
the Oscillator Start-up Timer (OST), intended to keep
the chip in RESET until the crystal oscillator is stable.
The other is the Power-up Timer (PWRT), which pro-
vides a fixed delay of 72 ms (nominal) on power-up
only, designed to keep the part in reset while the power
supply stabilizes. With these two timers on-chip, most
applications need no external reset circuitry.

SLEEP mode is designed to offer a very low current
power-down mode. The user can wake from SLEEP
through external reset, Watchdog Timer Wake-up or
through an interrupt. Several oscillator options are also
made available to allow the part to fit the application.
The RC oscillator option saves system cost while the
LP crystal option saves power. A set of configuration
bits are used to select various options.

13.1  Configuration Bits

Applicable Devices
61]62]62A]R62]63]R63]64[64ARE4]65(65ARE5]66]67
The configuration bits can be programmed (read as '0')
or left unprogrammed (read as '1') to select various
device configurations. These bits are mapped in pro-
gram memory location 2007h.

The user will note that address 2007h is beyond the
user program memory space. In fact, it belongs to the
special test/configuration memory space (2000h -
3FFFh), which can be accessed only during program-

ming.
FIGURE 13-1: CONFIGURATION WORD FOR PIC16C61
[—= [ -1 -=-1T-1T-T1=1=1=1— [cro[pwrre]wote|Fosci|[Fosco| [Register: CONFIG
bit13 pito | Address 2007h
bit 13-5: Unimplemented: Read as '1"
bit 4: CPO: Code protection bit
1 = Code protection off
0 = All memory is code protected, but 00h - 3Fh is writable
bit 3: PWRTE: Power-up Timer Enable bit
1 = Power-up Timer enabled
0 = Power-up Timer disabled
bit 2: WDTE: Watchdog Timer Enable bit
1 =WDT enabled
0 = WDT disabled
bit 1-0: FOSC1:FOSCO: Oscillator Selection bits

11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

© 1997-2013 Microchip Technology Inc.
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14.0 INSTRUCTION SET SUMMARY

Each PIC16CXX instruction is a 14-bit word divided
into an OPCODE which specifies the instruction type
and one or more operands which further specify the
operation of the instruction. The PIC16CXX instruction
set summary in Table 14-2 lists byte-oriented, bit-ori-
ented, and literal and control operations. Table 14-1
shows the opcode field descriptions.

For byte-oriented instructions, 'f' represents a file reg-
ister designator and 'd' represents a destination desig-
nator. The file register designator specifies which file
register is to be used by the instruction.

The destination designator specifies where the result of
the operation is to be placed. If 'd' is zero, the result is
placed in the W register. If 'd' is one, the result is placed
in the file register specified in the instruction.

For bit-oriented instructions, 'b' represents a bit field
designator which selects the number of the bit affected
by the operation, while 'f' represents the number of the
file in which the bit is located.

For literal and control operations, 'k' represents an
eight or eleven bit constant or literal value.

TABLE 14-1: OPCODE FIELD
DESCRIPTIONS

The instruction set is highly orthogonal and is grouped
into three basic categories:

* Byte-oriented operations
* Bit-oriented operations
 Literal and control operations

All instructions are executed within one single instruc-
tion cycle, unless a conditional test is true or the pro-
gram counter is changed as a result of an instruction.
In this case, the execution takes two instruction cycles
with the second cycle executed as a NOP. One instruc-
tion cycle consists of four oscillator periods. Thus, for
an oscillator frequency of 4 MHz, the normal instruction
execution time is 1 ps. If a conditional test is true or the
program counter is changed as a result of an instruc-
tion, the instruction execution time is 2 ps.

Table 14-2 lists the instructions recognized by the
MPASM assembler.

Figure 14-1 shows the general formats that the instruc-
tions can have.

Note: To maintain upward compatibility with
future PIC16CXX products, do not use the
OPTION and TRIS instructions.

Field Description

£ |Register file address (0x00 to Ox7F)

Working register (accumulator)

Bit address within an 8-bit file register

Literal field, constant data or label

X|~|lo|=

Don't care location (= 0 or 1)

The assembler will generate code with x = 0. Itis the
recommended form of use for compatibility with all
Microchip software tools.

d |Destination select; d = 0: store result in W,
d = 1: store result in file register f.
Defaultisd =1

label |Label name

TOS |Top of Stack

pc |Program Counter

PCLATH | Program Counter High Latch

GIE |Global Interrupt Enable bit

WDT |Watchdog Timer/Counter

TO |Time-out bit
PD |Power-down bit

dest |Destination either the W register or the specified
register file location

[ 1 |Options

() |Contents

— |Assigned to

< > |Register bit field
e |Inthe set of

jtalics |User defined term (font is courier)

All examples use the following format to represent a
hexadecimal number:

Oxhh
where h signifies a hexadecimal digit.

FIGURE 14-1: GENERAL FORMAT FOR

INSTRUCTIONS
Byte-oriented file register operations
13 8 7 6 0
| OPCODE |d \ f (FILE #) |

d = 0 for destination W
d = 1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 109 76 0
OPCODE | b (BIT #)| f (FILE #)

b = 3-bit bit address
f = 7-bit file register address

Literal and control operations

General
13 8 7 0
OPCODE \ k (literal) |

k = 8-bit immediate value

CALL and GOTO instructions only
13 11 10 0
OPCODE k (literal)

k = 11-bit immediate value

© 1997-2013 Microchip Technology Inc.
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[Applicable Devices[61]62]62A[R62[63[R63[64]64A[R64 [65]65A[R65[66]67]
FIGURE 18-7: CAPTURE/COMPARE/PWM TIMINGS (CCP1)

RC2/CCP1
(Capture Mode)

14750‘53 ;1751 —

52

RC2/CCP1
(Compare or Lo L
PWM Mode) —» 531 «— — 154, =-—

Note: Refer to Figure 18-1 for load conditions.

TABLE 18-6: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1)

Parameter | Sym |Characteristic Min Typt| Max | Units|Conditions
No.
50" Tccl |CCP1 No Prescaler 05Tcy+20 | — | — | ns
inputlow time |\ Prescaler | PIC16C62A/R62/ 10 — =1 ns
64A/R64
PIC16LC62A/R62/ 20 — | — ns
64A/R64
51* TecH|ccp1 No Prescaler 05Tcy +20 | — | — ns
input high time | with Prescaler | PIC16C62A/R62/ 10 — | — | ns
64A/R64
PIC16LC62A/R62/ 20 — — ns
64A/R64
52~ TecP|ccP1 input period 3Tcy + 40 — | — ns [N =prescale value
N (1,4 or 16)
53* TccR|CCP1 output rise time PIC16C62A/R62/ — 10 25 ns
64A/R64
PIC16LC62A/R62/ — 25 45 ns
64A/R64
54* TccF [CCP1 output fall time PIC16C62A/R62/ — 10 25 ns
64A/R64
PIC16LC62A/R62/ — 25 45 ns
64A/R64

*

These parameters are characterized but not tested.
1 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[61]62]62A[R62[63[R63[64]64A[R64 [65]65A[R65[66]67]
FIGURE 18-9: SPI MODE TIMING

)

oK? ‘\\—_/L—\_/—€%N\_7fL
(CKP = 1) ; ‘

1 80 " 79 78
Sbo A X « >< L/
A e D) —
w 75,76 7
o 3%
L T 74—
73 .
Note: Refer to Figure 18-1 for load conditions
TABLE 18-8: SPI MODE REQUIREMENTS
Parameter Sym Characteristic Min Typt Max Units Conditions
No.
70* TssL2scH, SSI to SCKY 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 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

* These parameters are characterized but not tested.
1 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[61]62][62A[R62[63]R63[64]64A[R64 [65]65A[R65[66]67]
FIGURE 19-7: PARALLEL SLAVE PORT TIMING

RE2/CS

REO/RD —\\—/

RE1/WR : : /

— 65—

RD7:RDO J D—
' i S ' s

~— 62—

—» 64 [P—
_.:63‘4—

Note: Refer to Figure 19-1 for load conditions

TABLE 19-7: PARALLEL SLAVE PORT REQUIREMENTS

Parameter Sym Characteristic Min | Typt | Max | Units Conditions
No.
62 TdtvV2wrH |Data in valid before WR™T or CST (setup time) 20 — — ns
63* TwrH2dtl |WRT or CS? to data—in invalid (hold PIC16C65 20 — — ns
time) PICT6LCe5 | 35 | — | — | ns
64 TrdL2dtV |RDY{ and CSY to data—out valid — — 80 ns
65 TrdH2dtl |RDT or CST to data—out invalid 10 — 30 ns

These parameters are characterized but not tested.
1 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[61]62][62A[R62[63[R63[64]64A[R64 [65]65A[R65[66]67]

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

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

0°C < TA < +70°C for commercial
Operating voltage VDD range as described in DC spec Section 20.1 and
Section 20.2
Param Characteristic Sym Min |Typ| Max | Units Conditions
No. T
Output High Voltage
D090 |I/O ports (Note 3) VoH VDD-0.7| - - V |loH =-3.0 mA, VDD = 4.5V,
-40°C to +85°C
DO090A VDD-0.7| - - V [loH=-2.5mA, VDD = 4.5V,
-40°C to +125°C
D092 |OSC2/CLKOUT (RC osc config) VDD-0.7| - - V |loH=-1.3mA, VDD =4.5V,
-40°C to +85°C
D092A VDD-0.7| - - V |loH=-1.0 mA, VDD =4.5V,
-40°C to +125°C
D150* |Open-Drain High Voltage Vob - - 14 V  |RA4 pin
Capacitive Loading Specs on Out-
put Pins
D100 |OSC2 pin Cosc2 - - 15 pF |In XT, HS and LP modes when
external clock is used to drive
OSC1.
D101 All /O pins and OSC2 (in RC mode) [CIio - - 50 pF
D102  |sCL, SDA in I2C mode Cb - -| 400 | pF

*

These parameters are characterized but not tested.

1  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
PIC16C6X be driven with external clock in RC mode.

2: The leakage current on the MCLR/VPP 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 volt-
ages.

3: Negative current is defined as current sourced by the pin.
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[Applicable Devices[61]62][62A[R62[63]R63[64]64A[R64 [65]65A[R65 [66]67]
21.4 Timing Parameter Symbology

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

1. TppS2ppS 3.Tcc:sT  (I°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 osc OSCH1

ck CLKOUT rd RD

cs [ rw RD or WR

di SDI sC SCK

do SDO ss SS

dt Data in t0 TOCKI

io 1/0 port 1 T1CKI

mc MCLR wr WR

Uppercase letters and their meanings:
S

F Fall P Period

H High R Rise

| Invalid (Hi-impedance) Vv Valid

L Low z Hi-impedance
I2C only

AA output access High High

BUF Bus free Low Low

Tcc:sT (I2C specifications only)
cc

HD Hold SuU Setup
ST

DAT DATA input hold STO STOP condition

STA START condition
FIGURE 21-1: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS

Load condition 1 Load condition 2
Vbp/2
RL Pin T CL
Vss
- CL
Pin RL = 4640
Vss CL = 50 pF for all pins except OSC2/CLKOUT
Note 1: PORTD and PORTE are not imple- butincluding D and E outputs as ports
mented on the PIC16CR63. 15pF  for OSC2 output
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[Applicable Devices[61]62][62A[R62[63[R63[64]64A[R64 [65]65A[R65[66]67]
21.5 Timing Diagrams and Specifications
FIGURE 21-2: EXTERNAL CLOCK TIMING

Q4 X Q1 ; Q2 ; Q3 . Q4 : Q1 I
. 1 1 ; 1 X \
0SCH ‘ ; :
CLKOUT
TABLE 21-2: EXTERNAL CLOCK TIMING REQUIREMENTS
Param Sym | Characteristic Min Typt Max Units | Conditions
No.
Fosc | External CLKIN Frequency DC — 4 MHz | XT and RC osc mode
(Note 1) DC — 4 MHz | HS osc mode (-04)
DC — 10 MHz | HS osc mode (-10)
DC — 20 MHz | HS osc mode (-20)
DC — 200 kHz |LP osc mode
Oscillator Frequency DC — 4 MHz | RC osc mode
(Note 1) 0.1 — 4 MHz | XT osc mode
4 — 20 MHz | HS osc mode
5 — 200 kHz |LP osc mode
1 Tosc | External CLKIN Period 250 — — ns | XT and RC osc mode
(Note 1) 250 — — ns | HS osc mode (-04)
100 — — ns | HS osc mode (-10)
50 — — ns | HS osc mode (-20)
5 — — us | LP osc mode
Oscillator Period 250 — — ns | RC osc mode
(Note 1) 250 — 10,000 ns | XT osc mode
250 — 250 ns | HS osc mode (-04)
100 — 250 ns | HS osc mode (-10)
50 — 250 ns | HS osc mode (-20)
5 — — us | LP osc mode
2 Tcy |Instruction Cycle Time (Note 1) 200 Tey DC ns | Tcy = 4/Fosc
3* TosL, |External Clock in (OSC1) High or 100 — — ns | XT oscillator
TosH |Low Time 25 — — us | LP oscillator
15 — — ns | HS oscillator
4* TosR, |External Clock in (OSC1) Rise or — — 25 ns | XT oscillator
TosF | Fall Time — — 50 ns | LP oscillator
— — 15 ns | HS oscillator

* These parameters are characterized but not tested.
1 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: Instruction cycle period (TcY) equals four times the input oscillator time-base period. All specified values are based on
characterization data for that particular oscillator type under standard operating conditions with the device executing code.
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con-
sumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1/CLKIN pin.

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices.
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[Applicable Devices [61]62]62A]|R62[63|R63[64]64A[R64[65]65A|R65[66]67]
FIGURE 21-7: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2)

RC1/T10SI/CCP2
and RC2/CCP1
(Capture Mode)

14—50—.3 34—51 —

52

RC1/T10SI/CCP2
and RC2/CCP1
(Compare or - L
PWM Mode) —= 53— —> 154 -—

Note: Refer to Figure 21-1 for load conditions.

TABLE 21-6: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1 AND CCP2)

Param | Sym |Characteristic Min Typt| Max | Units|Conditions
No.
50 TccL |CCP1 and CCP2  |No Prescaler 05Tcy+20 | — | — | ns
inputlow time  \i prescaler |PIC16CR63/R65 10 — ] = ns
PIC16LCR63/R65 20 — | — ns
51 TeeH |ccpP1 and ccP2  |No Prescaler 0.5Tcy+20 | — | — ns
inputhigh time | with Prescaler |PIC16CR63/R65 10 — | — | ns
PIC16LCR63/R65 20 — | = ns
52~ TeeP |CCP1 and CCP2 input period 3Tcy + 40 — | — ns |N=prescale value
N (1,4, or 16)
53* TccR |CCP1 and CCP2 output rise time PIC16CR63/R65 — 10 25 ns
PIC16LCR63/R65 — 25 | 45 ns
54* TccF |CCP1 and CCP2 output fall time PIC16CR63/R65 — 10 25 ns
PIC16LCR63/R65 — 25 45 ns

* These parameters are characterized but not tested.
1 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[61]62]62A[R62[63]R63[64]64A[R64[65]65A[R65[66[67]
FIGURE 22-6: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

| | |
RA4/T OCKN
\ |

4—40—»‘
I

- 42 >

-~ 47— <48 — ]

|
TMRO or

TMR1

Note: Refer to Figure 22-1 for load conditions.

TABLE 22-5: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS

Param Sym Characteristic Min Typt | Max | Units [Conditions
No.
40* TtoOH TOCKI High Pulse Width No Prescaler 0.5Tcy + 20 — — ns |Must also meet
With Prescaler 10 — — ns |parameter 42
41* TtOL TOCKI Low Pulse Width No Prescaler 0.5Tcy + 20 — - ns [Must also meet
With Prescaler 10 — — ns |parameter 42
42* TtOP TOCKI Period No Prescaler Tcy + 40 — — ns
With Prescaler |Greater of: — — ns [N = prescale value
20 or Tey + 40 (2, 4, ..., 256)
N
45* THH T1CKI High Time |Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous, [PIC16C6X 15 — — ns |parameter 47
Prescaler = PIC16LC6X 25 — — ns
2,4,8
Asynchronous |PIC16C6X 30 - - ns
PIC16LC6X 50 — — ns
46* THL T1CKI Low Time  |Synchronous, Prescaler = 1 0.5Tcy + 20 — — ns |Must also meet
Synchronous, [PIC16C6X 15 — — ns |parameter 47
Prescaler = PIC16LC6X 25 — — ns
2,4,8
Asynchronous |PIC16C6X 30 — — ns
PIC16LC6X 50 — — ns
47 Tt1P  [T1CKIl input period [Synchronous |PIC16C6X Greater of: - - ns [N = prescale value
30 oR_TCY + 40 (1,2,4,8)
N
PIC16LC6X reater of: N = prescale value
50 oR_TCY + 40 (1,2,4,8)
N
Asynchronous |PIC16C6X 60 — — ns
PIC16LC6X 100 — — ns
Ft1 Timer1 oscillator input frequency range DC — | 200 | kHz
(oscillator enabled by setting bit TIOSCEN)
48 TCKEZtmr1|Delay from external clock edge to timer increment 2Tosc — |7Tosc| —

* These parameters are characterized but not tested.
1 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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F.7 PIC16C7XX Family of Devces

PIC16C710 | PIC16C71 | PIC16C711 | PIC16C715 | PIC16C72 |PIC16CR72(")

Maximum Frequency 20 20 20 20 20 20
of Operation (MHz)
EPROM Program Memory 512 1K 1K 2K 2K —
(x14 words)
Memory ROM Program Memory — — — — — 2K
(14K words)
Data Memory (bytes) 36 36 68 128 128 128
Timer Module(s) TMRO TMRO TMRO TMRO TMRO, TMRO,
TMR1, TMR1,
TMR2 TMR2
) Capture/Compare/ — — — — 1 1
Peripherals PWM Module(s)
Serial Port(s) — — — — SPI/IPC SPI/I’C
(SPI/I2C, USART)
Parallel Slave Port — — — — — —
A/D Converter (8-bit) Channels |4 4 4 4 5
Interrupt Sources 4 4 4 4 8 8
1/0 Pins 13 13 13 13 22 22
Voltage Range (Volts) 3.0-6.0 3.0-6.0 3.0-6.0 3.0-5.5 2.5-6.0 3.0-5.5
In-Circuit Serial Programming |Yes Yes Yes Yes Yes Yes
Brown-out Reset Yes — Yes Yes Yes Yes
Packages 18-pin DIP, [18-pin DIP, |18-pin DIP, |18-pin DIP, |28-pin SDIP, |28-pin SDIP,
SOIC; SOIC SOIC; SOIC; SOIC, SSOP |SOIC, SSOP
20-pin SSOP 20-pin SSOP |20-pin SSOP
PIC16C73A | PIC16C74A PIC16C76 | PIC16C77
Maximum Frequency of Oper- |20 20 20 20
ation (MHz)
EPROM Program Memory 4K 4K 8K 8K
Memory (x14 words)
Data Memory (bytes) 192 192 368 368
Timer Module(s) TMRO, TMRO, TMRO, TMRO,
TMR1, TMR1, TMR1, TMR1,
TMR2 TMR2 TMR2 TMR2
i Capture/Compare/PWM Mod- |2 2 2 2
Peripherals ule(s)
Serial  Port(s)  (SPI/I’C,|SPI/I°C, USART  [SPI/I’C, USART  [SPI/I’C, USART  |SPI/I’C, USART
USART)
Parallel Slave Port — Yes — Yes
A/D Converter (8-bit) Channels |5 8 5 8
Interrupt Sources 11 12 11 12
1/0 Pins 22 33 22 33
Voltage Range (Volts) 2.5-6.0 2.5-6.0 2.5-6.0 2.5-6.0
In-Circuit Serial Programming |Yes Yes Yes Yes
Brown-out Reset Yes Yes Yes Yes
Packages 28-pin SDIP, 40-pin DIP; 28-pin SDIP, 40-pin DIP;
SOIC 44-pin PLCC, SOIC 44-pin PLCC,
MQFP, TQFP MQFP, TQFP

All PIC16/17 Family devices have Power-on Reset, selectable Watchdog Timer, selectable code protect and high I/O current capabil-
ity. All PIC16C7XX Family devices use serial programming with clock pin RB6 and data pin RB7.

Note

1: Please contact your local Microchip sales office for availability of these devices.
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