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PIC16C6X

1.0 GENERAL DESCRIPTION

The PIC16CXX is a family of low-cost, high-perfor-
mance, CMOS, fully-static, 8-bit microcontrollers.

All PIC16/17 microcontrollers employ an advanced
RISC architecture. The PIC16CXX microcontroller fam-
ily has enhanced core features, eight-level deep stack,
and multiple internal and external interrupt sources.
The separate instruction and data buses of the Harvard
architecture allow a 14-bit wide instruction word with
separate 8-bit wide data. The two stage instruction
pipeline allows all instructions to execute in a single
cycle, except for program branches (which require two
cycles). A total of 35 instructions (reduced instruction
set) are available. Additionally, a large register set gives
some of the architectural innovations used to achieve a
very high performance.

PIC16CXX microcontrollers typically achieve a 2:1
code compression and a 4:1 speed improvement over
other 8-bit microcontrollers in their class.

The PIC16C61 device has 36 bytes of RAM and 13 1/0
pins. In addition a timer/counter is available.

The PIC16C62/62A/R62 devices have 128 bytes of
RAM and 22 I/O pins. In addition, several peripheral
features are available, including: three timer/counters,
one Capture/Compare/PWM module and one serial
port. The Synchronous Serial Port can be configured
as either a 3-wire Serial Peripheral Interface (SPI™) or
the two-wire Inter-Integrated Circuit (I°C) bus.

The PIC16C63/R63 devices have 192 bytes of RAM,
while the PIC16C66 has 368 bytes. All three devices
have 22 1/0O pins. In addition, several peripheral fea-
tures are available, including: three timer/counters, two
Capture/Compare/PWM modules and two serial ports.
The Synchronous Serial Port can be configured as
either a 3-wire Serial Peripheral Interface (SPI) or the
two-wire Inter-Integrated Circuit (I2C) bus. The Univer-
sal Synchronous Asynchronous Receiver Transmitter
(USART) is also know as a Serial Communications
Interface or SCI.

The PIC16C64/64A/R64 devices have 128 bytes of
RAM and 33 I/O pins. In addition, several peripheral
features are available, including: three timer/counters,
one Capture/Compare/PWM module and one serial
port. The Synchronous Serial Port can be configured
as either a 3-wire Serial Peripheral Interface (SPI) or
the two-wire Inter-Integrated Circuit (1°C) bus. An 8-bit
Parallel Slave Port is also provided.

The PIC16C65/65A/R65 devices have 192 bytes of
RAM, while the PIC16C67 has 368 bytes. All four
devices have 33 I/O pins. In addition, several peripheral
features are available, including: three timer/counters,
two Capture/Compare/PWM modules and two serial
ports. The Synchronous Serial Port can be configured
as either a 3-wire Serial Peripheral Interface (SPI) or
the two-wire Inter-Integrated Circuit (1°C) bus. The Uni-
versal Synchronous Asynchronous Receiver Transmit-

ter (USART) is also known as a Serial Communications
Interface or SCI. An 8-bit Parallel Slave Port is also pro-
vided.

The PIC16C6X device family has special features to
reduce external components, thus reducing cost,
enhancing system reliability and reducing power con-
sumption. There are four oscillator options, of which the
single pin RC oscillator provides a low-cost solution,
the LP oscillator minimizes power consumption, XT is a
standard crystal, and the HS is for High Speed crystals.
The SLEEP (power-down) mode offers a power saving
mode. The user can wake the chip from SLEEP
through several external and internal interrupts, and
resets.

A highly reliable Watchdog Timer with its own on-chip
RC oscillator provides protection against software lock-
up.

A UV erasable CERDIP packaged version is ideal for
code development, while the cost-effective
One-Time-Programmable (OTP) version is suitable for
production in any volume.

The PIC16C6X family fits perfectly in applications rang-
ing from high-speed automotive and appliance control
to low-power remote sensors, keyboards and telecom
processors. The EPROM technology makes custom-
ization of application programs (transmitter codes,
motor speeds, receiver frequencies, etc.) extremely
fast and convenient. The small footprint packages
make this microcontroller series perfect for all applica-
tions with space limitations. Low-cost, low-power, high
performance, ease-of-use, and 1/O flexibility make the
PIC16C6X very versatile even in areas where no micro-
controller use has been considered before (e.g. timer
functions, serial communication, capture and compare,
PWM functions, and co-processor applications).

11 Family and Upward Compatibility

Those users familiar with the PIC16C5X family of
microcontrollers will realize that this is an enhanced
version of the PIC16C5X architecture. Please refer to
Appendix A for a detailed list of enhancements. Code
written for PIC16C5X can be easily ported to
PIC16CXX family of devices (Appendix B).

1.2 Development Support

PIC16C6X devices are supported by the complete line
of Microchip Development tools.

Please refer to Section 15.0 for more details about
Microchip’s development tools.
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PIC16C6X

4.0 MEMORY ORGANIZATION FIGURE 4-2: PIC16C62/62A/R62/64/64A/
Applicable Devices R64 PROGRAM MEMORY
61]62]62A]R62]63|R63]64]64A[R64]65]65A]RE5]66]67 MAP AND STACK
4.1 Program Memory Organization | PC<12:0> |
CALL, RETURN 13
The PIC16C6X family has a 13-bit program counter RETFIE, RETLW
capable of addressing an 8K x 14 program memory Stack Level 1
space. The amount of program memory available to E
each device is listed below: Stack Level 8
Device Program Address Range Reset Vector 0000h
Memory - i
5 Peripheral Interrupt Vector | 0004h
PIC16C61 1K x 14 0000h-03FFh g 2 0005h
PIC16C62 2K x 14 0000h-07FFh z a On-chip Program
PIC16C62A 2K x 14 0000h-07FFh 3 Memory (—
PIC16CR62 2K x 14 0000h-07FFh
PIC16C63 4K x 14 0000h-OFFFh PSS,
PIC16CR63 4K x 14 0000h-0FFFh
PIC16C64 2Kx14 | 0000h-07FFh —_—
PIC16C64A 2K x 14 0000h-07FFh
PIC16CR64 2K x 14 0000h-07FFh 1FFFh
PIC16C65 4K x 14 0000h-0FFFh
PIC16C65A 4K x 14 0000h-0FFFh FIGURE 4-3: PIC16C63/R63/65/65A/R65
PIC16CR65 4K x 14 0000h-OFFFh PROGRAM MEMORY MAP
PIC16C66 8K x 14 0000h-1FFFh AND STACK
PIC16C67 8K x 14 0000h-1FFFh | PC<12:05 |
For those devices with less than 8K program memory, CALL, RETURN ]E 13,
accessing a location above the physically implemented RETFIE, RETLW
address will cause a wraparound. Stack Level 1
The reset vector is at 0000h and the interrupt vector is .
at 0004h. Stack Level 8
FIGURE 4-1: PIC16C61 PROGRAM Y Reset Vector 0000h
MEMORY MAP AND STACK Peripheral Interrupt Vector 0004:
0005
[ PC<12:0> |
CALL, RETURN 13 .
RETFIE, RETLW > On-chip Program [t
Stack Level 1 2o Memory (Page 0)
Stack Lovel 8 gL | 0800
=]
Reset Vector 0000h
-~ On-chip Program
5 Peripheral Interrupt Vector | 0004h Memory (Page 1)
= 0005h
05
§C% On-chip Program v oFFEn
3 Memory = - 1000h
03FFh
0400h %
% 1FFFh
1FFFh
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PIC16C6X

TABLE 4-4: SPECIAL FUNCTION REGISTERS FOR THE PIC16C64/64A/R64

Value on: Value on

Address | Name Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR, all other
BOR resets(®
Bank 0

ooh™ INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000|0000 0000
01h TMRO Timer0 module’s register XXXX XXXX |uuuu uuuu
02n™M  |PCL Program Counter's (PC) Least Significant Byte 0000 0000|0000 0000
03h(M STATUS IRP®) | RP1(6) | RPO ‘ TO ‘ PD | z ‘ DC | C 0001 1xxx |000g quuu
04h(M FSR Indirect data memory address pointer XXXX XXXX |uuuu uuuu
05h PORTA — | — | PORTA Data Latch when written: PORTA pins when read --XX XXXX | --uu uuuu
06h PORTB PORTB Data Latch when written: PORTB pins when read XXXX XXXX |Uuuu uuuu
07h PORTC PORTC Data Latch when written: PORTC pins when read XXXX XXXX |Uuuuu uuuu
08h PORTD PORTD Data Latch when written: PORTD pins when read XXXX XXXX |Uuuuu uuuu
o9h PORTE = = = — | — | mee | mer | Reo |- o] um
0Ah(1:2) |PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 |---0 0000
oBh(" INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
oCh PIR1 PSPIF (6) — — SSPIF CCP1IF | TMR2IF | TMR1IF |00-- 0000 |00-- 0000
0Dh — Unimplemented — —
OEh TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXX XXXX [Uuuuu uuuu
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 register XXXX XXXX [uuuu uuuu
10h  |T1cON — [ = [riokest [ Tickpso [T10sceN| TISYNG [ TMR1CS | TMRION [ --00 0000 | --uu wuuu
11h TMR2 Timer2 module’s register 0000 0000 | 0000 0000
12h | T2cON —  [routess | Toutesz | TouTpst | TouTPso [ TMR2ON [ T2ckPst [ T2ckPS0 [ -000 0000 | 000 0000
13h SSPBUF | Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | Uuuu uuuu
14 |sspcon | wooL | sspov | sspen | ckp | ssPms | ssPmz | ssPmi | ssPMo [0000 0000|0000 0000
15h CCPR1L |Capture/Compare/PWM1 (LSB) XXXX XXXX | uuuu uuuu
16h CCPR1H |Capture/Compare/PWM1 (MSB) XXXX XXXX |Uuuu uuuu
i7n [ocpicon| — [ — [ copix [ copty [ ccpims | copimz [ copimt | copimo [ --00 0000 | --00 o000
18h-1Fh = Unimplemented _ _
Legend: x =unknown, u =unchanged, q = value depends on condition, - = unimplemented location read as '0'.

Shaded locations are unimplemented, read as ‘0’.

Note 1: These registers can be addressed from either bank.

2: The upper byte of the Program Counter (PC) is not directly accessible. PCLATH is a holding register for the PC whose
contents are transferred to the upper byte of the program counter. (PC<12:8>)
Other (non power-up) resets include external reset through MCLR and the Watchdog Timer reset.
The BOR bit is reserved on the PIC16C64, always maintain this bit set.
The IRP and RP1 bits are reserved on the PIC16C64/64A/R64, always maintain these bits clear.
PIE1<6> and PIR1<6> are reserved on the PIC16C64/64A/R64, always maintain these bits clear.

o ahrw
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PIC16C6X

9.0 TIMER2 MODULE

Applicable Devices
61]62]62A]R62[63|R6364]64A|R64[65]65A]RE5]66]67
Timer2 is an 8-bit timer with a prescaler and a post-
scaler. It is especially suitable as PWM time-base for
PWM mode of CCP module(s). TMR2 is a readable and
writable register, and is cleared on any device reset.

The input clock (FOSC/4) has a prescale option of 1:1,
1:4 or 1:16, selected by control bits
T2CKPS1:T2CKPSO0 (T2CON<1:0>).

The Timer2 module has an 8-bit period register, PR2.
Timer2 increments from 00h until it matches PR2 and
then resets to 00h on the next increment cycle. PR2 is
areadable and writable register. The PR2 register is ini-
tialized to FFh upon reset.

The match output of the TMR2 register goes through a
4-bit postscaler (which gives a 1:1 to 1:16 scaling,
inclusive) to generate a TMR2 interrupt (latched in flag
bit TMR2IF (PIR1<1>)).

The Timer2 module can be shut off by clearing control
bit TMR20ON (T2CON<2>) to minimize power con-
sumption.

Figure 9-2 shows the Timer2 control register. T2CON is
cleared upon reset which initializes Timer2 as shut off
with the prescaler and postscaler at a 1:1 value.

9.1 Timer2 Prescaler and Postscaler

Applicable Devices

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

The prescaler and postscaler counters are cleared
when any of the following occurs:

* a write to the TMR2 register
* a write to the T2CON register

* any device reset (POR, BOR, MCLR Reset, or
WDT Reset).

TMR2 is not cleared when T2CON is written.

9.2 Output of TMR2

Applicable Devices

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

The output of TMR2 (before the postscaler) is fed to the
Synchronous Serial Port module which optionally uses
it to generate shift clock.

FIGURE 9-1: TIMER2 BLOCK DIAGRAM

Sets
TMR2 TMR2
interrupt output™
flag bit,
TMR2IF

Reset

V.
7

Postscaler
1:1to 1:16| EQ
PR2 reg

Note 1: TMR2 register output can be software selected by
the SSP Module as a baud clock.

Prescaler
1:1, 1:4, 1:16

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

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

R/W-0 R/W-0

[ — [routpss[touTPs2[TOUTPS1][TOUTPSO] TMR20ON [T2CKPS1]T2CKPS0] R = Readable bit

bit7

bit 7: Unimplemented: Read as '0'

0000 = 1:1 postscale
0001 = 1:2 postscale
L]
L]
1111 = 1:16 postscale

bit 2: TMR20ON: Timer2 On bit
1 =Timer2 is on
0 = Timer2 is off

00 = 1:1 prescale
01 = 1:4 prescale
1x = 1:16 prescale

bit 6-3: TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits

bit 1-0: T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits

pito [W = Writable bit

U = Unimplemented bit,
read as ‘0’

-n = Value at POR reset

© 1997-2013 Microchip Technology Inc.
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Applicable Devices

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

PIC16C6X

To enable the serial port, SSP enable bit SSPEN
(SSPCON<5>) must be set. To reset or reconfigure SPI
mode, clear enable bit SSPEN, re-initialize SSPCON
register, and then set enable bit SSPEN. This config-
ures the SDI, SDO, SCK, and SS pins as serial port
pins. For the pins to behave as the serial port function,
they must have their data direction bits (in the TRIS reg-
ister) appropriately programmed. That is:

¢ SDI must have TRISC<4> set

¢ SDO must have TRISC<5> cleared

¢ SCK (Master mode) must have TRISC<3>
cleared

¢ SCK (Slave mode) must have TRISC<3> set

« SS must have TRISA<5> set (if implemented)

Any serial port function that is not desired may be over-
ridden by programming the corresponding data direc-
tion (TRIS) register to the opposite value. An example
would be in master mode where you are only sending
data (to a display driver), then both SDI and SS could
be used as general purpose outputs by clearing their
corresponding TRIS register bits.

Figure 11-4 shows a typical connection between two
microcontrollers. The master controller (Processor 1)
initiates the data transfer by sending the SCK signal.
Data is shifted out of both shift registers on their pro-
grammed clock edge, and latched on the opposite edge
of the clock. Both processors should be programmed to
the same Clock Polarity (CKP), then both controllers
would send and receive data at the same time.
Whether the data is meaningful (or dummy data)
depends on the application software. This leads to
three scenarios for data transmission:

* Master sends data — Slave sends dummy data
¢ Master sends data — Slave sends data
* Master sends dummy data — Slave sends data

FIGURE 11-4: SPI MASTER/SLAVE CONNECTION

The master can initiate the data transfer at any time
because it controls the SCK. The master determines
when the slave (Processor 2) is to broadcast data by
the software protocol.

In master mode the data is transmitted/received as
soon as the SSPBUF register is written to. If the SPl is
only going to receive, the SCK output could be disabled
(programmed as an input). The SSPSR register will
continue to shift in the signal present on the SDI pin at
the programmed clock rate. As each byte is received, it
will be loaded into the SSPBUF register as if a normal
received byte (interrupts and status bits appropriately
set). This could be useful in receiver applications as a
“line activity monitor” mode.

In slave mode, the data is transmitted and received as
the external clock pulses appear on SCK. When the
last bit is latched interrupt flag bit SSPIF (PIR1<3>) is
set.

The clock polarity is selected by appropriately program-
ming bit CKP (SSPCON<4>). This then would give
waveforms for SPI communication as shown in
Figure 11-5 and Figure 11-6 where the MSB is trans-
mitted first. In master mode, the SPI clock rate (bit rate)
is user programmable to be one of the following:

* Fosc/4 (or TCY)

e Fosc/16 (or 4 e TCY)

* Fosc/64 (or 16 e TCY)

e Timer2 output/2

This allows a maximum bit clock frequency (at 20 MHz)
of 5 MHz. When in slave mode the external clock must
meet the minimum high and low times.

In sleep mode, the slave can transmit and receive data
and wake the device from sleep.

| SPI Master SSPM3:SSPMO = 00xxb | | SPI Slave SSPM3:SSPMO = 010xb |
: DO | .| sDI :
1 1 T 1
1 1 1 1
! Serial Input Buffer ! ! Serial Input Buffer !
! (SSPBUF register) ! ! (SSPBUF register) !
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
' soi ! ! spo '
1 Shift Register | - 1 Shift Register 1
1 (SSPSR) 1 1 (SSPSR) 1
I I I I
! MSb LSb [ [ MSb LSb !
1 1 1 1
|  Serial Clock | |
| SCK , SCK |
: PROCESSOR 1 : : PROCESSOR 2 :

© 1997-2013 Microchip Technology Inc.
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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

13.8 Power-down Mode (SLEEP)

Applicable Devices
61]62]62A]R62[63|R6364]64A|R64[65]65A]RE5]66]67
Power-down mode is entered by executing a SLEEP
instruction.

If enabled, the Watchdog Timer will be cleared but
keeps running, status bit PD (STATUS<3>) is cleared,
status bit TO (STATUS<4>) is set, and the oscillator
driver is turned off. The I/O ports maintain the status
they had before the SLEEP instruction was executed
(driving high, low, or hi-impedance).

For lowest current consumption in this mode, place all
I/0 pins at either VDD, or Vss, ensure no external cir-
cuitry is drawing current from the 1/0 pin, and disable
external clocks. Pull all I/O pins, that are hi-impedance
inputs, high or low externally to avoid switching currents
caused by floating inputs. The TOCKI input should also
be at VDD or Vss for lowest current consumption. The
contribution from on-chip pull-ups on PORTB should be
considered.

The MCLR/VPP pin must be at a logic high level
(VIHMmC).

13.8.1 WAKE-UP FROM SLEEP

The device can wake from SLEEP through one of the
following events:

1. External reset input on MCLR/VPP pin.

2. Watchdog Timer Wake-up (f WDT was
enabled).

3. Interrupt from RBO/INT pin, RB port change, or
some peripheral interrupts.

External MCLR Reset will cause a device reset. All

other events are considered a continuation of program

execution and cause a “wake-up”. The TO and PD bits

in the STATUS register can be used to determine the

cause of device reset. The PD bit, which is set on

power-up is cleared when SLEEP is invoked. The TO bit

is cleared if WDT time-out occurred (and caused wake-

up).

The following peripheral interrupts can wake the device

from SLEEP:

1. TMR1 interrupt. Timer1 must be operating as an
asynchronous counter.

SSP (Start/Stop) bit detect interrupt.

SSP transmit or receive in slave mode (SPI/I12C).
CCP capture mode interrupt.

Parallel Slave Port read or write.

USART TX or RX (synchronous slave mode).

o0 hM 0N

Other peripherals can not generate interrupts since
during SLEEP, no on-chip Q clocks are present.

When the SLEEP instruction is being executed, the next
instruction (PC + 1) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction and then branches to the inter-
rupt address (0004h). In cases where the execution of
the instruction following SLEEP is not desirable, the
user should have a NOP after the SLEEP instruction.

13.8.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the execution of a
SLEEP instruction, the SLEEP instruction will com-
plete as a NOP. Therefore, the WDT and WDT
postscaler will not be cleared, the TO bit will not
be set and PD bits will not be cleared.

If the interrupt occurs during or after the execu-
tion of a SLEEP instruction, the device will imme-
diately wake up from sleep. The SLEEP instruction
will be completely executed before the wake-up.
Therefore, the WDT and WDT postscaler will be
cleared, the TO bit will be set and the PD bit will
be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruc-
tion should be executed before a SLEEP instruction.

© 1997-2013 Microchip Technology Inc.
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14.1  Instruction Descriptions
ADDLW Add Literal and W ANDLW AND Literal with W
Syntax: [labell ADDLW  k Syntax: [labell ANDLW  k
Operands: 0<k<255 Operands: 0<k<255
Operation: (W) +k > (W) Operation: (W) .AND. (k) — (W)
Status Affected: C,DC, Z Status Affected: Z
Encoding: | 11 ‘ 111x ‘ kkkk ‘ kkkk | Encoding: | 11 | 1001 ‘ kkkk ‘ kkkk |
Description: The contents of the W register are Description: The contents of W register are
added to the eight bit literal 'k' and the AND’ed with the eight bit literal 'k'. The
result is placed in the W register. result is placed in the W register.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process | Write to Decode Read Process | Write to
literal 'k' data w literal "k" data w
Example: ADDLW  0x15 Example ANDLW  OX5F
Before Instruction Before Instruction
W = 0x10 W = O0xA3
After Instruction After Instruction
W = 0x25 W = 0x03
ADDWF Add W and f ANDWF AND W with f
Syntax: [labell ADDWF fd Syntax: [label] ANDWF fd
Operands: 0<f<127 Operands: 0<f<127
d e [0,1] d e [0,1]
Operation: (W) + (f) > (destination) Operation: (W) .AND. (f) — (destination)
Status Affected: C, DC, Z Status Affected: Z
Encoding: | 00 ‘ 0111 ‘ dfff ‘ £EFfE | Encoding: | 00 | 0101 ‘ Aafff ‘ fEEE
Description: Add the contents of the W register with Description: AND the W register with register 'f'. If 'd'
register 'f'. If 'd" is O the result is stored is 0 the result is stored in the W regis-
in the W register. If 'd' is 1 the result is ter. If 'd"is 1 the result is stored back in
stored back in register 'f'. register 'f'.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process Write to Decode Read Process Write to
register data destination register data destination
0 f
Example ADDWF  FSR, 0 Example ANDWF  FSR, 1

Before Instruction

W = 0x17

FSR=  0xC2
After Instruction

W = 0xD9

FSR=  0xC2

Before Instruction

W = 0x17

FSR=  0xC2
After Instruction

W = 0x17

FSR=  0x02
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NOP No Operation RETFIE Return from Interrupt
Syntax: [ label] NOP Syntax: [ label] RETFIE
Operands: None Operands: None
Operation: No operation Operation: TOS - PC,
Status Affected:  None 1 GIE
Encoding: | 00 ‘ 0000 | 0xx%0 | 0000 | Status Affected: ~ None
Description: No operation. Encoding: | 00 | o000 | oooo | 1001 |
Words: 1 Description: Return from Interrupt. SFack is PQPed
and Top of Stack (TOS) is loaded in the
Cycles: 1 PC. Interrupts are enabled by setting
Lo Global Interrupt Enable bit, GIE
Q Cycle Activity: Qi Q2 Q3 Q4 (INTCON<7>). This i a two cycle
Decode No- No- No- instruction.
Operation | Operation | Operation
Words: 1
Example NOP Cycles: 2
Q Cycle Activity: Q1 Q2 Q3 Q4
1st Cycle Decode No- Setthe | Pop from
Operation | GIE bit | the Stack
2nd Cycle No- No- No- No-
Operation | Operation | Operation | Operation
Example RETFIE
After Interrupt
PC = TOS
GIE = 1
OPTION Load Option Register
Syntax: [ label] OPTION
Operands: None
Operation: (W) — OPTION
Status Affected: None
Encoding: | 00 loooo louo loom
Description: The contents of the W register are
loaded in the OPTION register. This
instruction is supported for code com-
patibility with PIC16C5X products.
Since OPTION is a readable/writable
register, the user can directly address
it.
Words: 1
Cycles: 1
Example

To maintain upward compatibility
with future PIC16CXX products, do
not use this instruction.
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[Applicable Devices[61][62][62A[R62[63[R63[64]64A[R64 [65]65A[R65[66]67]
FIGURE 16-10: ViH, ViL OF MCLR, TOCKI AND OSC1 (IN RC MODE) vs. VbD

4.5 VIH, Max (-40°C to 85°C)
40 VIH, Typ (25°C)
VIH, Min (-40°C to 85°C)

35
.30
2
g 25
-
S 2.0
z 1.5
> .

| 1 Vi, Max (-40°C to 85°C)
I—
1.0 — | VIL, Typ (25°C)
—
| | 4 — | | VL Min(40°Cto85°C)
0.5
——
I
0.0
25 3.0 3.5 4.0 4.5 5.0 5.5 6.0
VDD (Volts)
These pins have Schmitt Trigger input buffers.

FIGURE 16-11: VTH (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT (IN XT, HS, AND LP MODES)
vs. VDD

3.6 Max (-40°C to 85°C)

3.4 Typ (25°C)
3.2

3.0
2.8

Min (-40°C to 85°C)

2.6
2.4
22
2.0
1.8
1.6
1.4
1.2
1.0

VTH (Volts)

3.0 3.5 4.0 45 5.0 5.5 6.0 6.5
VDD (Volts)
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FIGURE 17-10: I2C BUS DATA TIMING

[Applicable Devices[61]62][62A[R62[63[R63[64]64A[R64 [65]65A[R65[66]67]

103 =1 e— . 100 o . el e 102

SDA &

Out SRy ><

Note: Refer to Figure 17-1 fbr load conditions

TABLE 17-10: 12C BUS DATA REQUIREMENTS

Parameter Sym Characteristic Min Max Units Conditions
No.
100 THIGH | Clock high time 100 kHz mode 4.0 — us Device must operate at a mini-
mum of 1.5 MHz
400 kHz mode 0.6 — us Device must operate at a mini-
mum of 10 MHz
SSP Module 1.5Tcy —
101 TLow Clock low time 100 kHz mode 4.7 — us Device must operate at a mini-
mum of 1.5 MHz
400 kHz mode 1.3 — us Device must operate at a mini-
mum of 10 MHz
SSP Module 1.5Tcy —
102 TR SDA and SCL rise 100 kHz mode — 1000 ns
time 400 kHz mode 20 +0.1Cb | 300 ns Cb is specified to be from
10 to 400 pF
103 TF SDA and SCL fall time | 100 kHz mode — 300 ns
400 kHz mode 20+ 0.1Cb | 300 ns Cb is specified to be from
10 to 400 pF
90 Tsu:sTA |START condition 100 kHz mode 4.7 — us Only relevant for repeated
setup time 400 kHz mode 0.6 — us START condition
91 THD:STA |START condition hold | 100 kHz mode 4.0 — us After this period the first clock
time 400 kHz mode 0.6 — us pulse is generated
106 THD:DAT |Data input hold time 100 kHz mode 0 — ns
400 kHz mode 0 0.9 us
107 Tsu:DAT |Data input setup time | 100 kHz mode 250 — ns Note 2
400 kHz mode 100 — ns
92 Tsu:sTo |STOP condition setup | 100 kHz mode 4.7 — us
time 400 kHz mode 0.6 — us
109 TAA Output valid from 100 kHz mode — 3500 ns Note 1
clock 400 kHz mode — — ns
110 TBUF Bus free time 100 kHz mode 4.7 — us Time the bus must be free
400 kHz mode 13 — us before a new transmission can
start
Cb Bus capacitive loading — 400 pF
Note 1: As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300 ns) of
the falling edge of SCL to avoid unintended generation of START or STOP conditions.
2: A fast-mode (400 kHz) I2C-bus device can be used in a standard-mode (100 kHz) 12C-bus system, but the requirement

tsu;DAT > 250 ns must then be met. This will automatically be the case if the device does not stretch the LOW period of the
SCL signal. If such a device does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line
TR max. + tsu;DAT = 1000 + 250 = 1250 ns (according to the standard-mode I2C bus specification) before the SCL line is
released.
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[Applicable Devices[61]62][62A[R62[63[R63[64]64A[R64 [65]65A[R65[66]67]

20.0 ELECTRICAL CHARACTERISTICS FOR PIC16C63/65A

Absolute Maximum Ratings ()

Ambient temperature under bias
Storage temperature
Voltage on any pin with respect to Vss (except VDD, MCLR, and RA4)
Voltage on VDD with respect to Vss
Voltage on MCLR with respect to Vss (Note 2)....
Voltage on RA4 with respect to Vss
Total power dissipation (Note 1)
Maximum current out of Vss pin .
Maximum current into VDD pin

-55°C to +125°C
-65°C 1o +150°C
-0.3V to (VDD + 0.3V)
-0.3V to +7.5V
OV to +14V
OV to +14V
......................... 1.0W

Input clamp current, K (V1 < 0 OF VI > VDD).....ooceuieiriieiniieeitee ettt ettt et see ettt sese ettt s +20 mA

Output clamp current, lok (Vo < 0 or VO > VDD)
Maximum output current sunk by any I/O pin
Maximum output current sourced by any 1/O pin
Maximum current sunk by PORTA, PORTB, and PORTE (Note 3) (combined)
Maximum current sourced by PORTA, PORTB, and PORTE (Note 3) (combined)

Maximum current sunk by PORTC and PORTD (Note 3) (combined)

Maximum current sourced by PORTC and PORTD (Note 3) (combined)
Note 1:
Note 2:

Note 3:

Power dissipation is calculated as follows: Pdis = VDD x {IDD - X IoH} + X {(VDD-VOH) x IoH} + X (VoI x IoL)
Voltage spikes below Vss at the MCLR/VPP pin, inducing currents greater than 80 mA, may cause latch-up.

Thus, a series resistor of 50-100Q2 should be used when applying a “low” level to the MCLR/VPP pin rather
than pulling this pin directly to Vss.

PORTD and PORTE not available on the PIC16C63.

1 NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

TABLE 20-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)
osc PIC16C63-04 PIC16C63-10 PIC16C63-20 PIC16LC63-04 JW Devices
PIC16C65A-04 PIC16C65A-10 PIC16C65A-20 PIC16LC65A-04
RC | vpp: 4.0V to 6.0V VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V VDD: 2.5V to 6.0V VDD: 4.0V to 6.0V
IbD: 5 mA max. at 5.5V | IDD: 2.7 mA typ. at 5.5V | IDD: 2.7 mA typ. at 5.5V | IDD: 3.8 mA max. at 3V| IDD: 5 mA max. at 5.5V
IPD: 16 pA max. at4V |IpD: 1.5 pAtyp. at4V |IpD: 1.5 pAtyp. at4V |[IPD: 5 pA max.at3V |IPD: 16 pA max. at 4V
Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max.
XT | VbD: 4.0V to 6.0V VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V VDD: 2.5V to 6.0V VDD: 4.0V to 6.0V
IbD: 5 mA max. at 5.5V | IDD: 2.7 mA typ. at 5.5V | IDD: 2.7 mA typ. at 5.5V | IDD: 3.8 mA max. at 3V| IDD: 5 mA max. at 5.5V
IPD: 16 pA max. at4V |IpD: 1.5 pAtyp. at4V | IPD: 1.5 pA typ. at 4V IPD: 5 pA max. at3V |IPD: 16 pA max. at 4V
Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max. Freq: 4 MHz max.
HS | vobp: 4.5V to 5.5V VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V
IDD: 13.5 mA typ. at IDD: 10 mA max. at 5.5V| IbD: 20 mA max. at 5.5 IDD: 20 mA max. at
Not recommended for
5.5V A 5.5V
use in HS mode
IPD: 1.5 pAtyp. at4.5V|IpD 1.5 pAtyp. at 4.5V | IPD: 1.5 pA typ. at 4.5V IPD: 1.5 pA typ. at 4.5V
Freq: 4 MHz max. Freq: 10 MHz max. Freq: 20 MHz max. Freq: 20 MHz max.
LP 1 VDp: 4.0V to 6.0V VDD: 2.5V to 6.0V VDD: 2.5V to 6.0V
IbD: 52.5 pA typ. e Y I ———— T IDD: 48 pA max. at 32 |IDD: 48 pA max.
at 32 kHz, 4.0V vEs i P mieel vss i P mieel kHz, 3.0V at 32 kHz, 3.0V
IPD: 0.9 pA typ. at 4.0V IPD: 5 pA max. at 3.0V | IPD: 5 pA max. at 3.0V
Freq: 200 kHz max. Freq: 200 kHz max. Freq: 200 kHz max.

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications. It is recom-
mended that the user select the device type that ensures the specifications required.
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[Applicable Devices[61]62][62A[R62[63[R63[64]64A[R64 [65]65A[R65[66]67]

20.2 DC Characteristics: PIC16LC63/65A-04 (Commercial, Industrial)
Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature  -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 2.5 - 6.0 V | LP, XT, RC osc configuration (DC - 4 MHz)
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 Svbp | 0.05 - - | V/ms | See section on Power-on Reset for details
internal Power-on Reset
signal
D005 Brown-out Reset Voltage |[BvbD | 3.7 | 4.0 | 4.3 V | BODEN configuration bit is enabled
D010 Supply Current (Note 2, 5) | IDD - 2.0 | 3.8 | mA |XT, RC osc configuration
Fosc = 4 MHz, VDD = 3.0V (Note 4)
DO10A - 225 | 48 pA | LP osc configuration
Fosc = 32 kHz, VbD = 3.0V, WDT disabled
DO15* Brown-out Reset Current | AIBOR - 350 | 425 | pA |BOR enabled, VDD = 5.0V
(Note 6)
D020 Power-down Current IPD - 75 | 30 pA | VDD = 3.0V, WDT enabled, -40°C to +85°C
D021 (Note 3, 5) - 0.9 5 pA | VDD = 3.0V, WDT disabled, 0°C to +70°C
D021A - 0.9 5 pA | VDD = 3.0V, WDT disabled, -40°C to +85°C
D023* Brown-out Reset Current | AIBOR - 350 | 425 | pA |BOR enabled, VDD = 5.0V
(Note 6)

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

Note 1:
2:

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

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 VDD,

MCLR = VDD; WDT enabled/disabled as specified.

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

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.

Timer1 oscillator (when enabled) adds approximately 20 pA to the specification. This value is from character-
ization and is for design guidance only. This is not tested.

The A current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IDD or IPD measurement.
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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 21-8: PARALLEL SLAVE PORT TIMING (PIC16CR65)

RE2/CS

REO/RD —\\—/

RE1/WR

o /

~— 62—

—> 64

_.'63'._

Note: Refer to Figure 21-1 for load conditions

TABLE 21-7: PARALLEL SLAVE PORT REQUIREMENTS (PIC16CR65)

Parameter Sym Characteristic Min | Typt | Max | Units | Conditions
No.
62" Tdtv2wrH |Data in valid before WRT or CST (setup time) 20 — — ns
63* TwrH2dtl |WRT or CST to data—in invalid (hold  |PIC16CR65 20 — — ns
time) PIC16LCR65 3| — | — | ns
64 TrdL2dtV |RDY and CS! 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 (6667

FIGURE 22-3: CLKOUT AND I/0 TIMING

o S

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

TABLE 22-3: CLKOUT AND I/O TIMING REQUIREMENTS

Parameter | Sym Characteristic Min Typt Max Units | Conditions
No.
10* TosH2ckL | OSC17T to CLKOUTY — 75 200 ns Note 1
11* TosH2ckH | OSC17T to CLKOUTT — 75 200 ns Note 1
12 TckR CLKOUT rise time — 35 100 ns Note 1
13* TckF CLKOUT fall time — 35 100 ns Note 1
14* TckL2ioV | CLKOUT { to Port out valid — — |0.5Tcy +20| ns Note 1
15* TioV2ckH | Port in valid before CLKOUT T Tosc +200| — — ns Note 1
16* TckH2iol | Port in hold after CLKOUT T 0 — — ns Note 1
17* TosH2ioV |OSC17T (Q1 cycle) to Port out valid — 50 150 ns
18* TosH2iol |OSC17T (Q2 cycle) to Port input | PIC16C66/67 100 — — ns
invalid (1/O in hold time) PIC16LC66/67 200 — — ns
19* TioV2osH | Port input valid to OSC17T (/O in setup time) 0 — — ns
20* TioR Port output rise time PIC16C66/67 — 10 40 ns
PIC16LC66/67 — — 80 ns
21* TioF Port output fall time PIC16C66/67 — 10 40 ns
PIC16LC66/67 — — 80 ns
221t Tinp INT pin high or low time Tecy — — ns
2311 Trbp RB7:RB4 change INT high or low time Tcy — — 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.
11 These parameters are asynchronous events not related to any internal clock edge.
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x TosC.
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[Applicable Devices[61]62][62A[R62[63[R63[64]64A[R64 [65]65A[R65[66]67]

FIGURE 23-8: TYPICAL IpD vs. VDD BROWN-

FIGURE 23-10: TYPICAL IpD vs. TIMER1
ENABLED (32 kHz, RCO/RC1 =
33 pF/33 pF, RC MODE)
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The shaded region represents the built-in hysteresis of the
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FIGURE 23-9: MAXIMUM IprD vs. VDD
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PIN COMPATIBILITY

Devices that have the same package type and VDD,
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 F-1: PIN COMPATIBLE DEVICES

Pin Compatible Devices

PIC12C508, PIC12C509, PIC12C671, PIC12C672

Package

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,
PIC16CR®65, PIC16C67, PIC16C74A, PIC16C77

40-pin

PIC17CR42, PIC17C42A,
PIC17C43, PIC17CR43, PIC17C44

40-pin

PIC16C923, PIC16C924

64/68-pin

PIC17C756, PIC17C752

64/68-pin
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