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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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FIGURE 4-18: PIR1 REGISTER FOR PIC16C64/64A/R64 (ADDRESS 0Ch)

RW-0 RW-0 U0 U0 RWO  RWO  RW-0 _ RMW-0
[psPiF [ — | — [ — [ ssPIF | cCP1IF | TMR2IF | TMRIIF | [R = Readable bit
bit7 pito |W = Writable bit

u

-n = Value at POR reset

= Unimplemented bit,
read as ‘0’

bit 7: PSPIF: Parallel Slave Port Interrupt Flag bit
1 = A read or a write operation has taken place (must be cleared in software)
0 = No read or write operation has taken place

bit 6: Reserved: Always maintain this bit clear.
bit 5-4:  Unimplemented: Read as '0'

bit 3: SSPIF: Synchronous Serial Port Interrupt Flag bit
1 = The transmission/reception is complete (must be cleared in software)
0 = Waiting to transmit/receive

bit 2: CCP1IF: CCP1 Interrupt Flag bit
Capture Mode
1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMR1 register capture occurred
Compare Mode
1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred
PWM Mode
Unused in this mode

bit 1: TMR2IF: TMR2 to PR2 Match Interrupt Flag bit

1 = TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred

bit 0: TMR1IF: TMR1 Overflow Interrupt Flag bit
1 = TMR1 register overflow occurred (must be cleared in software)
0 = No TMR1 register occurred

enabling an interrupt.

Interrupt flag bits get set when an interrupt condition occurs regardless of the state of its corresponding enable bit or the
global enable bit, GIE (INTCON<7>). User software should ensure the appropriate interrupt flag bits are clear prior to

© 1997-2013 Microchip Technology Inc.

DS30234E-page 43



PIC16C6X

FIGURE 5-4: BLOCK DIAGRAM OF THE FIGURE 5-5: BLOCK DIAGRAM OF THE
RB7:RB4 PINS FOR RB3:RB0 PINS
PIC16C62A/63/R63/64A/65A/ VoD

RBPUE
R65/66/67 RBPU) o weak
pull-up
VoD
FEPU® T Data bus [Data Latch,
weak D >
— et o
Data Latch WR Port /o
Data bus 5 a N @ CKY pin(™
110 TRIS Latch
WR Port CK\_ pin( »— D Q T
TRIS Latch WR TRIS K g‘gf‘fgr 7
»—— D Q
pd
WR TRIS TTL
CK L Input K7 :\7
Buffer |sT RD TRIS
e Buffer
\I\l ! Q D —
RD TRIS Latch
RD Port EN
<] Q D|l—e
RD Port EN Q1 RBO/INT /\]
Set RBIF ~ |
= Schmitt Trigger RD Port
C Buffer
From other Q D
RB7:RB4 pins RD Port
EN Qs Note 1: I/0 pins have diode protection to VDD and Vss.
. . . . 2: To enable weak pull-ups, set the appropriate TRIS bit(s)
RB7:RB6 in serial programming mode and clear the RPBU bit (OPTION<7>).
Note 1: I/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RPBU bit (OPTION<7>).

TABLE 5-3: PORTB FUNCTIONS
Name Bit# Buffer Type |Function
RBO/INT bit0 TTU/STM Input/output pin or external interrupt input. Internal software programmable
weak pull-up.
RB1 bit1 TTL Input/output pin. Internal software programmable weak pull-up.
RB2 bit2 TTL Input/output pin. Internal software programmable weak pull-up.
RB3 bit3 TTL Input/output pin. Internal software programmable weak pull-up.
RB4 bit4 TTL Input/output pin (with interrupt on change). Internal software programmable
weak pull-up.
RB5 bit5 TTL Input/output pin (with interrupt on change). Internal software programmable
weak pull-up.
RB6 bit6 TTL/ST® Input/output pin (with interrupt on change). Internal software programmable
weak pull-up. Serial programming clock.
RB7 bit7 TTL/ST( Input/output pin (with interrupt on change). Internal software programmable
weak pull-up. Serial programming data.

Legend: TTL =TTL input, ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in serial programming mode.

TABLE 5-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Value on: Value on all
Address | Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 POR,
other resets
BOR
06h, 106h | PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO |xxxx xxxx |uuuu uuuuu
86h, 186h | TRISB PORTB Data Direction Register 1111 1111 1111 1111
81h, 181h |OPTION | RBPU | INTEDG | Tocs | TosE | Psa [ Ps2 [ Pst [ Pso [1111 1111] 1111 1111
Legend: x =unknown, u = unchanged. Shaded cells are not used by PORTB.
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TABLE 5-11: PORTE FUNCTIONS

Name Bit# Buffer Type

Function

REO/RD bit0 sT/TTLM

Input/output port pin or Read control input in parallel slave port mode.
RD
1= Not a read operation
0 = Read operation. The system reads the PORTD register (if
chip selected)

RE1/WR bit1 sTTLM

Input/output port pin or Write control input in parallel slave port mode.
WR
1 = Not a write operation
0 = Write operation. The system writes to the PORTD register (if
chip selected)

RE2/CS bit2 sT/TTLM

Input/output port pin or Chip select control input in parallel slave port
mode.

cs

1 = Device is not selected

0 = Device is selected

Legend: ST = Schmitt Trigger input, TTL =

TTL input

Note 1: Buffer is a Schmitt Trigger when in I/O mode, and a TTL buffer when in Parallel Slave Port (PSP) mode.
TABLE 5-12: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

Value on: Value on all
Address | Name Bit7 | Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
other resets
BOR
09h PORTE | — — — — — RE2 RE1 REO ---- -XXX | ---- -uuu
89h TRISE IBF | OBF | IBOV | PSPMODE | — |PORTE Data Direction Bits 0000 -111 | 0000 -111
Legend: x =unknown, u =unchanged, - = unimplemented locations read as '0'. Shaded cells not used by PORTE.

© 1997-2013 Microchip Technology Inc.
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7.2 Using Timer0 with External Clock

Applicable Devices
61]62]62A]R62]63|R63]64[64A[R64]65(65A]RE5]66]67
When an external clock input is used for TimerO0, it must
meet certain requirements. The requirements ensure
the external clock can be synchronized with the internal
phase clock (Tosc). Also, there is a delay in the actual
incrementing of Timer0 after synchronization.

7.2 EXTERNAL CLOCK SYNCHRONIZATION

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization
of TOCKI with the internal phase clocks is accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks (Figure 7-5).
Therefore, it is necessary for TOCKI to be high for at
least 2Tosc (and a small RC delay of 20 ns) and low for
at least 2Tosc (and a small RC delay of 20 ns). Refer to
the electrical specification of the desired device.

When a prescaler is used, the external clock input is
divided by the asynchronous ripple-counter type pres-
caler so that the prescaler output is symmetrical. For
the external clock to meet the sampling requirement,
the ripple-counter must be taken into account. There-
fore, it is necessary for TOCKI to have a period of at
least 4Tosc (and a small RC delay of 40 ns) divided by
the prescaler value. The only requirement on TOCKI
high and low time is that they do not violate the mini-
mum pulse width requirement of 10 ns. Refer to param-
eters 40, 41 and 42 in the electrical specification of the
desired device.

7.2.2  TIMERO INCREMENT DELAY

Since the prescaler output is synchronized with the
internal clocks, there is a small delay from the time the
external clock edge occurs to the time the Timer0 mod-
ule is actually incremented. Figure 7-5 shows the delay
from the external clock edge to the timer incrementing.

FIGURE 7-5: TIMERO TIMING WITH EXTERNAL CLOCK

External Clock Input or ;
Prescaler output PZSJ \

External Clock/Prescaler
Output after sampling

Increment Timer0 (Q4)

Timer0

Q11 Q21 Q31 Q4 (1 Q1] Q21 Q31 Q4 (| Q1] Q21 Q3| Q4 | Q1] Q2| Q3| Q4
Small pulse
U\ I\ misses sampling
M
3)
[]
[ [
X TO + 1 X TO+2

Note 1: Delay from clock input change to Timer0 increment is 3Tosc to 7Tosc. (Duration of Q = Tosc).
Therefore, the error in measuring the interval between two edges on Timer0 input = +4Tosc max.
2: External clock if no prescaler selected, prescaler output otherwise.
3: The arrows indicate the points in time where sampling occurs.

© 1997-2013 Microchip Technology Inc.
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10.3 PWM Mode

Applicable Devices
61]62]62A]R62[63]R63]64]64A]R64[65]65A]RE5]66]67
In Pulse Width Modulation (PWM) mode, the CCP1 pin
produces up to a 10-bit resolution PWM output. Since
the CCP1 pin is multiplexed with the PORTC data latch,
the TRISC<2> bit must be cleared to make the CCP1
pin an output.

Note: Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTC /O data
latch.

Figure 10-4 shows a simplified block diagram of the
CCP module in PWM mode.

For a step by step procedure on how to set up the CCP
module for PWM operation, see Section 10.3.3.

FIGURE 10-4: SIMPLIFIED PWM BLOCK
DIAGRAM

Duty cycle registers '/ CCP1CON<5:4>

CCPRI1L

l ]

Comparator

ARG %

RC2/CCP1

TRISC2

Comparator

Clear Timer,
* CCP1 pin and

Note 1: 8-bit timer is concatenated with 2-bit internal Q clock
or 2 bits of the prescaler to create 10-bit time-base.

A PWM output (Figure 10-5) has a time base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 10-5: PWM OUTPUT

Period

| [

- ]

. Duty Cycle .

‘ TMR2 = PR2

TMR2 = Duty Cycle
TMR2 = PR2

10.3.1 PWM PERIOD

The PWM period is specified by writing to the PR2 reg-
ister. The PWM period can be calculated using the fol-
lowing formula:
PWM period = [(PR2) + 1] » 4 « TOSC *
(TMR2 prescale value)
PWM frequency is defined as 1 / [PWM period].
When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
¢ TMR2 is cleared
¢ The PWM duty cycle is latched from CCPR1L into
CCPR1H
¢ The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)

Note: The Timer2 postscaler (see Section 9.1) is
not used in the determination of the PWM
frequency. The postscaler could be used to
have a servo update rate at a different fre-
quency than the PWM output.

10.3.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRIL register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available: the CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

PWM duty cycle = (CCPR1L:CCP1CON<5:4>) «

Tosc * (TMR2 prescale value)

CCPR1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read-only register.
The CCPR1H register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.
When the CCPR1H and 2-bit latch match TMR2 con-
catenated with an internal 2-bit Q clock or 2 bits of the
TMR2 prescaler, the CCP1 pin is cleared.

Maximum PWM resolution (bits) for a given PWM

frequency:
Fosc
'°9( FPWM )

= — bits
log(2)

Note: If the PWM duty cycle value is longer than
the PWM period the CCP1 pin will not be
forced to the low level.

DS30234E-page 80

© 1997-2013 Microchip Technology Inc.



Applicable Devices
P I C 1 6 CGX 61]62[62A[R62[63[R63]64[64A[R64]65]65A[R656667

FIGURE 11-13: SPI MODE TIMING (SLAVE MODE WITH CKE = 1) (PIC16C66/67)

SS

(not optional) r

sbo {_ bit7 bit6 bis X bits A bis X biz X bi bit0

D S S S S

bit7 bit0
SSPIF

TABLE 11-2: REGISTERS ASSOCIATED WITH SPI OPERATION (PIC16C66/67)

Value on Value on all

Address |Name Bit7 Bit 6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit 0 Power-on
other resets

Reset
0Bh,8Bh, INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF | 0000 000x| 0000 000u
10Bh,18Bh
och PIR1 PSPIFD| @ RCIF | TXIF | SSPIF |CCP1IF | TMR2IF | TMR1IF {0000 0000 (0000 0000
8Ch PIE1 PSPIEM| @ RCIE | 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[ssPmz | ssPM1 [ sSPMo | 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| smp | cke | oA | P [ s [ RW | ua | BF 0000 0000|0000 0000
Legend: x =unknown, u =unchanged, - = unimplemented locations read as '0'.

Shaded cells are not used by SSP module in SPI mode.
Note 1: PSPIF and PSPIE are reserved on the PIC16C66, always maintain these bits clear.
2: PIR1<6> and PIE1<6> are reserved, always maintain these bits clear.
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TABLE 13-12: INITIALIZATION CONDITIONS FOR ALL REGISTERS

Register Applicable Devices Power-on Reset |MCLR Reset during: |Wake-up via
Brown-out —normal operation |interrupt or
Reset - SLEEP WDT Wake-up
WDT Reset
w 61[62|62A |R62|63|R63 |64 |64A|R64|65|65A|R65(66 (67| xxxx XXXX uuuu uuuu uuuu uuuu
INDF 61[62|62A |R62|63|R63 |64 |64A |R64|65|65A |R65|66 |67 N/A N/A N/A
TMRO 61|62|62A |R62 |63 |R63 |64 |64A |R64 [65|65A |[R65|66|67| xxxx XXXX uuuu uuuu uuuu uuuu
PCL 61(62|62A |R62|63 | R63 |64 |64A|R64|65|65A |R65 (66|67 0000h 0000h pc + 1@
STATUS |61(62|62A |R62|63|R63 |64 |64A|R64|65|65A |R65(66(67| 0001 lxxx 000g quuu® wuug quuu®
FSR 61(62|62A |R62|63 |R63 |64 |64A |R64|65|65A |R65 (66|67 xxxx XxXX uuuu uuuu uuuu uuuu
61[62|62A |R62|63|R63 |64 |64A |R64|65|65A |R65|66 (67 ---X XXXX ---u uuuu ---u uuuu
PORTA 61(62|62A |R62|63 |R63 |64 |64A|R64|65|65A |R65 (66|67 --xx xxxX --uu uuuu --uu uuuu
PORTB 61[62|62A |R62|63|R63 |64 |64A|R64|65|65A|R65(66 (67| xxxx XXXX uuuu uuuu uuuu uuuu
PORTC 61(62|62A |R62|63|R63 |64 |64A|R64|65|65A|R65(66 (67| xxxx XXXX uuuu uuuu uuuu uuuu
PORTD 61(62|62A |R62|63|R63 |64 |64A|R64|65|65A|R65(66 (67| xxxx XXXX uuuu uuuu uuuu uuuu
PORTE |61|62|62A |R62(63|R63|64|64A|R64(65|65A|R65|66(67| ---- -xxx ---- -uuu ---- -uuu
PCLATH |61|62|62A|R62|63|R63|64|64A |R64(65|65A|R65(66 |67 ---0 0000 ---0 0000 ---u uuuu
INTCON |61|62|62A |R62|63|R63 |64 |64A|R64|65|65A|R65(66(67| 0000 000x 0000 000u vuuu uuuul?
PIR1 61(62|62A |R62 |63 |R63 |64 |64A |R64 |65|65A |R65(66(67| 00-- 0000 00-- 0000 wu- - wuuu®
61(62|62A |R62|63 |R63 |64 |64A |R64 |65|65A |R65(66(67| 0000 0000 0000 0000 vuuu wuuu
PIR2 61[62|62A |R62|63|R63 |64 |64A|R64|65|65A|R65(66 (67| ---- --- o | ---- --- 0 | -___ ___ u®
TMR1L 61(62|62A |R62|63|R63 |64 |64A|R64|65|65A|R65(66 (67| xxxx XXXX uuuu uuuu uuuu uuuu
TMR1H 61(62|62A |R62|63|R63 |64 |64A|R64|65|65A |R65(66 (67| xxxx XxXX uuuu uuuu uuuu uuuu
T1CON 61(62|62A |R62|63 |R63 |64 |64A |R64 |65|65A |R65(66(67| --00 0000 --uu uuuu --uu uuuu
TMR2 61[62|62A |R62|63|R63 |64 |64A |R64|65|65A |R65|66 |67 0000 0000 0000 0000 uuuu uuuu
T2CON 61[62|62A |R62|63|R63 |64 |64A |R64|65|65A |R65|66 |67 -000 0000 -000 0000 -uuu uuuu
SSPBUF |61|62|62A |R62|63|R63|64|64A|R64|65|65A|R65|66(67| xxxx xxxx uuuu uuuu uuuu uuuu
SSPCON |61|62|62A |R62|63|R63|64 |64A |R64|65|65A|R65|66 |67 0000 0000 0000 0000 uuuu uuuu
CCPR1L |61|62|62A|R62|63|R63|64|64A|R64|65|65A |R65(66|67| xxxx xxxx uuuu uuuu uuuu uuuu
CCPR1H |61|62|62A|R62|63|R63|64|64A|R64|65|65A |R65(66|67| xxxx xxxx uuuu uuuu uuuu uuuu
CCP1CON |61|62|62A |R62 |63 |R63 |64 |64A|R64|65|65A |[R65(66|67| --00 0000 --00 0000 --uu uuuu
RCSTA 61(62|62A |R62|63|R63 |64 |64A |R64|65|65A |R65|66 |67 0000 -00x 0000 -00x uuuu -uuu
TXREG 61(62|62A |R62|63|R63 |64 |64A |R64|65|65A |R65|66 |67 0000 0000 0000 0000 uuuu uuuu
RCREG 61(62|62A |R62|63|R63 |64 |64A |R64|65|65A |R65|66 |67 0000 0000 0000 0000 uuuu uuuu
CCPR2L |61|62|62A |R62|63|R63 |64 |64A|R64|65|65A |R65(66|67| xxxx xxxx uuuu uuuu uuuu uuuu
CCPR2H |61|62|62A |R62|63|R63 |64 |64A|R64|65|65A |R65(66|67| xxxx xxxx uuuu uuuu uuuu uuuu
CCP2CON |61 |62|62A |R62 |63 |R63 |64 |64A |R64|65|65A |[R65(66|67| 0000 0000 0000 0000 uuuu uuuu
OPTION [61|62|62A|R62 |63 |R63|64|64A|R64|65|65A |R65|66|67 1111 1111 1111 1111 uuuu uuuu
61(62|62A |R62|63|R63 |64 |64A |R64|65|65A |R65|66 (67 ---1 1111 ---1 1111 ---u uuuu
TRISA 61[62|62A |R62|63|R63 |64 |64A |R64|65|65A |R65|66 |67 --11 1111 --11 1111 --uu uuuu
TRISB 61[62|62A |R62|63|R63 |64 |64A |R64|65|65A |R65|66 |67 1111 1111 1111 1111 uuuu uuuu
TRISC 61[62|62A |R62|63|R63 |64 |64A |R64|65|65A |R65|66 |67 1111 1111 1111 1111 uuuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit read as'0', q =value depends on condition.

Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the global enable bit, GIE is set, the PC is loaded with the interrupt vector (0004h)
after execution of PC + 1.
3: See Table 13-10 and Table 13-11 for reset value for specific conditions.
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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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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.

© 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 15-5: TIMERO EXTERNAL CLOCK TIMINGS

I | |
RA4/T OCKN
\ \

TMRO

Note: Refer to Figure 15-1 for load conditions.

TABLE 15-5: TIMERO EXTERNAL CLOCK REQUIREMENTS

Parameter | Sym |Characteristic Min Typt| Max | Units|Conditions
No.
40" TtOH | TOCKI High Pulse Width No Prescaler 0.5Tcy+20 | — | — | ns [Mustalso meet
With Prescaler 10 — | — ns |Parameter42
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 |N = prescale value
With Prescaler Greater of: — — ns (2.4, ... 256)
20 ns or
Tcy +40
N
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]
NOTES:
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[Applicable Devices[61]62][62A[R62[63]R63[64]64A[R64 [65]65A[R65[66]67]

19.1 DC Characteristics: PIC16C65-04 (Commercial, Industrial)
PIC16C65-10 (Commercial, Industrial)
PIC16C65-20 (Commercial, Industrial)
Standard Operating Conditions (unless otherwise stated)
Operating temperature  -40°C < TA < +85°C for industrial and
DC CHARACTERISTICS 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
DOO1A 4.5 - 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 - - | V/Ims | See section on Power-on Reset for details
internal Power-on Reset
signal
D010 | Supply Current (Note 2, 5) |IDD - 2.7 5 mA | XT, RC osc configuration
Fosc = 4 MHz, VDD = 5.5V (Note 4)
D013 - 13.5| 30 | mA |HS osc configuration
Fosc =20 MHz, VbD = 5.5V
D020 Power-down Current IPD - 10.5 | 800 | pA |VDD =4.0V, WDT enabled,-40°C to +85°C
D021 (Note 3, 5) - 1.5 | 800 | pA |VDD=4.0V, WDT disabled,-0°C to +70°C
D021A - 1.5 | 800 | pA |VDD=4.0V, WDT disabled,-40°C to +85°C
*  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 1/0 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.

3: 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.

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: Timer1 oscillator (when enabled) adds approximately 20 uA to the specification. This value is from character-

ization and is for design guidance only. This is not tested.
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[Applicable Devices[61]62][62A[R62[63]R63[64]64A[R64 [65]65A[R65[66]67]
19.4 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 19-1: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS
Load condition 1 Load condition 2
VbD/2

RL Pin T CL
Vss
- CL
Pin T
RL = 464Q
Vss CL = 50pF for all pins except OSC2/CLKOUT

but including D and E outputs as ports
15 pF  for OSC2 output

DS30234E-page 216 © 1997-2013 Microchip Technology Inc.



PIC16C6X

[Applicable Devices [61]62]62A]|R62[63[R63[64]64A[R64[65]65A[R65]66]67]
FIGURE 20-7: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2)

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

14750‘53 ;1751 —

52

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

Note: Refer to Figure 20-1 for load conditions.

TABLE 20-6: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1 AND CCP2)

Parameter | Sym |Characteristic Min Typt| Max | Units|Conditions
No.
50" TccL |CCP1.and CCP2  |No Prescaler 05Tcy+20 | — | — | ns
inputlow time  |\vith Prescaler |PIC16C63/65A 10 — =T ns
PIC16LC63/65A 20 — — ns
51~ TceH |ccP1 and ccp2 | No Prescaler 0.5Tcy +20 | — — ns
input high time With Prescaler |PIC16C63/65A 10 — | — | ns
PIC16LC63/65A 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 PIC16C63/65A — 10 25 ns
PIC16LC63/65A — 25 45 ns
54* TccF |CCP1 and CCP2 output fall time PIC16C63/65A — 10 25 ns
PIC16LC63/65A — 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.

© 1997-2013 Microchip Technology Inc. DS30234E-page 237



PIC16C6X

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

22.2 DC Characteristics: PIC16LC66/67-04 (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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24.3

40-Lead Plastic Dual In-line (600 mil) (P)
Note:  For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging
N
rrrar | I s I e Y s T ........
D) E1 E
Pin No. 1
Indicator
Area
- D
1~ - l i
Base i
Plane ™\ B
Seating —» .
Plane ‘ L T
Bl » e el - ! ATA2 A
B —

Package Group: Plastic Dual In-Line (PLA)

Millimeters Inches
Symbol Min Max Notes Min Max Notes
o 0° 10° 0° 10°
A - 5.080 - 0.200
A1 0.381 - 0.015 -
A2 3.175 4.064 0.125 0.160
B 0.355 0.559 0.014 0.022
B1 1.270 1.778 Typical 0.050 0.070 Typical
C 0.203 0.381 Typical 0.008 0.015 Typical
D 51.181 52.197 2.015 2.055
D1 48.260 48.260 Reference 1.900 1.900 Reference
E 15.240 15.875 0.600 0.625
E1 13.462 13.970 0.530 0.550
el 2.489 2.591 Typical 0.098 0.102 Typical
eA 15.240 15.240 Reference 0.600 0.600 Reference
eB 15.240 17.272 0.600 0.680
L 2.921 3.683 0.115 0.145
N 40 40 40 40
S 1.270 - 0.050 -
S1 0.508 - 0.020 -
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24.8 40-Lead Ceramic CERDIP Dual In-line with Window (600 mil) (JW)

Note:  For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging

N
e e e e
| T
5 : E1 E
Pin No. 1 El ‘§/\ l i
Indicator

Area

Base L — — -

Plane™\

Seating —»

Plane
Bl—s | = A1 A3 A A2
B —» ie——0
Package Group: Ceramic CERDIP Dual In-Line (CDP)
Millimeters Inches

Symbol Min Max Notes Min Max Notes
o 0° 10° 0° 10°
A 4.318 5.715 0.170 0.225
A1l 0.381 1.778 0.015 0.070
A2 3.810 4.699 0.150 0.185
A3 3.810 4.445 0.150 0.175
B 0.355 0.585 0.014 0.023
B1 1.270 1.651 Typical 0.050 0.065 Typical
(¢} 0.203 0.381 Typical 0.008 0.015 Typical
D 51.435 52.705 2.025 2.075
D1 48.260 48.260 Reference 1.900 1.900 Reference
E 15.240 15.875 0.600 0.625
E1 12.954 15.240 0.510 0.600
el 2.540 2.540 Reference 0.100 0.100 Reference
eA 14.986 16.002 Typical 0.590 0.630 Typical
eB 15.240 18.034 0.600 0.710
L 3.175 3.810 0.125 0.150
N 40 40 40 40
S 1.016 2.286 0.040 0.090
S1 0.381 1.778 0.015 0.070
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24.13 44-Lead Plastic Surface Mount (TQFP 10x10 mm Body 1.0/0.10 mm Lead Form) (TQ)

Note:

For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging

<+ Dl —>

HEERRRAEABE e
[mm| ' 1
[mm) [T
[mm) ‘ [T
[mm) [T
e - — —=TE —
CIT - :
= T 11°13°(4x)
[mm) [T
X — Detail B
3.00 (0.1 180) Ref. R1 0.08 Min
Option 2 (TOP side) P 0:08/0-20
. | Gage Plane
S Base Metal Lead Finish 0230
B R i ~ b~ -
T ' | | - 020
i | ? H Mi
* . Cc— Y 4 — —ci Li-» n
Detail B Detail A S | A
} | 4 1.00 Ref
-—p1—> :
Detail A Detail B
Package Group: Plastic TQFP
Millimeters Inches
Symbol Min Max Notes Min Max Notes
A 1.00 1.20 0.039 0.047
A1 0.05 0.15 0.002 0.006
A2 0.95 1.05 0.037 0.041
D 11.75 12.25 0.463 0.482
D1 9.90 10.10 0.390 0.398
E 11.75 12.25 0.463 0.482
E1 9.90 10.10 0.390 0.398
L 0.45 0.75 0.018 0.030
e 0.80 BSC 0.031 BSC
b 0.30 0.45 0.012 0.018
b1 0.30 0.40 0.012 0.016
c 0.09 0.20 0.004 0.008
c1 0.09 0.16 0.004 0.006
N 44 44 44 44
[©) 0° 7° 0° 7°
Note 1: Dimensions D1 and E1 do not include mold protrusion. Allowable mold protrusion is 0.25m/m (0.010”) per

side. D1 and E1 dimensions including mold mismatch.
2: Dimension “b” does not include Dambar protrusion, allowable Dambar protrusion shall be 0.08m/m

(0.003")max.
3: This outline conforms to JEDEC MS-026.
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PIC16C6X Product Identification System

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed
sales offices.

PART NO. -XX X /XX XXX
_l_—| Pattern: 3-Digit Pattern Code for QTP (blank otherwise)

Package: L = PLCC
SP = Skinny DIP
P = PDIP
SO = SOIC (Gull Wing, 300 mil body)
PQ = MQFP (Metric PQFP)
TQ = TQFP
JW* = Windowed CERDIP
SS = Shrink SOIC (Gull Wing, 300 mil body)

Temperature - = 0°Cto +70°C (T for tape/reel)

Range: | = —40°C to +85°C (S for tape/reel)
E = —40°Cto+125°C

Frequency 04 = 200 kHz (PIC16C6X-04)

Range: 04 = 4MHz
10 = 10MHz
20 = 20MHz

Device: PIC16C6X  :VDD range 4.0V to 6.0V
PIC16C6XT :VDD range 4.0V to 6.0V (Tape and Reel)
PIC16LC6X :VDD range 2.5V to 6.0V
PIC16LC6XT :VDD range 2.5V to 6.0V (Tape and Reel)
PIC16CR6X :VDD range 4.0V to 6.0V
PIC16CR6XT :VDD range 4.0V to 6.0V (Tape and Reel)
PIC16LCR6X:VDD range 2.5V to 6.0V
PIC16LCR6XT:VDD range 2.5V to 6.0V

Examples:

a)PIC16C62A - 04/P 301
b)PIC16LC65A - 041/PQ
¢)PIC16C67 - 10E/P

Commercial temp., PDIP package, 4 MHz, normal VDD limits, QTP pattern #301
Industrial temp., MQFP package, 4 MHz, extended VDD limits
Extended temp., PDIP package, 10 MHz, normal VDD limits

* JW Devices are UV erasable and can be programmed to any device configuration. JW Devices meet the electrical requirement of
each oscillator type (including LC devices).

Sales and Support

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

1. The Microchip Website at www.microchip.com
2. Your local Microchip sales office (see following page)
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