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PIC16C6X

TABLE 1-1: PIC16C6X FAMILY OF DEVICES

PIC16C61 PIC16C62A PIC16CR62 PIC16C63 PIC16CR63

Maximum Frequency 20 20 20 20 20
of Operation (MHz)
EPROM Program Memory 1K 2K — 4K —
(x14 words)
Memory ROM Program Memory — — 2K — 4K
(x14 words)
Data Memory (bytes) 36 128 128 192 192
Timer Module(s) TMRO TMRO, TMRO, TMRO, TMRO,
TMR1, TMR1, TMR1, TMR1,
TMR2 TMR2 TMR2 TMR2
i Capture/Compare/ — 1 1 2 2
Peripherals ISIVEVIRTING)
Serial Port(s) — SPI/I2C SPI/I2C SPI/I?C, SPI/I’C
(SPI/?C, USART) USART USART
Parallel Slave Port — — — — —
Interrupt Sources 3 7 7 10 10
1/0 Pins 13 22 22 22 22
Voltage Range (Volts) 3.0-6.0 2.5-6.0 2.5-6.0 2.5-6.0 2.5-6.0
Features In-Circuit Serial Programming Yes Yes Yes Yes Yes
Brown-out Reset — Yes Yes Yes Yes
Packages 18-pin DIP, SO[28-pin SDIP,  [28-pin SDIP,  [28-pin SDIP, [28-pin SDIP,
SOIC, SSOP  |SOIC, SSOP  |SOIC SOIC

PIC16C64A | PIC16CR64 | PIC16C65A | PIC16CR65] PIC16C66 | PIC16C67

Maximum Frequency 20 20 20 20 20 20
of Operation (MHz)
EPROM Program Memory 2K — 4K — 8K 8K
(x14 words)
Memory ROM Program Memory (x14 — 2K — 4K — —
words)
Data Memory (bytes) 128 128 192 192 368 368
Timer Module(s) TMRO, TMRO, TMRO, TMRO, TMRO, TMRO,
TMR1, TMR1, TMR1, TMR1, TMR1, TMR1,
TMR2 TMR2 TMR2 TMR2 TMR2 TMR2
. Capture/Compare/PWM Mod- 1 1 2 2 2 2
Peripherals ule(s)
Serial Port(s) (SPI/I2C, USART) [SPI/I2C SPI/I2C SPI/I?C, SPI/I?C, SPI/IC, SPI/I?C,
USART USART USART USART
Parallel Slave Port Yes Yes Yes Yes — Yes
Interrupt Sources 8 8 11 11 10 11
1/0 Pins 33 33 33 33 22 33
Voltage Range (Volts) 2.5-6.0 2.5-6.0 2.5-6.0 2.5-6.0 2.5-6.0 2.5-6.0
In-Circuit Serial Programming Yes Yes Yes Yes Yes Yes
Features Brown-out Reset Yes Yes Yes Yes Yes Yes
Packages 40-pin DIP; |40-pin DIP;  |40-pin DIP; 40-pin DIP; |28-pin SDIP, [40-pin DIP;
44-pin PLCC,|44-pin PLCC, |44-pin PLCC, [44-pin SOoIC 44-pin
MQFP, TQFP|MQFP, TQFP [MQFP, TQFP |PLCC, PLCC,
MQFP, MQFP,
TQFP TQFP

All PIC16/17 Family devices have Power-on Reset, selectable Watchdog Timer, selectable code protect and high I/O current
capability. All PIC16C6X Family devices use serial programming with clock pin RB6 and data pin RB7.
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NOTES:
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PIC16C6X

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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FIGURE 5-12: PARALLEL SLAVE PORT WRITE WAVEFORMS

Q1 | @2 | @3 | @4 Q1 | @2 | @3 | @4 . Q1 | Q2 | Q3 | Q4

\

\

PORTD<7:0> —( \
_— : \ Sy
osr 5 \_
PSPIF N

3 3 &

FIGURE 5-13: PARALLEL SLAVE PORT READ WAVEFORMS

Ql | @2 | @3 | @4 . Q1 | @2 | @3 | @4 . Q1 | @2 | Q3 | Q4

/ (

S

PORTD<7:0> — ( : |

IBF

OBF ' ™\

PSPIF \*/

TABLE 5-13: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT

Value on: Value on all

Address | Name Bit7 | Bit6 | Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
other resets

BOR
08h PORTD | PSP7 | PSP6 | PSP5 PSP4 PSP3 PSP2 PSP1 PSP0O | xxxx xxxx | uuuu uuuu
09h PORTE | — — — — — RE2 RE1 REO | ---- -xxx | ---- -uuu
89h TRISE IBF OBF | IBOV | PSPMODE — PORTE Data Direction Bits 0000 -111 | 0000 -111
oCh PIR1 PSPIF| M | RCIF®| TXIF® | SSPIF | CCP1IF | TMR2IF | TRM1IF | 0000 0000 | 0000 0000
8Ch PIE1 PSPIE| (M |RCIE® | TXIE® | SSPIE |CCP1IE|TMR2IE | TMR1IE | 0000 0000 | 0000 0000

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

Note 1: These bits are reserved, always maintain these bits clear.
2: These bits are implemented on the PIC16C65/65A/R65/67 only.
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PIC16C6X

6.0 OVERVIEW OF TIMER
MODULES

Applicable Devices
61]62]62A]R62]63[R63]64]64A[RE4]65]65A[RE5]66]67
All PIC16C6X devices have three timer modules except
for the PIC16C61, which has one timer module. Each
module can generate an interrupt to indicate that an
event has occurred (i.e., timer overflow). Each of these
modules are detailed in the following sections. The
timer modules are:

¢ Timer0 module (Section 7.0)
¢ Timer1 module (Section 8.0)
¢ Timer2 module (Section 9.0)

6.1 Timer0 Overview

Applicable Devices
61]62]62A]R62[63]R6364]64A|R64[65]65A]RE5]66]67
The Timer0 module is a simple 8-bit overflow counter.
The clock source can be either the internal system
clock (Fosc/4) or an external clock. When the clock
source is an external clock, the Timer0 module can be
selected to increment on either the rising or falling
edge.

The Timer0 module also has a programmable pres-
caler option. This prescaler can be assigned to either
the Timer0 module or the Watchdog Timer. Bit PSA
(OPTION<3>) assigns the prescaler, and bits PS2:PS0
(OPTION<2:0>) determine the prescaler value. TMRO
can increment at the following rates: 1:1 when the pres-
caler is assigned to Watchdog Timer, 1:2, 1:4, 1:8,
1:16, 1:32, 1:64, 1:128, and 1:256.

Synchronization of the external clock occurs after the
prescaler. When the prescaler is used, the external
clock frequency may be higher then the device’s fre-
quency. The maximum frequency is 50 MHz, given the
high and low time requirements of the clock.

6.2 Timer1 Overview

Applicable Devices
61/62]62A]R62[63]R6364]64A]R64]65]65A]R65]66]67
Timer1 is a 16-bit timer/counter. The clock source can
be either the internal system clock (Fosc/4), an external
clock, or an external crystal. Timer1 can operate as
either a timer or a counter. When operating as a coun-
ter (external clock source), the counter can either oper-
ate synchronized to the device or asynchronously to
the device. Asynchronous operation allows Timer1 to
operate during sleep, which is useful for applications
that require a real-time clock as well as the power sav-
ings of SLEEP mode.

Tlmer1 also has a prescaler option which allows TMR1
to increment at the following rates: 1:1, 1:2, 1:4, and
1:8. TMR1 can be used in conjunction with the Capture/
Compare/PWM module. When used with a CCP mod-
ule, Timer1 is the time-base for 16-bit capture or 16-bit
compare and must be synchronized to the device.

6.3 Timer2 Overview

Applicable Devices

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

Timer2 is an 8-bit timer with a programmable prescaler
and a programmable postscaler, as well as an 8-bit
Period Register (PR2). Timer2 can be used with the
CCP module (in PWM mode) as well as the Baud Rate
Generator for the Synchronous Serial Port (SSP). The
prescaler option allows Timer2 to increment at the fol-
lowing rates: 1:1, 1:4, and 1:16.

The postscaler allows TMR2 register to match the
period register (PR2) a programmable number of times
before generating an interrupt. The postscaler can be
programmed from 1:1 to 1:16 (inclusive).

6.4 CCP Overview

Applicable Devices

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

The CCP module(s) can operate in one of three modes:
16-bit capture, 16-bit compare, or up to 10-bit Pulse
Width Modulation (PWM).

Capture mode captures the 16-bit value of TMR1 into
the CCPRxH:CCPRXL register pair. The capture event
can be programmed for either the falling edge, rising
edge, fourth rising edge, or sixteenth rising edge of the
CCPx pin.

Compare mode compares the TMR1H:TMRI1L register
pair to the CCPRxH:CCPRXxL register pair. When a
match occurs, an interrupt can be generated and the
output pin CCPx can be forced to a given state (High or
Low) and Timer1 can be reset. This depends on control
bits CCPxM3:CCPxMO0.

PWM mode compares the TMR2 register to a 10-bit
duty cycle register (CCPRxH:CCPRxL<5:4>) as well as
to an 8-bit period register (PR2). When the TMR2 reg-
ister = Duty Cycle register, the CCPx pin will be forced
low. When TMR2 = PR2, TMR2 is cleared to 00h, an
interrupt can be generated, and the CCPx pin (if an out-
put) will be forced high.

© 1997-2013 Microchip Technology Inc.
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7.3.1 SWITCHING PRESCALER ASSIGNMENT

The prescaler assignment is fully under software con-
trol, i.e., it can be changed “on the fly” during program
execution.

Note: To avoid an unintended device RESET, the
following instruction sequence (shown in
Example 7-1) must be executed when
changing the prescaler assignment from
Timer0 to the WDT. This precaution must
be followed even if the WDT is disabled.

EXAMPLE 7-1: CHANGING PRESCALER (TIMERO—WDT)

1) BSF STATUS, RPO ;Bank 1
Lines 2 and 3 do NOT have to 2) MOVLW b'xx0x0xxx' ;Select clock source and prescale value of
be included if the final desired  3) movwr oPTION REG ;other than 1:1
presc.alle.value |§ other than 1:1. 4) BCF STATUS, RPO ;Bank 0
If 1:1 is final desired value, then

. 5) CLRF TMRO ;jClear TMRO and prescaler

a temporary prescale value is
setin lines 2 and 3 and the final &) BSF  STATUS, RP1  ;Bank 1
prescale value will be setin lines 7) MOVLW Db'=xxxxlxxx' ;Select WDT, do not change prescale value
10 and 11. 8) MOVWF OPTION_REG ;

9) CLRWDT ;jClears WDT and prescaler

10) MOVLW Db'xxxxlxxx' ;jSelect new prescale value and WDT

11) MOVWF OPTION_REG ;

12) BCF STATUS, RPO ;jBank 0

To change prescaler from the WDT to the Timer0 mod-
ule, use the sequence shown in Example 7-2.

EXAMPLE 7-2: CHANGING PRESCALER (WDT—TIMERO)

CLRWDT jClear WDT and prescaler

BSF STATUS, RPO ;Bank 1

MOVLW b'xxxx0xxx' ;Select TMRO, new prescale value and clock source
MOVWF OPTION_REG ;

BCF STATUS, RPO ;Bank 0

TABLE 7-1: REGISTERS ASSOCIATED WITH TIMERO

Value on: val nall

Address |Name | Bit7 | Bit6 Bit5 Bit4 | Bit3 | Bit2 | Bit1 | Bit0 POR, aueona

other resets

BOR

01h, 101h | TMRO Timer0 module’s register XXXX XXXX | uuuu uuuu

0Bh,8Bh, INTCON | GIE PEIE™M TOIE INTE RBIE TOIF INTF RBIF | 0000 000x| 0000 000u
10Bh,18Bh

81h, 181h | OPTION | RBPU | INTEDG TOCS TOSE PSA PS2 PS1 PSO |1111 1111 1111 1111

85h TRISA — — PORTA Data Direction Register(!) --11 1111} --11 1111

Legend: x =unknown, u =unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by Timer0.
Note 1: TRISA<5> and bit PEIE are not implemented on the PIC16C61, read as '0'.
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TABLE 10-5: REGISTERS ASSOCIATED WITH PWM AND TIMER2
Value on: | Value on
Addr Name Bit7 Bit6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR Reset
0Bh,8Bh  [INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 0000
10Bh,18Bh 000x 000u
och PIR1 PSPIF@| @) RCIFM | TXIFM | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000
0000 0000
0Dh®) PIR2 = = = = = = = CCP2IF |--on moo|me oo
0 0
8Ch PIE1 PSPIE®| © RCIE® | TXIEM | SSPIE | CCP1IE | TMR2IE | TMRIIE | 0000 0000
0000 0000
8DhA) PIE2 = = = = = = = CCP2IE | ---- —=|--on ——-
0 0
87h TRISC PORTC Data Direction register 1111 1111
1111 1111
11h TMR2 Timer2 module’s register 0000 0000
0000 0000
92h PR2 Timer2 module’s Period register 1111 1111
1111 1111
12h T2CON — |TOUTPS3|TOUTPS2| TOUTPS1| TOUTPSO| TMR20ON|T2CKPS1|T2CKPSO| -000 -000
0000 0000
15h CCPRiL |Capture/Compare/PWM1 (LSB) XXXX uuuu
KXXXX uuuu
16h CCPR1H |Capture/Compare/PWM1 (MSB) XXXX uuuu
KXXXX uuuu
17h CCP1CON — — CCP1X | CCP1Y | CCP1M3|CCP1M2| CCP1M1| CCP1MO --00 --00
0000 0000
1Bh(4 CCPR2L |Capture/Compare/PWM2 (LSB) XXKX uuuu
KXXXX uuuu
1Ch® CCPR2H |Capture/Compare/PWM2 (MSB) XXKX uuuu
KXXXX uuuu
1Dh(® CCP2CON — — CCP2X | CCP2Y | CCP2M3 |CCP2M2| CCP2M1 | CCP2MO --00 --00
0000 0000
Legend: x =unknown, u = unchanged, - = unimplemented locations read as '0’. Shaded cells are not used in this mode.

Note 1: These bits are associated with the USART module, which is implemented on the PIC16C63/R63/65/65A/R65/66/67 only.
2: Bits PSPIE and PSPIF are reserved on the PIC16C62/62A/R62/63/R63/66, always maintain these bits clear.
3: The PIR1<6> and PIE1<6> bits are reserved, always maintain these bits clear.
4: These registers are associated with the CCP2 module, which is only implemented on the PIC16C63/R63/65/65A/R65/66/67.
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Applicable Devices

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

PIC16C6X

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 for the synchro-
nous slave mode to be enabled. When the SS pin is
low, transmission and reception are enabled and
the SDO pin is driven. When the SS pin goes high,
the SDO pin is no longer driven, even if in the mid-
dle of a transmitted byte, and becomes a floating
output. If the SS pin is taken low without resetting
SPIl mode, the transmission will continue from the
point at which it was taken high. External pull-up/
pull-down resistors may be desirable, depending on the
application.

Note: When the SPI is in Slave Mode with SS pin
control enabled, (SSPCON<3:0> = 0100)
the SPI module will reset if the SS pin is set
to VDD.

Note: If the SPI is used in Slave Mode with
CKE ='1', then the SS pin control must be
enabled.

To emulate two-wire communication, the SDO pin can
be connected to the SDI pin. When the SPI needs to
operate as a receiver the SDO pin can be configured as
an input. This disables transmissions from the SDO.
The SDI can always be left as an input (SDI function)
since it cannot create a bus conflict.

FIGURE 11-11: SPI MODE TIMING, MASTER MODE (PIC16C66/67)

CKE = 0)

CKE = 1)
SCK (CKP = 1,

SCK (CKP =1,

SCK (CKP =0, J \_l \_l \—
SCK (CKP =0,

CKE = 0)
cmz:nﬁ’—"—"—]’—"—"—]’—]h

SDO

bitz_ X bits X b5} bia  bid Y b2 X bt {  bito

bit7

bit7
SSPIF

SDI (SMP = 0) C C C C C C C C
SDI (SMP = 1) : : : : : : : :

bit0

bit0

-

FIGURE 11-12: SPI MODE TIMING (SLAVE MODE WITH CKE = 0) (PIC16C66/67)
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Applicable Devices

PIC16C6X

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

11.5.1.3 TRANSMISSION

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit, and pin RC3/SCK/SCL is held
low. The transmit data must be loaded into the SSP-
BUF register, which also loads the SSPSR register.
Then pin RC3/SCK/SCL should be enabled by setting
bit CKP (SSPCON<4>). The master must monitor the
SCL pin prior to asserting another clock pulse. The
slave devices may be holding off the master by stretch-
ing the clock. The eight data bits are shifted out on the
falling edge of the SCL input. This ensures that the SDA
signal is valid during the SCL high time (Figure 11-26).

An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF must be cleared in software, and
the SSPSTAT register is used to determine the status
of the byte. Flag bit SSPIF is set on the falling edge of
the ninth clock pulse.

As a slave-transmitter, the ACK pulse from the master-
receiver is latched on the rising edge of the ninth SCL
input pulse. If the SDA line was high (not ACK), then the
data transfer is complete. When the ACK is latched by
the slave, the slave logic is reset (resets SSPSTAT reg-
ister) and the slave then monitors for another occur-
rence of the START bit. If the SDA line was low (ACK),
the transmit data must be loaded into the SSPBUF reg-
ister, which also loads the SSPSR register. Then pin
RC3/SCK/SCL should be enabled by setting bit CKP.

FIGURE 11-26: 12C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)
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12.3 USART Synchronous Master Mode

Applicable Devices
61]62]62A]R6263]R63]64]64A]R64]65]65A]RE5]66]67
In Synchronous Master mode the data is transmitted in
a half-duplex manner i.e., transmission and reception
do not occur at the same time. When transmitting data
the reception is inhibited and vice versa. Synchronous
mode is entered by setting bit SYNC (TXSTA<4>). In
addition enable bit SPEN (RCSTA<7>) is set in order to
configure the RC6 and RC7 /O pins to CK (clock) and
DT (data) lines respectively. The Master mode indi-
cates that the processor transmits the master clock on
the CK line. The Master mode is entered by setting bit
CSRC (TXSTA<7>).

12.3.1  USART SYNCHRONOUS MASTER
TRANSMISSION

The USART transmitter block diagram is shown in
Figure 12-7. The heart of the transmitter is the transmit
(serial) shift register (TSR). The shift register obtains its
data from the read/write transmit buffer register,
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR register is
loaded with new data from the TXREG register (if avail-
able). Once the TXREG register transfers the data to
the TSR register (occurs in one Tcycle), the TXREG
register is empty and interrupt flag bit TXIF (PIR1<4>)
is set. This interrupt can be enabled/disabled by set-
ting/clearing enable bit TXIE (PIE1<4>). Flag bit TXIF
will be set regardless of the status of enable bit TXIE
and cannot be cleared in software. It will clear only
when new data is loaded into the TXREG register.
While flag bit TXIF indicates the status of the TXREG
register, another bit, TRMT (TXSTA<1>), shows the
status of the TSR register. Status bit TRMT is a read
only bit which is set when the TSR register is empty. No
interrupt logic is tied to this bit, so the user has to poll
this bit in order to determine if the TSR register is
empty. The TSR register is not mapped in data memory
so it is not available to the user.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data.
The first data bit will be shifted out on the next available
rising edge of the clock on the CK line. Data out is sta-
ble around the falling edge of the synchronous clock
(Figure 12-12). The transmission can also be started
by first loading the TXREG register and then setting
enable bit TXEN (Figure 12-13). This is advantageous
when slow baud rates are selected, since the BRG is
kept in reset when bits TXEN, CREN, and SREN are
clear. Setting enable bit TXEN will start the BRG, cre-
ating a shift clock immediately. Normally when trans-
mission is first started, the TSR register is empty, so a
transfer to the TXREG register will result in an immedi-
ate transfer to TSR resulting in an empty TXREG reg-
ister. Back-to-back transfers are possible.

Clearing enable bit TXEN, during a transmission, will
cause the transmission to be aborted and will reset the
transmitter. The DT and CK pins will revert to hi-imped-
ance. If, during a transmission, either bit CREN or bit
SREN is set the transmission is aborted and the DT pin
reverts to a hi-impedance state (for a reception). The
CK pin will remain an output if bit CSRC is set (internal
clock). The transmitter logic however, is not reset
although it is disconnected from the pins. In order to
reset the transmitter, the user has to clear enable bit
TXEN. If enable bit SREN is set (to interrupt an on
going transmission and receive a single word), then
after the single word is received, enable bit SREN will
be cleared, and the serial port will revert back to trans-
mitting since enable bit TXEN is still set. The DT line
will immediately switch from hi-impedance receive
mode to transmit and start driving. To avoid this, enable
bit TXEN should be cleared.

In order to select 9-bit transmission, bit TX9
(TXSTA<6>) should be set and the ninth bit should be
written to bit TX9D (TXSTA<0>). The ninth bit must be
written before writing the 8-bit data to the TXREG reg-
ister. This is because a data write to the TXREG regis-
ter can result in an immediate transfer of the data to the
TSR register (if the TSR is empty). If the TSR register
was empty and the TXREG register was written before
writing the “new” TX9D, the “present” value of bit TX9D
is loaded.

Steps to follow when setting up a Synchronous Master

Transmission:

1. Initialize the SPBRG register for the appropriate
baud rate (Section 12.1).

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN, and CSRC.

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

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

5. Enable the transmission by setting enable bit
TXEN.

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

7. Start transmission by loading data to the
TXREG register.
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TABLE 12-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

Value on Value on

Address | Name Bit 7 Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other

BOR Resets
0Ch PIR1 PSPIF() (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 PSPIEM | (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 Master Transmission.

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

FIGURE 12-12: SYNCHRONOUS TRANSMISSION

at pz|oap4501 ‘sza|a4[o1|ozpa|04[o1 |oz|os|o4'o1|02|oap4| |osa4: atfzjasipdatioz agedates IQS‘QA;Q1 |ozos|odar ‘sza‘m@ |ozfosos
RC7/RX/DT pin Bit0 : Bit1 I Bit 2 @D : Bit7 : Bit0 : Bit1 SDCE@
v - WORD 1~ > -« WORD2 . -

RCGMX/CKpin___ , i [~ 1 Ly Tl L L s
Write t o 1 1 X 1 1 1 : 1
TXREG rog —— |+ T S SR B a—
Write word1 ' Write word2 ' ' ' ' ' '
TXIF bit P ‘ : - : : : ' (¢ :
(Interrupt flag) : A L J : | : )()( l l : : ) :

TRMTbE —— R (. S (T
| | \ | ) \ \ \ ' ) \

TXENbit ] : g ' : §§ ‘ L

Note: Sync master mode; SPBRG = '0'. Continuous transmission of two 8-bit words

FIGURE 12-13: SYNCHRONOUS TRANSMISSION THROUGH TXEN

RC7/RX/DT pin X bto X bt Xwiz 0 X wie W b

RC6/TX/CK pin M

|

TXRvgrc'aterég j )/g
TXIF bit )( )(
TRMT bit j )()(
(C
TXEN bit ))
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GOTO Unconditional Branch INCF Increment f

Syntax: [ label] GOTO k Syntax: [ label] INCF fd

Operands: 0<k<2047 Operands: 0<f<127

Operation: k - PC<10:0> def01]
PCLATH<4:3> —» PC<12:11> Operation: (f) + 1 > (destination)

Status Affected:  None Status Affected: Z

Encoding: ‘ 10 | 1kkk ‘ kkkk ‘ kkkk ‘ Encoding: ‘ 00 ‘ 1010 | dfff | fEfE ‘

Description: GOTO is an unconditional branch. The Description: The contents of register 'f' are incre-
eleven bit immediate value is loaded mented. If 'd" is O the result is placed in

into PC bits <10:0>. The upper bits of

PC are loaded from PCLATH<4:3>. the W register. If 'd"is 1 the result is

GOTO is a two cycle instruction. placed back in register 'f'.
Words: 1 Words: 1
Cycles: 2 Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Q Cycle Activity: Q1 Q2 Q3 Q4
1st Cycle | Decode Read Process | Write to Decode Read | Process | Write to
literal 'k' data PC register data destination
7
2nd Cycle No- No- No- No-
Operation | Operation | Operation | Operation
Example INCF CNT, 1
Example GOTO THERE Before Instruction
After Instruction CNT = OxFF
PC = Address THERE z =0
- After Instruction
CNT = 0x00
4 = 1
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PIC16C6X

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

FIGURE 16-2: TYPICAL RC OSCILLATOR

FREQUENCY vs. VDD

FIGURE 16-4: TYPICAL RC OSCILLATOR

FREQUENCY vs. VDD
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FIGURE 16-5: TYPICAL IpD vs. VDD
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[Applicable Devices[61]62]62A[R62[63[R63[64]64A[R64 [65]65A[R65[66]67]

18.0 ELECTRICAL CHARACTERISTICS FOR PIC16C62A/R62/64A/R64

Absolute Maximum Ratings t

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 VSSs pin
Maximum current into VDD pin
Input clamp current, Ik (VI < 0 or VI > VDD)
Output clamp current, lok (VO < 0 or VO > VDD)
Maximum output current sunk by any 1/0 pin
Maximum output current sourced by any I/O pin
Maximum current sunk by PORTA, PORTB, and PORTE (combined)
Maximum current sourced by PORTA, PORTB, and PORTE (combined)
Maximum current sunk by PORTC and PORTD (combined)
Maximum current sourced by PORTC and PORTD (combined)
Power dissipation is calculated as follows: Pdis = VDD x {IDD - ¥ I0H} + % {(VDD-VOH) x IOH} + > (VoI x loL)

Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, may cause latch-up. Thus,

Note 1:
Note 2:

............................................................................................................. -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

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

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 18-1:

AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)

CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS

osc

PIC16C62A-04
PIC16CR62-04
PIC16C64A-04
PIC16CR64-04

PIC16C62A-10
PIC16CR62-10
PIC16C64A-10
PIC16CR64-10

PIC16C62A-20
PIC16CR62-20
PIC16C64A-20
PIC16CR64-20

PIC16LC62A-04
PIC16LCR62-04
PIC16LC64A-04
PIC16LCR64-04

JW Devices

RC

VDD: 4.0V to 6.0V

IbD: 5 mA max. at 5.5V
IPD: 16 pA max. at 4V
Freq:4 MHz max.

VDD: 4.5V to 5.5V

IDD: 2.0 mA typ. at 5.5V
IPD: 1.5 pA typ. at 4V
Freq: 4 MHz max.

VDD: 4.5V to 5.5V

IDD: 2.0 mA typ. at 5.5V
IPD: 1.5 pA typ. at 4V
Freq: 4 MHz max.

VpD: 2.5V to 6.0V

IbD: 3.8 mA max. at 3.0V
IPD: 5 pA max. at 3V
Freq: 4 MHz max.

VDD: 4.0V to 6.0V

IbD: 5 mA max. at 5.5V
IPD: 16 pA max. at 4V
Freq:4 MHz max.

XT

VDD: 4.0V to 6.0V

IbD: 5 mA max. at 5.5V
IPD: 16 pA max. at 4V
Freq: 4 MHz max.

VDD: 4.5V to 5.5V

IDD: 2.0 mA typ. at 5.5V
IPD: 1.5 pA typ. at 4V
Freq: 4 MHz max.

VDD: 4.5V to 5.5V

IDD: 2.0 mA typ. at 5.5V
IPD: 1.5 pA typ. at 4V
Freq: 4 MHz max.

VpD: 2.5V to 6.0V

IbD: 3.8 mA max. at 3.0V
IPD: 5 pA max. at 3.0V
Freq: 4 MHz max.

VDD: 4.0V to 6.0V

IDD: 5 mA max. at 5.5V
IPD: 16 pA max. at 4V
Freq: 4 MHz max.

HS

VDD: 4.5V to 5.5V
IDD: 13.5 mA typ. at 5.5
IPD: 1.5 pA typ. at 4.5V
Freq: 4 MHz max.

VDD: 4.5V to 5.5V

IDD: 10 mA max. at 5.5
IPD: 1.5 pA typ. at 4.5V
Freq: 10 MHz max.

VDD: 4.5V to 5.5V

IDD: 20 mA max. at 5.5V
IPD: 1.5 pA typ. at 4.5V
Freq: 20 MHz max.

Not recommended for use
in HS mode

VDD: 4.5V to 5.5V

IDD: 20 mA max. at 5.5V
IPD: 1.5 pA typ. at 4.5V
Freq: 20 MHz max.

LP

VDD: 4.0V to 6.0V
IDD: 52.5 pA typ.

at 32 kHz, 4.0V
IPD: 0.9 pA typ. at 4.0V
Freq: 200 kHz max.

Not recommended for
use in LP mode

Not recommended for
use in LP mode

VDD: 2.5V to 6.0V

IDD: 48 pnA max. at 32
kHz, 3.0V

IPD: 5 pA max. at 3.0V

Freq: 200 kHz max.

VDD: 2.5V to 6.0V
IDD: 48 pnA max.

at 32 kHz, 3.0V
IPD: 5 pA max. at 3.0V
Freq: 200 kHz max.

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications. It is recommended
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]
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.
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[Applicable Devices[61]62][62A[R62[63]R63[64]64A[R64 [65]65A[R65 [66]67]

21.3 DC Characteristics: PIC16CR63/R65-04 (Commercial, Industrial)
PIC16CR63/R65-10 (Commercial, Industrial)
PIC16CR63/R65-20 (Commercial, Industrial)
PIC16LCR63/R65-04 (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
Operating voltage VDD range as described in DC spec Section 21.1 and
Section 21.2
Param Characteristic Sym Min |Typ, Max |Units Conditions
No. IS
Input Low Voltage
I/0 ports ViL
D030 with TTL buffer Vss - | 0.15VDD| V |For entire VDD range
DO030A Vss - 0.8V V |45V <VDD <5.5V
D031 with Schmitt Trigger buffer Vss - | 0.2VbD \Y
D032 |MCLR, OSC1 (in RC mode) Vss -] 02vbD | V
D033 |OSCH1 (in XT, HS and LP) Vss - | 03Vvbp | V |Notel
Input High Voltage
I/0 ports VIH -
D040 with TTL buffer 2.0 - VDD V |45V <VDD <5.5V
D040A 0.25VDD| - VDD V |For entire VDD range
+0.8V
D041 with Schmitt Trigger buffer 0.8VoD | - VDD V |For entire VDD range
D042 |MCLR 0.8VoD | - VDD \Y
D042A |OSC1 (XT, HS and LP) 0.7VoD | - VDD V  |Notel
D043 |OSCH1 (in RC mode) 0.9VDbD | - VDD \Y
D070 |PORTB weak pull-up current IPURB 50 |250, 400 pA |VDD =5V, VPIN = Vss
Input Leakage Current (Notes 2, 3)
D060 |I/O ports I - - +1 pA |Vss < VPIN < VDD, Pin at hi-
impedance
D061 |MCLR, RA4/TOCKI - - +5 pA |Vss <VPIN < VDD
D063 |OSCH1 - - +5 pA |Vss < VPIN < VDD, XT, HS and
LP osc configuration
Output Low Voltage
D080 I/0 ports VoL - - 0.6 V |loL=8.5mA, VDD =4.5V,
-40°C to +85°C
D083 |OSC2/CLKOUT (RC osc config) - - 0.6 V |loL=1.6 mA, VDD = 4.5V,
-40°C to +85°C
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
D092 |OSC2/CLKOUT (RC osc config) VDD-0.7| - - V |loH=-1.3mA, VDD =4.5V,
-40°C to +85°C
D150* |Open-Drain High Voltage Vob - - 14 V |RA4 pin

*

These parameters are characterized but not tested.

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

Note 1: 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]
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 22-14: I2C BUS DATA TIMING

103 =1 e— . 100 o . el e 102

SDA &

Out SRy ><

Note: Refer to Figure 22-1 fbr load conditions

TABLE 22-10: 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* Trow  [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
10-400 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
10-400 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 1.3 — us before a new transmission can
start
Cb Bus capacitive loading — 400 pF

*

Note 1:

2:

These parameters are characterized but not tested.

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.

A fast-mode (400 kHz) I2C-bus device can be used in a standard-mode (100 kHz) [2C-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 I°C bus specification) before the SCL line
is released.
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