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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.

© 1997-2013 Microchip Technology Inc.
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PIC16C6X

TABLE 4-4: SPECIAL FUNCTION REGISTERS FOR THE PIC16C64/64A/R64 (Cont.d)
Value on: Value on
Address | Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit0 POR, all other
BOR resets®
Bank 1
8oh(! INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 | 0000 0000
81h OPTION RBPU ‘ INTEDG ‘ TOCS | TOSE | PSA ‘ PS2 | PS1 ‘ PSO 1111 1111|1111 1111
g2h(! PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
83h" STATUS IRP®) ‘ RP16) ‘ RPO | TO | PD ‘ z | DC ‘ (¢} 0001 1xxx |000g quuu
84h(  |FSR Indirect data memory address pointer XXXX XXXX | uuuu uuuu
85h TRISA = ‘ = ‘PORTA Data Direction Register --11 1111 |--11 1111
86h TRISB PORTB Data Direction Register 1111 1111|1111 1111
87h TRISC PORTC Data Direction Register 1111 1111|1111 1111
88h TRISD PORTD Data Direction Register 1111 1111|1111 1111
89h TRISE IBF OBF IBOV PSPMODE | = PORTE Data Direction Bits 0000 -111 {0000 -111
8Ah(1:2) |PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 |---0 0000
8Bh(" INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
8Ch PIE1 PSPIE (6) — — SSPIE CCP1IE | TMR2IE | TMR1IE |00-- 0000 | 00-- 0000
8Dh — Unimplemented — —
8Eh PCON = = ’ = | = | = ’ = | POR ‘ BOR@W |---- -- aq | ---- -- uu
8Fh — Unimplemented — —
90h — Unimplemented — —
91h — Unimplemented — —
92h PR2 Timer2 Period Register 1111 1111|1111 1111
93h SSPADD | Synchronous Serial Port (12C mode) Address Register 0000 0000 | 0000 0000
94h SSPSTAT — ‘ — ‘ D/A | P | S ‘ RW | UA ‘ BF --00 0000 | --00 0000
95h-9Fh — Unimplemented — —
Legend: x =unknown, u = unchanged, g = 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>)
3: Other (non power-up) resets include external reset through MCLR and the Watchdog Timer reset.
4: The BOR bit is reserved on the PIC16C64, always maintain this bit set.
5: The IRP and RP1 bits are reserved on the PIC16C64/64A/R64, always maintain these bits clear.
6: PIE1<6> and PIR1<6> are reserved on the PIC16C64/64A/R64, always maintain these bits clear.

© 1997-2013 Microchip Technology Inc.
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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.
DS30234E-page 54 © 1997-2013 Microchip Technology Inc.



PIC16C6X

8.0 TIMER1 MODULE

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

Timer1 can operate in one of two modes:

¢ As atimer

¢ As a counter

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

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

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

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

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

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

The Timer1 module also has a software programmable
prescaler.

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

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

R/W-0

R/W-0 R/W-0

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

[TMR1CS [TMR1ON| [R = Readable bit

bit7

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

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

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

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

TMR1CS =0

bit 1: TMR1CS: Timer1 Clock Source Select bit

0 = Internal clock (Fosc/4)

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

pito [W = Writable bit

U = Unimplemented bit,
read as ‘0’

-n = Value at POR reset

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

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

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

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

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

© 1997-2013 Microchip Technology Inc.
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Applicable Devices
61]62]62A]R62]63]R63]64]64A]R64]65]65A]RE5]66]67 P I C 1 GCGX

Figure 11-19 and Figure 11-20 show Master-transmit- SCL is high), but occurs after a data transfer acknowl-
ter and Master-receiver data transfer sequences. edge pulse (not the bus-free state). This allows a mas-
ter to send “commands” to the slave and then receive
the requested information or to address a different
slave device. This sequence is shown in Figure 11-21.

When a master does not wish to relinquish the bus (by
generating a STOP condition), a repeated START con-
dition (Sr) must be generated. This condition is identi-
cal to the start condition (SDA goes high-to-low while

FIGURE 11-19: MASTER-TRANSMITTER SEQUENCE

For 7-bit address: For 10-bit address:
‘S‘Slave Address‘RW‘A Data ‘A‘ Data‘A/K p‘ S[Slave Address/R/W [A1/Slave Address|A2
First 7 bits Second byte
'0' (write) I Ldata transferred - ite) J
(n bytes - acknowledge) (write)
A master transmitter addresses a slave receiver with a &
7-bit address. The transfer direction is not changed. Datal|A| Data A/KH
A = acknowledge (SDA low) &
[[] From masterto slave A = not acknowledge (SDA high)
S = Start Gondition A master transmitter addresses a slave receiver
[ ] From slave to master P = Stop Condition with a 10-bit address.
FIGURE 11-20: MASTER-RECEIVER SEQUENCE
For 7-bit address: For 10-bit address:
’5‘S|ave Address‘R/w‘ A |Data ‘A ‘ Data ‘ x p‘ S[Slave Address|R/W |A1]Slave Address|A2
First 7 bits Second byte
'1' (read) _ Ldata transferred ite)
(n bytes - acknowledge) (write)
A master reads a slave immediately after the first byte. L _ g _
SriSlave Address|R/W |A3|Data|A|  [Data|/A|P
A = acknowledge (SDA low) First 7 bits g
[[] From masterto slave A = not acknowledge (SDA high) (read) J
S = Start Condition A master transmitter addresses a slave receiver
|:| From slave to master P = Stop Condition with a 10-bit address.

FIGURE 11-21: COMBINED FORMAT

(read or write)
(n bytes + acknowledge)

’S‘Slave Address‘R/W‘A ‘Data ’A/K ‘ Sr‘SIave Address‘RW‘A’ Data‘A/K ’ P‘
|

(read) Sr = repeated (write) Direction of transfer
Start Condition may change at this point

Transfer direction of data and acknowledgment bits depends on R/W bits.

Combined format: « «
P ~ - P

SriSlave Address|R/W| A | Slave Address|A |Data|A Data| A/A |Sr|Slave Address|R/W |A|Data|A Data|A|P
First 7 bits Second byte First 7 bits

(@ (@
(write) l

’ (read) - ’

Combined format - A master addresses a slave with a 10-bit address, then transmits
data to this slave and reads data from this slave.

A = acknowledge (SDA low)

F | A = not acknowledge (SDA high)
[] From master to slave & = At acknowleds

[ ] From slave to master P = Stop Condition

© 1997-2013 Microchip Technology Inc. DS30234E-page 97



PIC16C6X

12.2 USART Asynchronous Mode

Applicable Devices

61]62]62A]R6263]R63]64]64A]R64]65]65A]RE5]66]67
In this mode, the USART uses standard nonreturn-to-
zero (NRZ) format (one start bit, eight or nine data bits
and one stop bit). The most common data format is
8-bits. An on-chip dedicated 8-bit baud rate generator
can be used to derive standard baud rate frequencies
from the oscillator. The USART transmits and receives
the LSb first. The USART'’s transmitter and receiver are
functionally independent but use the same data format
and baud rate. The baud rate generator produces a
clock either x16 or x64 of the bit shift rate, depending
on bit BRGH (TXSTA<2>). Parity is not supported by
the hardware, but can be implemented in software (and
stored as the ninth data bit). Asynchronous mode is
stopped during SLEEP.

Asynchronous mode is selected by clearing bit SYNC
(TXSTA<4>).

The USART Asynchronous module consists of the fol-
lowing important elements:

* Baud Rate Generator

¢ Sampling Circuit

* Asynchronous Transmitter
* Asynchronous Receiver

12.2.1  USART ASYNCHRONOUS TRANSMITTER

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, TXREG. The
TXREG register is loaded with data in software. The
TSR register is not loaded until the STOP bit has been
transmitted from the previous load. As soon as the
STOP bit is transmitted, the TSR is loaded with new
data from the TXREG (if available). Once the TXREG
register transfers the data to the TSR register (occurs
in one Tcy) the TXREG register is empty and flag bit
TXIF (PIR1<4>) is set. This interrupt is enabled/dis-

FIGURE 12-7: USART TRANSMIT BLOCK DIAGRAM

abled by setting/clearing enable bit TXIE (PIE1<4>).
Flag bit TXIF will be set regardless of the state of
enable bit TXIE and cannot be cleared in software. It
will reset 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 reg-
ister is empty.

Note 1: The TSR register is not mapped in data
memory so it is not available to the user.

Note 2: Flag bit TXIF is set when enable bit TXEN
is set.

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
and the baud rate generator (BRG) has produced a
shift clock (Figure 12-7). The transmission can also be
started by first loading the TXREG register and then
setting enable bit TXEN. Normally when transmission
is first started, the TSR register is empty, so a transfer
to the TXREG register will result in an immediate trans-
fer to TSR register resulting in an empty TXREG regis-
ter. A back-to-back transfer is thus possible (Figure 12-
9). Clearing enable bit TXEN during a transmission will
cause the transmission to be aborted and will reset the
transmitter. As a result the RC6/TX/CK pin will revert to
hi-impedance.

In order to select 9-bit transmission, transmit 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). In such a case, an
incorrect ninth data bit maybe loaded in the TSR regis-
ter.

, Data Bus

TXREG register ‘

Baud Rate Generator

. Pin Buffer
|O| ) ‘ and Control F’K

RC6/TX/CK pin

DS30234E-page 112
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PIC16C6X

12.4 USART Synchronous Slave Mode

Applicable Devices
61]62]62A]R6263]R63]64]64A]R64]65]65A]RE5]66]67
Synchronous Slave Mode differs from Master Mode in
the fact that the shift clock is supplied externally at the
CK pin (instead of being supplied internally in master
mode). This allows the device to transfer or receive
data while in SLEEP mode. Slave mode is entered by
clearing bit CSRC (TXSTA<7>).

12.4.1 USART SYNCHRONOUS SLAVE
TRANSMIT

The operation of the synchronous master and slave
modes are identical except in the case of the SLEEP
mode.

If two words are written to the TXREG and then the

SLEEP instruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG register.

c) Flag bit TXIF will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second
word to the TSR and flag bit TXIF will now be
set.

e) If enable bit TXIE is set, the interrupt will wake
the chip from SLEEP and if the global interrupt
is enabled, the program will branch to the inter-
rupt vector (0004h).

Steps to follow when setting up Synchronous Slave

Transmission:

1. Enable the synchronous slave serial port by set-
ting bits SYNC and SPEN, and clearing bit
CSRC.

2. Clear bits CREN and SREN.

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 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.

12.4.2 USART SYNCHRONOUS SLAVE
RECEPTION

The operation of the synchronous master and slave
modes is identical except in the case of the SLEEP
mode. Also, enable bit SREN is a don't care in slave
mode.

If receive is enabled by setting bit CREN prior to the
SLEEP instruction, then a word may be received during
SLEEP. On completely receiving the word, the RSR
register will transfer the data to the RCREG register
and if enable bit RCIE is set, the interrupt generated will
wake the chip from SLEEP. If the global interrupt is
enabled, the program will branch to the interrupt vector
(0004h).

Steps to follow when setting up a Synchronous Slave

Reception:

1. Enable the synchronous master serial port by
setting bits SYNC and SPEN, and clearing bit
CSRC.

2. If interrupts are desired, then set enable bit
RCIE.

3. If 9-bit reception is desired, then set bit RX9.

4. To enable reception, set enable bit CREN.

5. Flag bit RCIF will be set when reception is com-
plete, and an interrupt will be generated if
enable bit RCIE was set.

6. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

7. Read the 8-bit received data by reading the
RCREG register.

8. If any error occurred, clear the error by clearing
enable bit CREN.

DS30234E-page 120
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13.6 Context Saving During Interrupts

Applicable Devices
61]62]62A]R62[63|R6364]64A|R64[65]65A]RE5]66]67
During an interrupt, only the return PC value is saved
on the stack. Typically, users may wish to save key reg-
isters during an interrupt i.e., W register and STATUS
register. This will have to be implemented in software.

Example 13-1 stores and restores the STATUS and W
registers. Example 13-2 stores and restores the
STATUS, W, and PCLATH registers (Devices with
paged program memory). For all PIC16C6X devices
with greater than 1K of program memory (all devices
except PIC16C61), the register, W_TEMP, must be

defined in all banks and must be defined at the same
offset from the bank base address (i.e., if W_TEMP is
defined at 0x20 in bank 0, it must also be defined at
0xAOQ in bank 1, 0x120 in bank 2, and 0x1A0Q in bank 3).

The examples:

a) Stores the W register

b) Stores the STATUS register in bank 0
c) Stores PCLATH

d) Executes ISR code

e) Restores PCLATH

—
=

Restores STATUS register (and bank select bit)
g) Restores W register

EXAMPLE 13-1: SAVING STATUS AND W REGISTERS IN RAM (PIC16C61)

;Copy W to TEMP register, could be bank one or zero
;jSwap status to be saved into W
;jSave status to bank zero STATUS TEMP register

jSwap STATUS TEMP register into W

; (sets bank to original state)

MOVWF W_TEMP

SWAPF STATUS, W

MOVWF STATUS_TEMP

: (ISR)

SWAPF STATUS TEMP,W

MOVWF STATUS

SWAPF W_TEMP, F ;Swap W_TEMP
SWAPF W_TEMP, W

;Move W into STATUS register

jSwap W_TEMP into W

EXAMPLE 13-2: SAVING STATUS, W, AND PCLATH REGISTERS IN RAM

(ALL OTHER PIC16C6X DEVICES)

MOVWF W_TEMP ;Copy W to TEMP register, could be bank one or zero
SWAPF STATUS, W ;Swap status to be saved into W
CLRF STATUS ;bank 0, regardless of current bank, Clears IRP,RP1,RPO
MOVWF STATUS_TEMP ijSave status to bank zero STATUS_TEMP register
MOVF PCLATH, W ;Only required if using pages 1, 2 and/or 3
MOVWF PCLATH_TEMP ;Save PCLATH into W
CLRF PCLATH ;jPage zero, regardless of current page
BCF STATUS, IRP ;Return to Bank 0
MOVF FSR, W ;jCopy FSR to W
MOVWF FSR_TEMP jCopy FSR from W to FSR_TEMP
: (ISR)
MOVF PCLATH_TEMP, W ;Restore PCLATH
MOVWF PCLATH jMove W into PCLATH
SWAPF STATUS_TEMP, W ;Swap STATUS_TEMP register into W
; (sets bank to original state)
MOVWF STATUS ;Move W into STATUS register
SWAPF W_TEMP, F ;Swap W_TEMP

SWAPF W_TEMP, W

jSwap W _TEMP into W

© 1997-2013 Microchip Technology Inc.
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PIC16C6X

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

FIGURE 16-8: MAXIMUM IprD vs. VDD
WATCHDOG ENABLED*

45

-55°C

40 / 405
35
30

/ 125°C
25

//
15 / 0¢
L / / 70°C
o / % 85°C
N LA
=
Os.o 35 40 45 50 55 60
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*IPD, with Watchdog Timer enabled, has two compo-
nents: The leakage current which increases with higher
temperature and the operating current of the Watchdog
Timer logic which increases with lower temperature. At
-40°C, the latter dominates explaining the apparently
anomalous behavior.

FIGURE 16-9: VTH (INPUT THRESHOLD
VOLTAGE) OF I/O PINS vs.

VbD

2.00 ‘ -
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PIC16C6X

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

FIGURE 16-17: TRANSCONDUCTANCE (gm) FIGURE 16-19: IoH vs. VoH, VDD = 3V

OF LP OSCILLATOR vs. VbD
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FIGURE 16-18: TRANSCONDUCTANCE (gm)
OF XT OSCILLATOR vs. VDD FIGURE 16-20: IoH vs. VoH, VDD = 5V
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PIC16C6X

[Applicable Devices[61]62][62A[R62 [63]R63[64]64A[R64 [65]65A[R65[66]67]
FIGURE 18-3: CLKOUT AND I/O TIMING

Q4 1 Q1 . Q2 . Q3 1
0scit . L 1
CLKOUT C \k Lo L j
1z e Lol ; I :
1 "4 197 <18 o ‘
R - — ' —» <16 !
/O Pin W // ' ' // //
(input) // 2
[ —— 15 : 1 ]
1/0 Pin ' V4
(output) old value : X new value
20, 21
Note: Refer to Figure 18-1 for load conditions.
TABLE 18-3: CLKOUT AND I/O TIMING REQUIREMENTS
Parameters | Sym Characteristic Min Typt Max Units | Conditions
10* TosH2ckL | OSC17T to CLKOUTY — 75 200 ns Note 1
11* TosH2ckH |0SC17 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 OSC1T (Q2 cycle) to Port input | PIC16C62A/ 100 — — ns
invalid (1/O in hold time) R62/64A/R64
PIC16LC62A/ 200 — — ns
R62/64A/R64
19* TioV2osH | Port input valid to OSC17 (/O in setup time) 0 — — ns
20* TioR Port output rise time PIC16C62A/ — 10 40 ns
R62/64A/R64
PIC16LC62A/ — — 80 ns
R62/64A/R64
21* TioF Port output fall time PIC16C62A/ — 10 40 ns
R62/64A/R64
PIC16LC62A/ — — 80 ns
R62/64A/R64
2211 Tinp RBO/INT pin high or low time Tey — — ns
2311 Trbp RB7:RB4 change int high or low time Tey — — 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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PIC16C6X

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

FIGURE 19-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING

I~
I~

I~
R7aN

- .
Internal . 30 _>‘ ()()
POR ,
-~ ? ¢
PWRT i ;
Time-out : 30 . :
- I
osc ‘ ' ”?
Time-out X
Internal ! ;
RESET |
Watchdog : : ‘f

Timer ' ' ’ .
RESET . ! !

Note: Refer to Figure 19-1 for load conditions.

TABLE 19-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER REQUIREMENTS

Parameter Sym | Characteristic Min Typt Max | Units Conditions

No.

30* TmcL | MCLR Pulse Width (low) 100 — — ns | VDD =5V, -40°C to +85°C

31* Twdt | Watchdog Timer Time-out Period 7 18 33 ms | VDD =5V, -40°C to +85°C
(No Prescaler)

32 Tost | Oscillation Start-up Timer Period — 1024Tosc — — | TOSC = OSC1 period

33* Tpwrt | Power-up Timer Period or WDT 28 72 132 ms | VDD = 5V, -40°C to +85°C
reset

34 Tioz 1/0 Hi-impedance from MCLR Low — — 100 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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PIC16C6X

[Applicable Devices[61]62][62A[R62[63]R63[64]64A[R64 [65]65A[R65[66]67]
FIGURE 19-7: PARALLEL SLAVE PORT TIMING

RE2/CS

REO/RD —\\—/

RE1/WR : : /

— 65—

RD7:RDO J D—
' i S ' s

~— 62—

—» 64 [P—
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Note: Refer to Figure 19-1 for load conditions

TABLE 19-7: PARALLEL SLAVE PORT REQUIREMENTS

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

These parameters are characterized but not tested.
1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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PIC16C6X

[Applicable Devices[61]62][62A[R62[63]R63[64]64A[R64 [65]65A[R65 [66]67]
FIGURE 21-10: I2C BUS START/STOP BITS TIMING

SCL

START STOP
Condition Condition

Note: Refer to Figure 21-1 for load conditions

TABLE 21-9:  I2C BUS START/STOP BITS REQUIREMENTS

Parameter Sym Characteristic Min | Typ | Max | Units Conditions

No.

90* Tsu:sTA | START condition 100 kHz mode 4700 | — | — ns Only relevant for repeated START
Setup time 400 kHz mode 600 | — | — condition

91* THD:STA |START condition 100 kHz mode 4000 | — | — ns After this period the first clock
Hold time 400 kHz mode 600 | — | — pulse is generated

92* Tsu:sto |STOP condition 100 kHz mode 4700 | — | — ns
Setup time 400 kHz mode 600 | — | —

93 THD:STO |STOP condition 100 kHz mode 4000 | — | — ns
Hold time 400 kHz mode 600 | — | —

*  These parameters are characterized but not tested.
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PIC16C6X

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

FIGURE 22-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING

I~
I~

I~
R7aN

w
o
=

Internal :
POR \
-~ ? ¢
PWRT i ;
Time-out : 30 . :
- «
osc ‘ ' ”?
Time-out

Internal ! ;
RESET |
Watchdog . . ()()
Timer X ! :
RESET , ' !

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

FIGURE 22-5: BROWN-OUT RESET TIMING

VDD f———

TABLE 22-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER,
AND BROWN-OUT RESET REQUIREMENTS

Parameter Sym | Characteristic Min Typt Max | Units Conditions

No.

30 TmcL | MCLR Pulse Width (low) 2 — — us | VDD =5V, -40°C to +125°C

31* Twdt | Watchdog Timer Time-out Period 7 18 33 ms | VDD = 5V, -40°C to +125°C
(No Prescaler)

32 Tost | Oscillation Start-up Timer Period — 1024 Tosc — — | Tosc = OSC1 period

33* Tpwrt | Power-up Timer Period 28 72 132 ms | VDD =5V, -40°C to +125°C

34 Tioz 1/0 Hi-impedance from MCLR Low — — 2.1 us
or WDT reset

35 TBoR | Brown-out Reset Pulse Width 100 — — us | VoD < BvbD (D005)

* 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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PIC16C6X

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

TABLE 22-8: SPI MODE REQUIREMENTS
Parameter Sym Characteristic Min Typt Max Units Conditions

No.

70* TssL2scH, SSI to SCKY or SCKT input Tey — — ns
TssL2scL

71* TscH SCK input high time (slave mode) Tcy +20 — — ns

72* TscL SCK input low time (slave mode) Tcy +20 — — ns

73* TdiV2scH, Setup time of SDI data input to SCK 100 — — ns
TdiV2scL edge

74* TscH2diL, Hold time of SDI data input to SCK 100 — — ns
TsclL2diL edge

75* TdoR SDO data output rise time — 10 25 ns

76* TdoF SDO data output fall time — 10 25 ns

77" TssH2doZ SST to SDO output hi-impedance 10 — 50 ns

78* TscR SCK output rise time (master mode) — 10 25 ns

79* TscF SCK output fall time (master mode) — 10 25 ns

80* TscH2doV, SDO data output valid after SCK — — 50 ns
TscL2doV edge

81* TdoV2scH, SDO data output setup to SCK Tcy — — ns
TdoV2scL edge

82* TssL2doV SDO data output valid after SS{ — — 50 ns

edge

83* TscH2ssH, SS 1 after SCK edge 1.5Tcy + 40 — — ns

TscL2ssH

* 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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PIC16C6X

[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)

OUT DETECT ENABLED (RC
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1400
1200
1000
&:: 800 Device NOT in  —
‘E’ Brown-out Reset
= 600
400 |- Device in
Brown-out Ll
200} Reset
0
25 3.0 3.5 4.0 4.5 5.0 5.5 6.0

Vop(Volts)

The shaded region represents the built-in hysteresis of the
brown-out reset circuitry.

FIGURE 23-9: MAXIMUM IprD vs. VDD
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(85°C TO -40°C, RC MODE)
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FIGURE 23-11: MAXIMUM IpD vs. TIMER1
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(32 kHz, RCO/RC1 = 33 pF/33
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The shaded region represents the built-in hysteresis of the
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PIC16C6X

[Applicable Devices[61]62][62A[R62[63]R63[64]64A[R64 [65]65A[R65 (6667

FIGURE 23-22: TYPICAL XTAL STARTUP

TIME vs. VpD (LP MODE, 25°C)

FIGURE 23-24: TYPICAL XTAL STARTUP
TIME vs. VDD (XT MODE, 25°C)
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FIGURE 23-23: TYPICAL XTAL STARTUP TABLE 23-2: CAPACITOR SELECTION FOR
TIME vs. Vop (HS MODE, CRYSTAL OSCILLATORS
25°C)

Crystal Cap. Range | Cap. Range
7 Ose Type Freq C1 Cc2
. P 32 kHz 33 pF 33 pF
. 200 kHz 15 pF 15 pF
[}
E 5 20 MHz, 33 pF/33 pF XT 200 kHz 47-68 pF 47-68 pF
£ —— 1 MHz 15 pF 15 pF
F 4
4 MH 15 pF 15 pF
s 8 MHz, 33 pF/33 pF T z P p
E ;3 HS 4 MHz 15 pF 15 pF
@ 20 MHz, 15 pF/15 pF 8 MHz 15-33 pF 15-33 pF
2 8 MHz, 15 pF/15 pF
— | 20 MHz 15-33 pF 15-33 pF
| ———
1
4.0 45 5.0 55 6.0 Crystals
VDD(Volts) Used
32 kHz Epson C-001R32.768K-A +20 PPM
200 kHz STD XTL 200.000KHz + 20 PPM
1 MHz ECS ECS-10-13-1 + 50 PPM
4 MHz ECS ECS-40-20-1 + 50 PPM
8 MHz EPSON CA-301 8.000M-C + 30 PPM
20 MHz EPSON CA-301 20.000M-C | + 30 PPM
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PIC16C6X

24.2 28-Lead Plastic Dual In-line (300 mil) (SP)

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

N

A e rari

) E1 E —C
Pin No. 1 l
Indicator —
Area
B2 B1
D
ol y
A
ane I
Plane L T
Detail / : L —
— el - Al A2 A B3 B!
D1 Detail A
Package Group: Plastic Dual In-Line (PLA)
Millimeters Inches
Symbol Min Max Notes Min Max Notes
o 0° 10° 0° 10°
A 3.632 4.572 0.143 0.180
A1 0.381 - 0.015 -
A2 3.175 3.556 0.125 0.140
B 0.406 0.559 0.016 0.022
B1 1.016 1.651 Typical 0.040 0.065 Typical
B2 0.762 1.016 4 places 0.030 0.040 4 places
B3 0.203 0.508 4 places 0.008 0.020 4 places
C 0.203 0.331 Typical 0.008 0.013 Typical
D 34.163 35.179 1.385 1.395
D1 33.020 33.020 Reference 1.300 1.300 Reference
E 7.874 8.382 0.310 0.330
E1 7.112 7.493 0.280 0.295
el 2.540 2.540 Typical 0.100 0.100 Typical
eA 7.874 7.874 Reference 0.310 0.310 Reference
eB 8.128 9.652 0.320 0.380
L 3.175 3.683 0.125 0.145
N 28 28 28 28
S 0.584 1.220 0.023 0.048
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PIC16C6X

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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