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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Obsolete
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8-Bit
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12C, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
33

7KB (4K x 14)

OTP

192 x 8

2.5V ~ 6V

External
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Surface Mount
44-QFP
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PIC16C6X

2.0 PIC16C6X DEVICE VARIETIES

A variety of frequency ranges and packaging options
are available. Depending on application and production
requirements, the proper device option can be selected
using the information in the PIC16C6X Product Identi-
fication System section at the end of this data sheet.
When placing orders, please use that page of the data
sheet to specify the correct part number.

For the PIC16C6X family of devices, there are four
device “types” as indicated in the device number:

1. C, as in PIC16C64. These devices have
EPROM type memory and operate over the
standard voltage range.

2. LC, as in PIC16LC64. These devices have
EPROM type memory and operate over an
extended voltage range.

3. CR, as in PIC16CR64. These devices have
ROM program memory and operate over the
standard voltage range.

4. LCR, as in PIC16LCR64. These devices have
ROM program memory and operate over an
extended voltage range.

2.1 UV Erasable Devices

The UV erasable version, offered in CERDIP package
is optimal for prototype development and pilot
programs. This version can be erased and
reprogrammed to any of the oscillator modes.

Microchip's PICSTART® Plus and PRO MATE®II
programmers both support programming of the
PIC16C6X.

2.2 One-Time-Programmable (OTP)
Devices

The availability of OTP devices is especially useful for
customers who need the flexibility for frequent code
updates and small volume applications.

The OTP devices, packaged in plastic packages, per-
mit the user to program them once. In addition to the
program memory, the configuration bits must also be
programmed.

2.3 Quick-Turnaround-Production (QTP)
Devices

Microchip offers a QTP Programming Service for fac-
tory production orders. This service is made available
for users who choose not to program a medium to high
quantity of units and whose code patterns have stabi-
lized. The devices are identical to the OTP devices but
with all EPROM locations and configuration options
already programmed by the factory. Certain code and
prototype verification procedures apply before produc-
tion shipments are available. Please contact your local
Microchip Technology sales office for more details.

2.4 Serialized Quick-Turnaround
Production (SQTP*M) Devices

Microchip offers a unique programming service where
a few user-defined locations in each device are pro-
grammed with different serial numbers. The serial num-
bers may be random, pseudo-random, or sequential.

Serial programming allows each device to have a
unique number which can serve as an entry-code,
password, or ID number.

ROM devices do not allow serialization information in
the program memory space. The user may have this
information programmed in the data memory space.

For information on submitting ROM code, please con-
tact your regional sales office.

2.5 Read Only Memory (ROM) Devices

Microchip offers masked ROM versions of several of
the highest volume parts, thus giving customers a low
cost option for high volume, mature products.

For information on submitting ROM code, please con-
tact your regional sales office.
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TABLE 3-3: PIC16C64/64A/R64/65/65A/R65/67 PINOUT DESCRIPTION (Cont.d)

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

Port mode (for interfacing to a microprocessor bus).

© 1997-2013 Microchip Technology Inc. DS30234E-page 17
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NOTES:
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11.3  SPI Mode for PIC16C66/67

This section contains register definitions and opera-
tional characterisitics of the SPI module on the
PIC16C66 and PIC16C67 only.

FIGURE 11-7: SSPSTAT: SYNC SERIAL PORT STATUS REGISTER (ADDRESS 94h)(PIC16C66/67)

R/W-0 RW-0 R-0 R-0 R-0 R-0 R-0 R-0
(smp[cke | oA | P | s | rw | ua | BF | |R= Readablebit
bit7 bito W= Wr!table bit .
U = Unimplemented bit, read
as ‘0’

- n =Value at POR reset

bit 7: SMP: SPI data input sample phase
SPI Master Mode
1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time
SPI Slave Mode
SMP must be cleared when SPI is used in slave mode

bit 6: CKE: SPI Clock Edge Select (Figure 11-11, Figure 11-12, and Figure 11-13)
CKP =0
1 = Data transmitted on rising edge of SCK
0 = Data transmitted on falling edge of SCK
CKP =1
1 = Data transmitted on falling edge of SCK
0 = Data transmitted on rising edge of SCK

bit 5: D/A: Data/Address bit (I2C mode only)
1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address

bit 4:  P: Stop bit (I°C mode only. This bit is cleared when the SSP module is disabled, or when the Start bit is
detected last, SSPEN is cleared)
1 = Indicates that a stop bit has been detected last (this bit is '0' on RESET)
0 = Stop bit was not detected last

bit 3:  S: Start bit (I2C mode only. This bit is cleared when the SSP module is disabled, or when the Stop bit is
detected last, SSPEN is cleared)
1 = Indicates that a start bit has been detected last (this bit is '0' on RESET)
0 = Start bit was not detected last

bit 2:  R/W: Read/Write bit information (I°C mode only)
This bit holds the R/W bit information following the last address match. This bit is only valid from the
address match to the next start bit, stop bit, or ACK bit.
1 = Read
0 = Write

bit 1:  UA: Update Address (10-bit 2C mode only)
1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated
bit 0:  BF: Buffer Full Status bit
Receive (SPI and 12C modes)
1 = Receive complete, SSPBUF is full
0 = Receive not complete, SSPBUF is empty

Transmit (1°C mode only)
1 = Transmit in progress, SSPBUF is full
0 = Transmit complete, SSPBUF is empty

© 1997-2013 Microchip Technology Inc. DS30234E-page 89
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FIGURE 11-8: SSPCON: SYNC SERIAL PORT CONTROL REGISTER (ADDRESS 14h)(PIC16C66/67)

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

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

- n =Value at POR reset

bit7:  WCOL: Write Collision Detect bit
1 = The SSPBUF register is written while it is still transmitting the previous word
(must be cleared in software)
0 = No collision

bit 6: SSPOV: Receive Overflow Indicator bit

In SPI mode

1 =Anew byte is received while the SSPBUF register is still holding the previous data. In case of overflow,
the data in SSPSR is lost. Overflow can only occur in slave mode. The user must read the SSPBUF, even
if only transmitting data, to avoid setting overflow. In master mode the overflow bit is not set since each
new reception (and transmission) is initiated by writing to the SSPBUF register.

0 = No overflow

In 12C mode

1 =Abyte is received while the SSPBUF register is still holding the previous byte. SSPOV is a "don’t care"
in transmit mode. SSPOV must be cleared in software in either mode.

0 = No overflow

bit 5: SSPEN: Synchronous Serial Port Enable bit

In SPI mode
1 = Enables serial port and configures SCK, SDO, and SDI as serial port pins
0 = Disables serial port and configures these pins as /O port pins

In I2C mode

1 = Enables the serial port and configures the SDA and SCL pins as serial port pins

0 = Disables serial port and configures these pins as I/O port pins

In both modes, when enabled, these pins must be properly configured as input or output.

bit 4:  CKP: Clock Polarity Select bit
In SPI mode
1 = Idle state for clock is a high level
0 = Idle state for clock is a low level
In I2C mode
SCK release control
1 = Enable clock
0 = Holds clock low (clock stretch) (Used to ensure data setup time)

bit 3-0: SSPM3:SSPMO0: Synchronous Serial Port Mode Select bits
0000 = SPI master mode, clock = FOsc/4
0001 = SPI master mode, clock = FOsc/16
0010 = SPI master mode, clock = FOsc/64
0011 = SPI master mode, clock = TMR2 output/2
0100 = SPI slave mode, clock = SCK pin. SS pin control enabled.
0101 = SPI slave mode, clock = SCK pin. SS pin control disabled. SS can be used as I/0 pin
0110 = I2C slave mode, 7-bit address
0111 = I°C slave mode, 10-bit address
1011 = I2C firmware controlled master mode (slave idle)
1110 = I2C slave mode, 7-bit address with start and stop bit interrupts enabled
1111 = IC slave mode, 10-bit address with start and stop bit interrupts enabled
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11.5.1.2 RECEPTION

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT
register is cleared. The received address is loaded into
the SSPBUF register.

When the address byte overflow condition exists, then
no acknowledge (ACK) pulse is given. An overflow con-
dition is defined as either bit BF (SSPSTAT<0>) is set
or bit SSPOV (SSPCON<6>) is set.

An SSP interrupt is generated for each data transfer
byte. Flag bit SSPIF (PIR1<3>) must be cleared in soft-
ware. The SSPSTAT register is used to determine the
status of the byte.

FIGURE 11-25: 12C WAVEFORMS FOR RECEPTION (7-BIT ADDRESS)

oA Receiving Address  R/W=0 Receiving Data ACK Receiving Data ACK . -
SDA T1\1_/ATXR6)ASYAAXASXAZXAT) "°!/D7(D6)(D5 DAD3XD2XD1XD0)__/D7XDEXD5XDAD3X DD 4\_1/ !
[ [
1 ! [
scL 's! \ [Tpi
Pl 1 T o)
ol Lo : |
SSPIF (PIR1<3>) ! [—14— Cleared in software | | | Bus Master
t T | terminates
1 | | transfer
BF (SSPSTAT<0>) <— SSPBUF register is read | !
I
I
SSPOV (SSPCON<65) |
Bit SSPOV is set because the SSPBUF register is still full. A
ACK is not sent.

© 1997-2013 Microchip Technology Inc.

DS30234E-page 101



PIC16C6X

12.0 UNIVERSAL SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)
MODULE

Applicable Devices

61]62]62A]R62]63]R63]64[64A[R64]65]65ARE5]66]67
The Universal Synchronous Asynchronous Receiver
Transmitter (USART) module is one of the two serial
I/0 modules. (USART is also known as a Serial Com-
munications Interface or SCI) The USART can be con-
figured as a full duplex asynchronous system that can
communicate with peripheral devices such as CRT ter-

minals and personal computers, or it can be configured
as a half duplex synchronous system that can commu-
nicate with peripheral devices such as A/D or D/A inte-
grated circuits, Serial EEPROMs etc.

The USART can be configured in the following modes:
¢ Asynchronous (full duplex)

* Synchronous - Master (half duplex)

¢ Synchronous - Slave (half duplex)

Bit SPEN (RCSTA<7>) and bits TRISC<7:6> have to
be set in order to configure pins RC6/TX/CK and

RC7/RX/DT as the Universal Synchronous Asynchro-
nous Receiver Transmitter.

FIGURE 12-1: TXSTA: TRANSMIT STATUS AND CONTROL REGISTER (ADDRESS 98h)

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

R-1 R/W-0

[csRc | X9 [ T™XEN [ sYNC | —

| BRGH | TRMT [ TX9D | [R= Readable bit

bit7

bit 7: CSRC: Clock Source Select bit

Asynchronous mode
Don’t care

Synchronous mode

bit 6: TX9: 9-bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8-bit transmission
bit 5:  TXEN: Transmit Enable bit
1 = Transmit enabled
0 = Transmit disabled

bit 4: SYNC: USART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode

bit 3: Unimplemented: Read as '0'
bit 22 BRGH: High Baud Rate Select bit

Asynchronous mode
1 = High speed

1 = Master mode (Clock generated internally from BRG)
0 = Slave mode (Clock from external source)

Note: SREN/CREN overrides TXEN in SYNC mode.

pito | W = Writable bit

U = Unimplemented bit,
read as ‘0’

- n =Value at POR reset

Note: For the PIC16C63/R63/65/65A/R65 the asynchronous high speed mode (BRGH = 1) may
experience a high rate of receive errors. It is recommended that BRGH = 0. If you desire a
higher baud rate than BRGH = 0 can support, refer to the device errata for additional infor-
mation or use the PIC16C66/67.

0 = Low speed

Synchronous mode
Unused in this mode

bit 1:  TRMT: Transmit Shift Register Status bit
1 =TSR empty
0 =TSR full
bit 0:  TX9D: 9th bit of transmit data. Can be parity bit.

© 1997-2013 Microchip Technology Inc.
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13.8 Power-down Mode (SLEEP)

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

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

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

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

13.8.1 WAKE-UP FROM SLEEP

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

1. External reset input on MCLR/VPP pin.

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

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

External MCLR Reset will cause a device reset. All

other events are considered a continuation of program

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

in the STATUS register can be used to determine the

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

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

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

up).

The following peripheral interrupts can wake the device

from SLEEP:

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

SSP (Start/Stop) bit detect interrupt.

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

Parallel Slave Port read or write.

USART TX or RX (synchronous slave mode).

o0 hM 0N

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

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

13.8.2 WAKE-UP USING INTERRUPTS

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

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

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

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

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

© 1997-2013 Microchip Technology Inc.
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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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[Applicable Devices[61][62][62A[R62[63[R63[64]64A[R64 [65]65A[R65[66]67]

FIGURE 15-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING

. I(¢
. 0
VDD /
: «
! 0
MCLR / \, /
Internal =30 (¢
POR
:< 33 — | I(d
PWRT j ’?
Time-out ' 32 . .
A ' ¢
0osC ' '
Time-out .
Internal . Y
RESET {
Watchdog ‘ : <,$
Timer ' ! .
RESET . ' :
o ' 31 . .
34— —!34
Note: Refer to Figure 15-1 for load conditions.

TABLE 15-4: 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) 200 — — ns | 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 — 1024Tosc — 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 — — 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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[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]

19.3

DC Characteristics: PIC16C65-04 (Commercial, Industrial)
PIC16C65-10 (Commercial, Industrial)
PIC16C65-20 (Commercial, Industrial)
PIC16LC65-04 (Commercial, Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature

-40°C
0°C

< TA < +85°C for industrial and
< TA < +70°C for commercial

Operating voltage VDD range as described in DC spec Section 19.1 and

Section 19.2
Param Characteristic Sym Min |Typ| Max |Units Conditions
No. T
Input Low Voltage
1/0 ports ViL
D030 with TTL buffer Vss - 10.15VDD| V |For entire VDD range
DO30A Vss - 0.8V V |45V <VDD<55V
D031 with Schmitt Trigger buffer Vss - | 0.2VbD Vv
D032 |MCLR, OSC1(in RC mode) Vss -1 02vbp | V
D033 |OSC1 (in XT, HS and LP) Vss -1 03vpbD| V |Notel
Input High Voltage
1/0 ports VIH -
D040 with TTL buffer 2.0 - VDD V |45V <VDD <55V
D040A 0.25VDD+| - VDD V |For entire VDD range
0.8V
D041 with Schmitt Trigger buffer 0.8VDD | - VDD For entire VDD range
D042 |MCLR 0.8VoD | - | VDD \Y
D042A |OSC1 (XT, HS and LP) 0.7VbD | - VbD V  |Notetl
D043 |OSC1 (in RC mode) 0.9VDD | - VDD Vv
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 L - - +1 pA |Vss < VPIN < VDD, Pin at hi-
impedance
D061 MCLR, RA4/TOCKI - - +5 pA |Vss < VPIN < VDD
D063 |OSC1 - - +5 pA [Vss <VPIN <VDD, XT, HS, and
LP osc configuration
Output Low Voltage
D080 1/0 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.
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.
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-

Note 1:

2:

ages.

3: Negative current is defined as current sourced by the pin.

DS30234E-page 214

© 1997-2013 Microchip Technology Inc.



PIC16C6X

[Applicable Devices[61]62]62A[R62[63]R63[64]64A[R64[65]65A[R65[66[67]
FIGURE 19-5: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

- 42 >

TMRO or f
TMR1

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

TABLE 19-5: TIMERO AND TIMER1 EXTERNAL CLOCK REQUIREMENTS

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

*

These parameters are characterized but not tested.
1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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[Applicable Devices[61]62][62A[R62[63]R63[64]64A[R64 [65]65A[R65[66]67]
FIGURE 20-8: PARALLEL SLAVE PORT TIMING (PIC16C65A)

RE2/CS

REO/RD —\\—/

RE1/WR : : /

— 65—

RD7:RDO J D—
i S ' 5:

~— 62—

—> 64
_.'63'._

Note: Refer to Figure 20-1 for load conditions

TABLE 20-7: PARALLEL SLAVE PORT REQUIREMENTS (PIC16C65A)

Parameter Sym Characteristic Min | Typt | Max | Units | Conditions
No.
62" Tdtv2wrH |Data in valid before WRT or CST (setup time) 20 — — ns
25 — — ns Extended
Range Only
63* TwrH2dtl |WRT or CST to data—in invalid (hold  |PIC16C65A 20 — — ns
time) PIC16LC65A 3| — | — | ns
64 TrdL2dtV |RDY{ and CSY to data—out valid — — 80 ns
— — 90 ns Extended
Range Only
65* TrdH2dtl |RDT or CST to data—out invalid 10 — 30 ns

These parameters are characterized but not tested.
1 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not
tested.
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[Applicable Devices[61]62][62A[R62[63]R63[64]64A[R64 [65]65A[R65 [66]67]

211 DC Characteristics: PIC16CR63/R65-04 (Commercial, Industrial)
PIC16CR63/R65-10 (Commercial, Industrial)
PIC16CR63/R65-20 (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 4.0 - 5.5 V | XT, RC and LP osc configuration
DOO1A 45 - 55 V | HS osc configuration
D002* | RAM Data Retention VDR - 15 - \

Voltage (Note 1)

D003 | VDD start voltage to VPOR - Vss | - V | See section on Po eset for details
ensure internal Power-on

Reset signal

D004* | VDD rise rate to ensure Svbp | 0.05 - - | V/ms | See secti Poweﬁa@set for details
internal Power-on Reset
signal

D005 |Brown-out Reset Voltage |(BvbD | 3.7 | 4.0 | 43 \ BQDEQ cor}f{gu(a{tion bit is enabled

D010 | Supply Current (Note 2, 5) |IDD - 2.7 5 mA<9q% c c}\r}f}g Fosc = 4 MHz,

D013 - 10 0 /}»\
§ £ 20 MHz, VDD = 5.5V
D015* | Brown-out Reset Current | AIBOR - /859\ X% OR enabled, VDD = 5.0V

(Note 6)
D020 | Power-down Current IPD - 100 uA | VDD = 4.0V, WDT enabled,-40°C to +85°C
D021 |(Note 3, 5) - RN pA | VDD = 4.0V, WDT disabled,-0°C to +70°C
D021A - 1. 9 pA | VDD = 4.0V, WDT disabled,-40°C to +85°C
D023* | Brown-out Reset Current | AIBOR - >50 425 | pA |BOR enabled, VDD = 5.0V
(Note 6)
. but ot tested
T less otherwise stated. These parameters are for design guidance only
Note 1 be lowered without losing RAM data
2 t iSTmainly~a function of the operating voltage and frequency. Other factors such as I/O pin
oscillator type, internal code execution pattern, and temperature also have an
pnditignsyfor all IDD measurements in active operation mode are
ternal $quare wave, from rail to rail; all /O pins tristated, pulled to VDD
VDD; WDT enabled/disabled as specified.
3: er down current in SLEEP mode does not depend on the oscillator type. Power-down current is mea-

wjth 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 nA to the specification. This value is from character-
ization and is for design guidance only. This is not tested.

6: The A current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IDD or IPD measurement.
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[Applicable Devices[61]62][62A[R62[63]R63[64]64A[R64 [65]65A[R65 [66]67]

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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F.7 PIC16C7XX Family of Devces

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

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

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

Note

1: Please contact your local Microchip sales office for availability of these devices.
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Read/Write bit Information, R/W .
Receive and Control Register.....
Receive Overflow Detect bit, SSPOV
Receive Overflow Indicator bit, SSPOV
Register Bank Select bit, Indirect...
Register Bank Select bits. Direct ...

DS30234E-page 316

© 1997-2013 Microchip Technology Inc.



