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PIC16C6X

TABLE 4-3: SPECIAL FUNCTION REGISTERS FOR THE PIC16C63/R63

Value on: Value on

Address | Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit0 POR, all other
BOR resets(®
Bank 0

ooh™ INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 | 0000 0000
01h TMRO Timer0 module’s register XXXX XXXX | uuuu uuuu
02hM PCL Program Counter's (PC) Least Significant Byte 0000 0000 | 0000 0000
03h  |STATUS IRP(4) ‘ RP1(4) ‘ RPO | TO | PD ‘ z | DC ‘ c 0001 1xxx | 000g quuu
04h(M FSR Indirect data memory address pointer XXXX XXXX | uuuu uuuu
05h PORTA — l — ‘PORTA Data Latch when written: PORTA pins when read --XX XXXX | --uu uuuu
06h PORTB PORTB Data Latch when written: PORTB pins when read XXXX XXXX | Uuuu uuuu
07h PORTC PORTC Data Latch when written: PORTC pins when read XXXX XXXX | Uuuu uuuu
08h — Unimplemented — —
09h — Unimplemented — —
0Ah(12) |PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 |---0 0000
oBh(") INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000u
0Ch PIR1 (5) (5) RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
0oDh PIR2 — = = - = = = CCP2IF | ---- --- 0f---- --- 0
OEh TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 register XXXX XXXX | uuuu uuuu
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 register XXXX XXXX [uuuu uuuu
10h T1CON — ‘ — ‘T1CKPS1 | T1CKPSO0 |T1OSCEN‘ TI1SYNC | TMR1CS ‘ TMR1ON | --00 0000 | --uu uuuu
11h TMR2 Timer2 module’s register 0000 0000 | 0000 0000
12h T2CON — ‘TOUTPSS ‘ TOUTPS2 | TOUTPS1 | TOUTPSO ‘ TMR20ON | T2CKPS1 ‘ T2CKPSO | -000 0000 | -000 0000
13h SSPBUF | Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX | Uuuu uuuu
14n  |sspcon | wcoL | sspov | sspEN | ckp | ssPms | ssPMz | SSPM1 | SSPMO 0000 0000 | 0000 0000
15h CCPR1L |Capture/Compare/PWM1 (LSB) XXXX XXXX [uuuu uuuu
16h CCPR1H |Capture/Compare/PWM1 (MSB) XXXX XXXX | uuuu uuuu
17h CCP1CON — — CCP1X CCP1Y CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO | --00 0000 | --00 0000
18h RCSTA SPEN RX9 SREN CREN — FERR OERR RX9D 0000 -00x | 0000 -00x
19h TXREG USART Transmit Data Register 0000 0000 | 0000 0000
1Ah RCREG USART Receive Data Register 0000 0000 | 0000 0000
1Bh CCPR2L |Capture/Compare/PWM2 (LSB) XXXX XXXX | uuuu uuuu
1Ch CCPR2H |Capture/Compare/PWM2 (MSB) XXXX XXXX | uuuu uuuu
in  [oocrecon| — [ — | copax [ copav [ ccpams | copamz [ copamt | copamo | --00 0000 | --00 0000
1Eh-1Fh = 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 IRP and RP1 bits are reserved on the PIC16C63/R63, always maintain these bits clear.
5: PIE1<7:6> and PIR1<7:6> are reserved on the PIC16C63/R63, always maintain these bits clear.
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PIC16C6X

5.0 1/0 PORTS

Applicable Devices
61]62]62A[R62]63|R63]64]64A[R64]65]65ARE5]66]67
Some pins for these 1/0 ports are multiplexed with an
alternate function(s) for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose 1/O pin.

5.1 PORTA and TRISA Register

Applicable Devices
61]62]62A[R62]63|R63]64]64A[R64]65[65A]R65]66]67
All devices have a 6-bit wide PORTA, except for the
PIC16C61 which has a 5-bit wide PORTA.

Pin RA4/TOCKI is a Schmitt Trigger input and an open
drain output. All other RA port pins have TTL input lev-
els and full CMOS output drivers. All pins have data
direction bits (TRIS registers) which can configure
these pins as output or input.

Setting a bit in the TRISA register puts the correspond-
ing output driver in a hi-impedance mode. Clearing a bit
in the TRISA register puts the contents of the output
latch on the selected pin.

Reading PORTA register reads the status of the pins
whereas writing to it will write to the port latch. All write
operations are read-modify-write operations. There-
fore, a write to a port implies that the port pins are read,
this value is modified, and then written to the port data
latch.

Pin RA4 is multiplexed with Timer0 module clock input
to become the RA4/TOCKI pin.

EXAMPLE 5-1: INITIALIZING PORTA

BCF STATUS, RPO
BCF STATUS, RP1
CLRF PORTA

PIC16C66/67 only
Initialize PORTA by
; clearing output

; data latches

; Select Bank 1

; Value used to

BSF STATUS, RPO
MOVLW 0xCF
; initialize data
; direction
MOVWF TRISA ; Set RA<3:0> as inputs
; RA<5:4> as outputs
; TRISA<7:6> are always
; read as '0'.

FIGURE 5-1: BLOCK DIAGRAM OF THE
RA3:RA0 PINS AND THE RA5

PIN
Data
bus
D Q
WR VDD

Pﬁ‘t CcK L Q *D_{ 5
Data Latch J
D Q

=X

»— N 1/0 pin
WR
TRIS ck L@ Vss
TTL <7
TRIS Latch input
buffer

EN
RD PORT {>G

Note 1: /O pins have protection diodes to VDD and
Vss.
2: The PIC16C61 does not have an RA5 pin.

FIGURE 5-2: BLOCK DIAGRAM OF THE
RA4/TOCKI PIN

Data
bus D Q
WR
PORT =
ckLQ || | N 1/O pin®
Data Latch
+— D Q Vss
WR
TRIS a itel Schmitt
KY-Q
c Trigger %7
input
TRIS Latch buffer
RD TRIS
Q D
EN
RD PORT {>c T
TMRO clock input

Note 1: 1/0 pin has protection diodes to Vss only.
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TABLE 5-1: PORTA FUNCTIONS

Name Bit# Buffer Type Function
RAO bit0 TTL Input/output
RA1 bit1 TTL Input/output
RA2 bit2 TTL Input/output
RA3 bit3 TTL Input/output
RA4/TOCKI bit4 ST Input/output or external clock input for Timer0.
Output is open drain type.
RA5/SS (1) bit5 TTL Input/output or slave select input for synchronous serial port.

Legend: TTL = TTL input, ST = Schmitt Trigger input
Note 1: The PIC16C61 does not have PORTA<5> or TRISA<5>, read as ‘0.

TABLE 5-2: REGISTERS/BITS ASSOCIATED WITH PORTA

Value on: Value on all
Address |Name | Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR,
other resets
BOR
05h PORTA | — | — RA5(" RA4 RA3 RA2 RA1 RAO | --xx xxxx | --uu uuuu
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 PORTA.

Note 1: PORTA<5> and TRISA<5> are not implemented on the PIC16C61, read as '0'.
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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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Applicable Devices
P I C 1 6 C6X 61]62/62A[R62[63[R63]64[64A[R64]65]65A]R656667

11.4.2 ADDRESSING 12C DEVICES

There are two address formats. The simplest is the
7-bit address format with a R/W bit (Figure 11-15). The
more complex is the 10-bit address with a R/W bit
(Figure 11-16). For 10-bit address format, two bytes
must be transmitted with the first five bits specifying this
to be a 10-bit address.

FIGURE 11-15: 7-BIT ADDRESS FORMAT

MSb LSb
I
\— slave address —, Sent by
Slave
S - Start Condition
R/W - Read/Write pulse
ACK - Acknowledge

FIGURE 11-16: I2C 10-BIT ADDRESS FORMAT

[s [t 111049 A8 RIW|ACK A7 A6 A5 Ad A3 A2 AT AO[ACK |

\—— sent by slave -—I

L »=0 for write

S - Start Condition

R/W - Read/Write Pulse

ACK - Acknowledge

11.4.3 TRANSFER ACKNOWLEDGE

All data must be transmitted per byte, with no limit to the
number of bytes transmitted per data transfer. After
each byte, the slave-receiver generates an acknowl-
edge bit (ACK) (Figure 11-17). When a slave-receiver
doesn’t acknowledge the slave address or received
data, the master must abort the transfer. The slave
must leave SDA high so that the master can generate
the STOP condition (Figure 11-14).

FIGURE 11-18: DATA TRANSFER WAIT STATE

FIGURE 11-17: SLAVE-RECEIVER

ACKNOWLEDGE
Data
Outputby ' ~
Transmitter
Data | . not a-cknowled e
Output by e
Receiver ' /
sCLfrom ' acknowledge/
Master TN /\ 2\ e\ 9\
.S
Start Clock Pulse for
Condition Acknowledgment

If the master is receiving the data (master-receiver), it
generates an acknowledge signal for each received
byte of data, except for the last byte. To signal the end
of data to the slave-transmitter, the master does not
generate an acknowledge (not acknowledge). The
slave then releases the SDA line so the master can
generate the STOP condition. The master can also
generate the STOP condition during the acknowledge
pulse for valid termination of data transfer.

If the slave needs to delay the transmission of the next
byte, holding the SCL line low will force the master into
a wait state. Data transfer continues when the slave
releases the SCL line. This allows the slave to move the
received data or fetch the data it needs to transfer
before allowing the clock to start. This wait state tech-
niqgue can also be implemented at the bit level,
Figure 11-18. The slave will inherently stretch the
clock, when it is a transmitter, but will not when it is a
receiver. The slave will have to clear the SSPCON<4>
bit to enable clock stretching when it is a receiver.

MSB acknowledgment

signal from receiver

A AR TG A

acknowledgment
byte complete signal from receiver’
interrupt with receiver

clock line held low while
interrupts are serviced

Start

Condmon Address R/W ACK Walt Data ACK

Stop
State Condition
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Applicable Devices

PIC16C6X

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

11.5.1 SLAVE MODE

In slave mode, the SCL and SDA pins must be config-
ured as inputs (TRISC<4:3> set). The SSP module will
override the input state with the output data when
required (slave-transmitter).

When an address is matched or the data transfer after
an address match is received, the hardware automati-
cally will generate the acknowledge (ACK) pulse, and
then load the SSPBUF register with the received value
currently in the SSPSR register.

There are certain conditions that will cause the SSP
module not to give this ACK pulse. These are if either
(or both):

a) The buffer full bit BF (SSPSTAT<0>) was set
before the transfer was received.

b) The overflow bit SSPOV (SSPCON<6>) was set
before the transfer was received.

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit SSPIF (PIR1<3>) is set.
Table 11-4 shows what happens when a data transfer
byte is received, given the status of bits BF and SSPOV.
The shaded cells show the condition where user soft-
ware did not properly clear the overflow condition. Flag
bit BF is cleared by reading the SSPBUF register while
bit SSPOV is cleared through software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
I2C specification as well as the requirement of the SSP
module is shown in timing parameter #100 and param-
eter #101.

11.5.1.1 ADDRESSING

Once the SSP module has been enabled, it waits for a
START condition to occur. Following the START condi-
tion, the 8-bits are shifted into the SSPSR register. All
incoming bits are sampled with the rising edge of the
clock (SCL) line. The value of register SSPSR<7:1> is
compared to the value of the SSPADD register. The

address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match, and the BF
and SSPOV bits are clear, the following events occur:

a) The SSPSR register value is loaded into the
SSPBUF register.

b) The buffer full bit, BF is set.

c) AnACK pulse is generated.

d) SSP interrupt flag bit, SSPIF (PIR1<3>) is set

(interrupt is generated if enabled) - on the falling
edge of the ninth SCL pulse.

In 10-bit address mode, two address bytes need to be
received by the slave (Figure 11-16). The five Most Sig-
nificant bits (MSbs) of the first address byte specify if
this is a 10-bit address. Bit R/W (SSPSTAT<2>) must
specify a write so the slave device will receive the sec-
ond address byte. For a 10-bit address the first byte
would equal ‘1111 0 A9 A8 0’, where A9 and A8 are
the two MSbs of the address. The sequence of events
for 10-bit address is as follows, with steps 7- 9 for slave-
transmitter:

1. Receive first (high) byte of Address (bits SSPIF,
BF, and bit UA (SSPSTAT<1>) are set).

2. Update the SSPADD register with second (low)
byte of Address (clears bit UA and releases the
SCL line).

3. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

4. Receive second (low) byte of Address (bits
SSPIF, BF, and UA are set).

5. Update the SSPADD register with the first (high)
byte of Address, if match releases SCL line, this
will clear bit UA.

6. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

7. Receive repeated START condition.

8. Receive first (high) byte of Address (bits SSPIF
and BF are set).

9. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

TABLE 11-4: DATA TRANSFER RECEIVED BYTE ACTIONS

Status Bits as Data
Transfer is Received Set bit SSPIF
Generate ACK (SSP Interrupt occurs
BF sspPov SSPSR —> SSPBUF Pulse if enabled)
0 0 Yes Yes Yes
1 0 No No Yes
1 1 No No Yes
0 1 No No Yes

DS30234E-page 100
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PIC16C6X

FIGURE 13-2: CONFIGURATION WORD FOR PIC16C62/64/65

| =1 =1 -=1-1-1-=1=1— [crt]cro [pwrre[wpTE|Fosc1|FosCo| [Register: CONFIG
bit13 pito | Address 2007h

bit 13-6: Unimplemented: Read as '1'

bit 5-4:  CP1:CP0: Code Protection bits
11 = Code protection off
10 = Upper half of program memory code protected
01 = Upper 3/4th of program memory code protected
00 = All memory is code protected

bit 3: PWRTE: Power-up Timer Enable bit
1 = Power-up Timer enabled
0 = Power-up Timer disabled

bit 2: WDTE: Watchdog Timer Enable bit
1=WDT enabled
0 = WDT disabled

bit 1-0: FOSC1:FOSCO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

FIGURE 13-3: CONFIGURATION WORD FOR PIC16C62A/R62/63/R63/64A/R64/65A/R65/66/67

[[cP1 [ cpo [ cpt [ cpo [ cp1 [ cPo [ — [BODEN] cP1 | cro [PWRTE|WDTE[Fosc1[Fosco| [Register: CONFIG
bit13 pito | Address 2007h

bit 13-8: CP1:CP0: Code Protection bits?

bit5:4 11 = Code protection off
10 = Upper half of program memory code protected
01 = Upper 3/4th of program memory code protected
00 = All memory is code protected

bit 7: Unimplemented: Read as '1'

bit 6:  BODEN: Brown-out Reset Enable bit (")
1 = Brown-out Reset enabled
0 = Brown-out Reset disabled

bit 3:  PWRTE: Power-up Timer Enable bit (V)
1 = Power-up Timer disabled
0 = Power-up Timer enabled

bit 2: WDTE: Watchdog Timer Enable bit
1=WDT enabled
0 = WDT disabled

bit 1-0: FOSC1:FOSCO: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

Note 1: Enabling Brown-out Reset automatically enables Power-up Timer (PWRT) regardless of the value of bit PWRTE.
Ensure the Power-up Timer is enabled anytime Brown-out Reset is enabled.
2: All of the CP1:CPO pairs have to be given the same value to implement the code protection scheme listed.
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BTFSS Bit Test f, Skip if Set CALL Call Subroutine
Syntax: [labell BTFSS fb Syntax: [label] CALL k
Operands: 0<f<127 Operands: 0 <k <2047
0<b<7 Operation: (PC)+ 1> TOS,
Operation: skip if (f<b>) =1 k — PC<10:0>,
Status Affected: None (PCLATH<4Z3>) — PC<12:11>
Encoding: | 01 ‘ 11bb | bEfE | FEEE | Status Affected: None
Description: If bit 'b' in register 'f' is '0' then the next Encoding: | 10 \ Okkk \ kkkk \ kkkk \
instruction is executed. AT - N
If bit b’ is 1", then the next instruction is Description: %%f;ﬁ;%ﬁ?ﬁéggﬁtﬁ) rfﬁ‘é’gtggsrﬁse
discarded and a NOP is executed eleven bit immediate address is loaded
instead, making this a 2Tcy instruction. into PC bits <10:0>. The upper bits of
Words: 1 the PC are loaded from PCLATH. CALL
: is a two cycle instruction.
Cycles: 1(2) Words: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Cycles: 5
Decode Read Process No- L.
‘ register 'f ‘ data | Operation Q Cycle Activity: Q1 Q2 Q3 Q4
: i1st Cycle | Decode Read Process | Write to
If Skip:  (2nd Cycle) v literal k', | data PC
Qi Q2 Q3 Q4 Push Pe
No- No- No- No-
‘ Operation | Operation | Operation | Operation 2nd CyCIe Oper\:zt-ion Opz’a\‘r(;-tion Opz’a\‘r(;-tion Opyr:tion
Example HERE BTFSC FLAG,1 Example HERE CALL THERE
FALSE GOTO  PROCESS_CODE
TRUE . Before Instruction

Before Instruction

PC = address HERE
After Instruction

if FLAG<1>=0,

PC = address FALSE

if FLAG<1> =1,

PC = address TRUE

PC = Address HERE
After Instruction
PC = Address THERE

TOS = Address HERE+1

© 1997-2013 Microchip Technology Inc.
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[Applicable Devices[61][62][62A[R62[63[R63[64]64A[R64 [65]65A[R65[66]67]
156.5 Timing Diagrams and Specifications
FIGURE 15-2: EXTERNAL CLOCK TIMING

OSC1

CLKOUT

TABLE 15-2: EXTERNAL CLOCK TIMING REQUIREMENTS

Parameter Sym | Characteristic Min | Typt Max Units | Conditions
No.
Fosc | External CLKIN Frequency DC — 4 MHz | XT and RC osc mode
(Note 1) oc| — 4 MHz |HS osc mode (-04)
DC — 20 MHz | HS osc mode (-20)
DC — 200 kHz |LP osc mode
Oscillator Frequency DC — 4 MHz | RC osc mode
(Note 1) 0.1 — 4 MHz | XT osc mode
1 — 4 MHz | HS osc mode (-04)
1 — 20 MHz | HS osc mode (-20)
1 Tosc | External CLKIN Period 250 — — ns | XT and RC osc mode
(Note 1) 250 — — ns |HS osc mode (-04)
50 — — ns | HS osc mode (-20)
5 — — ps | LP osc mode
Oscillator Period 250 — — ns |RC osc mode
(Note 1) 250 — 10,000 ns | XT osc mode
250 — 1,000 ns |HS osc mode (-04)
50 — 1,000 ns |HS osc mode (-20)
5 — — us | LP osc mode
2 Tcy |Instruction Cycle Time (Note 1) 1.0 Tey DC pus | Tcy =4/Fosc
3 TosL, |External Clock in (OSC1) High or 50 — — ns | XT oscillator
TosH | Low Time 2.5 — — pus | LP oscillator
10 — — ns | HS oscillator
4 TosR, |External Clock in (OSC1) Rise or 25 — — ns | XT oscillator
TosF | Fall Time 50 — — ns |LP oscillator
15 — — ns | HS oscillator
1 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: Instruction cycle period (TcY) equals four times the input oscillator time-base period. All specified values are based on
characterization data for that particular oscillator type under standard operating conditions with the device executing code.
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con-
sumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1/CLKIN pin.

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices.
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FIGURE 15-3: CLKOUT AND I/O TIMING
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Note: Refer to Figure 15-1 for load conditions.
TABLE 15-3: CLKOUT AND 1I/0 TIMING REQUIREMENTS
Parameter Sym Characteristic Min Typt Max Units | Conditions
No.
10* TosH2ckL | OSC1T to CLKOUTY — 15 30 ns Note 1
1* TosH2ckH | OSC1% to CLKOUT? — 15 30 ns Note 1
12* TckR CLKOUT rise time - 5 15 ns Note 1
13* TckF CLKOUT fall time — 5 15 ns Note 1
14* TckL2ioV CLKOUT { to Port out valid — — [0.5Tcy+20| ns Note 1
15* TioV2ckH | Port in valid before CLKOUT T 0.25Tcy +25| — —_ ns Note 1
16* TckH2iol Port in hold after CLKOUT * 0 — — ns Note 1
17* TosH2ioV | OSC1T (Q1 cycle) to Port out valid — — 80 - 100 ns
18* TosH2iol 0OSC17T (Q2 cycle) to Port input invalid TBD — — ns
(/O in hold time)
19* TioV20sH | Port input valid to OSC17 (1/O in setup TBD — — ns
time)
20* TioR Port output rise time PIC16C61 — 10 25 ns
PIC16LC61 — — 60 ns
21* TioF Port output fall time PIC16C61 — 10 25 ns
PIC16LC61 — — 60 ns
221t Tinp RBO/INT pin high or low time 20 — — ns
231" Trbp RB7:RB4 change int high or low time 20 — — 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.

1t These parameters are asynchronous events not related to any internal clock edges.
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc.
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FIGURE 15-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING
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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 16-12: TYPICAL Ipp vs. FREQUENCY (EXTERNAL CLOCK, 25°C)
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FIGURE 16-13: MAXIMUM Ipp vs. FREQUENCY (EXTERNAL CLOCK, -40° TO +85°C)
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FIGURE 17-5: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS
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Note: Refer to Figure 17-1 for load conditions.

TABLE 17-5: 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 T1CKI 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 ORTCY + 40 (1,2,4,8)
N
PIC16LC6X reater 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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18.2 DC Characteristics: PIC16LC62A/R62/64A/R64-04 (Commercial, Industrial)

Standard Operating Conditions (unless otherwise stated)

DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for industrial and
0°C < TA < +70°C for commercial
Param Characteristic Sym | Min | Typt | Max | Units Conditions
No.

D001 Supply Voltage VDD 25 - 6.0 V  |LP, XT, RC osc configuration (DC - 4 MHz)

D002 RAM Data Retention Volt- | VDR - 15 - Vv
age (Note 1)

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

D004* | VDD rise rate to ensure Svbb | 0.05 - - | V/ms | See section on Power-on Reset for details
internal Power-on Reset
signal

D005 Brown-out Reset Voltage |BvDD | 3.7 | 4.0 | 4.3 V | BODEN bit in configuration word enabled

D010 Supply Current (Note 2, 5) | IDD - 2.0 | 3.8 | mA |XT, RC osc configuration

Fosc = 4 MHz, VDD = 3.0V (Note 4)

DO10A - 225 | 48 pA | LP osc configuration
Fosc = 32 kHz, VDD = 3.0V, WDT disabled

DO15* Brown-out Reset Current | AIBOR - 350 [ 425 | pA |BOR enabled, VDD = 5.0V

(Note 6)
D020 Power-down Current IPD - 7.5 | 30 pA | VDD = 3.0V, WDT enabled, -40°C to +85°C
D021 (Note 3, 5) - 0.9 5 pA | VDD = 3.0V, WDT disabled, 0°C to +70°C
D021A - 0.9 5 pA | VDD = 3.0V, WDT disabled, -40°C to +85°C
D023* |Brown-out Reset Current |AIBOR - 350 | 425 | pA |BOR enabled, VDD = 5.0V

(Note 6)

*

These parameters are characterized but not tested.

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

Note 1: This is the limit to which VDD can be lowered without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an
impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail to rail; all I/O pins tristated, pulled to VDD
MCLR = VDD; WDT enabled/disabled as specified.

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

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti-
mated by the formula Ir = VDD/2Rext (mA) with Rext in kOhm.

5: Timer1 oscillator (when enabled) adds approximately 20 pA 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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FIGURE 18-7: CAPTURE/COMPARE/PWM TIMINGS (CCP1)
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Note: Refer to Figure 18-1 for load conditions.

TABLE 18-6: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1)

Parameter | Sym |Characteristic Min Typt| Max | Units|Conditions
No.
50" Tccl |CCP1 No Prescaler 05Tcy+20 | — | — | ns
inputlow time |\ Prescaler | PIC16C62A/R62/ 10 — =1 ns
64A/R64
PIC16LC62A/R62/ 20 — | — ns
64A/R64
51* TecH|ccp1 No Prescaler 05Tcy +20 | — | — ns
input high time | with Prescaler | PIC16C62A/R62/ 10 — | — | ns
64A/R64
PIC16LC62A/R62/ 20 — — ns
64A/R64
52~ TecP|ccP1 input period 3Tcy + 40 — | — ns [N =prescale value
N (1,4 or 16)
53* TccR|CCP1 output rise time PIC16C62A/R62/ — 10 25 ns
64A/R64
PIC16LC62A/R62/ — 25 45 ns
64A/R64
54* TccF [CCP1 output fall time PIC16C62A/R62/ — 10 25 ns
64A/R64
PIC16LC62A/R62/ — 25 45 ns
64A/R64

*

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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19.5 Timing Diagrams and Specifications

FIGURE 19-2: EXTERNAL CLOCK TIMIN
. Q4 X Q1 : Q2 : Q3 . Q4 . Qi I

OSC1

CLKOUT

TABLE 19-2: EXTERNAL CLOCK TIMING REQUIREMENTS

Parameter Sym | Characteristic Min | Typt Max Units | Conditions
No.
Fosc |External CLKIN Frequency DC — 4 MHz | XT and RC osc mode
(Note 1) DC — 4 MHz | HS osc mode (-04)
DC — 10 MHz | HS osc mode (-10)
DC — 20 MHz | HS osc mode (-20)
DC — 200 kHz |LP osc mode
Oscillator Frequency DC — 4 MHz | RC osc mode
(Note 1) 0.1 — 4 MHz | XT osc mode
4 — 20 MHz |HS osc mode
5 — 200 kHz |LP osc mode
1 Tosc | External CLKIN Period 250 — — ns | XT and RC osc mode
(Note 1) 250 — — ns |HS osc mode (-04)
100 — — ns | HS osc mode (-10)
50 — — ns | HS osc mode (-20)
5 — — ps | LP osc mode
Oscillator Period 250 — — ns |RC osc mode
(Note 1) 250 — 10,000 ns | XT osc mode
250 — 250 ns | HS osc mode (-04)
100 — 250 ns | HS osc mode (-10)
50 — 250 ns | HS osc mode (-20)
5 — — ps | LP osc mode
2 Tcy |Instruction Cycle Time (Note 1) 200 Tey DC ns |Tcy =4/Fosc
3 TosL, |External Clock in (OSC1) High or 50 — — ns | XT oscillator
TosH |Low Time 25 — — us | LP oscillator
15 — — ns | HS oscillator
4 TosR, |External Clock in (OSC1) Rise or — — 25 ns | XT oscillator
TosF | Fall Time — — 50 ns | LP oscillator
— — 15 ns | HS oscillator
1 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: Instruction cycle period (TcY) equals four times the input oscillator time-base period. All specified values are based on
characterization data for that particular oscillator type under standard operating conditions with the device executing code.
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con-
sumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1/CLKIN pin.

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices.
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FIGURE 20-11: I2C BUS DATA TIMING
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Note: Refer to Figure 20-1 fbr load conditions

TABLE 20-10: 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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21.0 ELECTRICAL CHARACTERISTICS FOR PIC16CR63/R65

Absolute Maximum Ratings ()

Ambient temperature under bias
Storage temperature
Voltage on any pin with respect to Vss (except VDD, MCLR, and RA4)..
Voltage on VDD with respect to Vss

...-55°C to +125°C
-65°C to +150°C
-0.3V to (VDD + 0.3V)
-0.3V to +7.5V

Voltage on MCLR with respect to Vss (Note 2) 0V to +14V
Voltage on RA4 With reSPECE 10 VSS .....ccueiiiiiiiii e e 0V to +14V
Total power diSSIPAtioN (NOTE 1) ...c..iiiiiiiieiieeieesie ettt et e ee s eesseesseeenssesssesneeesseenseessefonsierenanenans 1.0W

Maximum current out of VSS 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 I/O pin........cccccveiiriiiiie e Ko

Maximum current sunk by PORTC and PORTD (Note 3) (combined)
Maximum current sourced by PORTC and PORTD (Note 3) (combined
Note 1: Power dissipation is calculated as follows: Pdis = VDD

Note 2:

Note 3:

than pulling this pin directly to Vss.

PORTD and PORTE not available on the P C1\6 63

indicated in the operation listings of this sp
extended periods may affect device reliability.

{ficati

n

TABLE 21-1: CROSS REFERENCE O ICE'SPECS FOR OSCILLATOR CONFIGURATIONS
AND FREQU@EI\ES OF O ATION (COMMERCIAL DEVICES)
PIC16CR63-04 PIC16CR63-20 PIC16LCR63-04 .
osc PIC16CR65-04 PIC16CR65-20 PIC16LCR65-04 JW Devices
RC | vbp: 4.0V to 5.5V VDD: 4.5V to 5.5V VDD: 3.0V to 5.5V VDD: 4.0V to 5.5V

IDD: 2.7 mA typ. at 5.5V
IPD: 1.5 pA typ. at 4V
Freq: 4 MHz max.

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

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

IDD: 5 mA mg; 5.5

IPD: 16 pnArhax. atVv

Freq: 4 ;A{:g
5V,

1055\

>’DD: 4.5V to 5.5V

IbD: 2.7 mA typ. at 5.5V
IPD: 1.5 pA typ. at 4V
Freq: 4 MHz max.

VDD: 4.5V to 5.5V

IDD: 2.7 mA typ. at 5.5V
IPD: 1.5 pA typ. at 4V
Freq: 4 MHz max.

VDD: 3.0V to 5.5V

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

VDD: 4.0V to 5.5V

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

IPD: 1.5 pA typ. at 4.5V
Freq: 4 MHz max.

VDD: 4.5V to 5.5V

Ibb: 10 mA max. at5.5

IPD 1.5 pAtyp. at 4.5V
Freq: 10 MHz max.

VDD: 4.5V to 5.5V

IbD: 20 mA max. at 5.5

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

IbD: 20 mA max. at
5.5V

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

LP

VDD: 4.0V to 5.5V
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

VoD: 3.0V to 5.5V

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

IPD: 5 pA max. at 3.0V

Freq: 200 kHz max.

VbD: 3.0V to 5.5V
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 recom-
mended that the user select the device type that ensures the specifications required.
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FIGURE 22-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING
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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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24.12 44-Lead Plastic Surface Mount (MQFP 10x10 mm Body 1.6/0.15 mm Lead Form) (PQ)

Note:  For the most current package drawings, please see the Microchip Packaging Specification located
at http://www.microchip.com/packaging
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Package Group: Plastic MQFP
Millimeters Inches
Symbol Min Max Notes Min Max Notes

o 0° 7° 0° 7°
A 2.000 2.350 0.078 0.093
A1 0.050 0.250 0.002 0.010
A2 1.950 2.100 0.768 0.083
b 0.300 0.450 Typical 0.011 0.018 Typical
(¢} 0.150 0.180 0.006 0.007
D 12.950 13.450 0.510 0.530
D1 9.900 10.100 0.390 0.398
D3 8.000 8.000 Reference 0.315 0.315 Reference
E 12.950 13.450 0.510 0.530
E1 9.900 10.100 0.390 0.398
E3 8.000 8.000 Reference 0.315 0.315 Reference
e 0.800 0.800 0.031 0.032
L 0.730 1.030 0.028 0.041
N 44 44 44 44
CP 0.102 - 0.004 -
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