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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.
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PIC16C6X

FIGURE 4-13: PIE1 REGISTER FOR PIC16C63/R63/66 (ADDRESS 8Ch)

RW-0  RMW-0  RMW-0 RMW-0 RWO RW-0 RWO0 _RW-0
[ — | — 1 moie | 7xiE | ssPiE | ccP1iE | TMR2IE | TMRIIE | [R = Readable bit

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

-n = Value at POR reset

bit 7-6: Reserved: Always maintain these bits clear.

bit 5: RCIE: USART Receive Interrupt Enable bit
1 = Enables the USART receive interrupt
0 = Disables the USART receive interrupt

bit 4: TXIE: USART Transmit Interrupt Enable bit
1 = Enables the USART transmit interrupt
0 = Disables the USART transmit interrupt

bit 3: SSPIE: Synchronous Serial Port Interrupt Enable bit
1 = Enables the SSP interrupt
0 = Disables the SSP interrupt

bit 2: CCP1IE: CCP1 Interrupt Enable bit
1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

bit 1: TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

bit 0: TMR1IE: TMR1 Overflow Interrupt Enable bit
1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

FIGURE 4-14: PIE1 REGISTER FOR PIC16C64/64A/R64 (ADDRESS 8Ch)

RW-0  RW-0 U0 U0 RW-0 RW-O _RWO _RMW-0
[psPE [ — [ — [ — [ ssPiE [ ccPiE | TMR2IE | TMRIIE | [R = Readable bit
bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’

-n = Value at POR reset

bit 7: PSPIE: Parallel Slave Port Read/Write Interrupt Enable bit
1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt

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

bit 3: SSPIE: Synchronous Serial Port Interrupt Enable bit
1 = Enables the SSP interrupt
0 = Disables the SSP interrupt

bit 2: CCP1IE: CCP1 Interrupt Enable bit
1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

bit 1: TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

bit 0: TMR1IE: TMR1 Overflow Interrupt Enable bit
1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

© 1997-2013 Microchip Technology Inc. DS30234E-page 39
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FIGURE 4-19: PIR1 REGISTER FOR PIC16C65/65A/R65/67 (ADDRESS 0Ch)

RW-0 RMW-0 R0 RO RW-0 _ RW-0  RMW-0 _ RMW-0
[pspiF [ — | mRoiF | txIF | sspiF | ccP1IF | TMR2IF | TMR1IF | [R = Readable bit
bit7 pito [W = Writable bit
U = Unimplemented bit,
read as ‘0’

- n = Value at POR reset

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

bit 6: Reserved: Always maintain this bit clear.

bit 5: RCIF: USART Receive Interrupt Flag bit
1 = The USART receive buffer is full (cleared by reading RCREG)
0 = The USART receive buffer is empty

bit 4: TXIF: USART Transmit Interrupt Flag bit
1 =The USART transmit buffer is empty (cleared by writing to TXREG)
0 = The USART transmit buffer is full

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

bit 2: CCP1IF: CCP1 Interrupt Flag bit
Capture Mode
1= A TMR1 register capture occurred (must be cleared in software)
0 = No TMRH1 register capture occurred
Compare Mode
1= A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred
PWM Mode
Unused in this mode

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

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

bit 0: TMR1IF: TMR1 Overflow Interrupt Flag bit
1 = TMR1 register overflow occurred (must be cleared in software)
0 = No TMRH1 register overflow occurred

Interrupt flag bits get set when an interrupt condition occurs regardless of the state of its corresponding enable bit or the
global enable bit, GIE (INTCON<7>). User software should ensure the appropriate interrupt flag bits are clear prior to
enabling an interrupt.
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4226 PIE2 REGISTER

Applicable Devices

61]62]62A]R62]63[R63]64]64A[RE4]65]65A[RE5]66]67

This register contains the CCP2 interrupt enable bit.

FIGURE 4-20: PIE2 REGISTER (ADDRESS 8Dh)

bit 0: CCP2IE: CCP2 Interrupt Enable bit
1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt

U-0 U-0 U-0 U-0 U-0 U-0 U-0 R/W-0
[ — T = 1T = 1T =1 = — [ — Tccrae] [R =Readable bit
bit7 pito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset
bit 7-1:  Unimplemented: Read as '0'

© 1997-2013 Microchip Technology Inc.
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5.6 1/0 Programming Considerations

Applicable Devices
61/62]62A]R62]63]R63]64]64A]RE4]65]65A]RE5]66]67

BI-DIRECTIONAL I/0 PORTS

5.6.1

Any instruction which writes, operates internally as a
read followed by a write operation. The BCF and BSF
instructions, for example, read the register into the
CPU, execute the bit operation and write the result back
to the register. Caution must be used when these
instructions are applied to a port with both inputs and
outputs defined. For example, a BSF operation on bit5
of PORTB will cause all eight bits of PORTB to be read
into the CPU. Then the BSF operation takes place on
bits5 and PORTB is written to the output latches. If
another bit of PORTB is used as a bi-directional 1/0 pin
(e.g., bit0) and it is defined as an input at this time, the
input signal present on the pin itself would be read into
the CPU and rewritten to the data latch of this particular
pin, overwriting the previous content. As long as the pin
stays in the input mode, no problem occurs. However, if
bit0 is switched into output mode later on, the content
of the data latch may now be unknown.

Reading the port register, reads the values of the port
pins. Writing to the port register writes the value to the
port latch. When using read-modify-write instructions
(ex. BCF, BSF, etc.) on a port, the value of the port pins
is read, the desired operation is done to this value, and
this value is then written to the port latch.

Example 5-4 shows the effect of two sequential
read-modify-write instructions on an I/O port.

FIGURE 5-10: SUCCESSIVE I/0 OPERATION

EXAMPLE 5-4: READ-MODIFY-WRITE
INSTRUCTIONS ON AN

/0 PORT

;Initial PORT settings: PORTB<7:4> Inputs
; PORTB<3:0> Outputs
;PORTB<7:6> have external pull-ups and are
;jnot connected to other circuitry

PORT latch PORT pins

BCF PORTB, 7 i 0lpp pppp  11lpp PpPppP
BCF PORTB, 6 i 10pp pppp 11pp PpPpP
BSF STATUS, RPO ;

BCF TRISB, 7 i 10pp pppp  1lpp pppp
BCF TRISB, 6 i 10pp pppp  10pp pPpPPP

;Note that the user may have expected the
;pin values to be 00pp pppp. The 2nd BCF
jcaused RB7 to be latched as the pin value

; (high) .

A pin actively outputting a Low or High should not be
driven from external devices at the same time in order
to change the level on this pin (“wired-or”, “wired-and”).
The resulting high output currents may damage the
chip.

5.6.2 SUCCESSIVE OPERATIONS ON I/O PORTS

The actual write to an I/O port happens at the end of an
instruction cycle, whereas for reading, the data must be
valid at the beginning of the instruction cycle
(Figure 5-10). Therefore, care must be exercised if a
write followed by a read operation is carried out on the
same I/O port. The sequence of instructions should be
such to allow the pin voltage to stabilize (load depen-
dent) before the next instruction which causes that file
to be read into the CPU is executed. Otherwise, the
previous state of that pin may be read into the CPU
rather than the new state. When in doubt, it is better to
separate these instructions with a NOP or another
instruction not accessing this 1/0 port.

1 Q1] Q2| Q3| Q4: Q1| Q2| Q3| Q4; Q1: Q2| Q3| Q4’ Q1| Q2| Q3| Q4;

Note:

write to
PORTB

PC )( PC )( PC +1 X PC+2 X PC+3 ) This example shows a write to PORTB
Ins;n:cl':'og . MOVWF PORTB :MOVF PORTB,W : . . followed by a read from PORTB.
etened . write to ' © . NOP NOP N )
' PORTB : . ' ote that:
RB7:RBO . Y . data setup time = (0.25TcCy - TPD)
' : ) : where TCY = instruction cycle
Port pin ' ' .
'sampled here: . TPD = propagation delay
Instruction - - TPD~ ‘ . Therefore, at higher clock frequencies,
executed ' NoP '

. MOVWF PORTB | MdVF PORTB,W ,

a write followed by a read may be prob-
lematic.

DS30234E-page 60
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NOTES:
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FIGURE 10-1: CCP1CON REGISTER (ADDRESS 17h) / CCP2CON REGISTER (ADDRESS 1Dh)

U0 U0 RW-0 RW-0 R/W-0 R/W-0

R/W-0 R/W-0

[ — | — Jccpxx]cepxy [ccPxm3 | ccPxM2 | CCPxM1[CCPxM0 | [R = Readable bit

bit7

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

bit 5-4: CCPxX:CCPxY: PWM Least Significant bits

Capture Mode
Unused

Compare Mode
Unused
PWM Mode

These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRXxL.

bit 3-0: CCPxM3:CCPxM0: CCPx Mode Select bits
0000 = Capture/Compare/PWM off (resets CCPx module)

0100 = Capture mode, every falling edge
0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (bit CCPxIF is set)

1001 = Compare mode, clear output on match (bit CCPxIF is set)

1010 = Compare mode, generate software interrupt on match (bit CCPxIF is set, CCPx pin is unaffected)
1011 = Compare mode, trigger special event (CCPxIF bit is set; CCP1 resets TMR1; CCP2 resets TMR1)

11xx = PWM mode

bito | W = Writable bit

U = Unimplemented bit, read
as ‘0’

- n =Value at POR reset

10.1 Capture Mode

Applicable Devices
61]62]62A]R62/63]R63]64]64A]R64]65]65A]R65]66]67
In Capture mode, CCPR1H:CCPR1L captures the
16-bit value of the TMR1 register when an event occurs
on pin RC2/CCP1 (Figure 10-2). An event is defined
as:

* Every falling edge

* Every rising edge

* Every 4th rising edge

* Every 16th rising edge

An event is selected by control bits CCP1M3:CCP1MO0
(CCP1CON<3:0>). When a capture is made, the inter-
rupt request flag bit CCP1IF (PIR1<2>) is set. It must
be cleared in software. If another capture occurs before
the value in register CCPR1 is read, the old captured
value will be lost.

10.1.1  CCP PIN CONFIGURATION

In Capture mode, the RC2/CCP1 pin should be config-
ured as an input by setting the TRISC<2> bit.

Note: If the RC2/CCP1 pin is configured as an
output, a write to PORTC can cause a cap-
ture condition.

FIGURE 10-2: CAPTURE MODE OPERATION

BLOCK DIAGRAM
Set CCP1IF
PIR1<2>
Prescaler
RC2/CCP1 CCPR1H | CCPR1L
pin *

and Capture
edge detect Enable

1/ } TMR1H TMR1L

CCP1CON<3:0>

Qs

10.1.2 TIMER1 MODE SELECTION

Timer1 must be running in Timer mode or Synchro-
nized Counter mode for the CCP module to use the
capture feature. In Asynchronous Counter mode, the
capture operation may not work consistently.

10.1.3 SOFTWARE INTERRUPT

When the Capture event is changed, a false capture
interrupt may be generated. The user should clear
enable bit CCP1IE (PIE1<2>) to avoid false interrupts
and should clear flag bit CCP1IF following any such
change in operating mode.

DS30234E-page 78
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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

DS30234E-page 96
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FIGURE 12-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER (ADDRESS 18h)

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

[ SPEN [ Rx9 | SREN | CREN |
bit7

| FERR [ OERR | RX9D | [R

bito | W
U

-n
X

= Readable bit

= Writable bit

= Unimplemented
bit, read as ‘0’

= Value at POR reset
= unknown

bit 7: SPEN: Serial Port Enable bit

(Configures RC7/RX/DT and RC6/TX/CK pins as serial port pins when bits TRISC<7:6> are set)

1 = Serial port enabled
0 = Serial port disabled

RX9: 9-bit Receive Enable bit
1 = Selects 9-bit reception
0 = Selects 8-bit reception

SREN: Single Receive Enable bit

Asynchronous mode
Don’t care

bit 6:

bit 5:

Synchronous mode - master

1 = Enables single receive

0 = Disables single receive

This bit is cleared after reception is complete.

Synchronous mode - slave
Unused in this mode

CREN: Continuous Receive Enable bit

Asynchronous mode
1 = Enables continuous receive

0 = Disables continuous receive
Synchronous mode

bit 4:

1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)

0 = Disables continuous receive
bit 3:
bit 2:

Unimplemented: Read as '0'
FERR: Framing Error bit

1 = Framing error (Can be updated by reading RCREG register and receive next valid byte)

0 = No framing error

OERR: Overrun Error bit
1 = Overrun error (Can be cleared by clearing bit CREN)
0 = No overrun error

RX9D: 9th bit of received data (Can be parity bit)

bit 1:

bit O:

DS30234E-page 106
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13.4 Power-on Reset (POR), Power-up
Timer (PWRT), Oscillator Start-up
Timer (OST) and Brown-out Reset
(BOR)

Applicable Devices
61]62]62A]R62[63|R6364]64A|R64[65]65A]RE5]66]67

POWER-ON RESET (POR)

13.4.1

A Power-on Reset pulse is generated on-chip when
VDD rise is detected (in the range of 1.5V - 2.1V). To
take advantage of the POR, just tie the MCLR/VPP pin
directly (or through a resistor) to VDD. This will elimi-
nate external RC components usually needed to create
a Power-on Reset. A maximum rise time for VDD is
required. See Electrical Specifications for details.

When the device starts normal operation (exits the
reset condition), device operating parameters (voltage,
frequency, temperature, ...) must be met to ensure
operation. If these conditions are not met, the device
must be held in reset until the operating conditions are
met. Brown-out Reset may be used to meet the startup
conditions.

For additional information, refer to Application Note
AN607, “Power-up Trouble Shooting.”

13.4.2 POWER-UP TIMER (PWRT)

The Power-up Timer provides a fixed 72 ms nominal
time-out on power-up only, from POR. The Power-up
Timer operates on an internal RC oscillator. The chip is
kept in reset as long as PWRT is active. The PWRT’s
time delay allows VDD to rise to an acceptable level. A
configuration bit is provided to enable/disable the
PWRT.

FIGURE 13-10: BROWN-OUT SITUATIONS

The power-up time delay will vary from chip to chip due
to VDD, temperature, and process variation. See DC
parameters for details.

13.4.3 OSCILLATOR START-UP TIMER (OST)

The Oscillator Start-up Timer (OST) provides 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over. This ensures the crystal oscillator
or resonator has started and stabilized.

The OST time-out is invoked only for XT, LP and HS
modes and only on Power-on Reset or wake-up from
SLEEP.

13.4.4 BROWN-OUT RESET (BOR)

Applicable Devices
61]62]62A]R62]63[R63]64]64A[RE4]65]65A[RE5]66]67
A configuration bit, BODEN, can disable (if clear/pro-
grammed) or enable (if set) the Brown-out Reset cir-
cuitry. If VDD falls below 4.0V (parameter D005 in
Electrical Specification section) for greater than param-
eter #34 (see Electrical Specification section), the
brown-out situation will reset the chip. A reset may not
occur if VDD falls below 4.0V for less than parameter
#34. The chip will remain in Brown-out Reset until VDD
rises above BVDD. The Power-up Timer will now be
invoked and will keep the chip in RESET an additional
72 ms. If VDD drops below BVDD while the Power-up
Timer is running, the chip will go back into a Brown-out
Reset and the Power-up Timer will be initialized. Once
VDD rises above BVDD, the Power-up Timer will exe-
cute a 72 ms time delay. The Power-up Timer should
always be enabled when Brown-out Reset is enabled.
Figure 13-10 shows typical brown-out situations.

VDD
_____________ V_____________———-BVDDMaX.
“““““““ ‘ [ =AY/ o 1 1 \V [ To
|
Internal ‘-—.
Reset 72ms
VDD
,,,,,,,,,,,,,W ,,,,,,,,,,,,, BVDD Max.
************ - T TS 7T7 77 BVDDMin.
I el
Internal <72 ms :<—>l7
Reset 72 ms
VDD
,,,,, \ ,,,,,,,,,,,,,3/,,,,””””7,BVDDMax.
***** |**””””” T T T T T T T T 7777 BVDDMin.
|
Internal e
Reset 72ms
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13.5 Interrupts

Applicable Devices
61]62]62A]R62[63]R6364]64A]R64[65]65A]R65]66]67
The PIC16C6X family has up to 11 sources of interrupt.
The interrupt control register (INTCON) records individ-
ual interrupt requests in flag bits. It also has individual
and global interrupt enable bits.

Note: Individual interrupt flag bits are set regard-
less of the status of their corresponding
mask bit or global enable bit, GIE.

Global interrupt enable bit, GIE (INTCON<7>) enables
(if set) all un-masked interrupts or disables (if cleared)
all interrupts. When bit GIE is enabled, and an interrupt
flag bit and mask bit are set, the interrupt will vector
immediately. Individual interrupts can be disabled
through their corresponding enable bits in the INTCON
register. GIE is cleared on reset.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine as well as sets the GIE bit, which
re-enable interrupts.

The RBO/INT pin interrupt, the RB port change interrupt
and the TMRO overflow interrupt flag bits are contained
in the INTCON register.

The peripheral interrupt flag bits are contained in spe-
cial function registers PIR1 and PIR2. The correspond-
ing interrupt enable bits are contained in special
function registers PIE1 and PIE2 and the peripheral
interrupt enable bit is contained in special function reg-
ister INTCON.

When an interrupt is responded to, bit GIE is cleared to
disable any further interrupts, the return address is
pushed onto the stack and the PC is loaded with 0004h.
Once in the interrupt service routine the source(s) of
the interrupt can be determined by polling the interrupt
flag bits. The interrupt flag bit(s) must be cleared in soft-
ware before re-enabling interrupts to avoid recursive
interrupts.

For external interrupt events, such as the RBO/INT pin
or RB port change interrupt, the interrupt latency will be
three or four instruction cycles. The exact latency
depends when the interrupt event occurs  (Figure 13-
19). The latency is the same for one or two cycle
instructions. Once in the interrupt service routine the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to

avoid infinite interrupt requests. Individual interrupt flag
bits are set regardless of the status of their correspond-
ing mask bit or the GIE bit.

Note: For the PIC16C61/62/64/65, if an interrupt
occurs while the Global Interrupt Enable
bit, GIE is being cleared, bit GIE may unin-
tentionally be re-enabled by the user’s
Interrupt Service Routine (the RETFIE
instruction). The events that would cause
this to occur are:

1. Aninstruction clears the GIE bit while
an interrupt is acknowledged

2. The program branches to the Interrupt
vector and executes the Interrupt Ser-
vice Routine.

3. The Interrupt Service Routine com-
pletes with the execution of the RET-
FIE instruction. This causes the GIE
bit to be set (enables interrupts), and
the program returns to the instruction
after the one which was meant to dis-
able interrupts.

4. Perform the following to ensure that
interrupts are globally disabled.

LOOP BCF INTCON,GIE ;Disable Global

;Interrupt bit

BTFSC INTCON,GIE ;Global Interrupt
;Disabled?

GOTO LOOP ;NO, try again

: ;Yes, continue
jwith program flow
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TABLE 14-2: PIC16CXX INSTRUCTION SET
Mnemonic, Description Cycles 14-Bit Opcode Status Notes
Operands MSb LSb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f,d | Add W and f 1 00 0111 dfff ffff|C,DC,Z 1,2
ANDWF f,d | AND W with f 1 00 0101 dfff ffff|Z 1,2
CLRF f Clear f 1 00 0001 1fff ffff|Z 2
CLRW - Clear W 1 00 0001 Oxxx xxxx|Z
COMF f,d | Complement f 1 00 1001 dfff ffff|Z 1,2
DECF f,d | Decrement f 1 00 0011 Jdfff ffff|Z 1,2
DECFSZ f,d | Decrement f, Skip if O 1(2) | oo 1011 dfff ffff 1,2,3
INCF f,d | Incrementf 1 00 1010 dfff ffff|Z 1,2
INCFSZ f,d | Increment f, Skip if 0 1(2) | oo 1111 dfff ffff 1,2,3
IORWF f,d | Inclusive OR W with f 1 00 0100 Adfff ffff|Z 1,2
MOVF f,d | Move f 1 00 1000 JQfff ffff|Z 1,2
MOVWF f Move W to f 1 00 0000 1fff £fff
NOP - No Operation 1 00 0000 0xx0 0000
RLF f,d | Rotate Left f through Carry 1 00 1101 dfff ffff|C 1,2
RRF f,d | Rotate Right f through Carry 1 00 1100 dfff ffff|C 1,2
SUBWF f,d | Subtract W from f 1 00 0010 dfff ffff|C,DC,Z 1,2
SWAPF f,d | Swap nibbles in f 1 00 1110 dfff ffff 1,2
XORWF f,d | Exclusive OR W with f 1 00 0110 AJdfff ffff|Z 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f,b | Bit Clear f 1 01 00bb Dbfff ffff 1,2
BSF f,b | BitSetf 1 01 01lbb bfff ffff 1,2
BTFSC f, b | Bit Test f, Skip if Clear 1(2) |o1 10bb bfff ffff 3
BTFSS f,b | Bit Test f, Skip if Set 1(2) |01 1lbb bfff ffff 3
LITERAL AND CONTROL OPERATIONS
ADDLW k Add literal and W 1 11 111x kkkk kkkk| C,DC,Z
ANDLW k AND literal with W 1 11 1001 kkkk kkkk| Z
CALL k Call subroutine 2 10 Ookkk kkkk kkkk
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100| TOPD
GOTO k Go to address 2 10 1kkk kkkk kkkk
IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk| Z
MOVLW k Move literal to W 1 11 0oxx kkkk kkkk
RETFIE - Return from interrupt 2 00 0000 0000 1001
RETLW k Return with literal in W 2 11 0lxx kkkk kkkk
RETURN - Return from Subroutine 2 00 0000 0000 1000
SLEEP - Go into standby mode 1 00 0000 0110 0011| TOPD
SUBLW k Subtract W from literal 1 11 110x kkkk kkkk| C,DC,Z
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk| Z
Note 1: When an I/O register is modified as a function of itself ( e.g., MOVF PORTB, 1), the value used will be that value present
on the pins themselves. For example, if the data latch is '1' for a pin configured as input and is driven low by an external
device, the data will be written back with a '0'.
2: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if assigned
to the Timer0 Module.
3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is
executed as a NOP.
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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]

15.3 DC Characteristics: PIC16C61-04 (Commercial, Industrial, Extended)
PIC16C61-20 (Commercial, Industrial, Extended)
PIC16LC61-04 (Commercial, Industrial)

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +125°C for extended,
-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 15.1 and
Section 15.2.
Param Characteristic Sym Min |[Typf| Max |Units Conditions
No.
Input Low Voltage
1/0 ports ViL
D030 with TTL buffer Vss - 10.15VDD| V |For entire VDD range
DO030A Vss - 0.8V V |45V <VDD<5.5V
D031 with Schmitt Trigger buffer Vss - | 02vbD| V
D032 |MCLR, OSC1 (in RC mode) Vss - | 02vbp| V
D033 |OSC1 (in XT, HS and LP) Vss - | 03VvbD| V [Notet
Input High Voltage
1/0 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 0.85VpD| - VbD V  |For entire VDD range
D042 |MCLR 0.85VDD| - VDD v
DO042A |OSC1 (XT, HS and LP) 0.7VDD | - VDD V  |Notel
D043 |OSC1 (in RC mode) 0.9vVDD | - VDD \Y
D070 |PORTB weak pull-up current IPURB 50 250 | 1400 pA |VDD =5V, VPIN = Vss
Input Leakage Current (Notes 2, 3)
D060 |I/O ports IiL - - +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 |I/O ports VoL - - 0.6 V |loL=8.5mA, VDD = 4.5V,
-40°C to +85°C
DO080A - - 0.6 V |loL=7.0mA, VDD = 4.5V,
-40°C to +125°C
D083 |OSC2/CLKOUT (RC osc config) - - 0.6 V |loL=1.6 mA, VDD = 4.5V,
-40°C to +85°C
DO083A - - 0.6 V |loL=1.2mA, VDD = 4.5V,
-40°C to +125°C
* The parameters are characterized but not tested.
T Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only

and are not tested.
Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the
PIC16C6X be driven with external clock in RC mode.

2: The leakage current on the MCLR/VPP pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input volt-
ages.

3: Negative current is defined as current sourced by the pin.
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[Applicable Devices[61]62][62A[R62[63]R63[64[64A[R64 [65]65A[R65[66]67]
FIGURE 17-9: 12C BUS START/STOP BITS TIMING

SCL

90 2!

' | ' ! '
LA (¢ e
: ! 2 : .
-
START STOP
Condition Condition

Note: Refer to Figure 17-1 for load conditions

TABLE 17-9:  I2C BUS START/STOP BITS REQUIREMENTS

Parameter Sym Characteristic Min | Typ | Max | Units Conditions

No.

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

91 THD:STA |START condition 100 kHz mode 4000 | — | — After this period the first clock
Hold time 400 kHz mode 600 | — | — | " |pulseis generated

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

93 THD:STO |STOP condition 100 kHz mode 4000 | — | —
Hold time 400 kHz mode 600 | — | — ne
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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]
FIGURE 20-10: I2C BUS START/STOP BITS TIMING

SCL

START STOP
Condition Condition

Note: Refer to Figure 20-1 for load conditions

TABLE 20-9: 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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[Applicable Devices[61]62][62A[R62[63]R63[64]64A[R64 [65]65A[R65 [66]67]
FIGURE 21-12: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

RCSTXCK 2 N\

pin — L 121 e e 121 Co
RC7/RX/DT — < 7
pin : >< X

_.3 120:4_ —D’ :d—

Note: Refer to Figure 21-1 for load conditions

TABLE 21-11: USART SYNCHRONOUS TRANSMISSION REQUIREMENTS

Param |Sym Characteristic Min | Typt Max | Units | Conditions

No.

120* | TckH2dtV |SYNC XMIT (MASTER & SLAVE) | PIC16CR63/R65 - — 80 ns

Clock high to data out valid PIC16LCR63/R65 — — 100 ns

121* | Tckrf Clock out rise time and fall time PIC16CR63/R65 — — 45 ns

(Master Mode) PIC16LCR63/R65 - - 50 ns

122* | Tdtrf Data out rise time and fall time PIC16CR63/R65 — — 45 ns

PIC16LCR63/R65 — — 50 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.

FIGURE 21-13: USART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING

RCB/TX/CK '
pin N §
RC7/RX/DT i = '
pin pd ' X
|- 126 -

'
'

Note: Refer to Figure 21-1 for load conditions

TABLE 21-12: USART SYNCHRONOUS RECEIVE REQUIREMENTS

Parameter Sym Characteristic Min Typt Max Units | Conditions
No.
125* TdtV2ckL | SYNC RCV (MASTER & SLAVE)
Data setup before CK | (DT setup time) 15 — — ns
126* TckL2dtl Data hold after CK { (DT hold time) 15 — — ns

*

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

AD [@‘0.20@‘0%-8@@@
- D1AA @0.20@‘H|A-B@‘D®

_| [0.05 mm/mm‘ A-B‘

-—— D3 —»

WA HHRRRRARAAN

PARTING
LINE

E

l @\ 0-20@|C|A-B©‘D©|A 60 Ref.

HHHHHEHEHEY

P 0.20@‘H‘A-B@|D©‘AA

e
- | |o0s mm/mm‘ D
el
Egsnee ................... Seating
Plane
At
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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