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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.
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providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
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automation, robotics, and process control. Additionally,
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functions such as monitoring, diagnostics, and control of
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creating efficient, responsive, and intelligent electronic
systems.
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Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
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used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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TABLE 3-2:    PIC16C661/662 PINOUT DESCRIPTION

 

Name
DIP 
Pin #

QFP 
Pin # 

PLCC
 Pin #

I/O/P
Type

Buffer
Type

Description

 

OSC1/CLKIN 13 30 14 I ST/CMOS Oscillator crystal input or external clock source 
input.

OSC2/CLKOUT 14 31 15 O — Oscillator crystal output. Connects to crystal or reso-
nator in crystal oscillator mode. In RC mode, OSC2 
pin outputs CLKOUT which has 1/4 the frequency of 
OSC1, and denotes the instruction cycle rate.

MCLR/V

 

PP

 

1 18 2 I/P ST Master clear (reset) input or programming voltage 
input. This pin is an active low reset to the device. 
PORTA is a bi-directional I/O port.

RA0/AN0 2 19 3 I/O ST Analog comparator input.
RA1/AN1 3 20 4 I/O ST Analog comparator input.
RA2/AN2/V

 

REF

 

4 21 5 I/O ST Analog comparator input or V

 

REF

 

 output.
RA3/AN3 5 22 6 I/O ST Analog comparator input or comparator output.
RA4/T0CKI 6 23 7 I/O ST Can be selected to be the clock input to the

Timer0 timer/counter or a comparator output.
Output is open drain type.

RA5 7 24 8 I/O ST
PORTB is a bi-directional I/O port. PORTB can be 
software programmed for internal weak pull-ups on 
all inputs. 

RB0/INT 33 8 36 I/O TTL/ST

 

(1)

 

RB0 can also be selected as an external
interrupt pin.

RB1 34 9 37 I/O TTL
RB2 35 10 38 I/O TTL
RB3 36 11 39 I/O TTL
RB4 37 14 41 I/O TTL Interrupt on change pin.
RB5 38 15 42 I/O TTL Interrupt on change pin.
RB6 39 16 43 I/O TTL/ST

 

(2)

 

Interrupt on change pin. Serial programming
clock.

RB7 40 17 44 I/O TTL/ST

 

(2)

 

Interrupt on change pin. Serial programming
data.
PORTC is a bi-directional I/O port.

RC0 15 32 16 I/O ST
RC1 16 35 18 I/O ST
RC2 17 36 19 I/O ST
RC3 18 37 20 I/O ST
RC4 23 42 25 I/O ST
RC5 24 43 26 I/O ST
RC6 25 44 27 I/O ST
RC7 26 1 29 I/O ST
Legend: O = output I/O = input/output P = power

I = input — = not used ST = Schmitt Trigger input
TTL = TTL input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in serial programming mode.
3: This buffer is a Schmitt Trigger input when configured as a general purpose I/O and a TTL input when used 

in the Parallel Slave Port Mode (for interfacing to a microprocessor port).
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4.2.2.2 OPTION REGISTER

The OPTION register is a readable and writable
register which contains various control bits to configure
the TMR0/WDT prescaler, the external RB0/INT
interrupt, TMR0, and the weak pull-ups on PORTB.

Note: To achieve a 1:1 prescaler assignment for
TMR0, assign the prescaler to the WDT.

FIGURE 4-6: OPTION REGISTER (ADDRESS 81h)

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
RBPU INTEDG T0CS T0SE PSA PS2 PS1 PS0 R= Readable bit

W= Writable bit
U= Unimplemented bit, 
read as ‘0’
- n= Value at POR reset

bit7 bit0

bit 7: RBPU: PORTB Pull-up Enable bit
1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values

bit  6: INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of RB0/INT pin
0 = Interrupt on falling edge of RB0/INT pin

bit  5: T0CS: TMR0 Clock Source Select bit
1 = Transition on RA4/T0CKI pin
0 = Internal instruction cycle clock (CLKOUT)

bit  4: T0SE: TMR0 Source Edge Select bit
1 = Increment on high-to-low transition on RA4/T0CKI pin
0 = Increment on low-to-high transition on RA4/T0CKI pin

bit  3: PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

bit  2-0: PS2:PS0: Prescaler Rate Select bits

000
001
010
011
100
101
110
111

1 : 2
1 : 4
1 : 8
1 : 16
1 : 32
1 : 64
1 : 128
1 : 256

1 : 1
1 : 2
1 : 4
1 : 8
1 : 16
1 : 32
1 : 64
1 : 128

Bit Value TMR0 Rate WDT Rate
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5.4 PORTD and TRISD Registers 
(PIC16C661 and PIC16C662 only)

 

PORTD is an 8-bit port with Schmitt Trigger input buff-
ers. Each pin is individually configurable as an input or
output.

PORTD can be configured as an 8-bit wide micropro-
cessor port (parallel slave port) by setting control bit
PSPMODE (TRISE<4>). In this mode, the input buffers
are TTL.

 

FIGURE 5-8: PORTD BLOCK DIAGRAM (IN 
I/O PORT MODE)

Data
bus

WR
PORT

WR
TRIS

RD PORT

Data Latch

TRIS Latch

RD TRIS

Schmitt
Trigger
input
buffer

I/O pin(1)

Note 1: I/O pins have protection diodes to VDD and VSS.

QD

CK

QD

CK

EN

Q D

EN

 

TABLE 5-7: PORTD FUNCTIONS

TABLE 5-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

 

Name Bit# Buffer Type Function

 

RD0/PSP0 bit0 ST/TTL

 

(1)

 

Input/output port pin or parallel slave port bit0

RD1/PSP1 bit1 ST/TTL

 

(1)

 

Input/output port pin or parallel slave port bit1

RD2/PSP2 bit2 ST/TTL

 

(1)

 

Input/output port pin or parallel slave port bit2

RD3/PSP3 bit3 ST/TTL

 

(1)

 

Input/output port pin or parallel slave port bit3

RD4/PSP4 bit4 ST/TTL

 

(1)

 

Input/output port pin or parallel slave port bit4

RD5/PSP5 bit5 ST/TTL

 

(1)

 

Input/output port pin or parallel slave port bit5

RD6/PSP6 bit6 ST/TTL

 

(1)

 

Input/output port pin or parallel slave port bit6

RD7/PSP7 bit7 ST/TTL

 

(1)

 

Input/output port pin or parallel slave port bit7
Legend:  ST = Schmitt Trigger input, TTL = TTL input 
Note 1: Input buffers are Schmitt Triggers when in I/O mode and TTL buffers when in Parallel Slave Port Mode.

 

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on: 

POR,
BOR

Value on all 
other resets

 

08h PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RD0

 

xxxx xxxx uuuu uuuu

 

88h TRISD TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISD0

 

1111 1111 1111 1111

 

89h TRISE IBF OBF IBOV PSPMODE — TRISE2 TRISE1 TRISE0

 

0000 -111 0000 -111

 

Legend:

 

x

 

 = unknown, 

 

u

 

 = unchanged, 

 

-

 

 = unimplemented read as '0'. Shaded cells are not used by PORTD.
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5.7 Parallel Slave Port 
(PIC16C661 and PIC16C662 only)

PORTD operates as an 8-bit wide parallel slave port, or
as a microprocessor port when control bit PSPMODE
(TRISE<4>) is set. In slave mode it is asynchronously
readable and writable by the external world through
RD control input pin (RE0/RD) and WR control input pin
(RE1/WR).

It can directly interface to an 8-bit microprocessor data
bus. The external microprocessor can read or write the
PORTD latch as an 8-bit latch. Setting PSPMODE
enables port pin RE0/RD to be the RD input, RE1/WR
to be the WR input and RE2/CS to be the CS (chip
select) input. For this functionality, the corresponding
data direction bits of the TRISE register (TRISE<2:0>)
must be configured as inputs (set). 

There are actually two 8-bit latches, one for data-out
(from the PIC16/17) and one for data input. The user
writes 8-bit data to PORTD data latch and reads data
from the port pin latch (note that they have the same
address). In this mode, the TRISD register is ignored
since the microprocessor is controlling the direction of
data flow.

Input Buffer Full Status Flag bit IBF (TRISE<7>) is set
if a received word is waiting to be read by the CPU.
Once the PORTD input latch is read, bit IBF is cleared.
IBF is a read only status bit. Output Buffer Full Status
Flag bit OBF (TRISE<6>) is set if a word written to
PORTD latch is waiting to be read by the external bus.
Once the PORTD output latch is read by the micropro-
cessor, bit OBF is cleared. Input Buffer Overflow Status
flag bit IBOV (TRISE<5>) is set if a second write to the
microprocessor port is attempted when the previous
word has not been read by the CPU (the first word is
retained in the buffer).

When not in Parallel Slave Port mode, bits IBF and
OBF are held clear. However, if flag bit IBOV was pre-
viously set, it must be cleared in software.

An interrupt is generated and latched into flag bit
PSPIF (PIR1<7>) when a read or a write operation is
completed. Flag bit PSPIF must be cleared by user
software. The interrupt can be disabled by clearing the
interrupt enable bit PSPIE (PIE1<7>). 

FIGURE 5-12: PORTD AND PORTE AS A 
PARALLEL SLAVE PORT

Data bus

WR
PORT

RD

RDx

QD

CK

EN

Q D

EN
PORT

pin

One bit of PORTD

Set interrupt flag

PSPIF (PIR1<7>)

Read

Chip Select

Write

RD

CS

WR

Note: I/O pins have protection diodes to VDD and VSS.

TTL

TTL

TTL

TTL

TABLE 5-11: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on: 

POR,
BOR

Value on all 
other resets

08h PORTD PSP7 PSP6 PSP5 PSP4 PSP3 PSP2 PSP1 PSP0 xxxx xxxx uuuu uuuu

09h PORTE — — — — — RE2 RE1 RE0 ---- -xxx ---- -uuu

89h TRISE IBF OBF IBOV PSPMODE — TRISE2 TRISE1 TRISE0 0000 -111 0000 -111

0Ch PIR1 PSPIF(1) CMIF — — — — — — 00-- ---- 00-- ----

8Ch PIE1 PSPIE(1) CMIE — — — — — — 00-- ---- 00-- ----

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

Note 1: These bits are reserved on the PIC16C641/642, always maintain these bits clear.



 

PIC16C64X & PIC16C66X

 

DS30559A-page  54

 

Preliminary

 



 

 1996 Microchip Technology Inc.

 

8.1 Configuring the Voltage Reference

 

The Voltage Reference Module can output 16 distinct
voltage levels for each range.

The equations used to calculate the output of the
Voltage Reference are as follows:

If VRR = 1
Then V

 

REF

 

 = (VR3:VR0/24) • V

 

DD

 

If VRR = 0
Then V

 

REF

 

 = (V

 

DD

 

 • 1/4) + (VR3:VR0/32) • V

 

DD

 

The settling time of the Voltage Reference must be
considered when changing the V

 

REF

 

 output
(Table 12-2). Example 8-1 shows an example of how to
configure the Voltage Reference for an output voltage
of 1.25V with V

 

DD

 

 = 5.0V.

 

EXAMPLE 8-1: VOLTAGE REFERENCE 
CONFIGURATION 

 

MOVLW   0x02         ; 4 inputs muxed
MOVWF   CMCON        ; to 2 comparators
BSF     STATUS,RP0   ; Select Bank 1
MOVLW   0x07         ; RA3:RA0 to outputs
MOVWF   TRISA        ;
MOVLW   0xA6         ; enable Vref low
MOVWF   VRCON        ; range, VR3:VR0 = 6
BCF     STATUS,RP0   ; Select Bank 0
CALL    DELAY_10

 

µ

 

s     ; 10 

 

µ

 

s delay

 

8.2 Voltage Reference Accuracy/Error

 

The full range of V

 

SS

 

 to V

 

DD

 

 cannot be realized due to
the construction of the module. The transistors on the
top and bottom of the resistor ladder network
(Figure 8-2) keep V

 

REF

 

 from approaching V

 

SS

 

 or V

 

DD

 

.
The Voltage Reference is V

 

DD

 

 derived and therefore,

the V

 

REF

 

 output changes with fluctuations in V

 

DD

 

. The
absolute accuracy of the Voltage Reference can be
found in Table 12-3. 

 

8.3 Operation During Sleep

 

When the device wakes up from sleep through an
interrupt or a Watchdog Timer time-out, the contents of
the VRCON register are not affected. To minimize
current consumption in SLEEP mode, the Voltage
Reference Module should be disabled.

 

8.4 Effects of a Reset

 

A device reset disables the Voltage Reference by clear-
ing bit VREN (VRCON<7>). This reset also
disconnects the reference from the RA2 pin by clearing
bit VROE (VRCON<6>) and selects the high voltage
range by clearing bit VRR (VRCON<5>). The V

 

REF

 

value select bits, VRCON<3:0>, are also cleared.

 

8.5 Connection Considerations

 

The Voltage Reference Module operates independently
of the comparator module. The output of the reference
generator may be connected to the RA2 pin if the
TRISA<2> bit is set and bit VROE is set. Enabling the
Voltage Reference output onto the RA2 pin with an
input signal present will increase current consumption.
Connecting RA2 as a digital output with V

 

REF

 

 enabled
will also increase current consumption.

The RA2 pin can be used as a simple D/A output with
limited drive capability. Due to the limited drive
capability, a buffer must be used in conjunction with the
Voltage Reference output for external connections to
V

 

REF

 

. Figure 8-3 shows an example buffering
technique.

 

FIGURE 8-3: VOLTAGE REFERENCE OUTPUT BUFFER EXAMPLE

TABLE 8-1: REGISTERS ASSOCIATED WITH VOLTAGE REFERENCE

 

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value On

POR,
BOR

Value on
all other
resets

 

9Fh VRCON VREN VROE VRR — VR3 VR2 VR1 VR0

 

000- 0000 000- 0000

 

1Fh CMCON C2OUT C1OUT — — CIS CM2 CM1 CM0

 

00-- 0000 00-- 0000

 

85h TRISA — — TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0

 

--11 1111 --11 1111

Note 1: R is dependent upon the Voltage Reference Configuration VRCON<3:0> and VRCON<5>.

VREF output
Voltage
Reference
Output
Impedance

R(1) Pin RA2
VREF

Module

PIC16C662
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9.3 Reset

 

The PIC16CXXX differentiates between various kinds
of reset: 

a) Power-on reset (POR) 
b) MCLR reset during normal operation
c) MCLR reset during SLEEP 
d) WDT reset (normal operation)
e) Brown-out Reset (BOR)
f) Parity Error Reset (PER)

Some registers are not affected in any reset condition;
their status is unknown on POR and unchanged in any
other reset. Most other registers are reset to a “reset

state” on Power-on reset, MCLR, WDT reset,
Brown-out Reset, Parity Error Reset, and on MCLR
reset during SLEEP. They are not affected by a WDT
wake-up, since this is viewed as the resumption of nor-
mal operation. TO and PD bits are set or cleared differ-
ently in different reset situations as indicated in
Table 9-4. These bits are used in software to determine
the nature of the reset. See Table 9-6 for a full descrip-
tion of reset states of all registers.

A simplified block diagram of the on-chip reset circuit is
shown in Figure 9-7.

The MCLR reset path has a noise filter to detect and
ignore small pulses. See Table 12-6 for pulse width
specification.

 

FIGURE 9-7: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

S

R Q
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See Table 9-3 for time-out situations.

Note 1: This is a separate oscillator from the RC oscillator of the CLKIN pin.
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TABLE 9-4: STATUS BITS AND THEIR SIGNIFICANCE

TABLE 9-5: INITIALIZATION CONDITION FOR SPECIAL REGISTERS

PER POR BOR TO PD

1 0 x 1 1 Power-on Reset

x 0 x 0 x Illegal, TO is set on POR

x 0 x x 0 Illegal, PD is set on POR

1 1 0 1 1 Brown-out Reset

1 1 1 0 1 WDT Reset

1 1 1 0 0 WDT Wake-up

1 1 1 u u MCLR reset during normal operation

1 1 1 1 0 MCLR reset during SLEEP

0 1 1 1 1 Parity Error Reset

0 0 x x x Illegal, PER is set on POR

0 x 0 x x Illegal, PER is set on BOR

Condition
Program
Counter

STATUS
Register

PCON
Register

Power-on Reset 000h 0001 1xxx u--- -10x

MCLR reset during normal operation 000h 000u uuuu u--- -uuu

MCLR reset during SLEEP 000h 0001 0uuu u--- -uuu

WDT reset 000h 0000 1uuu u--- -uuu

WDT Wake-up PC + 1 uuu0 0uuu u--- -uuu

Brown-out Reset 000h 0001 1uuu u--- -uu0

Parity Error Reset 000h 0001 1uuu 1--- -0uu

Interrupt Wake-up from SLEEP PC + 1(1) uuu1 0uuu u--- -uuu

Legend: u = unchanged,   x = unknown, - = unimplemented bit, reads as ‘0’.
Note 1: When the wake-up is due to an interrupt and global enable bit, GIE is set, the PC is loaded with the inter-

rupt vector (0004h) after execution of PC+1.
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9.5.1 RB0/INT INTERRUPT

The external interrupt on the RB0/INT pin is edge trig-
gered: either rising if bit INTEDG (OPTION<6>) is set,
or falling, if bit INTEDG is clear. When a valid edge
appears on the RB0/INT pin, flag bit INTF
(INTCON<1>) is set. This interrupt can be enabled/dis-
abled by setting/clearing enable bit INTE
(INTCON<4>). The INTF bit must be cleared in soft-
ware in the interrupt service routine before re-enabling
this interrupt. The RB0/INT interrupt can wake-up the
processor from SLEEP, if bit INTE was set prior to
going into SLEEP. The status of the GIE bit decides
whether or not the processor branches to the interrupt
vector following wake-up. See Section 9.8 for details
on SLEEP and Figure 9-19 for timing of wake-up from
SLEEP through RB0/INT interrupt.

9.5.2 TMR0 INTERRUPT

An overflow (FFh → 00h) in the TMR0 register will
set the T0IF (INTCON<2>) bit. The interrupt can
be enabled/disabled by setting/clearing T0IE
(INTCON<5>) bit. For operation of the Timer0 module,
see Section 6.0. 

9.5.3 PORTB INTERRUPT

An input change on any bit of PORTB<7:4> sets flag bit
RBIF (INTCON<0>). The interrupt can be enabled/dis-
abled by setting/clearing enable bit RBIE
(INTCON<4>). For operation of PORTB (Section 5.2).

9.5.4 COMPARATOR INTERRUPT

See Section 7.6 for complete description of the com-
parator interrupt.

FIGURE 9-16: RB0/INT PIN INTERRUPT TIMING

Q2Q1 Q3 Q4 Q2Q1 Q3 Q4 Q2Q1 Q3 Q4 Q2Q1 Q3 Q4 Q2Q1 Q3 Q4

OSC1

CLKOUT

INT pin

INTF flag
(INTCON<1>)

GIE bit
(INTCON<7>)

INSTRUCTION FLOW

PC

Instruction
fetched

Instruction
executed

Interrupt Latency

PC PC+1 PC+1 0004h 0005h

Inst (0004h) Inst (0005h)

Dummy Cycle

Inst (PC) Inst (PC+1)

Inst (PC-1) Inst (0004h)Dummy CycleInst (PC)

—

1

4

5

1

Note 1: INTF flag is sampled here (every Q1).
2: Interrupt latency = 3-4 Tcy where Tcy = instruction cycle time.

Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction.
3: CLKOUT is available only in RC oscillator mode.
4: For minimum width of INT pulse, refer to AC specs.
5: INTF is enabled to be set anytime during the Q4-Q1 cycles. 

2

3
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TABLE 10-2: INSTRUCTION SET   

 

Mnemonic,
Operands

Description Cycles 14-Bit Opcode Status
Affected

Notes

MSb LSb

BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF
ANDWF
CLRF
CLRW
COMF
DECF
DECFSZ
INCF
INCFSZ
IORWF
MOVF
MOVWF
NOP
RLF
RRF
SUBWF
SWAPF
XORWF

f, d
f, d
f
-
f, d
f, d
f, d
f, d
f, d
f, d
f, d
f
-
f, d
f, d
f, d
f, d
f, d

 

Add W and f
AND W with f
Clear f
Clear W
Complement f
Decrement f
Decrement f, Skip if 0
Increment f
Increment f, Skip if 0
Inclusive OR W with f
Move f
Move W to f
No Operation
Rotate Left f through Carry
Rotate Right f through Carry
Subtract W from f
Swap nibbles in f
Exclusive OR W with f

1
1
1
1
1
1

1(2)
1

1(2)
1
1
1
1
1
1
1
1
1

 

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

0111
0101
0001
0001
1001
0011
1011
1010
1111
0100
1000
0000
0000
1101
1100
0010
1110
0110

dfff
dfff
lfff
0000
dfff
dfff
dfff
dfff
dfff
dfff
dfff
lfff
0xx0
dfff
dfff
dfff
dfff
dfff

ffff
ffff
ffff
0011
ffff
ffff
ffff
ffff
ffff
ffff
ffff
ffff
0000
ffff
ffff
ffff
ffff
ffff

 

C,DC,Z
Z
Z
Z
Z
Z

Z

Z
Z

C
C
C,DC,Z

Z

1,2
1,2
2

1,2
1,2
1,2,3
1,2
1,2,3
1,2
1,2

1,2
1,2
1,2
1,2
1,2

 

BIT-ORIENTED FILE REGISTER OPERATIONS

BCF
BSF
BTFSC
BTFSS

f, b
f, b
f, b
f, b

 

Bit Clear f
Bit Set f
Bit Test f, Skip if Clear
Bit Test f, Skip if Set

1
1

1 (2)
1 (2)

 

01
01
01
01

00bb
01bb
10bb
11bb

bfff
bfff
bfff
bfff

ffff
ffff
ffff
ffff

 

1,2
1,2
3
3

 

LITERAL AND CONTROL OPERATIONS

ADDLW
ANDLW
CALL
CLRWDT
GOTO
IORLW
MOVLW
RETFIE
RETLW
RETURN
SLEEP
SUBLW
XORLW

k
k
k
-
k
k
k
-
k
-
-
k
k

 

Add literal and W
AND literal with W
Call subroutine
Clear Watchdog Timer
Go to address
Inclusive OR literal with W
Move literal to W
Return from interrupt
Return with literal in W 
Return from Subroutine
Go into standby mode
Subtract W from literal
Exclusive OR literal with W

1
1
2
1
2
1
1
2
2
2
1
1
1

 

11
11
10
00
10
11
11
00
11
00
00
11
11

111x
1001
0kkk
0000
1kkk
1000
00xx
0000
01xx
0000
0000
110x
1010

kkkk
kkkk
kkkk
0110
kkkk
kkkk
kkkk
0000
kkkk
0000
0110
kkkk
kkkk

kkkk
kkkk
kkkk
0100
kkkk
kkkk
kkkk
1001
kkkk
1000
0011
kkkk
kkkk

 

C,DC,Z
Z

TO

 

,

 

PD

Z

TO

 

,

 

PD
C,DC,Z
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 TMR0 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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BCF Bit Clear f

Syntax: [ label ] BCF     f,b

Operands: 0 ≤ f ≤ 127
0 ≤ b ≤ 7

Operation: 0 → (f<b>)

Status Affected: None

Encoding: 01 00bb bfff ffff

Description: Bit 'b' in register 'f' is cleared.

Words: 1

Cycles: 1

Example BCF FLAG_REG, 7

Before Instruction
FLAG_REG = 0xC7

After Instruction
FLAG_REG = 0x47

BSF Bit Set f

Syntax: [ label ] BSF    f,b

Operands: 0 ≤ f ≤ 127
0 ≤ b ≤ 7

Operation: 1 → (f<b>)

Status Affected: None

Encoding: 01 01bb bfff ffff

Description: Bit 'b' in register 'f' is set.

Words: 1

Cycles: 1

Example BSF FLAG_REG,   7

Before Instruction
FLAG_REG = 0x0A

After Instruction
FLAG_REG = 0x8A

BTFSC Bit Test, Skip if Clear

Syntax: [ label ] BTFSC   f,b

Operands: 0 ≤ f ≤ 127
0 ≤ b ≤ 7

Operation: skip if (f<b>) = 0

Status Affected: None

Encoding:  01 10bb bfff ffff

Description: If bit 'b' in register 'f' is '0' then the next 
instruction is skipped.
If bit 'b' is '0' then the next instruction 
fetched during the current instruction 
execution is discarded, and a NOP is 
executed instead, making this a 2 cycle 
instruction.

Words: 1

Cycles: 1(2)

Example HERE
FALSE
TRUE

BTFSC
GOTO
•
•
•

FLAG,1
PROCESS_CODE

Before Instruction
PC = address HERE

After Instruction
if FLAG<1> = 0,
PC =         address TRUE
if FLAG<1>=1,
PC =         address  FALSE



  1996 Microchip Technology Inc. DS30559A-page  81

PIC16C64X & PIC16C66X

IORWF Inclusive OR W with f

Syntax: [ label ]    IORWF    f,d

Operands: 0 ≤ f ≤ 127
d ∈  [0,1]

Operation: (W) .OR. (f) → (dest)

Status Affected: Z

Encoding: 00 0100 dfff ffff

Description: Inclusive OR the W register with regis-
ter 'f'. If 'd' is 0 the result is placed in 
the W register. If 'd' is 1 the result is 
placed back in register 'f'.

Words: 1

Cycles: 1

Example IORWF RESULT, 0

Before Instruction
RESULT = 0x13
W = 0x91

After Instruction
RESULT = 0x13
W = 0x93
Z = 1

MOVLW Move Literal to W

Syntax: [ label ]    MOVLW   k

Operands: 0 ≤ k ≤ 255

Operation: k → (W)

Status Affected: None

Encoding: 11 00xx kkkk kkkk

Description: The eight bit literal 'k' is loaded into W 
register. The don’t cares will assemble 
as 0’s.

Words: 1

Cycles: 1

Example MOVLW 0x5A

After Instruction
W = 0x5A

MOVF Move f

Syntax: [ label ]    MOVF   f,d

Operands: 0 ≤ f ≤ 127
d ∈  [0,1]

Operation: (f) → (dest)

Status Affected: Z

Encoding: 00 1000 dfff ffff

Description: The contents of register f is moved to 
a destination dependant upon the sta-
tus of d. If d = 0, destination is W reg-
ister. If d = 1, the destination is file 
register f itself. d = 1 is useful to test a 
file register since status flag Z is 
affected.

Words: 1

Cycles: 1

Example MOVF FSR, 0

After Instruction
W = value in FSR register
Z = 1

MOVWF Move W to f

Syntax: [ label ]    MOVWF     f

Operands: 0 ≤ f ≤ 127

Operation: (W) → (f)

Status Affected: None

Encoding: 00 0000 1fff ffff

Description: Move data from W register to register 
'f'.

Words: 1

Cycles: 1

Example MOVWF OPTION

Before Instruction
OPTION = 0xFF
W = 0x4F

After Instruction
OPTION = 0x4F
W = 0x4F
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12.0 ELECTRICAL SPECIFICATIONS

 

Absolute Maximum Ratings † 

 

Ambient Temperature under bias ............................................................................................................. –40

 

°

 

 to +125

 

°

 

C

Storage Temperature ............................................................................................................................... –65

 

°

 

 to +150

 

°

 

C

Voltage on any pin with respect to V

 

SS

 

 (except V

 

DD

 

 and MCLR) .....................................................–0.3V to V

 

DD

 

 + 0.3V

Voltage on V

 

DD

 

 with respect to V

 

SS

 

 ................................................................................................................ 0 to +7.5V

Voltage on MCLR with respect to V

 

SS

 

 (Note 2) .................................................................................................0 to +14V

Total power Dissipation (Note 1) ...............................................................................................................................1.0W

Maximum Current out of V

 

SS

 

 pin ..........................................................................................................................300 mA

Maximum Current into V

 

DD

 

 pin .............................................................................................................................250 mA

Input Clamp Current, I

 

IK

 

 (V

 

I

 

<0 or V

 

I

 

> V

 

DD

 

)

 

.......................................................................................................................±

 

20 mA

Output Clamp Current, I

 

OK

 

 (Vo <0 or Vo>V

 

DD

 

)

 

................................................................................................................±

 

20 mA

Maximum Output Current sunk by any I/O pin ........................................................................................................25 mA

Maximum Output Current sourced by any I/O pin...................................................................................................25 mA

Maximum current sunk by

 

 

 

PORTA, PORTB, and PORTE (combined) (Note 2) ...................................................200 mA

Maximum current sourced by PORTA, PORTB, and PORTE (combined) (Note 2) ..............................................200 mA

Maximum current sunk by PORTC and PORTD (combined) (Note 2)..................................................................200 mA

Maximum current sourced by PORTC and PORTD (combined) (Note 2).............................................................200 mA

 

Note 1:

 

Power dissipation is calculated as follows: P

 

DIS

 

 = V

 

DD

 

 x {I

 

DD

 

 - 

 

∑

 

 I

 

OH

 

} + 

 

∑

 

 {(V

 

DD

 

-V

 

OH

 

) x I

 

OH

 

} + 

 

∑

 

(V

 

O

 

l x I

 

OL

 

)

 

Note 2:

 

PORTD and PORTE are not implemented on the PIC16C641 and PIC16C642.

 

TABLE 12-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)

 

† 

 

NOTICE

 

: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at those or any other conditions above those 
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for 
extended periods may affect device reliability.

 

OSC

PIC16C641-04
PIC16C642-04
PIC16C661-04
PIC16C662-04

PIC16C641-10
PIC16C642-10
PIC16C661-10
PIC16C662-10

PIC16C641-20
PIC16C642-20
PIC16C661-20
PIC16C662-20

PIC16LC641-04
PIC16LC642-04
PIC16LC661-04
PIC16LC662-04

JW Devices

 

RC V

 

DD

 

: 4.0V to 6.0V
I

 

DD

 

: 5 mA max. @ 5.5V
I

 

PD

 

: 21 

 

µ

 

A max. @ 4.0V
Freq: 4.0 MHz max.

V

 

DD

 

: 4.5V to 5.5V
I

 

DD

 

: 2.7 mA typ. @ 5.5V
I

 

PD

 

: 1.5 

 

µ

 

A typ. @ 4.0V
Freq: 4.0 MHz max.

V

 

DD

 

: 4.5V to 5.5V
I

 

DD

 

: 2.7 mA typ. @ 5.5V
I

 

PD

 

: 1.5 

 

µ

 

A typ. @ 4.0V
Freq: 4.0 MHz max.

V

 

DD

 

: 3.0V to 6.0V
I

 

DD

 

: 2.0 mA typ. @ 3.0V
I

 

PD

 

: 0.9 

 

µ

 

A typ. @ 3.0V
Freq: 4.0 MHz max.

V

 

DD

 

: 4.0V to 6.0V
I

 

DD

 

: 5 mA max. @ 5.5V
I

 

PD

 

: 21 

 

µ

 

A max. @ 4.0V
Freq: 4.0 MHz Max.

XT V

 

DD

 

: 4.0V to 6.0V
I

 

DD

 

: 5 mA max. @ 5.5V
I

 

PD

 

: 21 

 

µ

 

A max. @ 4.0V
Freq: 4.0 MHz max.

V

 

DD

 

: 4.5V to 5.5V
I

 

DD

 

: 2.7 mA typ. @ 5.5V
I

 

PD

 

: 1.5 

 

µ

 

A typ. @ 4.0V
Freq: 4.0 MHz max.

V

 

DD

 

: 4.5V to 5.5V
I

 

DD

 

: 2.7 mA typ. @ 5.5V
I

 

PD

 

: 1.5 

 

µ

 

A typ. @ 4.0V
Freq: 4.0 MHz max.

V

 

DD

 

: 3.0V to 6.0V
I

 

DD

 

: 2.0 mA typ. @ 3.0V
I

 

PD

 

: 0.9 

 

µ

 

A typ. @ 3.0V
Freq: 4.0 MHz max.

V

 

DD

 

: 4.0V to 6.0V
I

 

DD

 

: 5 mA max. @ 5.5V
I

 

PD

 

: 21 

 

µ

 

A max. @ 4.0V
Freq: 4.0 MHz max.

HS V

 

DD

 

: 4.5V to 5.5V
I

 

DD

 

: 13.5 mA typ. @ 5.5V
I

 

PD

 

: 1.5 

 

µ

 

A typ. @ 4.5V
Freq: 4.0 MHz max.

V

 

DD

 

: 4.5V to 5.5V
I

 

DD

 

: 30 mA max. @ 5.5V
I

 

PD

 

: 1.5 

 

µ

 

A typ. @ 4.5V
Freq: 10 MHz max.

V

 

DD

 

: 4.5V to 5.5V
I

 

DD

 

: 30 mA max. @ 5.5V
I

 

PD

 

: 1.5 

 

µ

 

A typ. @ 4.5V
Freq: 20 MHz max.

Do not use in HS mode V

 

DD

 

: 4.5V to 5.5V
I

 

DD

 

: 30 mA max. @ 5.5V
I

 

PD

 

: 1.5 

 

µ

 

A typ. @ 4.5V
Freq: 10 MHz max.

LP V

 

DD

 

: 4.0V to 6.0V
I

 

DD

 

: 52.5 

 

µ

 

A typ. @ 
32 kHz, 4.0V

I

 

PD

 

: 0.9 

 

µ

 

A typ. @ 4.0V
Freq: 200 kHz max.

Do not use in LP mode Do not use in LP mode V

 

DD

 

: 3.0V to 6.0V
I

 

DD

 

: 48 

 

µ

 

A max. @ 
32 kHz, 3.0V

I

 

PD

 

: 5.0 

 

µ

 

A max. @ 3.0V
Freq: 200 kHz max.

V

 

DD

 

: 3.0V to 6.0V
I

 

DD

 

: 48 

 

µ

 

A max. @ 
32 kHz, 3.0V

I

 

PD

 

: 5.0 

 

µ

 

A max. @ 3.0V
Freq: 200 kHz max.

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications. It is recommended that 
the user select the device type that ensures the specifications required.
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12.5 Timing Diagrams and Specifications

FIGURE 12-2: EXTERNAL CLOCK TIMING

TABLE 12-4: EXTERNAL CLOCK TIMING REQUIREMENTS

Param 
No.

Sym Characteristic Min Typ† Max Units Conditions

Fosc External CLKIN Frequency(1) DC — 4 MHz XT and RC osc mode, 
VDD = 5.0V

DC — 20 MHz HS osc mode 
DC — 200 kHz LP osc mode 

Oscillator Frequency (1) DC — 4 MHz RC osc mode, VDD = 5.0V
0.1 — 4 MHz XT osc mode 
4 — 20 MHz HS osc mode 
5 – 200 kHz LP osc mode

1 Tosc External CLKIN Period(1) 250 — — ns XT and RC osc mode
50 — — ns HS osc mode
5 — — µs LP osc mode 

Oscillator Period(1) 250 — — ns RC osc mode 
250 — 10,000 ns XT osc mode 
50 — 250 ns HS osc mode 
5 — — µs LP osc mode

2 TCY Instruction Cycle Time(1) 200 — DC ns TCY = FOSC/4
3* TosL,

TosH
External Clock in (OSC1) 
High or Low Time

100 — — ns XT osc mode
2.5 — — µs LP osc mode
15 — — ns HS osc mode

4* TosR,
TosF

External Clock in (OSC1) 
Rise or Fall Time

— — 25 ns XT osc mode
— — 50 ns LP osc mode
— — 15 ns HS osc mode

* These parameters are characterized but not tested.
† Data in “Typ” column is at 5.0V, 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 consumption. All devices are tested to operate at “min.” values with an 
external clock applied to the OSC1 pin.
When an external clock input is used, the “Max.” cycle time limit is “DC” (no clock) for all devices.

OSC1

CLKOUT

Q4 Q1 Q2 Q3 Q4 Q1

1 3 3
4 4

2
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Package Type: 28-Lead Plastic Small Outline (SO) - Wide, 300 mil Body

 

Package Group:  Plastic SOIC (SO)

Symbol

Millimeters Inches

Min Max Notes Min Max Notes

 

α

 

0

 

°

 

8

 

°

 

0

 

°

 

8

 

°

 

A 2.362 2.642 0.093 0.104
A1 0.101 0.300 0.004 0.012
B 0.355 0.483 0.014 0.019
C 0.241 0.318 0.009 0.013
D 17.703 18.085 0.697 0.712
E 7.416 7.595 0.292 0.299
e 1.270 1.270

 

BSC

 

0.050 0.050

 

BSC

 

H 10.007 10.643 0.394 0.419
h 0.381 0.762 0.015 0.030
L 0.406 1.143 0.016 0.045

CP — 0.102 — 0.004

α

h x 45°

C

L

B

e

Chamfer
h x 45°

E H

CP
Seating
Plane

Base
Plane

D

A1 A

Pin No. 1
Indicator
Area
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APPENDIX A:  ENHANCEMENTS

 

The following are the list of enhancements over the
PIC16C5X microcontroller family:

1. Instruction word length is increased to 14 bits.
This allows larger page sizes both in program
memory (4K now as opposed to 512 before) and
register file (up to 176 bytes now versus 32 bytes
before). 

2. A PC high latch register (PCLATH) is added to
handle program memory paging. PA2, PA1, PA0
bits are removed from STATUS register.

3. Data memory paging is slightly redefined.
STATUS register is modified.

4. Four new instructions have been added:

 

RETURN

 

, 

 

RETFIE

 

, 

 

ADDLW

 

, and 

 

SUBLW

 

.
Two instructions 

 

TRIS

 

 and 

 

OPTION

 

 are being
phased out although they are kept for
compatibility with PIC16C5X.

5.

 

OPTION

 

 and 

 

TRIS

 

 registers are made
addressable.

6. Interrupt capability is added. Interrupt vector is
at 0004h.

7. Stack size is increased to 8 deep.
8. Reset vector is changed to 0000h.
9. Reset of all registers is revisited. Six different

reset (and wake-up) types are recognized.
Registers are reset differently.

10. Wake up from SLEEP through interrupt is
added.

11. Two separate timers, Oscillator Start-up Timer
(OST) and Power-up Timer (PWRT) are
included for more reliable power-up. These
timers can be invoked selectively to avoid
unnecessary delays on power-up and wake-up.

12. PORTB has weak pull-ups and interrupt on
change feature.

13. Timer0 clock input, T0CKI pin is also a port pin
(RA4/T0CKI) and has a TRIS bit.

14. FSR is made a full 8-bit register.
15. “In-circuit programming” is made possible. The

user can program PIC16CXX devices using only
five pins: V

 

DD

 

, V

 

SS

 

, V

 

PP

 

, RB6 (clock) and RB7
(data in/out).

16. PCON status register is added with a Power-on
Reset status bit (POR), a Brown-out Reset sta-
tus bit (BOR), a Parity Error Reset (PER), and a
Memory Parity Enable (MPEEN) bit.

17. Code protection scheme is enhanced such that
portions of the program memory can be
protected, while the remainder is unprotected.

18. PORTA inputs are now Schmitt Trigger inputs.
19. Brown-out Reset circuitry has been added.

 

APPENDIX B:  COMPATIBILITY

 

To convert code written for PIC16C5X to PIC16CXX,
the user should take the following steps:

1. Remove any program memory page select
operations (PA2, PA1, PA0 bits) for 

 

CALL

 

, 

 

GOTO

 

.
2. Revisit any computed jump operations (write to

PC or add to PC, etc.) to make sure page bits
are set properly under the new scheme.

3. Eliminate any data memory page switching.
Redefine data variables to reallocate them.

4. Verify all writes to STATUS, OPTION, and FSR
registers since these have changed.

5. Change reset vector to 0000h.
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E.5 PIC16C7X Family of Devices
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E.6 PIC16C8X Family of Devices
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E.8 PIC17CXX Family of Devices
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