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What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

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.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

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-
bit microcontrollers provide high performance and are
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 3-1: PIC16C641/642 PINOUT DESCRIPTION 

 

Name Pin #
I/O/P
Type

Buffer
Type

Description

 

OSC1/CLKIN 9 I ST/CMOS Oscillator crystal input or external clock source input.
OSC2/CLKOUT 10 O — Oscillator crystal output. Connects to crystal or resonator 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 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 I/O ST Analog comparator input.
RA1/AN1 3 I/O ST Analog comparator input. 
RA2/AN2/V

 

REF

 

4 I/O ST Analog comparator input or V

 

REF

 

 output.
RA3/AN3 5 I/O ST Analog comparator input or comparator output.
RA4/T0CKI 6 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 I/O ST

PORTB is a bi-directional I/O port. PORTB can be software pro-
grammed for internal weak pull-ups on all inputs. 

RB0/INT 21 I/O TTL/ST

 

(1)

 

RB0 can also be selected as an external interrupt pin.

RB1 22 I/O TTL
RB2 23 I/O TTL
RB3 24 I/O TTL
RB4 25 I/O TTL Interrupt on change pin.
RB5 26 I/O TTL Interrupt on change pin.
RB6 27 I/O TTL/ST

 

(2)

 

Interrupt on change pin. Serial programming clock.

RB7 28 I/O TTL/ST

 

(2)

 

Interrupt on change pin. Serial programming data.

PORTC is a bi-directional I/O port.
RC0 11 I/O ST
RC1 12 I/O ST
RC2 13 I/O ST
RC3 14 I/O ST
RC4 15 I/O ST
RC5 16 I/O ST
RC6 17 I/O ST
RC7 18 I/O ST
V

 

SS

 

8,19 P — Ground reference for logic and I/O pins.
V

 

DD

 

20 P — Positive supply for logic and I/O pins.
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.
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4.2.2.4 PIE1 REGISTER

This register contains the individual enable bits for the
comparator and Parallel Slave Port interrupts.

FIGURE 4-8: PIE1 REGISTER (ADDRESS 8Ch) 

R/W-0 R/W-0 U-0 U-0 U-0 U-0 U-0 U-0
PSPIE(1) CMIE — — — — — — R= Readable bit

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

bit7 bit0

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

bit  6: CMIE: Comparator Interrupt Enable bit
1 = Enables the Comparator interrupt
0 = Disables the Comparator interrupt

bit  5-0: Unimplemented: Read as '0'

Note 1: Bit PSPIE is reserved on the PIC16C641/642, always maintain this bit clear.
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4.2.2.5 PIR1 REGISTER

This register contains the individual flag bits for the
comparator and Parallel Slave Port interrupts.

Note: 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.

FIGURE 4-9: PIR1 REGISTER (ADDRESS 0Ch)

R/W-0 R/W-0 U-0 U-0 U-0 U-0 U-0 U-0
PSPIF(1) CMIF — — — — — — R= Readable bit

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

bit7 bit0

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

bit  6: CMIF: Comparator Interrupt Flag bit
1 = Comparator input has changed (must be cleared in software)
0 = Comparator input has not changed

bit  5-0: Unimplemented: Read as '0'

Note 1: Bit PSPIF is reserved on the PIC16C641/642, always maintain this bit clear.
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5.3 PORTC and TRISC Registers

 

PORTC is an 8-bit bi-directional port. Each pin is indi-
vidually configurable as an input or output through the
TRISC register. PORTC pins have Schmitt Trigger
input buffers.

 

EXAMPLE 5-3: INITIALIZING PORTC

 

CLRF   PORTC        ; Initialize PORTC by
                    ; clearing output
                    ; data latches
BSF    STATUS, RP0  ; Select Bank 1
MOVLW  0xCF         ; Value used to 
                    ; initialize data 
                    ; direction
MOVWF  TRISC        ; Set RC<3:0> as inputs
                    ; RC<5:4> as outputs
                    ; RC<7:6> as inputs

 

FIGURE 5-7: PORTC BLOCK DIAGRAM (IN 
I/O PORT MODE)

Data
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WR
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WR
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QD
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CK

EN

Q D

EN

 

TABLE 5-5: PORTC FUNCTIONS 

TABLE 5-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

 

Name Bit# Buffer Type Function

 

RC0 bit0 ST Input/output

RC1 bit1 ST Input/output

RC2 bit2 ST Input/output

RC3 bit3 ST Input/output

RC4 bit4 ST Input/output

RC5 bit5 ST Input/output

RC6 bit6 ST Input/output

RC7 bit7 ST Input/output

Legend: ST = Schmitt Trigger input

 

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

 

07h PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RC0

 

xxxx xxxx uuuu uuuu

 

87h TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0

 

1111 1111 1111 1111

 

Legend:

 

x

 

 = unknown, 

 

u

 

 = unchanged.
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6.2 Using Timer0 with External Clock

 

When an external clock input is used for Timer0, it must
meet certain requirements. The requirements ensure
the external clock can be synchronized with the internal
phase clock (T

 

OSC

 

). Also, there is a delay in the actual
incrementing of Timer0 after synchronization.

6.2.1 EXTERNAL CLOCK SYNCHRONIZATION

When no prescaler is used, the external clock input is
the same as the prescaler output. The synchronization
of T0CKI with the internal phase clocks is accom-
plished by sampling the prescaler output on the Q2 and
Q4 cycles of the internal phase clocks (Figure 6-5).
Therefore, it is necessary for T0CKI to be high for at
least 2Tosc (and a small RC delay of 20 ns) and low for
at least 2Tosc (and a small RC delay of 20 ns). Refer to
the electrical specification of the desired device.

When a prescaler is used, the external clock input is
divided by the asynchronous ripple-counter type pres-
caler so that the prescaler output is symmetrical. For
the external clock to meet the sampling requirement,
the ripple-counter must be taken into account. There-
fore, it is necessary for T0CKI to have a period of at
least 4Tosc (and a small RC delay of 40 ns) divided by
the prescaler value. The only requirement on T0CKI
high and low time is that they do not violate the mini-
mum pulse width requirement of 10 ns. Refer to param-
eters 40, 41, and 42 in the electrical specification of the
desired device.

6.2.2 TIMER0 INCREMENT DELAY

Since the prescaler output is synchronized with the
internal clocks, there is a small delay from the time the
external clock edge occurs to the time the Timer0 mod-
ule is actually incremented. Figure 6-5 shows the delay
from the external clock edge to the timer incrementing.

 

FIGURE 6-5: TIMER0 TIMING WITH EXTERNAL CLOCK     

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

External Clock Input or
Prescaler output (2)

External Clock/Prescaler
Output after sampling

Increment Timer0 (Q4)

Timer0 T0 T0 + 1 T0 + 2

Note 1: Delay from clock input change to Timer0 increment is 3Tosc to 7Tosc. (Duration of Q = Tosc).
Therefore, the error in measuring the interval between two edges on Timer0 input = ±4Tosc max.

2: External clock if no prescaler selected, prescaler output otherwise.
3: The arrows indicate the points in time where sampling occurs.

(3)

(1)

Small pulse
misses sampling



 



 

 1996 Microchip Technology Inc.

 

Preliminary

 

DS30559A-page  45

 

PIC16C64X & PIC16C66X

 

6.3.1 SWITCHING PRESCALER ASSIGNMENT

The prescaler assignment is fully under software con-
trol, i.e., it can be changed “on the fly” during program
execution. 

 

EXAMPLE 6-1: CHANGING PRESCALER 
(TIMER0

 

→

 

WDT)

 

  BCF    STATUS, RP0  ;Bank 0
  CLRF   TMR0         ;Clear TMR0 & Prescaler
  BSF    STATUS, RP0  ;Bank 1
  CLRWDT              ;Clears WDT
  MOVLW  b'xxxx1xxx'  ;Select new prescale
  MOVWF  OPTION_REG   ;value & WDT
  BCF    STATUS, RP0  ;Bank 0 

 

Note:

 

To avoid an unintended device RESET, the
following instruction sequence (shown in
Example 6-1) must be executed when
changing the prescaler assignment from
Timer0 to the WDT. This precaution must
be followed even if the WDT is disabled.

To change prescaler from the WDT to the Timer0 mod-
ule, use the sequence shown in Example 6-2.

 

EXAMPLE 6-2: CHANGING PRESCALER 
(WDT

 

→

 

TIMER0)

 

  CLRWDT               ;Clear WDT and 
                       ;prescaler
  BSF      STATUS, RP0 ;Bank 1
  MOVLW    b'xxxx0xxx' ;Select TMR0, new
                       ;prescale value and
  MOVWF    OPTION_REG  ;clock source
  BCF      STATUS, RP0 ;Bank 0

 

TABLE 6-1: REGISTERS ASSOCIATED WITH TIMER0    

 

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

 

01h TMR0 Timer0 module’s register

 

xxxx xxxx uuuu uuuu

 

0Bh/8Bh INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF

 

0000 000x 0000 000u

 

81h OPTION RBPU INTEDG T0CS T0SE PSA PS2 PS1 PS0

 

1111 1111 1111 1111

 

85h TRISA — — TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0

 

--11 1111 --11 1111

 

Legend:

 

x

 

 = unknown, 

 

u

 

 = unchanged, 

 

-

 

 = unimplemented locations read as '0'. Shaded cells are not used by Timer0.
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TABLE 7-1: REGISTERS ASSOCIATED WITH THE COMPARATOR MODULE

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

1Fh CMCON C2OUT C1OUT — — CIS CM2 CM1 CM0 00-- 0000 00-- 0000

9Fh VRCON VREN VROE VRR — VR3 VR2 VR1 VR0 000- 0000 000- 0000

0Bh/8Bh INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 0000 000x 0000 000u

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

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

85h TRISA — — TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISA0 --11 1111 --11 1111

Note 1: These bits are reserved on the PIC16C641/642, always maintain these bits clear.
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9.2.3 EXTERNAL CRYSTAL OSCILLATOR 
CIRCUIT

Either a prepackaged oscillator can be used or a simple
oscillator circuit with TTL gates can be built. Prepack-
aged oscillators provide a wide operating range and
better stability. A well-designed crystal oscillator will
provide good performance with TTL gates. Two types
of crystal oscillator circuits can be used: one with series
resonance, or one with parallel resonance.

Figure 9-4 shows implementation of a parallel resonant
oscillator circuit. The circuit is designed to use the fun-
damental frequency of the crystal. The 74AS04 inverter
performs the 180-degree phase shift that a parallel
oscillator requires. The 4.7 k

 

Ω

 

 resistor provides the
negative feedback for stability. The 10 k

 

Ω

 

 potentiome-
ter biases the 74AS04 in the linear region. This could
be used for external oscillator designs.

 

FIGURE 9-4: EXTERNAL PARALLEL 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT

 

Figure 9-5 shows a series resonant oscillator circuit.
This circuit is also designed to use the fundamental fre-
quency of the crystal. The inverter performs a
180-degree phase shift in a series resonant oscillator
circuit. The 330 k

 

Ω

 

 resistors provide the negative feed-
back to bias the inverters in their linear region.

 

FIGURE 9-5: EXTERNAL SERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT
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74AS04 74AS04 PIC16CXXX

CLKIN

To Other
Devices

XTAL

330 kΩ 

74AS04

0.1 µF

 

9.2.4 RC OSCILLATOR

For timing insensitive applications the “RC” device
option offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the resis-
tor (Rext) and capacitor (Cext) values, and the operat-
ing temperature. In addition to this, the oscillator
frequency will vary from unit to unit due to normal pro-
cess parameter variation. Furthermore, the difference
in lead frame capacitance between package types will
also affect the oscillation frequency, especially for low
Cext values. The user also needs to take into account
variation due to tolerance of external R and C compo-
nents used. Figure 9-6 shows how the R/C combina-
tion is connected to the PIC16CXXX. For Rext values
below 2.2 k

 

Ω

 

, the oscillator operation may become
unstable, or stop completely. For very high Rext values
(e.g. 1 M

 

Ω

 

), the oscillator becomes sensitive to noise,
humidity and leakage. Thus, we recommend to keep
Rext between 3 k

 

Ω

 

 and 100 k

 

Ω

 

. 

Although the oscillator will operate with no external
capacitor (Cext = 0 pF), we recommend using values
above 20 pF for noise and stability reasons. With no or
small external capacitance, the oscillation frequency
can vary dramatically due to changes in external
capacitances, such as PCB trace capacitance or pack-
age lead frame capacitance.

See characterization data for desired device for RC fre-
quency variation from part to part due to normal pro-
cess variation. The variation is larger for larger R (since
leakage current variation will affect RC frequency more
for large R) and for smaller C (since variation of input
capacitance will affect RC frequency more).

See characterization data for desired device for varia-
tion of oscillator frequency due to V

 

DD

 

 for given Rext/
Cext values as well as frequency variation due to oper-
ating temperature for given R, C, and V

 

DD

 

 values. 

The oscillator frequency, divided by 4, is available on
the OSC2/CLKOUT pin, and can be used for test pur-
poses or to synchronize other logic (see Figure 3-3 for
waveform).

 

FIGURE 9-6: RC OSCILLATOR MODE

OSC2/CLKOUT

Cext

VDD

Rext

VSS

PIC16CXXX

OSC1

Fosc/4

Internal
clock
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9.7 Watchdog Timer (WDT)

The Watchdog Timer (WDT) is a free running on-chip
RC oscillator which does not require any external com-
ponents. The block diagram is shown in Figure 9-17.
This RC oscillator is separate from the RC oscillator of
the OSC1/CLKIN pin. This means that the WDT will
run, even if the clock on the OSC1 and OSC2 pins has
been stopped, for example, by execution of a SLEEP
instruction. During normal operation, a WDT time-out
generates a device RESET. If the device is in SLEEP
mode, a WDT time-out causes the device to wake-up
and continue with normal operation, this is known as a
WDT wake-up. The WDT can be permanently disabled
by clearing configuration bit WDTE (Section 9.1).

9.7.1 WDT PERIOD

The WDT has a nominal time-out period of 18 ms, (with
no prescaler). The time-out period varies with temper-
ature, VDD and process variations from part to part (see
DC specs). If longer time-outs are desired, a prescaler
with a division ratio of up to 1:128 can be assigned to

the WDT, under software control, by writing to the
OPTION register. Thus, time-out periods of up to 2.3
seconds can be realized.

The CLRWDT and SLEEP instructions clear the WDT and
the postscaler (if assigned to the WDT) and prevent it
from timing out and generating a device RESET. 

The TO bit in the STATUS register will be cleared upon
a Watchdog Timer time-out (WDT Reset and WDT
wake-up).

9.7.2 WDT PROGRAMMING CONSIDERATIONS

It should also be taken in account that under worst case
conditions (VDD = Min., Temperature = Max., max.
WDT prescaler) it may take several seconds before a
WDT time-out occurs.

Note: When the prescaler is assigned to the
WDT, always execute a CLRWDT instruction
before changing the prescale value, other-
wise a WDT reset may occur.

FIGURE 9-17: WATCHDOG TIMER BLOCK DIAGRAM

FIGURE 9-18: SUMMARY OF WATCHDOG TIMER REGISTERS

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

2007h Config. bits MPEEN BODEN(1) CP1 CP0 PWRTE(1) WDTE FOSC1 FOSC0
81h OPTION RBPU INTEDG T0CS T0SE PSA PS2 PS1 PS0
Legend: Shaded cells are not used by the Watchdog Timer.
Note 1: See Figure 9-1 for details of the operation of these bits.

From TMR0 Clock Source
(Figure 7-6)

To TMR0 (Figure 7-6)

Postscaler

WDT Timer

WDT 
Enable Bit

0

1 M
U
X

PSA

8 - to - 1 MUX PS2:PS0

0 1

MUX PSA

WDT
Time-outNote: PSA and PS2:PS0 are bits in the OPTION register.

8
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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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NOP No Operation

Syntax: [ label ]    NOP

Operands: None

Operation: No operation

Status Affected: None

Encoding: 00 0000 0xx0 0000

Description: No operation.

Words: 1

Cycles: 1

Example NOP

OPTION Load Option Register

Syntax: [ label ]    OPTION

Operands: None

Operation: (W) → OPTION

Status Affected: None

Encoding: 00 0000 0110 0010

Description: The contents of the W register are 
loaded in the OPTION register. This 
instruction is supported for code com-
patibility with PIC16C5X products. 
Since OPTION is a readable/writable 
register, the user can directly address 
it.

Words: 1

Cycles: 1

Example

To maintain upward compatibility 
with future PIC16CXX products, do 
not use this instruction.

RETFIE Return from Interrupt

Syntax: [ label ]    RETFIE

Operands: None

Operation: TOS → PC,
1 → GIE

Status Affected: None

Encoding: 00 0000 0000 1001

Description: Return from Interrupt. Stack is POPed 
and Top of Stack (TOS) is loaded in 
the PC. Interrupts are enabled by set-
ting Global Interrupt Enable bit, GIE 
(INTCON<7>). This is a two cycle 
instruction.

Words: 1

Cycles: 2

Example RETFIE

After Interrupt
PC = TOS
GIE = 1

RETLW Return with Literal in W

Syntax: [ label ]    RETLW   k

Operands: 0 ≤ k ≤ 255

Operation: k → (W); 
TOS → PC

Status Affected: None

Encoding: 11 01xx kkkk kkkk

Description: The W register is loaded with the eight 
bit literal 'k'. The program counter is 
loaded from the top of the stack (the 
return address). This is a two cycle 
instruction.

Words: 1

Cycles: 2

Example

TABLE

CALL TABLE ;W contains table
            ;offset value
•             ;W now has table value
•
•
ADDWF PC    ;W = offset
RETLW k1    ;Begin table
RETLW k2    ;
•
•
•
RETLW kn    ; End of table

Before Instruction
W = 0x07

After Instruction
W = value of k8
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SWAPF Swap Nibbles in f

Syntax: [ label ] SWAPF  f,d

Operands: 0 ≤ f ≤ 127
d ∈  [0,1]

Operation: (f<3:0>) → (dest<7:4>),
(f<7:4>) → (dest<3:0>)

Status Affected: None

Encoding: 00 1110 dfff ffff

Description: The upper and lower nibbles of regis-
ter 'f' are exchanged.  If 'd' is 0 the 
result is placed in W register. If 'd' is 1 
the result is placed in register 'f'.

Words: 1

Cycles: 1

Example SWAPF REG, 0

Before Instruction

REG1 = 0xA5

After Instruction

REG1 = 0xA5
W = 0x5A

TRIS Load TRIS Register

Syntax: [ label ] TRIS f

Operands: 5 ≤ f ≤ 7

Operation: (W) → TRIS register f;

Status Affected: None

Encoding: 00 0000 0110 0fff

Description: The instruction is supported for code 
compatibility with the PIC16C5X prod-
ucts.  Since TRIS registers are read-
able and writable, the user can directly 
address them. 

Words: 1

Cycles: 1

Example

To maintain upward compatibility 
with future PIC16CXX products, do 
not use this instruction.

XORLW Exclusive OR Literal with W

Syntax: [ label ] XORLW   k

Operands: 0 ≤ k ≤ 255

Operation: (W) .XOR. k → (W)

Status Affected: Z

Encoding: 11 1010 kkkk kkkk

Description: The contents of the W register are 
XOR’ed with the eight bit literal 'k'. 
The result is placed in the W regis-
ter.

Words: 1

Cycles: 1

Example: XORLW 0xAF

Before Instruction

W = 0xB5

After Instruction

W = 0x1A

XORWF Exclusive OR W with f

Syntax: [ label ] XORWF    f,d

Operands: 0 ≤ f ≤ 127
d ∈  [0,1]

Operation: (W) .XOR. (f) → (dest)

Status Affected: Z

Encoding: 00 0110 dfff ffff

Description: Exclusive OR the contents of the W 
register with register 'f'. If 'd' is 0 the 
result is stored in the W register. If 'd' 
is 1 the result is stored back in register 
'f'.

Words: 1

Cycles: 1

Example XORWF REG 1

Before Instruction

REG = 0xAF
W = 0xB5

After Instruction

REG = 0x1A
W = 0xB5
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12.1 DC Characteristics: PIC16C641/642/661/662-04 (Commercial, Industrial, Automotive)
PIC16C641/642/661/662-10 (Commercial, Industrial, Automotive)
PIC16C641/642/661/662-20 (Commercial, Industrial, Automotive)

 

Standard Operating Conditions (unless otherwise stated)
Operating temperature –40

 

°

 

C

 

≤

 

 T

 

A

 

 

 

≤

 

 +85

 

°

 

C for industrial,
0

 

°

 

C 

 

≤

 

 T

 

A

 

 

 

≤

 

 +70

 

°

 

C commercial, and
–40

 

°

 

C

 

≤

 

 T

 

A

 

 

 

≤

 

 +125

 

°

 

C automotive
Param

No.

 

Sym Characteristic Min Typ† Max Units Conditions

 

D001
D001A

V

 

DD

 

Supply Voltage 4.0
4.5

–
–

6.0
5.5

V
V

XT, RC and LP osc configuration
HS osc configuration

D002* V

 

DR

 

RAM Data Retention Voltage

 

(1)

 

 1.5 – – V Device in SLEEP mode
D003 V

 

POR

 

V

 

DD

 

 start voltage to
ensure internal Power-on 
Reset signal

– V

 

SS

 

– V See section on Power-on Reset for 
details

D004* S

 

VDD

 

V

 

DD

 

 rise rate to ensure internal 
Power-on Reset signal

0.05 – – V/ms See section on Power-on Reset for 
details

D005 V

 

BOR

 

Brown-out Reset Voltage 3.7
3.7

4.0
4.0

4.3
4.4

V
V

BODEN configuration bit is clear
Automotive

D010 I

 

DD

 

Supply Current(2) – 2.7 5 mA XT and RC osc configuration
FOSC = 4 MHz, VDD = 5.5V, 

WDT disabled (4)

D010A – 35 70 µA LP osc configuration, 

PIC16C64X & PIC16C66X-04 only
FOSC = 32 kHz, VDD = 4.0V, 
WDT disabled

D013 – 13.5 30 mA HS osc configuration
FOSC = 20 MHz, VDD = 5.5V, 
WDT disabled

Module Differential Current (5)

D015 ∆IBOR Brown-out Reset Current – 350 425 µA BODEN bit is clear, VDD = 5.0V
D016 ∆ICOMP Comparator Current for 

each Comparator 
– – 100 µA VDD = 4.0V

D017 ∆IVREF VREF Current – – 300 µA VDD = 4.0V
D021 ∆IWDT WDT Current –

–
6.0
–

20
25

µA
µA

VDD = 4.0V
Automotive

D021 IPD Power-down Current (3) –
–

1.5
2.5

21
24

µA
µA

VDD = 4.0V, WDT disabled
Automotive

* 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: This is the limit to which VDD can be lowered in SLEEP mode 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 tri-stated , 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 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD or VSS. 

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

5: The ∆ 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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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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APPENDIX E: PIC16/17 MICROCONTROLLERS

 

E.1 PIC14000 Devices
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E.6 PIC16C8X Family of Devices
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