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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,
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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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PIC16F8X
4.2 Data Memory Organization

The data memory is partitioned into two areas. The first
is the Special Function Registers (SFR) area, while the
second is the General Purpose Registers (GPR) area.
The SFRs control the operation of the device.

Portions of data memory are banked. This is for both
the SFR area and the GPR area. The GPR area is
banked to allow greater than 116 bytes of general
purpose RAM. The banked areas of the SFR are for the
registers that control the peripheral functions. Banking
requires the use of control bits for bank selection.
These control bits are located in the STATUS Register.
Figure 4-1 and Figure 4-2 show the data memory map
organization.

Instructions MOVWF and MOVF can move values from
the W register to any location in the register file (�F�),
and vice-versa.

The entire data memory can be accessed either
directly using the absolute address of each register file
or indirectly through the File Select Register (FSR)
(Section 4.5). Indirect addressing uses the present
value of the RP1:RP0 bits for access into the banked
areas of data memory.

Data memory is partitioned into two banks which
contain the general purpose registers and the special
function registers. Bank 0 is selected by clearing the
RP0 bit (STATUS<5>). Setting the RP0 bit selects Bank
1. Each Bank extends up to 7Fh (128 bytes). The first
twelve locations of each Bank are reserved for the
Special Function Registers. The remainder are Gen-
eral Purpose Registers implemented as static RAM.

4.2.1 GENERAL PURPOSE REGISTER FILE

All devices have some amount of General Purpose
Register (GPR) area. Each GPR is 8 bits wide and is
accessed either directly or indirectly through the FSR
(Section 4.5). 

The GPR addresses in bank 1 are mapped to
addresses in bank 0. As an example, addressing loca-
tion 0Ch or 8Ch will access the same GPR.

4.2.2 SPECIAL FUNCTION REGISTERS

The Special Function Registers (Figure 4-1, Figure 4-2
and Table 4-1) are used by the CPU and Peripheral
functions to control the device operation. These
registers are static RAM.

The special function registers can be classified into two
sets, core and peripheral. Those associated with the
core functions are described in this section. Those
related to the operation of the peripheral features are
described in the section for that specific feature.
DS30430D-page 12  1996-2013 Microchip Technology Inc.
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TABLE 4-1 REGISTER FILE SUMMARY    

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

Reset

Value on all 
other resets 

(Note3)

 Bank 0

00h INDF Uses contents of FSR to address data memory (not a physical register) ---- ---- ---- ----

01h TMR0 8-bit real-time clock/counter xxxx xxxx uuuu uuuu

02h PCL Low order 8 bits of the Program Counter (PC) 0000 0000 0000 0000

03h STATUS (2) IRP RP1 RP0 TO PD Z DC C 0001 1xxx 000q quuu

04h FSR Indirect data memory address pointer 0 xxxx xxxx uuuu uuuu

05h PORTA � � � RA4/T0CKI RA3 RA2 RA1 RA0 ---x xxxx ---u uuuu

06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RB0/INT xxxx xxxx uuuu uuuu

07h Unimplemented location, read as ’0’ ---- ---- ---- ----

08h EEDATA EEPROM data register xxxx xxxx uuuu uuuu

09h EEADR EEPROM address register xxxx xxxx uuuu uuuu

0Ah PCLATH � � � Write buffer for upper 5 bits of the PC (1) ---0 0000 ---0 0000

0Bh INTCON GIE EEIE T0IE INTE RBIE T0IF INTF RBIF 0000 000x 0000 000u

Bank 1

80h INDF Uses contents of FSR to address data memory (not a physical register) ---- ---- ---- ----

81h OPTION_
REG RBPU INTEDG T0CS T0SE PSA PS2 PS1 PS0 1111 1111 1111 1111

82h PCL Low order 8 bits of Program Counter (PC) 0000 0000 0000 0000

83h STATUS (2) IRP RP1 RP0 TO PD Z DC C 0001 1xxx 000q quuu

84h FSR Indirect data memory address pointer 0 xxxx xxxx uuuu uuuu

85h TRISA � � � PORTA data direction register ---1 1111 ---1 1111

86h TRISB PORTB data direction register 1111 1111 1111 1111

87h Unimplemented location, read as ’0’ ---- ---- ---- ----

88h EECON1 � � � EEIF WRERR WREN WR RD ---0 x000 ---0 q000

89h EECON2 EEPROM control register 2 (not a physical register) ---- ---- ---- ----

0Ah PCLATH � � � Write buffer for upper 5 bits of the PC (1) ---0 0000 ---0 0000

0Bh INTCON GIE EEIE T0IE INTE RBIE T0IF INTF RBIF 0000 000x 0000 000u

Legend: x = unknown, u = unchanged. - = unimplemented read as ’0’, q = value depends on condition.
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a slave register for PC<12:8>. The contents 

of PCLATH can be transferred to the upper byte of the program counter, but the contents of PC<12:8> is never transferred 
to PCLATH.

2: The TO and PD status bits in the STATUS register are not affected by a MCLR reset. 
3: Other (non power-up) resets include: external reset through MCLR and the Watchdog Timer Reset.
DS30430D-page 14  1996-2013 Microchip Technology Inc.
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4.2.2.3 INTCON REGISTER

The INTCON register is a readable and writable
register which contains the various enable bits for all
interrupt sources. 

FIGURE 4-1:  INTCON REGISTER (ADDRESS 0Bh, 8Bh)      

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>).

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x
GIE EEIE T0IE INTE RBIE T0IF INTF RBIF R = Readable bit

W = Writable bit
U = Unimplemented bit, 

read as �0�
- n = Value at POR reset

bit7 bit0

bit 7: GIE: Global Interrupt Enable bit
1 = Enables all un-masked interrupts
0 = Disables all interrupts

Note: For the operation of the interrupt structure, please refer to Section 8.5.

bit  6: EEIE: EE Write Complete Interrupt Enable bit
1 = Enables the EE write complete interrupt
0 = Disables the EE write complete interrupt

bit  5: T0IE: TMR0 Overflow Interrupt Enable bit
1 = Enables the TMR0 interrupt
0 = Disables the TMR0 interrupt

bit  4: INTE: RB0/INT Interrupt Enable bit
1 = Enables the RB0/INT interrupt
0 = Disables the RB0/INT interrupt

bit  3: RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt

bit  2: T0IF: TMR0 overflow interrupt flag bit
1 = TMR0 has overflowed (must be cleared in software)
0 = TMR0 did not overflow

bit  1: INTF: RB0/INT Interrupt Flag bit
1 = The RB0/INT interrupt occurred
0 = The RB0/INT interrupt did not occur

bit  0: RBIF: RB Port Change Interrupt Flag bit
1 = When at least one of the RB7:RB4 pins changed state (must be cleared in software)
0 = None of the RB7:RB4 pins have changed state
 1996-2013 Microchip Technology Inc. DS30430D-page 17
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5.2  PORTB and TRISB Registers

PORTB is an 8-bit wide bi-directional port. The
corresponding data direction register is TRISB. A ’1’ on
any bit in the TRISB register puts the corresponding
output driver in a hi-impedance mode. A ’0’ on any bit
in the TRISB register puts the contents of the output
latch on the selected pin(s).

Each of the PORTB pins have a weak internal pull-up.
A single control bit can turn on all the pull-ups. This is
done by clearing the RBPU (OPTION_REG<7>) bit.
The weak pull-up is automatically turned off when the
port pin is configured as an output. The pull-ups are
disabled on a Power-on Reset.

Four of PORTB�s pins, RB7:RB4, have an interrupt on
change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB7:RB4 pin
configured as an output is excluded from the interrupt
on change comparison). The pins value in input mode
are compared with the old value latched on the last
read of PORTB. The �mismatch� outputs of the pins are
OR�ed together to generate the RB port
change interrupt. 

FIGURE 5-3: BLOCK DIAGRAM OF PINS 
RB7:RB4     

This interrupt can wake the device from SLEEP. The
user, in the interrupt service routine, can clear the
interrupt in the following manner:

a) Read (or write) PORTB. This will end the mis-
match condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set the RBIF bit.
Reading PORTB will end the mismatch condition, and
allow the RBIF bit to be cleared.

This interrupt on mismatch feature, together with
software configurable pull-ups on these four pins allow
easy interface to a key pad and make it possible for
wake-up on key-depression (see AN552 in the
Embedded Control Handbook).    

The interrupt on change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt on change
feature. Polling of PORTB is not recommended while
using the interrupt on change feature.

FIGURE 5-4: BLOCK DIAGRAM OF PINS 
RB3:RB0  
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Note 1: TRISB = ’1’ enables weak pull-up
 (if RBPU = ’0’ in the OPTION_REG register).

2: I/O pins have diode protection to VDD and VSS.

I/O
pin(2)

Note 1: For a change on the I/O pin to be
recognized, the pulse width must be at
least TCY (4/fOSC) wide.
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Note 1: TRISB = ’1’ enables weak pull-up 
(if RBPU = ’0’ in the OPTION_REG register).

2: I/O pins have diode protection to VDD and VSS. 
 1996-2013 Microchip Technology Inc. DS30430D-page 23



PIC16F8X
7.0 DATA EEPROM MEMORY
The EEPROM data memory is readable and writable
during normal operation (full VDD range). This memory
is not directly mapped in the register file space. Instead
it is indirectly addressed through the Special Function
Registers. There are four SFRs used to read and write
this memory. These registers are:

� EECON1
� EECON2
� EEDATA
� EEADR

EEDATA holds the 8-bit data for read/write, and EEADR
holds the address of the EEPROM location being
accessed. PIC16F8X devices have 64 bytes of data
EEPROM with an address range from 0h to 3Fh.

The EEPROM data memory allows byte read and write.
A byte write automatically erases the location and
writes the new data (erase before write). The EEPROM

data memory is rated for high erase/write cycles. The
write time is controlled by an on-chip timer. The write-
time will vary with voltage and temperature as well as
from chip to chip. Please refer to AC specifications for
exact limits.

When the device is code protected, the CPU may
continue to read and write the data EEPROM memory.
The device programmer can no longer access
this memory.

7.1 EEADR

The EEADR register can address up to a maximum of
256 bytes of data EEPROM. Only the first 64 bytes of
data EEPROM are implemented.

The upper two bits are address decoded. This means
that these two bits must always be ’0’ to ensure that the
address is in the 64 byte memory space. 

FIGURE 7-1: EECON1 REGISTER (ADDRESS 88h)       

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

� � � EEIF WRERR WREN WR RD R = Readable bit
W = Writable bit
S = Settable bit
U = Unimplemented bit, 

read as �0�
- n = Value at POR reset

bit7 bit0

bit 7:5 Unimplemented: Read as ’0’

bit 4 EEIF: EEPROM Write Operation Interrupt Flag bit
1 = The write operation completed (must be cleared in software)
0 = The write operation is not complete or has not been started

bit 3 WRERR: EEPROM Error Flag bit
1 = A write operation is prematurely terminated

(any MCLR reset or any WDT reset during normal operation)
0 = The write operation completed

bit 2 WREN: EEPROM Write Enable bit
1 = Allows write cycles
0 = Inhibits write to the data EEPROM

bit 1 WR: Write Control bit
1 = initiates a write cycle. (The bit is cleared by hardware once write is complete. The WR bit can only

be set (not cleared) in software.
0 = Write cycle to the data EEPROM is complete

bit 0 RD: Read Control bit
1 = Initiates an EEPROM read (read takes one cycle. RD is cleared in hardware. The RD bit can only

be set (not cleared) in software).
0 = Does not initiate an EEPROM read
 1996-2013 Microchip Technology Inc. DS30430D-page 33
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FIGURE 8-2: CONFIGURATION WORD - PIC16F83 AND PIC16F84     

8.2 Oscillator Configurations

8.2.1  OSCILLATOR TYPES

The PIC16F8X can be operated in four different
oscillator modes. The user can program two
configuration bits (FOSC1 and FOSC0) to select one of
these four modes:

� LP Low Power Crystal
� XT Crystal/Resonator
� HS High Speed Crystal/Resonator
� RC Resistor/Capacitor

8.2.2 CRYSTAL OSCILLATOR / CERAMIC 
RESONATORS

In XT, LP or HS modes a crystal or ceramic resonator
is connected to the OSC1/CLKIN and OSC2/CLKOUT
pins to establish oscillation (Figure 8-3). 

FIGURE 8-3: CRYSTAL/CERAMIC 
RESONATOR OPERATION 
(HS, XT OR LP OSC 
CONFIGURATION)    

The PIC16F8X oscillator design requires the use of a
parallel cut crystal. Use of a series cut crystal may give
a frequency out of the crystal manufacturers
specifications. When in XT, LP or HS modes, the device
can have an external clock source to drive the
OSC1/CLKIN pin (Figure 8-4).

R/P-u R/P-u R/P-u R/P-u R/P-u R/P-u R/P-u R/P-u R/P-u R/P-u R/P-u R/P-u R/P-u R/P-u
CP CP CP CP CP CP CP CP CP CP PWRTE WDTE FOSC1 FOSC0

bit13 bit0
R = Readable bit
P = Programmable bit
- n = Value at POR reset
         u = unchanged

bit 13:4 CP: Code Protection bit
1 = Code protection off
0 = All memory is code protected

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

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

bit 1:0 FOSC1:FOSC0: Oscillator Selection bits
11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

Note1: See Table 8-1 for recommended values of
C1 and C2.

2: A series resistor (RS) may be required for
AT strip cut crystals.

3: RF varies with the crystal chosen.

C1(1)

C2(1)

XTAL

OSC2

OSC1

RF(3)

SLEEP

To

logic

PIC16FXX
RS(2)

internal
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FIGURE 8-17: INT PIN INTERRUPT TIMING     

8.9.1 INT INTERRUPT

External interrupt on RB0/INT pin is edge triggered:
either rising if INTEDG bit (OPTION_REG<6>) is set,
or falling, if INTEDG bit is clear. When a valid edge
appears on the RB0/INT pin, the INTF bit
(INTCON<1>) is set. This interrupt can be disabled by
clearing control bit INTE (INTCON<4>). Flag bit INTF
must be cleared in software via the interrupt service
routine before re-enabling this interrupt. The INT
interrupt can wake the processor from SLEEP
(Section 8.12) only if the INTE bit was set prior to going
into SLEEP. The status of the GIE bit decides whether
the processor branches to the interrupt vector
following wake-up. 

8.9.2 TMR0 INTERRUPT

An overflow (FFh  00h) in TMR0 will set flag bit T0IF
(INTCON<2>). The interrupt can be enabled/disabled
by setting/clearing enable bit T0IE (INTCON<5>)
(Section 6.0). 

8.9.3 PORT RB INTERRUPT

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit RBIE (INTCON<3>)
(Section 5.2).   

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 = 3-4Tcy 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

Note 1: For a change on the I/O pin to be
recognized, the pulse width must be at
least TCY wide.
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9.0 INSTRUCTION SET SUMMARY
Each PIC16CXX instruction is a 14-bit word divided
into an OPCODE which specifies the instruction type
and one or more operands which further specify the
operation of the instruction. The PIC16CXX instruction
set summary in Table 9-2 lists byte-oriented , bit-ori-
ented , and literal and control  operations. Table 9-1
shows the opcode field descriptions.

For byte-oriented  instructions, ’f’ represents a file reg-
ister designator and ’d’ represents a destination desig-
nator. The file register designator specifies which file
register is to be used by the instruction. 

The destination designator specifies where the result of
the operation is to be placed. If ’d’ is zero, the result is
placed in the W register. If ’d’ is one, the result is placed
in the file register specified in the instruction.

For bit-oriented  instructions, ’b’ represents a bit field
designator which selects the number of the bit affected
by the operation, while ’f’ represents the number of the
file in which the bit is located.

For literal and control  operations, ’k’ represents an
eight or eleven bit constant or literal value.

TABLE 9-1 OPCODE FIELD 
DESCRIPTIONS  

The instruction set is highly orthogonal and is grouped
into three basic categories:

� Byte-oriented  operations
� Bit-oriented  operations
� Literal and control  operations

All instructions are executed within one single instruc-
tion cycle, unless a conditional test is true or the pro-
gram counter is changed as a result of an instruction.
In this case, the execution takes two instruction cycles
with the second cycle executed as a NOP. One instruc-
tion cycle consists of four oscillator periods. Thus, for
an oscillator frequency of 4 MHz, the normal instruction
execution time is 1 s. If a conditional test is true or the
program counter is changed as a result of an instruc-
tion, the instruction execution time is 2 s.

Table 9-2 lists the instructions recognized by the
MPASM assembler. 

Figure 9-1 shows the general formats that the instruc-
tions can have.     

All examples use the following format to represent a
hexadecimal number:

0xhh

where h signifies a hexadecimal digit. 

FIGURE 9-1: GENERAL FORMAT FOR 
INSTRUCTIONS    

Field Description
f Register file address (0x00 to 0x7F)
W Working register (accumulator)
b Bit address within an 8-bit file register
k Literal field, constant data or label
x Don’t care location (= 0 or 1) 

The assembler will generate code with x = 0. It is the 
recommended form of use for compatibility with all 

Microchip software tools.
d Destination select; d = 0: store result in W,

d = 1: store result in file register f. 
Default is d = 1

label Label name
TOS Top of Stack
PC Program Counter

PCLATH Program Counter High Latch
GIE Global Interrupt Enable bit
WDT Watchdog Timer/Counter
TO Time-out bit
PD Power-down bit

dest Destination either the W register or the specified 
register file location

[  ] Options

(  ) Contents

 Assigned to

< > Register bit field

 In the set of

italics User defined term (font is courier)

Note: To maintain upward compatibility with
future PIC16CXX products, do not use the
OPTION and TRIS instructions.

Byte-oriented  file register operations
13                          8     7    6                              0

d = 0 for destination W

OPCODE            d              f (FILE #)

d = 1 for destination f
f  = 7-bit file register address

Bit-oriented  file register operations
13                         10  9        7   6                       0

OPCODE          b (BIT #)        f (FILE #)

b = 3-bit bit address
f  = 7-bit file register address

Literal and control  operations

13                                  8    7                             0
OPCODE                              k (literal)

k  = 8-bit immediate value

13                 11    10                                          0
OPCODE                        k (literal)

k  = 11-bit immediate value

General

CALL and GOTO instructions only
 1996-2013 Microchip Technology Inc. DS30430D-page 55
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TABLE 9-2 PIC16FXX 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
0xxx
dfff
dfff
dfff
dfff
dfff
dfff
dfff
lfff
0xx0
dfff
dfff
dfff
dfff
dfff

ffff
ffff
ffff
xxxx
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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IORWF Inclusive OR W with f

Syntax: [ label ]    IORWF    f,d

Operands: 0  f  127
d  [0,1]

Operation: (W) .OR. (f)  (destination)

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

Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read 

register 
’f’

Process 
data

Write to 
destination

Example IORWF RESULT, 0

Before Instruction
RESULT = 0x13
W = 0x91

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

MOVF Move f

Syntax: [ label ]    MOVF   f,d

Operands: 0  f  127
d  [0,1]

Operation: (f)  (destination)

Status Affected: Z

Encoding: 00 1000 dfff ffff

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

Words: 1

Cycles: 1

Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read 

register 
’f’

Process 
data

Write to 
destination

Example MOVF FSR, 0

After Instruction
W = value in FSR register
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

Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read 

literal ’k’
Process 

data
Write to 

W

Example MOVLW 0x5A

After Instruction
W = 0x5A

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

Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read 

register 
’f’

Process 
data

Write 
register ’f’

Example MOVWF OPTION_REG

Before Instruction
OPTION = 0xFF
W = 0x4F

After Instruction
OPTION = 0x4F
W = 0x4F
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TABLE 10-1: DEVELOPMENT TOOLS FROM MICROCHIP
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PIC16F8X PIC16F83/84
10.5 Timing Diagrams and Specifications

FIGURE 10-3: EXTERNAL CLOCK TIMING     

    

OSC1

CLKOUT

Q4 Q1 Q2 Q3 Q4 Q1

1 3 3 4 4
2

TABLE 10-3 EXTERNAL CLOCK TIMING REQUIREMENTS 

Parameter 
No. Sym Characteristic Min Typ� Max Units Conditions

FOSC External CLKIN Frequency (1) DC � 2 MHz XT, RC osc PIC16LF8X-04
DC � 4 MHz XT, RC osc PIC16F8X-04
DC � 10 MHz HS osc PIC16F8X-10
DC � 200 kHz LP osc PIC16LF8X-04

Oscillator Frequency (1) DC � 2 MHz RC osc PIC16LF8X-04
DC � 4 MHz RC osc PIC16F8X-04
0.1 � 2 MHz XT osc PIC16LF8X-04
0.1 � 4 MHz XT osc PIC16F8X-04
1.0 � 10 MHz HS osc PIC16F8X-10
DC � 200 kHz LP osc PIC16LF8X-04

1 Tosc External CLKIN Period (1) 500 � � ns XT, RC osc PIC16LF8X-04
250 � � ns XT, RC osc PIC16F8X-04
100 � � ns HS osc PIC16F8X-10
5.0 � � s LP osc PIC16LF8X-04

Oscillator Period (1) 500 � � ns RC osc PIC16LF8X-04
250 � � ns RC osc PIC16F8X-04
500 � 10,000 ns XT osc PIC16LF8X-04
250 � 10,000 ns XT osc PIC16F8X-04
100 � 1,000 ns HS osc PIC16F8X-10
5.0 � � s LP osc PIC16LF8X-04

2 TCY Instruction Cycle Time (1) 0.4 4/Fosc DC s                                   
3 TosL,

TosH
Clock in (OSC1) High or Low 
Time

60 * � � ns XT osc PIC16LF8X-04
50 * � � ns XT osc PIC16F8X-04
2.0 * � � s LP osc PIC16LF8X-04
35 * � � ns HS osc PIC16F8X-10

4 TosR,
TosF

Clock in (OSC1) Rise or Fall Time 25 * � � ns XT osc PIC16F8X-04
50 * � � ns LP osc PIC16LF8X-04
15 * � � ns HS osc PIC16F8X-10

* These parameters are characterized but no 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.
DS30430D-page 11-82  1996-2013 Microchip Technology Inc.



PIC16F83/84 PIC16F8X
FIGURE 10-6: TIMER0 CLOCK TIMINGS     

TABLE 10-6 TIMER0 CLOCK REQUIREMENTS     

Parameter 
No.

Sym Characteristic Min Typ� Max Units Conditions

40 Tt0H T0CKI High Pulse Width No Prescaler 0.5TCY + 20 * � � ns

With Prescaler 50 *
30 *

�
�

�
�

ns
ns

2.0V  VDD  3.0V
3.0V  VDD  6.0V

41 Tt0L T0CKI Low Pulse Width No Prescaler 0.5TCY + 20 * � � ns

With Prescaler 50 *
20 *

�
�

�
�

ns
ns

2.0V  VDD  3.0V
3.0V  VDD  6.0V

42 Tt0P T0CKI Period TCY + 40 *
N

� � ns N = prescale value 
(2, 4, ..., 256)

* 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.

RA4/T0CKI

40 41

42
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PIC16CR83/84 PIC16F8X
FIGURE 11-4: CLKOUT A ND I/O TIMING     

TABLE 11-4 CLKOUT AND I/O TIMING REQUIREMENTS      

Parameter 
No. Sym Characteristic Min Typ� Max Units Conditions

10 TosH2ckL OSC1 to CLKOUT PIC16CR8X � 15 30 * ns Note 1

10A PIC16LCR8X � 15 120 * ns Note 1

11 TosH2ckH OSC1 to CLKOUT PIC16CR8X � 15 30 * ns Note 1

11A PIC16LCR8X � 15 120 * ns Note 1

12 TckR CLKOUT rise time PIC16CR8X � 15 30 * ns Note 1

12A PIC16LCR8X � 15 100 * ns Note 1

13 TckF CLKOUT fall time PIC16CR8X � 15 30 * ns Note 1

13A PIC16LCR8X � 15 100 * ns Note 1

14 TckL2ioV CLKOUT  to Port out valid � � 0.5T CY +20 * ns Note 1

15 TioV2ckH Port in valid before PIC16CR8X 0.30TCY + 30 * � � ns Note 1

CLKOUT  PIC16LCR8X 0.30TCY + 80 * � � ns Note 1

16 TckH2ioI Port in hold after CLKOUT  0 * � � ns Note 1

17 TosH2ioV OSC1 (Q1 cycle) to PIC16CR8X � � 125 * ns

Port out valid PIC16LCR8X � � 250 * ns

18 TosH2ioI OSC1 (Q2 cycle) to 
Port input  invalid (I/O 
in hold time)

PIC16CR8X 10 * � � ns

PIC16LCR8X 10 * � � ns

19 TioV2osH Port input valid to 
OSC1(I/O in setup 
time)

PIC16CR8X -75 * � � ns

PIC16LCR8X -175 * � � ns

20 TioR Port output rise time PIC16CR8X � 10 35 * ns

20A PIC16LCR8X � 10 70 * ns

21 TioF Port output fall time PIC16CR8X � 10 35 * ns

21A PIC16LCR8X � 10 70 * ns

22 Tinp INT pin high PIC16CR8X 20 * � � ns

22A or low time PIC16LCR8X 55 * � � ns

23 Trbp RB7:RB4 change INT PIC16CR8X TOSC § � � ns

23A high or low time PIC16LCR8X TOSC § � � ns

* 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.
§ By design

Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x TOSC.

OSC1

CLKOUT

I/O Pin
(input)

I/O Pin
(output)

Q4 Q1 Q2 Q3

10

13

14

17

20, 21

22
23

19 18

15

11

12

16

old value new value

Note: All tests must be done with specified capacitive loads (Figure 11-2) 50 pF on I/O pins and CLKOUT.
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NOTES:
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PIC16F8X
FIGURE 12-12: TYPICAL I DD vs. FREQUENCY (RC MODE @300PF, 25C)

TYPICAL IDD vs FREQ (RC MODE @300pF)
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PIC16F8X
FIGURE 12-15: TRANSCONDUCTANCE (gm) 
OF LP OSCILLATOR vs. V DD

FIGURE 12-16: TRANSCONDUCTANCE (gm) 
OF XT OSCILLATOR vs. V DD
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