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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

Details

Product Status Active

Core Processor PIC

Core Size 8-Bit

Speed 4MHz

Connectivity -

Peripherals POR, WDT

Number of I/O 13

Program Memory Size 1.75KB (1K x 14)

Program Memory Type FLASH

EEPROM Size 64 x 8

RAM Size 68 x 8

Voltage - Supply (Vcc/Vdd) 2V ~ 6V

Data Converters -

Oscillator Type External

Operating Temperature 0°C ~ 70°C (TA)

Mounting Type Surface Mount

Package / Case 18-SOIC (0.295", 7.50mm Width)

Supplier Device Package 18-SOIC

Purchase URL https://www.e-xfl.com/product-detail/microchip-technology/pic16lf84-04-so

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/pic16lf84-04-so-4383732
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers


PIC16F8X
Table of Contents
1.0 General Description ...................................................................................................................................................................... 3
2.0 PIC16F8X Device Varieties .......................................................................................................................................................... 5
3.0 Architectural Overview.................................................................................................................................................................. 7
4.0 Memory Organization ................................................................................................................................................................. 11
5.0 I/O Ports...................................................................................................................................................................................... 21
6.0 Timer0 Module and TMR0 Register............................................................................................................................................ 27
7.0 Data EEPROM Memory.............................................................................................................................................................. 33
8.0 Special Features of the CPU ...................................................................................................................................................... 37
9.0 Instruction Set Summary ............................................................................................................................................................ 53
10.0 Development Support ................................................................................................................................................................. 69
11.0 Electrical Characteristics for PIC16F83 and PIC16F84.............................................................................................................. 73
12.0 Electrical Characteristics for PIC16CR83 and PIC16CR84........................................................................................................ 85
13.0 DC & AC Characteristics Graphs/Tables.................................................................................................................................... 97
14.0 Packaging Information .............................................................................................................................................................. 109
Appendix A: Feature Improvements - From PIC16C5X To PIC16F8X .......................................................................................... 113
Appendix B: Code Compatibility -  from PIC16C5X to PIC16F8X.................................................................................................. 113
Appendix C: What’s New In This Data Sheet ................................................................................................................................. 114
Appendix D: What’s Changed In This Data Sheet ......................................................................................................................... 114
Appendix E: Conversion Considerations - PIC16C84 to PIC16F83/F84 And PIC16CR83/CR84.................................................. 115
Index ................................................................................................................................................................................................. 117
On-Line Support................................................................................................................................................................................. 119
Reader Response .............................................................................................................................................................................. 120
PIC16F8X Product Identification System ........................................................................................................................................... 121
Sales and Support.............................................................................................................................................................................. 121

 

To Our Valued Customers
We constantly strive to improve the quality of all our products and documentation. We have spent a great deal of
time to ensure that these documents are correct. However, we realize that we may have missed a few things. If you
find any information that is missing or appears in error, please use the reader response form in the back of this data
sheet to inform us. We appreciate your assistance in making this a better document.
DS30430D-page 2  1996-2013 Microchip Technology Inc.



PIC16F8X
3.0 ARCHITECTURAL OVERVIEW
The high performance of the PIC16CXX family can be
attributed to a number of architectural features
commonly found in RISC microprocessors. To begin
with, the PIC16CXX uses a Harvard architecture. This
architecture has the program and data accessed from
separate memories. So the device has a program
memory bus and a data memory bus. This improves
bandwidth over traditional von Neumann architecture
where program and data are fetched from the same
memory (accesses over the same bus). Separating
program and data memory further allows instructions to
be sized differently than the 8-bit wide data word.
PIC16CXX opcodes are 14-bits wide, enabling single
word instructions. The full 14-bit wide program memory
bus fetches a 14-bit instruction in a single cycle. A two-
stage pipeline overlaps fetch and execution of instruc-
tions (Example 3-1). Consequently, all instructions exe-
cute in a single cycle except for program branches. 

The PIC16F83 and PIC16CR83 address 512 x 14 of
program memory, and the PIC16F84 and PIC16CR84
address 1K  x 14 program memory. All program mem-
ory is internal.

The PIC16CXX can directly or indirectly address its
register files or data memory. All special function
registers including the program counter are mapped in
the data memory. An orthogonal (symmetrical)
instruction set makes it possible to carry out any oper-
ation on any register using any addressing mode. This
symmetrical nature and lack of ‘special optimal
situations’ make programming with the PIC16CXX
simple yet efficient. In addition, the learning curve is
reduced significantly.
 1996-2013 Microchip Technology Inc. DS30430D-page 7



PIC16F8X
4.3 Program Counter: PCL and PCLATH

The Program Counter (PC) is 13-bits wide. The low
byte is the PCL register, which is a readable and
writable register. The high byte of the PC (PC<12:8>) is
not directly readable nor writable and comes from the
PCLATH register. The PCLATH (PC latch high) register
is a holding register for PC<12:8>. The contents of
PCLATH are transferred to the upper byte of the
program counter when the PC is loaded with a new
value. This occurs during a CALL, GOTO or a write to
PCL. The high bits of PC are loaded from PCLATH as
shown in Figure 4-1.

FIGURE 4-1: LOADING OF PC IN 
DIFFERENT SITUATIONS 

4.3.1 COMPUTED GOTO

A computed GOTO is accomplished by adding an offset
to the program counter (ADDWF PCL). When doing a
table read using a computed GOTO method, care should
be exercised if the table location crosses a PCL memory
boundary (each 256 word block). Refer to the application
note “Implementing a Table Read” (AN556).

4.3.2 PROGRAM MEMORY PAGING

The PIC16F83 and PIC16CR83 have 512 words of pro-
gram memory. The PIC16F84 and PIC16CR84 have
1K of program memory. The CALL and GOTO instruc-
tions have an 11-bit address range. This 11-bit address
range allows a branch within a 2K program memory
page size. For future PIC16F8X program memory
expansion, there must be another two bits to specify
the program memory page. These paging bits come
from the PCLATH<4:3> bits (Figure 4-1). When doing a
CALL or a GOTO instruction, the user must ensure that
these page bits (PCLATH<4:3>) are programmed to
the desired program memory page. If a CALL instruc-
tion (or interrupt) is executed, the entire 13-bit PC is
“pushed” onto the stack (see next section). Therefore,

manipulation of the PCLATH<4:3> is not required for
the return instructions (which “pops” the PC from the
stack).

4.4 Stack

The PIC16FXX has an 8 deep x 13-bit wide hardware
stack (Figure 4-1). The stack space is not part of either
program or data space and the stack pointer is not
readable or writable.

The entire 13-bit PC is “pushed” onto the stack when a
CALL instruction is executed or an interrupt is acknowl-
edged. The stack is “popped” in the event of a
RETURN, RETLW or a RETFIE instruction execution.
PCLATH is not affected by a push or a pop operation.

The stack operates as a circular buffer. That is, after the
stack has been pushed eight times, the ninth push over-
writes the value that was stored from the first push. The
tenth push overwrites the second push (and so on). 

If the stack is effectively popped nine times, the PC
value is the same as the value from the first pop. 

PC
12 8 7 0

5
PCLATH<4:0>

PCLATH

INST with PCL
 as dest

ALU result

GOTO, CALL

Opcode <10:0>

8

PC

12 11 10 0

11PCLATH<4:3>

PCH PCL

8 7

2

PCLATH

PCH PCL

Note: The PIC16F8X ignores the PCLATH<4:3>
bits, which are used for program memory
pages 1, 2 and 3 (0800h - 1FFFh). The
use of PCLATH<4:3> as general purpose
R/W bits is not recommended since this
may affect upward compatibility with
future products.

Note: There are no instruction mnemonics
called push or pop. These are actions that
occur from the execution of the CALL,
RETURN, RETLW, and RETFIE instruc-
tions, or the vectoring to an interrupt
address.

Note: There are no status bits to indicate stack
overflow or stack underflow conditions.
DS30430D-page 18  1996-2013 Microchip Technology Inc.
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5.0 I/O PORTS
The PIC16F8X has two ports, PORTA and PORTB.
Some port pins are multiplexed with an alternate func-
tion for other features on the device. 

5.1 PORTA and TRISA Registers

PORTA is a 5-bit wide latch. RA4 is a Schmitt Trigger
input and an open drain output. All other RA port pins
have TTL input levels and full CMOS output drivers. All
pins have data direction bits (TRIS registers) which can
configure these pins as output or input. 

Setting a TRISA bit (=1) will make the corresponding
PORTA pin an input, i.e., put the corresponding output
driver in a hi-impedance mode. Clearing a TRISA bit
(=0) will make the corresponding PORTA pin an output,
i.e., put the contents of the output latch on the selected
pin.

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

The RA4 pin is multiplexed with the TMR0 clock input.

FIGURE 5-1: BLOCK DIAGRAM OF PINS 
RA3:RA0 

EXAMPLE 5-1: INITIALIZING PORTA 
CLRF   PORTA        ; Initialize PORTA by
                    ; setting output
                    ; data latches
BSF    STATUS, RP0  ; Select Bank 1
MOVLW  0x0F         ; Value used to 
                    ; initialize data 
                    ; direction
MOVWF  TRISA        ; Set RA<3:0> as inputs
                    ; RA4 as outputs
                    ; TRISA<7:5> are always
                    ; read as '0'.

FIGURE 5-2: BLOCK DIAGRAM OF PIN RA4

Note: I/O pins have protection diodes to VDD and VSS.
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EXAMPLE 5-1: INITIALIZING PORTB 
CLRF   PORTB        ; Initialize PORTB by
                    ; setting output
                    ; data latches
BSF    STATUS, RP0  ; Select Bank 1
MOVLW  0xCF         ; Value used to 
                    ; initialize data 
                    ; direction
MOVWF  TRISB        ; Set RB<3:0> as inputs
                    ; RB<5:4> as outputs
                    ; RB<7:6> as inputs

TABLE 5-3 PORTB FUNCTIONS    

TABLE 5-4 SUMMARY OF REGISTERS ASSOCIATED WITH PORTB     

Name Bit Buffer Type I/O Consistency Function

RB0/INT bit0 TTL/ST(1) Input/output pin or external interrupt input. Internal software 
programmable weak pull-up.

RB1 bit1 TTL Input/output pin. Internal software programmable weak pull-up.

RB2 bit2 TTL Input/output pin. Internal software programmable weak pull-up.
RB3 bit3 TTL Input/output pin. Internal software programmable weak pull-up.
RB4 bit4 TTL Input/output pin (with interrupt on change). Internal software programmable 

weak pull-up.
RB5 bit5 TTL Input/output pin (with interrupt on change). Internal software programmable 

weak pull-up.
RB6 bit6 TTL/ST(2) Input/output pin (with interrupt on change). Internal software programmable 

weak pull-up. Serial programming clock.
RB7 bit7 TTL/ST(2) Input/output pin (with interrupt on change). Internal software programmable 

weak pull-up. Serial programming data.
Legend:  TTL = TTL input, ST = Schmitt Trigger.
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.

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 

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

86h TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISB0 1111 1111 1111 1111

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

1111 1111 1111 1111

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTB.
DS30430D-page 24  1996-2013 Microchip Technology Inc.
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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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TABLE 8-3 RESET CONDITION FOR PROGRAM COUNTER AND THE STATUS REGISTER         

Condition Program Counter STATUS Register

Power-on Reset 000h 0001 1xxx

MCLR Reset during normal operation 000h 000u uuuu

MCLR Reset during SLEEP 000h 0001 0uuu

WDT Reset (during normal operation) 000h 0000 1uuu

WDT Wake-up PC + 1 uuu0 0uuu

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

Legend: u = unchanged, x = unknown.
Note 1: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector 

(0004h).

TABLE 8-4 RESET CONDITIONS FOR ALL REGISTERS  

Register Address Power-on Reset

MCLR Reset during:
– normal operation
– SLEEP
WDT Reset during nor-
mal operation

Wake-up from SLEEP:
– through interrupt
– through WDT Time-out

W — xxxx xxxx uuuu uuuu uuuu uuuu

INDF 00h ---- ---- ---- ---- ---- ----

TMR0 01h xxxx xxxx uuuu uuuu uuuu uuuu

PCL 02h 0000h 0000h  PC + 1(2)

STATUS 03h 0001 1xxx 000q quuu(3) uuuq quuu(3)

FSR 04h xxxx xxxx uuuu uuuu uuuu uuuu

PORTA 05h ---x xxxx ---u uuuu ---u uuuu

PORTB 06h xxxx xxxx uuuu uuuu uuuu uuuu

EEDATA 08h xxxx xxxx uuuu uuuu uuuu uuuu

EEADR 09h xxxx xxxx uuuu uuuu uuuu uuuu

PCLATH 0Ah ---0 0000 ---0 0000 ---u uuuu

INTCON 0Bh 0000 000x 0000 000u uuuu uuuu(1) 

INDF 80h ---- ---- ---- ---- ---- ----

OPTION_REG 81h 1111 1111 1111 1111 uuuu uuuu

PCL 82h 0000h 0000h PC + 1

STATUS 83h 0001 1xxx 000q quuu(3) uuuq quuu(3)

FSR 84h xxxx xxxx uuuu uuuu uuuu uuuu

TRISA 85h ---1 1111 ---1 1111 ---u uuuu

TRISB 86h 1111 1111 1111 1111 uuuu uuuu

EECON1 88h ---0 x000 ---0 q000 ---0 uuuu

EECON2 89h ---- ---- ---- ---- ---- ----

PCLATH 8Ah ---0 0000 ---0 0000 ---u uuuu

INTCON 8Bh 0000 000x 0000 000u uuuu uuuu(1)

Legend: u   = unchanged,     x   =   unknown,    - =   unimplemented bit read as '0',    
q = value depends on condition.

Note 1: One or more bits in INTCON will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector 

(0004h).
3: Table 8-3 lists the reset value for each specific condition.
 1996-2013 Microchip Technology Inc. DS30430D-page 43
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8.12 Power-down Mode (SLEEP)

A device may be powered down (SLEEP) and later
powered up (Wake-up from SLEEP).

8.12.1 SLEEP

The Power-down mode is entered by executing the
SLEEP instruction. 

If enabled, the Watchdog Timer is cleared (but keeps
running), the PD bit (STATUS<3>) is cleared, the TO bit
(STATUS<4>) is set, and the oscillator driver is turned
off. The I/O ports maintain the status they had before
the SLEEP instruction was executed (driving high, low,
or hi-impedance).

For the lowest current consumption in SLEEP mode,
place all I/O pins at either at VDD or VSS, with no
external circuitry drawing current from the I/O pins, and
disable external clocks. I/O pins that are hi-impedance
inputs should be pulled high or low externally to avoid
switching currents caused by floating inputs. The
T0CKI input should also be at VDD or VSS. The
contribution from on-chip pull-ups on PORTB should be
considered.

The MCLR pin must be at a logic high level (VIHMC).

It should be noted that a RESET generated by a WDT
time-out does not drive the MCLR pin low.

8.12.2 WAKE-UP FROM SLEEP

The device can wake-up from SLEEP through one of
the following events:

1. External reset input on MCLR pin.
2. WDT Wake-up (if WDT was enabled).

3. Interrupt from RB0/INT pin, RB port change, or
data EEPROM write complete.

Peripherals cannot generate interrupts during SLEEP,
since no on-chip Q clocks are present. 

The first event (MCLR reset) will cause a device reset.
The two latter events are considered a continuation of
program execution. The TO and PD bits can be used to
determine the cause of a device reset. The PD bit,
which is set on power-up, is cleared when SLEEP is
invoked. The TO bit is cleared if a WDT time-out
occurred (and caused wake-up).

While the SLEEP instruction is being executed, the next
instruction (PC + 1) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up
occurs regardless of the state of the GIE bit. If the GIE
bit is clear (disabled), the device continues execution at
the instruction after the SLEEP instruction. If the GIE bit
is set (enabled), the device executes the instruction
after the SLEEP instruction and then branches to the
interrupt address (0004h). In cases where the
execution of the instruction following SLEEP is not
desirable, the user should have a NOP after the
SLEEP instruction.

FIGURE 8-19: WAKE-UP FROM SLEEP THROUGH INTERRUPT      

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

OSC1

CLKOUT(4)

INT pin

INTF flag
(INTCON<1>)

GIE bit
(INTCON<7>)

INSTRUCTION FLOW

PC

Instruction
fetched

Instruction
executed

PC PC+1 PC+2

Inst(PC) = SLEEP

Inst(PC - 1)

Inst(PC + 1)

SLEEP

Processor in

SLEEP

Interrupt Latency
(Note 2)

Inst(PC + 2)

Inst(PC + 1)

Inst(0004h) Inst(0005h)

Inst(0004h)Dummy cycle

PC + 2 0004h 0005h

Dummy cycle

TOST(2)

PC+2

Note 1: XT, HS or LP oscillator mode assumed.
2: TOST = 1024TOSC (drawing not to scale) This delay will not be there for RC osc mode.
3: GIE = '1' assumed. In this case after wake- up, the processor jumps to the interrupt routine. If GIE = '0', execution will continue in-line.
4: CLKOUT is not available in these osc modes, but shown here for timing reference.
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9.1 Instruction Descriptions 

ADDLW Add Literal and W

Syntax: [label]  ADDLW     k

Operands: 0  k  255

Operation: (W) + k  (W)

Status Affected: C, DC, Z

Encoding: 11 111x kkkk kkkk

Description: The contents of the W register are 
added to the eight bit literal 'k' and the 
result is placed in the W register.

Words: 1

Cycles: 1

Q Cycle Activity: Q1 Q2 Q3 Q4

Decode Read 
literal 'k'

Process 
data

Write to 
W

Example: ADDLW 0x15

Before Instruction
W = 0x10

After Instruction
W = 0x25

ADDWF Add W and f

Syntax: [label]  ADDWF     f,d

Operands: 0  f  127
d 

Operation: (W) + (f)  (destination)

Status Affected: C, DC, Z

Encoding: 00 0111 dfff ffff

Description: Add 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

Q Cycle Activity: Q1 Q2 Q3 Q4

Decode Read 
register 

'f'

Process 
data

Write to 
destination

Example ADDWF FSR, 0

Before Instruction
W = 0x17
FSR = 0xC2

After Instruction
W = 0xD9
FSR = 0xC2

ANDLW AND Literal with W

Syntax: [label]  ANDLW     k

Operands: 0  k  255

Operation: (W) .AND. (k)  (W)

Status Affected: Z

Encoding: 11 1001 kkkk kkkk

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

Words: 1

Cycles: 1

Q Cycle Activity: Q1 Q2 Q3 Q4

Decode Read 
literal "k"

Process 
data

Write to 
W

Example ANDLW 0x5F

Before Instruction
W = 0xA3

After Instruction
W = 0x03

ANDWF AND W with f

Syntax: [label]  ANDWF     f,d

Operands: 0  f  127
d 

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

Status Affected: Z

Encoding: 00 0101 dfff ffff

Description: AND the W register with register 'f'. If 'd' 
is 0 the result is stored in the W regis-
ter. If 'd' is 1 the result is stored 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 ANDWF FSR, 1

Before Instruction
 W = 0x17
FSR = 0xC2

After Instruction
W = 0x17
FSR = 0x02
 1996-2013 Microchip Technology Inc. DS30430D-page 57
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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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PIC16F8X PIC16F83/84
10.5 Timing Diagrams and Specifications

FIGURE 10-3: EXTERNAL CLOCK TIMING     
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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.
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PIC16F8X PIC16CR83/84
11.5 Timing Diagrams and Specifications

FIGURE 11-3: EXTERNAL CLOCK TIMING     
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TABLE 11-3 EXTERNAL CLOCK TIMING REQUIREMENTS 

Parameter 
No. Sym Characteristic Min Typ† Max Units Conditions

FOSC External CLKIN Frequency(1) DC — 2 MHz XT, RC osc PIC16LCR8X-04

DC — 4 MHz XT, RC osc PIC16CR8X-04

DC — 10 MHz HS osc PIC16CR8X-10

DC — 200 kHz LP osc PIC16LCR8X-04

Oscillator Frequency(1) DC — 2 MHz RC osc PIC16LCR8X-04

DC — 4 MHz RC osc PIC16CR8X-04

0.1 — 2 MHz XT osc PIC16LCR8X-04

0.1 — 4 MHz XT osc PIC16CR8X-04

1.0 — 10 MHz HS osc PIC16CR8X-10

DC — 200 kHz LP osc PIC16LCR8X-04

1 Tosc External CLKIN Period(1) 500 — — ns XT, RC osc PIC16LCR8X-04

250 — — ns XT, RC osc PIC16CR8X-04

100 — — ns HS osc PIC16CR8X-10

5.0 — — s LP osc PIC16LCR8X-04

Oscillator Period(1) 500 — — ns RC osc PIC16LCR8X-04

250 — — ns RC osc PIC16CR8X-04

500 — 10,000 ns XT osc PIC16LCR8X-04

250 — 10,000 ns XT osc PIC16CR8X-04

100 — 1,000 ns HS osc PIC16CR8X-10

5.0 — — s LP osc PIC16LCR8X-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 PIC16LCR8X-04

50 * — — ns XT osc PIC16CR8X-04

2.0 * — — s LP osc PIC16LCR8X-04

35 * — — ns HS osc PIC16CR8X-10

4 TosR,
TosF

Clock in (OSC1) Rise or Fall Time 25 * — — ns XT osc PIC16CR8X-04

50 * — — ns LP osc PIC16LCR8X-04

15 * — — ns HS osc PIC16CR8X-10

* 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.
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PIC16CR83/84 PIC16F8X
FIGURE 11-4: CLKOUT AND 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 — — 0.5TCY +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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PIC16F8X
12.0 DC & AC CHARACTERISTICS GRAPHS/TABLES
The graphs and tables provided in this section are for design guidance and are not tested or guaranteed. 

In some graphs or tables, the data presented are outside specified operating range (i.e., outside specified VDD

range). This is for information only and devices are guaranteed to operate properly only within the specified range.

The data presented in this section is a statistical summary of data collected on units from different lots over a period
of time and matrix samples. 'Typical' represents the mean of the distribution at 25C, while 'max' or 'min' represents
(mean + 3) and (mean - 3) respectively, where  is standard deviation.

FIGURE 12-1: TYPICAL RC OSCILLATOR FREQUENCY vs. TEMPERATURE

TABLE 12-1 RC OSCILLATOR FREQUENCIES*  

Cext Rext

Average
Fosc @ 5V, 25C

Part to Part Variation

20 pF 5 k 4.61 MHz  25%

10 k 2.66 MHz  24%
100 k 311 kHz  39%

100 pF 5 k 1.34 MHz  21%

10 k 756 kHz  18%
100 k 82.8 kHz  28%

300 pF 5 k 428 kHz  13%

10 k 243 kHz  13%
100 k 26.2 kHz  23%

* Measured on DIP packages. The percentage variation indicated here is part-to-part variation due to normal process
distribution. The variation indicated is 3 standard deviation from average value for full VDD range.

FOSC

FOSC (25C)

1.20

1.16

1.12

1.08

1.04

1.00

0.96

0.92

0.88

0.84
-40 -20 0 2520 40 60 80 100

T(C)

Frequency normalized to +25C

VDD = 5.5 V

VDD = 3.5 V

Rext  10 k
Cext = 100 pF

70 85
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PIC16F8X
FIGURE 12-5: TYPICAL IPD vs. VDD,
WATCHDOG DISABLED

FIGURE 12-6: TYPICAL IPD vs. VDD,
WATCHDOG ENABLED 

FIGURE 12-7: VTH (INPUT THRESHOLD VOLTAGE) OF I/O PINS vs. VDD
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Note: These input pins have TTL input buffers.
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PIC16F8X
FIGURE 12-12: TYPICAL IDD vs. FREQUENCY (RC MODE @300PF, 25C)

TYPICAL IDD vs FREQ (RC MODE @300pF)
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PIC16F8X
13.0 PACKAGING INFORMATION

13.1 Package Marking Information     

18L PDIP

XXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXX

AABBCDE

AABBCDE
XXXXXXXXXXXX
XXXXXXXXXXXX

18L SOIC

Example

PIC16F84-04I/P
9632SAW

XXXXXXXXXXXX

9648SAN
/SO
PIC16F84-04

Example

Legend: XX...X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
WW Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
  Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (     )

can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.

3e

3e
 1996-2013 Microchip Technology Inc. DS30430D-page 111



PIC16F8X
PIC16F8X PRODUCT IDENTIFICATION SYSTEM
To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

SALES AND SUPPORT    

PART NO. -XX X /XX XXX

PatternPackageTemperature
Range

Frequency
Range

Device

   
Device PIC16F8X(2), PIC16F8XT(3)

PIC16LF8X(2), PIC16LF8XT(3)

PIC16F8XA(2), PIC16F8XAT(3)

PIC16LF8XA(2), PIC16LF8XAT(3)

PIC16CR8X(2), PIC16CR8XT(3)

PIC16LCR8X(2), PIC16LCR8XT(3)

Frequency 
Range

04
10
20

= 4 MHz
= 10 MHz
= 20 MHz

Temperature 
Range

b(1)

I
= 0C to +70C (Commercial)
= -40C to +85C (Industrial)

Package P
SO
SS

= PDIP
= SOIC (Gull Wing, 300 mil body)
= SSOP

Pattern 3-digit Pattern Code for QTP, ROM (blank otherwise)

Examples:

a) PIC16F84 -04/P 301 = Commercial 
temp., PDIP package, 4 MHz, normal 
VDD limits, QTP pattern #301.

b) PIC16LF84 - 04I/SO = Industrial temp.,
SOIC package, 200 kHz, Extended VDD

limits.

c) PIC16CR84 - 10I/P = ROM program
memory, Industrial temp., PDIP package,
10MHz, normal VDD limits.

Note 1: b = blank
2: F = Standard VDD range

LF = Extended VDD range
CR = ROM Version, Standard VDD 

range
LCR = ROM Version, Extended VDD 

range
3: T = in tape and reel - SOIC, SSOP 

packages only.

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

1. Your local Microchip sales office.

2. The Microchip’s Bulletin Board, via your local CompuServe number (CompuServe membership NOT required).
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Note the following details of the code protection feature on Microchip devices:

• Microchip products meet the specification contained in their particular Microchip Data Sheet.

• Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the 
intended manner and under normal conditions.

• There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our 
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data 
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

• Microchip is willing to work with the customer who is concerned about the integrity of their code.

• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not 
mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.
Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.
 1996-2013 Microchip Technology Inc.
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