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PIC16F8X

1.0 GENERAL DESCRIPTION

The PIC16F8X is a group in the PIC16CXX family of
low-cost, high-performance, CMOS, fully-static, 8-bit
microcontrollers. This group contains the following
devices:

* PIC16F83
* PIC16F84

* PIC16CR83
* PIC16CR84

All PIC® microcontrollers employ an advanced RISC
architecture. PIC16F8X devices have enhanced core
features, eight-level deep stack, and multiple internal
and external interrupt sources. The separate
instruction and data buses of the Harvard architecture
allow a 14-bit wide instruction word with a separate
8-bit wide data bus. The two stage instruction pipeline
allows all instructions to execute in a single cycle,
except for program branches (which require two
cycles). A total of 35 instructions (reduced instruction
set) are available. Additionally, a large register set is
used to achieve a very high performance level.

PIC16F8X microcontrollers typically achieve a 2:1 code
compression and up to a 4:1 speed improvement (at 20
MHz) over other 8-bit microcontrollers in their class.

The PIC16F8X has up to 68 bytes of RAM, 64 bytes of
Data EEPROM memory, and 13 I/O pins. A timer/coun-
ter is also available.

The PIC16CXX family has special features to reduce
external components, thus reducing cost, enhancing
system reliability and reducing power consumption.
There are four oscillator options, of which the single pin
RC oscillator provides a low-cost solution, the LP
oscillator minimizes power consumption, XT is a
standard crystal, and the HS is for High Speed crystals.
The SLEEP (power-down) mode offers power saving.
The user can wake the chip from sleep through several
external and internal interrupts and resets.

A highly reliable Watchdog Timer with its own on-chip
RC oscillator provides protection against software lock-
up.

The devices with Flash program memory allow the
same device package to be used for prototyping and
production. In-circuit reprogrammability allows the
code to be updated without the device being removed
from the end application. This is useful in the
development of many applications where the device
may not be easily accessible, but the prototypes may
require code updates. This is also useful for remote
applications where the code may need to be updated
(such as rate information).

Table 1-1 lists the features of the PIC16F8X. A simpli-
fied block diagram of the PIC16F8X is shown in
Figure 3-1.

The PIC16F8X fits perfectly in applications ranging
from high speed automotive and appliance motor
control to low-power remote sensors, electronic locks,
security devices and smart cards. The Flash/EEPROM
technology makes customization of application
programs (transmitter codes, motor speeds, receiver
frequencies, security codes, etc.) extremely fast and
convenient. The small footprint packages make this
microcontroller series perfect for all applications with
space limitations. Low-cost, low-power, high
performance, ease-of-use and I/O flexibility make the
PIC16F8X very versatile even in areas where no
microcontroller use has been considered before
(e.g., timer functions; serial communication; capture,
compare and PWM functions; and co-processor
applications).

The serial in-system programming feature (via two
pins) offers flexibility of customizing the product after
complete assembly and testing. This feature can be
used to serialize a product, store calibration data, or
program the device with the current firmware before

shipping.

1.1 Family and Upward Compatibility

Those users familiar with the PIC16C5X family of
microcontrollers will realize that this is an enhanced
version of the PIC16C5X architecture. Please refer to
Appendix A for a detailed list of enhancements. Code
written for PIC16C5X devices can be easily ported to
PIC16F8X devices (Appendix B).

1.2 Development Support

The PIC16CXX family is supported by a full-featured
macro assembler, a software simulator, an in-circuit
emulator, a low-cost development programmer and a
full-featured programmer. A “C” compiler and fuzzy
logic support tools are also available.
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TABLE 4-1 REGISTER FILE SUMMARY

Value on Value on all

Address | Name Bit7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on other resets
Reset (Note3)

Bank 0
00h INDF Uses contents of FSR to address data memory (not a physical register) | ---- -=-- | ---- ----
01h TMRO 8-bit real-time clock/counter XXXX XXXX | Uuuuu uuuu
02h PCL Low order 8 bits of the Program Counter (PC) 0000 0000 | 0000 0000
03h sTaTUS @ IRP | RP1 ‘ RPO | TO | PD | z | DC | c 0001 1xxx | 000g quuu
04h FSR Indirect data memory address pointer 0 XXXX XXXX | uuuu uuuu
05h PORTA — — — RA4/TOCKI RA3 RA2 RA1 RAO ---X XXXX | ---u uuuu
06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO/INT | xxxx xxxx | uuuu uuuu
07h Unimplemented location, readas'' | —oeo oo | o oo
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 () ~=-0 0000 | ---0 0000
0Bh INTCON GIE EEIE TOIE INTE RBIE TOIF | INTF | RBIF 0000 000x | 0000 000u
Bank 1
80h INDF Uses contents of FSR to address data memory (not a physical register) | ---- -=-- | ---- ----
81h OFTON- | RBPU | INTEDG | ToCs TOSE PSA PS2 PS1 psp | 1111 111l | 1111 1111
82h PCL Low order 8 bits of Program Counter (PC) 0000 0000 0000 0000
83h sTaTUs @ IRP | RP1 ‘ RPO | TO | PD | z | DC | c 0001 1lxxx | 000g 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, readas'o* | oo o[ o
88h EECON1 = | = | - | EEIF | WRERR| WREN | WR | RD ~--0 x000 | ---0 g000
89h EECON2 EEPROM control register 2 (not a physical register) | —--- —ooo | —--o —---
0Ah PCLATH — — — | Write buffer for upper 5 bits of the PC (1) ~--0 0000 | ---0 0000
0Bh INTCON GIE | EEE TOIE INTE | RBIE [ TOF | INTF [ RBIF | 0000 000x | 0000 000u
Legend: x =unknown, u = unchanged. - = unimplemented read as '0', g = 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.
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4222

The OPTION_REG register is a readable and writable
register which contains various control bits to configure
the TMRO/WDT prescaler, the external INT interrupt,

OPTION_REG REGISTER

Note: When
the WDT (PSA = '1'), TMRO has a 1:1
prescaler assignment.

the prescaler is assigned to

TMRO, and the weak pull-ups on PORTB.

FIGURE 4-1: OPTION_REG REGISTER (ADDRESS 81h)

Bit Value TMRO Rate  WDT Rate

000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
| BBPU | INTEDG | Tocs | Tose | PsA | pPs2 | pst | R = Readable bit
bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset
bit7:  RBPU: PORTB Pull-up Enable bit
1 = PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled (by individual port latch values)
bit 6: INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of RBO/INT pin
0 = Interrupt on falling edge of RBO/INT pin
bit 5: TOCS: TMRO Clock Source Select bit
1 = Transition on RA4/TOCKI pin
0 = Internal instruction cycle clock (CLKOUT)
bit 4: TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin
bit 3: PSA: Prescaler Assignment bit
1 = Prescaler assigned to the WDT
0 = Prescaler assigned to TMRO
bit 2-0: PS2:PS0: Prescaler Rate Select bits

DS30430D-page 16
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4.5 Indirect Addressing; INDF and FSR

Registers

The INDF register is not a physical register. Address-
ing INDF actually addresses the register whose
address is contained in the FSR register (FSR is a
pointer). This is indirect addressing.

EXAMPLE 4-1: INDIRECT ADDRESSING

¢ Register file 05 contains the value 10h

* Register file 06 contains the value 0Ah

¢ Load the value 05 into the FSR register

¢ A read of the INDF register will return the value of
10h

¢ Increment the value of the FSR register by one
(FSR = 06)

¢ A read of the INDF register now will return the
value of OAh.

Reading INDF itself indirectly (FSR = 0) will produce
00h. Writing to the INDF register indirectly results in a
no-operation (although STATUS bits may be affected).

A simple program to clear RAM locations 20h-2Fh
using indirect addressing is shown in Example 4-2.
EXAMPLE 4-2: HOW TO CLEAR RAM
USING INDIRECT

ADDRESSING

movlw 0x20 ;initialize pointer

movwf FSR ;  to RAM
NEXT clrf INDF ;clear INDF register

incf FSR ;inc pointer

btfss FSR,4 ;all done?

goto NEXT ;NO, clear next
CONTINUE

;YES, continue

An effective 9-bit address is obtained by concatenating
the 8-bit FSR register and the IRP bit (STATUS<7>), as
shown in Figure 4-1. However, IRP is not used in the
PIC16F8X.

FIGURE 4-1: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
Y — ~
bank select location select bank select location select
‘ 00 01 10 11 J
00h 00h
not used | not used -
oBh |
0Ch
Addresses
Data 2Fh M map back
Memory @ 30n M to Bank 0
4Fh @
50h
7Fh 7Fh
Bank 0 Bank 1 Bank 2 Bank 3
Note 1: PIC16F83 and PIC16CR83 devices.
2: PIC16F84 and PIC16CR84 devices
3: For memory map detail see Figure 4-1.

© 1996-2013 Microchip Technology Inc.

DS30430D-page 19



PIC16F8X

TABLE 5-1 PORTA FUNCTIONS

Name Bit0 Buffer Type Function
RAO bit0 TTL Input/output
RA1 bit1 TTL Input/output
RA2 bit2 TTL Input/output
RA3 bit3 TTL Input/output
RA4/TOCKI bit4 ST Input/output or external clock input for TMRO.
Output is open drain type.

Legend: TTL = TTL input, ST = Schmitt Trigger input
TABLE 5-2 SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Address | Name Bit7 | Bit6 | Bit5 Bit 4 Bits | Bitz | Bit1 | Bito | Poweron | Valueonal

Reset other resets
05h PORTA — — — RA4/TOCKI RA3 RA2 RA1 RAO ---X XXXX | ---u uuuu
85h TRISA — — — TRISA4 TRISA3 | TRISA2 | TRISA1 | TRISAO ---1 1111 ---1 1111
Legend: x = unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are unimplemented, read as '0'
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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

VDD

weak
# pull-up

RePU( D
Data b Data Latch
ata bus
D o > X
WR Port CK pin®@
TRIS Latch
D Q
WR TRIS oK L Vi
Input
Buffer
1
RD TRJS Latch
Q D
RD Port EN
Set RBIF %
From other %
RB7:RB4 pins Q D
EN
RD Port

Note 1: TRISB ='1' enables weak pull-up
(if RBPU ="'0" in the OPTION_REG register).

2: 1/0 pins have diode protection to VDD and Vss.

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).

Note 1: For a change on the I/O pin to be
recognized, the pulse width must be at

least Tcy (4/fosc) wide.

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
Voo
rBPU(
RBPU( J weak
pull-up
Data bus Data Latch
o G X
I/?
WR Port CKT\_ pin®@
TRIS Latch
D
Q TTL
Input
WRTRIS CK™Y} Buffer 7
[
RD TRIS
pd Q D
RD Port EN K
RBO/INT <]
gﬁﬁ}g}'“ rigger ‘ RD Port
Note 1: TRISB ='1' enables weak pull-up
(if RBPU ='0' in the OPTION_REG register).
2: 1/0 pins have diode protection to VDD and Vss.
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8.1 Configuration Bits

The configuration bits can be programmed (read as '0')
or left unprogrammed (read as '1') to select various
device configurations. These bits are mapped in
program memory location 2007h.

FIGURE 8-1:

Address 2007h is beyond the user program memory
space and it belongs to the special test/configuration
memory space (2000h - 3FFFh). This space can only
be accessed during programming.

To find out how to program the PIC16C84, refer to
PIC16C84 EEPROM Memory Programming Specifica-
tion (DS30189).

CONFIGURATION WORD - PIC16CR83 AND PIC16CR84

R-u R-u R-u R-u R-u R-u R/P-u R-u

R-u R-u R-u R-u R-u R-u

| cP | cp | cp [ cP | cp | cp [ DP | cPp [ cPp | cp |PWRTE |wDTE | FOsct [ FOsco |

bit13

bit 13:8 CP: Program Memory Code Protection bit
1 = Code protection off
0 = Program memory is code protected
bit 7 DP: Data Memory Code Protection bit
1 = Code protection off
0 = Data memory is code protected
bit 6:4 CP: Program Memory Code Protection bit
1 = Code protection off

0 = Program memory is code protected

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

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

FOSC1:FOSCO: Oscillator Selection bits
11 =RC oscillator
10 =HS oscillator
01 = XT oscillator
00 =LP oscillator

bit 3

bit 2

bit 1:0

bit0
Readable bit
Programmable bit
n = Value at POR reset
u = unchanged

R
P

DS30430D-page 38
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8.7 Time-out Sequence and Power-down

Status Bits (TO/PD

On power-up (Figure 8-10, Figure 8-11, Figure 8-12
and Figure 8-13) the time-out sequence is as follows:
First PWRT time-out is invoked after a POR has
expired. Then the OST is activated. The total time-out
will vary based on oscillator configuration and PWRTE
configuration bit status. For example, in RC mode with
the PWRT disabled, there will be no time-out at all.

TABLE 8-5 TIME-OUT IN VARIOUS

SITUATIONS

Oscillator Power-up Wake-up

Configuration PWRT PWRT from

Enabled | Disabled SLEEP

XT, HS, LP 72ms + 1024T0SsC 1024T0sc
1024ToSC

RC 72 ms — —

Since the time-outs occur from the POR reset pulse, if
MCLR is kept low long enough, the time-outs will
expire. Then bringing MCLR high, execution will begin
immediately (Figure 8-10). This is useful for testing
purposes or to synchronize more than one PIC16F8X
device when operating in parallel.

Table 8-6 shows the significance of the TO and PD bits.
Table 8-3 lists the reset conditions for some special
registers, while Table 8-4 lists the reset conditions for
all the registers.

TABLE 8-6 STATUS BITS AND THEIR
SIGNIFICANCE
TO |PD Condition
1 1 | Power-on Reset
0 x | lllegal, TO is set on POR
x 0 |lllegal, PD is set on POR
0 1 | WDT Reset (during normal operation)
0 0 |WDT Wake-up
1 1 | MCLR Reset during normal operation
1 0 |MCLR Reset during SLEEP or interrupt
wake-up from SLEEP

8.8 Reset on Brown-Out

A brown-out is a condition where device power (VDD)
dips below its minimum value, but not to zero, and then
recovers. The device should be reset in the event of a
brown-out.

To reset a PIC16F8X device when a brown-out occurs,
external brown-out protection circuits may be built, as
shown in Figure 8-14 and Figure 8-15.

FIGURE 8-14: BROWN-OUT PROTECTION

CIRCUIT 1
VDD
e 1 VDD
33k J
10k MCLR
7AN 40k | pic16F8X

This circuit will activate reset when VDD goes below
(Vz + 0.7V) where Vz = Zener voltage.

FIGURE 8-15: BROWN-OUT PROTECTION

CIRCUIT 2
VDD
e ! VDD
R1 J
at |
MCLR
R2
40k | pic16F8x

This brown-out circuit is less expensive, although less
accurate. Transistor Q1 turns off when VDD is below a
certain level such that:

VDD ¢ L =0.7V

R1+R2

© 1996-2013 Microchip Technology Inc.
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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 1/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 1/0O pins at either at VDD or Vss, with no
external circuitry drawing current from the I/O pins, and
disable external clocks. 1/O pins that are hi-impedance
inputs should be pulled high or low externally to avoid
switching currents caused by floating inputs. The
TOCKI 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 RBO/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 NoOP after the
SLEEP instruction.

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

va1l Q2| asla4. a1l @2] @3l @4, a1l

, a1l @2l @3l @4, a1l @2l @3 la4; a1l @2l @3l a4 a1l @2l @3l a4,

CLKOUT@ N/~ \ | L TosT) | / \ / A\ / A / l
INT pin ' ' ! ! ! ! ! :

INTF fla ' ! ! .
(INTCON<15) /i . . Interrupt Latency , . .
: 1 1 ! l ,  (oe) 1 l
GIE bit ; ; " P ; . \ \ .
(INTCON<75) | ' Processor in | ! ! \ : : .
| , . SLEEP ' . . , . .
1 1 1 ' 1 1 1 1 1
INSTRUCTION FLOW ! ! ! I | ! | |
PC X PC X PC+1 X PC+2 X PC+2 X PC +2 X 0004h X 0005h |
%gts;;-]uezgion {: Inst(PC) = SLEEP : Inst(PC + 1) : : Inst(PC + 2) : : Inst(0004h) : Inst(0005h) :
Instrution J, inst(PG - 1) ' SLEEP . © nsiPC+1) 1 Dummycycle .+ Dummycycle : inst(0004h)

Note 1 XT, HS or LP oscillator mode assumed.

1
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 ANDLW AND Literal with W
Syntax: [labell ADDLW Kk Syntax: [labell ANDLW  k
Operands: 0<k<255 Operands: 0<k<255
Operation: W) +k > (W) Operation: (W) .AND. (k) — (W)
Status Affected: C, DC, Z Status Affected: Z
Encoding: ‘ 11 | 111x ‘ kkkk | kkkk ‘ Encoding: ‘ 11 | 1001 ‘ kkkk | kkkk ‘
Description: The contents of the W register are Description: The contents of W register are
added to the eight bit literal 'k' and the AND’ed with the eight bit literal 'k'. The
result is placed in the W register. result is placed in the W register.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Q Cycle Activity: Q1 Q2 Qs Q4
Decode Read Process | Write to Decode Read Process | Write to
literal 'k' data w literal "k" data w
Example: ADDLW  0x15 Example ANDLW  OX5F
Before Instruction Before Instruction
W = 0x10 W = OxA3
After Instruction After Instruction
W = 0x25 W = 0x03
ADDWF Add W and f ANDWF AND W with f
Syntax: [label] ADDWF fd Syntax: [label] ANDWF fd
Operands: 0<f<127 Operands: 0<f<127
d e [0,1] d e [0,1]
Operation: (W) + (f) > (destination) Operation: (W) .AND. (f) — (destination)
Status Affected: C, DC, Z Status Affected: Z
Encoding: ‘ 00 | 0111 ‘ dfff | EEEE | Encoding: ‘ 00 | 0101 ‘ dfff | fEEE |
Description: Add the contents of the W register with Description: AND the W register with register 'f'. If 'd'
register 'f'. If 'd" is O the result is stored is 0 the result is stored in the W regis-
in the W register. If 'd' is 1 the result is ter. If 'd" is 1 the result is stored back in
stored back in register 'f'. register 'f'.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Q Cycle Activity: Q1 Q2 Qs Q4
Decode Read Process Write to Decode Read Process Write to
register data destination register data destination
' f
Example ADDWF  FSR, Example ANDWF  FSR, 1
Before Instruction Before Instruction
W = 0x17 W = 0x17
FSR=  0xC2 FSR=  0xC2
After Instruction After Instruction
W = 0xD9 W = 0x17
FSR=  0xC2 FSR=  0x02

© 1996-2013 Microchip Technology Inc.
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BTFSS Bit Test f, Skip if Set CALL Call Subroutine
Syntax: [labell BTFSS f,b Syntax: [ label] CALL k
Operands: 0<f<127 Operands: 0 <k <2047
0<b<7 Operation: (PC)+ 1— TOS,
Operation: skip if (f<b>) =1 k - PC<10:0>,
Status Affected:  None (PCLATH<4:3>) » PC<12:11>
Encoding: IENEENEZREED Status Affected: ~ None
Description: If bit 'b* in register 'f' is '0' then the next Encoding: ‘ 10 ‘ Okkk ‘ kkkk | kkkk |

instruction is executed.

If bit 'b" is '1', then the next instruction is
discarded and a NOP is executed
instead, making this a 2Tcy instruction.

Description: Call Subroutine. First, return address
(PC+1) is pushed onto the stack. The
eleven bit immediate address is loaded
into PC bits <10:0>. The upper bits of

Words: 1 the PC are loaded from PCLATH. CALL
is a two cycle instruction.
Cycles: 1(2) Words: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Cycles: 5
Decode Read Process | No-Operat ..
register f | data ion Q Cycle Activity: Q1 Q2 Qs Q4
. 1st Cycle | Decode Read Process | Write to
If Skip:  (2nd Cycle) y literal 'k, | data PC
Q1 Q2 Q3 Q4 Push PC
to Stack
No-Operat No-C());r)]eratl No-ﬁ(())ﬁera No-i((J)ﬁerat 2nd Cycle No-Opera | No-Opera | No-Operat
ion No-Opera tion tion ion
tion
Example HERE BTFSC FLAG,1 EXampIe HERE CALL THERE
FALSE GOTO PROCESS CODE
TRUE . Before Instruction
. PC = Address HERE
. After Instruction

PC = Address THERE
TOS = Address HERE+1

Before Instruction
PC = address HERE
After Instruction
if FLAG<1> =0,
PC = address FALSE
if FLAG<1>=1,
PC = address TRUE
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INCFSZ Increment f, Skip if 0 IORLW Inclusive OR Literal with W
Syntax: [ label] INCFSZ f,d Syntax: [ label] IORLW k
Operands: 0<f<127 Operands: 0<k<255
de[01] Operation: (W) .OR. k - (W)
Operation: (f) + 1 — (destination), Status Affected:  Z
skip if result =0
Encoding: ‘ 11 | 1000 ‘ kkkk | kkkk ‘
Status Affected:  None
. Description: The contents of the W register is
Encoding: ‘ 00 | 1111 ‘ dfff | £EEE ‘ OR’ed with the eight bit literal 'k'. The
Description: The contents of register 'f' are incre- result is placed in the W register.
mented. If 'd" is 0 the result is placed in .
the W register. If 'd' is 1 the result is Words: 1
placed back in register 'f'. .
If the regulltfish1 , the In_extoinst“ggqn is Cycles: 1
executed. If the resultis 0, a IS exe- PRI
cuted instead making it a 2TCY instruc- Q Cycle Activity: Q1 Q2 Q3 Q4
tion. Decode Read Process | Write to
Words: 1 literal 'k’ data w
Cycles: 1(2)
- Example IORLW  0x35
Q Cycle Activity: Q1 Q2 Q3 Q4 )
- Before Instruction
Decode Bead . Process Wr'lte tp W = OXx9A
register 'f data destination \
After Instruction
If Skip:  (2nd Cycle) W = OxBF
Q1 Q@2 Q3 Q4 z = 1
No-Opera | No-Opera | No-Operati
No-Operat tion tion on
ion
Example HERE INCFSZ CNT, 1
GOTO LOOP
CONTINUE e

Before Instruction

PC = address HERE
After Instruction

CNT = CNT+1

if CNT= 0,

PC = address CONTINUE

if CNT= 0,

PC = address HERE +1
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TABLE 10-1 CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)

osc PIC16F84-04 PIC16F84-10 PIC16LF84-04
PIC16F83-04 PIC16F83-10 PIC16LF83-04

RC VbpD: 4.0V to 6.0V VDD: 4.5V to 5.5V VbD: 2.0V to 6.0V
IbD: 4.5 mA max. at 5.5V Ibb: 1.8 mA typ. at 5.5V IbD: 4.5 mA max. at 5.5V
IPD: 14 pA max. at 4V WDT dis IPD: 1.0 pA typ. at 5.5V WDT dis IPD: 7.0 pA max. at 2V WDT dis
Freq: 4.0 MHz max. Freq: 4..0 MHz max. Freq: 2.0 MHz max.

XT VbD: 4.0V to 6.0V VDD: 4.5V to 5.5V VbD: 2.0V to 6.0V
IbD: 4.5 mA max. at 5.5V Ibb: 1.8 mA typ. at 5.5V IDD: 4.5 mA max. at 56V
IPD: 14 pA max. at 4V WDT dis IPD: 1.0 pA typ. at 5.5V WDT dis IPD: 7.0 pA max. at{\?&VDT dis
Freq: 4.0 MHz max. Freq: 4.0 MHz max. Freq: 2.0 MHz max.

HS VDD: 4.5V to 5.5V VDD: 4.5V to 5.5V I
IDD: 4.5 mA typ. at 5.5V . Ibb: 10 mA max. at 5.5V typ. . Do not usein mode
IPD: 1.0 pA typ. at 4.5V WDT dis IPD: 1.0 pA typ. at 4.5V WDT dis
Freq: 4.0 MHz max. Freq: 10 MHz max. /;T;ﬁ’\

LP VDD: 4.0V to 6.0V VDD 2.0V 10 6.
IDD: 48 pA typ. at 32 kHz, 2.0V . IDD: Amax. at’32 kHz, 2.0V
IPD: o.siA zlypp. at 3.0V WDT dis | DO notuse in LP mode wu max, at 2.0V WDT dis
Freq: 200 kHz max. Wq: 0 kHeg'max.

The shaded sections indicate oscillator selections which are tested for functlonal Wn fopMIN/MAX specifica-
tions. It is recommended that the user select the device type that ensur specifications required.

\

N
&
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PIC16F8X

10.3

DC CHARACTERISTICS:

PIC16F84, PIC16F83 (Commercial, Industrial)

PIC16LF84, PIC16LF83 (Commercial, Industrial)

All Pins

Except

DC Characteristics

Power Supply Pins

Standard Operating Conditions (unless otherwise stated)
0°C < TA < +70°C (commercial)

-40°C < TA < +85°C (industrial)

Operating voltage VDD range as described in DC spec

Operating temperature

Section 10.1 and Section 10.2.

Parame-
ter
No. Sym Characteristic Min Typt | Max | Units Conditions
Input Low Voltage
VIL I/O ports
D030 with TTL buffer Vss — 0.8 \Y
DO30A Vss — |0.16VDD| V
D031 with Schmitt Trigger buffer Vss — | 0.2VDD \
D032 MCLR, RA4/TOCKI Vss — | 02vbp | V
D033 OSC1 (XT, HS and LP modes) |  Vss — |03voD | V
D034 0OSC1 (RC mode) Vss — | 0.1VDD Vv
Input High Voltage
VIH I/O ports — v Q
D040 with TTL buffer 2.4 — DD 454/ < Vop < 5.5V
DO040A 0.48VDD| — v V< | entire range®
D041 with Schmitt Trigger buffer | 0.45VDD entire range
D042 MCLR, RA4/TOCKI, OSC1 0.85 Q\VQD\ v
(RC mode) VDD
D043 OSC1 (XT, HS and LP modes)(" | 0,7’ Wpb \vw Vv
D050 VHYS | Hysteresis of TR — \
Schmitt Trigger inputs
D070  |Ipure | PORTB weak pull-up currentS 505 \N\250* | 400* | pA |VbD =5.0V, VPIN = Vss
Input Leakage Current® )
D060 liL I/O ports — — +1 pA | Vss <VPIN < VDD,
Pin at hi-impedance
D061 m RA4/TO — — +5 pA | Vss < VPIN < VDD
D063 OSCH1 — — +5 pA | Vss <VPIN < VDD, XT, HS
and LP osc configuration
Outp ge
D080 VoL 1/0 por — — 0.6 V |loL=8.5mA, VDD = 4.5V
D083 mCL — — 0.6 V |loL=1.6 mA, VDD = 4.5V
LGutpu |gh\\(o(age
D090 VOH VbD-0.7 | — — V |loH=-3.0 mA, VDD = 4.5V
D092 NOSE2/CLKOUT VDD-0.7 | — — V |loH=-1.3mA, VDD = 4.5V

al clock while the device is in RC mode, or chip damage may result.
: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified lev-

els represent normal operating conditions. Higher leakage current may be measured at different input volt-

ages.

3: Negative current is defined as coming out of the pin.
4: The user may choose the better of the two specs.

© 1996-2013 Microchip Technology Inc.

DS30430D-page 11-79



PIC16F8X PIC16F83/84

FIGURE 10-5: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP

TIMER TIMING
. (¢
, )
VDD /
l I
| )
MCLR / \ /
Internal I
POR
: «— 33 —>» ' (¢ (\
PWRT 2
Time-out 30 .
| —
0SC
Time-out
Internal
RESET
Watchdog
Timer
RESET
1/0 Pins
TABLE 10-5 RESET, WATCHDOG TIMER, ©SC R START-UP TIMER AND POWER-UP
TIMER REQUIREMENTS \
Parameter
No. Sym Characteristic \Mi Typt Max | Units Conditions
30 TmcL | MCLR Pulse Wi;gh (low) 1000 * — — ns |[2.0V<VDD<6.0V
31 Twdt | Watchdog Timer Tie-out Perjqd 7 18 33~ ms | VDD = 5.0V
(No Presgater) /;
32 Tost Oscill;zﬁp/slt%up mer P/eﬁod 1024Tosc ms | Tosc = OSC1 period
33 Tpwrt Pov(er-@ ;%;/Per)gd 28 * 72 132* | ms |[VDD=5.0v
34 Tioz | 1Q HiY peWr MCLR Low | — — |10 ns
or rgset
* These par eWe actetizéd but not tested.
1 Data in "Typ{ columin j ~25°C unless otherwise stated. These parameters are for design guidance only and are not
teste:
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PIC16CR83/84

TABLE 11-1 CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES)
osc PIC16CR84-04 PIC16CR84-10 PIC16LCR84-04
PIC16CR83-04 PIC16CR83-10 PIC16LCR83-04

RC VDD: 4.0V to 6.0V VDD: 4.5V to 5.5V VDD: 2.0V to 6.0V
IbD: 4.5 mA max. at 5.5V IbD: 1.8 mA typ. at 5.5V IbD: 4.5 mA max. at 5.5V
IPD: 14 pA max. at 4V WDT dis IPD: 1.0 pA typ. at 5.5V WDT dis IPD: 5 pA max. at 2V WDT dis
Freq: 4.0 MHz max. Freq: 4..0 MHz max. Freq: 2.0 MHz max.

XT VDD: 4.0V to 6.0V VDD: 4.5V to 5.5V VDD: 2.0V to 6.0V
IbD: 4.5 mA max. at 5.5V IbD: 1.8 mA typ. at 5.5V IbD: 4.5 mA max. at 5.
IPD: 14 pA max. at 4V WDT dis IPD: 1.0 pA typ. at 5.5V WDT dis IPD: 5 pA max. at 2V T dis
Freq: 4.0 MHz max. Freq: 4.0 MHz max. Freq: 2.0 MHz max.

HS |vbD: 4.5V t0 5.5V VDD: 4.5V to 5.5V T
IbD: 4.5 mA typ. at 5.5V Ibp: 10 mA .at 5.5V typ.

mA typ. at 5.5 . DD 0 mA max. at 5.5V typ . Do not usert mode

IPD: 1.0 pA typ. at 4.5V WDT dis IPD: 1.0 pA typ. at 4.5V WDT dis
Freq: 4.0 MHz max. Freq: 10 MHz max. />

LP  |VDD: 4.0V to 6.0V VDD: R 0N’
IDD: 48 pA typ. at 32 kHz, 2.0V . IbD: 4 kHz, 2.0V
IPD: 0.6 A typ. at 3.0V WDT dis | 0° "ot use in LP mode : \at 2V WDT dis
Freq: 200 kHz max. N=eeq:

The shaded sections indicate oscillator selections which are tested for functionali IN/MAX specifica-

tions. It is recommended that the user select the device type that ensur specifications required.

N
&
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111 DC CHARACTERISTICS: PIC16CR84, PIC16CR83 (Commercial, Industrial)
_— Standard Operating Conditions (unless otherwise stated)
I?gwce?gjgrlcslj:::: Operating temperature 0°C < TA < +70°C (commercial)
-40°C < TA < +85°C (industrial)
Parameter | Sym Characteristic Min | Typt | Max | Units Conditions
No.

D001 VDD | Supply Voltage 4.0 — | 6.0 V | XT, RC and LP osc configuration
DOO1A 4.5 — | 55 V | HS osc configuration
D002 VDR RAM Data Retention 15 | — — V | Device in SLEEP mode

Voltage("
D003 VPOR | VDD start voltage to — | Vss | — V | See section on Power-on Re et or details

ensure internal

Power-on Reset signal
D004 SvDD | VDD rise rate to ensure | 0.05% | — — | V/ms | See section on Power-on Res tails

internal Power-on

Reset signal

Ibb | Supply Current®

D010 — 1.8 | 45| mA
DO10A — 73 | 10 | mA
D013 - 5 10 | mA , =5.
D020 IPD | Power-down Current® | — | 7.0 | 28 A | VoD 4. o DT enabled, industrial
D021 — 1.0 | 14 HA& WDT disabled, commercial
DO21A — [ 1.0 | & XA V WDT disabled, industrial

*

These parameters are characterized but not tested.

1 Datain "Typ" column is at 5.0V, 25°C unless othepdise
and are not tested.

3:

he

arameters are for design guidance only

aefive operation mode are:
all 1/0 pins tristated, pulled to VDD, TOCKI =

VDD,
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NOTES:
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NOTES:
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