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PIC16F8X

TABLE 3-1 PIC16F8X PINOUT DESCRIPTION
Pin Name DIP soIC l/o/P Buffer Description
No. No. Type Type

OSC1/CLKIN 16 16 | ST/CMOS @) | Oscillator crystal input/external clock source input.

OSC2/CLKOUT 15 15 o] — Oscillator crystal output. Connects to crystal or resonator in crystal
oscillator mode. In RC mode, OSC2 pin outputs CLKOUT which has
1/4 the frequency of OSC1, and denotes the instruction cycle rate.

MCLR 4 4 1P ST Master clear (reset) input/programming voltage input. This pin is an
active low reset to the device.
PORTA is a bi-directional I/O port.

RAO 17 17 I/0 TTL

RA1 18 18 I/0 TTL

RA2 1 1 I/0 TTL

RA3 2 2 I/0 TTL

RA4/TOCKI 3 3 I/0 ST Can also be selected to be the clock input to the TMRO timer/

counter. Output is open drain type.

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

RBO/INT 6 6 I/0 TTLI/STM RBO/INT can also be selected as an external interrupt pin.

RB1 7 7 I/0 TTL

RB2 8 8 I/0 TTL

RB3 9 9 I/0 TTL

RB4 10 10 I/0 TTL Interrupt on change pin.

RB5 11 11 I/0 TTL Interrupt on change pin.

RB6 12 12 I/0 TTL/ST @ Interrupt on change pin. Serial programming clock.

RB7 13 13 I/0 TTL/ST @ Interrupt on change pin. Serial programming data.

Vss 5 5 P — Ground reference for logic and 1/O pins.

VDD 14 14 P — Positive supply for logic and 1/O pins.

Legend: I=input O = output 1/0O = Input/Output P = power

— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in serial programming mode.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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PIC16F8X

4.0 MEMORY ORGANIZATION

There are two memory blocks in the PIC16F8X. These
are the program memory and the data memory. Each
block has its own bus, so that access to each block can
occur during the same oscillator cycle.

The data memory can further be broken down into the
general purpose RAM and the Special Function
Registers (SFRs). The operation of the SFRs that
control the “core” are described here. The SFRs used
to control the peripheral modules are described in the
section discussing each individual peripheral module.

The data memory area also contains the data
EEPROM memory. This memory is not directly mapped
into the data memory, but is indirectly mapped. That is,
an indirect address pointer specifies the address of the
data EEPROM memory to read/write. The 64 bytes of
data EEPROM memory have the address range
0h-3Fh. More details on the EEPROM memory can be
found in Section 7.0.

41 Program Memory Organization

The PIC16FXX has a 13-bit program counter capable
of addressing an 8K x 14 program memory space. For
the PIC16F83 and PIC16CR83, the first 512 x 14
(0000h-01FFh) are physically implemented
(Figure 4-1). For the PIC16F84 and PIC16CR84, the
first 1K x 14 (0000h-03FFh) are physically imple-
mented (Figure 4-2). Accessing a location above the
physically implemented address will cause a wrap-
around. For example, for the PIC16F84 locations 20h,
420h, 820h, C20h, 1020h, 1420h, 1820h, and 1C20h
will be the same instruction.

The reset vector is at 0000h and the interrupt vector is
at 0004h.

FIGURE 4-1: PROGRAM MEMORY MAP
ANDSTACK-PIC16F83/CR83
[ PC<12:0> |
CALL, RETURN I,E 13
RETFIE, RETLW

Stack Level 1

Stack Level 8

Reset Vector 0000h
- Peripheral Interrupt Vector | 0004h
o
Eo
[&]
=g
gw —
-}
- 1FFh
1FFFh
FIGURE 4-2: PROGRAM MEMORY MAP
AND STACK-PIC16F84/CR84
| PC<12:0> |
CALL, RETURN 13
RETFIE, RETLW
Stack Level 1
Stack Level 8
Y Reset Vector 0000h
Peripheral Interrupt Vector | 0004h
> (::
o
€ o
o O
=3
5P
(2]
D>
A 3FFh
1FFFh
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PIC16F8X

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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FIGURE 6-3: TMRO TIMING: INTERNAL CLOCK/PRESCALE 1:2

Q1| @2|a3|a4, a1|@2|a3|q4; Q1| @2|a3| Q4 .Q1| Q2| Q3| @4, Q1| Q2| Q3| Q4 ,Q1| Q2| Q3| Q4; Q1| Q2| Q3| Q4. Q1| Q2|Q3| Q4 ,

PC ( PC-1 ¥ PC X PC+1 X PC+2 ¥ PC+3 X PC+4 [ PC+5 X PC+6 )
Instruction " ' MOVWF TMRO ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' MOVF TMRO,W ' '
FEtCh 1 1 1 1 1 1 1 1 1
TMRO L 10 X TO+ X . NTO . o NTo+T X,
Instruction : : : * : ? : * : ? : ? : ? :
Execute X X ' Writt TMRO . Read TMRO ' Read TMRO . Read TMRO ' Read TMRO ' Read TMRO |
executed reads NTO reads NTO reads NTO reads NTO reads NTO + 1

FIGURE 6-4: TMRO INTERRUPT TIMING

»at| Q2| a3| o4 Q1| 02| 3| @4; Q1| 2| 03| a4 Q1| @2| @3 | Q4 Q1| @2| a3 | a4,
osct . . . . !

cLkouT®

TMRO timer 00h X

01h X

02h X

vO

ToIF bit @
(INTCON<2>)

GIE bit
(INTCON<7>)

/ f

\

FEh X

\

2
INSTRUCTION FLOW Interrupt Latency(®

Instruction [

fetched 1 Inst (PC)

Inst (PC+1)

Inst (0004h) Inst (0005h)

Instruction

PC ( PC X PC +1 X PC +1 X 0004h X 0005h
executed .

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

Note 1: TOIF interrupt flag is sampled here (every Q1).
2: Interrupt latency = 3.25Tcy, where Tcy = instruction cycle time.
3: CLKOUT is available only in RC oscillator mode.
4: The timer clock (after the synchronizer circuit) which increments the timer from FFh to 00h immediately sets the TOIF bit.
The TMRO register will roll over 3 Tosc cycles later.
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FIGURE 6-5: TIMERO TIMING WITH EXTERNAL CLOCK

'Q11 Q21 Q31 Q4 ; Q11 Q21 Q31 Q4 Q11 Q21 Q31 Q4 ' Q1] Q2! Q3! Q4
Ext. Clock Input or : : : f

Prescaler Out (Note 2) \\\\\\\ / WA VAR :

Ext. Clock/Prescaler *
Output After Sampling

Increment TMRO (Q4)

TMRO T0 +1 ) S T0+2 Z

Note 1: Delay from clock input change to TMRO increment is 3Tosc to 7Tosc. (Duration of Q = Tosc).
Therefore, the error in measuring the interval between two edges on TMRO input = + 4Tosc max.
2: External clock if no prescaler selected, Prescaler output otherwise.
3: The arrows T indicate where sampling occurs. A small clock pulse may be missed by sampling.

FIGURE 6-6: BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER

CLKOUT (= Fosc/4) Data Bus
A
o M 1 % 8
RA4/TOCKI g M SYNG
pin Dﬁ ol Y - 2 TMRO register |
X Cycles
TOSE T *
TOCS )
PSA Set bit TOIF
on overflow
0 _ .
M > 8-bit Prescaler
V]
Watchdog 1 X 8
Timer
T 8 -to - TMUX ~—— PS2:PS0
T PSA
ol T

WDT Enabile bit
MUX |«— PSA

Y

WDT
time-out

Note: TOCS, TOSE, PSA, PS2:PS0 are bits in the OPTION_REG register.
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6.3.1 SWITCHING PRESCALER ASSIGNMENT EXAMPLE 6-1: CHANGING PRESCALER
Th | ) tis full d ﬂ (TIMERO—WDT)
e pre;ca e_r assignment is u“y under fo wgre BOF STATUS, RPO ;Bank 0
control (i.e., it can be changed “on the fly” during CLRF TMRO .clear TMRO
program execution). ; and Prescaler
Note: To avoid an unintended device RESET, the BSF STATUS, RPO ;Bank 1
followin instruction sequence CLRWDT jClears WDT
9 MOVLW b'xxxx1xxX' ;Select new
(Example 6-1) must be executed when MOVWF  OPTION REG ; prescale value
changing the prescaler assignment from BCF STATUS, RPO ;Bank 0
Timer0 to the WDT. This sequence must
be taken even if the WDT is disabled. To EXAMPLE 6-2: CHANGING PRESCALER
E:rhangg prgs:;aler ftrI:)m the WDThto the (WDT—TIMERO)
imer0 module use the sequence shown in CLRWDT .Clear WDT and
Example 6-2. ; prescaler
BSF STATUS, RPO ;Bank 1
MOVLW b'xxxx0xxX"' ;Select TMRO, new
; prescale value
’ and clock source
MOVWF  OPTION REG ;
BCF STATUS, RPO ;Bank 0
TABLE 6-1 REGISTERS ASSOCIATED WITH TIMERO
Value on
Address | Name Bit7 | Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on | valueonall
other resets
Reset
01h TMRO Timer0 module’s register XXXX XXXX | uuuu uuuu
0Bh INTCON GIE EEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 0000
81h OPRT,'E%Nf RBPU | INTEDG | TOCS TOSE PSA PS2 PS1 pso | tiit iiil ) 1ill illl
85h TRISA — — — TRISA4 TRISA3 | TRISA2 | TRISA1 | TRISAO | ---1 1111 | ---1 1111
Legend: x = unknown, u = unchanged. - = unimplemented read as '0'. Shaded cells are not associated with TimerO0.

© 1996-2013 Microchip Technology Inc.

DS30430D-page 31



PIC16F8X

NOTES:
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7.2 EECON1 and EECON2 Registers

EECONT1 is the control register with five low order bits
physically implemented. The upper-three bits are non-
existent and read as 'O's.

Control bits RD and WR initiate read and write,
respectively. These bits cannot be cleared, only set, in
software. They are cleared in hardware at completion
of the read or write operation. The inability to clear the
WR bit in software prevents the accidental, premature
termination of a write operation.

The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear. The WRERR bit is
set when a write operation is interrupted by a MCLR
reset or a WDT time-out reset during normal operation.
In these situations, following reset, the user can check
the WRERR bit and rewrite the location. The data and
address will be unchanged in the EEDATA and
EEADR registers.

Interrupt flag bit EEIF is set when write is complete. It
must be cleared in software.

EECONB2 is not a physical register. Reading EECON2
will read all '0's. The EECON2 register is used
exclusively in the Data EEPROM write sequence.

7.3 Reading the EEPROM Data Memory

To read a data memory location, the user must write the
address to the EEADR register and then set control bit
RD (EECON1<0>). The data is available, in the very
next cycle, in the EEDATA register; therefore it can be
read in the next instruction. EEDATA will hold this value
until another read or until it is written to by the user
(during a write operation).

EXAMPLE 7-1: DATA EEPROM READ

BCF STATUS, RPO ; Bank 0

MOVLW CONFIG_ADDR ;

MOVWF EEADR ; Address to read
BSF STATUS, RPO ; Bank 1

BSF EECON1, RD ; EE Read

BCF STATUS, RPO ; Bank 0

MOVF EEDATA, W ; W = EEDATA

7.4 Writing to the EEPROM Data Memory

To write an EEPROM data location, the user must first
write the address to the EEADR register and the data
to the EEDATA register. Then the user must follow a
specific sequence to initiate the write for each byte.

EXAMPLE 7-1: DATA EEPROM WRITE

BSF STATUS, RPO ; Bank 1
BCF INTCON, GIE ; Disable INTs.
BSF EECON1, WREN ; Enable Write
MOVLW  55h ;
MOVWE  EECON2 ; Write 55h

- 8 Moviw AAh ;

S wMovwr EECON2 ; Write AAh

5> o BSF EECON1, WR ; Set WR bit

&) $ ; begin write
BSF INTCON, GIE ; Enable INTs.

The write will not initiate if the above sequence is not
exactly followed (write 55h to EECON2, write AAh to
EECON2, then set WR bit) for each byte. We strongly
recommend that interrupts be disabled during this
code segment.

Additionally, the WREN bit in EECON1 must be set to
enable write. This mechanism prevents accidental
writes to data EEPROM due to errant (unexpected)
code execution (i.e., lost programs). The user should
keep the WREN bit clear at all times, except when
updating EEPROM. The WREN bit is not cleared
by hardware

After a write sequence has been initiated, clearing the
WREN bit will not affect this write cycle. The WR bit will
be inhibited from being set unless the WREN bit is set.

At the completion of the write cycle, the WR bit is
cleared in hardware and the EE Write Complete
Interrupt Flag bit (EEIF) is set. The user can either
enable this interrupt or poll this bit. EEIF must be
cleared by software.

DS30430D-page 34
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NOTES:
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8.4 Power-on Reset (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected (in the range of 1.2V - 1.7V). To
take advantage of the POR, just tie the MCLR pin
directly (or through a resistor) to VDD. This will
eliminate external RC components usually needed to
create Power-on Reset. A minimum rise time for VDD
must be met for this to operate properly. See Electrical
Specifications for details.

When the device starts normal operation (exits the
reset condition), device operating parameters (voltage,
frequency, temperature, ...) must be meet to ensure
operation. If these conditions are not met, the device
must be held in reset until the operating conditions
are met.

For additional information, refer to Application Note
ANG607, "Power-up Trouble Shooting."

The POR circuit does not produce an internal reset
when VDD declines.

8.5 Power-up Timer (PWRT)

The Power-up Timer (PWRT) provides a fixed 72 ms
nominal time-out (TPWRT) from POR (Figure 8-10,

Figure 8-11, Figure 8-12 and Figure 8-13). The
Power-up Timer operates on an internal RC oscillator.
The chip is kept in reset as long as the PWRT is active.
The PWRT delay allows the VDD to rise to an accept-
able level (Possible exception shown in Figure 8-13).

A configuration bit, PWRTE, can enable/disable the
PWRT. See either Figure 8-1 or Figure 8-2 for the oper-
ation of the PWRTE bit for a particular device.

The power-up time delay TPWRT will vary from chip to
chip due to VDD, temperature, and process variation.
See DC parameters for details.

8.6 Oscillator Start-up Timer (OST)

The Oscillator Start-up Timer (OST) provides a 1024
oscillator cycle delay (from OSC1 input) after the
PWRT delay ends (Figure 8-10, Figure 8-11,
Figure 8-12 and Figure 8-13). This ensures the crystal
oscillator or resonator has started and stabilized.

The OST time-out (TOST) is invoked only for XT, LP and
HS modes and only on Power-on Reset or wake-up
from SLEEP.

When VDD rises very slowly, it is possible that the
TPWRT time-out and ToOST time-out will expire before
VDD has reached its final value. In this case
(Figure 8-13), an external power-on reset circuit may
be necessary (Figure 8-9).

FIGURE 8-9: EXTERNAL POWER-ON

RESET CIRCUIT (FOR SLOW
Vpb POWER-UP)

VDD VDD

R1
MCLR

o) PIC16FXX

I

External Power-on Reset circuit is required
only if VDD power-up rate is too slow. The
diode D helps discharge the capacitor
quickly when VDD powers down.

R < 40 kQ is recommended to make sure
that voltage drop across R does not exceed
0.2V (max leakage current spec on MCLR
pin is 5 pA). A larger voltage drop will
degrade VIH level on the MCLR pin.

R1 =100Q to 1 kQ will limit any current
flowing into MCLR from external
capacitor C in the event of an MCLR pin
breakdown due to ESD or EOS.
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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.

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 ps. 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 ps.

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

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

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

TABLE 9-1 OPCODE FIELD
DESCRIPTIONS
Field Description
£ Register file address (0x00 to Ox7F)
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 resultin W,
d = 1: store result in file register f.
Defaultisd =1
label Label name
TOS Top of Stack
pPC 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

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

Oxhh
where h signifies a hexadecimal digit.

FIGURE 9-1: GENERAL FORMAT FOR

[] Options
() Contents
— Assigned to
<> Register bit field
IS In the set of
italics User defined term (font is courier)

INSTRUCTIONS

Byte-oriented file register operations
13 8 7 6 0
OPCODE | d | f (FILE #) |

d = 0 for destination W
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

General

13 8 7 0
OPCODE | k (literal)

k = 8-bit immediate value

CALL and GOTO instructions only
13 11 10 0
OPCODE k (literal)

k = 11-bit immediate value

© 1996-2013 Microchip Technology Inc.
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CLRF Clear f

Syntax: [label] CLRF f

Operands: 0<f<127

Operation: 00h — (f)
157

Status Affected: Z

Encoding: ‘ 00 | 0001 ‘ 1f£ff | fEff ‘

Description: The contents of register 'f' are cleared
and the Z bit is set.

Words: 1

Cycles: 1

Q Cycle Activity:

Example

Q1 Q2 Q3 Q4
Decode Read Process Write
register data register 'f'
i
CLRF FLAG_REG
Before Instruction
FLAG_REG = O0x5A
After Instruction
FLAG_REG = 0x00
Z 1

CLRW Clear W
Syntax: [ label] CLRW
Operands: None
Operation: 00h — (W)
152
Status Affected: Z
Encoding: ‘ 00 | 0001 | 0xXxXX | XXXX ‘
Description: W register is cleared. Zero bit (2) is
set.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode |No-Opera| Process | Write to
tion data w
Example CLRW
Before Instruction
W = O0x5A
After Instruction
W = 0x00
Z = 1
CLRWDT Clear Watchdog Timer
Syntax: [ label] CLRWDT
Operands: None
Operation: 00h - WDT
0 — WDT prescaler,
1->TO
1—->PD
Status Affected:  TO, PD
Encoding: ‘ 00 | 0000 | 0110 | 0100
Description: CLRWDT instruction resets the Watch-
dog Timer. It also resets the prescaler
of the WDT. Status bits TO and PD are
set.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode |No-Opera| Process Clear
tion data WDT
Counter
Example CLRWDT
Before Instruction
WDT counter = ?
After Instruction
WDT counter =  0x00
WDT prescaler= 0
To = 1
PD 1

DS30430D-page 60
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RLF Rotate Left f through Carry RRF Rotate Right f through Carry
Syntax: [ label ] RLF fd Syntax: [ label] RRF fd
Operands: 0<f<127 Operands: 0<f<127
d e [0,1] d e [0,1]
Operation: See description below Operation: See description below
Status Affected: C Status Affected: C
Encoding: ‘ 00 | 1101 ‘ dfff | fEff Encoding: ‘ 00 | 1100 ‘ dfff | fEff
Description: The contents of register 'f' are rotated Description: The contents of register 'f' are rotated
one bit to the left through the Carry one bit to the right through the Carry
Flag. If 'd"is O the result is placed in the Flag. If 'd"is O the result is placed in the
W register. If 'd" is 1 the result is stored W register. If 'd" is 1 the result is placed
back in register 'f'. back in register 'f'.
—{CJ-~[ Regster |
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Q Cycle Activity: Q1 Q2 Qs Q4 Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process Write to Decode Read Process Write to
regliflster data | destination register data | destination
'
Example RLF REGL, 0 Example RRF REGL, 0
Before Instruction Before Instruction
REG1 = 1110 0110 REG1 = 1110 0110
C = 0 C = 0
After Instruction After Instruction
REG1 = 1110 0110 REG1 - 1110 0110
w = 1100 1100 w = 0111 0011
C = 1 C = 0
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SUBWF Subtract W from f SWAPF Swap Nibbles in f
Syntax: [ label] SUBWF fd Syntax: [ label] SWAPF f.d
Operands: 0<f<127 Operands: 0<f<127
d e [0,1] de[0,1]
Operation: (f) - (W) — (destination) Operation: (f<8:0>) — (destination<7:4>),
Status Affected: G, DC, Z (f<7:4>) — (destination<3:0>)
Encoding: | oo | ooro [ aref | fref | Status Affected:  None
Description: Subtract (2’'s complement method) W reg- Encoding: ‘ 00 | 1110 ‘ afff | FEff |
ister from register 'f'. If 'd' is 0 the result is Description: The upper and lower nibbles of register
stored in the W register. If 'd" is 1 the 'f' are exchanged. If 'd'is O the result is
result is stored back in register 'f'. placed in W register. If 'd' is 1 the result
Words: 1 is placed in register 'f'.
Cycles: 1 Words: 1
QCycle Activity: Q1 Q@ 03 Q4 Cycles: 1
Decode Read Process Write to Q Cycle Activity: Qi Q2 Qs Q4
register data | destination Decode | Read | Process | Writeto
register 'f' data destination
Example 1: SUBWF REG1, 1
Before Instruction Example SWAPE REG, 0
REG1 - 3 Before Instruction
w = 2 REG1 = OxA5
C = ? .
7 2 After Instruction
. REG1 = OxA5
After Instruction W — OxBA
REGH1 = 1
w = 2
C = 1; result is positive
z 0
Example 2: Before Instruction TRIS Load TRIS Register
REGH = 2 Syntax: [labell TRIS f
\év - i Operands: 5<f<7
Z ? Operation: (W) > TRIS register f;
After Instruction Status Affected: None
REGI = o0 Encoding: | oo [o000 | o110 [offf
w = 2 Description: The instruction is supported for code
C = 1;resultis zero compatibility with the PIC16C5X prod-
z 1 ucts. Since TRIS registers are read-
Example 3: Before Instruction able and writable, the user can directly
address them.
REGH1 = 1 )
W = 2 Words: 1
C = 7 Cycles: 1
z ? Example
After Instruction To maintain upward compatibility
REG1 = OxFF with future PIC16CXX products,
w = 2 do not use this instruction.
C = 0; result is negative
z 0
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10.0 DEVELOPMENT SUPPORT

10.1 Development Tools

The PIC® microcontrollers are supported with a full
range of hardware and software development tools:

» PICMASTER®/PICMASTER CE Real-Time
In-Circuit Emulator

¢ |CEPIC™ Low-Cost PIC16C5X and PIC16CXXX
In-Circuit Emulator

« PRO MATE® Il Universal Programmer

 PICSTART® Plus Entry-Level Prototype
Programmer

¢ PICDEM-1 Low-Cost Demonstration Board
¢ PICDEM-2 Low-Cost Demonstration Board
¢ PICDEM-3 Low-Cost Demonstration Board
¢ MPASM Assembler

¢ MPLAB™ SIM Software Simulator

¢ MPLAB-C17 (C Compiler)

¢ Fuzzy Logic Development System
(fuzzyTECH®-MP)

10.2 PICMASTER: High Performance
Universal In-Circuit Emulator with
MPLAB IDE

The PICMASTER Universal In-Circuit Emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for all
microcontrollers in the PIC14C000, PIC12CXXX,
PIC16C5X, PIC16CXXX and PIC17CXX families.
PICMASTER is supplied with the MPLAB™ Integrated
Development Environment (IDE), which allows editing,
“make” and download, and source debugging from a
single environment.

Interchangeable target probes allow the system to be
easily reconfigured for emulation of different proces-
sors. The universal architecture of the PICMASTER
allows expansion to support all new Microchip micro-
controllers.

The PICMASTER Emulator System has been designed
as a real-time emulation system with advanced fea-
tures that are generally found on more expensive devel-
opment tools. The PC compatible 386 (and higher)
machine platform and Microsoft Windows® 3.x environ-
ment were chosen to best make these features avail-
able to you, the end user.

A CE compliant version of PICMASTER is available for
European Union (EU) countries.

10.3 ICEPIC: Low-Cost PIC MCU
In-Circuit Emulator

ICEPIC is a low-cost in-circuit emulator solution for the
Microchip PIC12CXXX, PIC16C5X and PIC16CXXX
families of 8-bit OTP microcontrollers.

ICEPIC is designed to operate on PC-compatible
machines ranging from 286-AT® through Pentium™
based machines under Windows 3.x environment. ICE-
PIC features real time, non-intrusive emulation.

10.4 PRO MATE II: Universal Programmer

The PRO MATE Il Universal Programmer is a full-fea-
tured programmer capable of operating in stand-alone
mode as well as PC-hosted mode. PRO MATE Il is CE
compliant.

The PRO MATE Il has programmable VDD and VPP
supplies which allows it to verify programmed memory
at VDD min and VDD max for maximum reliability. It has
an LCD display for displaying error messages, keys to
enter commands and a modular detachable socket
assembly to support various package types. In stand-
alone mode the PRO MATE Il can read, verify or pro-
gram PIC12CXXX, PIC14C000, PIC16C5X,
PIC16CXXX and PIC17CXX devices. It can also set
configuration and code-protect bits in this mode.

10.5 PICSTART Plus Entry Level
Development System

The PICSTART programmer is an easy-to-use,
low-cost prototype programmer. It connects to the PC
via one of the COM (RS-232) ports. MPLAB Integrated
Development Environment software makes using the
programmer simple and efficient. PICSTART Plus is not
recommended for production programming.

PICSTART Plus supports all PIC12CXXX, PIC14C000,
PIC16C5X, PIC16CXXX and PIC17CXX devices with
up to 40 pins. Larger pin count devices such as the
PIC16C923, PIC16C924 and PIC17C756 may be sup-
ported with an adapter socket. PICSTART Plus is CE
compliant.
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10.0 ELECTRICAL CHARACTERISTICS FOR PIC16F83 AND PIC16F84

Absolute Maximum Ratings t

Ambient temperature UNAEI DIAS...........oooiiiiiiiiii e e e te e e e et ae e e e e sntaeeaeeeennne s -55°C to +125°C
100 = To ol (100 o =T = LU (YRS PTPRPRPROt -65°C to +150°C
Voltage on VDD With reSPECE 10 VSS ...ttt e e e sanneeeeeeas -0.3 to +7.5V
Voltage on MCLR With reSpect 10 VSSP) ... ... -0.3 to +14V
Voltage on any pin with respect to Vss (except VDD and MCLR)...........ccccoueveveeeeeeeeeeeeeeeesseeens -0.6V to (VDD + 0.6V)
Total power dissipationm .....................................................................................................................................
Maximum CUIreNt OUL OF VSS PN ...eeiiiiieiiei et e e e st e e e et e e e e e e s r e e e e e e snbe e e e e e ennnneas

Maximum CUTENt iNTO VDD PN ...cooeiiieiie ettt e e n e s sr e e e snn e e e ennsgenanee)

Input clamp current, IK (VI < 0 OF VI > VDD).....cioioiiiieieeieeeeeeeee ettt ettt T2

Output clamp current, lok (Vo < 0 or Vo > VDD)

Maximum output current sunk by any I/O Pin........ccccoovioiiiiiieinieeee e L Y e o

Maximum output current sourced by any /O PiNn .......coocuiiiiiiiiniienieree e e Ve Nt e 20 mA
Maximum current sunk by PORTA ... s figge e mee e e see e e Nge oo e emreeesnnneennee 80 mA
Maximum current sourced by PORTA ........coiiiiiiiiieieieie e eeee e e s N oo - ¥ e 50 mA
Maximum current sSunk by PORTB.........oiiiiiiiiieeeiie e e e semee s No e W O ettt 150 mA
Maximum current sourced by PORTB. ........ooouiiiiiiiiiiiieie e DN e Dere e e e e e et e i e nnee s 100 mA

Note 1: Power dissipation is calculated as follows: Pdis = VDD DD-VOH) x IoH} + X (VoI x loL)

Note 2: Voltage spikes below Vss at the MCLR pin, inducin rre
a series resistor of 50-100Q2 should be used whenapplyin
this pin directly to Vss.

an 80 mA, may cause latch-up. Thus,
” level to the MCLR pin rather than pulling

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

WV
&
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FIGURE 10-6: TIMERO CLOCK TIMINGS

S S W

40 o 41 =
: 42 :
TABLE 10-6 TIMERO CLOCK REQUIREMENTS \
Parameter | Sym Characteristic Min Typt| Max | Units ditions
No.
40 TtOH |TOCKI High Pulse Width No Prescaler 05Tov+20* | — |~ nb
With Prescaler 50 * — \\ \QWZ VDD < 3.0V
30~ — — 3.0V <VDD <6.0V
41 TtOL |TOCKI Low Pulse Width No Prescaler 0.5Tov +20€| < < | he/
With Prescaler 50 * A\/ —= >ns 2.0V < VDD < 3.0V
25 [\~ ns |sovsvop<eov
42 TtOP |TOCKI Period Toy 3 0\ lx — | ns |N=prescale value
@, 4, ..., 256)

*

These parameters are characterized but not tested. \/
1+ Datain "Typ" column is at 5.0V, 25°C unless otherwise state%a ters are for design guidance only and are not
tested. §§
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FIGURE 12-17: IoH vs. VOH, VDD = 3 V FIGURE 12-19: loL vs. VoL, Vbp =3 V
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s g 20
15 L
-20 10\_x ;
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FIGURE 12-18: IoH vs. VOH, VDD = 5 V /& IGURE 12-20: loL vs. VoL, VDb =5 V
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PIC16F8X PRODUCT IDENTIFICATION SYSTEM

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

PART NO. -XX X IXX

Range Range

Device Frequency Temperature Package

X)l(_X

Pattern

Device PIC16F8X®), PIC16F8XT®)
PIC16LF8X®), PIC16LF8XT®)
PIC16F8XA®@), PIC16F8XAT®)
PIC16LF8XA®), PIC16LFSXAT(®
PIC16CR8X(3, PIC16CR8XT®)
PIC16LCR8X?), PIC16LCR8XT®

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 - 10lI/P = ROM program
memory, Industrial temp., PDIP package,
10MHz, normal VDD limits.

Frequency 04 =4 MHz
Range 10 =10 MHz
20 =20 MHz Note 1: b =blank
Temperature b = 0°Cto +70°C (Commercial) 2: F_ =Standard Vob range
Range | = -40°Cto +85°C (Industrial) LF = Extended VDD range
CR =ROM Version, Standard VDD
Package P = PDIP range
SO = SOIC (Gull Wing, 300 mil body) LCR = ROM Version, Extended VDD
SS = SSOP range
3: T =intape and reel - SOIC, SSOP
Pattern 3-digit Pattern Code for QTP, ROM (blank otherwise) packages only.
SALES AND SUPPORT

1. Your local Microchip sales office.

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:

2. The Microchip’s Bulletin Board, via your local CompuServe number (CompuServe membership NOT required).
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