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PIC16F84A

2.2 Data Memory Organization FIGURE 2-2: REGISTER FILE MAP -
PIC16F84A

The data memory is partitioned into two areas. The first

is the Special Function Registers (SFR) area, while the File Address File Address

second is the General Purpose Registers (GPR) area. 00h Indirect addr.® | Indirect addr.@ 80h

The SFRs control the operation of the device.
01h TMRO OPTION_REG | 81h

02h PCL PCL 82h

Portions of data memory are banked. This is for both
the SFR area and the GPR area. The GPR area is
banked to allow greater than 116 bytes of general 03h STATUS STATUS 83h
purpose RAM. The banked areas of the SFR are for the

; . . X 04h FSR FSR 84h

registers that control the peripheral functions. Banking
requires the use of control bits for bank selection. 05h PORTA TRISA 85h
These control bits are located in the STATUS Register. 06h PORTB TRISB 86h
Figure 2-2 shows the data memory map organization. 07h _ _ 87h
Instructions MWW and MOVF can move values from 08h EEDATA EECON1 88h
the W register to any location in the register file (“F”), 09h EEADR EECON2® 89h

and vice-versa.

) ] 0Ah PCLATH PCLATH 8Ah

The entire data memory can be accessed either
0Bh INTCON INTCON 8Bh

directly using the absolute address of each register file
or indirectly through the File Select Register (FSR) 0Ch 8Ch
(Section 2.5). Indirect addressing uses the present
value of the RPO bit for access into the banked areas of

data memory. 68
. . . . General Mapped

Data memory is partitioned into two banks which Purpose (accesses)

contain the general purpose registers and the special Tg%it&r)s in Bank 0

function registers. Bank 0 is selected by clearing the

RPO bit (STATUS<5>). Setting the RPO bit selects Bank

1. Each Bank extends up to 7Fh (128 bytes). The first

twelve locations of each Bank are reserved for the

Special Function Registers. The remainder are Gen-

eral Purpose Registers, implemented as static RAM. 4Fh CFh
50h DOh

221 GENERAL PURPOSE REGISTER

FILE ~ |
Each General Purpose Register (GPR) is 8-bits wide \_\

and is accessed either directly or indirectly through the
FSR (Section 2.5).
7Fh FFh

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

1 Unimplemented data memory location, read as '0'.
Note 1: Not a physical register.
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233  INTCON REGISTER Note:

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

Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>).

REGISTER 2-3: INTCON REGISTER (ADDRESS 0Bh, 8Bh)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x
GIE EEIE ‘ TOIE INTE | RBIE TOIF INTF RBIF
bit 7 bit 0
bit 7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts
0 = Disables all interrupts

bit 6 EEIE: EE Write Complete Interrupt Enable bit

1 = Enables the EE Write Complete interrupts
0 = Disables the EE Write Complete interrupt

bit 5 TOIE: TMRO Overflow Interrupt Enable bit

1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt

bit 4 INTE: RBO/INT External Interrupt Enable bit

1 = Enables the RBO/INT external interrupt
0 = Disables the RBO/INT external interrupt

bit 3 RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt

bit 2 TOIF: TMRO Overflow Interrupt Flag bit

1 = TMRO register has overflowed (must be cleared in software)

0 = TMRO register did not overflow
bit 1 INTF: RBO/INT External Interrupt Flag bit

1 = The RBO/INT external interrupt occurred (must be cleared in software)

0 = The RBO/INT external interrupt did not occur
bit 0 RBIF: RB Port Change Interrupt Flag bit

1 = At least one of the RB7:RB4 pins changed state (must be cleared in software)
0 = None of the RB7:RB4 pins have changed state

Legend:
R = Readable bit W = Writable bit
- n = Value at POR "1’ = Bit is set

U = Unimplemented bit, read as ‘0’
'0’ = Bit is cleared X = Bit is unknown
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PIC16F84A

3.1 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 3-1: 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

3.2 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 3-2: DATA EEPROM WRITE
BSF STATUS, RPO ; Bank 1
BCF INTCON, GIE ; Disable INTs.
BSF EECON1, WREN ; Enable Write
MOVLW  55h ;
MOVWF  EECON2 ; Write 55h
© MOVLW  AAh :
B 2 MOVWF  EECON2 ; Write AAh
S O pgr EECON1, WR ; Set WR bit
8 8 i begin write
X O pgr INTCON, GIE ; Enable INTs.

The write will not initiate if the above sequence is not
exactly followed (write 55h to EECONZ2, 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 exe-
cution (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.

3.3

Depending on the application, good programming
practice may dictate that the value written to the Data
EEPROM should be verified (Example 3-3) to the
desired value to be written. This should be used in
applications where an EEPROM bit will be stressed
near the specification limit.

Generally, the EEPROM write failure will be a bit which
was written as a '0', but reads back as a '1' (due to
leakage off the bit).

Write Verify

EXAMPLE 3-3: WRITE VERIFY
BCF STATUS,RPO ; Bank 0
: ; Any code
: ; can go here
MOVF EEDATA,W ; Must be in Bank 0
BSF STATUS,RPO ; Bank 1
READ
BSF EECON1, RD ; YES, Read the
; value written
BCF STATUS, RPO ; Bank 0

; Is the value written
; (in W reg) and

; read (in EEDATA)

; the same?

SUBWF EEDATA, W H
BTFSS STATUS, Z ;
GOTO WRITE ERR ;

Is difference 07?
NO, Write error

TABLE 3-1: REGISTERS/BITS ASSOCIATED WITH DATA EEPROM
Value on Value on
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on all other
Reset RESETS
08h EEDATA | EEPROM Data Register XXXX XXXX [uuuu uuuu
09h EEADR | EEPROM Address Register XXXX XXXX [uuuu uuuu
88h EEcoNt | — | — | — | EEF [WRERR| WREN | WR RD |---0 x000]|---0 qooo
89h EECON2 | EEPROM Control Register2 ~ feeee meoaeen oo
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0', g = value depends upon condition.

Shaded cells are not used by data EEPROM.
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4.0 I/OPORTS

Some pins for these I/O ports are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose /O pin.

Additional information on I/O ports may be found in the
PIC® Mid-Range Reference Manual (DS33023).

4.1 PORTA and TRISA Registers

PORTA is a 5-bit wide, bi-directional port. The corre-
sponding data direction register is TRISA. 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).

Note: On a Power-on Reset, these pins are con-

figured as inputs and read as '0'.

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.
Therefore, a write to a port implies that the port pins are
read. This value is modified and then written to the port
data latch.

Pin RA4 is multiplexed with the Timer0 module clock
input to become the RA4/TOCKI pin. The RA4/TOCKI
pin is a Schmitt Trigger input and an open drain output.
All other RA port pins have TTL input levels and full
CMOS output drivers.

EXAMPLE 4-1: INITIALIZING PORTA
BCF STATUS, RPO ;
CLRF PORTA ; Initialize PORTA by
; clearing output
; data latches
BSF STATUS, RP0O ; Select Bank 1
MOVLW 0xO0F ; Value used to
; initialize data
; direction
MOVWF TRISA ; Set RA<3:0> as inputs
; RA4 as output
; TRISA<7:5> are always
; read as '0'.

FIGURE 4-1: BLOCK DIAGRAM OF
PINS RA3:RAOQ
Data
Bus D Q
WR VDD
Port —
L
<P CK Q D P
Data Latch 4@
:D_{ N 1/0 pin
D Q
WR Vss
TRIS —
— T PCcK “Q[—*
TRIS Latch
TTL T 7/
Input
Buffer
[
RD TRIS
Q D
EN
RD Port {>¢ T
Note: 1/O pins have protection diodes to VDD and Vss.

WR

—— D Q
WR

TRIS Latch

<<

RD TRIS

S D
Data Latch
Vss

Schmitt

Trigger /7
Input :

Buffer

7

pd
RD Port r{>0

TMRO Clock Input

Note:

1/0 pins have protection diodes to VDD and Vss.

FIGURE 4-2: BLOCK DIAGRAM OF PIN
RA4
Data
Bus D 0

RA4 pin

© 2001-2013 Microchip Technology Inc.
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TABLE 4-1: PORTA FUNCTIONS

Name Bit0 Buffer Type Function
RAO bit0 TTL Input/output
RA1 bitl 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 4-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value on | Valueon all
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on other
Reset RESETS
05h PORTA — — — RA4/TOCKI | RA3 RA2 RA1 RAO | ---x xxxx| ---u uuuu
85h TRISA — — — TRISA4 | TRISA3 | TRISA2 | TRISAL1 | 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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5.2.1 SWITCHING PRESCALER 5.3 TimerO Interrupt

ASSIGNMENT The TMRO interrupt is generated when the TMRO reg-
The prescaler assignment is fully under software con- ister overflows from FFh to 00h. This overflow sets bit
trol (i.e., it can be changed “on the fly” during program TOIF (INTCON<2>). The interrupt can be masked by
execution). clearing bit TOIE (INTCON<5>). Bit TOIF must be

cleared in software by the Timer0 module Interrupt Ser-
vice Routine before re-enabling this interrupt. The
TMRO interrupt cannot awaken the processor from
SLEEP since the timer is shut-off during SLEEP.

Note: To avoid an unintended device RESET, a
specific instruction sequence (shown in the
PIC® Mid-Range Reference Manual,
DS33023) must be executed when chang-
ing the prescaler assignment from TimerO
to the WDT. This sequence must be fol-
lowed even if the WDT is disabled.

FIGURE 5-2: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER
CLKOUT (= Fosc/4) Data Bus
A 8
o| M 1 %
RA4/TOCKI Y M SYNC
pin DT X ol U > 2 TMRO reg
X Cycles
TOSE T *
Tocs PSA Set Flag bit TOIF
on Overflow
0 .
M > 8-bit Prescaler
u
Watchdog 1 X 8
Timer

8-t0-1MUX <—— PS2:PS0O

T PSA
o| 1

WDT Enable bit

N —>

MUX |«—— PSA

Y

WDT
Time-out

Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION_REG<5:0>).

TABLE 5-1: REGISTERS ASSOCIATED WITH TIMERO

Value on Value on all
Address Name Bit 7 Bit 6 Bit5 | Bit4 | Bit3 Bit2 | Bitl | BitO POR, other
BOR RESETS

01lh TMRO Timer0 Module Register XXXX XXXX | uuuu uuuu
0Bh,8Bh INTCON GIE EEIE TOIE | INTE | RBIE | TOIF | INTF | RBIF | 0000 000x | 0000 000u
81h OPTION_REG | RBPU | INTEDG | TOCS | TOSE | PSA pPS2 PS1 PSO |1111 1111 | 1111 1111
85h TRISA — — — | PORTA Data Direction Register ---1 1111 | ---1 1111
Legend: x =unknown, u = unchanged, - = unimplemented locations read as '0'. Shaded cells are not used by Timer0.
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6.0 SPECIAL FEATURES OF THE
CPU

What sets a microcontroller apart from other
processors are special circuits to deal with the needs of
real time applications. The PIC16F84A has a host of
such features intended to maximize system reliability,
minimize cost through elimination of external
components, provide power saving operating modes
and offer code protection. These features are:
* OSC Selection
* RESET

- Power-on Reset (POR)

- Power-up Timer (PWRT)

- Oscillator Start-up Timer (OST)
* Interrupts
* Watchdog Timer (WDT)
e SLEEP
» Code Protection
* |D Locations
* In-Circuit Serial Programming™ (ICSP™)
The PIC16F84A has a Watchdog Timer which can be
shut-off only through configuration bits. It runs off its
own RC oscillator for added reliability. There are two
timers that offer necessary delays on power-up. One is
the Oscillator Start-up Timer (OST), intended to keep

REGISTER 6-1:

the chip in RESET until the crystal oscillator is stable.
The other is the Power-up Timer (PWRT), which pro-
vides a fixed delay of 72 ms (nominal) on power-up
only. This design keeps the device in RESET while the
power supply stabilizes. With these two timers on-chip,
most applications need no external RESET circuitry.

SLEEP mode offers a very low current power-down
mode. The user can wake-up from SLEEP through
external RESET, Watchdog Timer Time-out or through
an interrupt. Several oscillator options are provided to
allow the part to fit the application. The RC oscillator
option saves system cost while the LP crystal option
saves power. A set of configuration bits are used to
select the various options.

Additional information on special features is available
in the PIC® Mid-Range Reference Manual (DS33023).

6.1 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.

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.

PIC16F84A CONFIGURATION WORD

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‘FOSCO|

bit13
bit 13-4 CP: Code Protection bit

1 = Code protection disabled

0 = All program 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:FOSCO: Oscillator Selection bits

11 = RC oscillator
10 = HS oscillator
01 = XT oscillator
00 = LP oscillator

bit0

© 2001-2013 Microchip Technology Inc.
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FIGURE 6-9:
SLOW VbD RISE TIME

TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD):

V1
VDD /
MCLR '

INTERNAL POR I

TPWRF !

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

When VDD rises very slowly, it is possible that the TPWRT time-out and TosT time-out will expire before VbbD
has reached its final value. In this example, the chip will reset properly if, and only if, V1 > VbD min.

6.7 Time-out Sequence and _
Power-down Status Bits (TO/PD)

On power-up (Figures 6-6 through 6-9), the time-out

sequence is as follows:

1. PWRT time-out is invoked after a POR has
expired.

2. Then, the OST is activated.

The total time-out will vary based on oscillator configu-
ration and PWRTE configuration bit status. For exam-
ple, in RC mode with the PWRT disabled, there will be
no time-out at all.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire. Then
bringing MCLR high, execution will begin immediately
(Figure 6-6). This is useful for testing purposes or to
synchronize more than one PIC16F84A device when
operating in parallel.

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

TABLE 6-6: STATUS BITS AND THEIR

SIGNIFICANCE

E PD Condition

TABLE 6-5: TIME-OUT IN VARIOUS
SITUATIONS
Power-u .
Oscillator P W?rli)emup
Configuration | PWRT PWRT
Enabled | Disabled | SLEEP
72 ms +
XT, HS, LP 1024Tosc 1024Tosc | 1024Tosc
RC 72 ms — —

Power-on Reset

lllegal, TO is set on POR

llegal, PD is set on POR

WDT Reset (during normal operation)

WDT Wake-up

MCLR during normal operation

PP |O|O|X |O|F
OlRr|O(RP|[O|X |k

MCLR during SLEEP or interrupt

wake-up from SLEEP

DS35007C-page 28
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6.8 Interrupts

The PIC16F84A has 4 sources of interrupt:

» External interrupt RBO/INT pin

« TMRO overflow interrupt

* PORTB change interrupts (pins RB7:RB4)
» Data EEPROM write complete interrupt

The interrupt control register (INTCON) records
individual interrupt requests in flag bits. It also contains
the individual and global interrupt enable bits.

The global interrupt enable bit, GIE (INTCON<7>),
enables (if set) all unmasked interrupts or disables (if
cleared) all interrupts. Individual interrupts can be
disabled through their corresponding enable bits in
INTCON register. Bit GIE is cleared on RESET.

The “return from interrupt” instruction, RETFI E, exits
interrupt routine as well as sets the GIE bit, which
re-enables interrupts.

The RBO/INT pin interrupt, the RB port change interrupt
and the TMRO overflow interrupt flags are contained in
the INTCON register.

When an interrupt is responded to, the GIE bit is
cleared to disable any further interrupt, the return
address is pushed onto the stack and the PC is loaded
with 0004h. For external interrupt events, such as the
RBO/INT pin or PORTB change interrupt, the interrupt
latency will be three to four instruction cycles. The
exact latency depends when the interrupt event occurs.
The latency is the same for both one and two cycle
instructions. Once in the Interrupt Service Routine, the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bit(s) must be
cleared in software before re-enabling interrupts to
avoid infinite interrupt requests.

Note: Individual interrupt flag bits are set
regardless of the status of their
corresponding mask bit or the GIE bit.

FIGURE 6-10: INTERRUPT LOGIC

Wake-u|

p
TOIF " (If in SLEEP mode)
TOIE
INTF :D

INTE
Interrupt to CPU

RBIF
RBIE

EEIF
EEIE

GIE

6.8.1 INT INTERRUPT

External interrupt on RBO/INT pin is edge triggered:
either rising if INTEDG bit (OPTION_REG<6>) is set,
or falling if INTEDG bit is clear. When a valid edge
appears on the RBO/INT pin, the INTF bit
(INTCON<1>) is set. This interrupt can be disabled by
clearing control bit INTE (INTCON<4>). Flag bit INTF
must be cleared in software via the Interrupt Service
Routine before re-enabling this interrupt. The INT
interrupt can wake the processor from SLEEP
(Section 6.11) only if the INTE bit was set prior to going
into SLEEP. The status of the GIE bit decides whether
the processor branches to the interrupt vector
following wake-up.

6.8.2 TMRO INTERRUPT

An overflow (FFh — 00h) in TMRO will set flag bit TOIF
(INTCON<2>). The interrupt can be enabled/disabled
by setting/clearing enable bit TOIE (INTCON<5>)
(Section 5.0).

6.8.3 PORTB INTERRUPT

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON<O0>). The interrupt can be enabled/disabled
by setting/clearing enable bit RBIE (INTCON<3>)
(Section 4.2).

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

least Tcy wide.

6.8.4 DATA EEPROM INTERRUPT

At the completion of a data EEPROM write cycle, flag
bit EEIF (EECON1<4>) will be set. The interrupt can be
enabled/disabled by setting/clearing enable bit EEIE
(INTCON<6>) (Section 3.0).

© 2001-2013 Microchip Technology Inc.
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6.9 Context Saving During Interrupts

During an interrupt, only the return PC value is saved
on the stack. Typically, users wish to save key register
values during an interrupt (e.g., W register and
STATUS register). This is implemented in software.

The code in Example 6-1 stores and restores the
STATUS and W register’s values. The user defined
registers, W_TEMP and STATUS_TEMP are the tem-
porary storage locations for the W and STATUS
registers values.

Example 6-1 does the following:

a) Stores the W register.

b) Stores the STATUS register in STATUS_TEMP.
c) Executes the Interrupt Service Routine code.

d) Restores the STATUS (and bank select bit)
register.
e) Restores the W register.

EXAMPLE 6-1: SAVING STATUS AND W REGISTERS IN RAM
PUSH MOWF W TEMP ; Copy Wto TEMP register,
SWAPF  STATUS, W ; Swap status to be saved into W
MOV STATUS_TEMP ; Save status to STATUS_TEMP regi ster
I SR : :
; Interrupt Service Routine
; should configure Bank as required
POP SWAPF  STATUS_TEMP, W ; Swap ni bbles in STATUS_TEMP regi ster

MOVWF  STATUS

SWAPF W TEMP, W

; and place result into W

; Move Winto STATUS register

; (sets bank to original state)

SWAPF W TEMP, F ; Swap nibbles in WTEMP and pl ace result in WTEM
; Swap nibbles in WTEMP and place result into W

6.10 Watchdog Timer (WDT)

The Watchdog Timer is a free running On-Chip RC
Oscillator which does not require any external
components. This RC oscillator is separate from the
RC oscillator of the OSC1/CLKIN pin. That means that
the WDT will run even if the clock on the OSC1/CLKIN
and OSC2/CLKOUT pins of the device has been
stopped, for example, by execution of a SLEEP
instruction. During normal operation, a WDT time-out
generates a device RESET. If the device is in SLEEP
mode, a WDT wake-up causes the device to wake-up
and continue with normal operation. The WDT can be
permanently disabled by programming configuration bit
WDTE as a '0' (Section 6.1).

6.10.1 WDT PERIOD

The WDT has a nominal time-out period of 18 ms, (with
no prescaler). The time-out periods vary with
temperature, VDD and process variations from part to
part (see DC specs). If longer time-out periods are
desired, a prescaler with a division ratio of up to 1:128
can be assigned to the WDT under software control by
writing to the OPTION_REG register. Thus, time-out
periods up to 2.3 seconds can be realized.

The CLRADT and SLEEP instructions clear the WDT
and the postscaler (if assigned to the WDT) and pre-
vent it from timing out and generating a device
RESET condition.

The TO bit in the STATUS register will be cleared upon
a WDT time-out.
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6.11 Power-down Mode (SLEEP)

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

6.11.1 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 /0O pins at either VDD or Vss, with no external
circuitry drawing current from the 1/0 pins, and disable
external clocks. 1/0O pins that are hi-impedance inputs
should be pulled high or low externally to avoid switch-
ing 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.

FIGURE 6-12:

6.11.2 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 contin-
uation 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.

WAKE-UP FROM SLEEP THROUGH INTERRUPT

. Q11 Q2| Q31 Q4; Q1l Q2| Q3| Q4, Q1

. . Q11 Q2] Q3] Q4; Q1l Q2| Q31 Q4; Q11 Q2| Q3] Q4; Q1] Q2/Q3|Q4,
0scl M/ =l O\ /YA

XT, HS, or LP oscillator mode assumed.

| ' ' ' 2) 1 ' |
CLKOUT@ | / . / | Tost® | 1\ A \ !
INT pin l ' ' : ' | | ' |

INTF Flag ! ! /.
' , JInterrupt Latency, ' I
(INTCON<1>) ) , - . . (Note2) - '
GIE bit ' ' : ' ' ' ' '
(INTCON<7>) ' ' '"Processor in, ' [ \ . . '
. . i T . . . . .
! '  SLEEP : ! ! | ' !
INSTRUCTION FLOW 1 1 j . : : 1 :
PC X BC X PCHL X PC+2 ¥ Pcrz W PCr2z X 0004h Y 0005h .
N UCtion {inst(PC) = SLEEP  Inst(PC +1) ' Inst(PC +2) ' Inst(0004h) ' inst(0005h)
'”ES)EVEUCCL}tigg © InstPC-1) +  SLEEP . + Ins(PC+1) . Dummycycle  Dummy cycle . Inst(0004h) :

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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9.2 DC Characteristics: PIC16F84A-04 (Commercial, Industrial)
PIC16F84A-20 (Commercial, Industrial)
PIC16LF84A-04 (Commercial, Industrial)

Standard Operating Conditions (unless otherwise stated)
DC Characteristics Operating temperature 0°C < TA<+70°C (_comme_rcial)
All Pins Except Power Supply Pins . “40°C < TA. = +E.;50C (|ndus_tr_|al)_
Operating voltage VDD range as described in DC specifications
(Section 9.1)
Pzrgm Symbol Characteristic Min Typt| Max |[Units Conditions
VIL Input Low Voltage
I/O ports:
D030 with TTL buffer Vss — 0.8 V 4.5V <VDD <5.5V (Note 4)
DO30A Vss — |0.16Vvpb| V |Entire range (Note 4)
D031 with Schmitt Trigger buffer Vss — | 0.2VDD V |Entire range
D032 MCLR, RA4/TOCKI Vss — | 02vbD | V
D033 OSC1 (XT, HS and LP modes) Vss — | 0.3VDD V [(Note 1)
D034 OSC1 (RC mode) Vss — | 0.1VDbD \%
VIH Input High Voltage
I/O ports: —
D040 with TTL buffer 2.0 — VDD V 4.5V <VDD <5.5V (Note 4)
DO40A 0.25VDD+0.8| — VDD V |Entire range (Note 4)
D041 with Schmitt Trigger buffer 0.8 Vbb — VDD Entire range
D042 MCLR, 08Vbop | — | VoD Y
DO042A RA4/TOCKI 0.8 VDD — 8.5 \%
D043 OSC1 (XT, HS and LP modes) 0.8 Vbb — VDD V |(Note 1)
D043A OSC1 (RC mode) 0.9 VbD VDD Y,
D050 |[VHYS Hysteresis of Schmitt Trigger — 0.1 — \%
Inputs
D070 |(lpurB |PORTB Weak Pull-up Current 50 250 400 pA |VDD = 5.0V, VPIN = Vss
liL Input Leakage Current
(Notes 2, 3)
D060 I/O ports — — +1 pA [Vss <VPIN < VDD,
Pin at hi-impedance
D061 MCLR, RA4/TOCKI — — +5 pA |Vss < VPIN < VDD
D063 0OSsC1 — — +5 pA |Vss < VPIN < VDD, XT, HS
and LP osc configuration

T Datain “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.

Note 1: In RC oscillator configuration, the OSC1 pin is a Schmitt Trigger input. Do not drive the PIC16F84A with an
external clock while the device is in RC mode, or chip damage may result.

2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltages.

3: Negative current is defined as coming out of the pin.

4: The user may choose the better of the two specs.
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FIGURE 9-7: CLKOUT AND I/O TIMING
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Note: All tests must be done with specified capacitive loads (Figure 9-5) 50 pF on I/O pins and CLKOUT.

TABLE 9-3: CLKOUT AND I/O TIMING REQUIREMENTS
Pilrgm Sym Characteristic Min Typt Max Units | Conditions
10 TosH2ckL |OSC1T to CLKOUTY Standard — 15 30 ns |(Note 1)
10A Extended (LF) — 15 120 ns |[(Note 1)
1 TosH2ckH [O0SC1T to CLKOUTT Standard — 15 30 ns |(Note 1)
11A Extended (LF) — 15 120 ns |(Note 1)
12 TckR CLKOUT rise time Standard — 15 30 ns |(Note 1)
12A Extended (LF) — 15 100 ns |(Note 1)
13 TckF CLKOUT fall time Standard — 15 30 ns |[(Note 1)
13A Extended (LF) — 15 100 ns |[(Note 1)
14 TckL2ioV |CLKOUT { to Port out valid — — 0.5Tcy +20 ns |(Note 1)
15 TioV2ckH |Port in valid before Standard 0.30Tcy + 30 — — ns |(Note 1)
CLKOUT T Extended (LF) | 0.30Tcy +80 | — — ns |(Note 1)
16 TckH2iol |Port in hold after CLKOUT T 0 — — ns |(Note 1)
17 TosH2ioV |0SC17T (Q1 cycle) to Standard — — 125 ns
Port out valid Extended (LF) — — 250 ns
18 TosH2iol |OSC1T (Q2 cycle) to Port Standard 10 — — ns
input invalid (I/O in hold time) | Extended (LF) 10 _ _ ns
19 TioV2osH |Port input valid to OSC17T Standard -75 — — ns
(O in setup time) Extended (LF) -175 — — ns
20 TioR Port output rise time Standard — 10 35 ns
20A Extended (LF) — 10 70 ns
21 TioF Port output fall time Standard — 10 35 ns
21A Extended (LF) — 10 70 ns
22 TINP INT pin high Standard 20 — — ns
22A or low time Extended (LF) 55 — — ns
23 TRBP RB7:RB4 change INT Standard Tosc§ — — ns
23A high or low time Extended (LF) Tosc§ — — ns
t Data inl "Typ" column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not tested.
Note 1:§ Il\all);g;snl'gerr]ﬁents are taken in RC mode where CLKOUT output is 4 x ToscC.
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FIGURE 9-8: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING
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TABLE 9-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND
POWER-UP TIMER REQUIREMENTS
Parzrgeter Sym Characteristic Min Typt Max | Units Conditions
30 TmcL | MCLR Pulse Width (low) 2 — — us |VbD =5.0V
31 Twpr | atchdog Timer Time-out 7 18 33 | ms |Vop=50V
Period (No Prescaler)
32 TosT Osc_lllatlon Start-up Timer 1024Tosc ms | Tosc = OSC1 period
Period
33 TPWRT | Power-up Timer Period 28 72 132 ms | VDD =5.0V
1/0 hi-impedance from MCLR
34 Tioz Low or RESET — — 100 ns

T Data in "Typ" column is at 5V, 25°C, unless otherwise stated. These parameters are for design guidance
only and are not tested.
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FIGURE 9-9: TIMERO CLOCK TIMINGS
RA4/TOCKI —m f
40 - 41 !
42
TABLE 9-5: TIMERO CLOCK REQUIREMENTS
Parzn;eter Sym Characteristic Min Typt| Max | Units Conditions
40 TtOH | TOCKI High Pulse No Prescaler | 0.5Tcy+20| — | — | ns
Width With Prescaler 50 — [ =1 ns |20v<vop<30V
30 — | — ns |3.0V<VDD<6.0V
41 TtOL |TOCKI Low Pulse No Prescaler | 0.5Tcy+20| — | — ns
Width With Prescaler 50 — | =1 ns |20v<vop<30V
20 — | — ns |3.0V<VDD<6.0V
42 TtOP | TOCKI Period Tcy + 40 — | — | ns [N =prescale value
N 2,4, ..., 256)

T Data in "Typ" column is at 5.0V, 25°C, unless otherwise stated. These parameters are for design guidance
only and are not tested.
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NOTES:
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APPENDIX A: REVISION HISTORY
Version Date Revision Description
A 9/1998 This is a new data sheet. However, the devices described in this data sheet are
the upgrades to the devices found in the PIC16F8X Data Sheet, DS30430.
B 05/2001 Added DC and AC Characteristics Graphs and Tables to Section 10.
C 11/2011 Updated the “Packaging Information” section.
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APPENDIX C: MIGRATION FROM
BASELINE TO
MID-RANGE DEVICES

This section discusses how to migrate from a baseline
device (i.e., PIC16C5X) to a mid-range device (i.e.,
PIC16CXXX).

The following is the list of feature improvements over
the PIC16C5X microcontroller family:

1. Instruction word length is increased to 14-bits.
This allows larger page sizes, both in program
memory (2K now as opposed to 512K before)
and the register file (128 bytes now versus
32 bytes before).

2. A PC latch register (PCLATH) is added to han-
dle program memory paging. PA2, PA1 and PAO
bits are removed from the STATUS register and
placed in the OPTION register.

3. Data memory paging is redefined slightly. The
STATUS register is modified.

4. Four new instructions have been added:
RETURN, RETFIE, ADDLW, and SUBLW. Two
instructions, TRIS and OPTION, are being
phased out, although they are kept for
compatibility with PIC16C5X.

5. OPTION and TRIS registers are made
addressable.

6. Interrupt capability is added. Interrupt vector is
at 0004h.

7. Stack size is increased to eight-deep.

RESET vector is changed to 0000h.

9. RESET of all registers is revisited. Five different
RESET (and wake-up) types are recognized.
Registers are reset differently.

10. Wake-up from SLEEP through interrupt is
added.

11. Two separate timers, the Oscillator Start-up
Timer (OST) and Power-up Timer (PWRT), are
included for more reliable power-up. These
timers are invoked selectively to avoid
unnecessary delays on power-up and wake-up.

12. PORTB has weak pull-ups and interrupt-on-
change features.

13. TOCKI pin is also a port pin (RA4/TOCKI).

14. FSRis a full 8-bit register.

15. "In system programming" is made possible. The
user can program PIC16CXX devices using only
five pins: VDD, Vss, VPP, RB6 (clock) and RB7
(data in/out).

©

To convert code written for PIC16C5X to PIC16F84A,

the user should take the following steps:

1.

Remove any program memory page select
operations (PA2, PA1, PAO bits) for CALL, GOTO.
Revisit any computed jump operations (write to
PC or add to PC, etc.) to make sure page bits
are set properly under the new scheme.
Eliminate any data memory page switching.
Redefine data variables for reallocation.

Verify all writes to STATUS, OPTION, and FSR
registers since these have changed.

Change RESET vector to 0000h.
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THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

e Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

» General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com. Under “Support”, click on
“Customer Change Notification” and follow the
registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

» Local Sales Office

« Field Application Engineer (FAE)

» Technical Support

Customers  should contact their distributor,
representative or field application engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical supportis available through the web site
at: http://microchip.com/support
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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, implicity or otherwise, under any Microchip
intellectual property rights.
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