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PIC16F84A

1.0 DEVICE OVERVIEW

This document contains device specific information for
the operation of the PIC16F84A device. Additional
information may be found in the PIC® Mid-Range Ref-
erence Manual, (DS33023), which may be downloaded
from the Microchip website. The Reference Manual
should be considered a complementary document to
this data sheet, and is highly recommended reading for
a better understanding of the device architecture and
operation of the peripheral modules.

The PIC16F84A belongs to the mid-range family of the
PIC® microcontroller devices. A block diagram of the
device is shown in Figure 1-1.

The program memory contains 1K words, which trans-
lates to 1024 instructions, since each 14-bit program
memory word is the same width as each device instruc-
tion. The data memory (RAM) contains 68 bytes. Data
EEPROM is 64 bytes.

There are also 13 I/O pins that are user-configured on
a pin-to-pin basis. Some pins are multiplexed with other
device functions. These functions include:

« External interrupt

* Change on PORTB interrupt

» TimerO clock input

Table 1-1 details the pinout of the device with descrip-
tions and details for each pin.

FIGURE 1-1: PIC16F84A BLOCK DIAGRAM
13 Data Bus 8
—=7q_Program Counter | EEPROM Data Memory
FLASH
Program
Memory RAM EEPROM
8 Level Stack ; ; - EEDATA [=> Data Memory
1K x 14 (13-bit) File Registers 64 x 8
68 x 8
Program 1
Bus 14 7 RAM Add
d r EEADR
Instruction Register ‘ Addr Mux
H 5 Direct Addr TMRO
X rRaarrocki
8
P(’T"i"rﬁgr“p /O Ports
Instruction Oscillator .
Decode & [<——>| | Start-up Timer
Control ALU
Power-on [ :>|E RA3:RAO
Reset '
Timing Watchdog _ RB7:RB1
Generation [~ Timer W reg :>X|
% % % X rBoNNT
OSC2/CLKOUT MCLR VDD, Vss
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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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2.3

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

Special Function Registers

The special function registers can be classified into two
sets, core and peripheral. Those associated with the
core functions are described in this section. Those
related to the operation of the peripheral features are
described in the section for that specific feature.

TABLE 2-1: SPECIAL FUNCTION REGISTER FILE SUMMARY

. . . . . . . . Value on Details
Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on on page

RESET

Bank 0
00h |INDF Uses contents of FSR to address Data Memory (not a physical register) | ---- ---- 11
01lh |TMRO 8-bit Real-Time Clock/Counter XXXX XXKX 20
02h |PCL Low Order 8 bits of the Program Counter (PC) 0000 0000 11
03h |sTATUS® IRP | RP1 | RPO | To | PD | z | DC ‘ ¢ looo1 1xxx| 8
04h |FSR Indirect Data Memory Address Pointer 0 XXXX XXKX 11
05h |PORTA® — — — RA4/TOCKI RA3 RA2 RA1 RAO ---X XXXX 16
o6h |PORTB®) RB7 RB6 RB5 RB4 RB3 RB2 RB1 | RBO/INT | xxxx XxXX 18
07h — Unimplemented location, read as '0' = =
08h |EEDATA EEPROM Data Register xxxx xxxx | 13,14
09h |EEADR EEPROM Address Register xxxxX xxxx | 13,14
OAh |PCLATH — — — | Wwrite Buffer for upper 5 bits of the PC ---0 oooo| 11
0Bh [INTCON GIE EEIE TOIE INTE | RBIE | TOIF [ INTF | RBIF |0000 00ox| 10
Bank 1
80h |INDF Uses Contents of FSR to address Data Memory (not a physical register) | ---- ---- 11
8lh |OPTION_REG | RBPU | INTEDG | Tocs | TOSE | PSA | PS2 | PS1 ‘ PSO |1111 1111 9
82h |PCL Low order 8 bits of Program Counter (PC) 0000 0000 11
83h [STATUS @ IRP | RP1 | RPO | To | PD | z | DC ‘ C  |o0001 1xxx| 8
84h |FSR Indirect data memory address pointer O XXXX XXKX 11
85h [TRISA = | = | = |PORTA Data Direction Register ---1 1111 16
86h |TRISB PORTB Data Direction Register 1111 1111 18
87h — Unimplemented location, read as '0' = =
88h |EECON1 — | — | — | EEIF | WRERR | WREN | WR | RD |[---0 x000| 13
89h |EECON2 EEPROM Control Register 2 (not a physical register) | ____ ____ 14
OAh  |PCLATH — — — Write buffer for upper 5 bits of the PC() —--0 0000 1
0Bh [INTCON GIE EEIE TOIE INTE | RBIE | TOIF | INTF | RBIF |0000 000x| 10
Legend: x =unknown, u = unchanged. - = unimplemented, read as '0', q = value depends on condition
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a slave register for PC<12:8>. The contents

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

ferred to PCLATH.

On any device RESET, these pins are configured as inputs.
This is the value that will be in the port output latch.

The TO and PD status bits in the STATUS register are not affected by a MCLR Reset.
Other (non power-up) RESETS include: external RESET through MCLR and the Watchdog Timer Reset.

© 2001-2013 Microchip Technology Inc.
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2.4 PCL and PCLATH

The program counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 13 bits
wide. The low byte is called the PCL register. This reg-
ister is readable and writable. The high byte is called
the PCH register. This register contains the PC<12:8>
bits and is not directly readable or writable. If the pro-
gram counter (PC) is modified or a conditional test is
true, the instruction requires two cycles. The second
cycle is executed as a NOP. All updates to the PCH reg-
ister go through the PCLATH register.

24.1 STACK

The stack allows a combination of up to 8 program calls
and interrupts to occur. The stack contains the return
address from this branch in program execution.

Mid-range devices have an 8 level deep x 13-bit wide
hardware stack. The stack space is not part of either
program or data space and the stack pointer is not
readable or writable. The PC is PUSHed onto the stack
when a CALL instruction is executed or an interrupt
causes a branch. The stack is POPed in the event of a
RETURN, RETLWor a RETFI E instruction execution.
PCLATH is not modified when the stack is PUSHed or
POPed.

After the stack has been PUSHed eight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
S0 on).

2.5 Indirect Addressing; INDF and
FSR Registers

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

EXAMPLE 2-1: INDIRECT ADDRESSING

* Register file 05 contains the value 10h

* Register file 06 contains the value 0Ah

« Load the value 05 into the FSR register

« Aread of the INDF register will return the value
of 10h

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

« Aread of the INDF register now will return the
value of 0Ah.

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 2-2.

EXAMPLE 2-2: HOW TO CLEAR RAM
USING INDIRECT
ADDRESSING
movlw 0x20 ;initialize pointer
movwf FSR ;to RAM
NEXT clrf INDF jclear INDF register
incft 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 2-3. However, IRP is not used in the
PIC16F84A.

© 2001-2013 Microchip Technology Inc.

DS35007C-page 11



PIC16F84A

FIGURE 2-3: DIRECT/INDIRECT ADDRESSING
Direct Addressing Indirect Addressing
RP1 RPO 6 From Opcode 0 IRP 7 (FSR) 0
@ | LTI o [ [ [T 1[[]]
- -
Bank Select Location Select Bank Select Location Select
= 00 0l = ‘
00h 80h
— -
0OBh
0Ch
Data Addresses
Me @) map back to
mory Bank 0
4Fh
50h
Fh| @ @) | Frh
Bank O Bank 1

3: Not implemented.

Note 1: For memory map detail, see Figure 2-2.

2: Maintain as clear for upward compatibility with future products.

DS35007C-page 12
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5.0 TIMERO MODULE

The TimerO module timer/counter has the following
features:

* 8-bit timer/counter

* Readable and writable

* Internal or external clock select

» Edge select for external clock

* 8-bit software programmable prescaler

* Interrupt-on-overflow from FFh to 00h

Figure 5-1 is a simplified block diagram of the TimerO
module.

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

51 TimerO Operation

Timer0 can operate as a timer or as a counter.

Timer mode is selected by clearing bit TOCS
(OPTION_REG<5>). In Timer mode, the TimerO mod-
ule will increment every instruction cycle (without pres-
caler). If the TMRO register is written, the increment is
inhibited for the following two instruction cycles. The
user can work around this by writing an adjusted value
to the TMRO register.

Counter mode is selected by setting bit TOCS
(OPTION_REG<5>). In Counter mode, Timer0 will
increment, either on every rising or falling edge of pin
RA4/TOCKI. The incrementing edge is determined by
the Timer0 Source Edge Select bit, TOSE
(OPTION_REG<4>). Clearing bit TOSE selects the ris-
ing edge. Restrictions on the external clock input are
discussed below.

Additional information on external clock requirements
is available in the PIC® Mid-Range Reference Manual,
(DS33023).

5.2 Prescaler

An 8-bit counter is available as a prescaler for the TimerO
module, or as a postscaler for the Watchdog Timer,
respectively (Figure 5-2). For simplicity, this counter is
being referred to as “prescaler” throughout this data
sheet. Note that there is only one prescaler available
which is mutually exclusively shared between the Timer0
module and the Watchdog Timer. Thus, a prescaler
assignment for the Timer0 module means that there is no
prescaler for the Watchdog Timer, and vice-versa.

The prescaler is not readable or writable.

The PSA and PS2:PSO bits (OPTION_REG<3:0>)
determine the prescaler assignment and prescale ratio.

Clearing bit PSA will assign the prescaler to the Timer0
module. When the prescaler is assigned to the Timer0
module, prescale values of 1:2, 1:4, ..., 1:256 are
selectable.

Setting bit PSA will assign the prescaler to the Watchdog
Timer (WDT). When the prescaler is assigned to the
WODT, prescale values of 1:1, 1:2, ..., 1:128 are selectable.

When assigned to the Timer0 module, all instructions
writing to the TMRO register (e.g., CLRF 1, MOVWF 1,
BSF 1, etc.) will clear the prescaler. When assigned to
WDT, a CLRWDT instruction will clear the prescaler
along with the WDT.

Note:  Writing to TMRO when the prescaler is
assigned to Timer0 will clear the prescaler
count, but will not change the prescaler

. . . . assignment.
When an external clock input is used for TimerO0, it must g
meet certain requirements. The requirements ensure
the external clock can be synchronized with the internal
phase clock (Tosc). Also, there is a delay in the actual
incrementing of TimerO after synchronization.
FIGURE 5-1: TIMERO BLOCK DIAGRAM
Data Bus
Fosc/4 0 PSourt 8
Sync with
D— 1 Internal TMRO
RA4/TOCKI Programmable | | Clocks PSouT
pin Prescaler

TOSE
Is

TOCS

PS2, PS1, PSO PSA Flag bit TOIF

Note 1: TOCS, TOSE, PSA, PS2:PSO (OPTION_REG<5:0>).
2: The prescaler is shared with Watchdog Timer (refer to Figure 5-2 for detailed block diagram).

(2 Cycle Delay)

Set Interrupt

on Overflow

© 2001-2013 Microchip Technology Inc.
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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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TABLE 6-4: RESET CONDITIONS FOR ALL REGISTERS

Mduring:

—normal operation Wake-up from SLEEP:

Register Address Power-on Reset — SLEEP —through interrupt

WDT Reset during —through WDT Time-out

normal operation
w — XXXX  XXXX uuuu uuuu uuuu uuuu
INDF 00h
TMRO 01lh XXXX  XXXX uuuu uuuu uuuu uuuu
PCL 02h 0000 0000 0000 0000 PC + 1@
STATUS 03h 0001 1xxx 000q quuu® uuug quuu®
FSR 04h XXXX XXXX uuuu uuuu uuuu uuuu
PORTA (%) 05h --- X XXXX ---U uuuu ---U uuuu
PORTB (5! 06h XXXX XXXX uuuu uuuu uuuu uuuu
EEDATA 08h XXXX XXXX uuuu uuuu uuuu uuuu
EEADR 09h XXXX XXXX uuuu uuuu uuuu uuuu
PCLATH O0Ah ---0 0000 ---0 0000 ---U uuuu
INTCON 0Bh 0000 000x 0000 000u uuuu uuuu®
INDF 80h
OPTION_REG 81h 1111 1111 1111 1111 uuuu uuuu
PCL 82h 0000 0000 0000 0000 PC + 1@
STATUS 83h 0001 1xxx 000q quuu® uuug quuu®
FSR 84h XXXX XXXX uuuu uuuu uuuu uuuu
TRISA 85h ---1 1111 ---1 1111 ---U uuuu
TRISB 86h 1111 1111 1111 1111 uuuu uuuu
EECON1 88h ---0 x000 ---0 qooo ---0 uuuu
EECON2 89h
PCLATH 8Ah ---0 0000 ---0 0000 ---u uuuu
INTCON 8Bh 0000 000x 0000 000u uuuu uuuu®
Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0', g = value depends on condition

Note 1: One or more bits in INTCON will be affected (to cause wake-up).
2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector
(0004h).
3: Table 6-3 lists the RESET value for each specific condition.
4: On any device RESET, these pins are configured as inputs.

5. This is the value that will be in the port output latch.

© 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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NOTES:
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7.1 Instruction Descriptions

ADDLW Add Literal and W

Syntax: [label] ADDLW  k

Operands: 0< k<255

Operation: (W) +k —> (W)

Status Affected: C, DC, Z

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

ADDWF Add W and f

Syntax: [label] ADDWF fd

Operands: 0<f<127
d € [0,1]

Operation: (W) + (f) - (destination)

Status Affected: C, DC, Z

Description: Add the contents of the W register
with register 'f'. If 'd" is 0, the result
is stored in the W register. If 'd" is
1, the result is stored back in
register 'f'.

ANDLW AND Literal with W

Syntax: [label] ANDLW  k

Operands: 0< k<255

Operation: (W) .AND. (k) = (W)

Status Affected: Z

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

ANDWF AND W with f

Syntax: [label] ANDWF fd

Operands: 0<f<127
d € [0,1]

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

Status Affected: Z

Description: AND the W register with register

'f'. If 'd" is 0, the result is stored in
the W register. If 'd" is 1, the result
is stored back in register 'f'.

BCF Bit Clear f
Syntax: [label] BCF fb
Operands: 0<f<127

0<b<7
Operation: 0 — (f<b>)
Status Affected:  None
Description: Bit 'b' in register 'f' is cleared.
BSF Bit Set f
Syntax: [label] BSF f,b
Operands: 0<f<127

0<b<7
Operation: 1 — (f<b>)
Status Affected:  None
Description: Bit 'b' in register 'f' is set.
BTFSS Bit Test f, Skip if Set
Syntax: [label] BTFSS f,b
Operands: 0<f<127

0<b<7
Operation: skip if (f<b>) = 1
Status Affected: None
Description: If bit 'b'" in register 'f' is '0', the next

instruction is executed.

If bit 'b' is '1', then the next instruc-
tion is discarded and a NOP is exe-
cuted instead, making this a 2Tcy

instruction.

© 2001-2013 Microchip Technology Inc.
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MOVF Move f

Syntax: [label] MOVF fd

Operands: 0<f<127
d e [0,1]

Operation: (f) > (destination)

Status Affected: Z

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

MOVLW Move Literal to W

Syntax: [label] MOVLW k

Operands: 0<k<255

Operation: k — (W)

Status Affected:  None

Description: The eight-bit literal 'k’ is loaded
into W register. The don't cares
will assemble as 0's.

MOVWF Move W to f

Syntax: [label] MOVWF f

Operands: 0<f<127

Operation: W) — (f)

Status Affected:  None

Description: Move data from W register to
register 'f'.

NOP No Operation

Syntax: [label] NOP

Operands: None

Operation: No operation

Status Affected:  None

Description: No operation.

RETFIE Return from Interrupt

Syntax: [label] RETFIE

Operands: None

Operation: TOS — PC,
1> GIE

Status Affected: None

RETLW Return with Literal in W

Syntax: [label] RETLW k

Operands: 0< k<255

Operation: k — (W);
TOS —» PC

Status Affected: None

Description: The W register is loaded with the
eight-bit literal 'k'. The program
counter is loaded from the top of
the stack (the return address).
This is a two-cycle instruction.

RETURN Return from Subroutine

Syntax: [label] RETURN

Operands: None

Operation: TOS —» PC

Status Affected:  None

Description: Return from subroutine. The stack

is POPed and the top of the stack
(TOS) is loaded into the program
counter. This is a two-cycle
instruction.
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9.1 DC Characteristics
Standard Operating Conditions (unless otherwise stated)
PIC16LF84A-04 Operating temperature 0°C < TA < +70°C (commercial)
(Commercial, Industrial) -40°C < TA < +85°C (industrial)
-40°C < TA < +125°C (extended)
PIC16F84A-04 Standard Operating Conditions (unless otherwise stated)
(Commercial, Industrial, Extended) Operating temperature 0°C < TA < +70°C (commercial)
PIC16F84A-20 -40°C < TA < +85°C (industrial)
(Commercial, Industrial, Extended) -40°C < TA < +125°C (extended)
Pilrsm Symbol Characteristic Min | Typt| Max |Units Conditions
VDD Supply Voltage
D001 16LF84A| 2.0 — 55 V |XT, RC, and LP osc configuration
D001 16F84A| 4.0 — 55 V  [XT, RC and LP osc configuration
DO01A 45 | — | 55 V  |HS osc configuration
D002 |VDR RAM Data Retention 15 | — — V |Device in SLEEP mode
Voltage (Note 1)
D003 |[VPOR VDD Start Voltage to ensure | — | Vss | — V | See section on Power-on Reset for details
internal Power-on Reset
signal
D004 |SvpD VDD Rise Rate to ensure 0.05| — — | V/ms
internal Power-on Reset
signal
IDD Supply Current (Note 2)
D010 16LF84A| — 1 4 mA |RC and XT osc configuration (Note 4)
Fosc = 2.0 MHz, VbD = 5.5V
D010 16F84A| — | 1.8 | 45 | mA |RC and XT osc configuration (Note 4)
Fosc = 4.0 MHz, VDD = 5.5V
DO10A — 3 10 | mA |RC and XT osc configuration (Note 4)
Fosc = 4.0 MHz, VbD = 5.5V
(During FLASH programming)
D013 — 10 20 | mA |HS osc configuration (PIC16F84A-20)
Fosc = 20 MHz, VDD = 5.5V
D014 16LF84A| — 15 45 pA |LP osc configuration
Fosc =32 kHz, Vpbp = 2.0V, WDT disabled
Legend: Rows with standard voltage device data only are shaded for improved readability.

T Datain "Typ" column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance

only and are not tested.
NR Not rated for operation.
Note 1: This is the limit to which VDD can be lowered without losing RAM data.

2: The supply current is mainly a function of the operating voltage and frequency. Other factors, such as I1/O
pin loading and switching rate, oscillator type, internal code execution pattern, and temperature also have
an impact on the current consumption.

The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD,
TOCKI = VDD, MCLR = VDD; WDT enabled/disabled as specified.

3: The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD and Vss.

4: For RC osc configuration, current through REXT is not included. The current through the resistor can be
estimated by the formula IR = VDD/2REXT (mA) with REXT in kOhm.

5: The A current is the additional current consumed when this peripheral is enabled. This current should be

added to the base Ibb measurement.
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9.1

DC Characteristics (Continued)

Standard Operating Conditions (unless otherwise stated)

PIC16LF84A-04 Operating temperature 0°C < Ta < +70°C (commercial)
(Commercial, Industrial) -40°C < TA < +85°C (industrial)

-40°C < TA < +125°C (extended)

PIC16F84A-04 Standard Operating Conditions (unless otherwise stated)
(Commercial, Industrial, Extended) Operating temperature 0°C < TA < +70°C (commercial)

PIC16F84A-20 -40°C < TA < +85°C (industrial)
(Commercial, Industrial, Extended) -40°C < TA < +125°C (extended)

Param
No.

Symbol Characteristic Min | Typt| Max |Units Conditions

D020
D020

D021A
D021A

D021B

IPD Power-down Current (Note 3)

16LF84A

16F84A-20
16F84A-04

16LF84A| — 0.4 | 1.0 | pA |VDD = 2.0V, WDT disabled, industrial

16F84A-20| — 15 | 35 | pA |VDD = 4.5V, WDT disabled, industrial
16F84A-04| — 1.0 | 3.0 | pA |VDD = 4.0V, WDT disabled, industrial
16F84A-20| — | 1.5 | 55 | pA |VDD = 4.5V, WDT disabled, extended
16F84A-04| — | 1.0 | 5.0 | pA |VDD = 4.0V, WDT disabled, extended

D022

Module Differential Current
(Note 5)

AlwDT  |Watchdog Timer — | .20 | 16 pA |VDD = 2.0V, Industrial, Commercial
— 35| 20 pA |VDD = 4.0V, Commercial

— 35| 28 pA |VDD = 4.0V, Industrial, Extended
— 48 | 25 pA |VDD = 4.5V, Commercial

— | 48 | 30 pA |VDD = 4.5V, Industrial, Extended

Legend:

NR

Note 1:

Rows with standard voltage device data only are shaded for improved readability.
Data in "Typ" column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance
only and are not tested.
Not rated for operation.
This is the limit to which VDD can be lowered without losing RAM data.
The supply current is mainly a function of the operating voltage and frequency. Other factors, such as 1/0
pin loading and switching rate, oscillator type, internal code execution pattern, and temperature also have
an impact on the current consumption.
The test conditions for all IDD measurements in active operation mode are:

OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD,

TOCKI = VbD, MCLR = VDD; WDT enabled/disabled as specified.
The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD and Vss.
For RC osc configuration, current through REXT is not included. The current through the resistor can be
estimated by the formula IR = VDD/2REXT (mA) with REXT in kKOhm.
The A current is the additional current consumed when this peripheral is enabled. This current should be
added to the base IDD measurement.
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FIGURE 10-3: TYPICAL Ipp vs. Fosc OVER VDD (XT MODE, 25°C)
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FIGURE 10-4: MAXIMUM Ipb vs. Fosc OVER VDD (XT MODE, -40° TO +125°C)
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20-Lead Plastic Shrink Small Outline (SS) - 5.30 mm Body [SSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

o ULOLL

SILK SCREEN

C
G ——I [— —x t
—] | —— E
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits]  MIN [ NOM | MAX

Contact Pitch E 0.65 BSC
Contact Pad Spacing C 7.20
Contact Pad Width (X20) X1 0.45
Contact Pad Length (X20) Y1 1.75
Distance Between Pads G 0.20

Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2072A
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INEEITUPE LOGIC .vveiiieie e 29
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PICLOFBAA ...t 3
PORTA
RA3:RAQ Pins..
RAZ PiNS ...ttt
PORTB
RB3:RBO PiNS.....cccooiiiiiiiiiiiii i 17
RB7:RB4 PiNS ....ccoooiiiiiiiiiiiiiie e 17
RC Oscillator Mode...........ccceeiieiiiiiiiiiiiie e, 23
TIMErO...eiiiiiiiic 19
TimerO/WDT Prescaler .........cccocveiiiiieiieeniecieeeieens 20
Watchdog Timer (WDT) ....cooeviiieeririeeiiiees e 31
C
C (CAITY) Dt oo 8
C Compilers
MPLAB CL8 ...ttt 44
CLKIN PiN s 4
CLKOUT PN et 4
Code Examples
Clearing RAM Using Indirect Addressing.................... 11
Data EEPOM Write Verify .......cccooveiiiiniiiniieiieee 14
Indirect AdAressing ........cccocvviiiiiiieniieieesieee e 11
Initializing PORTA.... ... 15
Initializing PORTB........ .17
Reading Data EEPROM ...........c.cccoevenee. ... 14
Saving STATUS and W Registers in RAM ................ 30
Writing to Data EEPROM..........ccccccoviiieniiiiiiiiiies 14
Code Protection ..........cccoviniieiieiiie s 21, 33
Configuration BitS..........ccoiieiiiiiieeriiie e 21
Configuration Word ...........ccccoveviiiniiiiic i 21
Conversion Considerations............ccceveveenieiieiieenieeeennenn 78
Customer Change Notification Service .. ....85
Customer Notification Service................ ....85
CUuStOMEr SUPPOIT......eiiiiiiiiei i 85
D
Data EEPROM MemOIY .........coooviiiiiiiiiiiccie e 13
Associated REJISIErS ........eeveiiieeiiiieeieee e 14
EEADR Register ...... .7, 13, 25
EECONIL RegISter.....ccovcvviiiiiiiciieiieenicieeee 7,13, 25
EECON2 REQISEr .....ccovieiiiiiee e 7,13, 25
EEDATA REJIStEr ...ccuviiiiiiiiiiieiie e 7,13, 25
Write Complete Enable (EEIE Bit) .......c.cccoocvieiienienns 29
Write Complete Flag (EEIF Bit)........coocveivieeiiiieennes 29
Data EEPROM Write Complete .........ccoovevviiiieniiiniiniis 29
Data MEMOTIY .......ooociiiiiiiiciiie e 6
Bank Select (RPO Bit) . ..6
Banking.........ccoceenee. ..6
DC Dt ettt 8

DC CharacCteriStiCS......couuvvririeesiaiiiiiree e essiieeie e e e s

Development Support

DEVICE OVEIVIEW......uiiiiiiiiiie et eeee ettt

E

EECONL1 Register
EEIF Bil ...oeieieiieee e 29

Electrical CharacteristiCs ...........cooceeiiiieiiieiieiiiee e 47
Load Conditions.........ccceeeeeviicvieneeennnns .54
Parameter Measurement Information.. ...54
PIC16F84A-04 Voltage-Frequency Graph ... 48
PIC16F84A-20 Voltage-Frequency Graph ................. 48
PIC16LF84A-04 Voltage-Frequency Graph ............... 48
Temperature and Voltage Specifications - AC ........... 54

ENAUIANCE ...ttt e 1

=L = L= TP P TP 2

External Clock Input (RA4/TOCKI). See Timer0
External Interrupt Input (RBO/INT). See Interrupt Sources

External Power-on Reset CirCUit..........cccvvvevereeriiiiiienneennnns 26
F

Firmware INStruCtions ............ccooviiiiieeceiiiiieeee e 35
|

1O POMS oot 15
ID LOCALIONS ... .eiiiieieee et e et ee e e e e e e 21, 33
In-Circuit Serial Programming (ICSP)........cccccveeviieenne 21, 33
INDF RegiSter........ccccuvuieiiieniiniienncns

Indirect Addressing .
FSR Register-.....
INDF REQISter....ccviiiiiiiiiiciiicieeecee e

Instruction FOrmat...........ccoooviiiiiiiiiiiiii s

INCFSZ.
IORLW..
IORWF..
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Prescaler, Timer0

Assignment (PSA Bit) .....occveviiiiieiiiiiieee 9
Rate Select (PS2:PS0 BitS) .......cccevvvveeeiiieeiiiee e 9

Program COoUNter .........ccoeiiiiiiiiiic e 11
PCL Register......... 7,11, 25
PCLATH Register . 7,11, 25
Reset ConditionS..........coiveiiiiniieiieiie e 24

Program MemOIY ..........ccccoiiiiiiiiiiiiiiie e 5
General Purpose Registers. ........ccocvvveriniieeieiiee s 6
Interrupt VECTOr ........ooeiiiiiii i 5, 29
RESET VECION ...ttt 5
Special Function RegisSters ..........ccccvvveerinveenineenne 6, 7

Programming, Device INStructions ...........cc.cccovvenvenniennene 35

R

RAM. See Data Memory

Reader RESPONSE ......cccoiviiiiiiee e 86

Register File............

Register File Map

Registers
Configuration Word ...........ccoooeieeiiiinennieeeee e 21
EECON1 (EEPROM Control).........ccovevverviinniiieieee. 13
INTCON ..o 10
OPTION ..ottt 9
STATUS ..o 8

Reset.....ccooevveiiiiiie, .21, 24
Block Diagram...........cccccoveiiiiieiiiiien e 24, 26

MCLR Reset. See MCLR
Power-on Reset (POR). See Power-on Reset (POR)

Reset Conditions for All Registers ...........ccccevvveeennen. 25
Reset Conditions for Program Counter....................... 24
Reset Conditions for STATUS Register............c........ 24
WDT Reset. See Watchdog Timer (WDT)

ReVISION HIStOMY ......coiiiiiiiciiciii e

RP1:RPO (Bank Select) bits

S

Saving W Register and STATUS in RAM .......c.cocceeviieennns 30

SLEEP ..o 21, 24, 29, 32

Software Simulator (MPLAB SIM).... ....45

Special Features of the CPU ...........ccooiiiiiiieiniiieeieees 21

Special Function Registers .........ccccevviiiiiiieiieiniieceiee 6,7

Speed, Operating

Stack

STATUS Register

T

Time-out (TO) Bit. See Power-on Reset (POR)

TIMEI0 . 19
Associated RegiSters .........couvveiviiiiiiiiiciiceieeeeiees 20
BIlOCK Diagram..........cccvevviiiniciiiiiie e 19
Clock Source Edge Select (TOSE Bit).........ccoocveeriennen. 9
Clock Source Select (TOCS Bit)......ccccvniviveenrieiiiennen. 9
Overflow Enable (TOIE Bit) ........ccoeevviniiinieinnnene 10, 29
Overflow Flag (TOIF Bit)

Overflow INTEITUPE ....coveiiiiciiicie e
Prescaler. See Prescaler

RA4/TOCKI Pin, External Clock ............cccooeviiininnnn. 19
TMRO REQISLEN .....eeeiiiiiiiiiieciecee e 7, 20, 25

Timing CoNAitioNS .......ccveiiiiiiiiicce e 54
Timing Diagrams

CLKOUT @nd /O ....covveieiieiceiecreseeee e 56

Diagrams and Specifications................ ... 55

CLKOUT and I/O Requirements.. ... 56

External Clock Requirements...........cccccveevieeenne 55

RESET, Watchdog Timer, Oscillator
Start-up Timer and Power-up
Timer Requirements..........ccccovcvveeiiveeennnn. 57
Timer0 Clock Requirements..........cccceecvveiieennnn. 58
External ClOCK ..........coiiiiiiiiiiice e 55
RESET, Watchdog Timer, Oscillator Start-up
Timer and Power-up Timer........cocvevvveiveeneennen.
Time-out Sequence on Power-up
Timer0 ClocK ........oevviieiiiieceeeee

W REQISTEN ..ottt
Wake-up from SLEEP...........ccccccveiiennenne
INTEITUPLS ..o
MCLR RESEeL......coiiiiiiiiiicii e,
WDT Reset..............
Watchdog Timer (WDT)...
BIOCK Diagram ..........coocvieeriiieiiiiie e
Postscaler. See Prescaler
Programming Considerations..........c.cccouveevinveeeiineens 31
RC OSCillator ..........occiiiiiiiiiiiici e 30
Time-out Period .........ccccciiiiiiiiiiie e 30
WDT Reset, Normal Operation............cccccevvveeeiveeennns 24
WDT Reset, SLEEP ........cccooviiiiieiiniee e 24, 32
WWW Address ...................
WWW, On-Line Support

Z
Z (ZEFO) Dt 8
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