Microchip Technology - PIC16LF84A-041/SO Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Active

PIC

8-Bit

4MHz

POR, WDT

13

1.75KB (1K x 14)
FLASH

64 x 8

68 x 8

2V ~ 5.5V

External

-40°C ~ 85°C (TA)

Surface Mount

18-SOIC (0.295", 7.50mm Width)

18-50IC

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

https://www.e-xfl.com/product-detail/microchip-technology/pic16If84a-04i-so

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/pic16lf84a-04i-so-4391656
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

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
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Reset '
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2.0 MEMORY ORGANIZATION

There are two memory blocks in the PIC16F84A.
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
Oh-3Fh. More details on the EEPROM memory can be
found in Section 3.0.

Additional information on device memory may be found
in the PIC® Mid-Range Reference Manual, (DS33023).

2.1 Program Memory Organization

The PIC16FXX has a 13-bit program counter capable
of addressing an 8K x 14 program memory space. For
the PIC16F84A, the first 1K x 14 (0000h-03FFh) are
physically implemented (Figure 2-1). Accessing a loca-
tion above the physically implemented address will
cause a wraparound. For example, for locations 20h,
420h, 820h, C20h, 1020h, 1420h, 1820h, and 1C20h,
the instruction will be the same.

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

FIGURE 2-1: PROGRAM MEMORY MAP
AND STACK - PIC16F84A
[ PC<12:0> |
CALL, RETURN ]I 13
RETFI E, RETLW
Stack Level 1
Stack Level 8
R RESET Vector 0000h
Peripheral Interrupt Vector | 0004h
a‘ <:
-
=3
g(/)
-]
v 3FFh
1FFFh
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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.
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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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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.

DS35007C-page 14
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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 4-3: PORTB FUNCTIONS
Name Bit Buffer Type 1/0 Consistency Function
RBO/INT bit0 TTL/STD | Input/output pin or external interrupt input.
Internal software programmable weak pull-up.
RB1 bitl TTL Input/output pin. Internal software programmable weak pull-up.
RB2 bit2 TTL Input/output pin. Internal software programmable weak pull-up.
RB3 bit3 TTL Input/output pin. Internal software programmable weak pull-up.
RB4 bit4 TTL Input/output pin (with interrupt-on-change).
Internal software programmable weak pull-up.
RB5 bit5 TTL Input/output pin (with interrupt-on-change).
Internal software programmable weak pull-up.
RB6 bit6 TTL/ST® Input/output pin (with interrupt-on-change).
Internal software programmable weak pull-up. Serial programming clock.
RB7 bit7 TTL/ST® Input/output pin (with interrupt-on-change).
Internal software programmable weak pull-up. Serial programming data.

Legend: TTL =TTL input, ST = Schmitt Trigger.
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.

TABLE 4-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

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

06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO/INT |[xxxx xXXxX|uuuu uuuu
86h TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO 1111 1111(1111 1111
81h OPTION_REG | RBPU | INTEDG | TOCS | TOSE PSA PS2 PS1 PSO 1111 1111{1111 1111
0Bh,8Bh [INTCON GIE EEIE TOIE INTE RBIE TOIF INTF RBIF [0000 000x|[0000 000u
Legend: x =unknown, u = unchanged. Shaded cells are not used by PORTB.

DS35007C-page 18
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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
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TABLE 6-2: CAPACITOR SELECTION
FOR CRYSTAL OSCILLATOR
Mode Freq 0sc1/c1 0osc2/c2
LP 32 kHz 68 - 100 pF | 68 -100 pF
200 kHz 15 - 33 pF 15- 33 pF
XT 100 kHz | 100 - 150 pF | 100 - 150 pF
2 MHz 15-33 pF 15- 33 pF
4 MHz 15- 33 pF 15- 33 pF
HS 4 MHz 15-33 pF 15- 33 pF
20 MHz 15- 33 pF 15- 33 pF
Note:  Higher capacitance increases the stability

of the oscillator, but also increases the
start-up time. These values are for design
guidance only. Rs may be required in HS
mode, as well as XT mode, to avoid over-
driving crystals with low drive level specifi-
cation. Since each crystal has its own
characteristics, the user should consult the
crystal manufacturer for appropriate
values of external components.

For Vbbp > 4.5V, C1 = C2 ~ 30 pF is recom-
mended.

6.2.3 RC OSCILLATOR

For timing insensitive applications, the RC device
option offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the
resistor (RexT) values, capacitor (CEXT) values, and
the operating temperature. In addition to this, the oscil-
lator frequency will vary from unit to unit due to normal
process parameter variation. Furthermore, the
difference in lead frame capacitance between package
types also affects the oscillation frequency, especially
for low CEexT values. The user needs to take into
account variation, due to tolerance of the external
R and C components. Figure 6-3 shows how an R/C
combination is connected to the PIC16F84A.

FIGURE 6-3: RC OSCILLATOR MODE

VDD

REXT

osc1 | Internal
* A\ Clock
j; PIC16FXX

CEXTJ_lz
Vss — =
~*—| OSC2/CLKOUT
Fosc/4
Recommended values: 5 kQ < REXT < 100 kQ

CEXT > 20pF
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6.10.2 WDT PROGRAMMING
CONSIDERATIONS

It should also be taken into account that under worst
case conditions (VDD = Min., Temperature = Max., Max.
WDT Prescaler), it may take several seconds before a

WDT time-out occurs.

FIGURE 6-11:

WATCHDOG TIMER BLOCK DIAGRAM

WDT Timer

From TMRO Clock Source
(Figure 5-2)

.

1

i

WDT
Enable Bit

M
> Postscaler
U
X ){ 8
% 8 -to -1 MUX
PSA
—
0 * y!
MUX | e
WDT
Time-out

Note: PSA and PS2:PS0 are bits in the OPTION_REG register.

-1— PS2:PSO

To TMRO (Figure 5-2)

PSA

TABLE 6-7: SUMMARY OF REGISTERS ASSOCIATED WITH THE WATCHDOG TIMER

Value on |Valueonall
Addr Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on other
Reset RESETS
2007h |Config. bits 2) ) ) ) PWRTE® | WDTE | FOSC1 | FOSCO 2)
81h OPTION_REG | RBPU | INTEDG | TOCS | TOSE PSA PS2 PS1 PSO 1111 1111|1111 1111

Legend: x =unknown. Shaded cells are not used by the WDT.

Note 1: See Register 6-1 for operation of the PWRTE bit.
2: See Register 6-1 and Section 6.12 for operation of the code and data protection bits.
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9.3 AC (Timing) Characteristics

9.3.1 TIMING PARAMETER SYMBOLOGY

The timing parameter symbols have been created fol-
lowing one of the following formats:

1. TppS2ppS
2. TppS
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pp
2 to 0S, 0SC 0OSsC1
ck CLKOUT ost oscillator start-up timer
cy cycle time pwrt power-up timer
io I/O port rbt RBX pins
inp INT pin t0 TOCKI
mp MCLR wdt watchdog timer
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
I Invalid (high impedance) \% Valid
L Low z High Impedance
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9.3.3 TIMING DIAGRAMS AND SPECIFICATIONS

FIGURE 9-6: EXTERNAL CLOCK TIMING
Q4 : Q1 : Q2 : Q3 . Q4 : Q1

0scC1

:1— 11— :1-3" :1-3»' 4-»! :1——> :1—4

CLKOUT

TABLE 9-2: EXTERNAL CLOCK TIMING REQUIREMENTS

Param No.| Sym Characteristic Min Typt Max | Units Conditions
Fosc |External CLKIN Frequency® | DC — 2 MHz |[XT,RCosc  (-04, LF)
DC — 4 MHz |XT, RCosc (-04)
DC — 20 MHz |HS osc (-20)
DC — 200 kHz |LP osc (-04, LF)
Oscillator Frequency® DC — 2 MHz |RC osc (-04, LF)
DC — 4 MHz |RC osc (-04)
0.1 — 2 MHz |XT osc (-04, LF)
0.1 — 4 MHz |XT osc (-04)
1.0 — 20 MHz |HS osc (-20)
DC — 200 kHz |LP osc (-04, LF)
1 Tosc |External CLKIN Period® 500 — — ns |XT,RCosc (-04, LF)
250 — — ns |XT,RCosc (-04)
50 — — ns |HS osc (-20)
5.0 — — us |LP osc (-04, LF)
Oscillator Period® 500 — — ns |RC osc (-04, LF)
250 — — ns |RC osc (-04)
500 — 10,000 ns |[XT osc (-04, LF)
250 — 10,000 | ns |XT osc (-04)
50 — 1,000 ns |HS osc (-20)
5.0 — — us |LP osc (-04, LF)
2 Tcy  |Instruction Cycle Time® 0.2 |4/Fosc| DC us
3 TosL, |Clock in (OSC1) High or Low 60 — — ns |XT osc (-04, LF)
TosH |Time 50 — — ns |XT osc (-04)
2.0 — — us |LP osc (-04, LF)
175 — — ns |HS osc (-20)
4 TosR, |Clock in (OSC1) Rise or Fall 25 — — ns |XT osc (-04)
TosF |Time 50 — — ns |[LP osc (-04, LF)
7.5 — — ns |HS osc (-20)

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: Instruction cycle period (Tcy) equals four times the input oscillator time-base period. All specified values
are based on characterization data for that particular oscillator type under standard operating conditions
with the device executing code. Exceeding these specified limits may result in an unstable oscillator opera-
tion and/or higher than expected current consumption. All devices are tested to operate at "Min." values
with an external clock applied to the OSC1 pin.

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices.

© 2001-2013 Microchip Technology Inc. DS35007C-page 55



PIC16F84A

FIGURE 9-8: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP
TIMER TIMING
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1/0 Pins > \
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 10-7: AVERAGE Fosc vs. Vbb FOR R (RC MODE, C = 22 pF, 25°C)
16.0
14.0 L E—
12.0 /
// 51kQ
R 100 —
I
\2; 8.0
I
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2.0
100 k2
0.0 " " "
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FIGURE 10-8: AVERAGE Fosc vs. Vbb FOR R (RC MODE, C =100 pF, 25°C)
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NOTES:
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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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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip
product. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our
documentation can better serve you, please FAX your comments to the Technical Publications Manager at
(480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this document.

TO: Technical Publications Manager
RE: Reader Response

Total Pages Sent

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -

Application (optional):
Would you like a reply? Y N

Device: Literature Number: DS35007C

Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4, What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Isthere any incorrect or misleading information (what and where)?

7. How would you improve this document?
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