
NEAR EAST UNIVERSITY

Faculty of Engineering

Department of Electrical and Electronic
Engineering

MOVINGMESSAGEWITH PIC

Graduation Project
EE-400

Students: Remzi Uzun (20031692)

.. .. ..
Supervisor: Asst. Prof. Kadri BURUNCUK

Lefkoşa - 2007

-
1'l~~~!~mı

NEU



TABLE OF CONTENTS

ACKNOWLEDGEMENT

ABSTRACT

INTRODUCTION

1. PIC16F84A 18-PIN ENHANCED FLASH/EEPROM 8-BIT

MICROCONTROLLER

1.1. High Performance RISC CPU Features:

1.2. Peripheral Features:

1.3. Special Microcontroller Features:

1.4. Pin Diagrams

1.5. CMOS Enhanced FLASH/EEPROM Technology: 3

2.

3.

DEVICE OVERVIEW

MEMORY ORGANIZATION

3.1. Program Memory Organization

3.2. Data Memory Organization
3.2.1. General Purpose Register File

3.3. Special Function Registers
3.3.1. Status Register 10

3.3.2. Option Register 12

3.3.3. Intcon Register 13

3.4. PCL and PCLATH 15

3.4.1. STACK 15

3.5. Indirect Addressing; INDF and FSR Registers 15

4. DATA EEPROM MEMORY

4.1. Reading the EEPROM Data Memory

4.2. Writing to the EEPROM Data Memory

4.3. Write Verify

I/O PORTS

5.1. PORTA and TRISA Registers

5.

ii

iii

1

1

1

1

2

3

5

5

6

7

8

17

19

19

20

22

22



5.2. PORTB and TRISB Registers 25

6. TIMEROMODULE 28

) 6.1. TimerOOperation 28

6.2. Prescaler 29

6.2.1. Switching Prescaler Assignment 30

6.3. TimerOInterrupt 31

7. SPECIAL FEATURES OF THE CPU 32

7.1. Configuration Bits 33

7.2. Oscillator Configurations 34

7.2.1. Oscillator Types 34

7.2.2. Crystal Oscillator/Ceramic Resonators 34

7.2.3. RC Oscillator 36

7.3. RESET 37

7.4. Power-on Reset (POR) 40

7.5. Power-up Timer (PWRT) 40

7.6. Oscillator Start-up Timer (OST) 40

7.7. Time-out Sequence and Power-down Status Bits

(TO/PD) 43

7.8. Interrupts 44

7.8.1. INT Interrupt 45

7.8.2. TMROInterrupt 46

7.8.3. PORTB Interrupt 46

7.8.4. DATA EEPROM Interrupt 46

7.9. Context Saving During Interrupts 46

7.10. Watchdog Timer (WDT) 47

7.10.1.WDT PERIOD 47

7.10.2.WDT Programming Considerations 48

7.11. Power-down Mode (SLEEP) 49

7.11.1.SLEEP 49

7.11.2.WAKE-UP From SLEEP 50

7.11.3.WAKE-UP Using INTERRUPTS 51



7 .12. Program Verification/Code Protection 52

7.13. ID Locations 52

7.14. In-CircuitSerial Programming 52

8. INSTRUCTION SET SUMMARY 53

8.1. Instruction Descriptions 57

9. DEVELOPMENT SUPPORT 66

10. ELECTRICAL CHARACTERISTICS 68

10.1. DC Characteristics 71

10.2. DC Characteristics 74

10.3. AC (Timing) Characteristics 76

10.3.1. Timing Parameter Symbology 76

10.3.2. Timing Conditions 77

10.3.3. Timing Diagrams and Specifications 77

11. DC/AC CHARACTERISTIC GRAPHS 81

12. PACKAGING INFORMATION 91

12.1. Package Marking Information 91

12.2. 18-Lead Plastic Dual In-line (P) - 300 mil (PDIP) 91

12.3. 18-Lead Plastic Small Outline (SO) - Wide, 300 mil

(SOIC) 92

12.4. 20-Lead Plastic Shrink Small Outline

(SS) - 209 mil, 5.30 mm (SSOP) 93

13. MOVING MESSAGE SIGNAL ON LCD WITH

PIC16F84A 94

13.1. LCDs 95

13.1.1. Pins of LCD 95

13.2. Connection of the Compenents in Circuit 96

13.3. Working Explanation of the Circuit 98

13.3.1. Power Unit 98

13.3.2. Connection of LCD 98

CONCLUSION 99



REFERENCES

) APPENDIXES

Appendix A: Conversion Considerations

Appendix B: Migration from Baseline to Mid-Range Devices

Appendix C: Moving Message Assembly codes

100

101

101

102

104



) 
ACKNOWLEDGMENTS 

First I want to thank Asist. Prof. Dr. Kadri BÜRÜNCÜK to be my advisor. Under this

guidance, I succesfully overcome many difficulties and learn a lot about Pie

Programming. In each discussion, he showed from where I can take help, and I felt my

quick progress from his advises. He always helps me a lot either in my study or my life.

I asked him many questions in elektronics and electrics and he always answered my

questions guickly and in details. Also I want to thank Asst. Prof. Dr. Özgür Cemal

ÖZERDEM to be my supervisor. He helped me as much as Mr. Kadri.

Special thanks to Eren Electronics. With their help, I could find every kind of materials

and documents easily.

I also want to thank my friends helped me at this project in NEU: Armağan and Uğur.

And thanks to Prof. Dr. Doğan IBRAHIM.

Finally, I want to thank my family, especially my parents. Without their endless support

and love for me, I would never achieve my current position. I wish my mother and my

father lives happily always.



ABSTRACT 

As the technology age has affected every aspect of our life, the need for electronic

systems has raised. Electronics systems started to use in every application. So that

electronic is in developmental stage.

This Project is concerned about using programmable chip systems to help to smooth our

needs in life. These kind of projects are used in electronic advertisement, robotic

projects, control the devices with telephon systems, clock and calendar applications and

etc.

Big electronic boards with too much electronic components change-place with small

elecronic boards and small programmable chips which needs only a few electronic

components.
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) 
INTRODUCTION 

The programmable chips are most popular in microelectronics. There are a lot of types

of these microelectronic devices and they have different usage area depends of their

production types. PIC is the one type of these chips. Also PIC' shave a lot of types with

different configurations.

PIC's can be programmable easily and these made a huge usage area to pies. A lot of

program languages can be used to program pies. Compilers can tum the different

languages to language which pie can be understand.

Also LCD monitors have high technology and they used with pies in kinds of

applications like showing the every measurable values, clock and calendar applications,

showing text messages and all storable information.

The Project application is moving message on led screen with using pie. Also we can

use group of !eds which are placed in columns and rows to show the message. These

kind of applications mostly used in signboards. Messages can be placed on signboard

from left to right, right to left, up to down, down to up with some changes of the

software.

LCD monitors shows the messages with computer servers except the pies. It is mostly

used when the message signal often have to be changed. But it is costly apllication.

Because of that for unalterable messages pies are used. They made the system cheaper

and simple than computer server systems.
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1. PIC16F84A 18-PIN ENHANCED FLASH/EEPROM 8-BIT 

MICROCONTROLLER 

1.1. High Performance RISC CPU Features: 

• Only 35 single word instıuctions to learn

• All instıuctions single-cycle except for program

branches which are two-cycle

• Operating speed: DC - 20 MHz clock input

DC - 200 ns instıuction cycle

• 1024 words of program memory

• 68 bytes of Data RAM

• 64 bytes of Data EEPROM

• 14-bit wide instruction words

• 8-bit wide data bytes

• 15 Special Function Hardware registers

• Eight-level deep hardware stack

• Direct, indirect and relative addressing modes

• Four interrupt sources:

-External RBO/INT pin

-TMRO timer overflow

-PORTB<7:4> interrupt-on-change

-Data EEPROM write complete

1.2. Peripheral Features: 

• 13 1/0 pins with individual direction control

• High current sink/source for direct LED drive

-25 mA sink max. per pin

-25 mA source max. per pin

• TMRO: 8-bit timer/counter with 8-bit programmable prescaler

1.3. Special Microcontroller Features: 



• 10,000 erase/write cycles Enhanced FLASH Program memory typical

• 10,000,000 typical erase/write cycles EEPROM Data memory typical

• EEPROM Data Retention> 40 years

• In-Circuit Serial Programming™ (ICSP™) - via two pins

• Power-on Reset (POR), Power-up Timer (PWRT), Oscillator Start-up Timer (OST)

• Watchdog Timer (WDT) with its own On-Chip RC Oscillator for reliable operation

• Code protection

• Power saving SLEEP mode

• Selectable oscillator options

1.4. Pin Diagrams 

PDIP, soıc
--\,~.._,_ ...

R.42 ---- .1 _. R.4.1

RAJ.- 2 - RA.O

RA4.rTDCKI ----
,, '"O ---OSCt.'CLKIN.:,

MGLR-- 4 o --. OSC21CLKOUT....
/22 .-..... 5 m ..----. ve :ı

'il
RBOJINT __.... 13 co -RB7.4

R81- --, )> -RBô

R82- 8 ı1 -RB5

RB:.- 9 -RB4

SSOP

R,A2~ .1
<:»

R'··~ 2,ı...\..:, . ....._...

R,44/TGCl<:I - 3 '"O

MCLR--- 4 ()....
vss ..____... 5 O).,,
Vs2~ 6 co

RBCVlt··ff ._.._ ., s;
l 

RB1- (",o

RB2- fl

R83 --- 10

20W- R.4.1
19h---.. RAO

'\7ğ---- C.,sc2ıcLKOUT
ı 13 ____. vco
1·5 ---\/[i[l

14~--- R87,...... .,-.
,. .:ı -RB0
ı.2 - RB5
11 ...- R8A

Figure 1.1 Pin diagrams
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Instruction Register

7,)t' Rft.M Addı

/ .Addr Mux ._ \'ı

Ü

1.5. CMOS Enhanced FLASH/EEPROM Technology:

• Low power, high speed technology

• Fully static design

• Wide operating voltage range:

-Commercial: 2.0V to 5.5V

-Industrial: 2.0V to 5.5V

• Low power consumption:

-< 2 mA typical at 5V, 4 MHz

-15 µA typical at 2V, 32 kHz

-< 0.5 µA typical standby current at 2V

2. DEVICE OVERVIEW

The PIC16F84A belongs to the mid-range family of the PICmicro® microcontroller

devices. A block diagram of the device is shown in Figure 2.1.

FL..ı\SH
Program
t~.-ıen1ct"')-'

~- Oat..ı:Sus '-'< 

·~··1'11
il

EEPROM O;ı;;_; Memor,-

68 X 2-
1K x IA 2- Le','81Stack

('13-bit)
RAM

F de Registers
EEPR0\·1

Data r,.,ıemcrv
64 X 8 '

EEA.DR

Direct .A.ddr Indirect
Addr

TMRO

FSR:eg l'j
- I STATUS mu I
t, ~

'\ ~

lnstrocticn
Decode &

Control

Power-up
Timer 81k

PA}:RAC

Oscillator
A.LUSt2.rt-up Tinıe.r

Power-on
Reset

Timing
,:Jener2ıtıon

\,Vatchdog R37 RB I
T:rner

R3Gi1NT

OSC2ICLKOUT
OSC liCLKIN

Figure 2.1 PIC 16F84A block diagram
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The program memory contains 1 K words, which translates to 1024 instructions, since

each 14-bit program memory word is the same width as each device instruction. The

data memory (RAM) contains 68 bytes. Data EEPROM is 64 bytes.

There are also 13 l/0 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 2.1 shows details the pinout of the device with descriptions and details for each pin.

Pin Name
PDIP soıc SSOP 1/0/P Buffer Description
No. No. No. Type Type

OSC1!CLKIN 16 16 18 I STiCMOS(3l Oscillator crystal ,nputıextema! clock source input.

OSC2!CLKOUT 15 15 19 o - Oscillator crystal output. Connects to crystal or
resonator in Cıysta! Oscillator mode. In RC mode.
OSC2 pin outputs CLKOUT. vıhicl1 has 1/4 the
frequency of OSC1 and denotes the instruction
cycle rate.

MCLR 4 4 4 1/P ST Master Clear (Reset) inpLıt!programming voltage
input This pin is an active low RESET to the device

PORTA is a bi-dlrectlona' 1/0 port.

RAO 17 17 19 110 TTL

RA1 18 18 20 liO TTL

RA2 1 1 1 1/0 TTL

RA3 2 2 2 1/0 TTL

RA4/TOCKI 3 3 3 1/0 ST Can also be selected to be tl1e clock input to the
TMRO timerıcounter. Output is open drain type.

PORTS is a bi-directional l!O port. PORTS can be
software programmed for internal weak pull-up on
all inputs.

RBO/INT 6 6 7 1/0 TTL!ST(1l RBO/INT can also be selected as an external
interrupt pin

RB1 7 7 8 I/O TTL

RB2 8 8 9 l!O TTL

RB3 9 9 10 1/0 TTL

RB4 10 10 11 1/0 TTL Interrupt-on-change pin.

RB5 11 11 12 110 TTL Interrupt-on-change pin.

RB6 12 12 13 1/0 TTL!ST(2l Interrupt-on-change pin.
Serial programming clock.

RB7 13 13 14 liO TTUST(2ı Interrupt-on-change pin.
Serial programming data.

\/ss t: 5 5.6 p - Ground reference for logic and 1/0 pins.
"

\/DO 14 14 15.16 p - Positive supply for logic and 1/0 pins.

Table 2.1 PICl6F84A pinout description
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Legend: I= input O = Output l/0 = Input/Output P = Power

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

Note 1: This buffer is a Schmitt Trigger input when configured as the external

interrupt.

2: This buffer is a Schmitt Trigger input when used in Serial Programming

mode.

3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode

and a CMOS input otherwise.

3. 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 4.

3.1. 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 lK x 14 (OOOOh-03FFh)are physically

5



implemented (Figure 3.1). Accessing a location above the physically implemented address

will cause a wrap around. For example, for locations 20h, 420h, 820h, C20h, 1020h,

1420h, 1820h, and 1 C20h, the instruction will be the same.

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

if. 13/
.,!_ç / ,ı

CALL , RETlJRN
RETP IE,. RETL W

Stack Level ·1

Stack L,ev,ef 8
~ I Rf;::SET Vector I OOOQh

Peripheral lntem.xptVector I 0Di}4h

3FF\-,ı--~~~~~~~~~~-ı

I I 1FFFh

Figure 3.1 Program memory map and stack - PIC J 6F84A

3.2. Data Memory Organization 

The data memory is partitioned into two areas. The first is the Special Function

Registers (SFR) area, while the second is the General Purpose Registers (GPR) area.

The SFRs control the operation of the device.
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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 purpose RAM. The

banked areas of the SFR are for the registers that control the peripheral functions.

Banking requires the use of control bits for bank selection. These control bits are

located in the STATUS Register. Figure 3.2 shows the data memory map organization.

Instructions MOVWF and MOVF can move values from the W register to any location

in the register file ("F"), and vice-versa.

The entire data memory can be accessed either directly using the absolute address of

each register file or indirectly through the File Select Register (FSR) (Section 3.5).

Indirect addressing uses the present value of the RPO bit for access into the banked areas

of data memory.

Data memory is partitioned into two banks which contain the general purpose registers

and the special function registers. Bank O 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 General Purpose Registers, implemented as static RAM.

3.2.1. General Purpose Register File 

Each General Purpose Register (GPR) is 8-bits wide and is accessed either directly or

indirectly through the FSR (Section 3.5).

The GPR addresses in Bank 1 are mapped to addresses in Bank O. As an example,

addressing location OCh or 8Ch will access the same GPR.

7



File Address File Address

OOh I fndirect addr_(1} J lndiirect aıddr <1) \ 80h

01h Trv1RO OPTION REG BHı

02h PCL PCL 82h

03h STATUS STATUS ô31ı

04h FSR FSR 84h

05h PORTA TRIS.Cs 8S1ı

OGh PORTS TRISB 86h

07h - - 87h

08h EEDATA EECOt·~1 88h

09h EE.-'\.DR EECON2(1l 89h

O.A.h PC LATH PCLATH BAh

OBh lt'JTCON 1NTCON 8Bh

O Ch 8Ch

68
General
Purpos-e·

Reo,ster.s
(SRA.M}

Mapped
(.ac-ce.sses)
in 8-ank O

4Fh
50h

CFh
Düh

[-=-~-=~-~- ··--==-==:~~~:~
FFh7Fh

Ban~. O Bank ·ı
D LJnınıpienıented data rn errı orv location. read .:JS 'O'.
Note 1: Not a phys,c.31 register.

Figure 3.2 Register file map PIC I 6F84A

3.3. SpecialFunction Registers

The special function registers can be classified into two sets, core and peripheral. Those

ssociated with the The Special Function Registers (Figure 3.2 and core functions are

escribed in this section. Those Table 3.1) are used by the CPU and Peripheral related to

.ne operation of the peripheral features are functions to control the device operation.

These described in the section for that specific feature. registers are static RAM.

e special function registers can be classified into two sets, core and peripheral. Those

sociates with the core functions are described in this section. Those related to the

xration of the peripheral features are described in the section fort hat specific feature.
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Addr I Name

Bank O
OOh INDF
Olh TMRO
02h PCL
03h STATUS(2l

i}ih FSR
05h PORTAffi

OGh PORTBl~l

07h
08h EEDATA
09h EEADR
OAlı PCLATH

OBh INTCON

Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit O
Value on
Power-on

RESET

Details
on pageBit 1

Uses contents of FSR to address Data Memory (not a physical register)

8-bit Rea:-Time Clock/Counter 2G

Low Order 8 bits of the Program Counter (PC; (1!)00 0000

lRP RP1 TO PD DC 0001 ıxxxıRPO

Indirect Data Memory Address Pointer O n,cı: zxrr I ·ı ·ı

RA4!TOCKI I RA3 RA.2 I RA.! RAO 1-,-x xxxx I 16

RB7 RB5 RB4 RB2 I RBl I RBOilNT [xxxx xxxx I !8RB3RB6
Unimplemented lccafion, read as 'O'
EEPROM Data Regıster 13.14XXXJ{ X}D:X

EEPROM Address Register 13.14xxxx xxxx

Wriie Buffer for upper E, bits of the PCl1i ---0 000(1

GIE EEIE TOIE INTE RBIE TOIF I INTF I RBIF I 0000 occx I W

Bank 1
Uses Contentsof FSR to address Dala Memory (not a physic::ı; register) - - - - - - - - I 11

-
1111 1111 9

C·OOO OOO(ı 11

,: ()0 1 l:0:2>: s
xxxx xzxx 11
---1 1111 16
1111 1111 18

BGh IINDF

81h OPTION REG

S2h re!,_,;_

B3h STATUS i2)

f:4h FSR
S5h TRISA
;:,th TRIS3
-
37h
,38h EECON1
f,9h EECON2

•JAlı F'CLATH

•JBh ltHCON

RBPU I INTEDG I TOCS TOSE PSA PS2 I PSI PSO

Low order 8 bits of Program Counter (PCı

iRP RPO TO ı DC CPDRPI

Indirectdata memory address pointer O
PORTA Data Directıon Regıster

PORTB D::ıtJ Direcıion Register
Unimplementedlocatiorı, read as 'O'

EEIF I WRERR I WREN I WR RD ---ı) :,.-:<)(ı(ı i3

---- ---- !4

-- -0 0(.ı(J•) 11

RBIF I ecoo ooox 10

EEPROM Control Register2 (rıot a phys,c.J: register)

Wne buffer for upper 5 bıts o'. the pct1ı
GIE EEIE TOIE INTE RBIE TOlF I lfHF

Table 3.1 Special function register file summary

Legend: x = unknown, u = unchanged. - = unimplemented, read as 'O', q = value

epends on condition

11

11

11

. ;ote 1: The upper byte of the program counter is not directly accessible. PCLA TH is

a slave register for PC<l 2:8>. The contents of PCLATH can be transferred to

the upper byte of the program counter, but the contents of PC<12:8> are never

transferred to PCLA TH.

2: The TO and PD status bits in the STATUS register are not affected by a

MCLR Reset.

3: Other (non power-up) RESETS include: external RESET through MCLR and

9



the Watchdog Timer Reset.

4: On any device RESET, these pins are configured as inputs.

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

3.3.1. Status Register 

The STATUS register contains the arithmetic status of the ALU, the RESET status and

the bank select bit for data memory.

As with any register, the STATUS register can be the destination for any instruction. If

the STATUS register is the destination for an instruction that affects the Z, DC or C

bits, then the write to these three bits is disabled. These bits are set or cleared according

to device logic. Furthermore, the TO and PD bits are not writable. Therefore, the result

of an instruction with the STATUS register as destination may be different than

intended.

For example, CLRF STATUS will clear the upper three bits and set the Z bit. This

leaves the STATUS register as OOOu ul uu (where u = unchanged).

Only the BCF, BSF, SW APF and MOVWF instructions should be used to alter the

STATUS register (Table 7-2), because these instructions do not affect any status bit.

ı'lote 1: The IRP and RPI bits (STATUS<7:6>) are not used by the PIC16F84A and

should be programmed as cleared. Use of these bits as general purpose R/W

bits is NOT recommended, since this may affect upward compatibility with

future products.

2: The C and DC bits operate as a borrow and digit borrow out bit, respectively,

in subtraction. See the SUBLW and SUBWF instructions for examples.

3: When the STATUS register is the destination for an instruction that affects the

Z, DC or C bits, then the write to these three bits is disabled. The specified

bit(s) will be updated according to device logic.

10



REGISTER 3-1: STATUS REGISTER (ADDRESS 03h, 83h) 

R/vV-0 RıvV-0 RıW-0 R-1 R-1 R.Pi/\1-x R,W-x R/VV-x

IRP I RP'l I RPO TO I PD I z I DC I C

bit 7 bit o

bit 7-6 Unimplemented: Maintain as 'O'

bit 5 RPO: Register Bank Select bits (used for direct addressing)

01 = Bank 1 (80h - FFh)

00 = Bank O (OOh - 7Fh)

bit 4 TO: Time-out bit

1= After power-up, CLRWDT instruction, or SLEEP instruction

0= A WDT time-out occurred

bit 3 PD: Power-down bit

1= After power-up or by the CLRWDT instruction

0= By execution of the SLEEP instruction

bit 2 Z: Zero bit

1= The result of an arithmetic or logic operation is zero

0= The result of an arithmetic or logic operation is not zero

bit 1 DC: Digit carry/borrow bit (ADDWF, ADDLW,SUBLW,SUBWF instructions)

(for borrow, the polarity is reversed)

1= A carry-out from the 4th low order bit of the result occurred

0= No carry-out from the 4th low order bit of the result

bit O C: Carry/borrow bit (ADDWF, ADDLW,SUBLW,SUBWF instructions) (for

borrow, the polarity is reversed)

1= A carry-out from the Most Significant bit of the result occurred

0= No carry-out from the Most Significant bit of the result occurred

_ ıote: A subtraction is executed by adding the two's complement of the second operand.

For rotate (RRF, RLF) instructions, this bit is loaded with either the high or low order

bit of the source register.

Legend: R = Readable bit

W = Writable bit

11



U = Unimplemented bit, read as 'O'

- n = Value at PORT

'1' = Bit is set

'O' = Bit is cleared

x = Bit is unknown

3.3.2. Option Register 

The OPTION register is a readable and writable register which contains various control

bits to configure the TMRO/WDT prescaler, the external INT interrupt, TMRO, and the

weak pull-ups on PORTE.

Note: When the prescaler is assigned to the WDT (PSA = '1 '), TMRO has a 1: 1

prescaler assignment.

REGISTER 3-2: OPTION REGISTER (ADDRESS 81h) 

RlVV-1 RiW-1 Rf\ı\l-1 R/1/,/-'I RNı/-1 R!W-1 RiW-1 R/VV-1

RBPU INTED(3 TOGS TOSE PS.A. PS2 PS1 PSO

bit 7 bit o

bit 7 RBPU: PORTE Pull-up Enable bit

1 = PORTE pull-ups are disabled

0= PORTE pull-ups are enabled by individual port latch values

bit 6 INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBO/INT pin

0= Interrupt on falling edge of RBO/INT pin

bit 5 TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI pin

Ü= Internal instruction cycle clock (CLKOUT)

bit 4 TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA4/TOCKI pin

Ü= Increment on low-to-high transition on RA4/TOCKI pin

it 3 PSA: Prescaler Assignment bit

12



1 = Prescaler is assigned to the WDT

Ü= Prescaler is assigned to the Timerü module

bit 2-0 PS2:PSO: Prescaler Rate Select bits

Bit \lalue Tr·ARO R.ate \VDT Rate

000 ·ı 2 1 I
ooı ·ı. 4 1 2
O'lO ·ı 8 1 : 4
oıı 1 16 1 8
.ıo o l · 32 1 'l e
l 01 ·ı · 64 1 32
ııo ·ı 128 1 64
ı ı :ı ·ı 256

., \28

Legend: R = Readable bit

W = Writable bit

U = Unimplemented bit, read as 'O'

- n = Value at POR

'1' = Bit is set

'O' = Bit is cleared

x = Bit is unknown

3.3.3. Intcon Register

The INTCON register is a readable and writable register that contains the various enable

bits for all interrupt sources .

. rote: 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 3-3: INTCON REGISTER (ADDRESS OBh, 8Bh)

R/VV-0 R/\ı\f-0 R/1N-O R/\V-0 R/\N-0 Rl\ıV-0 R/W-0 Rf\<V-x

GIE I EEIE I TOfE I INTE I RBIE I TOIF I INTF I RBIF

bit 7 bit o

it 7 GIE: Global Interrupt Enable bit

1 = Enables all unmasked interrupts

O = Disables all interrupts
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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

O = Disables the TMRO interrupt

bit 4 INTE: RBO/INT External Interrupt Enable bit

1 = Enables the RBO/INT external interrupt

O = Disables the RBO/INT external interrupt

bit 3 RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt

O = Disables the RB port change interrupt

bit 2 TOIF: TMRO Overflow Interrupt Flag bit

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

O = 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)

O = The RBO/INT external interrupt did not occur

it O RBIF: RB Port Change Interrupt Flag bit

1 = At least one of the RB7:RB4 pins changed state (must be cleared in

software)

O= None of the RB7:RB4 pins have changed state

Legend: R = Readable bit

W = Writable bit

U = Unimplemented bit, read as 'O'

-n = Value at POR
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'1' = Bit is set

'O' = Bit is cleared x = Bit is unknown

3.4. PCL and PCLA TH 

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 register is readable

and writable. The high byte is called the PCH register. This register contains the

PC<l 2:8> bits and is not directly readable or writable. If the program counter (PC) is

modified or a conditional test is true, the instruction requires two cycles. The second

ele is executed as a NOP. All updates to the PCH register go through the PCLATH

register.

3.4.1. ST ACK 

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.

_ lid-range devices have an 8 level deep x 13-bit wide hardware stack. The stack space

ıs 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, RETLW or a

RETFIE instruction execution. PCLA TH is not modified when the stack is PUSHed or

POP ed.

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 so on).

3.5. 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.

15



EXAMPLE 3-1: INDIRECT ADDRESSING

• Register file 05 contains the value 10h

• Register file 06 contains the value OAh

• Load the value 05 into the FSR register

• A read of the INDF register will return the value of 1 Oh

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

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

Reading INDF itself indirectly (FSR = O) will produce OOh. 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 3-2.

EXAMPLE 3-2: HOW TO CLEAR RAM USING INDIRECT ADDRESSING

movlw Ox20 .initialize pointer

movwf FSR ;to RAM

NEXT clrf INDF .clear INDF register

İncf 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 3.3. However, IRP is not used in the

PIC16F84A.
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Direct Addressing

RPI RPO 6 From Opcode o
@IT] I I I I I I I I
~~-

\

Bank Select Location Select

br'"
OBlı
O Ch

Indirect Addressing

IRP 7 (FSR) o
@I] I I I I I I I I

Bank Sele.ct L.ocatıoiı Select

01
80h

Data
Meıııor/1l

Addresses
map back to
Bank O

4Fh
:•Oh ı-------'-t-----1

7Flı (3) {3) ffh

Bank O Bank I

Figure 3.3 Direct/Indirect addressing

_ rote 1: For memory map detail, see Figure 3-2.

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

3: Not implemented.

-t DAT A EEPROM MEMORY 

The EEPROM data memory is readable and writable during normal operation (full

'DD range). This memory is not directly mapped in the register file space. Instead it is

ındirectly addressed through the Special Function Registers. There are four SFRs used

·- read and write this memory. These registers are:

• EECONl

• EECON2 (not a physically implemented register)

•EEDATA

• EEADR

EEDAT A holds the 8-bit data for read/write, and EEADR holds the address of the

EEPROM location being accessed. PICI 6F84A devices have 64 bytes of data EEPROM

iıh an address range from Oh to 3Fh.
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The EEPROM data memory allows byte read and write. A byte write automatically

erases the location and writes the new data (erase before write). The EEPROM data

memory is rated for high erase/write cycles. The write time is controlled by an on-chip

timer. The write-time will vary with voltage and temperature as well as from chip to

chip. Please refer to AC specifications for exact limits.

When the device is code protected, the CPU may continue to read and write the data

EEPROM memory. The device programmer can no longer access this memory.

REGISTER 3-1: EECONl REGISTER (ADDRESS 88h) 

U-0 U-0 U-0 R/VV-0 RiVV-x Rı\V-0 R/S-0 R!S-0

I I I EEIF I WRERR I V\IREN I \NR I RD
bil 7 bit o

bit 7-5 Unimplemented: Read as 'O'

bit 4 EEIF: EEPROM Write Operation Interrupt Flag bit

1 = The write operation completed (must be cleared in software)

O = The write operation is not complete or has not been started

bit 3 WRERR: EEPROM Error Flag bit

1= A write operation is prematurely terminated

(any MCLR Reset or any WDT Reset during normal operation)

0= The write operation completed

bit 2 WREN: EEPROM Write Enable bit

1 = Allows write cycles

O = Inhibits write to the EEPROM

bit 1 WR: Write Control bit

1 = Initiates a write cycle. The bit is cleared by hardware once write is complete.

The WR bit can only be set (not cleared) in software.

O= Write cycle to the EEPROM is complete

bit O RD: Read Control bit

1 = Initiates an EEPROM read RD is cleared in hardware. The RD bit can only

be set (not cleared) in software.

O= Does not initiate an EEPROM read

18



Legend: R = Readable bit

W = Writable bit

U = Unimplemented bit, read as 'O'

- n = Value at POR

'1' = Bit is set

'O' = Bit is cleared

x = Bit is unknown

4.1. 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 (EEC ON 1 <0> ). The data is available, in the very next cycle,

in the EEDA TA 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 4-1: DAT A EEPROM READ

BCF STATUS, RPO ; Bank O

.-IOVLW CONFIG ADDR

--~OVWF EEADR ; Address to read

F STATUS, RPO ; Bank 1

3SF EECONl, RD ; EE Read

ı:>CF STATUS, RPO ; Bank O

OVF EEDATA, w ; W=EEDATA

Writing to the EEPROM Data Memory 

- vrite an EEPROM data location, the user must first write the address to the EEADR

egister and the data to the EEDA TA register. Then the user must follow a specific

'-Zuence to initiate the write for each byte.
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EXAMPLE 4-2: DATA EEPROM WRITE

BSF STATUS, RPO ; Bank 1

BCF INTCON, GIE ; Disable INTs.

BSF EECONl, WREN ; Enable Write

MOVLW 55h

MOVWF EECON2 ; Write 55h

MOVLW AAh

YIOVWF EECON2 ; Write AAh

BSF EECONl,WR ; Set WR bit

; begin write

BSF INTCON, GIE ; Enable INTs.

The write will not initiate if the above sequence is not exactly followed (write 55h to

EECON2, write AAh to EECON2, then set WR bit) for each byte. We strongly

recommend that interrupts be disabled during this code segment.

dditionally, the WREN bit in EECONl must be set to enable write. This mechanism

reverıts accidental writes to data EEPROM due to errant (unexpected) code execution

i.e., lost programs). The user should keep the WREN bit clear at all times, except when

ating EEPROM. The WREN bit is not cleared by hardware.

- er a write sequence has been initiated, clearing the WREN bit will not affect this

'rite cycle. The WR bit will be inhibited from being set unless the WREN bit is set.

the completion of the write cycle, the WR bit is cleared in hardware and the EE

- ite Complete Interrupt Flag bit (EEIF) is set. The user can either enable this interrupt

11 this bit. EEIF must be cleared by software.

Write Verify 

nding on the application, good programming practice may dictate that the value

en to the Data EEPROM should be verified (Example 4-3) to the desired value to
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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 'O', but reads

back as a '1' (due to leakage off the bit).

EXAMPLE 4-3: WRITE VERIFY

BCF STATUS,RPO

MOVF EEDAT A,W

BSF STATUS,RPO

READ

BSF EECONl, RD

BCF STATUS, RPO

SUBWFEEDATA, W

BTFSS STATUS, Z

GOTO WRITE_ERR

; Bank O

; Any code

; can go here

; Must be in Bank O

; Bank 1

; YES, Read the

; value written

; Bank O

; Is the value written

; (in W reg) and

; read (in EEDAT A)

; the same?

; ls difference O?

; NO, Write error

Address Name Bit 3 Bit 2 Bit 1 Bit O
Value on
Power-on

Reset

Value oıı
all other
RESETS

Bit 7 I Bit 6 I Bit 5 I Bit 4

09h EEf.ı.DR EEPROM Address Register xxxx xxxx ı uuuu uuuu
08h EEDAT.t, EEPROM Data Register xxxx YYYX I uuuu uuuu

88h EECON1
EECON2 I EEPROM Control Reg:sıer 2

EEIF WRERR I 'NREN RD - - - O xOOO I - - - O qOOO

Table 4.1 Registers/Bits associated with data EEPROM
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Legend: x = unknown, u = unchanged, -= unimplemented, read as 'O', q = value depends

upon condition.

Shaded cells are not used by data EEPROM.

5. 1/0 PORTS 

Some pins for these 1/0 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 1/0 pin.

5.1. PORTA and TRISA Registers 

PORTA is a 5-bit wide, bi-directional port. The corresponding 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 (=O) will make the corresponding PORT A pin an output (i.e., put the contents of the

output latch on the selected pin).

ote: On a Power-on Reset, these pins are configured as inputs and read as 'O'.

D3ta
Bus D Cl

\/o-D

Port I ~ CK-..__ O

Data Latch

o o
\t•/R 
TRIS I •• - -

CK "- O
TRIS Latch

,./ss

TTL
Input
B<uffer

>----------10 D

r·-J
RD P~::·:::~:::,a:>

EN

Fifure 5.1 Block diagram of pins RA3:RAO
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. ıote: I/O pins have protection diodes to VDD and VSS.

Reading the PORTA register reads the status of the pins, whereas writing to it will write

o the port latch. All write operations are read-modify-write operations. Therefore, a

vrite to a port implies that the port pins are read. This value is modified and then

vritten to the port data latch.

Pin RA4 is multiplexed with the TimerO module clock input to become the RA4ff0CKI

in. 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 5-1: INITIALIZING PORTA

BCF STATUS,RPO;

CLRF PORTA ; Initialize PORT A by

; clearing output

; data latches

BSF STATUS, RPO ; Select Bank 1

. .IOVWF TRIS A

; Value used to

; initialize data

; direction

; Set RA<3 :O> as inputs

; RA4 as output

; TRISA<7:5> are always

; read as 'O'.

. .IOVLW Ox OF
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Data
Bus • I D Q

Vı/R
Po rt j ~ CK"--O

/
RA.4 pin

Data Latch

D o
-,.t,.tR
-T'Rıs ı ~ ci?'-o

TRIS Latch

o<./~-­ 
··-,·~ ...

RD TRlS

Schmitt
Tngger \//
Input ".,.
Buffer

O I '

EN 

RO Port ~ rl····:>,c
/ 

TrvıReı Clock Input

Figure 5.2 Block diagram of pin RA4

Note: 1/0 pins have protection diodes to VDD and VSS.

Name Bit O Buffer Type Function

R.ı\O bitO TTL Input/output

RA1 oitl TTL Input/output
RA2 bit2 TTL lnput!output
RA3 öit3 TTL Input/output

RAHOCKI bit4 ST mput'ouıput or external clock input for TMRO.
Output is open drain type.

Table 5.1 PORTA functions

Legend: TTL = TTL input, ST = Schmitt Trigger input

Address I Name I Bit 7 I Bit 6 I Bit 5 Bit 4 Bit 3 Bit 2 Bit 1
Value on I Value on all

Bit O I Power-on other
Reset RESETS

05h PORTA RA4/TOCKI I RAJ RA2 R/,1 RAO 1---x xxxx l ---u uuuu

85h TRISA TR:SA4 I TRISA3 I TRISA.21 TRISA.11 TRISı\ü 1---1 1111 l -·-1 1111

Table 5.2 Summary of registers associated with PORTA
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Legend: x = unknown, u =unchanged,-= unimplemented, read as 'O'. Shaded cells are

unimplemented, read as 'O'.

5.2. PORTB and TRISB Registers 

PORTB is an 8-bit wide, bi-directional port. The corresponding data direction register is

TRISB. Setting a TRISB bit(= 1) will make the corresponding PORTB pin an input

(i.e., put the corresponding output driver in a Hi-Impedance mode). Clearing a TRISB

bit(= O) will make the corresponding PORTB pin an output (i.e., put the contents of the

output latch on the selected pin).

EXAMPLE 5-2: INITIALIZING PORTB

BCF STATUS, RPO

CLRF PORTB ; Initialize PORTB by

; clearing output

; data latches

; Select Bank l

; Value used to

; initialize data

; direction

; Set RB<3:0> as inputs

; RB<5:4> as outputs

; RB<7:6> as inputs

BSF

MOVLW

STATUS, RPO

OxCF

TRI SBMOVWF

Each of the PORTB pins has a weak internal pull-up. A single control bit can tum on all

the pull-ups. This is performed by clearing bit RBPU (OPTION<7> ). The weak pull-up

is automatically turned off when the port pin is configured as an output. The pull-ups

are disabled on a Power-on Reset.

Four of PORTB's pins, RB7:RB4, have an interrupt-onchange feature. Only pins

configured as inputs can cause this interrupt to occur (i.e., any RB7:RB4 pin configured

as an output is excluded from the interrupton-change comparison). The input pins (of

RB7:RB4) are compared with the old value latched on the last read of PORTB. The
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"mismatch" outputs of RB 7 :RB4 are OR' ed together to generate the RB Port Change

Interrupt with flag bit RBIF (INTCON<O> ).

This interrupt can wake the device from SLEEP. The user, in the Interrupt Service

Routine, can clear the interrupt in the following manner:

a) Any read or write of PORTB. This will end the mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF. Reading PORTB will end the

mismatch condition and allow flag bit RBIF to be cleared.

The interrupt-on-change feature is recommended for wake-up on key depression

operation and operations where PORTB is only used for the interrupt-on-change

feature. Polling of PORTB is not recommended while using the interrupt-on-change

feature.

\'DD

\fı/eal{
Pull-up

Data La:cı·ı I r·-.> 1 lôJ
Data Bus , I D t..ı I 1..---o uo pin<2)

·NR Port I IJı CK "I_
TRIS Latch
D O 

\:.·7TTL
input
Buffer___ ,,..-----

RDlıs Latch--
(] D

EN 
_J ~-

/\
/ ' \--,

o D

EN 

Set RBIF

RD Port

Figure 5.3 Block diagram of pins RB7:RB4
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Note 1: TRISB = '1' enables weak pull-up

(if RBPU = 'O' in the OPTION_REG register).

2: J/0 pins have diode protection to VDD and VSS.

voo
RSP1..J(1)

Dat:'1 Latch f""'; • ı
D QI l.-·t,

vı.ıe.ak
Pull-up

Vı/R Port I • CK .....,II_

TRIS Latcl,
D O

1/0 pir.Pl

TTL
Input \ I Buff.er .,_...VVR TRIS I • CK-...._

• _.,..--1' <-.__ f

RDTk~s
D

RD Pert EN 

RBOllNT .<·:L.------t--~-~---~~
Schmitt Tri,;mer
Buffer

RD Port

Figure 5.4 Block diagram of pins RB3:RBO

Note 1: TRISB = '1' enables weak pull-up

(if RBPU = 'O' in the OPTION_REG register).

2: J/0 pins have diode protection to VDD and VSS.

Name Bit Buffer Type 110 Consistency Function

RBOilNT bitO TTLiSTl1l Input/output pin or external interrupt input
Internal software programmable weak pull-up.

RBI biti TTL Input/output pin. Internal software programmable weak puli-up
R82 bit2 TTL lnput'output pin. Internal software programmable weak pult-up
R83 bit:3 TTL lnput/output pin Internal software programmable weak pull-up
R84 bit4 TTL lnput'oınpu; pin (with interrupt-on-change).

Internal software programmable weak pull-up.
RB5 bit5 TTL I npuf/output pin (with interrupt-on-change)

Internal software programmable weak pull-up
RBG bitG TTLiSTl2l lnput!output pin (with interrupt-on-change)

Internal software proqrommable weak pull-up Serial programming clock
R87 bit? TTUST12l lnput/oufpu; pin (with interrupt-on-change)

Internal software programmable weak pull-up. Serial programming data.

Table 5.3 PORTB functions
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Table 5.4 Summary of registers associated with PORTB

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.

Value on Value on

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit3 Bit 2 Bit 1 Bit o Power-on all other
Reset RESETS

06h PORTB R67 R613 RBS R84 RB3 RB2 R61 RBOı'INT X!(Y.• X .XJOO: UllllU UUUU 

86h TRISS TR!SB7 TRISSl3 TRISBS TRIS34 TRISB3 TRIS82 TRISBI TRISBO 1111 1111 1111 1111

81h OPTJON REG RBPU INTEOG TOGS TOSE PSA PS2 PSI PSO 1111 1111 1111 1111

0Bh.86h INTCON GIE EEIE TOIE INTE RBfE TDIF INTF RBIF 0000 ooox OC•OO OOOu

Legend: x = unknown, u =unchanged.Shaded cells are not used by PORTE.

6. TIMERO MODULE 

The Timerü 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 Oüh

Figure 6.1 is a simplified block diagram of the Timerü module.

6.1. TimerOOperation

Timerü can operate as a timer or as a counter.
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Timer mode is selected by clearing bit TOCS (OPTION_REG<5> ). In Timer mode, the

TimerO module will increment every instruction cycle (without prescaler). 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,

TimerO will increment, either on every rising or falling edge of pin RA4/TOCKI. The

incrementing edge is determined by the TimerO Source Edge Select bit, TOSE

(OPTION_REG<4> ). Clearing bit TOSE selects the rising edge. Restrictions on the

external clock input are discussed below.

When an external clock input is used for TimerO, it must 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.

Fnç_c/4 ~---- G
Data Bus

}f 8
":::.. j 

_ PS::-ıır·--.,:

Svnc 1:rth
Iİıternai
Clocks

TMRO
Programmable

Prescaler

Set interrupt
Fl3g bıl TDIF
on Overflow

PSO,F~-----~
{2 Cycle Delay)

PS2. PS i _ PSG PSA
TOCS

Figure 6.1 TIMEROblock diagram

Note 1: TOCS, TOSE, PSA, PS2:PSO (OPTION_REG<5:0>).

2: The prescaler is shared with Watchdog Timer (refer to Figure 6.2 for detailed

block diagram).

6.2. Prescaler 

n 8-bit counter is available as a prescaler for the TimerO module, or as a postscaler for

the Watchdog Timer, respectively (Figure 6.2). For simplicity, this counter is being

referred to as "prescaler" throughout this data sheet. Note that there is only one
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Note: To avoid an unintended device RESET, a specific instruction sequence must be

executed when changing the prescaler assignment from TimerO to the WDT. This

sequence must be followed even if the WDT is disabled.

prescaler available which is mutually exclusively shared between the TimerO module

and the Watchdog Timer. Thus, a prescaler assignment for the TimerO 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 TimerO module. When the prescaler is

assigned to the TimerO 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 WDT, prescale values of 1:1, 1:2, ... , 1:128 are selectable.

When assigned to the TimerO module, all instructions writing to the TMRO register

(e.g., CLRF 1, MOVWF 1, BSF l,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 TimerO will clear the

prescaler count, but will not change the prescaler assignment.

6.2.1. Switching Prescaler Assignment 

The prescaler assignment is fully under software control (i.e., it can be changed "on the

fly" during program execution).



CLKOUT {= FosCi4) ~--------------------- Data Bus

Ol Mu
XRA4!TOC Kl K:71 ------", \-°" ..

pıtı ~il ..ıL_j
TOSE t-f1 ~::,YNC

o I -, 2
Cycles

PSA

TMRO reg

Set Flag bit TOIF
on Overflow

TOCS

WatchdogTimer >---e------1

B-bit Prescaler

8 L/

8 - to - 1 MUX 1...- PS2 PSO

PS/.,

PSA
\/.OT Enable bit

Vv'DT
Time-out

Figure 6.2 Block diagram of the TIMERO/WDT PRESCALER

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

6.3. TimerO Interrupt 

The TMRO interrupt is generated when the TMRO register overflows from FFh to Oüh.

This overflow sets bit TOIF (INTCON<2> ). The interrupt can be masked by clearing bit

TOIE (INTCON<5>). Bit TOIF must be cleared in software by the Timerü module

Interrupt Service Routine before re-enabling this interrupt. The TMRO interrupt cannot

awaken the processor from SLEEP since the timer is shut-off during SLEEP.

Value on Value on all
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O POR. other

BOR RESETS

01h TMRO TimerO Module Register r . .l.]•.J: xxxx uuuu uuuu

03h.P,Bh INT CON GIE EE!E TOIE INTE RB!E Tew: INTF RBIF (ı!)ı)(ı ooox (i!}OD OC·(ıu

8'1h OPTJON REG RBPU INTEOG TOCS TOSE PSA P"' PSl PSO 1111 1111 1111 1111,JL 

85h TRISA - - PCRTA Data Direction Register ---1 1111 ---1 1111

Table 6.1 Registers associated with TIMERO
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Legend: x = unknown, u = unchanged, - = unimplemented locations read as 'O'. Shaded

cells are not used by Timerü.

7. 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 PIC 16F84A 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)

• SLEEP

• Code Protection

• ID 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 the chip in RESET until the crystal oscillator is stable. The

other is the Power-up Timer (PWRT), which provides 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.
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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.

7.1. Configuration Bits 

The configuration bits can be programmed (read as 'O'), 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.

REGISTER 7-1: PIC16F84A CONFIGURATION WORD 

R/P-u R:P-u R/P-u R:'P-u R/P-u R/P-u RiP-u R/P-u R/P-u RiP-u R!P-u R!P-u RıP-u RiP-u
CP CP CP CP CP CP CP CP CP CP PWRTE WDTE FOSC1 FOSCO

bit13 biiO

bit 13-4 CP: Code Protection bit

1 = Code protection disabled

O= All program memory is code protected

bit 3 PWRTE: Power-up Timer Enable bit

1 = Power-up Timer is disabled

O= Power-up Timer is enabled

bit 2 WDTE: Watchdog Timer Enable bit

1 = WDT enabled

O = WDT disabled
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bit 1-0 POSC 1 :POSCO: Oscillator Selection bits

11 = RC oscillator

1 O = HS oscillator

01 = XT oscillator

00 = LP oscillator

7.2. Oscillator Configurations

7.2.1. Oscillator Types

The PIC 16P84A can be operated in four different oscillator modes. The user can

program two configuration bits (POSCl and POSCO) to select one of these four modes:

• LP Low Power Crystal

• XT Crystal/Resonator

• HS High Speed Crystal/Resonator

• RC Resistor/Capacitor

7.2.2. Crystal Oscillator/Ceramic Resonators

In XT, LP, or HS modes, a crystal or ceramic resonator is connected to the

OSCl/CLKIN and OSC2/CLKOUT pins to establish oscillation (Figure 7.1).

C1 (1)I
1

O~SC1 I . ~T 1 ···,,..T i "::,c

DXTAL , , ~·· t/ Tol

~

.
,S.::R p)\ .. / . lnte.rnaloc,~-2 : I F \ /r---ı Logıc

I . "~ . ı, . ı
ci •> I ;;LEEP

PIC16FXX

Figure 7.1 Crystal/Ceramic resonator operation (HS, XT OR LP OSC configuration)

Note 1: See Table 7.1 for recommended values of Cl and C2.

2: A series resistor (RS) may be required for AT strip cut crystals.
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The PIC16F84A oscillator design requires the use of a parallel cut crystal. Use of a

series cut crystal may give a frequency out of the crystal manufacturers specifications.

When in XT, LP, or HS modes, the device can have an external clock source to drive

the OSCl/CLKIN pin (Figure 7.2).

Open• CJSC2

Figure 7.2 External clock input operation (HS, XT OR LP OSC configuration)

Ranges Tested:

Mode Freq OSC1/C1 OSC2JC2

4S5 kHz 47 - ·-ıoo pF 47 - mo pF
2.0 r·ılHz ·15 - :33 pF ·15 - 33 pF
4 O Ml+z 15 - :33 pF ·15 - 33 pF
8 o rvıHz !5 - 33 pF 15 - 33 pF

1 O.O MHz 15-33pF 15 - 33 pF

XT 

HS

Table 7.1 Capacitor selection for ceramic resonators

Note: Recommended values of Cl and C2 are identical to the ranges tested in this table.

Higher capacitance increases the stability of the oscillator, but also increases the start-up

time. These values are for design guidance only. Since each resonator has its own

characteristics, the user should consult the resonator manufacturer for the appropriate

values of external components.

Note: When using resonators with frequencies above 3.5 MHz, the use of HS mode

rather than XT mode, is recommended. HS mode may be used at any VDD for which

the controller is rated.
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HS 4 MHz
20 r•llHz

·15 - 33 pF
15 - 33 pF

15 - 33 pF
15 - 33 _ı::ı_F

Mode Freq OSC1/C1 OSC2/C2

LP 32 kHz
200 kHz

68 - lOO pF
·15 - 33 pF

68 - rno pF
·15 - 33 pF

XT mo kHz
2 MHz
4 MHz

·100 - 150 pF
·15 - 33 pF
·15 - 33 pF

100 - 150 pF
15 - 33 pF
15 - 33 pF

Table 7.2 Capacitor selection for crystal oscillator

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 overdriving crystals with low drive level

specification. Since each crystal has its own characteristics, the user should consult the

crystal manufacturer for appropriate values of external components.

For VDD > 4.5V, C 1 = C2 » 30 pf is recommended.

7.2.3. 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

oscillator frequency will vary from unit to unit due to normal process parameter

variation. Furthermore, the difference in lead frame capacitance between package type

also affects the oscillation frequency, especially for low CEXT values. The user needs

to take into account variation, due to tolerance of the external R and C components.

Figure 7.3 shows how an RIC combination is connected to the PIC16F84A.

VDC

1
REXT<; internal

Clock'Y-:ıc 1GFXX

41 I ()SC2/C~LKr:JUT
FDSC.14L-------------~

Figure 7.3 RC oscillator mode

Recommended values: 5 kW<= REXT <= 100 kW CEXT > 20pF
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3. RESET 

he PIC 16F84A differentiates between various kinds of RESET:

Power-on Reset (POR)

MCLR during normal operation

MCLR during SLEEP

WDT Reset (during normal operation)

WDT Wake-up (during SLEEP)

•igure 7.4 shows a simplified block diagram of the On-Chip RESET Circuit. The MCLR

İ(eset path has a noise filter to ignore small pulses. The electrical specifications state the

pulse width requirements for the MCLR pin.

Some registers are not affected in any RESET condition; their status is unknown on a

POR and unchanged in any other RESET. Most other registers are reset to a "RESET

.tate" on POR, MCLR or WDT Reset during normal operation and on MCLR during

SLEEP. They are not affected by a WDT Reset during SLEEP, since this RESET is

-iewed as the resumption of normal operation.

Table 7.3 gives a description of RESET conditions for the program counter (PC) and the

STATUS register. Table 7.4 gives a full description of RESET states for all registers.

The TO and PD bits are set or cleared differently in different RESET situations (Section

.7). These bits are used in software to determine the nature of the RESET.
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R
_ . Chip_Resel
Q

~ >-uı------r~::x: Extsmai Reset
\,.. __•....

Tinıe-ouı
l..--------' Reset

\VDT
Module

WDT \

voo Rise\ . )~ '.
Detect : lPower-on Reset L.,/

.__~~~~~~----ıs

OSTiPWRT
OST

-}----{> 10-bit Rıpp\e Counter I 1·--...,_ı---+-----------i~ ~-L,/

See Table 6-5
Enable PWRT

Enable OST

Figure 7.4 Simplified block diagram of on-chip reset circuit

Note 1: This is a separate oscillator from the RC oscillator of the CLKIN pin.

2: See Table 7.5.

Condition
Program Counter I STATUSRegister

OOOh I oco ı Lxxx

MCLR during normal operation
OOOh I ooou uuuu

OOOh 0(101 üunu

MCLR during SLEEP OOOh 0000 ıuuu
VVDT Reset (during normal operation) PC+\ uuuO Ouuu

\'\IDT \Vake-up
Interrupt wake-up from SLEEP

PC+ 1fll ı.ıuul ı)uuu

Table 7 .3 Reset condition for program counter and the status register

Legend: u = unchanged, x = unknown

Note 1: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded

with the interrupt vector (0004h).



Register Address Power-on Reset

MCLR during:
- normal operation
- SLEEP
WOT Reset during
normal operation

Wake-up from SLEEP:
- through interrupt
- through WDT Time-out

vv - X..Y.XX XXXX

INDF O Ch ---- ----

TMRO O'fh ·z::{)CV xxxx

PCL 02h r)üOü 0000

STATUS 03h 0001 ıxxx

FSR 04h XY.7,X XXXX

PORTA (4ı 05h I ---x xxxx

PORTB(S) 06h XXYJ'. XXXX

EEDATA 08h xxxx xxxx

EE.ADR 08h xxx...•x ZJ·~,,,-~-,.

PCLJ'ı.TH CAh ---0 0000

INTCON CBh 0000 ocox
INDF BC:h

OPTION REG 81tı 1111 1111

PCL 82h «e co 0000

ST/ı.TUS 83h 0001 lxxx

FSR 84h X.}CO: xxxx

TRISA B5h ---1 1111

TRISB 86h 1111 1111

EECON1 88h ---0 xOOO

EECON2 8Bh

PCLATh 8Ah I ---0 0000

INTCON BBh I 0000 OOOx

uuuu uuuu uuuu uuuu

uuuu uuuu

000(1 0000

OOOq quuu!3)
---

uuuu uuuu

---u uuuu
---

uuuu uuuu

uuuu uuuu

uuuu uuuu

---0 0000
--

000 (ı O O Ou

---- ----

1111 1111

000(1 coco
OOOq quuı}3)

---
uuuu uuuu

---1 1111
---

1111 1111

- - -Cı qOOO

- - - -
--

---Ü 0000
---

000 D O O Ou

uuuu uuuu

PC + 1(2)

uuuq qumPl

uuuu uuuu

---u uuuu

uuuu uuuu

uuuu uuuu

uuuu uuuu

---u uuuu

uuuu uuuu(1)

uuuu uuuu

PC + 112)

uuuq quuu(3)

uuuu uuuu

---u uuuu

uuuu uuuu

---0 uuuu

---u uuuu

uuuu uuuu!1)

Table 7.4 Reset conditions for all registers

Legend: u = unchanged, x = unknown, - = unimplemented bit, read as 'O', q = 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.
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7.5. Power-up Timer (PWRT) 'liJ

7.4. Power-on Reset (POR) 

A Power-on Reset pulse is generated on-chip when VDD rise is detected (in the range

of 1.2V - 1.7V). To take advantage of the POR,just tie the MCLR pin directly (or

through a resistor) to VDD. This will eliminate external RC components usually needed

to create Power-on Reset. A minimum rise time for VDD must be met for this to operate

properly. See Electrical Specifications for details.

When the device starts normal operation ( exits the RESET condition), device operating

parameters (voltage, frequency, temperature, etc.) must be met to ensure operation. If

these conditions are not met, the device must be held in RESET until the operating

conditions are met.

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

The Power-up Timer (PWRT) provides a fixed 72 ms nominal time-out (TPWRT) from

POR (Figures 7.6 through 7.9). The Power-up Timer operates on an internal RC oscillator.

The chip is kept in RESET as long as the PWRT is active. The PWRT delay allows the

VDD to rise to an acceptable level (possible exception shown in Figure 7.9).

A configuration bit, PWRTE, can enable/disable the PWRT. See Register 7-1 for the

operation of the PWRTE bit for a particular device.

The power-up time delay TPWRT will vary from chip to chip due to VDD, temperature,

and process variation. See DC parameters for details.

7.6. Oscillator Start-up Timer (OST) 

The Oscillator Start-up Timer (OST) provides a 1024 oscillator cycle delay (from OSCl

input) after the PWRT delay ends (Figure 7.6, Figure 7.7, Figure 7.8 and Figure 7.9). This

ensures the crystal oscillator or resonator has started and stabilized.
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The OST time-out (TOST) is invoked only for XT, LP and HS modes and only on

Power-on Reset or wake-up from SLEEP.

When VDD rises very slowly, it is possible that the TPWRT time-out and TOST time­

out will expire before VDD has reached its final value. In this case (Figure 7.9), an

external Power-on Reset circuit may be necessary (Figure 7.5).

VDD \/DD

I T
/\ D ~R

T l !~ MCLR
C I PIC1GFXX

I
Figure 7.5 External power-on reset circuit (for slow YDD power-up)

Note 1: External Power-on Reset circuit is required only if VDD power-up rate is too

slow. The diode D helps discharge the capacitor quickly when VDD powers

down.

,,
ı.i

2: R < 40 kW is recommended to make sure that voltage drop across R does not

exceed 0.2V (max leakage current spec on MCLR pin is 5 mA). A larger

voltage drop will degrade VIH level on the MCLR pin.

3: Rl = lOOW to 1 kW will limit any current flow-ing into MCLR from external

capacitor C, in the event of a MCLR pin breakdown due to ESD or EOS.

voe

_______ /

INTERNAL POR

--------TW;R-,-· ----~

PVv'RT TIME-OUT :----rosı-:
>-----------~

OST TIME-OUT

INTERNAL RESET

Figure 7.6 Time-out sequence on power-up (MCLR not tied to YDD): case l
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------- TF..VRe----- , ,

Vee 

INTERNAL POR

I

···························---·····-·-·---·-·----~

------- TP'ltR"F----~~• 

PWRT TIME-OUT :---To.ST~
~-----------

OST WtlE-OUT

INTERNP..L RESET

Fifure 7.7 Time-out sequence on power-up (MCLR not tied to VDD): case 2

voe

lmERNAL POR

PViRT TIME-OUT •-TDST~:
' '~-----------

OST TIME-OUT

INTERMAL RESET

Figure 7.8 Time-out sequence on power-up (MCLR tied to VDD): fast VDD rise time

Voe _,ı_.-.--·--

I

--------·--- -ı--

INTERN.AL POR

-------TP'i\'R-,,-. -----

PWRT TIME-OUT ;~TOSl- ...•. : 
,--------~

OST TIME-Ol!T

INTERNAL RESET

Figure 7.9 Time-out sequence on power-up (MCLR tied to VDD): slow VDD rise time
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When VDD rises very slowly, it is possible that the TPWRT time-out and TOST time­

out will expire before VDD has reached its final value. In this example, the chip will

reset properly if, and only if, Vl 3 VDD min.

7.7. Time-out Sequenceand Power-down Status Bits (TO/PD)

On power-up (Figures 7-6 through 7-9), the time-out sequence is as follows:

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

2. Then, the OST is activated.

The total time-out will vary based on oscillator configuration and PWRTE configuration

bit status. For example, in RC mode with the PWRT disabled, there will be no time-out

at all.

Oscillator
Power-up Wake-up

Configuration PWRT PWRT from

En.Jbled Disabled SLEEP

XT, HS, LP
72 ms+ t024Tosc
t0241ı::::ısc

I024T-::::ısc

RC 72 ms

Table 7.5 Time-out in various situations

Since the time-outs occur from the FOR pulse, if MCLR is kept low long enough, the

time-outs will expire. Then bringing MCLR high, execution will begin immediately

(Figure 7.6). This is useful for testing purposes or to synchronize more than one

PIC l 6F84A device when operating in parallel.

Table 7.6 shows the significance of the TO and PD bits. Table 7.3 lists the RESET

conditions for some special registers, while Table 7.4 lists the RESET conditions for all

the registers.



TO PD Condition

1 1 Power-on Reset
o Illegal, TO is set on POR

o Illegal, PD is set on POR
o 1 \A/OT Reset {during normal operation)

Ü VVDT Wake-up
1 1 rv1GLR during normal operation

1 o MCLR during SLEEP or interrupt
wake-up from SLEEP

Table 7.6 Status bits and their significance

7.8. Interrupts 

The PIC16F84A has 4 sources of interrupt:

• External interrupt RBO/INT pin

• TMRO overflow interrupt

• PORTE 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, RETFIE, 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.
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roır
TOIE

Wake-up
(!f İfı SLEEP mooe)

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.

INTF
INTE

RBıF
RBIE
EE:F
EEIE

Figure 7.10 Interrupt logic

7.8.1. 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<l>) 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 7 .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.
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7.8.2. TMRO Interrupt 

An overflow (FFh ~ OOh) in TMRO will set flag bit TOIF (INTCON<2> ). The interrupt

can be enabled/disabled by setting/clearing enable bit TOIE (INTCON<5>) (Section 6).

7.8.3. PORTB Interrupt 

An input change on PORTB<7:4> sets flag bit RBIF (INTCON<O>). The interrupt can

be enabled/disabled by setting/clearing enable bit RBIE (INTCON<3>) (Section 5.2).

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

TCY wide.

7.8.4. 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 4.0).

7.9. 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 7- 1 stores and restores the STATUS and W register's values. The

user defined registers, W_TEMP and STATUS_ TEMP are the temporary storage

locations for the W and STATUS registers values.

EXAMPLE 7-1 DOES THE FOLLOWINGS:

a) Stores the W register.

b) Stores the STATUS register in STATUS_TEMP.

c) Executes the Interrupt Service Routine code.
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d) Restores the STATUS (and bank select bit) register.

e) Restores the W register.

EXAMPLE 7-1: SAVING STATUS AND W REGISTERS IN RAM

PUSH MOVWF W_TEMP ; Copy W to TEMP register,

SWAPF STATUS, W ; Swap status to be saved into W

MOVWF STATUS_TEMP ; Save status to STATUS_TEMP register

ISR
; Interrupt Service Routine

; should configure Bank as required

POP SWAPF STATUS_TEMP,W; Swap nibbles in STATUS_TEMP register

; and place result into W
16/

MOVWF STATUS ; Move W into STATUS register

; (sets bank to original state)

SWAPF W_TEMP,F ; Swap nibbles in W_TEMP and place result

; in W_TEMP

SWAPF W_TEMP,W ; Swap nibbles in W_TEMP and place result

;into W

7.10. 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

OSCl/CLKIN pin. That means that the WDT will run even if the clock on the

OSC 1/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 'O' (Section 7 .1 ).

7.10.1. WDT PERIOD 
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WOT Timer ı-----'r----'
u

Postscaler

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 CLRWDT and SLEEP instructions clear the WDT and the postscaler (if assigned to

the WDT) and prevent 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.

7.10.2. 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.

From TMRC Clock Source
{Figurıe ~,-2)

~IM

X

8 - m-1 MUX 1-- PS2PSC

VVDT
PSA,

Enable Bit
To TMRO (Figure 5-2)

O f f 1

~~

V•-/DT
Time-out

Figure 7.11 WATCHDOG timer block diagram

Note: PSA and PS2:PSOare bits in the OPTION_REG register.
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Value on Value on all
Addr Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit1 Bit O Power-on other

Reset RESETS

2007h Coııfig. bits (2) (2) (2) (2) PWRTE[1l 'NDTE FOSC1 FOSCO (2)
t.lh OPTION REG RBPU !NTEDG TOCS TOSE PSA PS2 PS1 PSO 1111 1111 1111 1111

Table 7.7 Summary of registers associated with the WATCHDOG timer

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

Note 1: See Register 7-1 for operation of the PWRTE bit.

2: See Register 7- 1 and Section 7. 12 for operation of the code and data

protection bits.

7.11. Power-down Mode (SLEEP) 

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

SLEEP).

7.11.1. 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 VO 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 VO pins at either VDD or

VSS, with no external circuitry drawing current from the VO pins, and disable external

clocks. VO pins that are hi-impedance inputs should be pulled high or low externally to

avoid switching currents caused by floating inputs. The TOCKI input should also be at

VDD or VSS. The contribution from on-chip pull-ups on PORTB should be considered.

The MCLR pin must be at a logic high level (VIHMC).
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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.

It should be noted that a RESET generated by a WDT time-out does not drive the

MCLR pin low.

7.11.2. 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. Inteırupt from RBO/INT pin, RB port change, or data EEPROM write complete.

Peripherals cannot generate interrupts during SLEEP, since no on-chip Q clocks are

present.

The first event (MCLR Reset) will cause a device RESET. The two latter events are

considered a continuation of program execution. The TO and PD bits can be used to

determine the cause of a device RESET. The PD bit, which is set on power-up, is

cleared when SLEEP is invoked. The TO bit is cleared if a WDT time-out occurred (and

caused wake-up).
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INT pin ,.-----~~--,-----~~----;-~----,-,----+--~~----;.~~~c__~~...'....._~~-
1 NT F F\aıJ \r:--------<ı-------;;:=:::-=.-.:7'.'.""C-,--.-----+------

ONTCON·,c1 > ı ...------,.------~-----···• 1 ,InterruptLatency,
. GIE t:it : (Note 2i
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SLEEP
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' I

PC+1 ,x p~( FC+L :\ PL +;ı ~ 0004h !i~h
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lrstrudionJ; ı,·s1;.or. -1) SLEEPExecuted I,, "ıs.. '= ~- ırıst(PG + 1 J , Dummy cycle , Dummy cycle ; lnst(GD0.1h) ,

Figure 7.12 Wake-up from sleep through interrupt

Note 1: XT, HS, or LP oscillator mode assumed.

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 = 'O', execution will continue in-line.

4: CLKOUT is not available in these osc modes, but shown here for timing

reference.

7.11.3. WAKE-UP Using INTERRUPTS 

When global interrupts are disabled (GIE cleared) and any interrupt source has both its

interrupt enable bit and interrupt flag bit set, one of the following will occur:

• If the interrupt occurs before the execution of a SLEEP instruction, the SLEEP

instruction will complete as a NOP. Therefore, the WDT and WDT postscaler will not

be cleared, the TO bit will not be set and PD bits will not be cleared.

• If the interrupt occurs during or after the execution of a SLEEP instruction, the device

will immediately wake-up from SLEEP. The SLEEP instruction will be completely

executed before the wake-up. Therefore, the WDT and WDT postscaler will be cleared,

the TO bit will be set and the PD bit will be cleared. Even if the flag bits were checked

before executing a SLEEP instruction, it may be possible for flag bits to become set

before the SLEEP instruction completes. To determine whether a SLEEP instruction
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executed, test the PD bit. If the PD bit is set, the SLEEP instruction was executed as a

NOP.

To ensure that the WDT is cleared, a CLRWDT instruction should be executed before a

SLEEP instruction.

7.12. Program Verification/Code Protection 

If the code protection bit(s) have not been programmed, the on-chip program memory

can be read out for verification purposes.

7 .13. ID Locations 

Four memory locations (2000h - 2004h) are designated as ID locations to store

checksum or other code identification numbers. These locations are not accessible

during normal execution but are readable and writable only during program/verify. Only

the four Least Significant bits of ID location are usable.

7.14. In-Circuit Serial Programming 

PIC l 6F84A microcontrollers can be serially programmed while in the end application

circuit. This is simply done with two lines for clock and data, and three other lines for

power, ground, and the programming voltage. Customers can manufacture boards with

unprogrammed devices, and then program the microcontroller just before shipping the

product, allowing the most recent firmware or custom firmware to be programmed.

Juniour pie programmer is used to load the program to the PIC 16F84A. It is good at

programming pie f series. Also it is cheap and no need any other connection. RS232

board makes it easy to add a serial port. It shown in Figure 7.13. Only one chip must be

found on it when programming. Programming the chip is impractical with laptops.

52



Figure 7.13 Pie and Eproms can programmed

8. INSTRUCTION SET SUMMARY 

Each PIC16CXX instruction is a 14-bitword, divided into an OPCODE which specifies

the instruction type and one or more operands which further specify the operation of the

instruction. The PIC16CXX instruction set summary in Table 8.2 lists byte-oriented, bit­

oriented, and literal and control operations. Table 8.1 shows the opcode field descriptions.

For byte-oriented instructions, 'f represents a file register designator and 'd' represents

a destination designator. The file register designator specifies which file register is to be

used by the instruction.

The destination designator specifies where the result of the operation is to be placed. If

'd' is zero, the result is placed in the W register. If 'd' is one, the result is placed in the

file register specified in the instruction.

For bit-oriented instructions, 'b' represents a bit field designator which selects the

number of the bit affected by the operation, while 'f represents the address of the file in

which the bit is located.

For literal and control operations, 'k' represents an eight or eleven bit constant or literal

value.
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Table 8.1 

Field I Description

f I Re,';)ister file address (OxOO to Ox7F)

w ı VVorking reqister (accumulator)
b ı Bit address within arı B-bit file register

k ı Literal field. constant data or label
x ı Don't care location (= o or 1)

The assembler 1.vill generate code with x = o.
It is the recommended form of use for cornpat­
ıbility with ati Microchip software tools

a ı Destination select; d = o store result in VV.
d = ·ı: store result in file register f
Default is d = ı

PC ı Program Counter
TO ı Tirne-cıut bit
PD I Pov.ıer-dm"m bit

The instruction set is highly orthogonal and is grouped into three basic categories:

• Byte-oriented operations

• Bit-oriented operations

• Literal and control operations

All instructions are executed within one single instruction cycle, unless a conditional

test is true or the program counter is changed as a result of an instruction. In this case,

the execution takes two instruction cycles with the second cycle executed as a NOP.

One instruction cycle consists of four oscillator periods. Thus, for an oscillator

frequency of 4 MHz, the normal instruction execution time is 1 ms. If a conditional test

is true or the program counter is changed as a result of an instruction, the instruction

execution time is 2 ms.

Table 8.2 lists the instructions recognized by the MP ASM™ Assembler.

Figure 8.1 shows the general formats that the instructions can have.
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Byte-oriented file register operatıcıns
13 8 7 13 O

OPCODE I d I f (FILE#)

d = O for destination VV
d = '\ for destination f
f = 7-bit fire register address

Bit-oriented file rsqıster operations
13 10 9 7 6 Ü

OPCODE lb (BIT#)\ f(FILE #) l
b = 3-bit bit address
f = 7 -bit file register address

Literai and control operations

Gener.al

[ OPCODE

O 7 U I
o

k (literal)

k = B-bit in,mediate value
,,,

CALL and GOTO instructions only

13 11 10 O
\ OPCODE \ k (literal') \

k = 1'1-b:t immediate value

Figure 8.1 general format for instructions

Note: To maintain upward compatibility with future PIC16CXX products, do not use

the OPTIONand TRIS instructions.

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

Oxhhwhere h signifies a hexadecimal digit.
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Mnemonic.
14-Bit Opcode Status I Notes

Operands
Description Cycles

MSb LSb Affected

BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF f. d AddW aııdf 1 (ı(ı Qlll dfff ffff C,DC.Z 1,2

ANDVff f. d ANOWwıth' I Q(ı oıc,ı df f f ffff z 1,2

CLRF f cı.earf 1 i)(J 0001 lfff ffff z ')

"-

CLRW C!ear W I üO 0 I) Ol oxxx xxx: ı
COMF f. d Comptemeııt f I «o 11)!)1 dfff ffff z 1,2

DECF t, d Decrement f I co 0011 df ff ffff z 1,2

DECFSZ t, d Decrement f, Skip if Q I (2) (!(ı 1011 dfff ffff 1,2,3

INCF I, d Increment I I 00 1010 dfff ffff z 1,2

INCFSZ f. d Increment f, Skip ii O I (2) 00 1111 dfff ffff 1,2,3

IORVVF f. d Inclusive OR W With f 1 00 «ıe» dfff ffff ı 1,2

MO\/f f. d Move; 1 00 11)01) dfff ffff ı 1,2

MOVWF f Move IA' tef 1 (10 01)01) lfff ffff

NOP No Operation 1 (ı(! 0000 O;o:0 OüOO

RLF I, d Rotate left f through Carri 1 ,:ıo 11!)1 dfff ffff C 1.2

RRf f. d Rotate Right f through Carry I O(ı 1101) dfff ffff C 1,2

.SUBlı\!F I, d Subtract V\1 from f 1 co o»ıo dfff ffff C,DC.Z 1,2

SWAPF f. d Swap nibbles in l 1 «o ıı.ı» dfff ff ff 1,2

XORWF f. d Exclusive OR W with f I (ı(ı 01111 dfff ffff z 1,2

BIT-ORIENTED FILE REGISTER OPERATIONS

BCF Lb Bit Ciear i I «ı ı)Obb bfff ffff 1.2

BSF f. b Bit Setf I «ı Olbb bfff ffff 1.2

BTFSC f h Bit Test f, Skip if C0eor I (2i «ı l!)bb bf ff fff f 3
. -

BTFSS Lb Bit Test f, Skip if Set ·ı (2) «ı ııı» bfff ffff 3

LITERAL AND CONTROL OPERATIONS

ADDL\oV x Add literal and W 1 11 111:,: kkkl: kkkk I C,DC.Z

ANDLVV k .A.NO literaI w:!h W 1 11 10 o 1 kkkk kkkk Z

CA.LL k Call subroutine 2 ıe Okkk kkkk kkkk

CLRWDT Clear Watchdo·g Timer I ı)(ı 011011 ,,110 «ıoo I TO PD

(;OTO h C,o to address
'") 1•) lkkk kkkk kkkk

IORLW I, Inclusive OR \itera' with W I 11 11:,1)1:, kkkk kkkk I ı
,ı

fvlOVLV1/ k Move literal to W I 11 oı:ı:-:x kkkk kkkk

RETFIE Return from interrupt 2 •)(t OOüO üOOO ıcoı
RETLW k Return with füeral in W 2 11 Ü ıxz kl:kk l:kl:k

RETUR~1 Return from Subroutine 2 (Ji) (ll)(:ıi) ocoo 1000

SLEEP Go ınto standby mode 1 t)(ı Oi)Oıi 0110 fı011 TOPD

SUBlvV k Subtract W from literal I 11 11 Ox kkkk kkkk C,DC,Z

XORLW k Exclusive OR literal with W I 11 1 O 11) kkkk kkkk z
Table 8.2 PlCJ6CXXX instruction set

Note 1: When an I/O register is modified as a function of itself ( e.g., MOVF PORTB,

1), the value used will be that value present on the pins themselves. For

example, if the data latch is '1' for a pin configured as input and is driven low

by an external device, the data will be written back with a 'O'.

2: If this instruction is executed on the TMRO register (and, where applicable, d

= 1 ), the prescaler will be cleared if assigned to the TimerO Module.

3: If Program Counter (PC) is modified or a conditional test is true, the

instruction requires two cycles. The second cycle is executed as a NOP.
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ADDWF Add W and f

Syntax: [label] ADDWF f,d

Operands: O :S f :S 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 O, the result is

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

8.1. Instruction Descriptions 

ADDL W Add Literal and W k

Syntax: [label] ADDL W

Operands: O :S k :S255

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.

ANDLW AND Literal with W

Syntax: [label] ANDL Wk

Operands: O :S k :S 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 f,d

Operands: O :Sf :S 127

d€[0,1]

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

Status Affected: Z
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BCF Bit Clear f

Syntax: [label] BCF f,b

Operands: O S f S 127

O Sb S7

Operation: O ---+ (f-cb»)

Status Affected: None

Description: Bit 'b' in register 'f is cleared.

Description: AND the W register with register 'f. If 'd' is O, the result is stored in the W

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

BSF Bit Set f

Syntax: [label] BSF f,b

Operands: OS f S 127

O Sb S7

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: OS f S 127

0Sb<7

Operation: skip if (f-cb») = 1

Status Affected: None

Description: If bit 'b' in register 'f is 'O', the next instruction is executed. If bit 'b' is '1 ',

then the next instruction is discarded and a NOP is executed instead, making this a

2TCY instruction.

BTFSC Bit Test, Skip if Clear

Syntax: [label] BTFSC f,b

Operands: OS f S 127

0SbS7

Operation: skip if (f-cb») = O
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Status Affected: None
Description: If bit 'b' in register 'f' is '1 ', the next instruction is executed. If bit 'b' in

register 'f' is 'O', the next instruction is discarded, and a NOP is executed instead,

making this a 2TCY instruction.

CALL Call Subroutine

Syntax: [ label ] CALL k

Operands: O :'S k S 2047

Operation: (PC)+ 1-+ TOS,

k+-» PC<l0:0>,

(PCLATH<4:3>) -+ PC<l 2: 11 >

Status Affected: None

Description: Call Subroutine. First, return address (PC+ 1) is pushed onto the stack. The

eleven-bit immediate address is loaded into PC bits <10:0>. The upper bits of the PC

are loaded from PCLA TH. CALLis a two-cycle instruction.

CLRF Clear f

Syntax: [label] CLRF f

Operands: O S f S 127

Operation: OOh -+ (f)

1-z 
Status Affected: Z

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

CLRW ClearW

Syntax: [label] CLRW

Operands: None

Operation: OOh -+ (W)

ı-z
Status Affected: Z

Description: W register is cleared. Zero bit (Z) is set.

CLRWDT Clear Watchdog Timer
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Syntax: [label] CLRWDT

Operands: None

Operation: OOh -+ WDT

O-+ WDT prescaler,

1 -+TO

1-+PD

Status Affected: TO, PD

Description: CLRWDT instruction resets the Watchdog Timer. It also resets the

prescaler of the WDT. Status bits TO and PD are set.

COMF Complement f

Syntax: [ label ] COMF f,d

Operands: O::: f::: 127

d€[0,1]

Operation: (f) -+ (destination)

Status Affected: Z

Description: The contents of register 'f' are complemented. If 'd' is O, the result is

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

DECF Decrement f

Syntax: [label] DECF f,d

Operands: O ::: f::: 127

d € [0,1]

Operation: (f) - 1 -+ (destination)

Status Affected: Z

Description: Decrement register 'f'. If' d' is O, the result is stored in the W register. If

'd' is 1, the result is stored back in register 'f'.

DECFSZ Decrement f, Skip if O

Syntax: [label] DECFSZ f,d

Operands: O ::: f::: 127

d € [0,1]

Operation: (f) - 1 -+ (destination);

skip if result= O
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GOTO Unconditional Branch

Syntax: [label] GOTO k

Operands: O :S k :S 2047

Operation: k - PC<l 0:0>

PCLATH<4:3> - PC<12:11>

Status Affected: None

Description: GOTO is an unconditional branch. The eleven-bit immediate value is

loaded into PC bits <10:0>. The upper bits of PC are loaded from PCLATH<4:3>.

GOTO is a twocycle instruction.

Status Affected: None

Description: The contents of register 'f' are decremented. If 'd' is O, the result is placed

in the W register. If 'd' is 1, the result is placed back in register 'f'.

If the result is 1, the next instruction is executed. If the result is O, then a NOP is

executed instead, making it a 2TCY instruction.

INCF Increment f

Syntax: [ label ] INCF f,d

Operands: O :Sf :S 127

d € [0,1]

Operation: (f) + 1 - (destination)

Status Affected: Z

Description: The contents of register 'f' are incremented. If 'd' is O, the result is placed

in the W register. If' d' is 1, the result is placed back in register 'f'.

INCFSZ Increment f, Skip if O

Syntax: [ label ] INCFSZ f,d

Operands: O <f :S 127

d € [0,1]

Operation: (f) + 1 - (destination),

skip if result = O

Status Affected: None
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IORL W Inclusive OR Literal with W

Syntax: [label] IORLW k

Operands: O :S k :S 255

Operation: (W) .OR. k +> (W)

Status Affected: Z
Description: The contents of the W register are OR'ed with the eight-bit literal 'k'. The

result is placed in the W register.

Description: The contents of register 'f' are incremented. If 'd' is O, the result is placed

in the W register. If' d' is 1, the result is placed back in register 'f'.

If the result is 1, the next instruction is executed. If the result is O, a NOPis executed

instead, making it a 2TCY instruction.

IORWF Inclusive OR W with f

Syntax: [ label] IORWF f,d

Operands: O <r :S 127

d € [0,1]

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

Status Affected: Z
Description: Inclusive OR the W register with register 'f. If 'd' is O, the result is placed

in the W register. If 'd' is 1, the result is placed back in register 'f.

MOVFMovef

Syntax: [label] MOVF f,d

Operands: O :S f :S 127

d € [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 = O, destination is W register. If d = 1, the destination is file register f

itself. d = 1 is useful to test a file register, since status flag Z is affected.

MOVL W Move Literal to W
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Syntax: [ label ] MOVL Wk

Operands: O S k S 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 O's.

MOVWF Move W to f

Syntax: [ label ] MOVWF f

Operands: OS f S 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

RETL W Return with Literal in W

Syntax: [ label ] RETL Wk

Operands: O S k S 255

Operation: k - (W);

TOS-PC

Status Affected: None
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,----ın---1 Register f t:J

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 PO Ped and the top of the stack (TOS)

is loaded into the program counter. This is a two-cycle instruction.

RLF Rotate Left f through Carry

Syntax: [ label ] RLF f,d

Operands: O :S f :S 127

d € [0,1]

Operation: See description below

Status Affected: C

Description: The contents of register 'f' are rotated one bit to the left through the Carry

Flag. If 'd' is O, the result is placed in the W register. If 'd' is 1, the result is stored back

in register 'f'.

RRF Rotate Right f through Carry

Syntax: [ label ] RRF f,d

Operands: O :S f :S 127

d € [0,1]

Operation: See description below

Status Affected: C

Description: The contents of register 'f' are rotated one bit to the right through the Carry

Flag. If' d' is O, the result is placed in the W register. If' d' is 1, the result is placed back

in register 'f'.
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rC9-I Register f ~ı

SLEEP

Syntax: [ label ]SLEEP

Operands: None

Operation: Oüh - WDT,

O - WDT prescaler,

1-TO,

O-PD

Status Affected: TO, PD
Description: The power-down status bit, PD is cleared. Time-out status bit, TO is set.

Watchdog Timer and its prescaler are cleared. The processor is put into SLEEP mode

with the oscillator stopped.

SUBL W Subtract W from Literal

Syntax: [label] SUBLW k

Operands: O :S k :S 255

Operation: k - (W) - (W)

Status Affected: C, DC, Z
Description: The W register is subtracted (2's complement method) from the eight-bit

literal 'k'. The result is placed in the W register.

SUBWF Subtract W from f

Syntax: [label] SUBWF f,d

Operands: O :Sf :S 127

d€[0,1]

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

Status Affected: C, DC, Z
Description: Subtract (2's complement method) W register from register 'f. If 'd' is O,

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

SW APF Swap Nibbles inf

Syntax: [label] SW APF f,d
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Operands: O :Sf :S 127

d € [0,1]

Operation: (f<3 :0>) - (destination«? :4>),

(f<7:4>) - (destination<3:0>)

Status Affected: None
Description: The upper and lower nibbles of register 'f are exchanged. If 'd' is O, the

result is placed in W register. If 'd' is 1, the result is placed in register 'f'.

XORLW Exclusive OR Literal with W

Syntax: [label] XORL Wk

Operands: O :S k :S 255

Operation: (W) .XOR. k - (W)

Status Affected: Z
Description: The contents of the W register are XOR'ed with the eight-bit literal 'k'. The

result is placed in the W register.

XORWF Exclusive OR W with f

Syntax: [label] XORWF f,d

Operands: O :Sf :S 127

d € [0,1]

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

Status Affected: Z
Description: Exclusive OR the contents of the W register with register 'f'. If 'd' is O, the

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

9. DEVELOPMENT SUPPORT 

The PICmicro® microcontrollers are supported with a full range of hardware and

software development tools:

• Integrated Development Environment

-MPLAB® IDE Software

• Assemblers/Compilers/Linkers
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• Device Programmers

-PRO MATE® II Universal Device Programmer

-PICST ART® Plus Entry-Level Development Programmer

• Low Cost Demonstration Boards

-PICDEMTM 1 Demonstration Board

-PICDEM 2 Demonstration Board

-PICDEM 3 Demonstration Board

-PICDEM 17 Demonstration Board

-KEELOQ® Demonstration Board

-MPASMTM Assembler

-MPLAB C17 and MPLAB C18 C Compilers

-MPLINKTM Object Linker/ MPLIBTM Object Librarian

• Simulators

-MPLAB SIM Software Simulator

•Emulators

-MPLAB ICE 2000 In-Circuit Emulator

-ICEPIC™ In-Circuit Emulator

• In-Circuit Debugger

-MPLAB ICD
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Table 9.1 Development tools

10. ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings t

Ambient temperature under bias

Storage temperature

Voltage on any pin with respect to VSS (except VDD, MCLR, and RA4)

-55°C to +125°C

-65°C to +150°C

-0.3V to (VDD + 0.3V)
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Voltage on VDD with respect to VSS

Voltage on MCLR with respect to VSS(l)

Voltage on RA4 with respect to VSS

Total power dissipation(2)

Maximum current out of VSS pin

Maximum current into VDD pin

Input clamp current, IIK (VI < O or VI > VDD)

Output clamp current, IOK (VO < O or VO > VDD)

Maximum output current sunk by any l/O pin

Maximum output current sourced by any l/O pin

Maximum current sunk by PORT A

Maximum current sourced by PORT A

Maximum current sunk by PORTB

Maximum current sourced by PORTB

-0.3 to +7.SV

-0.3 to +14V

-0.3 to +8.SV

SOOmW

150mA

lOOmA

±20mA

±20mA

25mA

25mA

80mA

50mA

150mA

lOOmA

Note 1: Voltage spikes below VSS at the MCLR pin, inducing currents greater than

80 mA, may cause latch-up. Thus, a series resistor of 50-1 OOW should be used

when applying a "low" level to the MCLR pin rather than pulling this pin

directly to VSS.
2: Power dissipation is calculated as follows: Pdis = VDD x { IDD -a IOH} + a

{(VDD-VOH) x !OH}+ a(VOl x IOL).

t NOTICE: Stresses above those listed under "Absolute Maximum Ratings" may cause

permanent damage to the device. This is a stress rating only and functional operation of

the device at those or any other conditions above those indicated in the operation

listings of this specification is not implied. Exposure to maximum rating conditions for

extended periods may affect device reliability.
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Figure 10.1 PIC16F84A-20 voltage-frequency graph
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Figure 10.2 PIC16FL84A voltage-frequency graph

FMAX = (6.0 MHz/V) (VDDAPPMIN - 2.0V) + 4 MHz

Note 1: VDDAPPMIN is the minimum voltage of the PICmicro® device in the

application.

2: FMAX has a maximum frequency of 1 O MHz.
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Figure 10.3 PIC I 6F84A-04 voltage-frequancy graph

10.1. DC Characteristics

Standard Operating Conditions (unless otherwise stated)
PIC16LF84A-04 Operating temperature O"C s TA s +70VC (commercial)

(Commercial, Industrial) -40'C s TA s +85VC (industrial)
-40'C s TA::; +·12S°C (extended)

PIC16F84A-04 Standard Operating Conditions (unless otherwise stilted)
(Commercial, lrıdusmal, Extended) Operating temperature o•c s TA ::; +70~c (commercıal)

PIC16F84A-20 -40°C S TA s +85·'C (industrial)
(Commercial, lndustnal, Extended) -40'C STA s +125°C (extended)

Param Symbol Characteristic Min Typt Max Units Conditions
No.

Voo Supply Voltage
0001 16LF84A 2.0 - 5.5 V XT RC and LP osc configuration

DOOi 1EiF84A 4.0 - 5.5 \/ XT, RC and LP osc configuration
DOOIA 4.5 - 5.5 \f HS osc configuration'
0002 \/DR RAM Data Retention ·1.5 - - \/ Device in SLEEP mode

Voltage (Note 1)
000:3 \!>'OR VDD Start Voltage to ensure - Vss - \I See sectionon Power-onResetfor details

internal Power-on Reset
siqnal

0004 SVDD VDD Rise Rate to ensure 0.05 - - v/rns
internal Power-on Reset
sıgnal

IDD Supply Current (Note 2)
DOIO 16LF84A. - 1 4 mA RC and XT osc configuration (Note 4)

Fese= 2.0 iv1Hz, Voe= 5.5\/

D010 16F84.A. - 1.8 4.5 rnA RC and XT osc configuration (Note 4)
Fese= 4.0 MHz, Voe= 5.5\/

0010A - 3 ıo mA RC and XT ese configuration (Note 4)
Fese= 4.0 ıvıHz, Voe= 5.5\/
(During FLASH programming)

D01:3 - 10 20 mA HS osc configuration (PIC16F84A-20)
Fese= 20 MHz, VDD = 5.5\/

[)014 16LF84.A. - 15 45 fl A LP osc configuration
Fosc = 32 kHz, voo = 2.0V. WOTdisabled

Table 10.1: DC characteristics
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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 l/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: OSCl = external square wave, from rail-to-rail; all

l/0 pins tri-stated, pulled to VDD, TOCK!= 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

l/0 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 kühm.
5: The D current is the additional current consumed when this peripheral is

enabled. This current should be added to the base IDD measurement.

Legend: Rows with standard voltage device data only are shaded for improved

readability.

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. NR Not rated for operation.

10.1. DC Characteristics (Continued)
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Standard Operating Conditions (unless otherwise stated}
PIC16LF84A-04 Operating temperature O"C s TA s + 70°C (commercial)

(Commercial Industrial) -40cC s TA :s: +85''C (industrial)
-40''C s TA:;: +125''C (extended)

PIC16F84A-04 Standard Operating Conditions (unless otherwise stated)
(Commercial, Industrial, Extended) Operating temperature O"C ::.; TA s +70°C {commercial)

PIC16F84A-20 -40QC s TA_::;; +85cC (industrial)
(Commercial, Industrial, Extended} .4occ s TA, s +125"C (extended)

Param Symbol Characteristic Min Typt Max Units Conditions
No.

IPD Power-down Current (Note 3)

DD20 16LF84A

D020 16F84A-20
16F84A-04

002'1A 'lôLF84A - 04 1.0 rıA \/DD = 2 OV, \.VDT disabled, industrial

D021A 16F84A-20 - '1.5 3.5 ~ıA VDD = 4 5V, WOT disabled, industrial
1fiF84A-04 - 1.0 3.0 rıA \/DD = 4 OV, \>VDT disabled, industrial

D0218 16F84A-20 - 1.5 55 [LA \/DD = 4 5V, WDT disabled, extended
1t3F84A-04 - 1 O 5.0 rıA \/DD = 4 OV, VVDT disabled, extended

Module Differenti.:ıl Current
(Note 5)

0022 :'ılWDT Watchdog Timer - 20 16 [LA \/DD = 2 OV, Industrial, Commercial
- 3.5 20 flA VDD = 4 OV Commercial
- 35 28 p.A. \/DD = 4 OV, Industrial, Extended
- 48 25 rıA \/DD= 4.S\/. Commercial
- 48 :30 p.A. \/DD= 4 5\/, Industrial, Extended

Table 10.2 : DC characteristics (continued)

Legend: Rows with standard voltage device data only are shaded for improved

readability.

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. 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 VO 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: OSCl = external square wave, from rail-to-rail; all

VO 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
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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 = VDDl2REXT (mA)

with REXT in kOhm.
5: The D current is the additional current consumed when this peripheral is

enabled. This current should be added to the base IDD measurement.

10.2. DC Characteristics:

PIC16F84A-04 (Commercial, Industrial)

PIC16F84A-20 (Commercial, Industrial)

PIC16LF84A-04 (Commercial, Industrial)

DC Characteristics
All Pins Except Power Supply Pins

Standard Operating Conditions (unless otherwise stated)
Operating temperature O''C s 1:0. :S + 70"C (cornmercial)

-40'C s T•. s +85°C (industrial}
Operating voltaçe \/DD rarıge as described in DC specifications
(Section 9.1)

p;;ıTymbol
\/\L

0030

D030A

0031
0032
0033
[)034--rlH
[)040
0040A
[)041

[)042

0042A
[)043

0043A
0050 \/H\'S

0070 IPURB

ıu

DOôO

0061
[)063

Characteristic Min Typt I Max I Units Conditions

Input Low Voltage
liO ports:

with TTL buffer Vs.s - 0.8 \/ 4 5\/ s VDD s 5.5V (Note 4)

vss - 0·16\fDü \I Entire range (Note 4)

\/ş.s - o.zvoo V Entire rarıçe
Vss 0 2VDD V
vss 0.3VDD \/ (Note 1)

\/2:S o.ıvoo V

2.0 \/DO V 4.SV s \/DD s 5.SV (Note 4)
0.25\/iJD+0.8 Voo \/ Entire range (Note 4)

0.8 \/DC voe Entire range

o 8 Voe \/DO V

0.8 \/DD - 8.5 \j

0.8 VDD \1DD V I (Note 1)
0.9 \![)[) VDD \i

0.1 \/

50 250 400 uA VDD = 5. OV, VPIN = Vss

±1 .ttA Vss s \/PIN ::f \/DD.
Pin at hi-impedance

±5

I
pA I vss s VPIN :S \/OD

±5 pA vss :S \/PIN s VDD, XT, HS
and LP ese confiquration

with Schmitt Trigger buffer

fvlCLR, R.A.41TOCKI
OSC'l (XT, HS and LP modes)
OSC-1 (RC mode)

Input High Voltage

110 ports:
wıth TTL buffer

with Schmitt Trigger buffer

MCLR,
RA4/TOCKI

OSC:1 (XT HS arid LP modes)

OSC1 (RC mode)
Hysteresis of Schmitt Trigger
Inputs
PORTS Weak Pull-up Current

Input Leakage Current
(Notes 2. 3)
l/O ports

MCLR, RA4:'TOCKI

oscı

Table 10.3 : DC charecterisıics
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Note 1: In RC oscillator configuration, the OSCl pin is a Schmitt Trigger input. Do

not drive the PIC16F84A with an external clock while the device is in RC

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.

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.

10.2. DC Characteristics: (Continued)

DC Characteristics
All Pins Except Power Supply Pins

Standard Operating Conditions (unless otherwise stated)
Operating temperature 0·0·c ;; T•. s +70·0·C (commercial)

-40'C s Tıı.. s +85''C (industnal)
Operating voltage VDD range as described in DC specifications
{Section fı_ ·ı}

Param I Symbol
No.

Characteristic Min Typt I Max I Units Conditions

0080
0083

vcı. I Output Low Voltage
l!O ports
OSC2!CLKOUT

06
0.6

IOL = .S.5 mA, VDD = 4.5V
V JIOL = '1.G mA, \/DD= 4.5V,

(RC mode only)

voı- Output High Voltage

DüfJO

\

1/0 ports (Note 3) I VDD-0 7

D092 OSC2/CLKOUT (Note 3) \/DD-0.7

VOD Open Drain High Volt:ıge

oıso I RA4 pin
C.:ıpacitive Lo.:ıding Specs on
Output Pins

DIOO Cosc2 CSC2 pin

0101 cıo ı'.'ı.11 l.O pins and OSC2
(RC mode)
Data EEPROM Memory

D120 ED Endurance I 1M

D121 \/DR.'>:\.' \/OD for read/v,ırite VMIN

D122 TDE'N Erase/VVrite cycle tune
Progr.:ım FLASH Memory

0130 \EP \Endurance I 1000

[)13'1 \/PR \/-DDfor read \iMiN

V \IOI-'= -3.0 mA, VDD = 4.5V
V IOI-'= -1.3 mA. VDD = 4.5V

(RC mocle only}

.S5 I V

15 I pF Jin XT HS and LP modes
when external dock is used
to drive OSC1

so I pF

E,.5-
Eı\V \25'''C at 5V

V \/MIN = Minimum operating
voltage

10M

4 8 ms

IOK E!'N
S.5 J \I \vMıN = Minimum operating

voltage

D132 \VFE·h \VDD for erase/write
0'133 TPEt•: Erasef\.'./riıecycle time

4.5 5.5 \/

4 8 ms

Table 10.4: DC characteristics
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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.

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.

10.3. AC (Timing) Characteristics

10.3.1. Timing Parameter Symbology

The timing parameter symbols have been created following one of the following

formats:
1. TppS2ppS

2. TppS

Frequency'
T Tiıne ~

os, ese OSC1

ost oscillator start-up timer

pwrt power-up tinıer

rot RBx pins

tO TQCKI
wdt watchdog_ tirner

p Period

R Rise
\! Valid,,

z High Impedance

Lowercase letters (p_p) and their meanings

pp
'2 to
ck CLKOUT
ey cycle time

io ııo port

ınp INT pin

mp MCLR
Uppercase letters and their meanings

s
F Fal!
H High

Invalid (high inıpedcınce)

L Low
Table 10.5: Timing parameter symbology
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10.3.2. Timing Conditions

The temperature and voltages specified in Table 10.6 apply to all timing specifications

unless otherwise noted. All timings are measured between high and low measurement

points as indicated in Figure 10.4. Figure 10.5 specifies the load conditions for the timing

specifications.

AC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated}
Operating temperature O'C s 1A s + 70'G for commercial

-40'C s TA s +85''C for indusırial
Operating voltage \/DD range as described in DC specifications (Section 9.1)

Table 10.6 Temperature and voltage specifications -AC

fl 7 "re, XP L~+·p-=-~~:: _· _· : : ::::. :~.l (High'
Q 15 VD: RC (Low)

+~- · - - - · 0.9 \/DD (High)
/ \,,

_J 4c:.: · - O. I 'Joo (Low)

OSCI Measrneıııeııt Points 1/0 Port Measuremeııı Points

Figure 10.4 Parameter measurement information

Load Condition 1 Load Condition 2

\/DD/2

l::_': RL

~CL
Pin T

rzJ----ı_ CL
Pin T

vss

RL = 464ft
CL = 50 pF tor all pıııs except CJSC2

15 pF for OSC2 output

Figure 10.5 Load conditions

10.3.3. Timing Diagrams and Specifications
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CLKOUT

Figure 10.6 External clock timing

Param No. I Sym CharacterJstic Min Typt Max Units Conditions

DC 2 lv1Hz XT RC 0$C (-04, LF)
DC 4 MHz XT, RC osc (-04)
DC 20 Mj+z. HS osc {-20)
DC 200 kHz LP osc (-04, LF)
DC 2 MHz RC ·OSC (-0-4, LF)
DC 4 MHz RC osc (-04)
O. ·j 2 MHz XTosc (-04, LF)
o.·ı 4 r-.,1Hz XTosc (-04)
1.0 20 MHz HS osc (-20)
DC 200 kHz LP osc (-04, LF)
500 ns XT RC osc (-C4, LF)

250 - ns XT, RC osc (-04)
50 - ns HS osc (-20)
5.0 ps LP osc (-04, LF)
soo ns RCosc \-04, LF)
250 ns RCosc (-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 ps LP o:sc {-04, LF)

0.2 4/Fosc DC ııs
GO ns XT o-sc {-04, LF)
50 - ns XT osc (-04)
2.ü us LP o-sc (-04, LF)

-17.5 rıs HS o s c (-20)

25 ns XT os c {-04)
51J ns LP osc (-G4, LF)
7_;=, ns HS osc {-20_)_

= osc I Extern"I CLKIN FrequencyC1)

Oscillator Frequencyrn

'rose I External CLKIN Period('!)

Oscillator Period"ff'."•

2 ITcY I Instruction Cycle Time<1}

.3 ITosL. ı c.ıock in (OSC1) High or Low
TosH Tınıe

4 ITosR, ıcıock in (OSC1) Rise or Fall
TosF Tinıe

Table 10.7 External clock timing requirement

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.

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

operation and/or higher than expected current consumption. All devices are

tested to operate at "Min." values with an external clock applied to the OSC 1

pin. When an external clock input is used, the "Max." cycle time limit is "DC"

(no clock) for all devices.

78



OSC'l

CLKOUT

ı,-.,,...---~.,,,,,_..._,

I jf \
1/ I \
)' I \·, ,,.....1 ·ıo '"'

I I I I . 1

I _.l--1.. 22 ..- I

1 I I '""ı"' l
I ,....ı_ı. LJ .-.,ı

I I

I L-ıırl l ••...• 11 . I I I ,........1 , •....• -12
I I ' "ıq I I ,, I I I
I 1 ı I " I I ..-.1c,_.1 I "'
,

1

,_, '14 ,.......,., __ ,_ Hi
I I ! I I I-rr.rrp--:rrrrrr;-rrrrTTYTD\L 1 , -:i - ı , 1 : i ı ı j ı 1· 1!1 f 1 1 i .ı : .: ı 11

! : I ! I ı ! ı i I ı i ıi ı ı • , .ı ı ı ı , JT I , ~x ı / ! : , I ı, , . , ,i i ı ı , f / ı ı I

.lLi / / I I / I I JJJJJJ I /: I I I!\.~~~\/ I l / / I N ! I i i I
I
I I / / l '

I I I I ->•--17 __. I 1 b-----'---_.

l~p~l ~~ I·-'. s old value f' new vasıs(Output) ,, " ,, ' ı-~~~-,-~~~~~~~~-,-~~~~~~~~

Q4 I I cı Cı2 Q3

I 11:,_
I II

I I

\

iiOPin
(lnput;ı

--: :-20. 21

Figure 10.7 CLKOUT and l/0 timing

Note: All tests must be done with specified capacitive loads (Figure ıo.s) 50 pF on 1/0

pins and CLKOUT.

Paranı Syııı Characteristic Min Typt I Max I Units I Conditions

No.

10 TosH2ckl oscı t to CLKO\JT], Standard - 15 30 ns (Note 1)

10.A
Extended (Lf) - 15 12D ns (Note 1)

11 TosH2ckH '.JSC! ·110 CLKO\Jrl Standard - 15 30 ns (Note 1)

'1'1,A,
Extended (LF) - 15 120 ns (Note 1)

12 TckR CLKOUT rise tıme Standard - 15 30 ns (Note 1)

12.A
Extended [LF) - 15 100 ns (Note 1)

1' Tcf:F CLKOUT fall tiıııe Standard - '15 '.:,O ns (Note 1)

"'
P'·

Extended (Lf) - 15 !OD ns (Note 1)
._, .•..•..

14 Tckl2io\/ CLKOUT l to Port out valid - - 0.5TCY +20 11$ (Note 1)

15 Tıo\!2ckH Port in valid before Standard 0.30Tu + 30 - - ns (Note 1)

CLKOUT l Extended (LFJ 0.30Tcv + 80 - - ns (Note 1)

16 1Td.H2,ol Poi in hold after CLKOUT 1 o - - ns (Note 1)

17 \TosH2ioV oscır (01 cydej to Standard - - 12::, ns

Port out valid Extended (Lr) - - 250 ns

18 iTosH2iol \OSC if f02 cycle) to Port Sta11dard 10 - - ns

ınput iıw;ılid (l/0 in hold tıme) Extended i_LFi '10 - - 115

19 I TıcN2osH I Port input valid to OSC 11 Standard -75 - - ns

(1!0 in setup time) Extended (Lf) -17£, - - ns

zo TıoR Po1 cutout rise time Stand;ırd - 10 35 ns

20A
Extended (Lf) - 10 70 ns

21 TıoF Pc:i output iaII ti me Standard - 10 35 ııs

21A
Extended (LF) - 10 70 ns

22 T1t.JP INT pin lvgh St;ındard 20 - - ns

22A
or low time Extended (Lf) SE, - - ns

23 TRBP RB7:RB4 change INT Standard Tosc§ - - ns

23A
hıgh or lo':; time Extended (LFı Tos:§ - - ns

Table 10.8 CLKOUT and l/0 timing requirements
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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.

§ By design.

Note 1: Measurements are taken in RC mode where CLKOUT output is 4 x TOSC.

ınternaı
POR

PV\'RT
Time-out

:-.--33----- -· ------------------------'~------------~

'_E_ ~: -------+------~.osc
Tirııe-out

lntern;..1i
Reset

\\,'Na,chdog :+;
Tıme, "n ' ...
Reset • 34 --:

°\,
l/O P,ns

Figure 10.8 Reset, WATCHDOG timer, oscillator start-up timer and power-up timer timing

Parameter Sym Characteristic Min Typt Max I Units I ConditionsNo.

30 Tnıcl MCLR Pulse Width (low) 2 I - I - I us I VDD = 5.0V

31 ITWDT I Vi/Jtchdog Timer Time-out
I 7 18 I ')·> I ms IVDD = 50VPeriod (No Prescaler)

,.•k":

32 TOST Oscillation Start-up Timer 1024Tosc ms Iosc = OSC1 periodPeriod
;_,

33 TFWRT Power-up Timer Period 28 72 132 ms \/DD= 5 OV

3.4 I Tıoz 1
ı.ıo hi-impedance from fv1CLR

I I 100 I rıslow or RESET

Table 10.9 Reset, WATCHDOG timer, oscillator start-up timer and power-up timer requirements

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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I r• '

'40 ______. : I _______. 4 1 ---- I,_

42-----

Figure 10.9 TIMERO clock timing

Parameter Sym Characteristic Min Typt Max Units Conditions
No.

40 TtOH TOCK! High Pulse No Prescaler 05TCY + 20 - - ns
Width With Prescaler 50 - - ns 2.0\/ s \!DDS 3.0V

30 - - ns 3.0V S VDO S 6 OV

41 TtOL TOCK! Low Pulse No Prescaler 0 5TCY + 20 - - ns

Width \Vith Prescaler 50 - - ns 2.0V S \/DDS 3.0V
20 - - ns 3.0V S Voe S 6.0\/

42 TtCP TGCKI Period TC'f + 40 - - ns N = prescale value
N (2 4, . 256)

Table IO.IO TJMERO clock requirements

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.

11. DC/AC CHARACTERISTIC GRAPHS

The graphs provided in this section are for design guidance and are not tested.

In some graphs, the data presented are outside specified operating range (i.e., outside

specified VDD range). This is for information only and devices are ensured to operate

properly only within the specified range.

The data presented in this section is a statistical summary of data collected on units

from different lots over a period of time and matrix samples. 'Typical' represents the

mean of the distribution at 25°C. 'Max' or 'Min' represents (mean+ 3s) or (mean -3s),

respectively, wheres is a standard deviation over the whole temperature range.
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Figure 11.1 Typical JDD vs. FOSC over VDD (HS mode, 25°C)
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Figure 11.2 Maximum JDD vs. FOSC over VDD (HS mode, -40° to +125°C)
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Figure 11.3 Typical IDD vs. FOSC over VDD (XT mode, 25°C)
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Figure l 1.4 Maximum !DD vs. FOSC over VDD (XT mode, -40° to+ l 25°C)
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Figure 11.5 Typical !DD vs. FOSC over VDD (LP mode, 25°C)
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Figure 11.10 JPD vs. YDD (sleep mode, all peripherals disabled)
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Figure 11.12 Typical, minimum, and maximum WOT period vs. YOO over temp.
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Figure 11.15 Typical, minimum and maximum YOL vs. IOL (YDD = SY, -40°C to +125°C)
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Figure 11.17 Minimum and maximum VIN vs. VDD, (TIL input, -40°C to +125°C)

;5,:,~~~~==Typical: .

: :: " :::,::"~' ;;;;:1IT:~ E'.'.:: ı:
~ 75

:'. so r---t--L-
.., ,., .,,,.

'f._M..iı

-------
'•/il\~ n

J 5G .J-------+------+-------+-------ı--------+--------+-------<
2.5 2.0 voe (V)

50 6.5

Figure 11.18 Minimum and maximum YIN vs. VDD (ST input, -40°C to +J25°C)

90



12. PACKAGING INFORMATION

12.1. Package Marking Information

1 /';-Lead PD!P

xxxxxxxxxxxxxxxxx
) xxxxxxxxxxxxxxxxxr~
,, 'S.!' YYVV'•NNNN '·-----'
\ _ _)

Example

PIC l6F34A-04L'P

r, ~- O l I 001 7
'-··-'

·18-Leocı soıc
xxxxxxxxxxxx
xxxxxxxxxxxx
xxxxxxxxxxxx
~- YYINV.JNNN

C)

Example

P!C ·t GF84A-04
/SO

~- oı ·ı 0017
C) 

20-Leod SS()P E:xample

xxxxxxxxxxx
xxxxxxxxxxx
~-- YY\NVVr'-INN
,,,....,. ..,,

P!C 16F.84A--
2CJ!SS
~ O 110017

Figure 12.1 :Package marking information

Legend: XX ...X Customer specific information*

Y Year code (last digit of calendar year)

YY Year code (last 2 digits of calendar year)

WW Week code (week of January 1 is week 'Ol')

NNN Alphanumeric traceability code

Note: In the event the full Microchip part number cannot be marked on one line, it will

be carried over to the next line thus limiting the number of available characters for

customer specific information.

Standard PICmicro device marking consists of Microchip part number, year code, week

code, and traceability code. For PICmicro device marking beyond this, certain price

adders apply. Please check with your Microchip sales office. For QTP devices, any

special marking adders are included in QTP price.

12.2. 18-Lead Plastic Dual In-line (P) - 300 mil (PDIP)
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Figure 12.2: 18-Lead Plastic Dual In-line (P)- 300 mil (PDIP)

Units INCHES' M!LUMETERS
Dimension Limits MIN NOM MAX MIN NOM I MAX

Numbfi of Pins n ıs 16
Pitch p 100 2.5:4
Top to Seating Plane /, . l40 .-155 .170 3.S6 3.S4, 432r-,

Molcled Package Thickness A.2 .115 . i:30 .145 2.92 3 30 3.68
Base to Seating Plane p._-t .015, 0.38
Shoulder to Shoulder VVidih E .300 .313 .325 7.62 7 g4 B.26
Molcleı:I Pachcıge 'Nidth El .240 .250 .260 6.10 €.JS 6.60
Overal! Lençth D .eso .&9S 9()5 22.61 22.80 22.89
Tip to Seatinc Plane ı .12:, -130 .135 3.18 3.30 3.43
Lead Thickness C .O!Jô .oı; 015 0.20 D 29 0.38
Upptr Lead \'\'i.1th 81 04:, .D5B .070 1.14 1.46 178
LO'N-ef Lead !~Vidtt"'ı B .IH4 om .022 0.3i3 Q.413 OS6
Ov,e,raii Ro·,v ~,-o.acing § eB 310 .37C .430 7.-87 9.40 lJ.92
Mold Craft Ang·e Top a. s 10 15 5 10 ıs
Mold [;raft tnçre Bottom ~ 5 10 15 !: 10 1E-'

* Controlling Parameter

§ Significant Characteristic

Table 12.1 : Parameters

Notes: Dimensions D and El do not include mold flash or protrusions. Mold flash or

protrusions shall not exceed .010" (0.254mm) per side.

12.3. 18-Lead Plastic Small Outline (SO) - Wide, 300 mil (SOIC)
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BS-:-~ı OIJ

Figure 12.3 : 18-Lead Plastic Small Outline (SO) - Wide, 300 mil (SOJC)

unıts INCHES' Mlll!METERS

Dimension Lmuts MIJ,l NOM MAX \\•llN HOM I l\'1AX
Number of Pins n 18 18

Pitch p )]50 127

Overa!i Heiçnt
,, .CS3 ..099 104 2.3€ 2.50 2.64.~.

Molded Package Thsckness A2 .GP.3 .09·1 094 2~24 2.31 2.39

Standoff f Al .D04 .oos .0·12 !l.10 0.20 0.30s
oversu VViclth E .394 407 .420 10.01 10.34 10.67

t~1o!ded Packaçe ilidth E1 .291 .2'3-5 299 7.39 7.49 7.59

Overai! Lençıth D _.:.4,s .454 .462 1133 11.53 11.73

Chamfer Distan,::.e Ii .G10 .020 02s, CUS O.SO 0.74

fool Length L .016 .02)3 050 0.4 =t 0.84 'l.'27

Fool Ançle ,p o 4 8 o 4 ,3

Lead Thickness C .009 .0·11 0·12 G.23 0.27 ıJ.30

lead \iVic!th 6 .D l4 )Ji 7 02D G.36 0.42 0.51

?ı.ılotd Draft J:..ngl-e Top lX o 12 1 ~. o 1: ,5

}\ı1 o, d Dr.ar. F.ngle 5,~,r.ton1 II o ":2 I:, o 12 "';-,_,

Table 12.2 : parameters

* Controlling Parameter

§ Significant Characteristic

Notes: Dimensions D and El do not include mold flash or protrusions. Mold flash or

protrusions shall not exceed .010" (0.254mm) per side.

12.4. 20-Lead Plastic Shrink Small Outline (SS) - 209 mil, 5.30 mm (SSOP)
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Figure 12.4 : 20-Lead Plastic Shrink Small Outline (SS) - 209 mil, 5.30 mm (SSOP)

tJrüts INCHES"* MILLIMETERS.
NOM rY'ıAX. M!N NOM r,.AAX.

::o 20
.026 0.65
.D73 .078 1.73 1.35 1.98
.C63 .072 1.63 1.73 1.83
.006 .GJO O.O:- 015 0.25
.309 .3'22 7.59 7.35 B.i8
207 .212 5.11 5,2:~ 5.38
.2f.4 22,9 7.06 7_20 7_34
.D30 .037 n.ss n.75 {L94
.007 .OiO 0.)0 0.18 0.25

4 3 O.OD 10' 60 203 20
.Gi.3 .O ıs 025 O 32 0.3.3

5 10 o 5 10
5 ıo o 5 10

Dimension Um.its I MlN
Number of Pins n
Pitch p

Overall Heigh! /:.. 06&
Molded Packace Thickness .A.2 .064
Standoff § A1 002
Overall 'Width E .298
Molded Package V'i,dt'ı El .coı
Overall Length D :'.78,
Foot Length L 022
l.eac Thickness C .OOA
Foot .4nı;ı:e ,j, o
Lead 'Width B .0·10
r·lold Draft An9;e Toç (( o
Mold Drntt .4nı/e Bottom 13 o

Table 12.3 : Parameters

* Controlling Parameter

§ Significant Characteristic

Notes: Dimensions D and El do not include mold flash or protrusions. Mold flash or

protrusions shall not exceed .010" (0.254mm) per side.

13. MOVING MESSAGE SIGNAL ON LCD WITH PIC 16F84A

PIC16F84A can be programmable with kinds of programmer circuits and kinds of PC

software programs. Nowadays PC software programs are forward softwares. These

softwares can use kind of programming languages to program the pies. Here we will use

PIC C and ASSEMBLY languages. Also PIC BASIC can be used.
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13.1. LCDs

LCD (Liquid Crystal Display) 's fırt used in 1960's and one-of-these-days they used too

much in the applications and nearly every kind of systems they can be used.

They are high technologic systems and have two different types. One of these types is

normal, only shows the writing characters and they have green or blue colours on their

screans. Other type is GLCD (Grapich Liquid Crystal Display). This kind of LCD's are
colourfull.

LCD's have huge usage area. Example of the usage areas are mobile phones, calculators

and televisions. They used to show speed, humidity, heat, pressure and every kind of
measurable values.

LCD's are build by 5x7 dotmatrix tables. Selling LCD's in the world are lx8, 2x8,

2x16, 4x16, 4x20, 4x24 characters. First number is chopper number and last number is

the character number. For example 2x16 LCD have 2 choppers 16 characters like in the
figure 13.1.

figure 13.1 : General shown of 2x 16 LCD in Proteus electronic program

13.1.1. Pins of LCD

1

2

3

Vss,

Vee,

VLc,

ground, logic Vss, logic ground

+5 Volt, logic Vcc, logic power

VBias, Bias, Contrast
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~ g rn
>>>

4 RS, Register select

5 R/W,Read/Write

6 E, Enable, Strobe

7-14 DO-D7 (Data entrance)

15 Led+, A, Backlight Anode, +5 Volt

16 Led-, K, Backlight Cathode

Note: 15 and 16 pins not found in some of displays. These pins are used for lighten the

panel.

13.2. Connection of the Compenents in Circuit

Moving or stable messages like text, graphich and shapes can made with using this

components of figure 13.2.

10\l

LCD

+5V
t

C1

! I 16 ··~~.,,.,Kl"~-4--.......c1~'-· -1 ~;~~;~~K;~ıJ
X1 MCtR

n R2
LJ 4K7

RA0~1: I I~=; ~--
R4.3 f.-""~:---------------'·

RA4iltY..'.Kı "

J
R1
2K7U1

C2

t 11 ı 1

33pF

RSJ:'W
R8'.

RBS
R86
RP'

PIC16F84A

Figure 13.2 Circuit diagram and components of PIC16F84A moving message circuit.
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The positioning of circuit component on electronic circuit board seen in Figurel3.3

> PIC16F84

O~iô'O
D

REMZİ UZUN

O +MHz o
33pF ~ 33pF

Figure 13.3Positions of electronic components on board

Figure 13.4Prophyl shown

Figure 13.5Printing shown
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13.3. Working Explanation of the Circuit

First led starts to work from descriptions of program when the energy is given to the

circuit. Waiting time is done 200ms to make the led ready at first working. Than

LCDOUT instructions are used to write the text at first and second chopper. For-next

loop used inside of while-wend loop in the program to make the moving text.

0001 1000 send from PORTB and with make RS=O to make E downstep comer (first 1

than O).

13.3.1. Power Unit

Connecting voltage first given to bridge diode to make it full wave d.c .. This full wave

d.c. voltage given to chip 7805. Chip 7805 is a regulator and gives pozitif 5V. Than 5V

d.c. used to sustenance LCD and PIC16F84A. lOOnF and lOµF condensers used like

filters at input and output of chip 7805.

13.3.2. Connection of LCD

There is used 2x16 LCD in project. LCD's can be conrtolled from 1, 4 and 8 data bits. E

is render of datas or instructions, RS used to control if coming signal is data or

intruction, RW used to control if write signal to LCD or read signal from LCD. RW

connected to the ground in the project. Because will be written text on LCD. VEE used

to control contrasts of screen.
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CONCLUSION

We all know that electric and elecronic play a very important part in our life. Electronic

components which we use in every sight shows that we lives a technological life.

Electronic had a big developed period with programmable chips.

These devices are used like microcontrollers in every electronic, electric,

communication and computer systems. So that every systems are differ from each other

and needs different types of microcontrollers. You are given special ideas about pies

which are used mostly in electric and electronics. Some usage areas are to control

motors, to show every kind of measurable values, to show text like advertisement or

information and robotic applications.

There are explanations of pie's performance, features, pin diagrams, memories, VO

ports, instruction sets, electrical characteristics and lcds. In the end there is an project

depends of above explanations.

The project is moving the loaded texts on a led with pie microcontrollers. Program

loaded to pie and the pie connected to circuit. Moving message is making a possibility

to read the longer text than led.
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APPENDIXES

APPENDIX A: CONVERSION CONSIDERATIONS

O'ifference PIC16C84 PIC16F84A

Considerations for converting from one PIC 16X8X device to another are listed in Table

1.

PIC16F83/F84 PIC16CR83/
CR84

Progran.1 rvıemory Size IK x 14

2,0V- 5.5V
(-40--C to + 125 C)

Data Merno.ry Size 36 X 8
Voltage Range 2.0V - 6.0V

(-40°C to +8S:->C) 

20MHz.Maximum Oper3ting Fre-1 W MHz
quc2ııcy

E,12x14i1Kx-ı4 512 X 14 I ·JK X 14 1K x ·14

133 X 8

SuppJy Current (be)
See p.armreter # 00·14 ın
the -el.ectrica! specs for
more detail.

ıco {typ) .::- 13-0 ~tA
ıco {max)= 400 Jl_,D..

(LP osc, Fese= :32 kHz.
vcc= 2.DV,
~\i'OTdisabled)

Power-down Current ı.:::-c (1yp) = 26 J.tA
( l=c). See paranı ete rs# !:=>n (rnax:) = )DO p_A
D020. 0021. cıml 002 !A (VDG = 2.0\.'.
in the electrical specs for \VDT disabled, industrial)
more detail.

3-6 X 8 f 68 X 2, 36 X 8 ! 68 X 8

l:oo (typ) = 15 _uA
loo [rnax) > 45 p.A.
(LP ese. Fosc = 32 k+iz
vco = 2.0V,
V-.'DT disabled)

IFD (typi = 0.4 )LA le;:; (typ) = 0.4 uA ıı~:: (rıp) = 0.4 .uA
leo (max}= 9 LL"< IPD (max}= ı.3 uA I=: (max] = 1 pfe.
Ç./:o = z.ov (VoG = 2.0\:'. C./c::: = 2.0V
'.•VDT dısabıed. industnal) 11\'0T disabled. w,dustrialı WOT disabled. iııdustnal)

vu, (rnax) > G.1\/oc
{OSC1, RC mode)

VL (HiEIX) = 0. 1\/~o
tOS(:1, RC mode)

2.0\' - 6.0\:'
(-40--C to +85'·C)

2.0\/ - €-.C\.ı
{-4o,·,c to -sscı

input Lovr 'Voltage (\/ıL) IVı=... (rnax) = -0.2\'co
See p3:r3ıııeters ~ D032 (OSC·J, RC mode)
and D034 ın the eiectnc.31
specs for more detaii.

10 MHz 10 MHz

VıL (max)= o.tvoc
(OSC L RC mc,de}

.

trıput High. \/o!tage _{\lıH). , VH. (min) = o_.::.1G\/c,::
See parameter t¢ [)ü40 ın (lJO Ports \Vıth TTL,
the ·electnca! specs for 4.5'-/ ~ VDc, s. 5.5\/)
more detail.

:~~ ~~:~:~=1 ~J\~'.4
/LP osc, Fosc = 32 kHz.
voe = 2.0V.
'•NDT disabled)

loo (typ) = 15 pA 
loo (rnax) = 45 .ıı A.
\LF' osc. fc~c = 32 k+iz,
Ve--::= 2.0\./,
\'ı-'OT disabled:

VıH(min) = 2.4\I
(1/0 Ports with TTL.
4.5\/ -: 1/eı::: s: 5 SV:,

Data EEPROr,..ı r·Aernor:,'
Er.1.se:\\'n:te cycle t.rne
(Tc,=.·,,,•:). See µ3rarneter #
o·ı 22 in the electricni
specs for more detail.

Tc,,=:·,N (typ) = 10 ms
To~·,N (m:nx) = 2G ms

T:,~,.,(typ) = 4 ms
T::=.·A (maxj= 8 ms

Port Output Rise/Fall
tınıe (T,oR. TioF). See
p;Jra~ıeters ..:20, 20A.,
2·1 ::md 2"!A in the elec­
trical specs for more
cletrl

TıoR. TioF (max)= 25 ns
(C84)
TıaR. TioF (ırax) = GG ns
(LCi'.4)

\.'rr: (mırı}= 2.4\/
ı:,liO Ports ,·,ith TTL
4 .5\/ s ·vcc .s 5.5'/j

\/--ı (rrnn) = 2.4\/
(1/0 Pons Nitlı DL.
4.5\1 ::a:. \/::o~ 5.5,V)

TioR. Tıof (max)= .35 ns
(C-'U)
T;c,R. TioF (max)= 7G ns
{LC;34·ı

TioR. TioF (nıax) = 3:':, ns TroR. TıoF {max)= 35 ns
{C::34} (C8.4)
TioR, Tıof (rn3x:i = 70 ns Tıı.:,R. TioF (max) = 70 ns
iLC84) (LCB4)

Yes Yes

TcEw (ty('., = H) ms
T::E:':,: (rna:.:) = 20 ms

Tc,e·,,., (ty-p) = 10 ms
Tosvv {max} = 20 ms

MCLR cn-chıp filter. See I No
pararnetsr #30 in the
electrical specs for more
dehi.

Yes

PORTA ;,Jnd crystal oscıl-] For crystal oscıllator con- I N/.A,
later values less than
500 k+lz

\gurations ı)perating
below .son k+iz. the c!e-~·ice
may generate a spunous
internal O-clock wnerı
PORTA<O> ~.-.vitches
state.

N.'A

RBDNHpiıı TTL TIL'ST'
,:'Schmitt Trigger"!

rn.sr­
{"Schmitt Trıgger}

TTUST'
{*Schnhtt Trigger)

Table 1: Conversion considerations - PICJ 6C84, PIC I 6F83/F84, PJCJ 6CR83/CR84, PJCJ 6F84A
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Difference I PIC16C84 I PIC16F83/F84 PIC16CR831
CR84 PIC16F84A

EEADR<76> and be I It ıs recommended that I N:A
the EEADR<7 6> bits be
cleared. When either of
these bits is set, the maxi-
mum loo for the device is
higher than when both are
cleared.

NfA

The polarity of the
PWRTE bıt

PVVRTE

Reconınıeııded value of I REXT = 3kiı - 10üki2
REXT for RC oscillator
circuits

REXT = sw - IDOkn R:n = 5kü - IOGkO IREx~ = 3k!ı - 100ki!

GIE bit unintention,,I
enable

If arı interrupt occurswhile I NIA
the Global Interrupt
Enable {GIE) bit is being
cleared, the GIE b.il may·
unintentionally be re-
enabled by the users
Interrupt Ser,ıce Routıne
(the RETFIE instruction).

NlA

Packaçes PDIP, soıc PDIP, SO:C PDIP.SOJC PDIP soıc SSOP
Open Dran High
Voltage ('he,)

14V 12V 1 ·o•,ıL-.· f:.SV

Table 1: Conversion considerations - PJC l 6C84, PJC I 6F83/F84, PIC I 6CR83/CR84, PIC I 6F84A (continued)

APPENDIX B: MIGRATION FROM BASELINE TO MID-RANGE DEVICES

This section discusses how to migrate from a baseline device (i.e., PICl 6C5X) to a mid­

range device (i.e., PIC16CXXX).

The following is the list of feature improvements over the PIC 16C5X 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 handle program memory paging. PA2,

PA 1 and PAO bits are removed from the STA TUS 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.
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Two instructions, TRIS and OPTION, are being phased out, although they are kept
for compatibility with PIC l 6C5X.

5. OPTION and TRIS registers are made addressable.

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

7. Stack size is increased to eight-deep.

8. 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. PORTE has weak pull-ups and interrupt-onchange features.

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

14. FSR is 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 PIC l 6C5X to PIC 16F84A, the user should take the
following steps:

1. Remove any program memory page select operations (PA2, PAI, PAO bits) for
CALL, GOTO.

2. 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.

3. Eliminate any data memory page switching. Redefine data variables for reallocation.

4. Verify all writes to STATUS, OPTION, and FSR registers since these have changed.
5. Change RESET vector to 0000h.

PIC16F84A PRODUCT IDENTIFICATION SYSTEM

PART NO. f
Frequency

Range

X
T

Temperattırn
Range

ıxx
T

Package

x,x
Pattern

Device

103



Device PIC16F84A(l), PIC16F84AT(2) PIC16LF84A(]), PIC16LF84AT(2)
Frequency Range 04 = 4 MHz

20 = 20 MHz

Temperature Range -= 0°C to +70°C

I = -40°C to +85°C
Package P = PD IP

SO= SOIC (Gull Wing, 300 mil body)
SS = SSOP

Pattern QTP, SQTP, ROM Code (factory specified) or Special Requirements . Blank for
OTP and Windowed devices.

Examples:

a) PIC16F84A -04/P 301 = Commercial temp., PDIP package, 4 MHz, normal VDD
limits, QTP pattern #301.

b) PICJ6LF84A - 041/SO= Industrial ternp., SOIC package, 200 kHz, Extended VDD
limits.

c) PICJ 6F84A - 201/P= Industrial ternp., PDIP package, 20 MHz, normal VDD limits.

Note 1: F = Standard VDD range

LF = Extended VDD range

2: T = in tape and reel - SOJC and SSOP packages only.

APPENDIX C: MOVING MESSAGE PIC BASIC PRO CODES

DEFINE LCD_DREG PORTB
DEFINE LCD_DBIT o
DEFINE LCD_RSREG PORTA 'RS connected to PORTA
DEFINE LCD_RSBIT 2
DEFINE LCD_EREG PORTA 'E connected to PORTA
DEFINE LCD_EBIT 3
DEFINE LCD_BITS 8 '8 data pins of LCD are usedDEFINE LCD_LINES 2

N VAR BYTE
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PAUSE 200

WHILE 1>0

LCDOUT $FE,1,"

LCDOUT $FE,$CO,"

FOR N=l TO 35

PORTB=%00011000

LOWPORTA.2

HIGH PORT A.3

PAUSEUS 5

LOWPORTA.3

PAUSE 1000

>TEXTN

WEND

END

'200MS waited for LCD

REMZIUZUN"

ELECTRICAL ENGINEER"

'The message send to the LCD to PORT B

'PORT A.2 = O .

'PORT A.3 = 1 .

'5microsecond waited

'lOOOms (ONE SECOND) waited.

'PROGRAM END
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