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SYNOPSIS

In the fast moving world, the usage of wireless communication
applications, is one of the indeed part of the communication system. So this type
of communication only done in a effective manner with the help of RF
technology, which is used in our project. Embedded system is one of the
emerging fields in the area of communication system. So we incorporate the
embedded system in this RF technology in order fo increase the stability and

reliability of the system.

The main objective of our project is to do wireless applications in

Cordless speaker, Message Transfer and ON-OFF control.

The Cordless speaker is designed as a portable type. The effective
range of the speaker is 100 meters, apart from this, the system is provided with

security system of simple code lock.

The wireless message transfer system is designed to transfer the
alphabets, digits and some special symbols. The incorporation of embedded

system makes the system to transfer the message at a higher speed.

The ON-OFF control of equipment is designed such that it can be
controlled from any remote places. This type of system will be highiy useful in

places where to make efficient remote control.
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INTRODUCTION TO RF

In our day to day life , wireless communication plays a vital
role. RF is a radio frequency signal. Radio frequency spectrum is 100 Mhz to
30 Ghz. In this propagation is used as LOS (Line Of Sight).The wave iength of Rf
is the range of 10-1 meters.

In Radio frequency communication the signal transfer rate is
very high. The noise in the RF signal is very less, also it has no interference with
any other signal. The design of high frequency circuits is little bit complicated
process. The main application fields used in the RF are short distance
communication, radar, aeronautical navigation system and also in GPS. For the

transmission of RF signal it uses RF transmitter and receiver.

TRANSMITTER

It is a electronic device that transmit information by means of radio
waves. The signal intelligence is translated in terms of high frequency waves.
The process of intelligence translation into high frequency is termed as
modulation. All transmitting system must there for , have a section for generation
of high frequency carrier wave, a section for converting information into etectrical
puises and amplifying them to the required level , a section for modulating the
carrier with signal intelligence, amplification stage for increasing the ievel of the
modulated wave to the desired power and antenna system for transmitting these

signals into the free space.

RECEIVER

Itis a electronic device that pick up the desired signal from the
numerous signal propagating at that time through the atmosphere, amplifies the
desired signal to the required level,recovers from it the original modulating signal
and eventually display it in the desired manner. Before the signal is fed to loud

speaker the signal is power amplified.



INTRODUCTION TO EMBEDDED SYSTEM

An Embedded Product uses a microchip (or} micro controller to do a task
In an Embedded system there is only one application software that is typically
burned into ROM. In this Project PIC-16f84A Microcontroller, operates with 8 bit
data.

The embedded system comprises variety of hardware and software
components, which perform specific function in the host system. It is designed
around a microcontrolier unit ,which integrates on-chip program memory ;| on-

chip oscillator, interrupt ,port.

PIC executes most of its instruction in 0.2 pus ,at its maximum clock rate of
20MHz.1t consist of 35 instruction sets, therefore it is easy for programming It
run efficiently at one instruction per clock cycle, at high oscillator frequency of
20MHz efficiently. Versatile timer provides input , control output and also internal
timing for program execution. Timer resets the PIC when there is a malfunction in
the circuit. PIC provides upto 12 independent interrupt source and alsc can
control when the CPU deal with each source. The peripherals make use of

standard 16 pin shift register to add any no of 1/O pins .



BLOCK DIAGRAM OF PIC-16F84A
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'he general block diagram of PIC-16F84A is shown in fig1. PIC —16F84A belongs to
he Mid family of the PIC micro microcontroller devices. This works with
 bit data .The program code is written through hi-tech C language and stored in flash
nemeory.Memory organization of PIC consists of two blocks namely Data memory
nd program memory.Program memory contains 1K words, which translates to 1024
wstruction.The data memory(RAM) contains 68 Bytes.PIC uses special function
egisters, which are stored in static RAM. Each register is of 8 bit wide.The

rogramming in PIC is easy, since it only uses 35 instruction sets.



MEMORY ORGANIZATION

The Memory organization of PIC-16f84A consists of two memory’s.
They are program memory and data memory. The data memory consists of
special function registers and general purpose RAM. The data memory also
consists of Data EEPROM memory, which has 64 bytes of address.
The address range is from O0H-3FH.
PROGRAM MEMORY ORGANIZATION

The PIC16FXCX has a 13- bit program counter capable of addressing an
8K x 14 program memory space. The PIC 16F84A, the first 1K x 14 (000h —

3FFh} are physically implemented reset vector is at 0000h Location.

FIGURE 2-1: PROGRAM MEMORY MAP
AND STACK-PIC16F84A
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DATA MEMORY ORGANIZATION

The data memory is partitioned into two areas. The first is the Special
Function Register (SFR) area, while the second the General Purpose Registers
(GPR) area. The SFR control the operation of the device. The GPR area is
blanked 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. Instructions MOVWF
and MOVF can move values from the W register to any location in the register
fiie (“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 (SFSR). Indirect addressing uses the present value of the
RPO bit for access into the blanked which contain the general purpose registers
and the special function registers. Bank 0 is selected by clearing the RPO bit
(STATUS <5>). Setting the RPO bit selects Bank 1. Each Bank extends upto
7Fh (128 bytes). The first twelve locations of each Bank are reserved for the
Special Function Registers. The remaining are General Purpose Registers

implemented as static RAM.



FIGURE 2-2: REGISTER FILE MAP -

PIC16F84A
Fila Address File Address
0oh | Indirect addr!"? | Indirect addr'" | &0h
01h TMRO OPTION_REG 81h
02h PCL PCL Azh
63h STATUS STATUS 83h
B4h FSR FSR 84h
Bsh PORTA TRISA 8sh
BEh PORTB TRISB 88h
07h - — 87h
08h EEDATA EECON1 88h
08h EEADR EECON2MY 80h
QAh PCLATH PCLATH BAh
0Bh INTCOMN INTCON 8Bh
och 8Ch
[+5]
General Mappad
Pumose (accesses)
isters in Bank 0

{SRAM)
4Fh CFh
50h 0ch
7Fh _\ FFh

BankQ Bark 1

] Unimplementad data mermory location, read as 7.
Note 1: Nota physical registar




REGISTERS
SPECIAL FUNCTION REGISTERS

The Special Function Registers are used by the CPU and Peripheral to
control the device operation. These registers are static RAM. The special

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

REGISTER 2-1:  STATUS REGISTER (ADDRESS 03h, 83h}

RWO  RWO RWO Rl R1  RWx  RM=x  RM>
[Re T R T RO | 0 | ™ | Z | oc | ¢ |
bit 7 bt 0

bit 7-6 Unimplemented: Maintain as ‘o’
hit5 RPQ: Register Bank Select bits (used for direct addressing)
01 = Bark 1 {80h - FFh)
00 = Bark O {00h - YFh)
bit4 TO: Time-out bit
1= After power-up, CLRADT irstruction, or LEEE instructon
0= A WDT tima-cut ocaumad
bit3 PD: Power-down bit
1= After power-up o by the CLEXDT i nstruction
0 = By execulionof the SLEEP instruction
hit2 Z:Zemo bit
1= The resultcf an arithmetic or logic operation is zera
4= The resultof an arthmetic or logic operation is nat zera
bit1 DC: Digit caryborraw bit {xDDWE, ALDLY, SURLH, SUBWF instrusticns) {for Bormow, the polarity
i5 reversed)
1= A camy-out from the 4th low order bit of the resu it ceourred
@' = No camy-out from the 4th low crder bit of the result
bitd C: Camy/borow bit (ADIWF, ADDLY, SUELY, SUDWF instrustions) (for Bomow, the polarity is
reversed)
1= A camy-out from the Most Significant bit of the result occurrad
o = No carry-out from the Most Significant bit of the result occuTed
Note: A sublraction is exeauted by adding the two's complement of the second operand.
Fer rotate {RRF, RLF) instructions, this bit is loaded with sither the high ce [ow onder
bit of the source register.

Legend:
R = Readable bit W = \Writable bit IJ = Unimplemented bit, read as 9°
- n = Vvalue at POR 1 =BltIssa] 0= BLis chared X = Bil Is Unkncrn




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 is the destination for an instruction that affects the Z, DC
or C bits, and 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 leave the STATUS register as
000u uluu (where u = unchanged). Only the BCF, BSF, SWAPF and MOVWF
instructions should be used to alter the STATUS register because these
instructions do not affect any status bit.
PCL AND PCLATH

The program counter (PC) specifies the address of the instruction to fetch
for execution. The PC is 13 bits wide. The low byte is called the PCL register.
This register is readable and writable. The high byte is called the PCH register.
This register contains the PC<12:8> bits and is not directly readable or writable.

All updates to the PCH register go through the PCLATH register.

STACK

The stack allows a combination of up to 8 program calls and interrupts to
occur. The stack contains the return address from this branch in program
execution. Midrange devices have an 8 level deep x 13-bit wide hardware stack.

The stack space is not part of either program or data space and the stack



CALL instruction is executed or an interrupt causes a branch. The stack is
POPED in the event of a RETURN, TETLW or a RETFIE instruction execution.
PCLATCH is not modified when the stack is PUSHed or POPed. After the stack
has been PUSHed eight times, the ninth push overwrites the value that was
stored from the first push. The tenth push overwrites the second push (and so
on).

INPUT AND OUTPUT PORTS

General purpose ifo pins can be considered the simplest of peripherals. They
allow PIC micro controller to monitor and control other devices. Some pins are
multiplexed with an alternate functions. These functions Depend on which
peripheral features are on the device, thus multiplexing adds flexibility to
the system.

PORT A AND TRISA REGISTERS

PORT Ais a 5-bit wide bi-directional port. The corresponding data
direction register is TRISA. Setting a TRISA bit (=1) will make the corresponding
PORT A pin an output, i.e., put the contents of the output driver in a hi-
impedance mode. Clearing a TRISA bit (=0) will make the corresponding PORT
A pin an output, i.e., put the contents of the output latch on the selected pin.
Reading the PORT A register reads the status of the pins whereas writing to it
will write to the port latch. All write operations are ready-modify-write operations.
Therefore a write to a port implies that the port pins are read, this value is
modified, and then written to the port data latch. Pin RA4 is multiplexed with the

Timer0 module clock input to become the RA4/TOCK1 pin. The RA4/TOCKI pin



kis a Schmitt Trigger input and an open drain output. All other RA port pins have

TTL input levels and full CMSO output drivers.

INITIALIZING PORT A

BCF STATUS, RPO;

CLRF PORT ; Initialize PORT A by
; clearing output

; data latches

BSF STATUS, RPO ; Select Bank 1
MOVLW 0 x 0 F ; Value used to

; initialize data

; direction

MOVWEF TRISA ; Set RA<3:0> as inputs
: RA4 as output

- TRISA <7:5> are always read as ‘0.

PORT B AND TRISB REGISTERS

PORT B is an 8-bit wide bi-directional port. The corresponding data direction
register is TRISB. Setting a TRUISB 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 (=0) will make the corresponding PORTB pin an

output, i.e., put the contents of the output latch on the selected pin.



INITIALIZING PORT B
BCF STATUS, RPQ;
CLRF PORTB; Initialize PORT B by
; Clearing output
; Data latches
BSF STATUS, RPO; Select Bank 1
MOVLW 0 x CF; Value used to
; Initialize data
; Direction
MOVWF TRISB; Set RB <3:0> as inputs
; RB<5:4> as outputs
; RB <7:6> as inputs

Each of the PORT B pins has a weak intemnal pull-up. A single contro! bit
can turn 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 on change feature.
Only pins configured as inputs can cause this interrupt to occur (i.e., any RB7:
RB) pin configured as an output is exciuded from the interrupt on change
comparison). The input pins (of RB7: RB4) are compared with the old value
latched on the last read of PORTB. The “mismatch” outputs of RB7:RB4

areOR’ed together to generate the RB Port Change Interrupt with fiag bit RBIF



(INTCON<0Q>). 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.

TIMER 0

The Timer O module timer / counter has the following features:
8 — bit timer/ counter.

Readable and writable options.

Internal or external clock selection.

v v v Vv

Edge select for external clock.

v

8-bit software programmable prescaler option.
» Interrupt on overflow from FFh to 00h.
TIMER 0 OPERATION
Timer O can operate as a timer or as a counter. Timer mode is selected
by clearing bit TOCS (OPTION REG<5>). In timer mode, the Timer0 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 (OPTIONREG<5>).
If The Timer O is operated in counter mode, in case of this counter

mode, Timer0 will increment either on every rising or falling edge of pin
RA4/TOCK1. The incrementing edge is determined by the Timer 0 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 Timer0D, 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 Timer O

after synchronization.

FIGURE 51: TIMERO BLOCK DIAGRAM
Cxata Bus
FOECH] mnd () PSour 3 5
! Smc with
D— 1 | intemal TMRE
RAMLTOCKI [ 214 mmami‘ 0 clocks PSCcuT
R0 TISE rascdlel (2 Cyrtle Delay)
3
Set Infrrupt
P2, PR, PS) FSA Flag bt TOF
TOCS on Cveriiow

Hate 1: TOCS, TCSE, PSA, PS2PS0 jOFTION _REG<SI(-).
2. Tha prescaler 15 sharad wkh Watchvog Timer (rRkar 1o Figu2 5-2 for detaliad block diagram.




INSTRUCTION SET SUMMARY
TYPES OF INSTRCTION

Each PIC16CXXX instruction is a 14-bit word divided into an OPCODE
which specifies the instruction type and one or more operands which further
specify the operation of the instruction.

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 resuit 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 bit affected by the operation, while ‘' represents the
number of the file in which the bit is located.

For literal and control operations, ‘k; represents an eight or eleven bit
constant or literal value.The opcode field descriptions and the general format

for instructions is shown on appendix A.



/0 PROGRAMMING CONSIDERATIONS
BI-DIRECTIONAL I/O PORTS

Any instruction which writes, operates internally as a read followed by a
write operation. The BCF and BSF instructions, for example, read the register
into the CPU, execute the bit operation and write the result back to the register.
Caution must be used when these instruction are applied to a port with both
inputs and outputs defined. For example, a BSF operation on bit 5 of PORT B
will cause all eight bits of PORT B to be read into the CPU. Then the BSF
operation takes place on bit 5 and PORTB is written to the output latches. If
another bit of PORT B is used as a bi-directional I/O pin (i.e,. bit0) and it is
defined as an input at this time, the input signal present on the pin itself
particular pin, overwriting the previous content. As log as the pin stays in the
input mode, no problem occurs. However, if bit O is switched into output mode
later on, the content of the data latch is unknown. Reading the port register,
reads the values of the port pins. Writing to the port register writes the value to
the port latch. When using read-modify-write instructions (i.e, BCF, BSF, etc.,)
on a port, the value of the port pins is read , the desired operation is done to this
value, and this value is then written to the port latch. A pin actively outputting a
Low or High should not be driven from external devices at the same time in
order to change the level on this pin (“wired-or”, “wired-and”). The resulting high

output current may damage the chip.



SUCCESSIVE OPERATIONS ON I/O PORTS

The actual write to an /O port happens at the end of an instruction cycle,
whereas for reading, the data must be valid at the beginning of the instruction
cycle (Figure 5-5). Therefore, care must be exercised if a write followed by a
read operation is carried out on the same /O port. The sequence of instructions
should be such that the pin voltage stabilizes (load dependent) before the next
instruction which causes that file to be read into the CPU is executed.
Otherwise, the previous stats of that pin may be read into the CPU rather than
the new state. When in doubt, it is better to separate these instructions with a
NOP or another instruction not accessing this I/O port. Example 5-1 shows the
effect of two sequential read-modify-write instructions (e.g., BCF, BSF, etc.) on
an /O port.
SPECIAL FEATURES OF THE CPU

What sets a micro controller apart from other processors are special
circuits to deal with the needs of real time applications. The PIC16F8X has a
host of such features intended to maximize system reliability, minimize cost
through elimination of external components, provide power saving operation
mode and offer code protection.
These features are:

» OSCILLATOR selection.

v

Reset — Power-on Reset (POR)

Interrupts.

Y v

Watchdog Timer (WDT)

SLEEP ,CODE PROTECTION etc..

A7



The PIC16F8X 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. 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.

CONFIGURATION BITS

The configuration bits can be programmed (read as 0’} or let un
programmed (read as ‘1'} to select various device configuration. 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. To find out how to program the PIC 16C84, refer to PIC16C&4

EEPROM Memory Programming Specification (DS30189).



OSCILLATOR CONFIGURATIONS
OSCILLATOR TYPES
The PIC16F84A can be operated in four different oscillator modes. The

user can program two configuration bits (FOSC1 and FOSCOQ)} to select one of
these four modes:

> LP Low Power Crystal

» XT Crystal / Resonator

» HS High Speed Crystal / Resonator

» RC Resistor / Capacitor

(i) CRYSTAL OSCILLATOR / CERAMIC RESONATORS

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

OSC1/CLKIN and OSC2 / CLKOUT pins to establish oscillation.

FIGURE &-1: CRYSTALICERAMIC
RESONATOR OPERATICN
{HS. XT ORLP OSC
CONFIGURATION!
0.1(11 0sC1 -
. Intermal
COXTAL HERFm Legic
= Il@?scz 1" SLEEP
oAl PIGI6FXX

Note 1:; Bae Table 51 for recommendad values
of C1 and C2.
2: A series resistor (RS) may bs requirsd
for AT strip cut crystals.

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 HR modes, the device can

have an external clock source to drive the OSC1/CLKIN pin.

FIGURE 5-2: EXTERMNAL CLOCK INPUT
OPERATION (HS.XTOR
LP CSC
CONFIGURATION)
Clock fram asc1
Ext. System PIC 16FXX

Dpen sgp—y o522

(ii) 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 types 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 8-3: RC QSCILLATOR MORE
VIO
Rext Intzmal
nk=m

osc1 o0k
CexT PICtEFXX
P =

O5C2CLKOUT

FommM

Recommandadvaues: 5 KL Rexr < 100 k2
CEXT > 20pF




RESET
The PIC 16F84A differentiates between various kinds of reset, Generally

Reset logic is used to place the device into a known state.the source of the
reset can be determined by using the device status bits.The reset logic is
designed with features that reduce system cost and increase system reliability.
The various types of resets are as follows:

» Power-on Reset (POR)

» MCLR reset during normal operation

» MCLR reset during SLEEP

» WDT Reset (during normal operation)

» WDT Wake-up (during SLEEP)

POWER ON RESET (POR)

A POWER — on Reset pulse is generated on-chip when VDD rise is
detected in the range of 1.2 V — 1.7 V). 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 (exists the reset condition),
device operating parametes (voltage, frequency, temperature,..) must be meet
to ensure operation. If these conditions are not met, the device must be held in

reset until the operating conditions are met. For additional information, refer to



Application Note AN 607, “Power-up Trouble Shootin”. The POR circuit does not

produce an internal reset when VDD declines.

POWER-UP TIMER (PWRT)

The Power-up Timer (PWRT)A provides a fixed 72 msnominal timeout
(TPWRT) from POR. The power-up Timer operates on an internal RC osgillator.
The chip is kept in rest as long as the PWRT is active. The PWRT delay allows
the VDD to rise to an acceptable level. A configuration bit, PWRTE, can enable /
disable the PWRT. The power-up time delay TPWRT will vary from chip to chip

due to VDD, temperature, and process variation.

OSCILLATOR START-UP TIMER (OST)

The oscillator Start-up Timer (OST) provides a 1024 oscillator cycle delay
(from OSC1 input) after the PWRT delay ends. This ensures the crystal
oscillator or resonator has started and stabilized. The OST time-out (TOST) is
invoked only for XT, LP and HS modes and only on Power-on Reset or wake-up
from SLEEP. When VDD rises very slowly, it is possible that the TPWRT time-
out and TOST time-out will expire before VDD has reached its final value. In this

case, an external power-on rest\et circuit may be necessary.

DATA EEPROM MEMORY
The EEPROM data memory is readable and writable during normal

operation (full VDD range). This memory is not directly mapped in the register



file space. Instead it is indirectly addressed through the Special Function
Registers. There are four SFRs used to read and write this memory. These
Registers are:

» EECON1

» EECON2 (Not a physically implemented register)

> EEDATA

» EEADR
EEDATA holds the 8-bit data for read/write, and EEADR holds the address of
the EEPROM location being accessed. PIC 16F84A devices have 64 bytes of
data. EPROM with an address range from Oh to 3Fh.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.
EECON register is shown on appendix B.
READING THE EEPROM DATA MEMORY

To read a data memory location, the user must write the address to the

EEADR register and then set control bit RD (EECON1<0>1). The data is
available, in the very next cycle, in the EEDATA register; therefore it can be
read in the next instruction. EEDATA will hold this value until another read or

until it is written to by the user (during a write operation).



WRITING TO THE EEPROM DATA MEMORY
To write an EEPROM data location, the user must first write the address
to the EEADR register and the data to the EEDATA register. Then the user must

follow a specific sequence to initiate the write for each byte.

The write will not initiate if the above sequence is not exactly followed
(write 55h to EECON2, write AAh to EECON2 , then set WR bit) for each byte.
We strongly recommend that interrupts be disabled during this code segment.
Additionally, the WREN bit in EECON1 must be set to enable write. This
mechanism prevents accidental writes to data EEPROM due to errant
(unexpected) code execution (i.e., lost programs). The user should keep the
WREN bit clear at all times, except when updating EEPROM. The WREM bit is

not cleared by hardware.

After a write sequence has been initiated, clearing the WREN bit will not
affect this write cycle. The WR bit will be inhibited from being set unless the
WREN bit is set. At the completion of the write cycle, the WR bit is cleared in
hardware and the EE Write Complete Interrupt Flag bit (EEIF) is set. The user

can either enable this interrupt or pull this bit. EEIF must be cleared by software.



MODULATION TECHNIQUES

Before going into the various details of modulation techniques, let
us acquainted with the concept of modulation.Modualtion is the process where in
some parameters of high frequency signaltermed as carrier is varied in
accordance with the signal to be transmitted.The signal to be transmitted is
known as the modulating signal Various modulation methods have been

developed for transmission of signals with minimum possible distortion.

The various modulation techniques that are available for signal
transmission are given below:
1.Amplitude modulation
2.Frequency modulation
3.Phase modulation

4 Pulse modulation

First three methods come under analog modulation where was in

digital modulation a pulse train is used as a carrier.

ANALOG MODULATION

Analog Modulation may be divided into three parts:
1.Amplitude modulation
2.Phase modulation

3.Frequency Modulation



AMPLITUDE MODUALATION

The process of Amplitude Modulation consists of varying the peak
amplitude of the modulating signal in proportion to the instantaneous amplitude
of the modulating signal .The signal to noise ratio(S/N) is comparatively less in
Amplitude Modulation.This means that the data transmitted using amplitude
modulation is more prone to noise.Also the power required for AM is more when
compared with FM.So we should select a modulation scheme which consumes

less power and is less prone to noise.

PHASE MODULATION

Phase shift keying (PSK) is also called Phase modulation.The
signal differs by phase shift instead of frequency or amplitude. Typically, a signals
phase shift is measured relative to the previous signal.In such case, the term
differential phase shift keying(DPSK) is often used.Here n bits can be assigned a
signal having one of the 2" phase shifts,giving a technique in which the bit rate is

n times the baud rate.

FREQUENCY MODULATION

In frequency modulation, the frequency of the carrier signal is
varied in accordance with the instantaneous amplitude of the modulating signal,

without any variations in the amplitude of the carrier wave.



INTRODUCTION TO RECEPTION
The process of recovering the original modulating signail from a modulated wave
is known as demodulation or detection .The type of demodulation technique
employed depends on the technique used.This project uses FM transmission for
transmission of data.

To receive the FM signal the most popularly used technique is super
hetodyne reception.The forthcoming section deals with principle of super

reception.

SUPER HETERODYNE RECEPTION

it is the process of operation on modulated radio waves to obtain
similiarly modulated waves of a different frequency.in general this process uses
the locally geerated wave, which determines the change of frequency.The word
super stands for SUPER-sonic HET-aerodyne which means that the
heterodyning takes place with the resulting output frequency greater than audio.
Thus the principle of reception involves one or more changes of frequency before
the modulating signal is extracted from the modulated wave.The above principle
is used in the reception of FM waves.
Super heterodyne reception method has the following advantage
over other methods:
1.Improved selectivity.
2.lmproved receiver stability.
3.Higher gain per stage because the intermediate frequency (IF) amplifier
are operated at a lower frequency.

4.Uniform bandwidth because of fixed intermediate frequency.



DEMODULATION

The process of extracting modulating signal from a frequency
modulated carrier is known as frequency modulation or detection. The electronic
circuits that perform the demodulation process are called FM detectors.

The FM detectors perform the detection in two steps:

1.1t converts the frequency modulated signal into its corresponding
amplitude signal by using frequency dependant circuits ie, circuits whose output
voltages depends on input frequency from which original modulating signal is

detected. Such circuits are called frequency discriminators.

2.The original modulating signal is recovered from this AM signai
(converted from FM to AM in previous step)by using a linear diode enveiope
detector. This threshold can be improved by pre-emphasis and de-emphasis

circuits.



FM TRANSMITTER
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Fig 4.1

A simple but practical FM transmitter circuit is given in the Fig 4.1. This
circuit can be operated 9v supply. The signals are passed from the encoder
circuit to the base of the transistor Q1 through the capacitor ¢1.Q1 is a NPN
transistor and is collector is given positive supply through the resistance R3 while
its base is given the forward supply through the resistance R2 the voltage

signals are given to base of the transistor Q1 through the capacitor c1.

A capacitor ¢3 has also been connected between the collector and the
emitter of transistor q1.This capacitor triggers the oscillations . As soon as the
Audio signal is received at the base then the transistor starts to oscillate and is

generates FM frequency, which is given to the antenna through the capacitor .



SIMPLE CODE LOCK SYSTEM
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This is an electronic combination of lock, which responds only to
the right sequence of four digits that are keyed in remotely. If a wrong key is
pressed , it resets the lock. The lock code can be set by connecting the line wires
to the pads A,B,C,D in the fig 4.2.The circuit built around two CD4013dual d-flip
flop lcs. The clock pins of the four flipflops are connected to AB,C, and D
pads.The correct code sequence for energisation of relay RL1 is realized by
clocking points A,B,C, and D in that order.The five remaining switches are

connected to reset pad which resets ali the flipflops.



Working Of the circuit

The circuit working is based upon two CD4013 dual D flipflop Ics.
Each CD 4013 IC has a pair of D-FF with independent data,set,reset and clock
inputs and Q and Q bar outputs.Here,four digit code is generated using these
four B-FF available in Ics.in this it successively shift the low level pulse from first
to last FF when right keys are pressed in correct sequence and activate the relay
as final output if code entered is correct.For this, the first D-FF of IC1 has its data
input D1 grounded and output pin Q of each FF connected to input pin of next
FF. Also, as the logic levels present at D input of each FF is transferred to the Q
output only during positive-going transistion of the clock pulse , the correct
sequence pads A,B,C,and D are connected to clock pins of four FFs.
The four clock pins are normally held low through resistors R1 to
R4 seperately. But when switches connected to respective pads are pressed ,a
positive going clock pulse is generated to shift low level data input of one FF to
next FF.Out put of last Ffdrives PNP transistor T1 BC557 to activate relay
RL1after correct code is entered.Diode d1 avoids chattering of relay white LED 1
provides proper indication.Resistance R6 and R7 act as current limiting
resistors.Dc power supply is filtered using capacitors C1 and C2 and to avoid
indeterminate state duting switching ON operation power on reset capacitor c3is
connected at reset pad. Clear input of each FF(pinR)is grounded to avoid any
false triggering .As set pin is also active high input,all four set inputs are normally
held low through resistor R7 and also connected to a common reset pad.For
making task of guessing the correct code difficult any number of switches can be
combined to this reset pad.Pressing any wrong switch resets all FEs eliminating

any easy way to crack the code.



FM RECIEVER
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IC CXA1019s is a thirty pin DIL IC.Facility to connect a tuning indicator
has been provided in this IC apart from the various sections built within the IC.A
10.7 Mhz ceramic filter has been used in this circuit in place of the IFTS.An audio
output section is also built within the IC apart from all the necessary sections.The
audio output section of this IC has not been used in the give circuit.The signal
received at the IC pin number 24 is given to the pin 1 of the volume control and
the pin2 of the volume controllers connected to the audio output sections.This
section is not shown in the given circuit.

The IC pin no:27 is the positive supply pin which is given 9 volt supply
through a resistance R4.This supply is filtered by the capacitor ¢ AC pin no:7
and * are connected to the oscillator section and a coil L1 is connected at the pin
no:8.The capacitor ¢3 and a button trimmer B1 are connected parallel to this coil
L1.The desired frequency is selected by this trimmer RF coil L2 is connected at
the IC pin no 10 and a capacitor ¢7 and a button trimmer B2 are connected in
parallel to this coil.
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This transmitter is used for both ON-OFF control and message
transfer.The transmitter requires 9v supply.In the transmitter part,each signal is
encoded by encoder IC TX2 .The signal is converted by Intermediate frequency
by modulator. Derived RF signal is obtained by mixing the signal with mixer.

The filter circuit provides some frequency to pass while rejecting the much
lower frequency. Then the signal is fed to antenna.ln ON —Off control it controls
four applications.Here four switches are provided in the transmitter part.When a
key is pressed a corresponding frequency is generated and signal is encoded
amplified and transmitted via through antenna.

In message transfer these keys one is to shift the cursor position, other two
keys carry alphabets. In this transfer each alphabet has some time sequence
LCD display is provided to know what message is typed.
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This receiver is common for both on-off and message ttransfer. Antenna
receives only the corresponding bandwidth.The receiver requires 12V supply.The
RFC choke avoids the dc biased signals.Filter circuit provides the selected
signals by filtering out received signal and undesired frequency passing the
signal with the desired frequency band.Decoder RX2 is provided to detect the the
signal.

In on-off part four relays are provided,when a switch is pressed in
transmitter ,the corresponding relay is energized and it application made on or
off.

In message part, the display in through |LCD.Each alphabet carrier time
sequenced which is detected by decoder and corresponding alphabet is
displayed. The rerceiver part is connected with microcontroller unit.
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CODING FOR ON-OFF CONTROL SYSTEM

RAQ-RA4-———INPUTS
RB4-RB7-——-—-OUTPUTS

*fvoid delay2(char);
#include "pic.h"
#define RLY1 RB4
#define RLY2 RB5
#define RLY3 RB6
#define RLY4 RB7
#define IN1 RAO
#define IN2 RA1
#define IN3 RA2
#define IN4 RA3
void main()
{
TRISA=0X0F;
TRISB=0X00;
while(1)
{
if(RAO==1}
{
if(RLY1==1)
RLY1=0;
else
RLY1=1;
detay2(1);
}
if(RA1==1)

{
if(RLY2==1)



RLY2=0;

else
RLY2=1;
delay2(1);
}
if(RA2==1)
{
if(RLY3==1)
RLY3=0;
else
RLY3=1;
delay2(1);
}
if(RA3==1)
{
if(RLY4==1)
RLY4=0;
else
RLY4=1;
delay2(1);
1

Y/END OF WHILE
Y/END OF MAIN

void delay2(char rec)

{

int d1,d2,d3;
for(d3=0;d3<rec;d3++)
for(d1=0;d1<255;d1++)
for(d2=0;d2<325;d2++);
}



CODING FOR MESSAGE TRANSFER SYSTEM

#include "pic.h"
#include "led1.¢”
void delay2(char);
const char text[3][17]={"Loaded$","Distance:$" "Amount:$"};
const char
k1lookf]={",'0','1",'2','3",'4' '5''6",'7",'8' ‘9" 'A",)B",'C''D",'E''F",'G"'"H",'I','J" 'K 'L 'M' )N
const char
k2look[}={",/O",'P"'Q"'R'S"T" /U, V' W' /XY 'Z" ') )@ '#.'$ % V& ™ -+
char ii,add;
char k1,k2,k3;
void main()
{
ADCON1=0X07;
TRISA=0x0f;
TRISB=0X00;
TRISC=0X00;
init();
add=0x80;
while(1)
{
if(RA2==1)
{

delay2(1):

add++;

if(add>0x8f)

add=0xc0;
if(add>0xcf)
add=0x80;

k1=k2=k3=0;

while(RA2);



}

if(RAO==1)

{
delay2(1),
K1++;
if(k1>24)

k1=1;

address(add);
disp(k1lookk11);
while{RAQ);

}

if(RA3==1)

{
delay2(1);
k2++;
if(k2>24)

k2=1;

address(add);
disp(k2look[k2]);

while(RA3);

}

}

}

void delay2(char rec)

{

int e1,e2,e3;

for(e3=0;e3<rec;e3++)
for(e1=0;e1<155;e1++)
for(e2=0;e2<325;e2++),
}



CONCLUSION

The remote operation using wireless communication to
ON/OFF, message transfer and cordless speaker has been
designed and impiemented successfully.The complete system is
more reliable than the existing manual methods in the industrial
process.The integration of hardware and software provide efficient
operaion of the system. Moreover the developed system is quite
simple and user friendly and economical. The system has been
working satisfactorily with the designed values and the system will

fulfill the industrial requirement.

FUTURE ENHANCEMENT

“Change is the only changeless phenomenon in the world over”

We held this saying right from the inception of this
project.New technologies emerge and subside as time goes on,but
our project stands against winds of time.Our project can be enhanced
in the following ways.

% In the cordless speaker ,transmission range can be extend up
to a range of 3Km.

< In Message transfer,it is possible to fix the modified type of
Keypad.

< In On-Off control,it is possible to control the equipment from a

remote place by extend the range of transmission.
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PIC16F84A

18-pin Enhanced FLASH/EEPROM 8-Bit Microcontroller

High Performance RISC CPU Features:

« Only 35 single word instructions tc leam

« All instructions single-cycle except for program
branches which are two-cycle

» Operating speed: DC - 20 MHz clock input
DC - 200 ns instrustion 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

Peripheral Features:

13 1/Q 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

» TMRQO: 8-bit timer/counter with 8-bit
programmable prescaler

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 (QST)

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

» Code protection

+ Power saving SLEEP mode

+ Selectable oscillater options

Pin Diagrams

PDIP, SOIC
RAZ =—=[]=1 ~ 180 =—= RA1
RA3 =—=[]2 17 [] =— RAD
RA4/TOCK] =—=[] 3 T 18[]+——OSCICLKIN
MELR—=[4 O  15[]— OSCCLKOUT
ves—= [0 5 @ 141 =— Voo
RBOINT <=6 @ 13]=—+RE7
RB1 =[] 7 » 12[]=—RBS
RB2Z -—=[]8 11 [} =— RB5
RB3 =[] 9 16 [] =—= RE4
I
F SSOP
RAZ -t [0 ~ 20[] == RA1
RA3 -—[] 2 19[] =—= RAD
RA4/TOCK| =[] 3 T 18[]=+— OSCICLKIN
MCLR —= [ 4 O 17[J~— OSC2CLKOUT
vss —=[] 5 { 16[] =-— voo
ves —=[16 @  5sg=—voo
RBOJNT =[] 7 > 4[] =~— RBE7
RB1 =[] 8 13[] =—= RB&
RBZ =[]0 12[J == RB5 '
: rRB3 =——= [] 10 11 [] =—= RB4

CMOS Enhanced FLASH/EEPROM
Technology:

- Low power, high speed fechnology
- 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 @ 5V, 4 MHz
- 15 A typical @ 2V, 32 kHz
- < 0.5 pA typical standby current @ 2V
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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to imprave our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@mal.microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150.
We welcome your feedback.
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To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
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You can determine the version of a data sheet by examining its literature number found on the bottorn outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operationai differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

- Microchip’s Worldwide Web site; http:/Awww.microchip.com

« Your local Microchip sales office {see last page}

+ The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

When contacting a sales office or the literature center, please specify which device, revision of silicon and data sheet {include liter-
ature number) you are using.

Customer Notification System

Register on our web site at www.microchip.com/cn to receive the most current information on all of our products.
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1.0 DEVICE OVERVIEW

This document contains device specific information for
the operation of the PIC16F84A device. Additional
information may be found in the PICmicro™ Mid-
Range Reference Manual, (D$33023), which may be
downloaded from the Microchip website. The Refer-
ence Manual should be considered a complementary
document to this data sheet, and is highly recom-
mended reading for a better understanding of the
device architecture and operation of the peripheral
modules.

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

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

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

- External interrupt

+ Change on PORTB interrupt

« Timer0 clock input

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

FIGURE 1-1: PIC16F84A BLOCK DIAGRAM
_13 . DawaBus 8
Program Counter [ o EEPROM Data Memory
FLASH i ¢
Program <; ‘
M .
emory RAM EEPROM |
1K x 14 8 Lc(e;fg_ibsitt)ack File Registers 3 ‘ | Data Memory |
68x8
i
Program 7 .
Bus 1 4 RAM Adc L 3
i r T =y EEADR i
Instruction Register
r g _1 4 £
‘ i ‘ 7, indirect TMRO
| H 5 Direct Addr Jl s
FSRreg S
‘ RA4/TOCKI
! STATUS reg  <==m——=
b |
" Power-up @
Y Timer i g, _MOPorts
Instruction QOscillator ( -
Decode & o= | Start-up Timer
Control ! S
Pcé\n;iré{on S — ,—JE RA3:RAQ
Timin Watchdog e, .
Generatgi;on [~ Timer 2 RB7:RB1
7
% ~—[X] RBOINT
IS
OSC2/CLKCUT MCLR VDD, VSS
OSC1/CLKIN
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TABLE 1-1: PIC16F84A PINOUT DESCRIPTION
. PDIP | SOIC | SSOP | O/P Buffer -
Pin Name No. No. No. Type Type Description
QSC1/CLKIN 16 16 18 l ST/ICMOSBY | Osciltator crystal inputiexternal clock source input.
OSC2/CLKOUT| 15 15 19 O — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode. In RC mode,
OSC2 pin outputs CLKOUT, which has 1/4 the
frequency of 0SC1 and denotes the instruction
cycle rate.
MCLR 4 4 4 I/P ST Master Clear (Reset) input/programming voltage
input. This pin is an active iow RESET to the device.
PORTA is a bi-directional 1/O port.
RAD 17 17 19 1o} TTL
RA1 18 18 20 jO TTL
RA2 1 1 1 He) TTL
RA3 2 2 2 He; TTL
RA4/TOCK] 3 3 3 i) ST Can also be selected to be the clock input to the
TMRO timer/counter. Output is open drain type.
PORTB is a bi-directional /O port. PORTB can be
software programmed for internal weak pull-up on
all inputs.
RBO/INT 6 6 7 o | TTLWST RBO/INT can also be selected as an external
interrupt pin.
RB1 7 8 1/C TTL
RB2 8 8 9 o TTL
RB3 9 9 10 (Ho] TTL
RB4 10 10 1 o] TTL Interrupt-on-change pin.
RB5 | 11 12 118] TTL Interrupt-on-change pin.
RB6 12 12 13 o | TTLST® Interrupt-on-change pin.
Serial programming clock.
RB7 13 13 14 o | TTLST® Interrupt-on-change pin.
Serial programming data.
Vss 5 5 56 P — Ground reference for logic and I/O pins.
VDD 14 14 15,16 P — Paositive supply for logic and /O pins.
Legend: I=input O = Output /O = Input/Qutput 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 oscillater mode and a CMOS input otherwise.
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2.0 MEMORY ORGANIZATION FIGURE 2-1: PROGRAM MEMORY MAP
AND STACK - PIC16F84A

There are two memory blocks in the PIC16F84A.

These are the program memory and the data memory. [ PC<12.0>
Each block has its own bus, so that access to each CALL, RETURN 13
block can occur during the same oscillator cycle. RETFIE, RETLW
The data memory can further be broken down into the [ Stack I.‘EVEI !
general purpose RAM and the Special Function :
Registers {SFRs). The operation of the SFRs that Stack Level & i
control the “core” are described here. The SFRs used -
-
to contro! the peripheral modules are described in the RESET Vector % 2000
section discussing each individual peripheral module. Peripheral Interrupt Vector | 0004h

The data memory area also contains the data
EEPROM memory. This memory is not directly mapped i
into the data memory, butis indirectly mapped. That is, C:—J
an indirect address pointer specifies the address of the
data EEPROM memory to readfwrite. The 64 bytes of
data EEPROM memory have the address range
0Oh-3Fh. More details on the EEPROM memory can be
found in Section 3.0.

User Memory
Space

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

3FFh

2.1 Program Memory Organization

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

The RESET vector is at 06000h and the interrupt vector
is at 0004h,
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22 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.

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 confrol bils are located in the STATUS Register.
Figure 2-2 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 2.5). 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 0 is selected by clearing the
RPO bit (STATUS<5>). Setting the RP( bit selects Bank
1. Each Bank extends up to 7Fh (128 bytes). The first
twelve locations of each Bank are reserved for the
Special Function Registers. The remainder are Gen-
eral Purpose Registers, implemented as static RAM.

224 GENERAL PURPOSE REGISTER
FILE

Each General Purpose Register (GPR) is 8-bits wide
and is accessed either directly or indirectly through the
FSR (Section 2.5).

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

FIGURE 2-2: REGISTER FILE MAP -
PIC16F384A
File Address File Address
00h Indirect addr.(? | Indirect addr.t™ | &0h
01h TMRO OPTION_REG 81h
02h PCL PCL 82h
03h STATUS STATUS 83h
04h FSR FSR 84h
05h PORTA TRISA 85h
06h PORTB TRISB 86h
07h - - 87h
08h EEDATA EECON1 88h
0%h EEADR EECON2(™M 8%h
DAh PCLATH PCLATH 8Ah
0Bh INTCON INTCON 8Bh
0Ch 8Ch
68

General Mapped

Purpose (accesses)

Re%i/siers in Bank 0

(SRAM)
4Fh CFh
5Ch Dok
7Fh : FFh

Bank 0 Bank 1

[ Unimplemented data memory location, read as G
Note 1: Not a physical register.
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Special Function Registers

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

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

TABLE 2-1: SPECIAL FUNCTION REGISTER FILE SUMMARY

) ) ) . . . ) Value on i 5 rails
Addr Name Bit 7 Bit 6 Bit & Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Power-on

RESET |°" Page
Bank 0

00h |INDF Uses contents of FSR to address Data Memeory (not a physical register) P 11
0lth |TMRO 8-bit Real-Time Clock/Counter XXKX HHXXK 20
02h |PCL Low Order 8 bits of the Program Counter (PC} 0200 0000 11
03n |sTATUSH IRP | RP1 | RPO ] TO b | z } DC \ C  |o001 1xxx| 8
04h [FSR Indirect Data Memory Address Pointer O HAAK FHAAK 11
0sh  |PORTAH — _ — [RA4TOCKI| RA3 RAZ | RAT RAD | ---% xwx| 18
06h PORTBS) RB7 RB& RB5 RB4 RB3 RB2 RB1 | RBOJINT | soeor xooxac 18
07h — Unimplemented location, read as '0' — —
08h {EEDATA EEPROM Data Register xxxe xxxx | 13,14
08h [EEADR EEPROM Address Register wxxee x| 13,14
0Ah |PCLATH — — —  |Write Buffer for upper 5 bits of the PCI" ---3 agoo| M
OBh [INTCON GIE EEIE TCIE INTE | RBIE | ToF [ INTF | RBIF 0000 co0x| 10
Bank 1
80h |INDF Uses Contents of FSR to address Data Memory (hot a physical register) R 11
81h |OPTION_REG | RBPU [ INTEDG | Tocs | TOSE { PSA 1 PS2 | Pst | PSO [1111 1111 @
82h |PCL Low order 8 bits of Program Counter (PC) 0005 0OCD 14
83h |sTATUS @ IRP | RP1 [ RPO [ To ‘ PO } z | DC | € |cool 1wl B
84h |FSR Indirect data memory address pointer O KHHH XK 11
85h |TRISA - | - 1 = [PORTA Data Direction Register .--1 1111 16
86h |TRISB PORTRB Data Direction Register 1111 1111 18
87h — Unimplemented location, read as "0’ — —
88h |EECONT — [ -~ 1 — [ EeF [ WRERR | WREN | WR T RD |---0 xcoc| 13
8%h |EECON2 EEPROM Control Register 2 {not a physical register) e oo 14
0Ah  |PCLATH — — —  {Write buffer for upper 5 bits of the PCV ---5 occol M
0Bh |INTCON GIE EEIE TOIE INTE [ RBIE | TOIF | NTF | RBIF J0000 ooox| 10 |
Legend: x = unknown, u = unchanged. - = unimplemented, read as '0’, g = value depends on condition
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a slave register for PC<12:8>. The contents

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

AN

The TO and PD status bits in the STATUS register are not affected by a MCLR Reset.

Other (non power-up) RESETS include: external RESET through MCLR and the Watchdog Timer Reset.
On any device RESET, these pins are configured as inputs.

This is the value that will be in the port output latch.
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231 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

Note 1: The IRP and RP1 bits (STATUS<7:6>)

: The C and DC bits operate as a borrow

: When the STATUS register is the

as 000u uluu {where u = unchanged}.

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.

and digit borrow out bit, respectively, in
subtraction. See the SUBLW and SUBWF
instructions for examples.

destination for an instruction that affects
the Z, DOC or C bits, then the write to these
three bits is disabled. The specified bit{s)
will be updated according to device logic

Only the BCF, BSF, SWAPF and MOVWE instructions
should be used to alter the STATUS register (Table 7-2),
because these instructions do not affect any status bit.

REGISTER 2-1: STATUS REGISTER (ADDRESS 03h, 83h)
R/W-0 R/W-0 RMW-0 R-1 R-1 R/MWW-x RMW-x RAV-x
IRP RP1 | RPO TO PO | zZ oC c
bit 7 bit 0
bit 7-8 Unimplemented: Maintain as ‘0’
bit 5 RPO0: Register Bank Select bits (used for direct addressing)
£1 = Bank 1 {80h - FFh})
00 = Bank 0 (00h - 7Fh)
bit 4 TO: Time-out bit

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

o= AWDT time-out occurred
bit 3 PD: Power-down bit

1 = After power-up or by the CLRWDT instruction
= By execution of the SLEEP instruction

bit 2 Z: Zevo bit
1 = The result of an arithmetic or logic cperation is zero
0 = The result of an arithmetic or logic operation is not zerc
bit 1 DC: Digit carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions) (for borrow, the pelarity
is reversed})
1= A camy-out from the 4th low order bit of the result cocurred
0 = No carry-out from the 4th low order bit of the result
bit 0

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

Note: A subftraction is executed by adding the two’s compiement 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 = Whitable bit
- n = Value at POR 1" = Bitis set 0" = Bit is cleared

U = Unimplemented bit, read as ‘0’

x = Bit 15 unknown
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7.0 INSTRUCTION SET SUMMARY

Each PIC16CXX instruction is a 14-bit word, divided
into an OPCODE which specifies the instruction type
and one or more operands which further specify the
operation of the instruction, The PIC18CXX instruction
set summary in Table 7-2 lists byte-oriented, bit-ori-
ented, and literal and control operations. Table 7-1
shows the opcode field descriptions.

For byte-oriented instructions, 'f represents a file reg-
ister designator and 'd’ represents a destination desig-
nator. The file register designator specifies which file
register is to be used by the instruction.

The destination designater specifies where the result of
the operation is to be placed. If 'd" is zero, the resultis
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 ' 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.

TABLE 7-1: OPCODE FIELD
DESCRIPTIONS
Field Description

£ Register file address (0x00 to 0x7F)

W Working register (accumulator)

b Bit address within an 8-bit file register
k Literal field, constant data or label

x Don't care location (= 0 or 1}

The assembler will generate code with x = 0.
It is the recommended form of use for compat-
ibility with all Microchip software tools,

a Destination select; d = 0: store result in W,
d = 1: store result in file register f.
Defaultisd=1

PC Program Counter
TO Time-out bit
PD Power-down 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 instruc-
tion cycle, unless a conditional test is true or the pro-
gram counter is changed as a result of an instruction.
In this case, the execution takes two instruction cycles
with the second cycle executed as a NOP. One instruc-
tion cycle consists of four oscillator periods. Thus, for
an oscillator frequency of 4 MHz, the normal instruction
execution time is 1 us. If a conditional test is true or the
program counter is changed as a result of an instruc-
tion, the instruction execution time is 2 us.

Table 7-2 lists the instructions recognized by the
MPASM™ Agsembler.

Figure 7-1 shows the general formats that the instruc-
ticns can have.

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

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

Oxhh

where h signifies a hexadecimal digit.

FIGURE 7-1: GENERAL FORMAT FOR
INSTRUCTIONS
Byte-oriented file register operations
13 8 7 8 0
r OPCODE ‘ d ] f{FILE #)

d = 0 for destination W
d =1 for destination {
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 76 0

[_ OPCODE  [b(@IT#)| f(FILE#)

3-bit bit address
7-hit file register address

h=
f=
Literal and control operations

General

13 g8 7 0
j QPCODE k (literal)

k = 8-bit immediate value

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

k = 11-bit immediate value

A description of each ingtruction is available in the
PlCmicro™ Mid-Range Reference Manual (DS33023).
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TABLE 7-2: PIC18CXXX INSTRUCTION SET

Mnemonic, L 14-Bit Opcode Status
Description Cycles Notes
Operands MSh Lsk | Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS

ADDWF f.d Add W and f 1 g0 0111 dfff ffff| CDCZ 1.2

ANDWE f.d AND W with f 1 00 0101 dfff f£fff Z 1.2

CLRF f Clear f 1 0o 0001 1fSf £Lff z 2

CLRW - Clear W 1 00 0001 Oxxx XXXX z

COMF f.d Complement f 1 00 1001 A4fff E£ff z 1,2

DECF f,d Decrement f 1 00 0011 Adfff f£If£f Z 1,2

DECFSZ f.d Decrement f, Skip if 0 1{2) 00 1011 dfff £fff 12,3

INCF f,d Increment { 1 00 1010 dALff £fff z 1.2

INCFSZ f.d Increment f, Skip if O 1(2) 00 1111 dfff ffff 123 !

IORWF f.d Inclusive OR W with f 1 00 0100 dfff f£E£ff z 1.2

MOVF f.d Move f 1 00 1000 dfff £EFf Z 1.2

MOVWF f Move Wto f 1 00 0000 1fff fEfEf

NOP - No Operation 1 00 0000 Oxx0 0000

RLF f. d Rotate Left f through Carry 1 00 1101 dfff ffff c 1,2

RRF fd Rotate Right f through Carry 1 00 1100 dfff ffff Cc 1.2

SUBWF f,d Subtract W from f 1 oo gole dfff f£Eff) CDCZ 1,2

SWAPF f.d Swap nibbles in f 1 0o 1110 afff £ff£f 1.2

XORWF f.d Exclusive OR W with f 1 00 06110 dfff £fff Z 1.2

BIT-ORIENTED FILE REGISTER OPERATIONS

BCF f.b Bit Clear f 1 01  Qobb bIfff f££££ 1.2

BSF f.b Bit Set f 1 01 0lbb bffs f=£f 1.2

BTFSC f.b Bit Test f, Skip if Clear 1(2} 01  10bb bfff ffff 3

BTFSS f.b Bit Test f, Skip if Set 1{2) 01 11bh bfff f£f£Ef 3

LITERAL AND CONTROL OPERATIONS

ADDLW k Add literat and W 1 11 111lx kkkk kkkk} CDCZ

ANDLW K AND literal with W 1 11 1001 kkkk kkkk z

CALL k Calt subroutine 2 19 Okkx kkkk kkkk|

CLRWDT - Clear Watchdog Timer 1 g0 0100 0110 @¢lco| TOPD

GQOTO k Go to address 2 10 1kkk kkklk kkkk

ICRLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk i )

MOVLW K Move literal to W 1 11 0o0xx kkkk kkkk !

RETFIE - Return from interrupt 2 00 0000 0000 1001 |

RETLW k Return with literal in W 2 11 Olxx kkkk Kkkx |

RETURN - Return from Subroutine 2 90 0000 0000 1900} '

SLEEP - Go into standby mode 1 G0 0000 ©110 Qo011 TOPD

SUBLW k Subtract W from literal 1 11 110x kkkk kkkk| C.DCZ

XORLW k  |Exclusive OR literal with W 1 11 1010 kikk kkkk| Z |

Note 1: When an 7O 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 '0".
2:  Ifthis instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler wili be cleared if
assigned to the Timer(Q 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.

Note: Additional information on the mid-range instruction set is available in the PICmicro™ Mid-Range MCU
Family Reference Manual (DS33023).
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7.1 Instruction Descriptions
ADDLW Add Literal and W BCF Bit Clear f
Syntax: [labell ADDLW k Syntax: [fabef) BCF fb
Operands: 0<k=255 Operands: 0=<f<127
Operation: (W) +k = (W) ODsb=e7
Status Affected: G, DG, Z Operation: 0 - (f<b>)
Description: The contents of the W register Status Affected:  None
are added to the eight-bit literal 'k’ Description: Bit 'b' in register 'f" is cleared.
and the result is placed in the W
register.
ADDWF Add W and f BSF Bit Set f
Syntax: [labefy ADDWF fd Syntax: [label]l BSF fb
Operands: 0=f<127 Operands: 0<f<127
de 10,1] 0=bs7
Operation: (W) + (f) — (destination) Operation: 1 — (f<b>)
Status Affected: C,DC,Z Status Affected:  None
Description: Add the contents of the W register Description: Bit 'b" in register ' Is set.
with register 'f. If 'd’ is 0, the resutlt
is stored in the W register. If 'd" is
1, the result is stored back in
register 7.
ANDLW AND Literal with W BTFSS Bit Test f, Skip if Set
Syntax: [fabelj ANDLW Kk Syntax: [fabel] BTFSS fb
Operands: 0<k<255 Operands: D=<f<127
Operation: (W) AND. (k) = (W) 0<b<7
Status Affected:  Z Operation: skip if (f<b>) = 1
Description: The contents of W register are Status Affected:  None
AND'ed with the eight-bit literal Description: If bit 'b' in register 'f is '0", the next
'k'. The result is placed in the W instruction is executed,
register. If bit'b' is "1', then the next instruc-
tion is discarded and a NOF is exe-
cuted instead, making this a 2Tcy
ANDWF AND W with f Instruction.
Syntax: [fabeff ANDWF fd
Operands: 0<f<g127
d e [0,1]
Operation: (W} .AND. ({f) — (destination}
Status Affected: Z
Description: AND the W register with register

'T.If'd" is 0, the result is stored in
the W register. If 'd"is 1, the result
is stored back in register 'f'.
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BTFSC Bit Test, Skip if Clear
Syntax: [fabefl BTFSC {b
Operands: 0<f<127
0<be?
Operation: skip if (f<b>)=0
Status Affected: None
Description: If bit 'b’ in register ' is '1’, the next
instruction is executed.
If bit 'b’ in register T is '0’, the next
instruction is discarded, and a NOP
is executed instead, making this a
2Tcy instruction.
CALL Call Subroutine
Syntax: [fabel] CALL k
QOperands: 0 <k<2047
Operation: (PCYy+ 1= TGS,
k = PC<10:0>,
(PCLATH<4:3>) —» PC<12:11>
Status Affected: None
Description: Call Subroutine. First, return
address (PC+1) is pushed onto
the stack. The eleven-bit immedi-
ate address is loaded into PC bits
<10:0>. The upper bits of the PC
are loaded from PCLATH. caLLis
a two-cycle instruction.
CLRF Clear f
Syntax; [iabell CLRF f
Operands: 0<f<127
Operation: 00h — (f)
12
Status Affected: Z
Description: The contents of register T are
cleared and the Z bit is set.
CLRW Clear W
Syntax: [ label] CLRW
QOperands: None
Operation: 00h — (W)
127
Status Affected: Z

Description:

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

CLRWDT Clear Watchdog Timer

Syntax: [label] CLRWDT

QOperands: None

Operation: 00h — WDT
0 — WDT prescaler,
1-TO
1—PD

Status Affected:  TO, PD

Description: CLRWDT instruction resets the
Watchdog Timer. It alsc resets the
prescaler of the WDT. Status bits
TO and PD are set.

COMF Complement f

Syntax: [ label] COMF fd

Operands: 0<fg127
de [0,1]

Operation: (f) — (destination)

Status Affected: Z

Description: The contents of register ' are
complemented. If 'd"is 0, the
result is stored in W. If 'd’ is 1, the
result is stored back in register T

DECF Decrement f

Syniax: [fabel] DECFfd

Operands: 0=f<127
de [0,1]

Operation: (fy - 1 — (destination)

Status Affected: 2

Description: Decrement register . If 'd"is 0,

the result is stored in the W regis-
ter. If 'd' is 1, the result is stored
back in register 'f.
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DECFSZ Decrement f, Skip if 0

Syntax: [ label] DECFSZ fd

Operands: 0<sf=<127
de [0,1]

Operation: {f) - 1 — (destination),
skip if result = 0

Status Affected: None

Description: The contents of register ' are
decremented. If 'd" is 0, 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 instruc-
tion is executed. If the result is 0,
then a NOP is executed instead,
making it a 2TCY instruction.

GOTO Unconditional Branch

Syntax; [label] GOTO k

Operands: 0<k<2047

Operation: K —+ PC<10:0>
PCLATH=<4:3> — PC<12:11>

Status Affected: None

Description: GOTO is an uncenditional branch.
The eleven-bit immediate vaiue is
Joaded into PC bits <10:0>. The
upper bits of PC are loaded from
PCLATH=<4:3>. GCTO is a two-
cycle instruction.

INCF Increment f

Syntax: [fabel] INCF fd

Operands: 0=sf<127
de [0,1]

Qperation: () + 1 — {destination)

Status Affected: Z

Description:

The contents of register 'f’ are
incremented. If 'd’is 0, the resuit
is placed in the W register. If 'dis
1, the result is placed back in
register .

INCFSZ Increment f, Skip if 0
Syntax: [/abel] INCFSZ fd
Operands: 0<f<127
de [0,1]
Operation: (i + 1 — (destinaticn),
skip if result = 0
Status Affected: None
Description: The contents of register 'f are
incremented. If'd"is 0, the result is
placed in the W register. If 'd" is 1,
the result is placed back in
register .
If the result is 1, the next instruc-
tion is executed. If the resultis O,
a NoP is executed instead, making
it a 2TCy instruction.
IORLW Inclusive OR Literal with W
Syntax: [label] 1ORLW Kk
QOperands: 0<k<255
Operation: (W) .OR. k — (W)
Status Affected: 2
Description: The contents of the W register are
OR'ed with the eight-bit literal 'k'.
The result is placed in the W
register.
IORWF Inclusive OR W with f
Syntax: [fabell 1ORWF fd
Operands: 0<f<127
de [0,1]
Operation: (W) .OR. (f) — (destination)
Status Affected: 2
Description: Inclusive OR the W register with

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

Syntax: [ fabei] MOVF fd

Operands: 0<f<127
de [0,1]

Operation: (f) — (destination)

Status Affected: 2

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

MOVLW Move Literal to W

Syntax: [fabel] MOVLW k

Operands: 0<k<255

Operation: k — (W)

Status Affected:  None

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

MOVWF Move Wto f

Syntax: [fabel] MOVWF f

Operands: 0<f<127

Operation: (W)= (M

Status Affected:  None

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

NOP No Operation

Syntax: [label]l] NOP

Operands: None

Operation: No operation

Status Affected:  None

Description:

No operation.

RETFIE Return from Interrupt

Syntax; [labell] RETFIE

QOperands: None

Operation: TOS - PC,
1-» GIE

Status Affected:  None

RETLW Return with Literal in W

Syntax: [label] RETLW k

Operands: < k=255

Operation: k — (W),
TOS - PC

Status Affected:  None

Description: The W register is loaded with the
eignht-hit 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: [fabel] RETURN

Operands: None

Operation: TOS —» PC

Status Affected: None

Description: Return from subroutine. The stack

is POPed and the top of the stack
(TOS3) is loaded into the program
counter. This is a two-cycle
instruction.
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RLF Rotate Left f through Carry
Syntax: [jabel] RLF fd
QOperands: 0<f=127
de [0,1}
Operation: See description below
Status Affected: C
Description: The contents of register T are
rotated one bit to the left through
the Carry Flag. If 'd"is 0, the
result is placed in the W register.
If'd’ is 1, the result is stored back
in register '
RRF Rotate Right f through Carry
Syntax: [fabel] RRF fd
Operands: 0D<fg127
de [0,1]
Operation: See description betow
Status Affected: C
Description: The contents of register ' are
rotated one bit to the right through
the Carry Flag. If 'd’is 0, the resuit
is placed in the W register. If 'd'is
1, the result is placed back in
register 'f.
SLEEP
Syntax: [ label]l SLEEP
Operands: None
Operation: 00h — WDT,
0 — WDT prescaler,
1710,
0—FPD
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.

SUBLW Subtract W from Literal

Syntax: [ fabel] SUBLW k

Operands: 0£k<265

Operation: k- (W) — (W)

Status Affected: C, DC, Z

Description: The W register is subtracted (2's
compiement method) from the
eight-bit literal 'k’ The result is
placed in the W register.

SUBWF Subtract W from f

Syntax: [ label] SUBWF fd

QOperands: 0<f<127
de [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 0,
the result is stored in the W regis-
ter. If 'd'is 1, the result is stored
back in register 'f.

SWAPF Swap Nibbles in f

Syntax: [fabel] SWAPF f.d

Qperands: 0<f<127

de [0,1]
Cperation: (f<3:0>) — {destination<7:4>),

Status Affected:
Description:

(f<7:4>) — (destination<3:0>)
None

The upper and lower nibbles of
register 'f are exchanged. If 'd" is
0, the result is piaced in W regis-
ter. If'd'is 1, the resultis placed in
register 'f".
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XORLW Exclusive OR Literal with W
Syntax: [fabel] XORLW k
Operands: 0<k=<255

QOperation: (W) XOR. k= (W)

Status Affected: z

Description: The contents of the W register

are XOR’ed with the eight-bit iit-
eral 'k'. The result is placed in
the W register.

XORWF Exclusive OR W with
Syntax: [labell XORWF fd
Operands: 0<f<127

de [0,1]
Operation: (W) XOR. (f) — (destination)
Status Affected: Z
Description: Exclusive OR the contents of the

W register with register 't [f'd' is
0, the result is stored in the W
register. If 'd"is 1, the result is
stored back in register 'f'.
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SaMHoP Microelectronics Corp.

* * SM-T2/SM-R2
REMOTE CONTROLLER
WITH FIVE FUNCTION

GENERAL DESCRIPTION

The SM-T2 / SM-R2 is a pair of CMOS
chip, it was designed for remote controlled
car applications.

The SM-T2 / SM-R2 has five control keys
for controlling the motions ( i.e. forward,
backward rightward, leftward and the turbo
function ) of the remote controller car.

APPLICATION

" Remote confrol car etc.

PIN ASSIGNMENTS (TOP VIEW)

N
RIGHTB [_] 1 14 [ ] LEFTB
NCL_| 2 131 1NC
GNDL] 3 12 |1 osci
3ACKWARDB L_| 4 11 1 osco
FORWARDB L[| 5 10 1pc
TURBOBL ]| & 9 [ 1vDD
scl]7 8 L_1so
SM-T2

FEATURES

* Power supply : 2.4V - 5.0V

* Low stand-by current

* Five functions control

* Auto-power-off function for SM-T2

* Few external components are needed

N
VO2 [ 1 16 [ ] VI2
GND[ ] 2 15 [ ] VO1
SI[] 3 14 ] Vit

OSCI[| 4 13 ] VDD
OSCO[| 5 12 |_1 TURBO
RIGHT | & 11 [} FORWARD

LEFT ] 7 10 ] BACKWARD

RDB [ ] 8 9 T1LDB

SM-R2
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SAaMHOP Microelectronics Corp.  REMOTE CONTROLLER
WITH FIVE FUNCTION

3LOCK DIAGRAM

TESTB
SM-T2 Q
1
oscl O TIMING
OSCILLATOR |-—p
RIGHTB O——]
LEFTB O——* Laten "\ encoping O PC
TURBOB O— % cirCUIT CIRCUIT - LOGIC (O SO
FORWARDB O——» »0 sc
FORWARDB (O)—#
SM-R2
oscl O OSCILLATOR » __TIMING —-: COUNTER
08¢0 Ols GENERATOR {}
Sl o DECODING ™ A
CIRCUIT ] }
» L L w0 RIGHT
O ™01 () LEFT
CONTROL o LATCH O TURBO
vi2 O ™~ > op LOGIC () BACKWARD
L 7y L (> FORWARD

o O
LDE RDB
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SaMHoP Microelectronics Corp.

REMOTE CONTROLLER
WITH FIVE FUNCTION

>IN DESCRIPTION

SM-T2
Pin No. Pin Name Description
1 RIGHTB The rightward function will be selected, if this pin is connected to GND
2,13 NC
3 GND Negative power supply
4 BACKWARDB | The backward function will be selected, if this pin is connected to GND
5 FORWARDB | The forward function will be selected, if this pin is connected to GND
6 TURBOB The turbo function will be selected, if this pin is connected to GND
7 sSC Output pin of the encoding signal with carrier frequency
8 SO
9 VDD Positive power supply
10 PC Power control output pin
11 OSCO Oscillator output pin
12 0SsCl Oscillator input pin
14 LEFTB The leftward function will be selected, if this pin is connected to GND
SM-R2
Pin No. Pin Name Description
1 VO2 Inverter 2 output pin for power amplify
2 GND Negative power supply
3 SI Input pin of the encoding signal
4 OSCl Oscillator input pin
5 0SCO Oscillator output pin
& RIGHT Rightward output pin
7 LEFT Leftward output pin
8 RDB
9 LDB Leftward function disable, if this pin is connected to GND
10 BACKWARD | Backward output pin
11 FORWARD Forward output pin
12 TURBO TURBQ output pin
13 VDD Paositive power supply
14 Vi1 Inverter 1 input pin for power amplify
15 VO1 Inverter 1 output pin for power amplify
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