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SYNOPSIS

The Kilowatt-hour meter cum cost indicator using
embedded systems is a very reliable energy meter. It is designed so as to
measure and display the number of units consumed and its corresponding
cost. All houses, apartments, offices and industries are equipped with
energy meter. At present, analog energy meters are very commonly used.
In these energy meters, the number of units consumed for a certain period
can be found by calculating the difference between readings at the start
and end of the period in an energy meter. Our proposed energy meter
digitally displays the number of units consumed and corresponding costs
for it.

The Microcontroller we have used is PIC 16F877. It has
only 35 single word instructions and thus easily programmable. It has an
inbuilt ADC, which reduces the complexity of the circuit. In our project
we have used EEPROM data memory.

The interfacing to the LCD display is done directly
through the I/O ports of the PIC.We have also transmitted the data to the

pc through serial communication.
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CHAPTER 1

INTRODUCTION
1.1 Need For Our Project

Energy plays a significant role in development
of nation. Today there is a trend towards tremendous growth and
phenomenal modernization of electrical system throughout the world.
Energy is infact power integrated over a period of time. Energy meters are
essentially integrating instruments reading a continuous quantity and are
quite different from other integrating instruments. They measure power
over a period of time, integrating it into energy. Thus the amount of
electrical energy supplied to the customers is metered.

Induction type meters are the most common
form of AC energy meters used in everyday domestic and industrial
installations. There are various disadvantages encountered in analog
energy meters. Errors in conventional energy meters are mainly due to
forces at the rotor bearings and in register mechanism. These errors are
avoided in digital energy meters. In case of digital measurements the
readings obtained are precise and accurate. Our proposed energy meter
using embedded system displays the energy consumed over a period of
time and its corresponding cost and thus manual calculations are
eliminated.

In small industries, when the cost goes beyond
the limit luxury equipment like fans, refrigerators and air conditioners can

be turned off to reduce energy consumption.



1.2 ANALOG ENERGY METER

An energy meter is a device that is used to
measure the energy consumed by the electrical equipment connected to the
supply. The Induction Type Energy Meter is universally used in domestic

and industrial AC circuits.

1.2.1 PRINCIPLE OF OPERATION

The main principle of operation of analog
equipments mainly depends on magnetic field produced. In analog energy
meters the eddy currents produced due to magnetic flux plays an important
role in energy measurement. The single-phase energy meter consists of two
coils namely current coil and pressure coil. The current coil is made up of
few turns of thick wire and is connected in series with the load. The
pressure coil consists of few turns of thin wire and is connected in parallel
with the supply. An aluminum disc mounted on a spindle is placed
between two coils. The two fluxes produced by the two coils interact with
aluminium disc and produces eddy currents in the disc and hence the disc
starts rotating. The speed of the disc is proportional to the energy

consumed by the load.

1.2.2 DISADVANTAGES

Disadvantages present in analog meters are

The lifetime of analog meters are very less.

The readings obtained are not precise and accurate.
* The readings obtained can easily be tampered.

® Presence of mechanical moving parts.



1.3 ELECTRICAL ENERGY

The unit of energy is Joule, which is the work done when a force

of 1IN acts through a distance of 1m in the direction of the force.

Electrical energy voltage in  current in time in
in watt hour = volts * amps * hours
1.4 TARIFF

The rate at which electrical energy supplied to the customer is
known as tariff .The various types of tariff are
> Simple tariff
Flat rate tariff
Block rate tariff
Two port tariff
Maximum demand tariff

Power factor tariff

YV V'V V V VY

Three port tariff

The TNEB tariff for most of the organizations like schools,
colleges, hospitals, residential houses, hotels and shops falls in one of the

first three tariffs.
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CHAPTER 2
METHODOLOGY

2.1 SCHEMATIC DIAGRAM

The schematic diagram of our project is shown below in
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The voltage and current signals are sensed and
stepped down using potential transformer and current transformer
respectively. The voltage and current signals are then given to precision
rectifier to convert into an equivalent D.C signal. The current measurement
circuit is similar to the voltage measurement circuit except for the shunt
resistor included in the current measurement circuit.

The time lag between the voltage and the current
signal is calculated using a zero crossing detector along with an XOR gate
from which power factor can be calculated. The voltage signal, current
signal and the power factor are fed to the PIC microcontroller.

The PIC 16F877 is used to calculate the energy
and the cost for the number of units consumed. The voltage, current,
powerfactor, energy and the cost are displayed using a LCD.The PIC is

also interfaced to PC.
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CHAPTER 3
HARDWARE

3.1 POWER SUPPLY UNIT

Since all the power circuits work only with low
D.C. voltage we need a power supply unit to provide the appropriate

voltage supply. The general power supply unit is shown in fig.3.1

IC IR
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Fig 3.1 POWER SUPPLY UNIT N {mbatt
ey

' This unit consists of transformers, rectifiers, filters
and regulators. The input AC voltage diode rectifier then provides a full
wave rectified, typically 230Vrms is connected to a transformer to obtain
the desired step-down AC voltage. A diode rectifier then provides a full-
wave rectified voltage that is initially filtered by a simple capacitor filter to
produce a DC voltage. This resulting DC voltage usually has some ripple
or AC voltage variations. A regulator circuit can use this DC input to
provide DC voltage that not only has less ripple voltage but also remains
the same DC value even if the DC voltage varies, or when the load
connected to the output DC voltage changes.

The power supply unit comprises of two circuits,
one providing a +5V supply and the other providing +12V and -12V

supply. The circuit diagrams for the same are shown in the Figure 3.2.

10



LINQ XTddNS JIMM0d

Te sy

aNg @
AST
ad ot T 1Y ooot T
<
A NT.@ £ %
ATddNS IAMOd ATT +
an °
- AST -~
Ase M £d o001 ——
ad o & .
<
vugogass O o il

DY ADET

ATddNS YTIMOd AS +

11



3.1.1 RECTIFIER

The DC level obtained from a sinusoidal input can be
improved 100% using a process called full-wave rectification. It uses 4
diodes in a bridge configuration. From the basic bridge configuration we
see that two diodes (say D2, D3) are conducting while the other two diodes
(D1,D4) are in “off” state during the period t=0 to T/2. Accordingly for the
negative half cycle of the input the conducting diodes are D1and D4.Thus

the polarity across the load is the same.

3.1.2 FILTER

The filter circuit used here is the capacitor is connected
at the rectifier output, and a DC is obtained across it. The filtered
waveform is essentially a DC voltage with negligible ripples, while is

ultimately fed to the load.

3.1.3 REGULATORS

The voltage regulator is a device, which maintains the
output voltage constant irrespective of the change in supply variations,
load variation and temperature changes. The fixed voltage regulator is a
three terminal device which has an unregulated dc input voltage, Vi,
applied to one input terminal, a regulated output dc voltage, Vo, from a
second terminal, with the third terminal connected to ground .For a
selected regulator, IC device specifications list a voltage range over which

the input voltage can vary to maintain a regulated output voltage over a

12



range of load current. The specifications also list the amount of output
voltage change resulting from a change in load current or in input voltage.
Here we use two fixed voltage regulators namely
LM7812, LM7805 and LM7912.The IC7812 is a +12V regulator, IC7912
is a -12V regulator and IC7805 is a +5V, regulator. The series 78

regulators provide regulated voltages from -5 to -24 V.

3.2 VOLTAGE & CURRENT MEASUREMENT
3.2.1 SPECIFICATIONS

a)  Potential Transformer ratings

Primary: 230V AC

Secondary: 6V AC
b)  Current Transformer ratings

Pfimary: 15A

Secondary: 5A

3.2.2 VOLTAGE MEASUREMENT

Voltage measurement circuit comprises of a
potential transformer and precision rectifier. Potential transformer is used
for sensing and stepping down the voltage signal. Precision rectifier
converts the stepped down AC signal into an equivalent DC signal. The
DC output voltage signal is then given to the zero crossing detector and the

PIC microcontroller unit.

13
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3.2.3 ABSOLUTE VALUE CIRCUITS

An absolute-value circuit, or full-wave precision
rectifier, can be implemented by summing the output of a half-wave
rectifier and its input with the proper phase and amplitude relations. This
circuit will be the starting point for a number of other absolute-value
circuits, which have evolved from this basic form.

In this circuit, Al is an inverting rectifier similar
to the figure. The output from Al is added to the original input signal in
A2 (a summing mixer) with the signal amplitude and phase relations
shown. Negative alterations of Ein feeds A2 through 20-kQ resistor, and
El feed A2 through a 10-kQ resistor. The net effect of this scaling is that,
for equal amplitudes of Ein and E1, Elwill provide twice as much current
into the summing point. This fact is used to advantage here, as the
negative alteration of E1 produces twice the input current of that caused
by the positive alternation of Ein.

This causes a current of precisely half the
amplitude, which E1 alone would generate due to the subtraction of Ein. It
is the equivalent of having El feed through a 20-kQ input receiver and
having Ein non-existent during this half cycle, and it results in a positive
going output at A2. During negative alterations of Ein, E1 is absent and
Ein produces the alternate positive output swing that, in summation,
produces the desired full-wave rectified response. As before, operation

with the opposite output polarity is possible by reversing D1 and D2.

15



3.2.4 CURRENT MEASUREMENT

The current measurement circuit consists of
Current transformer of turns ratio 5:1.The Current Transformer’s primary
winding is connected in series with the line. The secondary of the Current
Transformer is connected to a precision rectifier network. The shunt
resistor of value 56 ohm is connected across the CT. Hence we have ac
voltage proportional to the current flowing through the primary of the CT
given as the input to the rectifier unit and by a similar procedure as seen in
case of voltage measurement, we get pure DC at the output stage of the

rectifier. The current measurement circuit is shown in figure 3.2.4.
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3.3. POWER FACTOR MEASUREMENT

The power factor measurement circuit consists of
PT, CT, zero crossing detector and finally an XOR gate. PT and CT are
used to sense the voltage and current signals respectively. Zero crossing
detector, converts the sine wave into square wave. The circuit is also called
a sine to square wave generator.

The square pulse outputs of the ZCD circuits are
given as an input to an XOR gate. The output of the gate depends upon the
input given. The truth table of XOR gate is

Y=AB’ + A’B.

TABLE: 3.3.1. TRUTH TABLE FOR

XOR GATE
A B Y
0 0 0
0 1 1
1 0 1
1 1 0

The XOR gate will produce the output when both
the inputs to the gate are not in the same state. So the output of the gate is
the indirect measure of phase angle between the voltage and current. A
timer is incremented in millisecond, which is equivalent to corresponding
phase angle in degrees. Leading or lagging power factor is determined

based on the pulse at the output of voltage’s Zero Crossing Detector .
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3.4 LCD DISPLAY

In our project, the readings obtained as shown on
an LCD display. An LCD consists of two glass panels, with the liquid
crystal material sand-witched between them. The inner surface of the glass
plate is coated with transparent electrodes, which define the character,
symbols or patterns to be displayed. Polymetric layers are present in
between the electrodes and the light crystal, which makes the liquid crystal
electrodes to maintain a defined oriented angle.

Polarisers are pasted outside the glass panels.
These polarisers would rotate the light rays passing through them to a
definite angle, in a particular direction. When the LCD is in off state, light
rays are rotated by the two polarisers and the liquid crystal, such that the
light rays come out of the LCD without any orientation, and hence the
LCD appears transparent.

When sufficient voltage is applied to the electrodes,
the liquid crystal molecules would be aligned in a specific direction. The
light rays passing through the LCD would be rotated by the polarisers,
which would result in activating /highlighting the desired characters. The
LCD’s are lightweight with only a few millimeters thickness. Since the
LCD’s consume less power, they are compatible with low power electronic
circuits, and can be powered for long durations. The LCD doesn’t generate
light and so light is needed to read the display. By using backlighting,
reading is possible in the dark. The LCD’s have long life and a wide

operating temperature range.

20
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CHAPTER 4
MICROCONTROLLER UNIT

4.1 PIC 16F877 ARCHITECTURE

The microcontroller that we have used is PIC
16F877. The PIC series comprises of PIC16F873, PIC16F874, PIC16F876
and PIC16F877. PIC16F873 and PIC16F874 are 28-pin packages. In our
project we have used the PIC16F877 for its outstanding features like:

High-performance RISC CPU

. Only 35 single word instructions to learn

o Up to 8K x 14 words of FLASH Program Memory

o Up to 368 x 8 bytes of Data Memory (RAM)

o Up to 256 x 8 bytes of EEPROM data memory

o Processor read/write access to program memory

o Wide operating voltage range: 2.0V to 5.5V

o High Sink/Source Current: 25 mA

22



Pin Diagram

PDIP

U 40 [ ] = RB7/PGD

OSC1/CLKIN ——» []
OSC2/CLKOUT «—— [
RCO/T10SO/T1CKI <—» []
RC1/T10SI/CCP2 «—» [
RC2/CCP1 <—» []
RC3/SCK/SCL <—» []
RDO/PSP0 <— [
RD1/PSP1 <—» [

28 [] «— RD5/PSP5
27 ] «—» RD4/PSP4
26 | | «—» RC7/RX/DT
25 [] «—» RCB/TX/CK
24 | ] «—» RC5/SDO

23 [] «—» RC4/SDI/SDA
29 [] «—>» RD3/PSP3
21 [] -—» RD2/PSP2

—
w

MCLRVPPTHY — [ 1
RAO/ANO <«—» [ 2 39 [] «—» RB6/PGC
RA1/AN1 <—[] 3 38 | ] «-— RB5
RA2/ANZ2/VREF- a— [ 4 37 | ] -— RB4
RA3/AN3/VREF+ «— [] 5 36 [ | «—» RB3/PGM
RA4/TOCKI «—»[] 6 35 ] «+—» RB2
RA5/AN4/SS <— [ 7 < 34 [] -—» RB1
REO/RD/AN5 <— [ 8 N 33[]<—> RBO/INT
REVWRANG <——>[J9 L 300 <— vio
RE2/CS/AN7 <— [ 10 l': 31 [] «— Vss
VoD —— [ 11 E 30 [] <«—> RD7/PSP7
Vss — 5 [ 12 e 29 [ ] «—» RD6/PSP6
O
o

N /S = ed e e w
O W o ~N O O b~

Fig 4.1: PIN DIAGRAM OF 16F877
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ARCHITECTURE:

Device Program Data Memory Data
FLASH EEPROM
PIC16F874 4K 192 Bytes 128 Bytes
PIC16F877 8K 368 Bytes 256 Bytes
13 . Data Bus 8 PORTA
riaon [ Progran comerl< T 3
Program 4
Memory RAM A 4
8 Level Stack " File ] |4
(13-bit) Registers T—
|
Program 14
Bus PORTB
Instruction reg :
LL Direct Addr 2
> >
4
8 PORTC
7 |«
K] a
Power-up " I d
v Timer ] 4+
Instruction QOsciltator -
Decode & Start-up Timer \Afu/ L
Control
Power-on
Reset 8 PORTD
Timing Watchdog
|Z<§={> Generation = Timer
OSC1/CLKIN Brown-out
OSC2/CLKOUT Reset L <f::>®
In-Circuit
Debugger
Low-Voltage
Programming Parallel Slave Port & PORTE
é I
,:c> <—>®
MCLR Voo. Vss <—’®
Timer0 Timer1 Timer2 10-bit A/D
Data EEPROM Synchronous
CCP1.2 Serial Port USART
Note 1: Higher order bits are from the STATUS register.

RAD/ANG
RA1/AN1
RAZ2/AN2/VREF-
RA3/AN3/VREF+
RA4/TOCKI
RAS/AN4/SS

RBO/ANT
RB1

RB2
RB3/PGM
RB4

RBS
RB6/PGC
RB7/PGD

RCO/T10SO/TICK!
RC1/T10S81/CCP2
RC2/CCP1
RC3/SCK/SCL
RC4/SDI/SDA
RCS5/8DO
RC&/TX/CK
RC7/RX/DT

RD7/PSP7:RDO/PSPO

REQ/ANS/RD
RE1/AN6/AWR
RE2/AN7/CS

Fig 4.2: ARCHITECTURE OF 16F877
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4,2 MEMORY ORGANIZATION:

There are three memory blocks in each of these
PIC MCU's. The Program Memory and Data Memory have separate buses

so that concurrent access can occur.

4.2.1 PROGRAM MEMORY ORGANIZATION:
The PIC16F87X devices have a 13-bit program

counter capable of addressing an 8K x 14 program memory space. The
PIC16F877/876 devices have 8K x 14 words of FLASH program memory.
Accessing a location above the physically implemented address will cause

a wrap around. The reset vector is at 0000h and the interrupt vector is at

0004h.

| PC<12:0>
CALL, RETURN 13 .
RETFIE, RETLW 7

Stack Level 1

Stack Level 2

Stack Level 8

Reset Vector GOUOh
L]
. —
.
Interrupt Vector Ccoddh
39065h
Page 0
CTFFl
800h
Page 1
On-Chip
o
Program < “FEED
19000

Memory P )
age

L7FFh
130¢oh

Page 3
\ 1FFFhL

Fig.4.3 PROGRAM MEMORY ORGANISATION
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4.2.2 DATA MEMORY ORGANIZATION

The data memory is partitioned into multiple
banks which contain the General Purpose Registers and the Special

Function Registers.

RP1:RP0O Bank
00 0
01 1
10 2
11 3

Table 4.1 BANK SELECTION

All implemented banks contain Special Function
Registers. Some “high use” Special Function Registers from one bank may
be mirrored in another bank for code reduction and quicker access.

The register file can be accessed either directly, or
indirectly through the File Select Register, FSR.

The special function registers are registers used by
the CPU and peripheral modules for controlling the desired operation of
the device. These registers are implemented as static RAM. The special
function registers can be classified into 2 sets: Core (CPU) and peripheral.

The registers present in SFR’s are explained in brief.

The STATUS register contains the arithmetic
status of the ALU, the RESET, status and bank select bits for data

26



memory. The OPTION-REG register is a readable and writable register,
which contains various control bits to configure the TMRO prescales/WDT
postscaler, TMRO and the weak pull-ups on port B.

The INTCON register is a readable and writable
register , which contains various enable and flag bits for the TMRO
register overflow, RB port change and external RBO/INT pin interrupts.

The PIE1 register contains the individual enable bits
for peripheral interrupts.

The PIRI register contains the individual flag bits for
peripheral interrupts.

The PIE2 register contains the individual enable bits
for CCP2 peripheral interrupt, the SSP bus collision interrupt and
EEPROM write operation interrupt’s

The PIR2 register contains the individual flag bits for
CCP2 peripheral interrupt, the SSP bus collision interrupt and EEPROM

write operation interrupt’s.

4.3 1/0 PORTS
There are totally 6 ports present in PIC16F877. They

are port A, port B, port C, port D, port E and parallel slave port.

PORTA AND THE TRISA REGISTER:

PORTA is a 6-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

27



bit (=0) will make the corresponding PORTA pin an output (i.e., put the

contents of the output latch on the selected pin).

PORTB AND THE TRISB REGISTER:

PORTB 1is 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 (=0) will make the corresponding PORTB pin an output (i.e., put the

contents of the output latch on the selected pin).

PORTC AND THE TRISC REGISTER:

PORTC is an 8-bit wide, bi-directional port. The
corresponding data direction register is TRISC. Setting a TRISC bit (=1)
will make the corresponding PORTC pin an input (i.e., put the
corresponding output driver in a hi-impedance mode). Clearing a TRISC
bit (=0) will make the corresponding PORTC pin an output (i.e., put the

contents of the output latch on the selected pin).

PORTD AND TRISD REGISTERS:

PORTD is an 8-bit port with Schmitt Trigger input
buffers. Each pin is individually configurable as an input or output.
PORTD can be configured as an 8-bit wide microprocessor port (parallel
slave port) by setting control bit PSPMODE (TRISE<4>). In this mode, the
input buffers are TTL.

28



PORTE AND TRISE REGISTER:
PORTE has three pins, REO/RD/ANS,
RE1/WR/AN6 and RE2/CS/AN7, which are individually configurable as

inputs or outputs.

4.4 ANALOG TO DIGITAL CONVERTER
The Analog-to-Digital (A/D) Converter module

has eight inputs for the 40 device.The analog input charges a sample and
hold capacitor. The output of the sample and hold capacitor is the input
into the converter. The converter then generates a digital result of this
analog level via successive approximation. The A/D conversion of the
analog input signal results in a corresponding 10-bit digital number. The
A/D module has high and low voltage reference input that is software
selectable to some combination of VDD, VSS, RA2 or RA3.

The A/D converter has a unique feature of being
able to operate while the device is in SLEEP mode. To operate in sleep, the
A/D clock must be derived from the A/D’s internal RC oscillator. The A/D
module has four registers.

These registers are:
» A/D Result High Register (ADRESH)
* A/D Result Low Register (ADRESL)
* A/D Control Register0 (ADCONO)
» A/D Control Register] (ADCON]1)
The ADCONO register controls the operation of
the A/D module. The port pins can be configured as analog inputs (RA3

can also be the voltage reference) or as digital I/O.
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4.5 TIMERS
TIMER 0 MODULE

The timer 0 module timer/counter has the following
features:
» 8-bit timer counter
» Readable and writable
» 8-bit software programmable prescaler
» Internal and external clock select
» Interrupt on overflow from ffh to ooh

» Edge select for external clock

The TMRO interrupt is generated when the TMRO
register overflows from ffth to ooh. This overflow sets bit TOIF
(INTCON<2>). The interrupt can be masked by cleaning bit TOIE
(INTCON<5>). Bit TOIF must be cleared in software by timer 0 module.
Interrupt service routine before re-sending the interrupt. The TMRO
interrupt cannot awaken the processor from sleep, since timer is shut-off

during sleep.
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SERIAL DATA COMMUNICATION
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CHAPTER S

SERIAL DATA COMMUNICATION

3.1 INTRODUCTION

Modem and other devices used to send serial data
are often referred to as data communication equipment or DCE. The
terminals or computers that are sending or receiving the data are referred to
as data terminal equipment or DTE. In response to the need for signal and
handshake standards between DTE and DCE, the Electronic Industries
Association (EIA) developed standard RS-232¢. This standard describes
the functions of 25 signals and handshake pins for serial data transfer. It
also describes the voltage levels, Impedance levels, rise and fall times,
Maximum bit rates, and maximum capacitance for these signal lines.
RS232-c épeciﬁes 25 signal pins and it specifies that the DTE connector

should be a male, and the DCE connector should be a female.

TABLE: 5.1. RS232 PIN ASSIGNMENTS

Pinl Received line signal detector ( data carrier detect )
Pin2 Received data

Pin3 Transmit data

Pin4 Data terminal ready

Pin5 Signal ground

Pin6 Data set ready

Pin7 Request to send

Pin8 Clear to send

Pin9 Ring indicator
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3.1. PIN DESCRIPTION
DTR (Data Terminal Ready)

When the terminal is turned on, after going
through a self-test, it sends out signal DTR to indicate that it is ready for
communication.

DSR (Data Set Ready)
When DCE is turned on and has gone through the
self-test, it asserts DSR to indicate that it is ready to communicate.
RTS (Request to Send)

When DTE device such as has a byte to transmit, it
asserts RTS to signal the modem that it has a byte of data transmit.
CTS (Clear To Send)

In response to RTS when the modem has room for
storing the data it is to receive, it sends out signal CTS to the DTE (pc) to
indicate that it can receive the data now.

DCD( Data Carrier Detect)

The modem assert signal DCD to inform the DTE
(pe) that a valid carrier has been detected and that contact between it and
other modem is established.

RI (Ring Indicator)

An output from the modem (DCE) and an input to
a pc (DTE) indicates that the telephone is ringing. It goes on and off in
synchronization with the ringing sound.

While signals DTR and DSR are used by the pc

and modem respectively, to indicate that they are alive and well, it is RTS
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and CTS that actually control the flow of data. RTS and CTS are also
referred to as hardware control flow signals.

This concludes the description of the most important pins of
the RS232 handshake signals plus TxD, RxD and ground. Ground is also
referred to as SG (signal ground).

5.2 CHARACTERISTICS OF MAX 232
5.2.1. ELECTRICAL CHARACTERISTICS OF MAX 232
Vee =6V.
V+=12V.
V-=12V.
5.2.2. INPUT VOLTAGE
T1in, T2 in =-0.3 to (Vcc + 0.3V)
R1 in, R2 in=+30V or -30V.
5.2.3. OUTPUT VOLTAGE
Tlout, T2 out = ((V+)+0.3V)to ((V-)+0.3V).
Rl out,R2out =-0.3Vto (Vcc+0.3V).
Power dissipation =375 mW.

Output resistance = 300Q).

34



35

SOFTWARE



CHAPTER 6

SOFTWARE

6.1 FLOW CHART:

l START I

GET THE
VOLTAGE
VALUE

&)

GET THE
CURRENT
VALUE

GET THE VALUE OF
POWERFACTOR

CALCULATE THE POWER
USING THE FORMULA
POWER =
VOLTAGE*CURRENT*POWER
FACTOR

CALCULATE THE ENERGY
USING THE FORMULA
ENERGY=POWER*TIME TAKEN

@
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©

INITIALISE PREVIOUS
ENERGY=0

TOTAL ENERGY = PREVIOUS
ENERGY +ENERGY OBTAINED

PREVIOUS ENERGY =
PREVIOUS ENERGY+ TOTAL
ENERGY

CHECK

WHETHER NO

THE KEY IS
PRESSED

[ YES

CALCULATE THE
COST FOR THE
ENERGY CONSUMED
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COST=TOTAL

ENERGY*65

COST=TOTAL

ENERGY*75

DISPLAY THE VALUE OF
CURRENT, VOLTAGE,
POWERFACTOR,

ENERGY AND-COSTIN THE
LCD DISPLAY

L STOP ]
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6.2 PROGRAM
#include<pic.h>  //V,I & PF in single chip PIC

#include<math.h>

static bit pbl @((unsigned)& PORTB*8+1);
static bit pb2 @((unsigned)& PORTB*8+2);
static bit pb4 @((unsigned)&PORTB*8+4);
static bit pb5 @((unsigned)&PORTB*8+5);

static bit input @((unsigned)&PORTE*8+0);

#define DISCTR ((pb4=0),(pb2=1),(pb1=0),(pb5=0),(pb5=1))
#define DISDAT  ((pb4=0), (pb2=0), (pb1=1),(pb5=0),(pb5=1))

static bit key2 @((unsigned) &PORTC*8+0);

void led init();
void led_rd ();
void led_wr();
void lcd_disp(unsigned char);

void lcd_condis(const unsigned char*,unsigned int);

void hex_dec(unsigned char);
void hex_dec_curr(unsigned int);
void hex dec pf(int);

void hex _dec_pow(unsigned int);

void hex_dec cost(unsigned int);

39



void hex_dec_ap(unsigned int);

void delay(unsigned int);

void ser_txn(unsigned char);

void ser_contxn(const unsigned char*,unsigned int);

void eeprom_wr(unsigned char,unsigned char);

char eeprom_rd(unsigned char);

unsigned char h,hr,t,0,ptt,pth,ph,pt,po,i;
unsigned char tkw,q,s,Lhi;

unsigned char dhl1,dh2,b,count,pf;
unsigned int p,ene,kw,cost,enel;

unsigned int pttr,pthr,phr;

float x,y;
bit fac,m,k1,k2;

void interrupt timerl(void)

{
if{(TMR1IF==1 && fac==1) //for power factor cal

{
TMR10ON=0;
TMRI1IF=0;
TRISC=0x10;

count++;
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TMR 1 H=0x{t;
TMR1L=0x9b;
TMR10ON=1;

1
S

else if(TMR1IF==1 && fac==0) //for time cal
{

TMR10N=0;

bt++;

if(b==15) /lfor 1 sec
{
b=0;

S++:

if(s==10) //for 10 sec
{
s=0;
m=1;
}
}
TMRI1IF=0;
TMR10ON=1;
}
}

main()
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ADCON1=0x02;

TRISE=0x07;

TRISB=0x00;

count=0;

TRISD=0;

TRISC=0xff;

led_init();

led_condis("POWER MONITORING",16);
delay(10000);

eeprom_rd(0x00);

ptt=q;

eeprom_rd(0x01); //read ENERGY from EEPROM
pth=g;

eeprom_rd(0x02);

ph=q;

eeprom_rd(0x03);

pt=q;

eeprom_rd(0x04);

po=q;

enel=(ptt*10000+pth* 1000+ph*100+pt* 1 0+po);

eeprom_rd(0x08);

ptt=q;

eeprom_rd(0x09); /lread ENERGY from EEPROM
pth=q;

eeprom_rd(0x0a);
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ph=g;

eeprom_rd(0x0b);

pt=q;

eeprom_rd(0x0c);

po=q;

tkw=(ptt*10000+pth*1000+ph* 100+pt*10+po);

GIE=1,;
PEIE=1;
TMRI1IE=1;
TMR1L=0x00;
TMR1H=0x00;
PORTD=0x01;
led rd();

while(1)

{

ADCONO0=0x00;
ADON=1;

delay(255);
ADCONO0=0x05;
while(ADCONO!=0x01);
dh1=ADRESH;

PORTD=0x80;
led rd();
led_condis("V :",3);
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hex dec(dhl);

ser_contxn("Voltage:",8);
ser_txn(h+0x30);
ser_txn(t+0x30);
ser_txn(o+0x30);

ser_contxn("  ",6);

ADON=0;
ADCONO0=0x08;
ADON=1,

delay(255);
ADCONO0=0x0d;
while(ADCONO0!=0x09);
dh2=ADRESH,;

PORTD=0x87;

led rd();
led_condis(" I.",3);
hex dec curr(dh2);

ser_contxn("Current:",8);
ser_txn(h+0x30);
ser_txn(t+0x30);
ser_txn('.");
ser_txn(o+0x30);

ser_contxn("  ",6);



GIE=1;

PEIE=1;
TMRI1IE=1;
TMR10ON=0;
hi=TMRI1H,;
I=TMRI1L,;
TMR1H=0xf{f;
TMR 1L=0x9b;
fac=1;
while(input==0);
TMR10ON=1;
while(input==1);
fac=0;

TMRI1L=];
TMR1H=hi,

x=count*1.8;
x=x*3.14;
x=x/180;
y=cos(x);
y=y*100;
pf=y;

PORTD=0xc0;
led rd();
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led_condis("PF:",3);
hex_dec_pf(pf);

count=0;

ser_contxn("PF:",3);
ser_txn(h+0x30);
ser_txn(".");
ser_txn(t+0x30);
ser_txn(o+0x30);

ser_contxn("  ",6);

p=dh1*dh2;
p=p/100;
p=p*pf;

if(m==1)

{

m=0;
p=p/360;
ene=enel+p;

enel=ene;

PORTD=0xc7;
led rd();
led_condis(" E:",3);

hex_dec_pow(ene);
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ser_contxn(" Energy:",8);
ser_txn(ptt+0x30);
ser_txn(pth+0x30);
ser_txn(ph+0x30);
ser_txn(pt+0x30);
ser_txn('.");
ser_txn(po+0x30);

ser_contxn("  ",6);

eeprom_wr(0x00,ptt);
eeprom_wr(0x01,pth);
eeprom_wr(0x02,ph);
eeprom_wr(0x03,pt);

eeprom_wr(0x04,po);

if(ene>=10000)

{

kw=ene/10000;
tkw=tkw+kw;
enel=ene%10000;

PORTD=0xc7;
led_rd();
led_condis(" E:",3);

hex dec_pow(ene);

hex dec_ap(tkw);

47



eeprom_wr(0x08,ptt);
eeprom_wr(0x09,pth);
eeprom_wr(0x0a,ph);
eeprom_wr(0x0b,pt);
eeprom_wr(0x0c,po);
}
}
if(key2==0 && k2==0) k2=1;
if(key2==1 && k2==1)
{
k2=0;
if(tkw>0 && tkw<=50)
{
PORTD=0x01;
led_rd();
PORTD=0x80;
led_rd();
led_condis("UNITS:",6);
hex dec ap(tkw);
led_disp(ptt+0x30);
led_disp(pth+0x30);
led_disp(ph+0x30);
led_disp(pt+0x30);
led_disp(po+0x30);

cost=tkw*65;
PORTD=0xcO0;
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led rd();

hex dec_cost(cost);

ser_contxn(" Cost:",6);
ser_txn(ptt+0x30);
ser_txn(pth+0x30);
ser_txn(ph+0x30);
ser_txn('.");
ser_txn(pt+0x30);
ser_txn(po+0x30);

ser_contxn("  ".6);

delay(50000);
delay(50000);
delay(50000);
delay(50000);
PORTD=0x01;
led_rd();

}
else if(tkw>50)

{

PORTD=0x01;

led rd();

PORTD=0x80;

led rd();
led_condis("UNITS:",6);
hex_dec ap(tkw);
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led_disp(ptt+0x30);
led_disp(pth+0x30);
led_disp(ph+0x30);
led_disp(pt+0x30);

led_disp(po+0x30);

cost=tkw*75;
PORTD=0xc0;
led rd();

hex_dec_cost(cost);

ser_contxn(" Cost:",6);
ser_txn(ptt+0x30);
ser_txn(pth+0x30);
ser_txn(ph+0x30);
ser_txn(".");
ser_txn(pt+0x30);
ser_txn(po+0x30);

ser_contxn("  ",6);

delay(50000);
delay(50000);
delay(50000);
delay(50000);
PORTD=0x01;
led rd();

}
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void led_init()

{

TRISD=0);

PORTD=0x38;

lod_rd(); .
PORTD=0x0c; P
led rd(); | -
PORTD=0x06;
led rd();
PORTD=0x01;
led rd();
PORTD=0x80;
led _rd();

}

o
v

void lcd_disp(unsigned char Ir)

{
PORTD=Ir;

led_wr();
}

void lcd_condis(const unsigned char *word,unsigned int n)

{
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for(i=0;i<n;i++)

{
PORTD=word[i];
led wr();

1
J

}

void lcd_rd()

{
DISDAT; //send data to lcd data lines
PORTD=0x04; //to select rs,rw=0;en=1
DISCTR; //send data to ctrl lines
delay(125);
PORTD=0x00; //t0 select rs,re,en=0
DISCTR; //send data to ctrl lines

}

void led_wr()

{
DISDAT; //send data to lcd data lines
PORTD=0x05; //to select rs=1,rw =0,en=1;
DISCTR; //send data to ctrl lines
delay(125);
PORTD=0x01; /Ito select rs=1,rw=0,en=0;
DISCTR; //send data to ctrl lines

}
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void hex dec(unsigned char val)

{
h=val/100;

hr=val%100;
t=hr/10;
0=hr%10;

led_disp(h+0x30);
led_disp(t+0x30);
led disp(0+0x30);
}

void hex dec_curr(unsigned int vai)
{

h=vai/100;

hr=vai%100;

t=hr/10;

0=hr%10;

led_disp(h+0x30);
led disp(t+0x30);
led disp('.");
led_disp(0+0x30);
}

void hex dec_cost(unsigned int pv)

{
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/" unsigned int pttr,pthr,phr;

ptt=pv/10000;
pttr=pv%10000;
pth=pttr/1000;
pthr=pttr%1000;
ph=pthr/100;
phr=pthr%100;
pt=phr/10;
po=phr%10;

led_disp(ptt+0x30);
led_disp(pth+0x30);
led_disp(ph+0x30);
led_disp('.");
led_disp(pt+0x30);
led_disp(po+0x30);

}

void hex_dec_pow(unsigned int pv)

{

unsigned int pttr,pthr,phr;

ptt=pv/10000;
pttr=pv%10000;
pth=pttr/1000;
pthr=pttr%1000;
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ph=pthr/100;
phr=pthr%100;
pt=phr/10;
po=phr%10;

led_disp(ptt+0x30);
led_disp(pth+0x30);
led_disp(ph+0x30);
led_disp(pt+0x30);
led_disp('.");
led_disp(po+0x30);
}

void hex_dec_ap(unsigned int pv)

{

ptt=pv/10000;
pttr=pv%10000;
pth=pttr/1000;
pthr=pttr%1000;
ph=pthr/100;
phr=pthr%100;
pt=phr/10;
po=phr%10;

}

void hex dec_pf(int pfval)
{
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h=pfval/100;
hr=pfval%100;
t=hr/10;
0=hr%10;

lcd_disp(h+0x30);
led_disp('.h;
lcd_disp(t+0x30);
led_disp(o+0x30);
}

void eeprom_wr(unsigned char addr,unsigned char wlr)

{

GIE=0; //desable all interrupts

EEPGD=0; /laccess EEPROM data memory
EEADR=addr; //select memory location to store setpoint
EEDATA=wlIr;

WREN=1;

EECON2=0x55;  //for enable write cycle

EECON2=0xaa; // .

WR=1; //start write operation
while(!EEIF);  //wait until write is finished

EEIF=0;
WREN=0;
GIE=1;

}
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char eeprom_rd(unsigned char radd)

{

EEADR=radd;  //select memory location to store setpoint
EEPGD=0; //access EEPROM data memory

RD=1;

q=EEDATA; //read the setpoint

return(q);

}

void ser_txn(unsigned char te)

{
SPBRG=51; //for 1.2 kb baud rate
BRGH=0; //for low baud rate
SYNC=0, //asynchronous mode
SPEN=1; //Enable the serial port
/I TX9=1; //enable the ninth data bit
TXEN=1; /lenable TXion
TXREG=te;
delay(2500);
TXIF=0;
}

void ser_contxn(const unsigned char *dat,unsigned int m)

{

unsigned int j;
for(j=0;j<m;j++)

57



{
TXREG=dat[j];
delay(1500);

}

}

void delay(unsigned int del)

{
while(del--);

}
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CHAPTER 7
CONCLUSION

Thus the system calculates the energy utilization

of a consumer over a certain period and its corresponding cost is calculated
according to the tariff imposed. The system also monitors the electrical
parameters like voltage, current, power factor, power, energy and also the
actual cost of consumption bypassing the need for manual calculation. The
system is interfaced with the personal computer and the data’s are

transferred to the computer through serial communication.

7.1 FUTURE ENHANCEMENT
1. ATTACHING A PRINTER FOR BILLING:

A printer can be attached to enable direct printing of the
electrical parameters like voltage, current, power, energy, no of units

consumed, cost and even the meter number and the EB division.

2. CUTTING THE LOADS AUTOMATICALLY:

Various luxury electrical appliances which consume high
power can be cut off at predetermined rates with the help of relays

interfaced the micro controller.
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bt Pt and PO e
RCAMSTAEDA. 15 15 #0 BT FIO4 can oo ba the P Datg In (581 RO o
et 1 T rmoda
ROSSE D0 1% ki W 37 RIS can ana ta Ihe SPDota 00l 157 okt
ROSTRNCK 177 17 o &Y ROE cun sizo by the LBART Asynohronous Trarmmit or
Bynchronous Clack
RCTROGTIT 8 18 W =T HOY can aino be the WEWRT Asynchrcnous Recoie o
Bynzhronous Daks.

k-1 8,19 219 P o Eround nefermnoe for oo and 1X pins

Wi pex] p] # o Postive suppky for fogie oee X piees.

begamd: 1= nput o = oadput O = Inpubioutpld P praver

— Nt s TTL =TTl inpu BT = Sehmit Tgger input

Hote 10 Thix bufer tn g Sotenth THgger Bput wian coniigured as the axiarns! inbamupt

2 This buffar is g Sehmit! Tigoer inpul whien uakd 0 seril
A This buffar is o Serenitd Tgose mpubwhan raTired I RC osodiaos ok s o CIMDS irgad otharo e,

EE
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PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION
. Tip pLCC GFP | woup Buffer .
Pin Name ping | Ping | Ping |Type | Type | DeSeiPEen
| —

OSC1CLKIN 13 1 30 1 sTICMOSH | Oscillator crystal inputfexternal clock souroe input.

OSC2CLKCUT 14 15 3 o} — Oweillator crystal cutput. Conneds ko crystal or resonator in
crystal oscillator mode. In RC mode, OBCZ pin cutputs CLK-
OUT which has 1/4 the fraquency of 05C1, and denotes the
ingtruction cycle rate.

WTCRAMATHY 1 2 18 IR 5T Masier clsar (resal) input or programming voltags input or high
woltage test maode contral. This pin is an active low reset to the
devioa.

PORTA is a bi-directional 152 port.

RAAND 2 3 19 [fle} TTL RAD can also be analcq inpuild

RA1AN1 2 4 20 [Eie] TTL RA1 can also be analog inputl

RAZIAMNZNVREF- 4 & 21 18D TTL RAZ2 can alsa be analog input2 or negative analg

reference waltage:

RAIANISREE+ & B 22 [Ie] TTL RA3 can also be analog input3 or positive analog

referance voltage

RAATOCKI [ 7 22 [Ee] ST RAA4 can also be the clock input ta the TimerQ timear

counter. Sutput |5 open drain type.

RAGTEIANY 7 8 24 Fe] TTL RAS can also ke anabg inputd or the slave select for the

synchronaus sarial port.
PCORTE is a bi-drectional 10 peet. PORTE ean be software
programrned for internal weak pulup on all inputs.

RBIVINT 33 38 [He] TTLsTD RBO can also be the external interru pt pin.

RB1 34 EX) WO TTL

RB2 35 28 10 [His] TTL

RBIPGM 36 29 11 9] TTL RB3 can also be the low voltage programming input

RB4 37 41 14 10 TTL Interrupt on change pin.

RB& 38 42 15 (o] TTL Intarrupt on changs pin.

RBE/PGC 39 43 18 [t} TTLST® Interrupt en change pin or In-Circuit Detugger pin. Senal

programming dock.

RBW/PGD 40 44 17 [te] TTLETE Interrupt an changs pin o In-Circuit Debugger Fn. Serial

pragramming dsta.
PORTC is a bidirectional IF0 port.

RCNTIOSOTICKI 15 16 32 [Ha] 5T RC0 can also be the Tiner1 oscillator output or a Timer1

clock input.

RC1TIQSIICCP2 16 18 35 RG 8T RC1 can also be the Timer1 osdillator input or Capture2

input’Compare2 outputPWM2 output.

RC2/CCP1Y 17 19 % s} ST RC2 can also be the Capturel inputCempare! output!

P cutput.

RC3/SCK/SCL 18 20 ar [lie] 8T RC3 can alsc be the synchronous srial clock inputfoutput

for both 5P1 and °C madss.
RCA/SDISDA 23 25 42 18] 5T RC4 can ko ba the 8P| Dats In (5P mode) or
data 110 {I*C modsj.

RCYSDO 24 26 43 [lie] &T RCS can also be the 5P Data Out
(SPI mede).

RCETXICK 25 27 44 o 8T RCS can also be the USART Asynchronous Transmit of
Synchronous Clock.

RCTRXDT 26 3 1 [lie] 8T RCT can also be the USART Asynchronous Receive or
Synchronous Data,

Legend: | =input 0 = cutput 1¥C = inputioutput P = power

— = Mot used TIL =TTL input ST = Schmitt Trigger input
Note 1: This bufferis a Schmitt Trigger input when configured as an external interrupt.

2: This bufferis a Schmilt Trigger input whan usad in sarial programming made.

3 This bufieris a Schmitt Trigger input whan configured as general purpoee 10 and a TTL input when used in the Paraliel Slave
Purt mode {for interfading to 3 microprozesscr bus).

4: This buffer is a Schmitt Trigger input whan configured in RC oscillator mode and 3 CHMOS input otherwise.

DS30292B-page &
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TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION
Pin Name oip PLEC QFP | Bowp Buffer Description
b Ping | Ping Ping | Type Type P
|

OSC1OLKIN sTiIomos® | Oseillator erystal inputfexternal clock source input.

OSCCLROUT 14 15 31 9] — Oscillator crystal cutput. Connacts o crystal oc resanator in
erystal oscillator mode. In RC moda, GSC2 pin outputs CLK-
QUT which has 174 the fraquency of O5C1, and denotes the
instruction cycle rate.

WTCRAPRITHY 1 2 18 P 5T Master chsar {resat) input or programming woltags input or high
voltage test mcde control. This pin is an active low reset to the
devios.

PCRTA is a bi-directional 152 port.

RANAND 2 3 19 o TTL RAI can alsa be analeg inputd

RAYANT 2 4 20 WG TTL RA1 can also te analng inputl

RAZIANZVIEF- 4 & 21 o TTL RAZ can also be analag input or nagstive analog

referenca voltage

RA3ANINREF+ 5 [ 22 (o] TTL RA3 can also be analog inpul3 or positive analog

reference woliage

RANTOCK! ] 7 23 [Ks] 8T RA4 can also be the clock input to the TimerQ timar

sounter. Quipat i open drain type.

RAGTEEIANS 7 ] 24 e} TTL RAS can also ke analog inputd or the slave select for the

synchronous sarial port.
PORTE is a bi-directional /0 pert. PORTB ean be software
programmed for inlernal weak puilup on all inputs,

RBI¥INT 33 38 8 o TTLET RBU can also be the external interrupt pin.

RB1 34 7 g 153 TTL

RB2 35 28 10 [fis] TTL

RB¥PGM 36 29 1 [lis] TTL RB3 can also be the low woltage programming input

RB4 37 41 14 155 TTL Interrupt on change pin.

RBb 38 43 15 [fin] TTL Intarrupt cn changa pin.

RBEPGC 39 43 18 [fis] TTLSTD Interrupt on change pin or In-Circuit Detugger pin. Serial

programming deock.

RB#PSD 40 a4 17 0 TTLETE Interrupt en change pin or In-Circuit Debugger pin. Serial

programming data.
PORTL is a bidirecticnal IO port.

RCOT10OSCHITICK] 1§ 18 32 0 ST RC0 can also be the Timer) oscillator output or a Timer1

clock input.

RCAIT1QSHCCP2 16 18 35 e} 8T RC1 can also be the Timer1 osdllator input or Capture2

inputiCompareZ putput/PWM2 output.

RC2ICCP1 17 19 W ¥o ST RC2 can also be the Capture! inputComparel output/

P¥IA1 cutput.

RCSCKSCL 18 20 37 [lie] aT RC3 can also be the synchronous serial clock inputfoutput

for both SP! and I°C medas.
RCABDISDA 23 25 42 L8} ST RC4 can ako be the SPi Data In (SP1 modsj or
data 1O {1%C mods).

RCSSDO L] 26 4% K9] 8T RCS can also be the SPI Data Out
{SPI made).

RC&TX/ICK 25 27 44 l{e] ST RC8& can also be the USART Asynchranous Transmit of
Synchronous Clock.

RCTRXDT 28 2 1 [tis} 8T RC7 can also b the USART Asynchroncus Receive or
Synchronous Data.

Legend: 1 =input QO = cutput 110 = inputoutput P = peaver

— = Mot ussad TIL=TTL input ST = Schmitt Trigger infput
Mute 1: This bufier is a Schmitt Trigger input when configured as an external interrupt.

2: This buffer is @ Schmitt Trigger input when used in sarial programming mada.

3: This bufferis a Schmiit Triggar input whan configured as general purpose 112 and a TTL input when used inthe Paralizl Slae
Port mode {for interfading to a misroprozessor bus).

4: This bufferis @ Schmitt Trigger input whean configured in RC oscillatar mode and a CMOS input otherwise.

0S20292B-page 8
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PIC16F87X

FIGURE 2-3: PIC16F877/876 REGISTER FILE MAP

File
Address
Indirect addr.™?| ooh Indirect addr ) apn | Indirect adar? | 100n | Indirect addr | 480n
THRO 01h OPTION_REG| 81h TMRO 101h OPTIOM REG|] 181h
PCL 02h PCL azh PCL 102h PCL 182h
STATUS 02h STATUS a3h STATUS 103h STATUS 183h
FSR 0dh FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 0Eh TRISB &6h PORTB 106h TRISB 186h
PORTC a7h TRISC &7h I 107h 187h
PORTOD ™ | 08h TRISD " | agh 108h 188h
PORTE® | Q9h TRISE™ | ash 10%h 185h
PCLATH Q& PCLATH 8ah PCLATH 104h PCLATH 184h
INTCON 0Bh INTCOM 4Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Bh PIE2 aDh EEADR 100h EECONZ 1800
TMRIL | CEh PCON___| &En EEDATH | 10Eh  [TReserved® | 1gEn
TMR1H OFh AFh EEADRH 1GFh Reserved® 18Fh
T1CON 10h 9bh 110h 180h
THMR2 11h SSPCON2 | 91h 111h 191h
T2CON 12h PR2Z 92h 112h 192h
SSPBUF 13h 8SPADD S3h 113h 193h
SPCON 14h SSPSTAT | 94h 114h 194h
CCPR1L 15h Q5h 115h 1656h
CCPR1H 16h a6h 118h 195h
CCPICON | 17h 97h Genaral 117h Ganeral 197h
Purpose Purposea
RCSTA 18h TXSTA 98h Register 118h Register 198h
TXREG 15h SPBRG 93h 16 Bytes 113h 16 Bytes 195h
RCREG 1Ah 94h 114h 184h
CCPR2L 1Bh I 9Bh 11Bh 19Bh
CCPR2H 1Ch ACh 11Ch 19Ch
ccP2coN | 10h SDh 110h 180h
ADRESH | 1Eh ADRESL 9Eh T1Eh 18Eh
ADCONO 1Fh ADCON1 9Fh 11Fh 19Fh
2Ch A0h 120h 140h
Ganearal Ganeral Geaneral General
Purpose Purpose Purpose Purpose
Registar Registar Register Register
96 Bytes 80 Bytes EFh 80 Bytes 16Fh 80 Bytes 1EFh
ACCEETES FOh accesses 170n A0Cesses 1Foh
70h-7Fh Dh-7Fh FOh-7Fh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
Unimplemsnted data memory locations, read as ‘0.
* Not a physical register.
Note 1: These registers are not implemanted on 28-pin devices.
2: Thase registers are reserved, maintain these registers clear.
L _ s
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222

Tha Spedal Function Registers are registers used by
the CPU and peripheral modules for controlling the
desired operation of the device. Theso registars are
implemented as static RAM. A list of these reqgisters is

SPECGIAL FUNCTION REGISTERS

given in Table 2-1.

The Special Function Reqgisters can be dassified into

two sats; corg (CPUY and peripheral. Those registers

peripheral feature section.

associated with the core functions are described in
detail in this section. Those related to the opearation of
the peripheral features are described in detail in the

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY
Valus on: Value on
Addres | yama Bi7 | Bie | Bits Bit 4 git2 | Btz | Bit1 | Bitd poRr, | Al other
-3 resets
BOR .
i)
Bank D

Diht® INDF Addressing this kooation usas conlents of FSR ko address data memary [ned a physical regislen oppo upae | soee 204s
01h THRG Timerd madule'’s register oexx xxx | uoun uuun
02nt8 pClL Pragram Counter’s (PC) Least Significant Byl sros aeac|opee gans
g | STAIUS me | mt | omee | 0 | po |z | e | C Jasen aeexfeoeg quaa
[idht4 FSR Indireci data memary address painter xxxx % | wurs waun
Dsh PORTA [ — I = | PORTA Data Latch when itten: PORTA pins when read «-px 860 ) --ou oons
06h PORTE PORTB Data Laikch when writen: PORTR pins when read xxrx x| winas uuuy
Oth PORTC PORTC Data Latch when written: PORTC pins when read xxwX xXxK | wuun wruL
i el PORTD PORTO Data Latch whan written: PORTD pins when read Xy wxex [ waun
wh® | FORTE = - = — 1 — | Rrez | Ref REO | ---- -xmx| -~ -
OAREY) | PCLATH L — o Wirile Buffer for the upper 5 kits of the Pragram Counter -eey goal | -~ G
ORKN IMNTCON GIE PEIE TOIE INTE RBIE TOF INTF RBIF poeo oaex | 6op0 aanw
0ch PIRY PSPIE®) ALIF RCIF TAF S8PIF CCPIIF | THMREF | TMRIF | cowo oneo | sooe aoss
00h PIR2 L e 3] e EEIF BCLIF - e CCP2IF | -r-5 n--g]-r-o &--3
DEh TMRIL Holding register for the Lesst Significant Byie of the 16-bit TMR1 reqgister auocx oo § wms uuu
OFh TMRIH HDldI’IE mg'stﬁr for the Most SEﬁﬁmﬂ Byte of the 16-bit TMRA register Jocen Xxxe § usug uuau
1th TICON = b= | mckpst | TeKPso | TIOSCEN | TISYHC | TMRICS [ TMRION | --20 csen | - -uu usun
11h THR2 Timer2 module's regster OnBn GHeC ] A0S 2443
1zh T2C0N & ) moutesa | Tourpsz | Toutpst | TouTpso | TMR2ON | T2CKPS1 | T2CKPS0 | -ros asec | -oos sass
1%h SSPBUF Synchronous Serial Port Recsive BufferfTransmit Regisier xXwx wkxx | wines wiun
14h SSPCON weor | sspov | sepen | cke | ssom3 | sspmz | sspmt [ SSPMO [ooso aseo]vens coss
15h CCPRIL CapturaCompane W Registert (LSB) scerx xex | wman uuug
1Eh CCPRIH CaEmre!CnmerePWM Register (M5B} oxxz xwsoe | wuu waue
ith CCPICON . B CCMX oMY CCPIME | COPIKZ | CCPIM | COPIMG [ --25 oosc)] --o2 gass
18h RCSTA SPEN RX8 SREN CREN ADDEN FERR OERR RAED | pows asox | aoee canx
16h TXREG LISART Transmit Dads Register OE3O Uusc | 5O 0063
1&h RCREG UBART Reoane Dabs Register ppos ango | sopo ouss
1Bh CCPRIL Capture/Compara ¥ Registee2 (LEB) soxxn xxce | wunu suwy
1Ch CCOPRIH CaplursCompaneP Wi Ragister? (MSB) xexn xxxx | woau uuus
1Dh__| CGP2CON Ii—:[m — | copax | copey | copa Jocrzmz [ copami [ CCP2Mo |00 anso|--oo sass
1Eh ADRESH | AD Result Register High Byle soxexn xxaox | wawg uuun
1Fh ADCON ADCST I ADCSD [ CHS2 CH31 CHS0 I D%%F — ADOM | zo0e oo-o | evoo o0-g
Legend: x = unknown, u = unchangsad, g= valua depends on condition, - = unimplemented read as ‘0", r = resarved.

Note 1:

Fapwe

Shaded locations are unimplemented, rsad as ‘0",
The uppar byte of the: program counter is not direclly accessible. PCLATH is a helding register for the PC«<12:8> whoss
contents are fransferred to the upper byte of the program counter.

1 Other {non power-up) resats include extermnal reset through MCLR and Watchdog Timer Reset.

Bits PSPIE and PSPIF are resarved on the 28-pin davices; always maintain thess bits clsar.

: Thess registers can be addressed from any bank.

PORTD, PORTE, TRISD, and TRISE are not physically implementad on tha 28-pin devices, read as ‘07
PIR2<6» and PIE2<&> are reserved an these devices; always maintainthesa bits clear.

& 1999 Microchip Tachnalogy Inc.
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——
TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Value on
Addres . . . . B . Value on: all ather
Nama Bit7 Bit & Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit9 POR,
s resets
BOR i2)
et
Bank 2
100h1® | INOF Ardrassing this kbcation uses contents of FSR 1o address data memary [net 2 physical regisiar) QGDO 00060 | 0000 D000
101h THRD Timery module's recister sexxn xoexs | uuu uuve
1i2h9 | PCL Program Counker’s (PC) Least Significant By Cooo Bene | sneo Sass
10ht8 | swaTus Re | mrem | meo ™o po |z | e | ¢ [eser vwfrong quux
10408 | FS5R Indirect dea meamoey address painter xwxy xxkx | wuuu waun
1ish e Unimplamented e —
106h PORTB PORTE Data Laich when witen: PORTE pins when gﬂ — soocx x| wuun g
10th — Unimplemented - —
1M8h - Unimpemented: = o
iGh | Hnifmplemented : s =
104h04 | PCLATH e o - Write Bulfer forthe upper § bits of the Program Gounter ~--2 auec |-~~~ caen
108ht | INTCON GIE PEIE TOIE e | meE | tor | mtE | RBIF [rooe coux]amoe sana
10Ch EEDATA EEPROMN data register e seex §uuns wauy
100h EEADR EEPROM addnass ragister xxxz x| wimes waun
10Eh EEDATH e e l EEFPROM data register high byto wxmx xxxx | wuuu uuuu
10Fh ot PR £F

Bank 3
18304 | INDF Adressing this kafion uses contents of FSR o address data memory {ret a physical register) oppe UnsD | aons auus
1aih | 2ETONR | rppp | IMTEDG l TOCS I TUSE | PSA I paz I P31 I P30 |1112 a2:1]aian aane
182hi9 | PCL Program Counter’s (PG} Least Significant Byte toes asae | enon uaes
1830 | sTATUS R | met | mm | o | o ]z [ b | Jomer seex|scen quun
184h18 | FSR Indineet data memory address pointsr exxy x| wmns vuwz
= ; Unimglsmmted — e

11131 2332 f1111 1331

— P pig Winite Buffer for the upper 5 bits of tha Program Counter wen3 gec] ---¢ 0as

18Bh#8 | INTCON GIE PEIE TIIE INTE RBIE TUIF {MTF RBIF oo gsex | so0d ddew
18Ch EELONT EEPGD e e e WRERR | WREN WR RD x- - XKEBE | x-- - ugos
180k EECON2 EEPROM conirol register? (not & physical register) RTINS EE
18Eh ‘— lRﬁmmd maintsin clear noos aasy lsiso wuos
18Eh — Resarvad maintsin chear apoo gautfauon eoan

Legend:

Note 1:

2
3
4:
5
&

% = unknown, u = unchanged, g = value depends on candition. - = unimplemented read as 0", r = reserved.
Shaded locatians are unimplamanied, read as 0",
The upper byte of the program countsr is not direcly accessible. PCLATH is a helding register for the PC <1 2:8> whose
cortents are transferred to the upper byte of the program courter.

1 Other (non power-up) resets include external reset through MCLR and Watchdog Timer Resst.
: Bits PSFIE and PSPIF are reserved on the 28-pin davices; always maintain thess bits clear.

Thiasa registers can ba addressed from any bank.

: PORTD, PORTE, TRISD. and TRISE are not physically implemantsd on the 28-pin devices, read as ‘0.
¢ PIR2<fi~ and PIE2<€> are reserved on theae devices: always maintain these bits clear.

@ 1999 Microchip Technology Inc.
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2225 PIR1REGISTER

The PIR1 register contains the individual flag bits for Note: - Interrupt flag bits get set when an'interrupt
the peripheral interrupts. condttion oecurs, regardless of the state of
its comesponding enable bit-or the global
erable bit, GIE (INTCON=T>). Ussér soft-
waare: should ensure the appropriate inter-
rupt bits are- dear prior to enabling an
intarupt.

REGISTER 2-5: PIR1 REGISTER (ADDRESS 0Ch)

RW0 RWO R0 RO RWO RWO0 RWO RWO
[pspIF"[aDF _[RCIF[1xXF_ [ssPIF_[ccPiiF [TMR2IF[TMRTF | [R = Readabls bi
bit? oo W = Writable bit
- n= Yalug at POR reset

bit 7: PSPIFY: Parallel Slave Port Read/Writs Intsrrupt Flag bit
1 =A read or awrite operation has taken placs {must be clearad in softwars)
2 =No read or write has cccurred

bit 6: ADIF: A/D Converter Intarrupt Flag bit
1 = An AJD cornwersion completed
2 = The AJD conversion is not complete

bit 5: RCIF: USART Recaive Interrupd Flag bit
1 = The USART receive buffer is full
o = The USART racsive buffer is empty

bit 4: TXIF: USART Transmit Intsrrupt Flag bit
1 = The USART transmit buffer is @mpdy
o = The USART trensmit buffer is full

bit 7: BEPIF: Bynchronous Serial Port {S5P) Interrupt Flag
1 =The SSP interrupt condition has oocurmed, and must be cleared in software befors retuming from the irterrupt ser-
wice routine. The conditions that will sst this bit are:
3Pl
A fransmission/reception has taken placs.
1C Slave
A fransmissionfrecsption has taken plae.
#C Magter
A transmissionfrecaption has taksn place.
The initisted start condition was completed by the SSP moduls.
The inifated stop condition was complated by the SSP maduls.
The initiatad restart condition was complated by the SSP module.
The initiated acknowledge condition was completed by ths SSP moduls.
A start condition occurrad while the SSP moduls was idle (Multimaster systam).
A stop candition cezurmad while the SSP modula was idle (Multimaster systam).
U = No SEP interupt candition has occurred.

bit 2: L GP1IF: CCP1 Intermupt Flag bit
Gapture Mode
i = A TMR1 register capture occurred {must be cleared in software)
0 =No TMR1 register capture occurred
Compare Mode
L = ATMR1 register compare mateh cocumed (must be clearsd in software)
& =No TMR1 register compans match occurmed
P¥WM Mcde
Unused in this mode
bit 1: TMR2IF: TMR2 to PR2 Match Interrupt Flag bit
1 = TMRZ to PR2 match cccurred {must ba cleared in software)
& = No TMR2 to PR2 match occurred
bit ©O: TMRAIF: TMR1 Overflow Interrupt Flag bit
1 =TMR1 ragister ovarflomsd (must bs clearsd in softwars)
o = TMRA1 register did not avarflow
Note 1: PSPIF is reserved on 28-pin devices; ahkvays maintain this bit clear.
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3.0 VO PORTS

Some pins for these 11O ports are multiplesed with an
alternate function for the periphsral features on the
device. In ganeral, when a peripheral is enabled, that
pin may not be used as a general purpose XD pin.

Additional information on I/0 ports may be found in the
PICmicro™ Mid-Range Refarence Manual,
(DS33023).

3.1 PORTA and the TRISA Reqgister

PORTA is a 8-bit wide bi-directional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit {=1) will make the comesponding PORTA pin
an input {i.e., put the coresponding output driver in a
hi-impedance mode). Clearing a TRISA bit (=0 will
maks the comrasponding PORTA pin an cutput i.e., put
the contants of the output 1atch on the salectad pin).

Reading the PORTA register reads the status of the
piris, whereas writing to it willwrite to the port latch. All
writs operaions are read-modify-write operations.
Therefore, awrite to a portimplies that the port pins are
read, the value is modified and then written t the port
data laich.

Pin RA4 is mutltiplexed with the TimerQ module clock
input to bacome the RA4/TOCKI pin. The RAATOCKI
pin is a Schritt Trigger input and an open drain output.
All other PORTA pins have TTL input levels and full
GMOS output drivers.

Other PORTA ping are multiplexed with analng inputs
and analbg VREF input. The operation of each pin is
selacted by clearing/sstting the control bits in the
ADCON1 register (A/D Control Register 1),

" Note: ' On a Power-on Raset, thisss pins are ton-
: - figured as analbyg inputs and read a3 '@
The TRISA register confrols the directon of the RA
pins, esan when they ams baing used as analag inputs.
The usar must snsure the bitsin the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 3-1: INITIALIZING PORTA
BCF STATUS, RPO
BCF STATUS, RP1  ; Bankd

CLRF PORTA ;o Inltiallize PORTR by
clearing cubput
; data latches
; S2legt Bank 1
Conrigure all plins
3s aigital inputs
; Value used to
inttlalize data
airaction
MOVWF  TRISA ; SEt RA«l:0» as inputs
; RR<B:4» &8 ouLputs
5 TRIZR«T :&» ars always
; TeRQ 4y 0.

BSP STHRTUE, RPG
MOVLK oxpé

MOVRE  ADCICH)
MOVIK  OXIF

FIGURE 3-1: BLOCK DIAGRAM OF
RAJ:RAD AND RAS5 PINS
Data
Bus
s} Q
WR Sinn

D 0 H 10 pint™

—
This
gLl & Bl PE
Ardog
TRIS Laich et
L
RD TRIS TTL
It
//l Buffer
[v] D
T EM
RO PORT
ToAD Corverter

Hots 1. VO pins hawve protaction diodes to VIID and VSS,

FIGURE 3-2: BLOCK DIAGRAM OF RA4/
TOCKI PIN
Data
Bus, oo
WR
PORT cR-a
Data Laich
4 D b
WR
IBE i

TRIS Lalch

RO TRIS
1 o n

EN
RD PCRT >° —l

_, TMRE dock input

Mote 1: /O pin has protection dicdes to WSS only.
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32 PORTB and the TRISE Reaister

PORTB is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit {=1) will make the comrasponding PORTE pin
an input (i.e., put the comresponding output driver in a
hi-impedance mode). Clearing a TRISB bit {=0) will
make the corresponding PORTB pin an output {i.e., put
tha contants of the output Iatch on the salected pin.

Three pins of PORTE are multiplaxed with tha Low Vol
age Prograrmming function; RE¥PGM, RBEFPGC and
RB7/PGD. The alternate functions of these pins are
described in the Special Features Saction.

Each of he PORTR pins has a weak internal pull-up. A
gingle control bit can turn on all the pull-ups. This is per-
formed by clearing bit RBPLU (OPTION_REG<7>). The
weak pull-up is automatically turnad off when the port
pin is configured as an output. The pull-ups are dis-
abled on a Power-on Reset.

FIGURE 3-3: BLOCK DIAGRAM OF
RB3:RBO PINS

PLn]
REPDA 4:},__' waak
pul-up
Dita B Lata Lateh
= S o
[Lin}
WR Port CKW_ p'nm
RIS |aich
a—]0 Q ITTL ‘7
t
WRTRIS CKTN_ Egﬁer
l?
RD TRIS
< a D
RDIH EM
RBOANT 1 ﬁ

RB3IPCH - I
mit Triggar
Biutfer RD Pert

Note 1: 15 pins have dinde profection to Voo and Ves.
2; To enzble weak pul-ups, st the appropriate TRIS bitfs)
and clearthe Rlﬁ’l] Lt (QPTICN_REG<7»).

Four of PORTB's ping, RE7:RB4, have an interupt on
change feature. Only pins configured as inputs can
cause this intemrupt to occur {i.e. any RB7:RB4 pin con-
figured as an output is excluded from the interrupt on
change comparison}. The input pins {of RB7:RE4) are
compared with the old value latchad on the last read of
PORT8. The *mismatch” outputs of RBY:RB4 are
OR'ed together to genarata the RB Fort Change Intar-
rupt with flag bit RBIF [INTCQON<0=).

. Note: When using Low Voltage |CSP Programming (LVP} and the pull-ups on PORTB are an ableﬁit 3 inthe
TRISB ragister must b cleared todisable thapull-up on RB3 and ensura the proper tlparatian of tha davica:

PIC16F87X

This interrupt can wake the device from SLEEP. The
user, in fie interupt service routine, can clear thainter-
rupt in the foliowing manner:

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

by  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 clearad.

The interrupt on change featurs is recommended for
wake-up on key depression operation and operations
whers PORTB is only used for the interrupt on change
feature. Polling of PORTB is not recommended while
using the interrupt on change feature.

This interrupt on mismatch featurg, together with soft-
ware configureable pull-ups on these four pins, allow
easy interface to a keypad and make it possitle for
wake-up on key-depression. Refer to the Embedded
Control Handbook, “implementing Wake-Up on Key
Strake” (ANBSSZ).

RBOANT is an external interupt input pin and is config-
ured using the INTEDG bit (OPTION_REG=6>).

REBO/ANT is discussad in detail in Section 12.10.1.

FIGURE 3-4: BLOCK DIAGRAM OF
RB7:RB4 PINS

Wap

FEROR —D_| E-W"‘
pul-up

Dala Bus ’__Data Latch

o

CKYy_ pirf"

WR Port

p

1

WRTRIS

TTL
A

Butler

—Az—%’é
B

=]
=
£
B

a1

Sel RBIF

Fram other L a o

RBYRB4 pins RO Port
EN

;

RB7:RB6 in serial programming mode

Hote 1: VO pins have diods pratection to Voo and Vss
2. Toenable weak pull-ups, set the approprate TRIS bit(s)
and desartha bit (OPTION_REG<7¥=).

4 1999 Microchip Technology Inc.
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3.5  PORTE and TRISE Register

This section is not applicable to the PIC16FS73 ar
PIC16F8TE.

PORTE has three pins, REGRI/ANS, RE1NRIANG
and REZ:’C_.@AN?, which are individually configurable
as inputs or outputs. These pins have Schmitt Triggar
input buffers. .

QO PORTE becomes control inputs for the micropro-
cessor port when bit PSPRMODCE (TRISE<4>) is set. In
this mode, the user must make sure that the
TRISE<2:0> bits are set {pins are configured as digital
inputs). Ensure ADCON1 is configured for digital 120, In
this mode, the input buffers ara TTL.

Register 3-1 shows the TRISE register, which also con-
trols the parallel slave port oparation.

PORTE pins are multiplexed with analog inputs. When
selected as ananalog input, these pins will read as 0's.
TRISE controls the direction of the RE pins, even when
they are being used as analog inputs. The user must
make sure to Keep the pins configured as inputs when
using them as analog inputs.

FIGURE 3-8: PORTE BLOCK DIAGRAM (IN
1O PORT MODE)
Data
Bis b o —.[>—‘._g]
%RT 190 pirfY
oK
Dita Lateh
»— D O
TRis
dhis | Sehmitt
E Ky Trigges ‘7
]
TRIS Latch ;:rtff”h
N
R TRIS
Q D
EN
RD PORT —|

Hote 1: 100 pins have prolection dodes 1o Voo and Yes.

- Nots:  OnaPoweron Resat, thase pins arg con-

figured as analog inputs.

REGISTER 3-1: TRISE REGISTER {ADDRESS 89h)

Parallel Stave Port Statys/Control Bits

kit 7 - IBF: Input Buffer Full Status bit

I = Noword has been received
bit &: QBF: Output Buffer Full Status bit

1 = The output buffer has baen raad

¥ = No overflow accurred

bit 4: PSPMUDE: Parallel Slave Port Mode Salect bit
1 = Parallel slave port mods
2 = Ganeral purpose 11O made

kit 3: Unimplemented: Read as 0
PORTE Data Dirsction Bits

bit 2: Bit2: Direction Control Lit for pin REQTSVANT
1 = Input
3 = Output

kit 1:  Bitt: Direction Control bit for pin RE1STRANE
1= Input
g = Clutput

bit 0:  Bitd: Direction Control bit for pin REVRT/ANS
1 = Input
a = Output

1 = The output buffer still hiolds a previeusly written word

1 = Aword has baen received and is waiting to be read by the CPU

kit §: IBOV: Input Buffer Cwearflow Detact bit {in microprocessar moda)
1 = Awrite occurred whan a previeusly input word has not been read imust be cleared in software)

RO RO  RMW-0  RMW-0 U-0 RAW-T  RA-1
[ 1eF ] osF T BOV [PSPMODE | — | | bitt | bi0 | [R = Readable bit
Eit? bio | W= Writabls bit

U = Unimplementad bit,
read as ‘0’
-n= Value at POR reset

D530292B-page 28
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4.0 DATA EEPROM AND FLASH
PROGRAM MEMORY

The Data EEPROM and FLASH Program Memory are
readable and writable durng normal operation oves the
entire Voo ranga. A bulk erase cperation may not be
tssued from user cods (which indudes remosinyg code
pratection). The data memory 15 not dirsctty rreapped n
he register ke space. Instead i ks ndirecly addressed
through the Speciat Funstion Registers (SFR).

Thers are sk SFRSs used b read and wribe the pirogram
and data EEPROM mamory. Thes: rgkslers are:

« EECONY

* EECONZ
* EEDATA

* EEDATH
* EEADR
+ EEADRH

The EEFROK data memory allow's byl read and wiile.
When interfacing to the dats memory biock, EENIATA
hoids the 8-bit data for read Al and EEADR holds the
address of the EEPROM location beng accessed. The
redisters EEDATH and EEADRH ara nol used tor data
EEPROM access. These desices have up to 253 byles
of dala EEPROM with an address range from th o
FFh.

The EEPROM data memoey 15 rabad for high erase
write cycles. The wrile fime is conirolled by anon-chip
timer The wilts ima will vary with voitags and temper-
alire, as wall 25 rom chip-to-chip. Please nier i ihe
spadications for exact imits.

The program mermary allows woed reads ared wiites.
Program mamory aceass aliows 1or checksum calcuta-
tion and calibration fable storage. & byle o word wrile
automalicaly erases ihe localion ard wriikes the new
data (ersss babe wiite), Wittng & program memaory
will caase operation unll e wribs Is complate. The pro-
gram memory cannot be acressed during the write,
theratone code camnot exacute. Dwring the write cpera-
ton, the oschlator continues 1o clock the perpherals,
and therekes they continue 1 oparate. Inkermpt events
will be detarted and sssentially “quesead™ urti the wrils
i completed. When the write completes, the next
instruction in the pipeiine Is exacuted and the branch o
thie Inbeerupt vactor addrsss wil ocour,

When Intertacing to the program memary tlock, the
EEDATH.EEDATA regkters form a o tyte word,
which holds the 14-bit data for readwnle. The
EEADRH:EEADR regsiers fom a o tyle word,
which holds the 13-bit address of the EEPROM kca-
Hion being accessad. Thesa davices can have up to 8K
words of pragram EEPROM wilh an addess range
from €h 1o 3FFFh. The unused spper s N both the
EEDATH and EEDATA registers all read &8 05"

The value writien bo program memary does not nead 1o
be a vald instruchon. Therefore, up o 14-bit numbers
can be siared In memory for use as callbralion param-
eders, serid numbers, packed 7-HE ASCH, ete. Exacul-
Ing a program mnory location contalning data that
Torms an Imealid Instruction msults N a3 nop

41 EEADR

The adidress regisiers can address up loa maomum of
56 tytes of dats EEPROKM of up o @ maximum of 8K
worts of program FLaSH,

When sekciing a program address value, tha MSEyle
of the addiess s wittken to ihe EEADRH register and
the LSByie s wiitlen 1o the EEADR egiskr.  wWhen
selecling a data address valus, only the LSBye of the
addnass i wriiten 1o the EEADR reglsier.

Cn the PIC16FBTSETY devices with 128 byles of
EEPROM, Ihe MSDH of the EEADR must dways be
cleared 1o prevent inatvarient access to the wrong
leation. This ako applies to the pragram memory. The
Lpper MEGits of EEADRH mus] aways be clkar

42  EECON1gnd EECON? Registers

EECCGH1 ts the canirol registar Ior memory acresses.

EECCNZ 15 nol a phgsical register. Reading EECONZ
wil read al '0s The EECON2 regkter |15 used
exdusiwly 0 the memaory witle sequence.

Control bit EEPGD deferrines If the acosss will be a
program or a data memory acoses.  When clear, any
subsequent operations wil operale on the data mem-
ory. ‘Whe set, any subsequent opeeations will operats
on {he pragram memiary.

Control bits RO and WR intliabe read and wiite opera-
Hons, respectiely. Thase tits cannot be ceared, anly
sel, In software. They ame deared n hartware at ihe
completion of the read oo write operalion. The Inablity
to ceer the WR Bt in software presants the gcoidental
o prematuns termnation of 2 wrile oparation.

The WREN bit, when set, will alloa a wiite cperation.
O power-up, the WREM tit s cikar. The WRERR Dt s
sel when 8 write operation 1s nterrupled by a ACCR
resat ora WHT tme-out resat duing nprmal cperation.
In thesse sitations, tlkowtng esel, the user can check
the YWRERR. bit and rewrile the bcation. The walue of
thes data and address registers and the EERPSD bit
remEns unchanged.

Interupt iag bt EEIF, In tha PIR2 ragisler, 1s sstwhen
wiite 5 complets. (T must ba claared In softaars.

2 1888 Mormochip Technclogy Ing.
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4.8

Er fon Against Spuricus Wi

4.8.1 EEPRCHM DATA MEMORY

Therm are condibons when the devios may not swani o
wribe 10 the data EEPROM mermory To protect agalnst
spurious EEPROM writes, various mechanisms have
been buitl-in. ON power-up, e WREN Wt ks clearad.
Alsp, he Powerup Timer (72 mes duraiion) presents
EEPROM writa,

The write niiiale sequsnce and the WREN bit ingather
help prewent an accidental wiibs during brown-out,
power gich, orsoftwars malfunction.

4.8.2 FROGRAM FLASH MEKORY

To pratect agalnst spurlous arites o FLASH program
mamory, thia WRT bit In the configuration word rmey be
programmed to O to prevent wrikes. The wrile Infiale
sequance must atso be aliowed. WRT ard tha conflg-
uration wond camot be programmed by user code, only
through the use of an exiems prograrmmer.

49 Opemation during Code Protect

Each reprogrammrable mermary bkck has s oan coos
protect mechanism. External Resd and Watte opera-
tiores are disatied It either of these mechanisms are
erablad.

A4.89.1 DATA EEPROM MEMORY

Thig rmicrocontroler tselh can both read and write to the
Intemal Data EEPROM, regardess of the stata of the
oade project configuration tit.

482 PROGIRAM FLASH MEMORY

The microconirdler can read and exectie Instiructions
autaf iheinlemal FLASH program memory, regandless
af the state of the code protect configuratian bits. How-
enver he WRT configuraton bitand the cods pratect bitts
haws different efieck an withing to program mamory.
Table 4-1 showes the warbus comfiguratiars and status
of reads andwrites.  To ersse the WRT or osde protec-
Hn Wk (0 the coniguration word requires that the
demce be Tuly ersead.

TABLE 4-1: READ'WRITE STATE OF INTERMAL FLASH PROGRAM MEMORY
Configuration Bits , Internal Internal .
prey oFo T Memory Location Read Witte 12E5P Read | ICSP Wriba
o o x Al prOgram rmeamary = Hio o M
o 1 Jal Unpratected asas s Hi s [0 *]
<] 1 © Protected ansas b= HD My e}
) 1 1 Linprotechad amas =3 hiz2 iz bk
o 1 a Protecied areas = Ho No 2]
1 D & Linprotechasd amrsas s Ho Yog [ =)
1 2 < Frojectad ansas Yos Ho No [ o]
1 o 1 Unpictectad ansas You oS Yes (e}
1 o 1 Protected aneas es Ho Mo o
1 1 o Al program memary Yos Ho Yes =
1 1 1 All program memary s s Yo Wos
TABLE 4-2: REGISTERS ASSCLIATED WITH DATA EEPROMPROGRANM FLASH
Value on: Value on
Address Marme Bit 7 Bit 6 Bit0 POR, all other
BGR resols
uBh, 8Bh, | mNrcon GE PEIE TRIE RBIF | conn soow
106h 18Eh
1Hoh EEADR. IEEFMJ sedckems regl ahor RAHE NI frerTren
1En eaneH ] — | — | —  Jeermomueoresren
1cn EEDGTA [EERROM ot ranitar
1R EEDIH — e JEEFPRON satn s vian
1BChH eEcont | EEPGO ~ | — | — [Jwsmesr] ween wR RD
gLz a4l EBCORS JEEPROMM oondol resisda [no s physical rasisiks
a0t HE2 - 1 s EBIE BOUE — e COPHE
Dk FRZ . 11 i EEF BOLF e — CERAF [ oees 5o .
Lagand:  x = urknown, u = unchangad, r = resarved, - = urim@lerented mad as 0. Shaded cells are not used during FLASH

EEPROM actxass.

Mote 1: Thesa biks are rascewsd: abvays maintain these bits claar.

DEIN26Z28 -poga 46
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50 TIMERO MODULE

The Timerd module imericounter has tha ollbeing fea-
tures:

= 8-bitiimericounter

= Readabis sl writdks

» B-bit sofwsre programmable prescatier

» Internal or exlernal clook salient

» Interrupt on cverllow from FFh o 00

» Edge selct for external clock

Figure 5-1 Is a Hock disgmmof the Timemn moduk and
the prescaler sharad wilh iha 'WO'T.

Additional nfermation on the Timerd module 1s ayvailable
tn iha PICmicro™ Kid-Range MCU Family Rekrence
Kanual [DS33023).

Tinee mods B selected by clkaring bt TOCS
{OPTION_REG<S»). In fimer mode, the Timand mod-
uka Ml Incrament avery nsirucion cycle gshont pres-
calery. If the TMRD megistar Is wiitlen, the increment s
Inhitdied for the tilowing tan Insfruction cycles. The
uses can work around this by wriling an adjusled valug
o the TMRD register.

PIC16F87X

Counter miods & selactad by satling Wt TOCS
(OPTION_REG<S>). In countar mode, Timerd will
Increment efiher on every rising or talling edge of pin
RAATOCKL The Incremanting edge 15 determined by
the Timerd Source Edge  Select bt TOSE
(QPTIDN REG=4>). Clearing bit TOSE selects the ris-
Ing edge. Resirizions on ha external ok nput are
discussad n detall n Sechion 5.2

The prascaker 15 mulually exclushaly shared betwasn
ihe Timeed module and the watchdag Umer. The pres-
caker is mtreadable ocwrilable. Seciion 53 dstalls the
operation of the prescaer.

51 Iimer0 Interrupt

Tha THMRO siterrupt Is genzeated when tha TMRD reg-
kter overlions fram FFh fo G0N, This overfiow sets tl
TOIF {IHTCON<2»). The inksTupt can be masked by
rearing bt TOIE (INTCOM<E»). Bt TOIF rmust be
cleared In saoftware by the Timert module interrupt ser-
vice routne betore re-snatdng this inbsmupt. The

TMRD Interrupt cannot awaken the pocessor rom
SLEEP since the trner ks shut off durhg SLEER

FIGURE 51: BLOCK DIAGRARW OF THE TIMERWWDT PRESCALER
CLRDUT {= Foscd) Data Bus
1 L | [
o M
RMITOCKI o S¥HC
Cyckes
TIGE T
ucs
k3 Sat Bt TOIF
cnnavgmﬂmv
PFRESCALER
r———"—-—""—=-=—-——=-= a
_0 [¥] I S.hit Prescakor I
i [ eupnee ] !
Wakhdog x| W |
Timer l I
i B du - TRILX PEZPED |
BB L — — e e e e e — — 4
. ] 1
WOT Enabla kit
KMUX PSA
ko
Teme cat
Hoto: TOCS, TUSE, PS4, PSRZPED are (OPTKIH, REG<5:82).
—
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52  Llsing Timer0 with an Extemal Clock

When no prescaar s used, the extemsi dock npuot 1s
tha sams as the prescaleroutput. The syrchronization
of TOCKI with tha Imemal phEase docks B aocom-
plishad by sampling the prescaler output on the Q2 and
Q4 cydes of the internal preise clooks. Tharakae, It 1s
necessary for TOCKI fo ba high o at keast 2Tose @amd
a smdl RC d2lay of 20 nsy and low far at least ZTosc
(and 8 small RC oeday of 20 ns). Rekr 1 the alectrical
spectiication of the desred device.

moduka maans that e s no prescaler ke the walkch-
dog Umar, and vice-versa. This prescaker s not readabia
arwitable (see Figure 51y,

Tre PSA and PS2:PSD DS (OFPTKN_REGs: 3 Co) datar-
mine the prescalker assirment and prescde matio.

When assigned to the Timero modue, =@l irstructions
wriing o thia TMRG register (@9, TILRF 1, MOVEF 1,
BSF 1, x...6) wil cear tha prascaler. When assigned
10 WOT, a CLEWDT Irstruction sl dear the pescales
akng with the walchdog Timar. The prescaker 1s not
readabie of writatia.

5.3 ‘rescaler
E Nots: - Wriling o THMRD. when- the prescalr s
Thess 15 anly one prescaler avallatiks, which 5 mutualy assignad o Timead, Wil dear the prescalar
exciisivaly shared betasan the Timero module and thes count, but wil- nat changs the prascalar
walchdog Hmearn A prescaler assigrment orthe Timan assignmeat.
REGISTER 5-1: OPTHIN REG REGISTER
A1 R RAve-1 -1 RA-1  RAY-1 R R 1
| B0 [ nteps | tocs | tose | psa [ ese | ps1 | eso R = Readabia bit
BILT oio [ = Witble b
U = Unimplemanted bit,
raad as O
- n = Value at POR reesst
pit7: TRBPO
bt B: INTEDS
bitS:  TOSS: TMRO Chck Sourcs Salect bil

1 = TrErston on TOCKI pin

bit 4: TOSE: THRD Sournce Edge Salact bitt

bit 3: P3& Prascalar Assignment bit

1 =~ Prascalar is assigned o the Wi T

PS2IPS0 Frescalar Rake Sekct bits
B Value THRYI Bate  'WDT Fale

DAL 1:
I5%)
DLE
o1l
1an
191
118
111

bit 2-0:

BRERgE
— ok ki b ok -
gﬁ%gm“”‘

PO S —
[- 3]

o= InEmal nstruction cycle cock. {CLKOUT)

1= Iranamentt on high-k-lose fransiion on TOOKI plin
& = Increment on los-to-high franstion on TOCK] pin

o~ Prescalar s assined o iha Timend module

T T TR T T T T T T T T T Py T e e

Toavold an ninkndad devics RESET, tha Insliiction saquanse stian In the PICmira™ Kk~ -Rangea MCL
Family Recence Manusl (DS 33023) must ba exeaitad when changng the prescaler assgnment from
Timert io ihia WOT. This seguence must bia folowssd ewan Hihe WIT is disabled.

DS 2928 pecya 458

76

= 1923 Kicrochip Techewsdogy Inc.



PIC16F87X

REGISTER 8-1: SSPSTAT: SYNT SERIAL PORT STATUS REGISTER (ADDRESS: 9d4h)

RYED RMLD R R0 R.0 RO R0 R
[sMp Jewe | o T P T s | ®w [ uwa | w&F | R = Rasdable bt
e =T W = Wirkabla bil

U= Unienpleorsntad bil, resd
s 0
- 1 e ol PONR reesot

btT:  SMP:Samphk bi
SPI baskar Mode

1 = Input data samplad at end of data outpat frme
& = Input data samplad at middla of data oulpul tima

P Riava Woda
ZMP mugt ba clrared when SFPlis used inoslavws rmocka

1= Blaw rata coritnol disabled for sterddsnd spaed moda (100 K- ard 1 KHz)
0= Rew e conirol enabdad for high speed mode (400 H-z)

b &: CKE 5P Clock Edge Scolect (Figune 2.4, Figure 55 and Figura 9.5
q‘ .

CKP = [
1 = Trewwsrit happsnes ooy istinn from active clock skaba ko ide clock. stala
¢ = Traresmit happans on transistion from idie dodk stata o adive clack state
GKEP =1

1 = Dista transrnited on fsling odga of SCK
o = Dlovia franesmitted on sising eoga of SCK

1 = Ingut lewmbs confarm to SMBUS sprc
b = Inpul kevals conform 1o 120 zpecs
ki &: D/ Dot Fddness bk (19 mode only)
1 = Indicates that the last byks meosived or trnarmibied wees. dats
& = Indicalcs that the last byka received oricsnemitod wes sddross
bi 4: P: Stop b
{170 made onty. This bitis deared whan the MESP module is disabled, S2PEN i chand)
1 = Indicates that o stop bit has bocr dedactsed kest {this bit is 0" on RESETY
b = Btop bt waes ot doteciod ket
b 3: 3; Staet bit
{I°C moda caly. This bitis deared wher tha MSSP module is disabled, SSPEM s cheaned s
1 = Indicatees that a start bit has been detscted last (this bitis 0 on REZET)
¢ = Blaet bit vas nok detachen] ket
kBt 2: RAW: ReadMiris: bit information (FC maedo onby)
This bit holds tha RAY bit nformabion fBaving thie kst sddrass rastch. This bit iz anly walid from the address match 1
tha nxi stzet bit, stop bit or rot ATE bi.

1 = Raad
& = Wilrika
R

1 = Treeearit iz in progross

b = Traresrit is not i progreess,

Oring this bitwith SEM, RZEHN , FEN, RCEM or ACKEH wilindicata if tha MESF iz in IDLE roda.
bit 1: UA: Update Acddress [10-bd BC mode only)

1 = Indicatos that the user necds o updsks tha address in the SSPLDD raginster

& = Acklress doss not need Lo be updated
bt : BF: Buffcs Full 84t b

1 = Ranaks complek, SEPELF iul
o= R:mnrf not complata, SSPELIF is ampty

Jmnami (B mode ankg
1 = Dartay Transmil in progress (doas not rcdude the ATK and stop bits), SSPBUF isfull
© = Data Transmit complets [docs net insheds the ATK and siap bits), SSPERLIF is ampty

DSXNX8-poga 64 4 168 Microchip Tachnolegy Inc.
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REGISTER 9-2: SSPCON: 8YNC SERIAL PORT CONTROL REGISTER |ACDRESS 14h)

R0 R0 R0 ¥ R0 R&Y.0 R0 R0

| weoL | sspov | sseen | okp | sspua | sseaz | ssean | ssero | [ R= Raeadable bi
e e W= Yiriable bit
U= Unimplernenbed bit, read
s
- 1= ke ot POR nesat

bt 7: WCOL wilte Collision Detect bit

nlaster tode;
1 = Awrils 10 SSPRUF was atismpted whiks the 132 conditions wena not vald
d = HO collision

.
1= SEPBUF ragkter 15 written whila st transmitng the prestous word (must be clearad in sotbeara)
a = Ho collision

bt 8:  SSPOW Racave Creerlios Indostor bt
N SPImode
1 = A new byte I received while BSPBEUF hokds previous data. Data in SSPSRK 1s bst on owerfiow. . In
slzee mode the user must read the SSPBLUF, even If only ransmiting data, 1o svod overfows. In masker
mode the overflow bit 1s not sat since esch operalion Is inflated tywriting o the SEPBUF egkster. (Mdust
bes clearad N softwans).
2 = No owerflos

T1=8 e 15 received whila lhe BSPBUF 15 holding the prerons bte. SSP O 158 "ol cams” intrans-
it mode fdust be cleared In softwars).
g = NO overliow

bit 5: SSPEN: Synchnonous Sersl Port Ergble bit
In SEI modi, when enabled, these pins must be propedy configured as nput or output.
1 = Enablas sartal port and conngunes SCK, SDO, S04, 8nd S5 as the source of the sarta port pirs
a = Disablas sartal port and configures these pins as 130 port pins
10 BC mode, when enablked, these pins must be proparly condigurad as Inpul or o put
1 = Erables ihe sertal port and oonbyues the S0A and SCL pins as ihe sounss of the sa0a port pins
2 = Cisables sartal port and configures nesa pins as 190 port pins

bit & CKP: Clock Polartly Sekect bt

ISPl meie
1 = Mle state for clock ks 3 high kvel
= ldla skate for clock 15 8 low ke
RCK release contrd
,1 = Enatie clock
a = _Holds clock low (rinck siredch) (Used 1o ensura data setup tme)
=]
unusead In 1Hs mode

bit 3-0: SSPMIISSP MO Synchronous Sarld Fort Mode Seksct bits
oaod = SP master mode, cock = FasoM
aaol = SPI master mods, dock = FoscH B
30140 = BP1 master moade, clock = Fosz6d
0011 = SPI master mods, clock = TRIR2 oulpul'2
aleg = 8Pl slave mode, clck = SCK [N, 35 pn contml enabled.
9101 = SPI slave mode, cisck = SCK pn. =253 pin control dsabked. B% can be used as VG piri
a119 = PG slave mode, 7-bit acdress
11l = IECstame modes, 10-bit sddmass

1900 = FC masker mode, dock = Fosc / (4 (SSPADD)

1011 = PO firmmans controled master mode (slave idis)

1114 = FC immwans confrolsd master moda, 7-bit address atih start and siop bit inlerrupts enabled
1111 = FC firmware confrolad mastesr mode, 10-bit address aith start and stop bt inferrupts snabled.

a0, 1910, 13108, 115l o= rasereed

e —— — — —  — — e —
w2 1998 Microchip Technclagy Inz. DEISZR-page €5
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1.0 ANALOG-TO-DIGITAL
COMVERTER {AJD) MODULE

The sngog-to-0igital (D) Converliar moduls has Nve
Inpuls for the 28-pin dastces and Aghl £ 1he other
dewiicens,

Theranalog Input charges a sample and hokd capacitar,
The oulput af the sarmple and hold capactor is the
Input Inta the cormanter. The convertar then gencrates
a digis resut of this analog lewal vk successive
approsmation. The /D conversion of the ansog nput
signat results In a cormesponding 10-bit dightal number.
Tha AD module has high and low voltags afaence
Input that s soffeare selactabke 10 sorme cormbination
of Voo, Wes, RAZ or RAS.

Tha AT converter as a unigue ahre of beng abla in
operaba while fha dedoa |5 1IN SLEER moda. To operals
In slesp, the A0 clock must be derksed ram e ALDs
Inkernal RC oscllator.

PIC16F87X

Tha AD modue has o registerns. These ragilers
e

= AD Rasult Hgh Registar (SDRESH)

= AID Result Lo Registar (RDRESL

= AD Control Registand ¢ ALCOMNOG

= A Coniral Reglater! (ADCON1T)
The ADCOND egisten shosn In Reglster 11-1, con-
frols the oparaiion of the AN module. The ADCONA
register, shown In Regisber 11-2, configures the mno-
Hons of the port pins. The port pires can be configuned
@5 ansboyg Inpuks (RA3 can siso be the voltage rekr-
ehce) or as digital 1Cs,

Addional Informralion on usng 1he A module can be

fourd in the PICmMIcro™ Kd-Rarige MCL Family Ret-
srenos Manual [[S3023).

REGISTER 11-1: ADCCOMND REGISTER {(4DDRESS: 1Fh)

RAN-D R R0 Fred-L R} R0 - R0y

Lapcst Japcsb | cHs@ | CHs1 | cHEn | GVDGHE |
bit?

apced ][R
bith

oo

]

Rusardmble bt
Wirkadde it
Liirmgldementsd bit,
rasd as 0

Wb at POR esat

bil 7.8:  ADCS1:ADCS0: #/D Convwersion Clock Soloct bits

Lol B She = ot

w1 = Poscs

10 = oo

11 = FRE {cluck derived from an RS axsdlladbion}

CHICHSM: Anakyy Charnwal Selact bits

o = channael O, RARAHT

ool = channal 1, (RATAH1T)

o1 = ahannel 2, (RAZHH2)

211 = channal 3, (RAFAHI)

19 = phannal 4, (RASAHLY

101 = channal &, (REWVAHEY]

110 = channel &, (REWAHEL)

111 = channal 7, (REXANTET

GOVTITIRE: A1 Conwers ion Status b

¥ A = 1

1 = A convarsion B progross (scting this bt aiarts the 84 comsmsion)
o AT i not i p
Unimplamented: Raad ax O

ADOM: A On kit
1 = A conwantar mwxhaks is aperating
0 = AT conwarter misduks is shutolf and consumes no aporating cuscre

bit 5-3:

[N A1)

bit 1:
Lit 0:

Hota 1: Thasay channaks ara not avalabie on the 28 pin devooes.

qres s {This bitis sutomatically dearad by hardhsne whier the 820 ooresrsion is soned et}

I

=x 19688 Microchip Technolagy loc.
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PIC16F87X

REGISTER 11-2: ADCON1 REGISTER (ADDRESS 9Fh)

Lo T2 R4 U3 RAN- 0 RO ARG R0
[ apFat | = ] — i — T recras [T PoFraz | PCFGT | PoFed | [R = Rcadabds bt
kit [T W= Writablke bit
L= Unimpharmanicd bit,
e ans (O
- = Walua at POR st
T ADFM: &0 Result fommat zelect

1 = Right Justified. & most sgnificant bits of ADRESH are mead 2 0.
g = ball destifiod. B ket signifizant bits of S3DRERL ae mead s 0.

bk g.4: Unimplemented: Read oz 0’
bt 30 PCRGI:PCRGO: AT Port Condguration Control bits

PCFG3: | aANTOY | anell | ansi ]| ana | ANz anz |oam [ oano oo L o | cHany
PCFGO | RE2 RE1 RED R&S RAS RA2 RA1 RAD Rnfsii

[Er A A A A A P2 A i WOo Vs (K]
TN A 2, Y e VREF+ A A o, RS = T
8314 & ¥ D A, A A A, A oD = 5l
EEEY ™) D [&] A VRER+ £ £ & L] W 14
8104 (] ] 5] [{] i 8] A A Ui WRR EL
‘DLOL o [»] [m) n WHEF+ 8] P A U3 Was 24
01lx D D D 1] 3] [{] @] [ (R =) O]
T DRE A 3 A Y WREF+ VREF- A A, [ET7] Rz (¥4
140l D D A ) A £, A A, o s Gl
AL [ L £ A VREF + A, A A a3 R &M
1911 [%] [ A A WREF+ | VREF- A o, A3 RAZ a5

‘ 1100 D [>) [&] X VREF+ | VREFR. A A, RAS RAZ 372

! 1161 D [ [6) 5] WREF+ | WHEF- A A RS RAG 22
1114 [5) () [=] [i] 3] 1] [¥) A, WO Vs 140
1111 D ] [®] 1] veees | WREF- D A e RAZ 172

A= Anakay npul
D = Digital 120
. Note 1: Thoma cl Is are ret acaitebl o orbka 28.-pin devicos.

¢ 2: This columan indiakes tha number of analag channels availabde as 8D inpuls and the reenar of arvaban charew bk
, s 2% voltaga makrence inpuin.

e .  J;!c,,,,,,,!,!, ,—, /|
DS302928 paga 112 cr 1999 WMicrachip Tasbookgy Inc.
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FIGURE 11-1: &AD BLOCK DIAGRAR

VAR

CHEZ2 CHR0

11% .
\o—o—g RE 205701
119 .
\o—;———E 1217004611
H FEoearasili
1
1

flanpa wolags

3 1 B
AD o RAZ AT EAREF -
Conwrtar \c ' ‘E ' ’
201, )
T E RAAEN
iz o P LI P raviarn
PHEF+ : _—— _
renoe ' ek
woltaga) '....l.".r.‘
PORFGRHPCFCO
H— H
WRE P : - E
{Reforance .
o By <. H 1
LIRS
PCREIICFGO
MNote 1: Mol available cn 28-pin devices.
1.1 A/D Acquisition Fequirements To  cakculate  the  minmum acquistion tmea,

For the AD converier 1o meel ks spaciled accuracy,
tha chage holdng capacitor {Crous) must be aliomed
1o fully charge 1o he input channel voltage leval. The
ar|alog Input mode! 15 sheaen n Figures 11-20 The
scune Irpedance (RE) and tha Inlernal sampling
switch  (Res) rpedanee drectly  affect  the  lime
requirad tocharge the capacitor Cacen TS samping
wailch (Rss) Impedance warles over Ihe device voltage
WOy, Figursa11-2. The maxincm  recoinme nded
impedance for anatog sources Is 10 KL As the
Impadance s dacreased, e acquisiiion ime may b
decreased. Aler the anakag Inpul channel Is selected
{chanped), this acguisttion must be done bekre e
COMENsion can be started.

Equation 11-1 mey be used. This equalion assumnes
that 122 LSh ermr 15 usesd (1024 steps Tor the A00). Tha
122 LSb erroris ihe maximum ermor digssd for ihe A0
o mesl ils spectied rasalullon.

To cakulate tha minkrum acquistiion tme, Taao, see
the PICMIco™ RKd-Rangs  RelErence Manual
(DSBAICRT).

I
DES0243 paya 114 s 1989 Kicrmchip Tachrabkagy Inc.
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1210 Intearupts

The PIC1EFETX tamiy has up o 14 sourcas of (ntee-
rupt. The nterrupt control regstr HTOOM) neconds
Indisdualinterupt requess in flag biks. It also has Indl-
wtaual snd glotal iInterupt enable biks.

Note:  Indwkiua intesrTupt g bits ans set, regad-
lesg of the slalis of thetr cormesponding
rrask bit ar e GSIE pit

A giobal nterrupt enabkz bit, GIE (N TCOR<TS)
anables {If set)y all un-masked Interrupls or disables (IF
cleared) al Interupts. ¥When bt GIE |s enabled, and an
Inferrupts Niag bit and mask bt e sal, the mbarrupt wil
wecior mmedialely. Indrekua interupls can be dis-
abiad through thelr corresporsding erable bils tn warl-
ous  raghters.  Indsdual  Indemupl bits  are sot
reqardiass of the stalus of the GIE bt The (HE bit &
cleared on resat.

The “retiurm rom Inkecrupl” Instiuchon, REreri, eds
the tnlermupt roulins, as well as sets ihe GIE b, which
re-anaples Intermupts.

INTERRUPT LOGIC

PIC16F87X

The RBOANT pin Inkmupt, the RB port changes Intermupt
and the TR overtiow Intamupt lags are contained in
thex INTCON register.

Tha penpharal intarupt Rags are conlained In the spe-
cd funchon mgisters, PIRT and FER2. The ocorespond-
Ing Interupt enablks bils are comtaned n special
function registers, FIE1 and PIEZ, and the pariphecal
InbexTupt enable b 15 cantalined In spectal funchion reg-
ster INTCON .

wWhen an Interrupt 18 respanded o, the GIE bit B
clearad o disable any furiher interupt, the r=urm
addness s pushad onto the stack and the FC & oadad
with CODdah. Coce I he Interupt servica rouline, the
source(syof the Interrupt can bie delermined by poling
thes Interrupt flag tits. The interupt lag BKs) must be
cedrad N software beloe re-=nsblng interupts to
avokl recursiye Intsrupks.

For exderral Intemupt eserits, such as he INT pin or
PORTH change Intemupd, ihe inkesmupt latercy wil be
three of four Instruchion cyckes. The exact latency
depenids when tha Interrupt event occurs. The latency
E e same far onsor o oyeks Instructians Indraduai
IntedTupt Nag bis are set egardiess of e status of
hedr corresponding mask: bt or the GIE bit

FIGURE 1:2-9:
EEF

== 1
FSFIF :D
PSPIE -

TIARZ

e
TR E:

TRR1IF,
TR

CePaF
CEPAE

BOLF
BILE

ADAE THE Wobka-asp (110 SLEEP et
RCF D INTF :D_—
RCE IMTE T upt 4 CRL
THIF REF 5
TXIE | L FEE
SEPF ]
SEME :D x
FEIE
COPUE ="
TOPUE GE

Tha Kllowing tatie shows wWhilch devices hawe which interupks.

Diewice TOIF JINTF | RBIF | P SPIF | ADNF | RCIF | TXIF | SSPIF ] CCPIF | TMRZIF | TMRUF JEEIF | BCLIF | CCP2IF
[FACISFATEE73 | Ras | Tos | Fex - Vors | Yaes | Tes | Tes Van Tem Ve Vs | Vs o
RICIGFRY ST | Yas | You [ Yux Yoz Yom | Yo | Yax | Yex Yiam Yo Yon iz o Yoz
I

& 1986 Microchip Technodogy Inc.
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LM78XX
Series Voltage Regulators

General Description

The LM78XX seties of three terminal requlators is available
with several fixed output voltages making them useful in a
wide rangs of applications. One of these is local on card
regulation, eliminating the distribution probisms associated
with single point regulation. The voltages available allow
these regulaters to be usad in logic systems, instrumenta-
tion, HiFi, and other solid state electronic equipment. Al-
though designed primarily as fixed voltage regulators these
devices can be used with external camponeants ta obtain ad-
justable woltages and currents.

The LM78XX series is availabls in an aluminum TO-3 pack-
age which will allwa over 1.04 load current if adeguate heat
sinking is provided. Current limiting is included to limit the
peak autput current to a safe value. Safe area protection for
the cutput transistor is provided to imit internal power dissi-
pation. If internal power dissipation becomes too Righ for the
heat sinking provided, the thermal shutdown sircuit takes
over preventing the IC from overheating.

Considerable effort was expanded to make the LMTBXX se-
ries of regulators 2asy to use and minimize the number of
extsrnal components. It 15 not nacessary to bypass the out-

&'Natia-nal Semiconductor

May 2000

put. although this dogs impreses transient responss. Input by-
passing is needed only if the regulator is lovated tar from the
filter capagitor of the power supply.

For cutput voltage other than 5, 12¥ and 15V the LKM117
series provides an output voltage range from 1.2 to 5TV

Features

Cutput surrent in excess of 1A

Internal thermal overload protection

No external components required
Cutput transistor safe arsa protection
Internal short cirguit surrent limit
Available in the aluminum TC-3 package

Voltage Range

LM780C '
LM7a12C 12v
LIMTB15C 15

Connection Diagrams

Metal Can Package
TQ-3 (K}
Aluminum

BUIPUT .

INPYY e
DEOITrE2
Bottom View
Order Number LM7805CK,
LM7812CK or LM7815CK
See NS Package Number KCO02A

Flastic Package

TO-220 (T)
Bylkut
GG e O LRY
T s eyt
DSOITAC3
Top View

Order Number LM7805CT,
LM7812CT or LM7815CT
See NS Package Number T03B

£ 2000 National Semiconductor Comporation 08007746

wesw national.corn
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Absolute Maximum Ratings {MNote 2} Maximum Junction Temperature

H Military/Acrospace specified devices are required, {K Package) 150°C
please contact the National Semiconductor Sales Office/ {T Package) 150G
Bistributors for availability and specifications. Storage Temperaiure Range -5 C o +180°C
input Voltage Lead Temparature {Soldering, 10 sec.)

(Vg = 5V, 12V and 15V) 38% T0-3 Package K 300°C
Intemal Power Dissipation (Note 1) Intemally Limited TO-220 Package T 20C
Operating Tempearature Range (T,) 0Cto +70°C
Electrical Characteristics LM78XXC (ot 2

0°C s T, <125C unless otharwise noted.
Cutput Voltage 5V 12V 15V
Input Vaoltage {(unless otherwise noted) hli' 19V 23V Units
Symbal Parameter Conditions Win | Typ [ Max | Min | Typ | Max | Min | Typ [¥ax
Vo Output Voltage Ti=25C smA 5, s 1A 48 &5 52 (115 12 125144 15 158 W
Pp s 15W, 5mA 2 I £ 1A 475 525 (11.4 12.6 [14.25 15.75 Y
Yrun £ Vi 5 Yiaax (7.5 5 Vi 520 (145 5 Vi = (1752Yys W
27) 30
AVy Line Regulation lgy = 300 Tj=25C 3 & 4 120 4 150 mv
mA
A\ (FeVus28 | 1452V 230) 175y = Y
30)
0C=Tjz+125C &0 120 150 my
BV 22 Vg 2 20) {15 4 Yy = 27) 185 <Yy % Y
30}
Iy & 14 Tj=25C &0 120 150 my
A (762 Vi 220) {1452V = 7.7 5Yy % W
27) 30}
0'CsTjz +125C 25 0 75| my
EXY™ {8 2 Vi 5 12) {16 <V £22) | (20 £V % 28) v
aVy Load Regulation Tj=25C |5mAzlys 1.5A 10 50 12 120 12 180 my
250 mA < |, £ 25 & 75 myf
750 m&
AMAs s 1A 0CsT s 50 120 18] my
+125°C
lg Cuisscent Current | I, = 1A Tj=25C [ 8 8 mA
0CsTjz +126°C 8.5 8sa 8.5 mé,
Alg Quisscent Current | Smis | 1A 05 05 0.5 mé&
Change Tj=25C, Iz 14 1.0 1.0 1.0 mé
Vi 5 ¥ % Yianx (7.5 Vi 220) | (14.8 2 Vs 27) 79 <Yy )
30)
ly 5 500 ma, 0'C = Tjz +125°C 1.0 10 1.0 mA
Vi £ ¥ % Viaax T2 W5 28 | (14.5 2 Ve 30) 752N Y
30)
'™ Cutput Moise Ta =25°C 10 Hz 2 £ 100 kMz 40 75 an 1
Voltage
Ripple Rejection lo s 14, Tj=25C | 62 80 55 72 5 70 dB
¥ or
S¥our f=120 Hz | I, < 500 mA 52 55 a4 dB
QCxTjs+126C
Mm% Ve 5 Viaax B Vyys 18 (15 ¥, % 25} 1852V, = W
28.5)
Ro Drepout Yoltage Tj=25°C, gy = 1A 20 20 20 b
Cutput Rasistance | f = 1 kHz 8 18 19 me:

waranationa .com
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KA78XX/KA78XXA

3-Terminal 1A Positive Voltage Regulator

Features

* Output Carrent up to 1 A

« Output Voltages of 5,6, 8.9 10, 12,13, 18, 4V
* Thenmal Overload Protection

* Shott Circuit Protection

« Output Transistor Safe Operating Araa Protection

Internal Block Digram

Description

The KATSXX/KATEXXN A series of (hree-terminal positive
regulator are available in the TO-220M-PAK package and
with several fixed output voltages, making tham useful in a
widle range of applications. Each tvpe employs internal
current limiting, thermal shut down and safe operating area
protection, making it essentially indestructible. If adequate
heat sinking is pravided, they can deliver owver 1A vutput
current, Although designed privmarily a5 fixed voltage
regulators, these devices can be used with external
components toobtain adjustable voltages and currents.

TO-224

1. Input 2. GND 3. Cutput

wEUY e DTS
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