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SYNOPSIS

The project “DESIGN OF THREE PHASE CYCLOCONVERTER
USING MICROCONTROLLER” deals with the design and fabrication of
three phase cycloconverter using PIC microcontroller.

This module is capable of generating frequency controlled three phase
AC supply. Cycloconverter plays an important role in college laboratories
and industries.

This module is directly applicable in electric traction where we need
supply frequency in the range of 15-25 Hz. This scheme can be easily

extended for the implementation of AC motor drives.



INTRODUCTION

The frequency conversion of three phase AC supply can be done with
the help of controlled rectifier-inverter module or cycloconverter module.
The former one has losses in 2 stages (rectifier stage and inverter stage).
Compared to this controlled rectifier-inverter system, the cycloconverter has
less power loss. So it is more preferable wherever the variable frequency is
needed.

Cycloconverter is a power electronic device, which converts AC
power of one frequency to AC power of another frequency. The major
modules in three phase cycloconverter are listed below.

v Microcontroller

v’ Zero crossing detector

v' Gate drive circuits

v’ Three phase cycloconverter module

The microcontroller gets input from the user for frequency control and
generates the firing sequence for thyristors. It also gets mput from three
zero crossing detectors, which senses the zero crossing position of three
phases. The microcontroller ON-OFF pulses are given to the driver circuit

and thus, the frequency control of three phase AC supply is achieved.



THYRISTOR

3.a INTRODUCTION

A thyristor is one of the most important types of power
semiconductor devices. Thyristors are used extensively in power electronics
circuits. They are operated as bistable switches, operating from non
conducting state to conducting state.

A thyristor, also known as the silicon controlled rectifier (SCR),was
the first solid state power semiconductor device to be developed to function

as a control static switch with large current ,and voltage capacity.

Figure 3.1 JUNCTION STRUCTURE
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The junction structure is shown in above fig.3.1 is a four-layer
structure with three internal junctions shown labeled as J1, J2 and J3. The

device has three terminals. The anode (A) and cathode (K) are the power



terminals of the switch. Control input is between the gate G and K. The
anode metallic contact is on the outer P layer. The cathode contact is on the
outer N layer.

The inner P layer is the Gate layer. During the fabrication of the
device the regions where the gate electrical contact is to be made are masked
before the cathode N layer is formed. Since the gate P layer lies sandwiched
between two N layers, it is impossible to make external electrical contact
with the entire gate layer area. Actually, the gate electrical is limited to a
relatively small fraction of the total wafer area, the rest of it being allocated
for the cathode contact. The geometrical pattern of the gate contact arca on
the surface of the pallet significantly affects the switching characteristics of
the device.

When a forward voltage exists across the main terminals of the
thyristor, a short current pulse from gate top cathode will fire the thyristor,
i.e. trigger it into the ON state. Once the thyristor is fired, the gate has no
further control over the current flow through the device. During the
subsequent conduction, it behaves like a diode. It cannot be turned OFF by a

reverse current pulse on the gate.

3.b THYRISTOR CHARACTERISTICS

When the anode voltage is made positive with respect to the
cathode, the junctions J1 and J3 are forward biased. The junction J2 is
reverse biased, and only a small leakage current flows from anode to
cathode. Then the thyristor is said to be operating in forward blocking or

OFF state condition and the leakage current is known as OFF state current
Id.
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Figure 3.2 V-I Characteristics

If the anode to cathode voltage VAK is increased to a sufficiently
large value, the reverse biased junction J2 will break. This is known as
avalanche break down and the corresponding voltage is called forward break
down voltage VBO. Since the junctions J1 and J3 are already in forward
biased condition there will be free movement of carriers across all the
junctions, resulting in a large forward anode current. Now the device 1s said
to be in ON state or conducting state.

The anode current must be more than a value known as latching
current I, in order to maintain the required amount of carrier flow across
the junction. Otherwise, the device will revert to the blocking condition as

the anode to cathode voltage is reduced. Latching current IL is the minimum



anode current required to maintain the thyristor in ON state immediately
after the thyristor has been turned ON and the gate signal has been removed.
A typical V-I characteristics of a thyristor is shown in the above graph.

Once a thyristor conducts, it behaves like a conducting diode and
there is no control over the device. It will continue to conduct because of
depletion layer on the junction J2 due to free movements of carriers.
However if the forward anode current is reduced to a level known as holding
current IH , depletion region will develop around junction J2 due to the
reduced number of carriers and the thyristor will be in blocking state. The
holding current is in the order of milli amperes and is less than latching
current. Holding current is the minimum anode current to maintain the
device in the ON state, but the holding current is less than the latching
current.

When the cathode voltage is positive with respect to the anode, the
junction J2 is forward biased, but the junctions J1 and J3 are reversed biased.
This is like two series connected diodes with reverse voltage across them.
The thyristor will be in the reversed blocking state and a reverse leakage
current known as reverse current IR, would flow through the device.

Thyristor can be turned ON by increasing the forward voltage VAK
beyond break over voltage but such a turn ON could be destructive. In
practice, the forward voltage is maintained below VBO and the thyristor is

turned ON by applying a positive voltage between its gate and cathode.



3.c THYRISTOR TURN ON AND TURN OFF
THYRISTOR TURN ON

A thyristor is turned ON by increasing the anode current. This can be
accomplished in any one of the following ways.
v" Thermal turn ON
v Light turn ON
v High voltage turn ON
v" Gate current turn ON

In thermal turn ON method the thyristor 1s turned ON by increasing
the temperature which in turn increase the number of electron-hole pairs,
which would increase the leakage current.

In Light turn ON method, light is focused on the junctions of a
thyristor which increases the electron-hole pairs in the junction and causes
the device turn ON.

In high voltage method, the forward anode to cathode voltage is made
higher than the break down voltage, which generates the sufficient leakage
current flow to initialize the regenerative turn ON.

The most important and commonly used method 1s the gate current
turn ON method. If a thyristor is forward biased, the injection of gate current
by applying positive gate voltage between the gate and cathode terminal
would turn ON the thyristor.

In our project, we adopt this gate turn ON method, to trigger the SCRs

present in the cycloconverter circuit.



The following points should be considered in designing the gate
control circuit:

v' The gate signal should be removed after the thyristor is tuned ON. A
continuous gating signal would increase the power loss in the gate
junction.

v While the thyristor is reverse biased, there should be no gate signal;

otherwise, the thyristor will fail due to an increased leakage current.

THYRISTOR TURN-OFF

Thyristor which is in ON state can be turned OFF by reducing the
forward current to a level below the holding current IH.

There are various techniques to turn OFF a thyristor. They are mainly
sub divided into two categories as follows:

v' Line commutating TURN OFF method.
v Forced commutating TURN OFF method.

In forced commutating turn OFF method, a negative gate pulse is
applied to the gate terminal of the device and our goal is achieved, whereas
in the line commutating turn OFF method, thyristor is turned OFF by the
reversal of the anode voltage. Since no negative gate pulse 1s required in this

method, this is the best method commonly adopted by all.



CYCLOCONVERTER
4.a INTRODUCTION

A cycloconverter is a direct frequency changer that converts ac power
of one frequency to ac power at another frequency by ac-ac conversion,
without an intermediate conversion link.

The main purpose of using cycloconverter is, that it can convert both
frequency as well as, voltage of the given ac supply. In general,
cycloconverter is used for reducing the supply frequency level.

The ac voltage controllers provide a variable output voltage, but the
frequency is fixed and in addition, the harmonics level is very high,
especially in low voltage range.

In another method, a variable output voltage at variable frequency can
be obtained from two stages; A fixed ac- variable dc conversion and dc to
variable ac voltage at variable frequency conversion. The former is done by
the controlled rectifier and the latter is done with the help of inverter.

Anyway, this method has losses in two stages (one in rectifier stage
and other in the inverter stage).

Thus the cycloconverter is the direct frequency and voltage converter
which has minimum loss as compared to other methods. The majority of the
cycloconverter are naturally commutated and the maximum output

frequency is limited to a value that is only the fraction of the source

frequency.



4.b TYPES OF CYCLOCONVERTER
According to the number of phases of the input and output voltage,
cycloconverter are mainly categorized into three types, as follows:
v" Single phase cycloconverter.
v' Three phase to single phase cycloconverter.

v Three phase to three phase cycloconverter.

SINGLE PHASE CYCLOCONVERTER
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Figure 4.1 circuit diagram
The principle of operation of single phase to single phase
cycloconverter can be explained with the help of fig.3. The two single phase
controlled converters are operated as bridge rectifiers. However, the delay
angles are such that the output voltage of one converter is equal and opposite

to that of other converter.



There are two major parts in this cycloconverter circuit .They are P
type converter and N type converter. P type stands for positive converters
where the positive half cycles of ac supply voltage are triggered. N type are
for the negative converter which works during the negative half cycles of the

ac input supply.
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Figure 4.2 SINGLE PHASE TO SINGLE PHASE CONVERTER

If converter P is operating alone, the average output voltage is positive
and if converter N is operating, the average output voltage 1s negative .The
frequency of the output voltage is the inverse of the duty cycle (To).

1.e. Fo=1/To;
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If the delay angle of positive converter is Ap and the delay angle of
negative converter is ( -Ap), then the average output voltage is equal and
opposite to that of negative converter.

The circulating current can be eliminated by suppressing the gate

pulse to the converter which does not deliver load current at that instant.

WORKING

Referring to Fig 3, the working principle of single phase
cycloconverter is quiet obvious. During the positive half cycle of the mput
ac supply (0-w), Thyristor T1 and T2 are triggered at a delay angle of Ap,
which generates (Ap-n) positive cycle at the output waveform. Then 13 and
T4 are triggered during the negative cycle of input that generates (THAp to
2m) positive cycle of the output waveform.

Likewise, T1*, T2* T3*and T4* SCRs are triggered for the
generation of the negative cycle of the output voltage. Thus, the frequency 1s
reduced by 3 times, and hence the duty cycle is increased by 3 times. By
changing the triggering sequence, the supply frequency can be varied
accordingly.

The single phase cycloconverter is mainly used in the ac motor drives
where the frequency and voltage to the motor is controlled by this circuit and
hence the speed of the motor is controlled according to the ioad current

‘Thus it finds its main application in electrical drives.
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THREE PHASE CYCLOCONVERTER

The cycloconverter which employs three phase supply are called as
three phase cycloconverter. According to the number of phases at the output
side, these cycloconverter are categorized into two. They are:

v" Three phase to Single phase cycloconverter and,

v" Three phase to three phase cycloconverter.

THREE PHASE TO SINGLE PHASE CYCLOCONVERTER
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Figure 4.3 Schematic diagram
WORKING

The circuit diagram of three phases to single phase cycloconverter is
shown in the Fig 5. The two ac to dc converters are three phase controlled
rectifiers. The synthesis of output waveform for an output frequency of one

third of the supply frequency.
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Twelve SCRs are employed here, in which six for positive cycle and
the other six for negative cycle of the output voltage. SCRs T1 and T6 are
triggered when V., phase becomes zero, whereas T3 and T2 are triggered
when phase V,, starts its negative half cycle.T5 and T4 has its role when
Vbc starts its negative period. In the same manner the other six SCRs are
triggered for the generation of negative period of output voltage.

Output frequency value depends on the number of waveforms present
in one half cycle at the output voltage. Each waveform has the period of two
third of input period. The formula to the output frequency is derived as
follows.

To=2/3x (No. of waves present at the one period of output voltage)x Ts

Where,

To: Output time period
Ts: Input time period
Output frequency, Fo = 1/To.

13



THREE PHASE TO THREE PHASE CYCLOCONVERTER
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Figure 4.4 Schematic diagram

The schematic diagram of three phase to three phase
cycloconverter is shown in the above figure. This circuit consists
of 3 positive type converters and 3 negative type converters for
each phase of load respectively. Each positive type converter has
3 thyristors connected to the phases R, Y and B respectively. The

actual circuit diagram is illustrated in the following chapter.
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4.c APPLICATIONS OF CYCLOCONVERTER

The major applications of cycloconverter are low speed, ac motor

drives in the range up to 15,000 Kw with frequencies from 0 to20 Hz.
In the induction and syncﬁronous motors, the motor speed is directly
proportional to supply frequency.
N=(120* F)/P
Where, N: synchronous speed of the motor.
F: supply frequency.
P: number of poles.

Thus, the cycloconverter is more preferable for ac motor drives with
low frequency range. The electric traction finds its better operation when
the frequency of AC supply is in the range of 15-25 Hz. This low frequency
is achieved with the help of cycloconverter.

The next major area of its application is in the high frequency
transmission system. Here, the ac voltage of high frequency is generated and
is transmitted to the nearby areas. At the receiving side, cycloconverter is
employed for the conversion of both voltage and frequency of transmitted ac
power to the required level.

The advantages of high frequency transmission system are as follows.
v' The size of the transformers and capacitors in the different stages of the

transmission line is considerably minimized.

v" The voltage fluctuations are minimized.

15



HARDWARE DETAILS

5.a BLOCK DIAGRAM
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The schematic diagram of three phase cycloconverter with frequency
control and firing angle control is illustrated in the above Fig.1.

Three phase cycloconverter circuit consists of 18 SCRs which has to
be triggered in a proper timing sequence. The timing sequences of the
various gate signals to the SCRs are controlled by the P1C microcontroller

PIC16F877 type IC. The various blocks are explained below.

ZERO CROSSING DETECTORS

It is a circuit that converts the input line supply into the low voltage
square pulses to analyze the zero crossing of the input sine wave. We have
designed this circuit with the help of OP-amp (IC741). This detector
generates positive state of square pulse during the negative half cycle of the
input sine wave and the negative state of the output pulse during the positive
half period of sine wave. Thus the zero crossing of the high voltage input
supply is successfully analyzed using this zero crossing detector. The output
terminal of the zero crossing detectors is connected to the input port of the

microcontroller to feed the zero crossing data to the controller.

FREQUENCY CONTROL

The three phase cycloconverter must generate variable frequency
output voltage according to the requirement of the user. So the user input is
given to the frequency control circuit that generates the corresponding signal
to the microcontroller to vary the gate timing signal which in turn, varies the

frequency of the cycloconverter output.
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VOLTAGE CONTROL

The voltage control in any converter circuit is done by varying the
firing angle of SCR triggering. When the firing angle is less the output
voltage is somewhat same as the input voltage level. The output voltage can
be teduced to a considerable value by increasing the firing angle
accordingly. The user feeds his\her data into the firing angle unit which
generates the signals for microcontroller to change the output voltage at the
required level. So the voltage control unit is connected to the input port pin

of the controller.

MICROCONTROLLER

The analog control scheme for the cycloconverter can be implemented
by hard wired electronics. An analog control scheme has several
disadvantages:

Non linearity of voltage sensor, temperature dependency, drift and
offset. Once a control circuit is built to meet certain performance criteria, it
may require changes in the hard wire logic circuits to meet other
performance requirements. So the microcontroller is selected to control the
gate sequence of the SCRs, present in the cycloconverter circuits.

Microcontroller reduces the size and cost of hard wired electronics,
improving reliability and control performance. This control scheme is
implemented in the software and is flexible to change the control strategy to
meet different performance characteristics of the cycloconverter. In our
project we have adopted PIC microcontroller due to its easiness, reliability,

cost effective and various other features.
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GATE DRIVE CIRCUIT

The microcontroller output pins which generate gate signals for the
thyristors cannot be directly connected to the gate terminal of the SCR. If it
so connected, there is a chance for the back flow of high voltage from the
power circuit, that may damage the microcontroller. In addition, the gate
signal from the microcontroller is so weak that it cannot trigger a thyristor.
So it has to be amplified by a gate drive circuit. Here we have 18 gate drive

circuits for the SCRs in the cycloconverter.

THREE PHASE CYCLOCONVERTER

This is the main part of our project which is a power electronic
converter circuit to convert three phase AC power at one frequency to AC
power at another frequency by AC to AC conversion without an
intermediate conversion link. The frequency and voltage of the mput AC
supply can be varied according to the user input to the frequency control and
firing control circuits, with the help of three phase cycloconverter. The three
phase cycloconverter finds its major application in low speed AC motor
drives with the frequency range of 0-20 Hz, supply circuits for traction and

in the receiving system of high frequency transmission line.

19



5.b TRIGGERING CIRCUIT

DESIGN OF GATE CIRCUIT:

The triggering circuit of the thyristor converter is designed to provide
the gate firing pulses to the thyristors at the appropriate instants of time. The
switching control unit of a power electronic converter generally has a timing
circuit in it. This timing circuit generates the timing pulses at the correct
instance of time at which each power device has to be switched. The timing
circuit for different switching element normally provides a pulse whose
duration is the ON time of the device. In general, such a pulse from the
triggering circuit cannot be applied to the gate terminal of the device for the
following reasons:

1. Thyristor only needs a pulse of short duration and not for the entire
duration of the ON time.

2. Tt may need further amplification to be able to provide the required
current and power to successfully turn ON the device.

3. It is invariably necessary to provide electrical isolation between the
triggering circuit and the power circuit of the converter. The power
switching elements will generally be working at high and variable
potentials, from which the control circuits should have to be isolated.

In this project, the microcontroller is employed to generate the timing
and triggering pulses for the SCRs. So, the design of triggering circuit
becomes an easy job.

Even though the triggering signals for various SCRs in the converter
are generated directly by the microcontroller, the outport pin of the
controller cannot be directly connected to the gate terminal of the thyristor.
In thyristor converters, different potentials exist at various terminals. The

power circuit is subjected to a high voltage, usually greater than 100V and

20



the gate circuit is held at low voltage, typically 8 to 30V. An isolation circuit
is necessary between an individual thyristor and its gate pulse generating

circuit.

5.c ISOLATION OF GATE CIRCUIT

Generally, the isolation can be accomplished either by pulse
transformers or optocouplers. An optocoupler could be phototransistor as
shown in next page.

In pulse transformer isolation, pulse transformer is connected with a
diode across its primary winding and the secondary is connected to the gate
terminal of the SCR.

For our circuit, we have adopted optocoupler isolation technique.
OPTOCOUPLER

An optocoupler could be a phototransistor or photo-SCR. A short
pulse to the input of the infrared light emitting diode (ILED), the diode turns
ON the phototransistor. This type of isolation requires the separate power
supply and the cost and weight of the firing circuit is increased.
Optocoupler (MCT2E):

Figure 5.2 Pin diagram
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WORKING

The infrared light emitting diode (ILED) is connected to the output
port pin of the microcontroller in which the gate signal is generated. The
base of the NPN photo transistor is left free. The collector terminal 1s
supplied by the separate source voltage Vce (8V). The gate of the SCR 1s
connected to the emitter of the photo transistor.

When the output pin of the controller is in HIGH state, the infrared
LED glows which activates the base of the photo transistor. After the
numbers of free electrons present in the base crosses a particular range, the
photo transistor is triggered and the supply Vcc at the collector is connected
to the emitter of the transistor. When controller output goes to LOW state,
the ILED is turned off and the transistor is triggered OFF. Thus the emitter
Is not connected to the collector supply (Vcc).

Since there is no physical contact between the power circuit and the
microcontroller circuit, perfect isolation is achieved by this optocoupler

triggering circuit.

5.d ZERO CROSSING DETECTORS

This detector circuit is added to analyze the state of three phase input
sine wave at each instant. The basic comparator circuit can be modified as
zero crossing detector. Here, we have adapted general purpose op-amp
(IC741).

Op_ amps have five basic terminals that is, two input terminals, one
output terminals, two power supply terminals. The significance of other
terminals varies with the type of the op-amp. The general purpose op-amp
has eight pins. Pin 2 is called the inverting input terminal and pin 3 is non

inverting input terminal, pin 6 is the output terminal and pins 7 and 4 are the

23



supply terminals labeled as V+ and V- respectively. Terminals 1 and 5 are

used for DC offset. The pin 8 marked NC indicates no connection.

cifset D 8 [ ne
null 1
inverting
T T+
input | € :
nun—invertingﬂ 3 €[] cuntput
input
- [a 5 01 offset
null
¥t
q
inverting
input e \\ output
non-inverting + /
input | /

Figure 5.4 Pin diagram of 1C741

The V+ and V- power supply terminals are connected to two DC
voltage sources. V+ is connected to the positive terminal of one source and
V- pin is connected to the negative terminal of the other source. The general
op-amp circuit is shown in the above Fig. The power supply voltage range
from about 5V to 22V. The common terminal of V+ and V- sources is

connected to the reference or ground.
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Figure 5.6 Waveforms

When the input sine wave of the inverting terminal crosses Ov from
negative to positive cycle, the output waveform of zero crossing detector
shifts from +Vsat value to ground state. When the sine wave crosses the zero
from +ve to —ve half cycle, the output waveform 1s suddenly shifted to the
HIGH state from ground state. Thus the zero crossing detector generates
square wave for the given sine wave. So, this circuit is also called sine to

square wave generator.
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5.e POWER SUPPLY MODULES

DC REGULATED SUPPLY FOR MICROCONTROLLER

230V
AC

6-0-6 V

230V
AC

12-0-12 V

IN 4007
REGULATOR
1 3
7805 +
1 b 5vVvDC
IN 4007 T 1000 — regulated
micro ¥ III?icro F Supply
Figure 5.7(a)
DC REGULATED SUPPLY FOR THYRISTOR GATE
IN 4007
REGULATOR
1 3
1 7812 ' +
l b l 12 VDC
IN 4007 1000 regulated
micro K T ¢ supply

Figure 5.7(b)
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The above figures illustrate the power supply modules for
microcontroller and thyristor triggering. The microcontroller
needs a regulated 5V DC supply whereas the thyristor 1is
triggered by 12V regulated DC supply.

In this circuit, the AC voltage of 230V is stepped down and
is full wave rectified by means of two diodes. To get the 5V DC
supply, 230/6-0-6 V transformer is used. The IN 4007 diodes
have been employed for the rectification purpose. Since the
diode output is not a pure DC, the ripples are filtered using a
1000 micro farad capacitor. To get the regulated power supply
1C7805 and IC 7812 regulators are employed. Even though the
output of regulator is pure regulated DC there may be some
ripples which are filtered by means of 10 micro farad capacitor

and thus the regulated DC supply is obtained.

In this project, single 5V regulated supply is enough
whereas we need six 12V regulated supplies for the thyristors.
SCRs which do not have common cathode connection, cannot be
fed with common 12 V gate supply. So it is very essential to

design separate six 12V regulated DC supplies.
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TRIGGERING PULSES FOR SCRs
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The circuit diagram 1 explains the pin connections of the
PIC microcontroller. Here port B is treated as input port and
other ports (port A, port C and port D) are taken as output port.
Three are three zero crossing detectors whose outputs are
connected to the port B pins (33, 34 and 35). The user input for
firing angle control is given through the four switches S1-S4.

The controller is programmed to sense all these input data
and to generate the gate pulses for 18 SCRs present in the three
phase cycloconverter circuit. These pulses are fed to the gate
drive circuit which is illustrated in the figure 5.3.

The circuit diagram of three phase cycloconverter alone is
shown in the diagram 2. The triggering pulses generated by the
microcontroller for the zero firing angle is shown in the
Figure 5.8. The input and output three phase AC waveforms are
shown in the figure 5.9. This is the triggering control logic for
getting half frequency three phase output from the
cycloconverter circuit. By using this triggering logic, any

variable frequency is possibly obtained.
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PIC MICROCONTROLLER

6. a INTRODUCTION

The core features of PIC Microcontroller are
= High performance RISC CPU
* Only 35 single word instructions to learn
= All single cycle instructions except for program branches which are
two cycle
» Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle
* Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM Data Memory
Pinout compatible to the PIC16C73B/74B/76/77
Interrupt capability (up to 14 sources)
Eight level deep hardware stack
Direct, indirect and relative addressing modes
Power-on Reset (POR)
Power-up Timer (PWRT) and Oscillator Start-up Timer (OST)
* Watchdog Timer (WDT) with its own on-chip RC oscillator for
reliable operation
= Programmable code protection
Power saving SLEEP mode
Selectable oscillator options
Low power, high speed CMOS FLASH/EEPROM technology
Fully static design
In-Circuit Serial Programming. (ICSP) via two pins
Single 5V In-Circuit Serial Programming capability
In-Circuit Debugging via two pins
Processor read/write access to program memory
Wide operating voltage range: 2.0V to 5.5V
High Sink/Source Current: 25 mA
Commercial, Industrial and Extended temperature ranges
Low-power consumption:
< 0.6 mA typical @ 3V, 4 MHz
20 pA typical @ 3V, 32 kHz
<1 pA typical standby current
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Peripheral Features:

= Timer0: 8-bit timer/counter with 8-bit prescaler
= Timerl: 16-bit timer/counter with prescaler, can be incremented
during SLEEP via external crystal/clock
= Timer2: 8-bit timer/counter with 8-bit period register, prescaler and
postscaler
= Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolution 1s 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit
= 10-bit multi-channel Analog-to-Digital converter
= Synchronous Serial Port (SSP) with SPI. (Master mode) and 12C.
(Master/Slave)
= Universal Synchronous Asynchronous Receiver Transmitter
(USART/SCI) with 9-bit address detection
= Parallel Slave Port (PSP) 8-bits wide, with external RD, WR and CS
controls (40/44-pin only)

= Brown-out detection circuitry for Brown-out Reset (BOR)
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6.b ARCHITECTURE OF PIC 16F877
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Fig 6.1: ARCHITECTURE OF PIC 16F877
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Fig 6.2 16F877-PIN CONFIGURATION
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Table 1: PIN OUT DESCRIPTION

OIP | PLCC | QFP | IXP Buffer

PinName pint | Ping | Pind | Tepe Tupe Description
OSC VCLKIN 13 14 30 1 ST.CMOSH | Oscillalor crystal inpulexiernal clock source npul.
OS2 2.CLROUT 1d 1s 3 0 - Osdillator crystal oulpul. Coanecls lo crystal o resorator

in crystal oscilfalor mode. In RC mode, OS5CF pin aulpsts
CLKQUT which has 14 the requency ol OSCH, and
dznoles the instruclion cvde rale.

MCLRApe 1 2 18 1P =11 Wasler Clear [Resell inpul or programming viollage nipul.
This pin is an aclive low RESET lo the device.

PORTE is a bi-direclional 1XD port.

RARAMD Z Kl 19 (K] TTL RAJ can «eo be anabg inputd.

RALAMNT 3 1 29 [He] TTL RET can dso be analog npull.

RAZ AN REF- 4 5 M3 Ko} TTL R22 can d=0 be analng npul2 of negalive
analog reference voliage.

RASAMIREF+ B G 22 Ko} TTL R#3 can @so be analog npul3 or posilive
analog reference vollage.

RALTICKI 3 ¥ 23 (AW ST RAd can dso be thecleck nput 1o the TimerD fimer;
counter. Oulpul is open drain Iype.

RASTSANA T 8 24 (K] TTL RS can dso be anakg npuid of the skawe zekecl lor

Ihe synchranaus senial porl.

PORTE & a bi-dreclional 'C porl. PORTB can be sdll-
ware programmed for inlerral weak pui-up ondl npuls.

RBOIMT 33 e 3 & [k TILST REA can Aso be the exlerna inksfrupl pir.

RB1 34 37 9 Lo TTL

RB? 35 38 10 [Rs) TTL

RB3PGM 36 32 1 K] TTL RB3 can dao be Ihe low vallage programming npil.

RBd 37 di 1d He TTL Inlenupl-on-change pin.

RBs 38 dz 15 (o] TTL Inlerupl-onchange pn.

RBGPGC ke 42 16 ko | TILST interrupl-on-change pin or In-Circuil Debugger pin.
Serid programming choch,

REBT.PGD 40 44 i7 o TILSTS Inlerupl-on-change pin o In-Circuil Debugger pin.

Serid programiming dala.

Legend: 1 = input O = output /O = input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note

1: This buffer is a Schmitt Trigger input when configured as an external interrupt.

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

3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL
input when used in the Parallel Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a

CMOS input otherwise.

38



PinH Dip | PLCC | GFP | LOP Buffe: Descrition
i Rame ping | Pine | Ping | Type | Type selptian
PORTC is a bidiredional 'O por.
ROGTIOSOTICH ] 15 16 32 1o ST RC can also be the Timer 1 osdlialor oulpul e a
Tirze 1 chock inpul.
RZ L T108LCTP2 16 1€ K] K] ST RC1 can also be the Tirmer 1 oscillatar input o
Capiure? inpulCompare2 oulpul, PVWIA2 cutpul.
RC2CCP1 17 19 £ {3 ST RC2 can also be 1he Sapiwre | inpuiiSompsrz 1
calpulPYRAT oulpul.
ROXSIKSCL 18 20 ¥ Lo ST RC3 can al=a be he synchronous <erial cock inpul
autput for boih SPand 125 modes.
RZ4:SOISOA 23 2 42 RS S RCd4 can also be the SPI Dala in (SP1node) o
dala 140 {1°C mode).
RZSSCO 24 26 13 10 51 RCS can alzo be the SPI Dala Oui (SP! model.
ROGTNCK 25 27 44 [RS] =11 RCE can also be lhe USSRT Fsynchonots: Transmil
o Syrebronous Clack.
RITRXDT 26 29 1 LG ST RC7 can alzo be lhe USSRT Asynchronous Receive
of Syrchronous Dala.
PORTD s a bi-diredional 110 port or paralkel slave port
when inledaring lo @ microprocessor bus.
ROGPSPO 19 21 28 La STTILD
RE1PSP1 20 22 » | o | stTL®
RO2:PSPZ 21 23 4J (59 STTILE
ROXPSP3 22 24 11 1o STTILE
RO4:PSPd 27 30 2 L0 STTILA
RDSPSPS 23 31 3 o) STTIL
RLGPSPG 29 37 4 0 STTILEG
RET:PSP? 39 33 5 1] STTILE
PORTE & 3 bi-direciional 1X0 porl.
REORILAMS . o ) Ko | STTIL® RE? can ako be read conirdl Jor The parallel slave
port, or ancdog inpuls.
RE1RANG a 10 B (N STTILE RE1 can ako be write conlrol b the paralid slave
par, or andog inpulS.
RE2TS:AMT 12 1 Frid [K®] STTILS RE2 can ako be sekecl cortich tor the parallel stave
part, or anclog inpul?.
ks 1231] 1324 | 629 P —_ Ground relerence lor logic and X0 pirs.
oD 11.32] 1235 | 1.28 P — Posilive supply lor logic and 10 pinz.
M — | 1,17.28 112,13, — These pire are nol inlernaly connecled. These s
LIg 33,34 should be kel) unconrecied.

Legend: I = input O = output /O = input/output P = power
— =Not used TTL = TTL input ST = Schmitt Trigger input

Note

1: This buffer is a Schmitt Trigger input when configured as an external interrupt.

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

3: This buffer is a Schmitt Trigger input when configured as general purpose /O and a TTL
input when used in the Parallel Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a
CMOS input otherwise.
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6.c I/0 PORTS

Some pins for these I/O ports are multiplexed with an alternate
function for the peripheral features on the device. In general, when a

peripheral is enabled, that pin may not be used as a general purpose 1/O pin.

PORTA and the TRISA Register

PORTA 1s 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 bit (= 0) will make the
corresponding PORTA pin an output (i.e., put the contents of the output
latch on the selected pin). Reading the PORTA register reads the status of
the pins, whereas writing to it will write to the port latch. All write
operations are read-modify-write operations. Therefore, a write to a port
implies that the port pins are read, the value is modified and then written to
the port data latch. Pin RA4 is multiplexed with the Timer0 module clock
mput to become the RA4/TOCKI pin. The RA4/TOCKI pm is a Schmitt
Trigger input and an open drain output. All other PORTA pins have TTL
input levels and full CMOS output drivers. Other PORTA pins are
multiplexed with analog inputs and analog VREF input. The operation of
each pin is selected by clearing/setting the control bits in the
ADCONI register (A/D Control Registerl).

The TRISA register controls the direction of the RA pins, even when
they are being used as analog inputs. The user must ensure the bits in the

TRISA register are maintained set when using them as analog inputs.
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Table 2: PORT A Functions

Name Biw | Buffer Functicn
RAVAMO bib2 TTL |lInputioutput or analog input.
RA AN bit1 TTL {inputioutput or analog input.
RAZ/ANZ bit2 TTL | inputioutput or analog input.
RAZAN3NVREF bit3 TTL |lInputioulput or analkg input or VREF.
RAKTOCK! bt ST Inputioutput or extemal clock input for Timers. Output is open drain type.
RAS5S/ANY bith TTL | Inputioutput or slave select input for synchronous serial port o analog input.

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

Table 3: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value <n: | Malue anall

Address| Name Bit7? | Bits | Bit3 | Bitd | Bit2 Bit 2 Bit 1 Bit POR. cther
BIR RESETS
05h PORTA —_ — RAS | Ra4 RAZ RAZ RA1 RAD ERL AR IRV o
8bh {TRISA — — | PORTA Data Direction Register --11 1208 --11 1132
oFh  jaDCONt JaDFM| — | — | — IPCFGSI PCFG2 IPCFGi | PCFGO | --¢- zass| --2- 2:2¢

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0".

Shaded cells are not used by PORTA.

PORTB and the TRISB Register

PORTB is an 8-bit wide, bi-directional port. The corresponding data
direction register is TRISB. Setting a TRISB bit (= 1) will make the
corresponding PORTB pin an input (i.e., put the corresponding output driver
in a Hi-Impedance mode). Clearing a TRISB bit (= 0) wili make the
corresponding PORTB pin an output (i.e., put the contents of the output
latch on the selected pin). Three pins of PORTB are multiplexed with the
Low Voltage Programming function: RB3/PGM, RB6/PGC and RB7/PGD.
The alternate functions of these pins are described in the Special Features
Section. Each of the PORTB pins has a weak internal pull-up. A single
control bit can turn on all the pull-ups. This is performed by clearing bit

RBPU (OPTION REG<7>). The weak pull-up is automatically turned off
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when the port pin is configured as an output. The pull-ups are disabled on a
Power-on Reset.

Four of the PORTB pins, RB7:RB4, have an interrupt on- change
feature. Only pins configured as inputs can cause this interrupt to occur (ie.,
any RB7:RB4 pin configured as an output 1s excluded from the interrupt
on-change comparison). The input pins (of RB7 :‘RB4) are compared with the
old value latched on the last read of PORTB. The “mismatch” outputs of
RB7:RB4 are OR’ed together to generate the RB Port Change Interrupt with
flag bit RBIF (INTCON<0>).

This interrupt can wake the device from SLEEP. The user, in the
Interrupt Service Routine, can clear the interrupt in the following manner:

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

b) Clear flag bit RBIF. A mismatch condition will continue to set flag
bit RBIF. Reading PORTB will end the mismatch condition and allow flag
bit RBIF to be cleared. The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations where PORTB is only
used for the interrupt-on-change feature. Polling of PORTB 1S not
recommended while using the interrupt-on-change feature. This interrupt-
on-mismatch feature, together with software configurable pull-ups on these
four pins, allow easy interface to a keypad and make it possible for wake-up

on key depression.
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Table 4: PORT B FUNCTIONS

Buffer Functicn

RBIVINT TTLST  |inputioutput pin or external interrupt input. Intemat software
programmable weak pull-up.

RB1 bit1 TTL Inputioutput pin. Intemal software programmable weak pull-up.

RB2 bit2 TTL inputioutput pin. Interral softwars programmable weak pull-up.

RBPGH |  bita TTL Inputioutput pin or programming pir in LVP mods. intemal softeare
programmatle weak pull-up.

RB4 bits TTL Inputioutput pin fwith intermupt-on-change]. Intemal enftwans pogrammablz
weak pull-up.

RBS bith TTL Inputioutput pin iwith intermupt-on-change). Intemal sofware programmatia
woak pull-up.

RBAPGC bitd TTLST Inputioutput pin twith interupt-on-change) or in-Circuit Debugger pir.
intemal software programmable weak pull-up. Sarial programming clogk.

RBIPGD bit? TTLST Inputioutput pin fwith interrupt-on-change) or In-Circuit Debugger pin.

Intemal software programmable weak puli-up, Ssrial programming data.
Legend: TTL = TTL input. ST = Schmitt Trigger input
Netz 1: This bulfer is a Schmitt Trigger input when configuned @5 the external interrupt.
2: This buffer is 3 Schmitt Trigger input when used in Seria! Programming mode.
3 LowVoltage ICSP Programming (LVP) is #nablsd by defa ult. which disables the RB3 1D function. LVP
must be disatled to enable RE3 a5 an 1D pin and allow maximum compatibility to the other 28-pinand
40-pin mid-range devices.

Table 5: SUMMARY OF REGISTERS ASSOCIATED WITH PORT B

Value on: | Value on

Address Name Bit7 Bit € Bit5 | Bit4 |Rit3]Bit2|Bit1]Bitd POR. all other
BOR RESETS

06h. 106h JPORTB RB7 RB& RB5 | RB4 | RB3 | RB2 | RB1 | RBO |azxa Zxax | uuun i
8ch. 186h JTRISB PORTB Data Direclion Regisber 1111 11111111 1111
B1h. 181h |OPTION REG | RBPU [ INTEDG | TOCS [TosE | PsA | PS2 = E ERERH ERERE

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

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).

PORTC is multiplexed with several peripheral functions (Table 3-5).
PORTC pins have Schmitt Trigger input buffers.
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When the I2C module is enabled, the PORTC<4:3> pins can be
configured with normal 12C levels or with SM Bus levels by using the CKE
bit (SSPSTAT<6>).

When enabling peripheral functions, care should be taken in defining
TRIS bits for each PORTC pin. Some peripherals override the TRIS bit to
make a pin an output, while other peripherals override the TRIS bit to make
a pin an input. Since the TRIS bit override is in effect while the peripheral is
enabled, read-modify write instructions (BSF, BCF, XORWF ) with TRISC

as destination, should be avoided.

Table 6: PORT C FUNCTIONS

Buffer Type Function
RCO:TIOSOTICKI Inputroutput port pin or Timer1 oscilla bor output:Timer1 clock input.
RC1:T1OSICCP2 bit1 ST Inputioutput port pin or Timer1 oscillatar input or Capbine? inputy
Compare2 output:;PYWIA2Z output.
RC2/CCPA bit2 ST Inputioutput port pin or Capture 1 inputiCompare 1 output!
PWhil output.
RC3SCKSCL bit3 ST RC2 can alzo be the synchronaus serial clock. for both SPI
ard 1“C modes.
RC4SDI'SDA bit4 5T RC4 can ako bae the SPI Data In (SPI moda) or data 11T (IQC model.
RCHSDO bith ST Inputioutput port pint or Synchnonous Serial Port data oulput.
RCGTHCK bit6 ST Inputioutput port pin or USART Asynchronous Tranamit or
Syrchmonous Clock.
RCARXDOT ity ST Inputioutput port pin or USART Asynchronous Reastve or
Syrehinorous Data,

Legend: ST = Schmitt Trigger input

Table 7: SUMMARY OF REGISTERS ASSOCIATED WITH PORT C

Value on: [ Value on all
Address | Name | Bit 7 Bit € Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 POR. other
BOR RESETS
07h PORTC | RCY RC& RCS RC4 RC32 RC2 RCA1 RCO | o e |ttty LwUU
87h TRISC |PORTC Dak Direction Reglister 1111 1111 | 1111 1111

Legend: x = unknown, u = unchanged
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PORTD and TRISD Register

PORTD and TRISD are not implemented on the PICI16F873 or
PIC16F876.

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.

Table 8: PORT D FUNCTIONS

Name Bitz= Buffer Type Function
RDIPSP bitd STTLM Inputioutput port pin or parallel skave port bitd.
RD1PSP1 bit1 STTTL'V Inputioutput port pin or parsllel skave pant biti.
RD2PSP2 bit2 STATLY Inputsoutput port pin or parallel stave port bit2.
RD3PSP3 bit3 STTTLY Inputioutput port pin or parallsl slave port L3,
RD4PSP4 bitd STTTL Inputioutput port pin or parsllel skave port bitd.
RD&PSP5 bits STTL! Inputioutput port pin or parallsl slava port bith.
RDAPSPS bit STATLY inputioutput port pin or pargllel stave port bith.
RD?7.PSP? bit? STITL'Y Inputoutput port pin or parallel slave port bil? .

Legend: ST = Schmitt Trigger input, TTL = TTL input
Note
1: Input buffers are Schmitt Triggers when in 1/0 mode and TTL buffers when in

Parallel Slave Port mode.

Table 9: SUMMARY OF REGISTERS ASSOCIATED WITH PORT D

Value on: | Walue o

Address | Mame | Bt 7 | Bits [ Bit5| Bitd Bits | Bitz | Bit1 | Bitd POR. | allother

BUR RESETS

Ogh PCRTD | RD? | RDG | RO RD4 RD3 ROz RD1 [}{0 XIS 2L+ 2 3 NUUTTRTUTTY

§8h TRISD |PORTD Data Direction Register L1140 1310 | L1ad 1241

8oh TRISE | IBF | OBF | IBOV |PSPMOCE|] — |PORTE Data Direction Bits | #56¢ -121 ] sces -141
Legend: x = unknown, u = unchanged, - = unimplemented, read as '0'. Shaded

cells are not used by PORTD.
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PORTE and TRISE Register

PORTE and TRISE are not implemented on the PICI6F873 or
PIC16F876.

PORTE has three pins (REO/RD/AN5, REI/WR/AN6, and
RE2/CS/AN7) which are individually configurable as inputs or outputs.
These pins have Schmitt Trigger input buffers.

The PORTE pins become the 1/O control inputs for the
microprocessor port when bit PSPMODE (TRISE<4>) is set. In this mode,
the user must make certain that the TRISE<2:0> bits are set, and that the
pins are configured as digital inputs. Also ensure that ADCONI1 is
configured for digital I/O. In this mode, the input buffers are TTL.

PORTE pins are multiplexed with analog inputs. When selected for
analog 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
mputs.

Table 10: PORT E FUNCTIONS

Name Bitx | Buffer Type Function

120 port pin o read control input in Paralid Slave Port mode or analag inpat:
RD
REXROANG | bid | STTL |1 = ke
2 = Read operation. Contents of PORTD register am output to PORTD
2 pins tif chip sebeated]
190 port pin or write control input in Parallel Skve Port mods or analog input:
WR
RE 1'WR/ANS | bitd sTTTLY |1= 1de
2= Wiite operation. Value of PORTD 1O pins is latched inta PORTD
register (i chip selected)

410 port pin or chip select control input in Parslisl Skave Port mode or analo] input:

E= . ; i CS
RE2TSANT | bit2 STTTL 1 = Device is not zelected

2 = Dewice is solected

Legend: ST = Schmitt Trigger input, TTL = TTL input
Note
1: Input buffers are Schmitt Triggers when in /O mode and TTL buffers when in

Parallel Slave Port mode.
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Table 10: SUMMARY OF REGISTERS ASSOCIATED WITH PORT E

e M git7 | Bite | Bi gita | Bitz | eitz | Bt | Bip | alueon "l‘;‘mho"
(13-4 ame it7 it it 5 ) | it it 1 . all othel
POR.BOR | prerre
20h PORTE - — | = - — REZ | RE! | REG |---- -xwx|---- -wuu
89h TRISE 18F OBF | IBOV | FSPMODE — PORTE [ata DieclionBE | coos - 101 J ooz -1t
oFh FooOW1 |ADFM| — | — p PLFG3 | PLFGZ | PRl | POFGO ] --5- 27ce ] --5- 26ec
Legend: x = unknown, u = unchanged, - = unimplemented, read as ’0’. Shaded cells are

not used by PORTE.

6. d MEMORY ORGANISATION
There are three memory blocks in each of the PIC16F877 MCUs. The
Program Memory and Data Memory have separate buses so that concurrent

aCCess can occur.

PROGRAM MEMORY ORGANISATION

The PIC16F87X devices have a 13-bit program counter capable of
addressing an 8K x 14 program memory space. The PIC16F877 devices
have 8K x 14 words of FLASH program memory. Accessing a location
above the physically implemented address will cause a wraparound.

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

DATA MEMORY ORGANISATION
The data memory is partitioned into multiple banks which contain the

General Purpose Registers and the Special Function Registers. Bits RP1
(STATUS<6>) and RPO (STATUS<5>) are the bank select bits.
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RP1:RPO

Bank

ag

m

10

11

| hoy -

Each bank extends up to 7Fh (128 bytes). The lower locations of each
bank are reserved for the Special Function Registers. Above the Special
Function Registers are General Purpose Registers, implemented as static
RAM. All implemented banks contain Special Function Registers. Some
frequently used Special Function Registers from one bank may be mirrored

in another bank for code reduction and quicker access.

GENERAL PURPOSE REGISTER FILE

The register file can be accessed either directly, or indirectly through

the File Select Register (FSR).
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Figure 6.3 PIC 16F877 REGISTER FILE MAP

File File File File
Address Address Address Address
indirectaddr.*| 00h Indirect addr.t!| aoh Indirect ader S| 100n | indirectaddr.™*] 1a0n
TRRO 01h OPTION REG| ath TWMRO 101h OPTION REG| 1ath
PCL 02h PCL azh PCL 102h PCL 182h
STATUS Q3h STATUS &2h STATUS 102h STATUS 182h
FSR 0dh FSK adh FSR 104h . FsK 1a4dh
PORTA ash TRISA &sh 105h 185k
PORTB o6h TRISB a6h FORTB 1080 TRISB 186h
PORTC 07h TRISC arh 107h 187h
PORTC' | 08h TRISD!! | aan 108h 188h
PORTE'" | 09h TRISE'" | aoh 109k -1agh
PCLATH 0Ah PCLATH &ah PCLATH 104h PCLATH 184h
INTCON 0Bh INTC OM aBh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 aCh EEDATA 10Ch EECON1 18Ch
FIRZ 0Dh PIE2 8Dh EEADR 10Dh EECONZ 1840h
TMRIL QEh FCON 8Eh EEDATH 10Eh Reserved® | 1aEh
TKHWR1H 0Fh &Fh EEADRH | 10Fh Reserved® | 18Fh
T1CON 10h Soh 110h 120k
THR2 11h SSPCON2 | 91h 111h 191h
T2CON 12h PR2 &2h 112h 1902H
SSFBUF 13h SSPADD g2h 112h 1€2h
SSPCON 14h SSPSTAT | Sdh 114h 194
CCPRI1L 15h a5h 113h 105H
CCPR1H 16h osh 116h 1960
CCPICON_| 17h o7h geﬂem' 117h Sereral | 1o7n
RCSTA | 18h TXSTA | 98h Regisler | 118N Register | 158N
TXREG 19h SPBRG ceh 16 Bytes 118h 15 Bytes 122
RCREG 1Ah Siah 11ah 1950
CCPR2L 1Bh SBh 11ERh 18IER
CCPR2H 1Ch aCh 11Ch 19ChH
CCP2CON 1Dh o0h 1100 12D
ADRESH 1Eh ADRESL 9Eh 11Eh 159Eh
ADCOND 1Fh ADCORA SFh 11Fh 15F
20h A0h 120h 140h
General General General General
Purpose Purpose Furpose Purpose
Register Register Regjister Reqgisber
95 Bytes 80 Bvles £ &0 Byles - &0 Bytes 1EFh
accesses FOh OCCESSES 1700 ACoESSes iFOR
70h-7Fh 70h-7Fh 70h - 7Fh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

[ unimplementad data mermory locations. read as 0"
* Not a physical register.

Note 1: These regiisters are notimplemented on the PIC 16F 676.
2: These regfisters ore reserved. maintain these regisbers clear.
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6.e INSTRUCTION SET SUMMARY

Each PIC16F87X instruction is a 14-bit word, divided into an
OPCODE which specifies the instruction type and one or more operands
which further specify the operation of the instruction. The PICI6F87X
instruction set summary in Table 12 lists byte-oriented, bit-oriented, and
literal and control operations. Table 11 shows the Opcode Field
descriptions.

For byte-oriented instructions, ’f” represents a file register designator
and’d’ represents a destination designator. The file register designator
specifies which file register is to be used by the instruction. The destination
designator specifies where the result of the operation is to be placed. 1f’d’ 1s
zero, the result is placed in the W register. If’d” is one, the result is placed in
the file register specified in the Instruction.

For bit-oriented instructions, b’ represents a bit field designator
which selects the number of the bit affected by the operation, while *f°
represents the address of the file in which the bit is focated.

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

bit constant or literal value.
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Table 11: OPCODE FIELD DESCRIPTIONS

Fiekl Dascription

1k Register file address (0x00 o 0x7F 1
= Working register iaccumulator:
b Bit address within an 8-bit file register
k Literal field. constant data or lalael
» Don't care location i= 2 or 11

The assembler will genemte code with » = &
Itis the recormmended form of use for
compalibility with all Microchip softesne tools.

| Destination select d = o: shore resultin 4.
d = 1: store result in file register f.
Defaultisd=1.

FZ Program Counter
T Tirne-ouit bit
EE Power-down it

The instruction set is highly orthogonal and is grouped into three basic
categories:
* Byte-oriented operations
« Bit-oriented operations
« Literal and control operations

All instructions are executed within one single instruction cycle,
unless a conditional test is true or the program counter is changed as a result
of an instruction. In this case, the execution takes two mstruction cycles
with the second cycle executed as a NOP. One instruction cycle consists of
four oscillator periods. Thus, for an oscillator frequency of 4 MHz, the
normal instruction execution time 1s 1 ps. If a conditional test is true, or the
program counter is changed as a result of an instruction, the instruction
execution time is 2 ps. Table 12 lists the instructions recognized by the
MPASMTM assembler. Figure 4 shows the general formats that the

instructions can have.
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Figure 6.4 GENERAL FORMAT FOR INSTRUCTIONS

Byle-oricntzd file register operations
13 g8 7 8
r OPCCDE | d| FFILER) J
d = 0 For destination W

d = 1 for destination
f = 7-hit file register addross

Bit-oriented file rogister oparations
13 0 & 76

[ opcoDE  [pierm®)| f(FLE®

b = 3-bit bit address
[ = 7-bit file register addross

Tt

L_ [}

Litaral and control operations

Ganeral
13 8 7 ]

|  OPCODE | k fliteral) J

k = 8-hitimmediata value

nLL and 3o2Ta instructions only
13 11 10 ]
[ opcoDE | K flitzral) |

k = 11-bit immediatz value
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Table 12: 16F877 INSTRUCTION SET

tdnemsnis. Descriztion Cycles 1481 Opcode status Notes
Operanis ¥ ¥ T Lsp | Affeated
BYTE-ORIENTED FILE REGISTER PERATIONS
ADDWF id Add W and f 1 a2 2111 JdEEE EEEE| CDCZ 1.
ANDWF id AND W it | 1 aa o101l JEEE EEEE Z 1.2
CLRF f Cloarf 1 a0 1€EE EEEE Z 2
CLRwW - Claarw/ 1 a0 SHAN RRKR Z
COMF fd Complement 1 20 JEEE EEEE zZ 1.2
DECF td Decrement 1 aa X JEEE EEEE 2 1.2
BECFSZ id Decrement f. Skipif 1{2: a3 1911 JdEEE EEEE 123
INCF td Incremenit 1 aa a1 JEEE EEEE Zz 1.2
INCF=Z td Incremant f. Skip if 0 12 aa JEEE EEEE 123
1ORWF td Inclusive OR W with f 1 a2 o1aa JEEE EEEE z 1.2
MOVF td Move § 1 aa ana JEEE EEEE Z 12
MOVWF f Move W to f 1 ag a9 1EEE fEEE
NOP - Mo Operation 1 TR L T Pt B b
RLF id Rotate Laft f through Camy 1 a2 a1 JdEEE EEEE C 1.2
RRF id Rotate Right f through Carry 1 ad 1100 JEEE EEEE c 1.2
SUBWF td Subtract W from f 1 a2 2010 JE€EE EEEE) CDCZ 1.2
SWAPF fd Swap nibblesin f 1 22 1112 JEEE EEEE 1.2
XORWF id Exclusive OR W with 1 23 0112 JEEE EEEE Z 1.2
BIT-JRIENTED FILE REGISTER OPERATIONS
BCF ih Bit Clear f 1 21 22bk BEEE EEEE 1.2
BS5F tb |BitSetf 1 21 a1bb BEEE EEEE 1.2
BTFSG ib Bit Tast f. Skip if Clear 12} 21 12bb BEEE EEEE 3
BTFSS ih Bit Tost f. Skip if Sat 12 a1l 11bkb BEFE EEEE 3
LITERAL AND CONTROL OPERATIONS
ADDLW k Add literal and W 1 11
ANDLW k AN itera! with W 1 11
CALL k Call subroutine 2 12
CLRW DT - Claar Watchdog Timer 1 aa
GOTO k Go to addrass 2 12
IORLW k Inclusiva OR literal aith W 1 11
MOVLY k Move titaral to W 1 11
RETFIE - Return from intemupt 2 an
RETLW k Return with fitaral in W/ 2 11
RETURHN - Return from Subrautins 2 aa
SLEEP - Go into stand by mode 1 aa
SuBLwW k Subtract W from lit=ral i 11
XORLW k Exclusive OR literal with ' 1 11
Note:

1: When an I/O register is modified as a function of itself ( e.g., MOVF PORTB, 1), the
value used will be that value present on the pins themselves. For example, if the data

latch is 1’ for a pin configured as input and is driven low by an external device, the data

will be written back with a *0’.

2: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the

prescaler will be cleared if assigned to the Timer0 module.

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

requires two cycles. The second cycle is executed as a NOP.
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PROGRAM CODING

The following are the PIC programming codes which are
successfully debugged in the MPLAB simulator and loaded in the
PIC 16F877 microcontroller chip.

list p=161{877

include <p16f877.inc>

status equ 03h -variable declaration
porta equ 05h

portb equ 06h

portc equ 07h

portd equ 08h

trisa equ 85h

trisb equ 86h

trisc equ 87h

trisd equ 88h

p0 equ 5

rpl equ 6

count equ 25h

¢ equ 26h

bsf status,rp0 :initialization
bef status,rpl

clrf trisa
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clrf trisc

clrf trisd

moviw b°00001111°
bef status,rp0
movlw 35

movwf ¢

org 40

mainloop

moviw 1 -firing angle control
movwf count
moviw 0

btfsc portb,3

addlw 20

btfsc portb,4

addlw 20

btfsc portb,5

addlw 20

btfsc portb,6

addlw 20

addwf count,1

55



Skip0
btfsc portb,0 :when Vgy starts positive cycle
goto skip0
bef porte,5
bef portc,3
call fangle
bsf portc,6 :to trigger T10
skipl
btfss portb,2 when Vgy starts negative cycle
goto skipl
bef portd,6
call fangle
bsf portc,0 -to trigger TO and T12
bsf portd,4
skip2
btfsc portb,1 ‘when Vyy starts positive cycle
goto skip2
bef porte,6
call fangle
bsf portc,7 :to trigger T11 and T17
bsf porta,l ‘
skip3
btfss portb,0 -when Vgy starts negative cycle
goto skip3
bef portc,0
bef portd,4
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call fangle
bsf portc,1 :to trigger T1
skip4
btfsc portb,2 :when Vpy starts positive cycle
goto skip4
bef porte,7
bcef porta,l
call fangle
bsf portd,7 ;to trigger T15
skip$5
btfss portb,1 :-when Vyy starts negative cycle
goto skip5
bef porte, 1
call fangle
bsf portc,2 :to trigger T2 and T8
bsf portc,4
skip6
btfsc portb,0 :-when Vgy starts positive cycle
goto skip6
bef portd,7
call fangle
bsf portd,0 :to trigger T4 and T16
bsf porta,0
skip7
btfss portb,2 -when Vpy starts negative cycle
goto skip7
bef portce,2
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bef portc,4
call fangle
bsf portd,2 :to trigger T6
skip8
btfsc portb,1 :-when Vyy starts positive cycle
goto skip8
bef portd,0
bef porta,0
call fangle
bsf portd, 1 ;to trigger T5
skip9
btfss portb,0 -when Vgy starts negative cycle
goto skip9
bef portd,?2
call fangle
bsf portd,3 ;to trigger T7 and T13
bsf portd,5
skipl0
btfsc portb,2 :-when Vypy starts positive cycle
goto skipl0
bef portd,1
call fangle
bsf portc,3 :to trigger T3 and T9
bsf portc,5
skipll
btfss portb,1 :-when Vyy starts negative cycle

goto skipll
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bef portd,3
bef portd,5
call fangle
bsf portd,6 ;to trigger T14

goto mainloop

fangle

decfsz c,1
goto fangle
moviw 35
movwf ¢
decfsz count,l
goto fangle

return
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CONCLUSION

Three phase cyclconverter circuit has been designed,
fabricated and successfully implemented using PIC
microcontroller. This module gives a three phase AC output of
variable frequency. In this project, we have an exclusive study
of embedded system. Since the size and cost of this system 1s
low, there is future scope for this project in industries. This
scheme can be easily extended for the implementation of three

phase AC motor drives.
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MCT2E, MCT?2
OPTICALLY COUPLED ISOLATORS

Circuit
- 23 762 : 10,00
oy e I"_{"I LEZ
S P B v Y Vi N
45 51 3.01 fe7oie 1301 2 p=0.2€
L hT ] e n— i 100 15¢
05 1z z.54 e,sI
€ PIN PRACKAGE  UMITS: MM L 0.4
5 5 4
1 2 3
Features

2500 or 1500 V Isolation.
High DC Current Transfer Ratio.
Low Cost Dual-In-Line Package.

Description

The MCT2E, MCT?2 are optically coupled isolators consisting of a Gallium Arsenide
infrared emitting diode and an NPN silicon phototransistor mounted in a standard 6-pin
dual-in-line package. Surface Mount Option Available.

All electrical parameters are 100% tested by manufacturing. Specifications are
guaranteed to a cumulative 0.65% AQL.

Absolute Maximum Ratings (Ta=25°C)

Storage Temperature: -55°C to +150°C
Operating Temperature: -55°C to +100°C
Lead Soldering: 260°C for 10s, 1.6mm from case

Input-to-Output Isolation Voltage: +1 500V (MCT2)
+2500V (MCT2E)



Input Diode

Forward DC Current:
Reverse DC Voltage:
Peak Forward Current:
Power Dissipation:
Derate Linearly:

Output Transistor

Collector-Emitter Voltage:
Emitter-Collector Voltage:

Collector-Base Voltage:
Power Dissipation:
Derate Linearly:

Package

Total Power Dissipation:
Derate Linearly:

60mA

3V

3A (t p=10ps)

100mW

1.33mW/°C above 25°C

30V

A%

70V

150mW

2.00mW/°C above 25°C

250mW
3.3mW/°C above 25°C

Electro-optical Characteristics (Ta=25°C)

INPUT PARAMETER
Vr Forward Current
Ir Reverse Current
v Reverse Breakdown
R Voltage
ouUTPUT
BVcro Collector-Emitter Voltage
BVkco Emitter-Collector Voltage
BVcro Collector-Base Voltage
I Collector-Emitter Dark
CEO Current
I Collector-Base Dark
CBO Current
C Collector-Emitter
CcE Capacitance
Hre

CONDITIONS
I[F=20mA
VR=3 Vv

IR=lOpA

Ic=1mA
I=100pA
Ic=100pA

V=10V, Ig=0
VCB':l OV, IE=0

VCE:O

Vee=5.0V,
Ic=100pA

MIN TYP MAX UNIT
12 15 V
10 tuA

v

Lo

30 \Y%

70

<

20 nA
10 pF

100 150



COUPLED PARAMETER CONDITIONS MIN TYP MAX UNIT
IF=1OmA, VCE=1OV

Ic/Ip DC Current Transfer Ratio 1.=0 > 20 %
5=

Rio g‘é’s‘;;;‘;'c(;‘“pm Isolation v 500V, (note 1) 1E11 ohm

Collector-Emitt )
Versan Se(:tuf;;ti()()rn Vol t;;e [=10mA, Ic=2.5mA 04 V
Cio 8‘;‘:}")‘3”“"6 Input to f=1MHz, (note 1) 0.6 pF
Tr Output Rise Time Vec=10V, [c=2mA 2 us
Tg Output Fall Time R;=1000hm 2 us

Input-Output Isolation

Voltage Note 1

t

MCT2E (Note 1) 2500 Y

MCT2 1500 Vv
Notes

1. Measured with input leads shorted together and output leads shorted together
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UA741

GENERAL PURPOSE
SINGLE OPERATIONAL AMPLIFIER

LARGE INPUT VOLTAGE RANGE

NO LATCH-UP

HIGH GAIN

SHORT-CIRCUIT PROTECTION

NO FREQUENCY COMPENSATION
REQUIRED

SAME PIN CONFIGURATION AS THE UA709

DESCRIPTION

The UA741 is a high performance monolithic oper-
ational amplifier constructed on a single silicon
chip. It is intented for a wide range of analog appli-
cations.

W Summing amplifier

W Voltage follower

M Integrator

W Active filter

M Function generator

The high gain and wide range of operating voltag-
es provide superior performances in integrator,
summing amplifier and genera! feedback applica-
tions. The internal compensation network (6dB/
octave) insures stability in closed loop circuits.

PIN CONNECTIONS (top view)

N
DIP8
(Plastic Package)

&

D
so8

(Plastic Micropackage)

ORDER CODE
Package
Part Number | Temperature Range
N D
UA741C 0°C, +70°C . .
UA7411 -40°C, +105°C . .
UA741M -55°C, +125°C . .

Example : UA741CN

N = Dual in Line Package (DIP

D = Smali Outline Package (S&) - also available in Tape & Reel (DT)

—/

—_—

11171
L]
~

HOWOWN

1 - Offset nult 1

2 - Inverting input

3 - Non-inverting input
4-Veo

5 - Offset null 2

6 - Output

7-Vee©

8-N.C.

November 2001
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UA741

SCHEMATIC DIAGRAM

Non-inverting input

[ - { {1 Vee+r
Qﬂ*ég ng e »~—~~—7[’013
i N
f I
J Inverting |/Q14
input N
L—{m az -0
Qts |7 -
RS
a3l {\04 396 { R3 [ l R9
I 7.5k RS
i — {1 Output
[rt0
ot | |50
[ate
l: e
Q7 —] a1
~ L a2
| 3
§
o%%s ato}=+an oz}/] |
AN » }
Offsel :
null 1 i
) R3 1] !
50K
R1 [1r2 R4 R12 R11
% 1% sk 50K 50
1 {JVee-

Offset
nuli 2

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter UA741M ! UA741] UA741C Unit
Vee | Supply voltage +22 \
Vid Differential Input Voltage +30 \%
A Input Voltage +15 \%
Ptot Power Dissipation " 500 mw
Output Short-circuit Duration Infinite
Toper | Operating Free-air Temperature Range -55t0+125 |1 -40t0 +105 | Oto +70 °C
Tsig Storage Temperature Range -65 to +150 °C

1.  Power dissipation must be considered to ensure maximum junction temperature (Tj) is not exceeded.
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UA741

ELECTRICAL CHARACTERISTICS
Vee = 215V, Ty, = +25°C (unless otherwise specified)

Symbol Parameter Min. | Typ. | Max. Unit
Input Offset Voltage (R < 10kQ) i mv
Vip Tamb = +25°C b 5
Tmin < Tamb < Tmax 6
input Offset Current nA
lio Tamp = +25°C 2 30
Tmin = Tamb = Tmax 70
Input Bias Current nA
lip Tamp = +25°C 10 | 100
Tmin < Tamb < Tmax 200
Large Signal Voltage Gain (v, = +10V, R = 2kQ) Vimv
Ava Tamp = +25°C 50 | 200
Tmin < Tamb < Tmax 25
Supply Voltage Rejection Ratio (Rg < 10kQ) aB |
SVR Tamb = +25°C 77 99
Tmin < Tamb < Tmax 77
Supply Current, no load mA
lec Tamp = +25°C 17 | 28
Tmin < Tamb < Tmax 33
Input Common Mode Voltage Range Y,
Vicm Tamb =+25°C 12
Tmin < Tamb < Tmax $12
Common Mode Rejection Ratio (Rg < 10kQ) dB
CMR Tamp = +25°C 70 | 9o
Tmin < Tamb < Tmax 70
los | Output short Circuit Current 10 25 40 mA
Output Voltage Swing vV
Tamb = +25°C R = 10kQ 12 14
Vopp Ry = 2k 10 13
Tomin € Tamb < Trnax R, =10kQ 12
Ry = 2kQ 10
SR Slew Rate Vips
Vi= 110V, R =2kQ, € = 100pF, unity Gain 0251 05
i Rise Time us
r Vi = £20mV, R = 2kQ, Ci = 100pF, unity Gain 0.3
K Overshoot %
av Vi=20mV, R = 2Q, C = 100pF, unity Gain
R; Input Resistance 0.3 MO
GBP Gain Bandwith Product MHz
Vi=10mV, R =2kQ, C = 100pF, f =100kHz 0.7 1
THD Total Harmonic Distortion %
f=1kHz, A, = 20dB, R =2kQ, v, = 2V, CL = 100pF Ty, = +25°C 0.06
e Equivalent Input Noise Voltage nv
n f=1kHz, Rg = 100Q 23 /Hz
@m | Phase Margin 50 Degrees
1S7]
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KYI@, TN12, TS12 and TYNx12 Serjes

SENSITIVE & STANDARD 1 2A SCRS

MAIN FEATURES:

Symbol Value Unit

'T(RMS) 12 A ©

A : A
Vorm/VRrM 600 to 1000 v \> ‘
lar 0.2to0 15 K%
G

mA K
) A

DESCRIPTION

DPAK DZPAK
Available either in sensitive (TS12) or standard qmg:g) (TN12-G)
(TYN, TN12...) gate triggering levels, the 12A SCR ( )

series is suitabie to fit al| modes of control found in
applications such ag overvoltage crowbar
protection, motor contro| circuits in power tools
and kitchen aids, in-rush current limiting circuits,
capacitive discharge ignition, voltage regulation
circuits...

Availabie in though-hole or surface-mount

packages, they provide an optimized performance (Tg’a”fH) T0-220AB
in a limited space area. (TN12-H) (TYN)
ABSOLUTE RATINGS (limiting values)
Symbol Parameter yﬁ Value Unit
'T(RMS) RMS on-state current (180° conduction angle) Tc = 105°C 12
ITav) Average on-state current (180° conduction angle) Tc = 105°C 8 A
e S
DPAK / D'PAK /
IPAK  {TO-220AB
rsm Non repetitive surge peak tp=83ms Tj = 25°C 115 146
on-state current b= 10 ms 1= 170 145 1 A
I°t I't Value for fusing tp=10ms Tj=25°C 60 98 A's
Critical rate of rise of on-state . o
di/dt current I = 2 x Iy , tr < 100 ns F=60Hz Tj=125°C 50 Alus
lem Peak gate current tp =20 ps Tj =125°C 4 A
PG(AV) Average gate power dissipation Tj=125°C 1 w
Ts[g Storage junction temperature range -40to + 150 g
Tj Operating junction temperature range -40to + 125
VRGM Maximum peak reverse gate voltage (for TN12 & TYN) 5 \

September 2000 - Ed: 3 1710




TN12, TS12 and TYNx12 Series

ELECTRICAL CHARACTERISTICS (Tj=

25°C, unless otherwise specified)

m SENSITIVE
Symbol Test Conditions TS1220 Unit
laT MAX. 200 LA
Vb=12V R =1400
Vo MAX. 0.8 v
Vep |Vp=Vprw R_=33Kk0 Rek=1kQ | Tj=125°C MIN. 0.1
VrRG [lrg =10 pA MIN. 8 v
W [h=50mA Rgc=1ka MAX . T s T oA
iy l=1mA  Rgg=1kQ MAX. 6 mA
dVidt |Vp = 67 % Vpry  Rax = 220 O Tj = 125°C MIN. 5 Vius
ViM  [hm=24A" tp =380 s Tj=25C MAX. 1.6 v
Vio | Threshold voltage Tj=125°C MAX. 0.85 v
Ry Dynamic resistance Tj=125°C MAX. 30 me
IDRM Vorw = Verm R - 220 0 Tj=25°C MAX._ 5 A
IRRM Tj = 125°C 2 mA
s STANDARD
TN1215 TYN
Symbol Test Conditions Unit
B/H G x12T x12
IGT MIN. 2 0.5 2 mA
Vp=12V R =330 MAX. 15 5 15
Var MAX. 1.3 v
Ve  |Vo=Vprm R =3.3kQ , Tj=125°C MIN. 0.2
Iy lr =500 mA  Gate open MAX. 40 30 15 30 mA
It le=121g7 MAX. 80 60 30 60 mA
dvidt 1Vp =67 % Vpry  Gate open | Tj= 125°C MIN. 200 40 200 Vis
VM [lm= 24A tp = 380 s Ti=25°C | MAX. 16 R Y
Vio  |Threshold voltage Tj=125°C MAX. 0.85 %
Ry Dynamic resistance Tj=125°C MAX. 30 mQ
IDRM Vorm = Vemy Tj = 25°C MAX. 5 A
IRRM Tj=125°C 2 mA
THERMAL RESISTANCES
Symbol Parameter Value Unit
Rihgi-c) Junction to case (DC) 1.3 "G/
Rth(j-a) Junction to ambient TO-220AB 60 ‘C/w
IPAK 100
S=1cm’ D’PAK 45
S=05¢cm’ DPAK 70

S = Copper surface under tab
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TN12, TS12 and TYNx12 Series

Fig. 3-2: Relative variation of thermal
impedance junction to ambient versus pulse
duration (recommended pad layout, FR4 PC
board).

K = [Zth(j-a)/Rth(j-a)]

1.00
DPAK I " ,//
D2PAK. L1
0.10 3 P T0-220AB
LT T
i ]
tp(s)
0.01

1E2 1E-1 1E40 1E+1 1E+2 5E+2

Fig. 4-2: Relative variation of gate trigger
current, holding current and latching current
Versus junction temperature for TN12 & TYN
series.
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Fig. 6: Relative variation of dv/dt immunity
versus gate-cathode resistance (typical values)
for TS12 series.
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Fig. 4-1: Relative variation of gate trigger
current, holding current and latching versus
junction temperature for TS12 series.
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Fig. 5: Relative variation of holding current

versus gate-cathode resistance (typical values)
for TS12 series.

Fig. 7: Relative variation of dv/dt immunity
versus gate-cathode capacitance (typical values)
for TS12 series.
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