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Abstract
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Speed control of induction motor has become a famous topic in the industrial
automation field during the past decade. Due to the rapid growth in power
electronics, this field has been grown for a great extent. There are many algorithms
currently available for speed control of induction motors, while every algorithm has
its relative merits over other. In different situations, it's desirable to use different
algorithms. In normal inverters available in the market, most of the time one
algorithm is implemented, which is hard-coded in the circuit. This project is about
design of a programmable induction motor drive which is capable of implementing
different algorithms in one system. Currently it has been developed as a test bench
for machines laboratory where different algorithms such as Six Step, Sinusoidal
PWM and Constant VIf control are available in the same system with user selectable
mode. The system is reprogrammable, so it's possible to include some new

algorithms such as trapezoidal PWM in future as further development of this project.

Two types of microcontrollers are used in order to produce the control signals for the
inverter. One is Object Oriented PIC (OOPic) and other is PIC16F767, in which
there are 3 inbuilt hardware PWM modules with 10-bit resolution available. Six step
algorithm is implemented using the OOPic & the sinusoidal PWM with VIf control in
implemented using PIC16F767. There is a new speed sensor designed using Hall IC
which is very cheap & accurate in operation. This is designed as a low cost alternate
method of speed sensing instead of 'Using high cost encoder or photo electric
sensors. The sensor feedback signal processing & display of speed also implemented
in OOPIc.
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A driver circuit was very much needed in between the controller and the inverter for
several reasons. One is to provide optical isolation from logical ground and the
power ground. Other one is to provide a sufficient dead time in upper & lower switch
signals. Also a voltage which is capable of switching on an IGBT was needed from
the driver circuit. An IGBT module-which consists of converter & inverter circuit is
used as the main switching device to produce variable frequency, variable voltage

sinusoidal output.

Many challenges were faced while carrying on the project, which gave us a valuable
experience by having hands on experience with different ICs, power electronic
devices & microcontroller programming. The major issues and challenges faced and

the solutions are included in this report. Also a detailed discussion about various
components & functionalities is included with the test results. This project report will
be a very useful document to anybody interested in designing control systems and

power electronic circuit design.
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1. Introduction
1.1 Background and Motivation

Smooth speed control of an Induction motor had been a major problem in the
early industry, difficulty in controlling speed has led the industry to go for other options
like DC motors. However, with development of microcontrollers and power clectronic
devices there is a tendency to go for power electronic Invertors recently. But available
inverters are expensive, consist of more hardware and things are hard coded. Still. such
available speed controllers do not provide the customer flexibility to select a desired
control algorithm. This project, “Development Platform for Motor Controls™ is
developed as a test bench which can be used in the machines lab for Electrical
Engineering students.

This project is developed as a system where different types of motor controlling
algorithms are available and the system can be upgraded for some new algorithms in
future. This introduces a method for flexible motor speed controlling in the industry
and works as a low cost variable speed drive as well.

1.2 Importance of the project

In this project, a new controller OOPic is used to produce the somc control signals.
By using different types of microcontrollers in the market. this project has been
developed as a test bench where students will be able to get a practical experience
how the smooth control of electrical drives can be achieved by combining Software.
Flectronic and Electrical engineering concepts. Further, they can visualize waveforms
of control signals generated by the microcontroller using the oscilloscope, and how
they vary when the speed changes, what are the inherited features of this control
techniques both pros and cons, and how these control techniques physically affect the
motor’s performance. The test bench is visual layout to observe how different types
of components are collaborated with each other to accomplish the overall task. And
further, it can be used there to verify how the PWM signals are generated. the dead
band time clarification by watching the control signals in the oscilloscope.



1.3 Organization of the report

e First chapter is a brief introduction to the project and it includes the
background, motivation for the work, importance or the requirement of such
development and the objectives of the project design.

e Second chapter presents project overview and it contains project life cycle,
time line, requirement analysis, component ratings and a block diagram of the
final design.

e Third chapter describes the project implementation and it is divided into the
main areas of the project such as control circuit, driver circuit, scnsor design
& interface design. It covers the implementation method, the problems faced
during implementation & the solutions taken.

e T[ourth chapter contains the final system details. It contains the final system’s
panel image, Circuit fitting image & sensor mounting images. It also contains
the cost analysis of the project.

e Fifth chapter is the conclusion, which discusses about the results, the
conclusions taken from that & the things that could not have been
implemented due to several reasons such as time constraint. Also the future
improvement of the system discussed.

e The programming codes, circuit diagrams drawn in Orcad are included in the
annexure.

1.4 Objectives

The industrial automation is a new field which is improving very rapidly
everyday. The advent of new advance power electronic technologies is helping to
lower the energy consumption largely. When considering about energy savings in the
automation industry, variable speed drives play a big role. As the production rate
heightens, the number of processing machines increases and is subject to high
consumption of energy. Hence with this high energy consumption and high electricity
cost, it is required to take necessary measures to reduce the energy consumption,
improve energy efficiencies. Induction motors are identified as a high potential target
for energy consumption in the industry. In many cases the speeds supplied by the
motor are not inline with the requirements. Due to this reason, the variable speed
drive systems are now replacing the older gear systems. Water pumps, blowers,
conveyor motors, electric lifts etc are just a few places where three phase variable
speed drives are used today. Nevertheless, the issue is that the conversion cost for this
is somewhat expensive, therefore not allowing small industries to go for that option
regardless it is critical to survive in today’s competitive environment.

So we identified this problem and designed a programmable induction motor
drive as a test bench. The objective of this project is defined as follows:



o Generating different types of control signals in one system
Since this is designed as a test bench, the main objective was to
implement different types of motor controlling algorithms in one system
which can be upgraded for some new algorithms in future.

e Cost optimization
Currently available products in the market are having a price which is
not affordable by everyone. So we decided to make the system with less cost,
but with all functionalities expected as a variable speed drive.

e Provide protection mechanisms for the motor & controller
This is another feature expected in the industry to be implemented in
the motor drives. Over voltage protection, line to line voltage protection, over
current protection & optical isolation are the main mechanisms that were
decided to implement in the system.

o Design of a speed sensor which is low in cost with required accuracy
Currently available speed sensing mechanisms like optical encoders
are very much accurate and very much expensive as well. So we have decided
to design a speed sensor with required accuracy. We decided to use a Hall IC
for this purpose as this has high accuracy, lower cost & small in size.

1.5 Background Study

1.5.1 V/F control Mechanism

The V/F control is the salient control mechanism for the induction motor
speed control. The base speed of the induction motor is directly proportional to the
supply frequency and inversely proportional to the number of poles in the motor.
Since the number of poles is fixed by design, the best way to vary the speed of the
induction motor is by varying the supply frequency. The torque developed by the
induction motor is directly proportional to the ratio of the applied voltage and the
frequency of supply. By varying the voltage and the frequency, but keeping their ratio
constant, the torque developed can be kept constant throughout the speed range. This
is exactly what V/F control tries to achieve.

The typical torque-speed characteristic of the induction motor. supplied
directly from the main supply is shown below.
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Figure 1.01: Torque Speed characteristics

The main features in the V/F control mechanism.

e The starting current requirement is lower.

e The stable operating region of the motor is increased. Instead of simply
running at its base rated speed, the motor can be run typically from 5% of the
synchronous speed up to the base speed. The torque generated by the motor
can be kept constant throughout this region.

e At base speed, the voltage and frequency reach the rated values. As shown in
the figure 1.02, the motor can be run beyond the base speed by increasing the
frequency only, without changing the applied voltage beyond the rated voltage.
This results in the reduction of torque.
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Torgque and
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Figure 1.02: V/ f characteristics



1.5.2 Six Step and Sinusoidal PWM Generation

The six switches (IGBTs) of the inverter are switched in six steps such that a
resultant sinusoidal waveform is applied across the motor windings. For this purpose,
the total period is divided into six equal periods, in each period two one sided
switches & one other side switch will be ON.

The six step algorithm is easy to implement compared to sinusoidal one, but
has some disadvantages. The main disadvantage of six step algorithm is that it can be
used to change the output frequency only. Output amplitude can be controlled by only
changing the DC-link voltage. But in six step, harmonics of order three and multiples
of three are absent from the line to line and voltage. In order to control the output
voltage, PWM technique can be used. The sinusoidal PWM generation is done by
comparing a saw tooth waveform of high frequency with sinusoidal control signal
with desired frequency. But here the magnitude and the frequency of the output signal
can be changed by changing the magnitude and the frequency of the sinusoidal wave
form.



2. Overview of the project
2.1 Project Life Cycle

Background study and requirement analysis

L

Proposal of solutions and evaluation of Alternatives

Design of the embedded layer

y

Design of the hardware interfacing

Y

A

Synchronizing and testing

A

Employment of the system to the application

A

Documentation and submitting of the project to the
university

Figure 2.01: Project Life cycle




2.2 Project timeline

Figure 2.02: Project Time line

2.3 Design Requirements
Parameters of the application for which the drive design is based on arc as follows.
- =240) Motor is in delta connection

st

Power =370 W

Power factor = 0.76
Rated speed=1360 rpm
Rated frequency=50 Hz

2.4 Calculations

According to the parameters of the selected motor for which requires drive
design. the required DC bus voltage, hence required transformer capacity, and voltage
are calculated.

With 5% of allowable over voltage margin of rated voltage 240V, the
maximum required rms voltage is set to 252V.

V =240x105%

maxynis
=252V
e For Sinusoidal PWM Signals

Thereby maximum peak voltage required was derived.

2 2
|4 =V, X — = 252 x — = 206.76V
max,pk max,rms \/§ \/§
Assuming a maximum of 0.9 amplitude modulation ratio, the maximum DC
bus voltage was derived

Vinaxpre X 2 205.76 X 2

V, =
dc mg 0.9

= 457.24V (= 460V)




e Tor the Six-step PWM Signals
Thereby, the maximum DC bus voltage was derived

Virms X V3 252 X V3
V2 V2

Ve = = 308.64V(310V)

2.4.1. Required Variac Calculation

A three phase rectifier included in this rectification which is encapsulated in
IGBT Module. So, to get the required output de voltage from the threc phase rectifier
2 variac is used before the converter to reduce the supply voltage.

_ Vdc, rectifier
VLL, variac OQutput — T
For sinusoidal PWM
460

VL1, variac output = ‘1_3§ = 341V

341
Variac tapping position=-—— = 85.25 %
pping p 400 0

For six-step PWM
310

ViLvariac output = 135 =230V

Variac tapping position:—i—i)% =57.5%

T rated current of the motor is calculated from the other name plate parameters of
e motor.
370

{ rated —
M 3% 240%0.76

=1.174

Taking the starting current of about 6~9 times the rated current
| starting, max =7.03A

2.5 Frequency Selection

According to the name plate data, the maximum supply frequency that can be
applied to the motor is 50Hz. To implement the v/t control, 5 to 50 Hz frequency
range is being used.

In switching frequency selection, due to the relative ease in filtering harmonic
voltages at high frequencies, it is desirable to use as high a switching frequencies as
possible expect for one drawback. It is switching losses in the inverter switches
increase proportionally with the switching frequency f, . Therefore, in most
applications, the switching frequency is selected to be either less than 6 kHz or
greater than 20 kHz to above the audible range. If the optimum frequency turns out to
e somewhere in the 6-20 kHz range, then the disadvantage of no audible range, then
the disadvantages of increasing it to 20kHz are often outweighed by the advantage of

8



1o audible noise with of 20 kHz or greater. Therefore, in 50 Hz type applications. the
fundamental frequency of the inverter output may be required to be as high as 200 Hz.
In our case, 2 kHz switching frequency was used.

2.6 Component Selection
2.6.1. Selection of IGBT Module

When using IGBT modules, it is important to select models which have the
voltage and current ratings most suited for the intended application. In the selection of
IGBT module, all six IGBTs and the converter circuits are considered. That is an N
series IGBT module where all are inbuilt. The new package design has the connection
terminals molded together with the casing, thereby reducing not only the number of
parts needed for assembly but also the internal wiring inductance.

Figure 2.03: Encapsulated IGBT Module (7MBRISNF120)

Voltage rating

An IGBT must have a voltage rating that is suitable for dealing with the input
voltage of the unit in which it will be installed. The voltage rating of an IGBT module
must be selected by considering the input voltage to the IGBT. This IGBT module
has 1200V collector to emitter and + 20¥ across gate to emitter.

Current rating

An increase in the IGBT module’s collector current will cause a rise in the

V.sapand the static power dissipation loss. At the same time the switching loss will

ce{ sat
grow, and as a result the module’s temperature will rise. Despite the heat generated
by the static loss and switching loss, the elements switching temperature should be
maintained below 150 degree Celsius. Our IGBT module is selected by keeping the
collector current at or below the maximum rating for the reasons, since this also
reduces operation costs. This IGBT module has 15A collector to emitter current.

2.6.2. Converter Selection
The converter also is inbuilt inside 7MBRISNF120. A threc phase rectificr

“cluded in this rectification. The terminals are molded together with the casing.
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Figure 2.04: Internal diagram of TMBRISNF 120 IGBT Module

2.6.3. Object Oriented PIC (OOPic)

A new microcontroller called Object Oriented PIC (OOPic) is used to produce
the six step waveforms. This module can be programmed using object orientation
concept that is; all the methods or parameters have to be accessed through objects.
There are preprogrammed multitasking Objects in the library of highly optimized
Objects to do all the work of interacting with the hardware. The program can be
written in Basic, C, or Java syntax styles to control the Objects. During operation, the
Objects run continuously and simultaneously in the background while the scripts run
in the foreground telling the objects what to do.

Another unique feature of OOPic is the Virtual Circuits capability. These are
software equivalence of an electronic circuit connecting together Objects in various
ways. This allows the Objects to pass data to each other in the background, not
taking much processing power from the microcontroller.

Figure 2.05: OOPic Hardware Module

e [°C Network compatible

e Compact size

e Separate I/O pins to drive LCD displays

e (Can be easily programmed using Serial or Parallel port

e A Power Good LED to show the status of the EEPROM clock
e Multiple power outputs available for different types of sensors
e External EEPROM can be connected

10



2.6.4. 16F767 Microcontroller

WOLR'VesRES > L1 ~ 26 == RBTPGED
magiaNg=—1 ] 2 271 ~ = RBGPGC
RAUAN- ==L 3 2B] | =—= EB&AN’3/CCPE
RAZIEN2N ko~ CVREr =—+ L] 4 I~ 25| < = RB4AN1
RAZANZVREFs =[] 8 2 za ] == RBCCPMaNE
RB4TISKLCIOLT =] 6 = 23] ] = RB2:ANS
RASANZICINGS C2oLT =—— [ 7 ‘",2 22[] = = RB-/AN-D
Veg— 2 L 1] = REGINTANTZ
OSCUCLKIRAT= » | 9 © 20| | =—vine
OS0HCLKORAS < []10 o 19] | =—ss
RCGTICSOT CKl =[] 1 o 18] = RCTRXDT
rRC1TI08IcCPeN =112 1707 = RCBTHTK
RZ2:CCP =+ []13 15[] - RCHEDO
RCE/SCK/SCL =— |1 14 15] | == RC4:SDISDA

Figure 2.06: Pin diagram of PICI6F767

Main Features:
e 3 inbuilt hardware PWM modules with 10-bit resolution
¢ 8K flash program memory
e 16 Interrupts
e 20MHz Operating frequency (Oscillator)
e 3 Timers — Timer0, Timerl, Timer2
e 11 Analog to digital conversion modules with 10-bit resolution
e 28 pin DIP configuration

Special Peripheral Features:
e Two 8-bit Timers with Prescaler
e 16-bit timer/counter with Prescaler
e Three Capture, Compare, PWM modules:
- Capture is 16-bit, max. Resolution is 12.5 ns
- Compare is 16-bit, max. Resolution is 200 ns
- PWM max. Resolution is 10 bits
e Power-on Reset (POR), Power-up Timer (PWRT) and Oscillator Start-up
Timer (OST)
e Programmable Code Protection
In-Circuit Serial Programming (ICSP) via two pins

. IR21094 IC

The gate drive IC is a product of IR part named IR21094 which is a high
speed and high voltage IGBT driver with single input control signals.
Cenfares

2.6.

n

o Floating channel designed [or bootstrap operation
Fully operational to +600V (Ve

»  Gate drive supply range from 10 to 20V (Vo)

« Under voltage lockout for both channels

s 3.3V, 5V and 13V input logic compatible

»  Shut down input turns ofl both channels

11



¢ Internal 540ns dead-time., and programmable up to Sus with one external Risl
resistor
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Figure 2.07: Pin diagram of IR21094

2.7 Heat Sink Design

When the power devices such as IGBT are in operation it produces the
temperature at the junction. Therefore the IGBT junction temperature must be within
the acceptable limit. Therefore to design a better cooling system we need to calculate
the power loss in the IGBT module. Therefore we need to remove the heat dissipated
on the IGBT module as efficiently as possible. Otherwise the IGBT module heated up
to a high temperature. Therefore to avoid such abnormal situation we need to
assemble a heat sink with the proper value. Therefore the selection of the heat sink is
very important. The power loss calculation is given below.

Steady state
— Transistor loss (Psat)
loss (PTr) Turn-on loss
(Pon)
Switching

Total power loss (Psw)

loss of IGBT —
module (Piotal)

Turn-off loss

(Pott)
Steady state loss
L (PF)

FWD loss

(PFwD)
Switching (reverse recovery)
loss (Prr)

IGBT power dissipation loss (W) = Steady state loss+ Turn-on loss + Turn-off

loss
= [t1/t2*Vce(sat)*Ic]+ [fc* (Eon+Eoff)]

FWD Power Dissipation loss (W)
Steady Power Reverse

- Dissipation Loss (W) + Recovery Loss

= [(1-(t1/2)*Ip* V] + [fc* Err]
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< > Carrier irequency (fc) = 1/12[H<]
12 IGBT on duty = t1/12

FWD on duty = (1-(11/2})

Figure 2.08: Duty Cycles in one leg two IGBTs

As the maximum allowable junction temperature of an IGBT module is fixed,
. appropriate heat sink must be designed to keep it at or below this value. When
Jesigning appropriate cooling, first calculate the loss of a single IGBT module then
hased on that loss, select a heat sink that will keep the junction temperature within the
required hmits.

If the IGBT module is not sufficiently cooled, the junction temperaturc may
xeeed the junction temperature during operation and destroy the module.

According to the above two equation the values of the variables have found
which is given below.

~09, f =2kHz, V=33V, Ic=104

_1.0my 1.8mJ _0.75m)

=7 E. =
off ™ cycle rr

Son T

cycle cycle
I .,=1.0mJ/cycle Egp=1.8mJ/ cycle E = 0.75mJ / cycle

I'he IGBT power dissipation loss = 0.9x3.3x10 +2x1000x (1.0 +1.8) x 0.001

=35.3W
I'WD power dissipation loss =0.1x1.5x5+2x1000 x0.75 % 0.001
=2.25
[he total power loss =35.3+2.25=37.55

[ he thermal resistance between the heat sink and the ambient air will be calculated as

tollows.

;= W (Ra(j-¢) + Rn(e-) + Rp(f-a)) + Tacooiiienninnin (A)
[ - Maximum junction temperature (125 °C)

W - Total power loss (88.4 W)
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R!h(j"c>

- Thermal resistance between junction and case (1.04 °C/W)

Ri(c-t) - Thermal resistance between case and the heat sink (0.05 °C/W)
Ry(f-a) - Thermal resistance between the heat sink and ambient air

la - Ambient temperature (25 °C)

According to the equation (A),

125 = 37.55 (1.04 + 0.05 + Ry, neatsink) + 25

I'hereby, Rip, heatsink = 1.57 C/W

2.8 System Block diagram

Vs .

Speed, PWM

PIC16F767 /

Speed feedback G e | £

3

Converter

Control
Signals

s

" IGBT
Inverter -

I/
controlled
3¢ supply

Driver

circuit ,/ —=%

Figure 2.09: System Block diagram
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3. Implementation

The complete system can be divided into six main sections as Main Control
Circuit, Driver circuit, Converter & Inverter Circuit, Power supply circuit, Sensor
Design and Interface Design. These things are explained in the following sections.

3.1 Main Control Circuit
The main control circuit is the important part of the system, which produces
the control signals according to the algorithm. These control signals are used to
switch ON/OFF the 6 IGBTs in the inverter. In this system, there are two typces of
algorithms implemented, one is Six Step and the other is sinusoidal PWM with V/
control. To implement these, two microcontrollers are used.
e  OOPic Microcontroller:- This produces the Six Step control signals, get the
sensor feedback and Display the speed on LCD
o PIC [16F767 Microcontroller:- This produces the sinusoidal PWM signals for
the 3 phases using the inbuilt 3 hardware PWM modules

3.1.1 Six Step Inverter Design

MATLAB implementation of Six Step Inverter Design

MATLAB Program

t=10:6];

a = [3,6,3,-3,-6,-3,5];
b =13,-3,-6,-3,3,6,3];
¢=a-b;
~ubplot(3,1,1)
stairs(t,a)
title('Phase a')
axis(]0 7 -10 10])
subplot(3,1,2)
stairs(t,b)
title('Phase b'")
axis([0 7 -10 10})
subplot(3,1,3)
stairs(t,c)
title("Phase a - b')
axis([0 7 -10 10})
hold on

15




MATLAB Output

Phase a
10
5.
o i
-5
-10: - : - -
Q 1 2 3 4 g G 7
Phase b
10
5
4}
-5
10 .
U] 1 2 3 4 5 3
Phasea-b
10:
5
0
-5
10 :
0 1 2 3 4 5 G 7

Figure 3.01: Six-step MATLAB output
Physical Design

This is a simple algorithm compared to sinusoidal PWM technique. As there
1re six steps in the phase voltage waveform, it is called Six Step Inverter.

. 1 By ok O o ote
Sl st sl Sty
* - O

1 i -

i
|

s, }".Ir S, -‘rir s, |A‘+
Figure 3.02: Inverter with six IGBT switches

As shown in the figure 3.03 the six switches (IGBTs) of the inverter are
switched in a way such that a resultant sinusoidal waveform is applied across the
motor windings. For this purpose, the total period is divided into six equal periods. in
cach period two one sided switches & one other side switch will be ON. For example.
ST & S3 are ON, S5 will be in OFF state. The complete pattern is as follows:
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de

Figure 3.03: Six-step switching signal patterns

3.1.2 Implementation of Six Step Algorithm in the system

Six step algorithm is implemented in OOPic microcontroller. OOPic is used
15 the main controller. When the six step mode is selected, OOPic will produce
variable frequency six step signals based on the potentiometer position. When the
stop key is pressed, DC braking technique is used to stop the motor. This is achieved
sy supplying constant DC voltage to two coils only. The magnetic field generated by
‘he coil will oppose the revolution. As the position of the potentiometer changes, it is
converted into digital using 8 bit A/D converter of the OOPic microcontroller. This
Jigitized value is used to change the period, thereby the period of six steps. In parallel
with this, OOPic will process the feedback signal coming from the hall sensor and
lisplay it in the LCD. When the sinusoidal mode is selected, OOPic will send a signal
1o the PIC to activate it and it continues to sense the speed and display the speed.

The main disadvantage of six step algorithm is that it can be used to change
the output frequency only. Output amplitude can be controlled by only changing the
DC-link voltage (V4.). But in six step, harmonics of order three and multiples of three
are absent from both the line to line and the line to neutral voltages and consequently
absent from the currents. In order to control the output voltage, PWM technique can
he used. Among those many different PWM switching schemes. sinusoidal PWM
technique is the most common method.

3.1.3 PWM Techniques
While the 3® 6-step inverter offers simple control and low switching loss.
lower order harmonics are relatively high leading to high distortion of the current
wave unless significant filtering is performed. PWM inverter offers better harmonic
control of the output than 6-step inverter.
The dc input to the inverter is chopped by switching devices in the inverter.
T'he amplitude and harmonic content of the ac waveform is controlled by the duty
cvele of the switches. Various PWM techniques include:
v" Sinusoidal PWM (most common)
v Selected Harmonic Elimination (SHE) PWM
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Space-Vector PWM

Instantaneous current control PWM
Hysteresis band current control PWM
Sigma-delta modulation

ANANANEN

3.1.4 Sinusoidal PWM method
MATLAB implementation of Six Step Inverter Design

MATLAB Program

n=9; %n = (carrier / modulation) frequency
fe=540; %carrier frequency
m=0.5; %om = (fundamental peak amplitude / carrier peak amplitude)
% tp = n/fe % triangular wave pulse wave length
i=l;
te=[];
val=[];
t s=(n/fc)/n; % 1/9 of fundamental lamda
fori=1:n,

i = |ii i];

a = (2*pi*i/n);

t = (1-m*sin(a))/(2*fc);

t=t+t s*(i-1);

tt = [tt t];

val = [val 5];

ex t=t s*i;

tt = [tt ex_tJ;

val = [val -5];
end
subplot(2,1,1); stairs(tt,val) ,axis([0 0.02 -6 6])
x=0:0.1:65;
subplot(2,1,2); plot(sin(x)) ,axis([0 65 -1 1])
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MATLAB Output
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=
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Figure 3.04: Sinusoidal PWM method MATLAB output

Physical Design

The most common PWM approach is sinusoidal PWM. Here, three reference
sinusoidal signals with 120° shifted each other are compared with a triangular signal
of high frequency. The relative levels of the two waves are used to control the

switching of devices in each phase leg of the inverter.

As shown in figure 3.05, when the sinusoidal signal is greater than the
riangular signal then the upper switch of the corresponding inverter leg 1s switched
ON. and when the triangular is greater than the sinusoidal signal, the lower switch of

the leg is triggered.
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Figure 3.05: Sinusoidal PWM Technique

93350
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Here. the triangle waveform switching frequency (f) is called as the carrier
frequency and the control signal frequency (f;) is called as modulation frequency.
Frequency modulation ratio, me= f / f.
Amplitude modulation ratio, m, = V. / Vy;
[mportant considerations:

v Normally m, < 1

v" Switching losses are high at high switching frequenciecs

v" Switching frequency should be kept less than 6kHz or greater than 20kHz~

v If my < 21, Asynchronous PWM should be avoided. That means, the value of
m¢should be an odd integer.

v If my> 21, Asynchronous PWM can be implemented, but should be avoided at

lower frequencies.

v Over-modulation (m,> 1) gives higher output voltage, but causes the output
voltage to contain many more harmonics in the sidebands as compared with
the linear range (m, < 1)

3.1.5 Implementation of sinusoidal PWM in the system

PIC 16F767 was selected as the microcontroller for the purpose of
implementing the sinusoidal PWM technique in the system. This microcontroller has
3 PWM modules which can issue PWM signals, where the duty cycle can be changed.
Those 3 PWM signal are used to send the switching signals to IGBT inverter.

The control program was written by MikroC, in which all the power and
flexibility provided by ANSI C, accompanied with the most advanced IDE on the
market. The source code of the PWM controller is available in the Annexure.

2008,05/,23 21:16:46 [ fiok  Normal
YOKQGAWA 4 q 10kS/s 109M5/iy
. . : : << Muin?lﬂk b : :

CH1 16:1
2.00 Usdiv
IDC  Full

HF

Edge CH1 4§
Auto
9.18 V

[ SETUP

A
Auto Store
Setup Recall

Undo
Auto
S E LU P

Undo
Initial
S V4 cHm—

Figure 3.06: Oscilloscope Image for Sinusoidal PWM

Initial
-ize

3.1.6 Control Algorithm of sinusoidal PWM

The control signals are produced using the three 10-bit PWM modules inbuilt
in the 16F767 microcontroller. The duty cycle of each PWM module is varied
individually to generate a 3-phase AC waveform. As shown in the figure 3.07. three
offset variables are used to get a 120° phase shift. Sine waveform is produced by
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accessing a sine table stored in an array. Sine table is made for angles 90° to 270°.
These values are repeatedly accessed to get the sine values of other angles. For
example, the value for 0° is same as the value of 180° and the value for 50° is same as
the value of 130°.

b

A

A

120°

1.0 RN - y
0.5 "‘) [

e
e

,  — ; Y -\
: /,1 : :&7\& /‘/
: ; AN
1.0 el k L N\ y
30° 180° 270° 360° \

_ Sine Table Value + Offser 1
Sine Table Value + Offset 3

Sine Table Value + Offset 2

Figure 3.07: Tliree phase implementation Syntlesis

The microcontroller uses the speed change potentiometer’s Analog to Digital
converted results to calculate the PWM duty cycle and thus. the frequency and the
amplitude of the supply to the motor. Voltage level is changed by changing the duty
cvele value only. That means, when the duty cycle is high, the resultant dc voltage is
high. When the duty cycle is set to half value, the output will be half of the supply.
The upper eight bits of the PWM’s duty cycle is set using the register CCPRxL, while
the lower two bits are set in bits 4 and 5 of the CCPxCON register. The PWM
frequency is set using the Timer2 Period register (PR2). Since all of the PWMs use
Timer2 as their time base for setting the switching frequency and duty cycle, all will
have the same switching frequency.

Timerl is used to change the frequency of the PWM output. Timerl is a 16-bit
hardware module available in the PIC16F767. By changing the Timerl reload value,
the frequency is changed. The Timerl reload value is based on the potentiometer’s
ADC result, the main clock frequency (Fosc) and the number of sinc table entries.
There are 19 values stored for the half cycle. So altogether there are 36 samples for
one cycle. As explained earlier, 120° phase shift is achieved through accessing three
offset registers, where each of these registers will point to one of the values in the
table. These offsets will be updated in a way to get a sinusoidal waveform, alter each
Timerl overflow. The Timerl overflow is set as an interrupt for the microcontroller.
In addition to that, there will be an interrupt when the ADC is completed.

After every Timerl overflow, the PWM duty cycles are updated based on the
potentiometer setting & sine table value. Then the offset values are updated in crder
(o get a sine waveform. The sine table value is multiplied with the frequency input to
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find the PWM duty cycle and is loaded to the corresponding PWM duty cycle register.
Subsequently, the offset registers are updated for next access.

After updating the duty cycle and the offset values, ADC results are processed.
When the conversion is completed, there will be an interrupt created. When an A/D
interrupt occurs, the new frequency setting of pot is checked with the older value. If
those two are different, the new value is used to calculate the current frequency. Also
the time step required for unit change is calculated according to the acceleration /
deceleration time. Then the Timerl reload value is calculated based on the pot setting.

Finally Run / Stop key & Forward / Reverse key are checked for change in
position. If the stop key is pressed, DC braking technique is used. That is, only two
coils will be ON with constant DC voltage. The magnetic field generated by the coil
will try to brake the shaft in each revolution. If the motor direction key is pressed,
first the motor will be stopped & then PWM1, PWM?2 and PWM3 duty cycle values
will be loaded to PWM2, PWMI1 and PWM3 duty cycle registers respectively. This is
somewhat similar to interchanging the AC input lines of the motor. The duty cycle
will remain the same until the next Timerl overflow occurs, as shown in Figure 3.08.
The frequency of the new PWM duty cycle update determines the motor frequency
and the value loaded in the duty cycle register determines the amplitude of the motor

supply.

5
5
——h

-

Timerl Interrupt Timer2 Interrupt

Figure 3.08: Duty cycle change with Timerl

PWM Duty Cycle = Frequency Setting of the pot x Sine table value Read

Timer1 Reload Value

FDSC
4
=FFFFh —2x
FFFFR sine Sample per Cycle X Timer1 Prescaler x Value of AN1

3.1.7 Acceleration and Deceleration

Acceleration and deceleration time can be changed in the program. Currently it is set
to 3s. The current motor frequency and the required user frequency which is set
through the potentiometer are compared. If these two are different, then the current
frequency is changed step by step until it reaches the new frequency. The time to
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change the current frequency by one step is calculated in software, depending upon
the difference and the acceleration and deceleration parameters in the program.

3.1.8 Program Flowchart

Parameter initialization

Check Timer1
Overflow

Yes-- ~>D§ead Sinﬁeﬁ TEbE
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No | |
‘ !
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Read ADC Result k* I Offsets [

Check Current
Freg = New Freq

-

v . S

Calculate time step ‘ Yes
for Acc/ Dec |
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. ey L
i Reload value
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Figure 3.09: Program Flowchart




3.2 Driver Circuit of IGBT Module

3.2.1 Introduction
It 1s important that drive circuit design is closely linked to the protection
circuit design such as,
e Over current protection
e Over voltage protection
e Provide electrical isolation

The design of the drive circuit ultimately determines the performance of the
[GBT. The characteristics of the IGBT change in accordance with the conditions of
the drive circuit.

Drive circuits consist of a forward bias voltage section to turn the IGBT on
and a reverse bias voltage section to accelerate and maintain turn-off.

3.2.2 Drive Circuit Design
The first step of the circuit design was to design the IGBT gate drive circuit

with appropriate ratings which matches the selected frequency of operation and
voltages. The purpose of the drive circuit is to provide

* Optically isolated control signals

» Inverting the control signals

* Producing dead band time in the control signals

* Increase the voltage of control signal to 10-15V

Gate
Opticaily Control -
Control [ — —— —— — Isolated [ ——0u 9 Signal J
Signals _,, | _signal T
- > |
— -—» Optocouplers +———. IR21094 ICs ‘lj———w‘ IGBT Module |

==

-

Figure 3.10: Drive Circuit Block Diagram

The PWM control signals generated by PIC are sent to Opto-Couplers which
will optically isolate the Drive circuit and IGBTs from the PIC controller circuit (o
maintain a separate power ground in the IGBT side and logic ground in the controller
side.

Using a single isolated signal, IR21094 IC produces two inverted signals with
proper dead band timing. As the gate voltage of IGBT must be 10-15V higher than
the drain voltage, this IC generates the control signal with this voltage using an
external 15V DC supply.

As this is a three phase PWM control, three 6N135 Opto-Couplers and threc
IR21094 ICs are used to produce the three phase control signals. The operation of the
drive circuit is shown in figure 3.10.
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Figure 3.11: Flowchart of Drive Circuit Design

3.2.2.1 Optocoupler Isolation

In electronics, an opto-isolator is a device that uses a short optical
transmission path to transfer a signal between elements of a circuit, typically a
rransmitter and a receiver, while keeping them electrically isolated. Since the signal
voes from an electrical signal to an optical signal back to an electrical signal,
electrical contact along the path is broken.

For inverter circuits and the like, it is necessary to electrically isolate the
IGBT from the control circuit. Unlike an isolated transformer, the optocoupler

e Separate power ground and logic ground

e Provides significant protection from serious over voltage conditions
e Withstand fast switching signals

e Allows DC coupling

e Also, the optocoupler does not limit the output pulse width

1 3

A

Figure 3.12: Schematic diagram



Simply, when an electrical signal is applied to the input of the optocoupler, its
LLED lights, its light sensor then activates, and a corresponding elcctrical signal is
gencrated at the output. The simplified diagram of an optocoupler is shown in figure
3.12 to illustrate the basic operation.

Optocoupler Selection
To get the optical isolation, first it was decided to use PC816 optocoupler
which is a low cost locally available one with the following features:
o Current transfer ratio (I, =5mA, v, =51 )
e Rise time (typical 4 s and maximum 18 s )
o Fall time (typical 3 s and maximum 18 us)
The following figure 3.13 shows the rise time and fall time observed using an

oscilloscope.
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Figure 3.13: PC816 Optocoupler oscilloscope Images

As the rise time was too small to compare with fall time, two separate
diagrams were derived to observe the values. According to the oscilloscope images.,
the rise time is less than 1.5us and fall time is less than 100 us.

The rise time and fall time were comparably large with the duration of 20 kHz
switching signals and this can be used with only in higher frequency application (one
pulsc width <100 s (switching frequency > 10kHz ). Less frequency values cannot be
used.



Due to these bottlenecks, a decision was taken to select 6N135 serics IC
which has some robust features as given below even though it was not available in the
local markets. Ultimately, 6N135 was imported.

1 2
bl 17
E'E:Ekl - dr
10 A=

Figure 3.14: 6N135 Schematic Diagram

Features

e [solation voltage 2500 Vrms (min.)

e High speed: tpHL, tpLH = 0.5us (typ.) (RL = 1.9kQ)
e Rise time (typical 1 gs and maximum 1.5 zs)

e Fall time (typical 0.2 gs and maximum 1.5 ys)

5V DC
supply

PIC control 3.9k e
signal ® o LA, -
TR 3 ;

; g*
i

Figure 3.15: 6N135 Circuit Diagram

The figure 3.16 shows isolated signals of 6N135 observed using an
oscilloscope.
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Figure 3.16(a): 6N135 Optocoupler oscilloscope Image (Pulse Stream)
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Figure 3.16(b): 6N135 Optocoupler oscilloscope Image (Single Pulse)

The rise time is less than Sus and the fall time is lus. It is acceptable in
comparing with switching signals. Furthermore, this way turn-on and turn-off
characteristics determined by gate resistance can be set separately, so it is commonly
used to ensure the best settings.
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3.2.2.2 Control signal inversion and Dead band time generation

The power of the control signal produced by optocoupler is not sufficient to
drive the gate of IGBTs. The power required to energies the gates varies with the De¢
bus voltage significantly from about 50mA to about SO0mA. So the drive ICs should
he capable of delivering this current to the gates without affecting its performance.

IR2110
The gate drive IC is a product of IR part named IR2110 which is a high speed
[GBT driver with independent high and low side input signals.
Features
e Floating channel designed for bootstrap operation
Fully operational to +500V (Vogsel), Tolerant to negative transient voltage
dV/dt immune
e Qate drive supply range from 10 to 20V (Vou)
e Under voltage lockout for both channels
e 3.3V logic compatible (Separate logic supply range from 3.3V to 20V and
Logic and power ground +5V offset)
e Cycle by cycle edge-triggered shutdown logic
e ton/off (typ.) 120 & 94 ns

—] wop— ; q. -

] ) - ”:’x —4- o . ] :
N a —] N W, 4 . -
o ar s 7o % VLL:U'Z.[
LN LiN AR [ e et ] < =
) COM b—§ ‘,' f*

o ”_1 - KON+~ : -

L

Figure 3.17: IR2110 Connection diagram

1R21094 IC
The gate drive IC is a product of IR part named IR21094 which is a high
speed and high voltage IGBT driver with single input control signals.
Poatures
e Tloating channel designed for bootstrap operation
Fully operational to +600V (V)
o Gate drive supply range from 10 to 20V (Vi)
¢ Under voltage lockout for both channels
o 3.3V.5Vand 153V input logic compatible
o  Shut down input turns off both channels
s lon/olfl (tvp.) 730 & 200 ns
s Internal 540ns dead-time, and programmable up to Sus with one external RDT
resistor



Figure 3.18: IR21094 Connection diagram

An isolated supply is connected between the pin COM and V. Typically the
pins HO and LO are connected to the upper side device and lower IGBTs respectively.
as shown in figure 3.18 (Complete three phase circuit is given in Annexure). The high
side channel will switch the output (HO) between the positive of this supply and its
ground in accordance with the input command. Cpyy is the bootstrap capacitor
comnected in RHS of IC which level shift the voltage at Vs by 10-15V.

Gate voltage must be 10-15V higher than the drain voltage. This is because,
being a high side switch, such gate voltage would have to be higher than the DC Bus
voltage, which is frequently the highest DC voltage available in the system. Therefore
the high gate signal has to be always 10-15V higher than voltage at point “N” which
may go up to the DC bus voltage. The so-called two IR ICs will be able to give this
increased gate control signals.

IR2110 IC needs two control input signals (direct and inverted signals) and
Jjust only increases the gate voltage 10-15V range in the IC output signals. In addition
to that, both ICs have protection shut down capabilities. But, IR21094 uses only onc
direct input signal and easily produce the two output signals with variable dead band
time.

So in order to reduce the cumbersome of using extra circuit to invert the
signals and to produce dead band time, IR21094 IC was selected even though it was
not available in the local markets but it was imported.

Dead-band time

Because of finite turn-on time and turn-off time of switches, there should be a
blanking time (ty) after switching one switch off in a leg before switching on the other
switch in the same leg. The blanking time will increase or decrease the output slightly
depending on the direction of the load current.

Upper am o

Cate signal

Lower arm i

) fih k¥

Gale signz! ] e

Dead time Dead time

Figure 3.19: Dead band time signals



Need of Dead Band Time

It is important to be careful with dead times that are too short, because in the
cvent of a short circuit in the upper or lower arms, the heat generated by the short
circuit current may destroy the module.

If the two signals were perfectly complementary, then there would be a
momentary short circuit between the DC bus positive and negative terminals. This
oceurs when the two signals change their state from 0 to 1 and vice versa.

Figure 3.20: Inverted Control Signal

This causes the short circuiting of the DC Bus drawing a high amplitude
current spike from the source. When this process is repeated at a very high frequency.
it would cause the switches to heat unnecessarily leading to a probable damage to
them.

20080512 19:51:36  [E —JDiok Normal
YOO GAWA, € 57 o] 100MS-s 10H3din
T Z00.0W : T << Mains 10k >> R R R

CH1 16:1
50.0 Yrsdiu
nC Full
CHZ 1:1
5.00 U div
DC Full

o Tos

Edge CH1 4
Auto
24 .0 U

eE4.00usl —sa.ad v : : : : : : fze.oou=| [ POSTTION_ |
@Position
Set to Set to Set to
G4 .0 10 S0 90

Figure 3.21(a): Dead band time observation using Oscilloscope (Pulse Stream)
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Figure 3.21(b): Dead band time observation using Oscilloscope (Single Pulse)

The dead band timing should be higher than 3 us to Fuji type IGBT modules.
\ccording to the above observation, the dead time set to is acceptable. It can be
increased by changing the Ry resistor in figure 3.18.

3.2.3. Designing protection circuits

Since IGBT modules may be destroyed by over current, over voltage, or some
other abnormal conditions, it is necessary to design protection circuits. It is important
when designing these circuits that a module’s characteristics are fully taken into
consideration, since an inappropriate circuit will allow the module to be destroyed.
(For example, the over current cut-off time may be too long or the capacitance of the
Snubber circuit’s capacitor may be too small.)

3.2.3.1. Short circuit (over current) protection

In the event of a short circuit, first the IGBT’s collector current will rise and
then, once it has reached a certain level, the C-E voltage will shoot up. Depending on
the device’s characteristics, during a short circuit, the collector current can be kept at
or below a certain level. However, the IGBT will still continue to be subjected to a
heavy load of high voltage and high current, and therefore this burden must be
removed as soon as possible. The amount of time allowed between the start of a short
circuit until the current is cut off, is limited by the IGBT’s short circuit withstand
capability. Short-circuit withstand capability is 15micro second minimum

In general, the higher the supply voltage or temperature rises, the lower the
short-circuit withstand capability.

L2
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Figure 3.22: Short circuit withstand capability

The most difficult challenge in producing an IGBT was making gate
controlled over current protection possible.

Dctection in the circuit

The figure 3.23 shows the insertion methods for over current detectors, and
the below table lists the features of the various methods along with their detection
possibilities. After determining what kind of protection is necessary, select the most
appropriate form.
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Figure 3.23: Over current detector insertion methods

~ Detection insertion Features Detection function
~_ position

Inser o+ in line with e AC current transformer available e Arm short-circuit e Serics arm short-circuit
L Smaei g capacitor » |.0w detection precision e Short in output circuit e Ground fault

lnser et inverter o Necessary to usc DC current transformer | Arm short-circuit e Scries arm short-circuit

inpu e [.ow detection precision e Short in output circuit e Ground fault
e ctinverter o AC current transtormer available for o Short in output circuit o Ground fault

outp high frequency output cquipment

N o High detection precision

e i line with o Necessary to use DC current transformer | e Arm short-circuit ¢ Serics arm shorl-circuit
swike e High detection precision o Short in output circuit e Ground fault ]

Figure 3.24: Over current detector insertion positions and functions
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As stated previously, in the event of short-circuit, the IGBT must be disabled
as soon as possible. Therefore, the delay from over current detection to complete
turn-ofT in each circuit must be made as short as possible.

Since, an IGBT turn off very quickly, if the over current is shut off using an
ordinary drive signal, then the collector-emitter voltage will rise due to the inductive
kick. and the IGBT may be destroyed by over voltage (RBSOA destruction).
Therefore, it is recommended that when cutting off the over current that the IGBT
must be turned off gently (soft turn-off).

Dctection using Vee (sat)

This method can protect against all of the short-circuit types listed in the
above table. Operations from over current detection to protection are done on the
drive circuit side. This offers the fastest protection possible.

Fuji Electric’s gate driver ICs have the same kind of protective circuit built in,
thereby simplifying the drive circuit design.

3.2.3.2. Over voltage protection
Over voltage causes

Due to the high switching speed of IGBTs, at IGBT turn-off or during 'WD
reverse recovery, the current change rate is very high. Therefore, the inductance of
the wiring surrounding the module can cause a turn-off surge voltage.

Turr-aff &urge vorsage
8T colleotor current

Figure 3.25: Turn-off current and wave forms

The turn-off surge voltage peak can be calculated as follows:
Veesp= Ed+ (L*dlc/dt)
dlc/dt-maximum collector current change rate at turn-off

[I Vcesp exceeds the IGBT’s C-E (Vces) rating, then the module will be destroyed.



Gate Over voltage protection

It is necessary that IGBT modules, like other MOS based elements, arc
sulficiently protected against static electricity. Also, since the G-E absolute maximum
rated voltage is+ 207 , if there is a possibility that a voltage greater than this may be
applied. Then as a protective measure it is necessary to connect a zenner diode
between the gate and emitter as shown in below figure 3.26.

D G Cosecte:

Suty emilter ;
o E(Eabern

Figure 3.26: G-E over voltage circuit protection circuit

3.2.4. Consideration of Drive circuit implementation / points of caution
1. Optocoupler noise ruggedness

As IGBTs are high speed switching elements, it is necessary to select an
optocoupler for drive circuit that has high noise ruggedness. Also. to prevent
malfunctions, the wiring from different sides was not allowed to cross. [Furthermore,
in order to make full use of the IGBT’s high speed switching capabilities, we
recommend using an optocoupler with a short signal transmission delay.

2. Wire connection between drive circuit and IGBT

When connecting IGBT modules in parallel, due to the gate circuit’s wiring
inductance and the IGBT’s input capacitance, as the gate voltage rises a parasitic
oscillation may occur. Therefore, in order to prevent this oscillation, a gate resistor
(47Q)) was connected in series to each of the modules gates. If the connection
between the drive circuit and the IGBT is long, the IGBT may malfunction due to
oate signal oscillation or induced noise.
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Figure 3.27: Gate signal oscillations counter nieasure
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3.3 Power Supply Unit

There are 3 main DC power supplies require in the power supply unit.
e DC supply before the optical isolation
e DC supply after the optical isolation

3.3.1. DC supply before the optical isolation
Bridge Rectifier

L M7805 Regulator 5V DC supply
s} to PIC
230/18 V 250mA Twr 4 r————————-* s o 3 r——-—-——w——‘ " — 2 -
o 1 A T et SN VO T ¥ - - [ ik - I — - -
DR 5 1 1 - 1 \ e 00micio T 1o
Fac (: X N OUT e TT100micrd el A T NSO~ 100N
SR | | - ‘ ,
2 % 1 ;
) i e 1t e e p i s 2+
U D P
o} e B
LM7812 Regulator 12v DC s
to ooPIC
= 100micro™ 1qq

1uun

15V DC supnly
to Fan

e s
—7100micro T 100

Figure 3.28: DC supply before isolation




2.3.2. DC supply after the optical isolation

5V DBC supply to

Bridge Rectifier LM7805 Regulator Optocoup:er
230148 Y 100mA
23018 vV 'Oonwaffini?Tiff, A e 3 —2
L] R P N
e St PN NOUT T00miCrg  pme -y - 160micro =~ 1000
it e | |
<7 i | ,
( N i . i
,,,,,
LM7815 Regulator
31 12
1 o = 100micro 52 10on

Figure 3.29: DC supply after isolation

3.4 Sensor Design

Sensors are critical component in a motor control system. Normally there are
sensors detect the speed, current, voltage, position, and direction of the rotating motor.
Recent advancements in sensor technology have improved the accuracy and
reliability of sensors, while reducing the cost. Many sensors are now available that
integrate the sensor and signal-conditioning circuitry into a single package. These
sensors are used in the control loop and to improve the reliability by detecting fault
conditions that may damage the motor.

3.4.1 Speed scnsor design using Hall Effect sensor

In this programmable induction motor project, speed is the main controlling
parameter and it is important to measure the speed correctly and control it
aceordingly. For this purpose, we employed a hall sensor to generate pulses once cach
rotation and this pulse type signal is used to count the speed in the microcontroller
and displays it in the LCD in rpm units. Hall Sensor was selected for this purpose as
it gives required accuracy and performance with very low cost.

The operating principle of a hall sensor is that, it will induce a perpendicular
voltage when a sufficiently strong magnetic field comes close to the sensor. This
voltage is some times proportional with the field strength but a switch type 1C was
selected to get the pulses. Hall element is used to sense the change in flux in the gap
between a magnet and a notch in a rotating shaft or a passing ferrous gear tooth. The
main advantage of Hall Effect tachometers is that they are a non-contact sensor that is
not limited by mechanical wear. Hall Effect switches consist of sensor and sensor
conditioning circuit in a small IC packages. The circuitry inside the sensor typically
consists of a comparator or Schmitt trigger to provide a digital output signal that can
be directly connected to the microcontroller.

Sensor output voltage can be varied as needed because it depends on the
supply voltage. One drawback in hall sensors is that its accuracy changes greatly with

the variation of the temperature; anyhow it is not a significant factor in our project.




3.4.2 The Hall phenomenon

Mo kdagnetic ﬁ St I C R L g
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Figure 3.30: Hall Effect phenomena
[Tall voltage = 6*B, where o is the sensitivity in volts / Gauss and B is applied field

m Gauss.
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Figure 3.31: Sensor Internal circuit

The hall switch is a normally off device and when a magnetic field comes
close to the semi conductor plate electrons and the positive halls are separated into
two sides inducing a net cross voltage across the semiconductor material. Direction of
this voltage is determined on which pole (south or north) is brought close to the hall
element. In our particular sensor, manufacturer has specified to use the south pole of
the magnet.

Since this small voltage is not sufficient to drive a considerable current, it is
amplified by a differential amplifier. This voltage gives a triggering for a switch like
a BJT or an IGBT device, hence with suitable external circuit configurations this
phecnomenon can be used to obtain a signal for a microcontroller or any other
controlling application. There are two types of functions; linear sensors and digital
sensors. In digital sensors, a Schmitt trigger has been employed to obtain a pulse type
signal where as in digital appliances needed.

Following are oscilloscope images showing the digital hall sensor output
pulses at two speeds, each one pulse represents one rotation. First diagram shows the
waveform when motor runs at 170 rpm and second image represents about a 60 rpm
speed.
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Figure 3.32: Seasor pulse waveform

One problem faced is that when a magnet field is not present sensor shows a
high voltage state, and when a magnet field is present close to the sensor it
shows the low voltage state simply because this is the transistor Emitter to

Collector voltage.

A considerable voltage difference develops across the external resistor, but
that cannot be sensed in the microcontroller at once because voltages at both

Undo
Auto

\

—Setupa

ends are floating; therefore either side cannot be connected to the ground pin.

So the solution found by using an external NOT gate to invert the Vep This
signal was directly fed to the microcontroller. The result is displayed in the

LCD and the value is updated continuously with the operation.



3.4.3 Sensor Mounting

Hall sensor with connections to the OOPic microcontroller is permanently
mounted on the stator and in an additional rotor the magnet is fixed as shown in the
Figure 3.33

Senso

Magnet

Sub: rotor
Motor

Figure 3.33: Sensor mounting on the motor

Many sensing applications will need high quality magnets to optimize air gaps
and provide stable fields over wide temperature ranges. A magnet must havc
sufficient flux density to generate the desired linear sensor output, at the working air
cap required by the application. Other considerations are the temperature coefficient
ol the magnet and its coercive force. Coercive force is basically the measure of a
magnet’s ability to retain its magnetic force when subjected to a strong demagnetizing
ficld. The larger a magnet’s coercive force, the less susceptible 1t is to being
demagnetized.

Considering ease of application and testing done with the sensor we decided
to use a cylindrical shaped Iron-Chromium magnet.

3.4.4 Speed Display

When the magnet comes close to the sensor a pulse signal is given to the
OOPic. Then it calculates the speed in rpm’s based on the time in-between two
consecutive pulses. The frequency is the inversion of the time period.

An LCD was selected to display the speed of the motor. The spced is
continuously displayed in the LCD unit, as explained earlier. A 16x] LCD with
74780 chipset compatible was selected for this purpose. An object called oLCD
0oPIC is used to configure and communicate with the LCD after connccting with
suitable input and output terminals in the OOPic hardware as shown in Figure 3.34.
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4 System Details

4.1 Test panel or the User Interface

User interface is designed as a panel where students can easily carry out

practical. Panel includes items such as potentiometer, selection switch, Start / Stop
switch and Forward / Reverse switch. Panel was designed to assure maximum safcty
for the users.

1 3 3
N - SPEED : 500 rpm
O O O P_VOLTAGE: 200 V'
— 0 © O O o
4 6 2 S~
A —10 o
FIWIR BO) 3333
- f(,j ™ = CLaCK
“‘H By ANTI

Figure 4.01: User Interface

I‘catures of the system interface panel

Power on / off button
Red button to brake the motor instantly

Selection buttons to select waveform type (six step, Sinusoidal) and rotation
(clockwise and anticlockwise)

Potentiometer to adjust the speed
LCD panel to display the speed
Six Test points to observe the driver circuit output waveforms

Panel is open able to see the inside hardware connections and to communicate
with the microcontrollers




4.2 Cost estimation

Cost estimation of the Induction motor Project

Module Component Price Number Cost
Controllers 0oPIC module 10038 1 10039
PIC16F767 IC 1500 1 1500
Pic PCB 850 1 850
Pic programmer 800 1 800
Inverter Capacitors (450V, 390uF) 350 2 700
Base circuit 150 1 150
Gate Driver Circuit IR 21094 950 3 2850
500mA, 18V Transformer 275 1 275
50V Rectifier 50 1 50
Optocoupler 250 3 750
Regulators 50 3 150
Printed Circuit Board 850 1 850
Sensor Hall sensor 300 2 600
Liquid Crystal 16x1 LCD 750 2 1500
Display
Connecting Tape wires 150 1 150
Power supply 500mA, 18V Transformer 275 1 275
LM78xx Regulators 50 3 150
Dot board 90 1 a0
Capacitors 20
50V Rectifier 50 1 50
Power Pack 550 1 550
Housing Wood (Mahogani) 200 200
Test points 2 8 16
AC terminals and Banana clips 20 8 160
Stickers 150
o Plastic board 285
Miscellaneous Circuit wires 160
Lead wires 80
Soldering fron 150 1 150
Bread board 250 1 250
Dot board 120 3 360
Total Project Cost 24160




5. Conclusions

I'his project mainly focused on developing a programmable induction motor drive as
a test bench where different types of algorithms can be used to control the spced of an
induction motor. Basically the system can be divided into subsystem as control unit,
IGBT driver circuit unit and Converter & Inverter unit. The important task was to
combine these subsystems into one system where these subsystems arc completely
difterent types. That means, the control circuit is dealing with DC 5V system and the
Converter & Inverter system is dealing with AC 500V. In between these two, there 1s
driver circuit which will isolate the microcontroller circuit from the high voltage side.
Also the driver circuit will add a dead band between high & low side signals.

By involving in this project, I was able to find some practical issues which are
not seen in theory. For optical isolation, we can use many types of optocouplers, but
we found there is an issue of selecting one with proper rise and fall time. By using
different models, it has been found that the 6N135 type optocoupler are very much
suitable for this purpose, where it has very small rise time & fall time.

Another issue was found regarding the selection of proper driver IC. Earlier.
IR2110 was used where an external circuit was needed to produce the dead band and
to invert the signals. But it was found IR21094 IC has these features inbuilt with
sharp rising & falling edges.

It was decided in the start to use OOpic microcontroller for producing all
control signals. But when we deal with that, it was found it is not suitable for
applications with very high time precision requirements. Also only 2 PWM modules
were inbuilt there, where we needed 3 to produce three phase sinusoidal waveform.
Only six step algorithm, speed detection and user interfacing was implemented using
this as a result. So the 0oPIC is not a suitable choice for the application of controlling
3 phase induction motor.

Many challenges were faced while carrying on the project. The major issues
and challenges | faced and how I overcome those are included in this report. In
addition, all the problems I faced were good lessons for me and the hands on
experience with various components helped a lot in improving my practical
knowledge in these areas.
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Annexture

A. Code in 00PIC for speed sensing & displaying

Dim A As New oCycleTimeLl
Dim B As New oDIO8

Dim C As New oDIO1

Dim freq As New oWord
Dim speed As New oWord
Dim disFreq As oLCD

Sub Main()
A.lOLine = 1
A.Operate = cvTrue
B.10Group = 1
B.Direction = cvOutput
C.I0Line =23
C.Direction = cvOutput
Call DisplayFrequency ()
I'nd Sub

Sub DisplayFrequency ()
disFreq.Init
disFreq.Clear
disFreq As oLCD(3,1,27,26,cvOn)
Do
B.State = A.Duration
C.State = A.Duration.NonZero
treq=(283/(256-Duration))* 1000
speed= 60*freq/1000
disFreq.Locate(1,1)
disFreq.VString = "Output Frequency:"
disFreq.VString = Str$(freq) + "Hz"
Loop

F'nd Sub
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B. MikroC Code for Sinusoidal PWM generation

grec onar sine table[19] = {0x00, Ox01, 0Ox07, Ox11l, Oxl1lD, 0Ox2D,
i 3F, 0x53, 0x69, 0x7F, 0x95, OxAR, OxBF, 0xDl, 0xEl, OxED, OxF7,
CwwD, OxFE};

"¥MP LOC, TEMP_LOC 1, TEMP LOC 2, FREQ REF H, FREQ REF L,
suty, table offsetl, table offset2, table offset3, OFFSET1 FLAG,
JFTSET2_FLAG, OFFSET3 FLAG;

0, MOTOR DIRECTION = 0, TIMER1 OV FLAG

G,

© TIMER1 PRESCALE = 16;

ri;p int INSTRUCTION CYCLE = 5000000;
Polong FREQ SCALE = (INSTRUCTION CYCLE/
36y / (TIMER1 PRESCALE/4);

Cuned int SET FREQ, NEW FREQ, FREQ TEMP, TIMERI VALUE;

i ADiCONV_COMPLETE();

init (),
SET ADC_GO();
UPDATE_PWMiDUTYCYCLES();
UPDATEiTABLEVOFFSET();
INITiMOTORiPARAMETERS();
TIMERIWOVERFLOW () ;
CALCULATE#FREQUENCY();
CONVERT*FREQUENCY();
BYPASS () ;

main{) {

INIT(};
CINIT MOTOR PARAMETERS();

Aile (1)
(TTMER1 OV_FLAG != 1) BYPASS();
g2 {
TIMERL OV_FLAG = 0;
UPDATE_PWM_DUTYCYCLES () ;
UPDATE TABLE OFFSET () ;

BYPASS () ;

INTCON = 0x00;

T1CON = 0x31;
PCON = 0x03;
PIR1 = 0x00;
PIEL = 0x00;
ADCON1 = 0x8C;
TRISA = 0x07;
PIE]1.TMR1IE = 1;
PIE]1.ADIE = 1;

INTCON.RBIE =

|
i



INTCON.PEIE = 1;
INTCON.GIE = 1;

- BYPASS () {
SET_ADC_GO() ;

KEY CHECK();

interrupt () {
(PIR1.ADIF != 0) AD CONV_COMPLETE();
7 (PIR1.TMRITF != 0) TIMER1 OVERFLOW();

. AD CONV COMPLETE () {
PIR1.ADIF = 0;
NEW FREQ = Adc Read(0);

. TIMER1 OVERFLOW () {
IMRIH = FREQ REF H;

TMRIL = FREQ REF L;

TIMER]1 OV_FLAG = 1;

PIR1.TMRITF = 0;

INTT MOTOR PARAMETERS () {
TABLE OFFSET1 = 0x09;
TABLE_OFFSET2 = 0x03;
TABLE OFFSET3 = 0xO0F;

OFFSET1 FLAG = 1;
OFFSETZ FLAG 0;
OFFSET3 FLAG = 0

FREQ REF H = 0xF9;
TMRIH = FREQ REF H;

FREQ REF_L = 0x37;
TMRIL = FREQ REF L;

TMRO = OxBl;
TIMER] OV_FLAG = 1;

PWML_Tnit (20000);

PWM2 Tnit (20000);
PWM3 Init (20000);

Pwml Start();

PwmZ Start();
Pwm3 Start();

SET_ADC_GO() |{
(MOTOR_RUNNING != 1) return;
{
: (ADCONO.GO = 1) revorn;
CONVERT_FREQUENCY();



CONVERT FREQUENCY () {
(NEW FREQ != SET_FREQ) {
CHANGE_FREQ = 1;
SET FREQ = NEW FREQ;
CALCULATE_FREQUENCY () ;

CALCULATE FREQUENCY () {
FREQ TEMP FREQ SCALE /SET_FREQ;
TIMERL VALUE = OxFFFE - FREQ TEMP;

FREQ REF L = Lo({TIMER1_VALUE);
FREQ REF_H = Hi(TIMER]_VALUE);

UPDATE PWM DUTYCYCLES () {

TEMP_ LOC SET FREQ * sineitable[tableioffsetl];
TEMP LOC 1 = SET FREQ * sine_table[tablegoffsetZ};
TEMP LOC 2 = SET FREQ * sine_table[tablemoffset3};

PWM1 Change Duty (TEMP_LOC) ;
PWM2 Change Duty(TEMP_TLOC_1);

PWMBAChangeiDuty(TEMPVLOC72);

UPDATE TABLE OFFSET () {
(OFFSET1 FLAG == 1)
{ £ ((TABLE_OFFSET1 -

{
18) < 0 ) TABLE OFFSETIL ++;
niz= OFFSET]1 FLAG = O

2

e |
TABLE OFFSET1-—;
Cf (TABLE OFFSET1 == 0) OFFSETL FLAG = 1;

(OFFSET2_FLAG == 1) ({
| ¢ ((TABLE OFFSET2 - 18) < 0 ) TABLE_OFFSET2 ++;
OFFSET2 FLAG = 0;

o
TABLE_OFFSET2--;
| { (TABLE_OFFSET2 == 0) OFFSETZ2_FLAG = 1;

(OFFSET3_FLAG == 1)
¢ ((TABLE_OFFSET3 - 18) < 0 ) TABLE_OFFSET3 ++;
| se OFFSET3 FLAG = 0;

——

ae
TABLE OFFSET3--;
. (TABLE OFFSET3 == 0) OFFSET3 FLAG = 1;
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ircuit Diagram

C. Complete three phase Driver C
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TOSHIBA 6N135,6N136

TOSHIBA PHOTOCOUPLER GaAfAs IRED & PHOTO IC

6N135, 6N136

DIGITAL LOGIC ISOLATION. Unit in mm

LINE RECEIVER.
POWER SUPPLY CONTROL

8 7 6 5
SWITCHING POWER SUPPLY AL
TRANSISTOR INVERTER A
i L
1 2 3 4
The TOSHIBA 6N135 and 6N136 consists of a high emitting diode 9862025 2q) 7622025
and « one chip photo diode-transistor. &

Each unit is 8-lead DIP package.
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¢ i.olation Voltage : 2500Vyyg (Min.) 2542025
¢ iligh Speed : tyHL, tprLH=0.548 (Typ.) (R,=1.9k(})
¢ 1'TL Compatible

11-10C4

¢ [V Base Pin is Open, Qutput Signal will be Noisy by TOSHIBA 11-10C4
Fnvironmental Condition. For This Base, TLP550 is Suitable Weight : 0.54g

¢ "L Recognized : UL1577, File No. E67349
PIN CONFIGURATIONS
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961001EBC2

»o41%A is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor devices in general can
ction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when utilizing
+-113A products, to observe standards of safety, and to avoid situations in which a malfunction or failure of a TOSHIBA product could cause loss
umar life, bodily injury or damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
seraling ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions and conditions set forth in the
-13A Semiconductor Reliability Handbook.

Vee
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TOSHIBA

6N135,6N136

MAXIMUM RATINGS (Ta =25°C)

CHARACTERISTIC SYMBOL RATING | UNIT
Forward Current (Note 1) Ip 25 mA
- Pulse Forward Current (Note 2) Irp 50 mA
= Total Pulse Forward Current (Note 3) IrpT 1 A
~ Reverse Voltage VR A%
‘Diode Power Dissipation (Note 4) Pp 45 mW
o nutput Current Ip 8 mA
o ‘Peak Output Current Iop 16 mA
& Fmitter-Base Reverse Voltage (Pin 5-7) VEB 5 %
= Supply Voltage Voo —0.5~15 v
= Output Voltage Vo —0.5~15 %
g iP-:nsc Current (Pin 7) Ip 5 mA
’7 “Output Power Dissipation (Note 5) P, 100 mW
(Operuting Temperature Range Topr —55~100 °C
ﬁ‘}“igge Temperature Range Tstg —55~125 °C
Lead Solder Temperature (10s) (Note 6) Tsol 260 °C
[Isoiation Voltage (Note 7) BVg 2500 Vims
Note 1) Derate 0.8mA above 70°C.
Note 2) 50% duty cycle, 1ms pulse width.
Derate 1.6mA/°C above 70°C.
Note 3) Pulse width 1us, 300pps.
Note 4) Derate 0.9mW /°C above 70°C.
Note 5) Derate 2mW /°C above 70°C,
Note 6) Soldering portion of lead : up to 2mm from the body of the device.
Note 7) R.H.=60%, AC/1min.
961001EBC2’
® . . arsenide (GaAs) is a substance used in the products described in this document. GaAs dust and fumes are toxic. Do not break, cut or

orocucts with other industrial waste or with domestic garbage.

. .enze the product, or use chemicals to dissolve them. When disposing of the products, follow the appropriate regulations. Do not dispose of the

® . oroducts described in this document are subject to foreign exchange and foreign trade control laws.

@ . information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by TOSHIBA
. 12QRATION for any infringements of intellectual property or other rights of the third parties which may result from its use. No license is granted
w mplication or otherwise under any intellectual property or other rights of TOSHIBA CORPORATION or others.

@ . rformation contained herein is subject to change without notice.
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TOSHIBA 6N135,6N136

TEST CIRCUIT 1.

PULSE GEN.
Zo=5081
lp tr=>5ns

.____l—\_ 10% DUTY

0 5V {CYCLE

Vo — /-
1.5V —+ 1.5V

b

° 5V

L

: o
Vo
T

(*) Cy, is approximately 15pF which includes probe and stray
wiring capacitance.

plzizlz
v
N

Ip
Vor,  MONITOR &

10
BRI

tpHL tpLH

TEST CIRCUIT 2.

LoV brs tf':18;s IFi [1] 81— > ° 5V
Ven 90% 0% LE A Y L
’ 10% 90% }/
v tr tf e i 4 e Vo
1 I Bo 1] ~] =
Vo ~ 5V =
SWITCH AT A : Ip=0mA VFF veM
()
SWITCH AT B : Ip=16mA PULSE GEN.
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TOSHIBA 6N135,6N136
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Kigk - SEXA v FrIFEINS Y - X
1200V/15A/PIM

M55  Features

OEEXA v F ¥ High Speed Switching

OB /TEFEY Voltage Drive

OBEA 7oy AELa—LIE
Low Inductance Module Structure

Q1 N—=FF A F—FT Uy e A4+ w27 L—FEARAM
Converter Diode Bridge Dynamic Brake Circuit

B % Applications

OE—7RWEB A »»2s—2% Inverter for Motor Drive

OAC, DCH—%7 7 AC and DC Servo Drive Amplifier
OEEEMWE Uninterruptible Power Supply

B =& & 45PE © Maximum Ratings and Characteristics
Ot | A EM | Absolute Maximum Ratings (Tc=25°C)

(BNoAF94-366)

__ltems Symbols Condition | Ratings Units
- Tavss -1y 5M8E Vers 1200 v
g oc e e T2 vYRET VeEs +20 V
® DC le 15
ﬁ\ “é AL HBR 1ms lc pulse 30 A
= DC —lc 15
| BXIAE One Pc 120 W
absd -3y SHBE Vess 1200 v
L}; =TIy SHRRBE Voes =20 \
v X DC Ie 10 A
s % *:l L2 SRR 1ms lc Pulse 25 A
5 T | BARE ¢ | One Pc 88 W
T E—s#ELBRE Verw 1200 v
v TR le vy 1 A
] Y- lrsm 10ms 50 A
t;_ TR L IERE VirM 1600 vV
LE E - JEiE L ERE Vesu 1700 vV
& o X 50/60HZ .
RN —epe
§| mry—vmi GEEEL) e =10 320 3
10ms
TRt (JERBEL) T=150C 512 A%s
10ms
EERiak T +150 °C
RERE Tstg —40°~+125 | °C
ﬁ'@ﬁhﬁﬂf Vise AC : Imin. AC2500 v
g s Mounting * 1 1.7 N-m

* | HEWAR . Recommendable value 0 1.3~1.7 N+ m
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TMBR15NF120 BN —-FZa—-1
OW AAL4E  Electrical Characteristics (T,=25°C)
items Symbols | Conditions - Characteristics Units
o min. typ. max.
IEPZERETEZI L A =25C, Vce=1200V, Vor=0V 1.0 [mA
H—t - I3y SHRNER foes Vee=0V, Vee=*20V 20 | un
é H—hexT 2 /9ML/ EWEHBET | Vor um Vee=20V, lg=15mA 4.5 75 |V
O AVIY - Ly SMBHIMBE | Ve gay | Vos=15V, ic=15A 3.3 |V
gl aVsy T8y SHBE —Vee —le=154 3.0 1V
»5 | ANER Cies Ver=0V, Vez=10V, f=1MHz 3 2400 PF
4 z ton Vee=600V 1.2
N . tr le=15A 0.6
= AA Ty T toff Vee= £ 15V 1.5 K
1f R;=82(1 0.5
_ BB trr ls=15A, Vee= =10V, —di/dt=504/xs 30 |ns
P ZEETY 9%&!9?@7& lces Vers= 1200V, Vee=0V 1.0 I ma
»; H— b T2y SMRNER lgEs Vee =0V, Vee=X20V 100 |nA
0 0 A7 &« T3y MRinRE Vee (ean le=10A, Vee=15V 3.3 |V
1 -
¥ ;‘ ' ton Ve =600V 0.8
? < " . tr = IUA 0.6
o g AT IR toff Vo= £ 16V TE s
r . Ro=1200 05
i3 ERR Irm Ve = 1200V 1 |mA
R | ter 600 ns
R \iﬁﬁ'@:)’f Vew Ir = 25A 1.4 |V
B 5 WAL lrrm Ve =1600V 1 mA
O B 4%t : Theramal Characteristics
[tems Symbols | Conditions _Characterlst:cs I Units
A ) min. typ. max.
Inverter IGBT 1.04
s . o inverter FRD 2.78
Mk (lchip) Rth (-¢) " Brake 1GBT 104 ] C/w
Converter Diode 3.4
MR (r— R 74 /M) ¥ Rth (c-f) | With Thermal Compound 0.05
pr -2y ST P AL THERY 4 v L a— v e R 1 IO IEMBEIT A
# This is the value which is defined mounting on the additional cooling fin with thermal compound.
B @M@ : Equivalent Circuit Schematic
‘\ Converter P P1 Brake Inverter
_ o .
| ~ }X “ E g
| -
| ZS‘ ZS [NLU] NL
i 4
l i‘ (EVO + 6) o)
| RO—1 SO—y TO— BO—  WO—
(7 (8) (9) _ 10)
ZS ZX GbOJC Gx Gy
0 o,
NLU \11)

N O—
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W5 tEf4R - Characteristics

hT -2

¢ ; N 1 . i i i
L] 1 2 3 4 .3

aLPE I3y 2RARE Ve (V)

ILZSRRE—AL IS -T 5y S MBERHE(T,=25CHUNVER
Collector current vs. Collector-Emitter voltage<INV)

10 15 20 %

1
Y=k ITXyRABE Vee V)

sy SMRE-S—bT iy S MBESE(T=25CHINVED

Collector—Emitter voltage vs. Gate-Emitter voltageINV>

13 I I i i i
o 10 20 30

aL 7 S Ic(A)

A4y F VRM—O L0 9 RRSHHE(T =25CIANVED
Switching time vs. Collector current(INV>

0 N AN i
Q 1 2 3 4 §

aL7%2 - IXy2ERE Vee (V)

AL 9MHE—IL 29T 3o S MBESE(T,=125C)ANVED
Collector current vs. Collector-Emitter voltage(INV)

SSHBER w/mH - waT U

F—b T2y 2RRE Vee (V)

AL29- T8y IMRE-F = I3y SMREHRE(T,=125C)ANVED
Collector-Emitter voltage vs. Gate-Emitter voltage<INV>

AL 2RR Ic(A)

Aq yFr M- a2 S RAFHE(T,=125°CIANVED
Switching time vs. Collactor current{INV)
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. Cous 4
~.Cres

] 10 "% 0 25 30“ .35
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® T T
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B 7t #~1i% : Outline Drawings

Forward current vs. Forward voltege
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Data Sheet No. PD60162 Rev. V

Alernational
;g;:z;: 18 Rechfler IR2106(4)(S)
HIGH AND LOW SIDE DRIVER

hannel designed for bootstrap operation Packages
ional to +600V ~

1o negative transient voitage
mmune 4 éﬁ‘ﬁ’
irive supply range from 10 to 20V (IR2106(4))
5 1) itage lockout for both channels 8-Lead SOIC

v and 15V input logic compatible
i propagation delay for both channels
mwu ground +/- 5V offset.
t gate driver for better noise immunity ‘
in phase with inputs (IR2106) 14-Lead s01C 14-Lead POIP

&

%

Cription 2106/2301//2108//2109/2302/2304F eature Comparison

5(4)(S) are high voltage,
d power MOSFET and Sross
i H Part iy gonqUikton Dead-Time Ground Pins Ton/Toff
with independent high logic prevention
sl referenced output chan- TR logic 9
- \ Cco
tar : /2
\aige)svly L—{v|\c gnd |atbc’h 1064 HINLIN no none VSSI00M 220/200
i S technclogies enable —
. = " 9 : 2108 M |1 Internal 540ns COM 290/200
2o monolithic construction. 21084 Programmable 0 54~5us | VSS/COM
i ; mpui is compatible with 2109/2302 IN/-S—D yes Internal 540ns COM 7501200
ard CMOS or LSTTL out Ut 21094 Programmable 0.54~5us | VSS/COM
" P 2304 HIN/LIN yes Internal 100ns COM 160/140

3V ioaic. The output driv-
high pulse current buffer stage designed for minimum driver cross-conduchion ;
an t,e used to drive an N-channel power MOSFET or IGBT in the high side ccnﬁguranon whlm
up to 600 volts.

N

up to 600V
-

j ol
=
S = !
Vee Vee Va[ 7 ;

= I
HIN o—%m— HIN Vg |- - roo g
signmerts for cor- 2 LLOAD

LN o LN ry 1O
This/These IR21064

Hamn |
vvcr/mec Veg Ve o COM -TE \J/E\) ;
5 Ot Shi- ! :
! G our Appli LO fmr——f—— ,,,)%\/\/yr—\g'
and DesignTips for | N ?4

poard layout




06(4) (S)

solute Maximum Ratings
fute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param
absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured

d mounted and still air conditions.

Symbol Definition Min. Max. | Units
High side floating absolute voltage ] s 625
Ve High side floating supply offset voltage Vg - 25 Ve + 0.3
Wy High side floating output voltage Vg -0.3 Ve + 0.3
Low side and logic fixed supply voltage S . -0.3 25 )
Low side output voltage -0.3 Ve +0.3 v
Logic input voltage Vgs-03 Voo +03
Ltogic ground (IR21064 only) Voo -25 Voo + 03
AHoWable offset supply voltage transient — 50 Vins
Package power dissipation @ Ta < +25°C (8 lead PDIP) = S
(8 lead SOIC) — 0.625 1
(14 lead PDiP) I 1.6
(14 lead SOIC) e 1.0
‘r:ii':.;;..\' Thermal resistance, junction 1o ambient (8 lead PDIP) — 125
(8 lead SOIC) — 200 o
(14 lead PDIP) — 75 o
(14 lead SOIC) — 120
Junction temperature — 150
te Storage femperature -50 150 “C
i i Lead temperature (soldering. 10 seconds) - 300

www. irf.com



Definition Min. Max. Units
High side floating supply absolute voltage IR2106(4) Vg + 10 Vg + 20
High side floating supply offset voltage Note 1 600
) High side floating output voitage Vg Vg
L.ow side and logic fixed supply voltage IR2106(4) 10 20 i
Low side output voitage Q Veo
) Logic mput vollage Vsg Vee
Logic ground (IR21064 only) -5 5
Ambient temperature -40 125 e

o wEdH'HC

serati
details)

E!ectrscai Characteristics
5) = 15V . Vgg = COM. C = 1000 pF, Ta = 25°C.

ional for Vg of -5 to +600V. Logic state held for Vg

of -5V to -Ve

Vg =0V

Definition Min. | Typ. | Max. Units Test Condition:
Turn-on propagation delay L 220 300 '
"’:"[nn—off propagation delay e 200 280
Delay matching, HS & LS turn-on/off - o] 30 nsec
Tum-on rise time — 150 220
Turn-off fail time — 50 20




'106(4) (S)

¢t Definitions
| Description
Logic input for high side gate driver output (HO), in phase

Logic input for low side gate driver output (LO), in phase
Legic Ground (IR21064 only)
High side floating supply

High side gate drive output

High side floating supply return

Low side and logic fixed supply

Low side gate drive output

Low side return

cadl Assignments

8 Lead PDIP 8 Lead 50IC

IR2106 IR21065

- - \\"_'/"

Voo

HIN

LIN

VSS

COoM !

LO j‘
14 Lead PDIP 14 Lead SOIC

IR21064 1R210648

WWW.ITT.COM



IR2106(4) (3)

HIN
LIN

HO
LO

Figure 1. Input/Output Timing Diagram

90%

LO HO

Figure 3. Delay Matching Waveform Definitions

L20Mm



Letle(4)

019 7 798) . .
~ 18.42 .725] NUTES.

P 01 [ =S e e i ©
l 1 N ATRIPE)|

N 60 7240,

CIMENSIONING & TOLERANCING PFR 4

CONTROLLING DIMENSION: iNCH.

DIMENSICNS ADE S W‘l ;N MILUIMETTRS
GUNE CONTSRNS Th N

o
MZASURED WilH Tt \L LL D TAINC

2 PERPENCICULAR TO DATUM PLANE C.

l @ DIMENSION DOES NOT INCLUDE KOLD PROTUSIONS. ¥CLD
PROTUSIONS SHALL NOT EXCETD 0.25 [ L1

@:»w[\v%

-

» e o,
Dloos [0] @ CEERAE

14 Lead PDIP

NOTES:
T DIMENSIONING & TOLERANCING PTR “E VLM TGR)
2 CONTRCLUAG DIMINSON: !
5 DIMENSIONS ARE SH
4 CUTLINE CONTORMS O EDEr U] LM
) @ L;Hvi;\‘?@‘q:’ TDLONGTE OF TEAL 1CE 57 )
580 .22 AS
7 " (5 DIMENSION 00ES NOT INCUDZ 45,0 “<0iUs Ui, Moo
IQ} 0.25 [ o D PROTUSIONS SHALL NOT F\CEEE Lo |.008

14 Lead SOIC (narrow body) 013

IR WORLD HEADQUARTERS: 233 Kansas St. El Segundo, California C")’?45 Tw(‘

Data and specmcat/ons subject to change wi
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MICROCHIP PIC16F7X7

28/40/44-Pin, 8-Bit CMOS Flash Microcontrollers with
10-Bit A/D and nanoWatt Technology

Low-Power Features: Peripheral Features:
“ower-Managed modes: + High Sink/Source Current: 25 mA
Primary Run (XT, RC oscillator, 76 pA, » Two 8-bit Timers with Prescaler
1 MHz, 2V) + Timer1/RTC module:
RC_RUN (7 LA, 31.25 kHz, 2V) - 16-bit timer/counter with prescaler
SEC_RUN (9 pA, 32 kHz, 2V) - Can be incremented during Sleep via
Sleep (0.1 pA, 2V) external 32 kHz watch crystal
“imer? Oscillator (1.8 pA, 32 kHz, 2V) » Master Synchronous Serial Port (MSSP) with
Natchdog Timer (0.7 pA, 2V) 3-wire SPI™ and 1°C™ (Master and Slave) modes
rwo-Speed Oscillator Start-up « Addressable Universal Synchronous
Asynchronous Receiver Transmitter (AUSART)
Oscillators: + Three Capture, Compare, PWM modules:

- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10 bits
+ Parallel Slave Port (PSP) — 40/44-pin devices only

Three Crystal modes:
LP, XT, HS (up to 20 MHz)
I'wo External RC modes
One External Clock mode:
ECIO (up to 20 MHz)
rternal Oscillator Block:
8 user-selectable frequencies (31 kHz,

Special Microcontroller Features:

+ Fail-Safe Clock Monitor for protecting critical

125 kHz, 250 kHz, 500 kHz, 1 MHz, 2 MHz, applicatiOnS against Crystal failure
4 MHz, 8 MHz) » Two-Speed Start-up mode for immediate code
execution
Analog Features: + Power-on Reset (POR), Power-up Timer (PWRT)

and Oscillator Start-up Timer (OST)
« Programmable Code Protection
* Processor Read Access to Program Memory
« Power-Saving Sleep mode

* In-Circuit Serial Programming™ (ICSP™) via
Programmable Low-Current Brown-out Reset two pins

(BOR) Circuitry and Programmable Low-Voltage » MPLAB® In-Circuit Debug (ICD) via two pins
Detect (LVD)

13-bit, up to 14-channel Analog-to-Digital Converter:
- Programmable Acquisition Time

- Conversion available during Sleep mode

Dual Analog Comparators

* MCLR pin function replaceable with input only pin

(2]
Program Data 2 S MSsP
. Memory S | 10-bit o CCP Timers
Device | 4 single-Word| oreM | O | £\ apcny| & | (WM |gpym | PC™ | AUSART 5116 bit
. (Bytes) =] IS Mast
Instructions) IS 5 (Master)
(&)
PIC16F737 4096 368 25 16 11 2 3 Yes Yes Yes 211
RPIC16F747 4096 368 36 17 14 2 3 Yes Yes Yes 21
PIC16F767 8192 368 25 16 11 2 3 Yes Yes Yes 21
PIC16F777 8192 368 36 | 17 14 2 3 Yes Yes Yes 21

2004 Microchip Technology Inc. DS30498C-page 1




PIC16F7X7

Pin Diagrams

PDIP, SOIC, SSOP (28-pin)

MCLR/vPr/RE3— []° 1 - 28[] < RB7/PGD
RAOIANO+—[] 2 27[] = RB6/PGC
RAVANT =[] 3 26[ ] =—= RB5/AN13/CCP3
RA2/AN2/VREF-ICVREF +—= [ 4 ~ 25[ 1 < RB4/AN11
RA3/AN3NVrer+ =] 5 N 24[] = RB3/CcCP2(/ANY
RA4TOCKI/C1OUT=—=[] & =~ 23[] =— RB2/AN8
& AN4/LVDIN/SS/C20UT =L 7 2 22[7] == RB1/AN10
vss—[] 8 i 21[] =— RBO/INT/AN12
OSC1/CLKIIRA7T=—=[] 9 - 20/ ] =— vob
0SC2/CLKORAG<— (] 10 O 19/ ] =—vss
RCOT10SOM1CKI =[] 11 o 18] =— RC7/RX/DT
RC1/T10SICCP2M=—=[] 12 17[] =—= RCB/TX/CK
RC2/CCP1=—[]13 16[ ] <— RC5/SDO
RC3/SCK/SCL=—=[] 14 15[ ] =— RC4/SDI/SDA
o
m o
e 0
- o g 8 8 o=
. Zz Z Zz2Z
QFN (28-pin) £ s‘rr La<Xg
- SlHdN ey S
< <(Ommaoam
oo o e
4 28 272625 24 2322
RA2/AN2/VREF-/CVREF a—» | 1
RA3/AN3/NREF+ w—» | 2
RA4/TOCE/C1OUT -— 13 PIC16F737
RAS5/AN4/LVDIN/SS/C20UT =—» | 4
vss —» | 5 PIC16F767
OSCH/CLKI/RA7 - | 6
OSC2ICLKO/RAB =—» | 7
8 910
pi =2 SRR
QFN (44-pin) gg ARSI
i, )
5 3 96 CR5308%
X doancol-0dH EOYXESnE
Oo=nnona¥Xaogdo 50N082 06
XOQHHhNDNOQ S & H=0nlx;
£EQ0iaadadrt B2z &
SHIRNII=S = O Ug
[SRsRSRaYa aNaRORSRERS) EC ©
rrryrrreoery e <D =
SRS
RERERRRRRE i
T O N O MSQW
T TTTONNDOOM
RC7/RX/DT =-— |10 33| =— OSC2/CLKO/RAB
RD4/PSP4 a—= | 2 32| =—= QOSC1/CLKI/RA7
RD5/PSP5 < |3 31] -— Vss
RDE/PSPE =— | 4 30| =— Vss
RD7PSPT < |5 PIC16F747 59 NC
Vsg —= | 6 28| -— VOD ___
VoD — = | 7 PIC16F777 27| =—= RE2/CS/ANT
VDD < | g 26| =—— RE1/WR/ANG
BUANT/ANTZ e | g 251 «—= REOQO/RD/ANS
RB1T/ANIO = |10 24| <—= RA5/AN4/LVDIN/SS/C20UT
RB2/ANS «—» | 11 23| «—» RA4/TOCKI/C10UT
NeFLe-228 X8
DOTTO OAOAMO T W+
o w=zz Wwu
22z5909wss ey
S 20EKe3=02
S, ¥Ismmigs S
R QoSEE I8
xS w2
Q < 3 ¢ <
°c 5 B 52
g 2 = Z
& <
N
<C
14
Note 1: Pinlocation of CCP2 is determined by the CCPMX bit in Configuration Word Register 1.

-— RB3/CCP2(1//ANg
~— RB2/ANS

~— RB1/AN10

<— RBO/INT/AN12
“— VDD

== Vish

- RC7/RX/DT
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1.0 DEVICE OVERVIEW

“his document contains device specific information
:bout the following devices:

- PIC16F737 » PIC16F767
- PIC16F747 + PIC16F777

“IC16F737/767 devices are available only in 28-pin
~ackages, while PIC16F747/777 devices are available

v 40-pin and 44-pin packages. All devices in the
“IC16F7X7 family share common architecture with the
‘nllowing differences:

- The PIC16F737 and PIC16F767 have one-half of
the total on-chip memory of the PIC16F747 and
RIC16FT777.

The 28-pin devices have 3 I/O ports, while the
40/44-pin devices have 5.

- The 28-pin devices have 16 interrupts, while the
40/44-pin devices have 17.

+ The 28-pin devices have 11 A/D input channels,
while the 40/44-pin devices have 14.

The Parallel Slave Port is implemented only on
the 40/44-pin devices.

- Low-Power modes: RC_RUN allows the core and
peripherals to be clocked from the INTRC, while
SEC_RUN allows the core and peripherals to be
clocked from the low-power Timer1. Refer to
Section 4.7 “Power-Managed Modes” for
further details.

Internal RC oscillator with eight selectable
frequencies, including 31.25 kHz, 125 kHz,

250 kHz, 500 kHz, 1 MHz, 2 MHz, 4 MHz and

8 MHz. The INTRC can be configured as a primary
or secondary clock source. Refer to Section 4.5
“Internal Oscillator Block” for further details.

» The Timer1 module current consumption has
been greatly reduced from 20 pA (previous PIC16
devices) to 1.8 A typical (32 kHz at 2V), which is
ideal for real-time clock applications. Refer to
Section 7.0 “Timer1 Module” for further details.

+ Extended Watchdog Timer (WDT) that can have a
programmable period from 1 ms to 268s. The WDT
has its own 16-bit prescaler. Refer to Section 15.17
“Watchdog Timer (WDT)” for further details.

« Two-Speed Start-up: When the oscillator is
configured for LP, XT or HS, this feature will clock
the device from the INTRC while the oscillator is
warming up. This, in turn, will enable almost
immediate code execution. Refer to
Section 15.17.3 “Two-Speed Clock Start-up
Mode” for further details.

» Fail-Safe Ciock Monitor: This feature will allow the
device to continue operation if the primary or
secondary clock source fails by switching over to
the INTRC.

The available features are summarized in Table 1-1.
Block diagrams of the PIC16F737/767 and
PIC16F747/777 devices are provided in Figure 1-1 and
Figure 1-2, respectively. The pinouts for these device
families are listed in Table 1-2 and Table 1-3.

Additional information may be found in the “PICmicro®
Mid-Range  MCU  Family Reference  Manual”
(DS33023) which may be obtained from your local
Microchip Sales Representative or downloaded from
the Microchip web site. The Reference Manual should
be considered a complementary document to this data
sheet and is highly recommended reading for a better
understanding of the device architecture and operation
of the peripheral modules.

TABLE 1-1: PIC16F7X7 DEVICE FEATURES
Key Features PIC16F737 PIC16F747 PIC16F767 PIC16F777
Jperating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
Resets (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
~lash Program Memory (14-bit words) 4K 4K 8K 8K
Jata Memory (bytes) 368 368 368 368
nterrupts 16 17 16 17
7() Ports Ports A, B, C Ports A, B, C, D, E Ports A, B, C Ports A,B,C, D, E
Timers 3 3 3 3
Zapture/Compare/PWM Modules 3 3 3 3
“]aster Serial Communications MSSP, AUSART MSSP, AUSART MSSP, AUSART MSSP, AUSART
2arallel Communications — PSP — PSP
10-bit Analog-to-Digital Module 11 Input Channels 14 Input Channels 11 Input Channels 14 Input Channels
nstruction Set 35 Instructions 35 Instructions 35 Instructions 35 Instructions
';;,mkaging 28-pin PDIP 40-pin PDIP 28-pin PDIP 40-pin PDIP
28-pin SOIC 44-pin QFN 28-pin SOIC 44-pin QFN
28-pin SSOP 44-pin TQFP 28-pin SSOP 44-pin TQFP
28-pin QFN 28-pin QFN

2004 Microchip Technology Inc.
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FIGURE 1-1: PIC16F737 AND PIC16F767 BLOCK DIAGRAM
PORTA
13 8 4] RAO/ANO
Data Bus
Standard | jL | 4+ rRAZANZVREF-ICVRER
Flash — +—=[X| RA3/ANS/NVREF+
Program RAM 1 RA4/TOCKI/C1OUT
4""2’;“ 8-Level Stack File +—=<{| RA5/AN4/LVDIN/
K/BK x 14 (13-bit) Registers S$SI/C20UT
368 x 8 +—>| OSC2/CLKO/RAB
Program x +—x| OSC1/CLKIRA7
14 ¥ (1)
Bus I RAM Addr i PORTB
] RBO/INT/AN12
RB1/AN10
! Direct Addr 7 RB2/ANS )
‘ e = — RB3/CCP2'"/ANS
RB4/AN11
RB5/AN13/CCP3
RB7/PGD:RB6/PGC
8 , PORTC
Ve - | RCO/T10SO/T1CKI
RC1/T108I/CCP2M
Power-up RC2/CCP1
Timer 5 RC3/SCK/SCL
Instruction N Oscillator RC4/SDI/SDA
Decode & K | Start-up Timer RC5/SDO
Control Poweron RC8/TX/CK
Reset RC7/RX/DT
o n Timing |« Watchdog
~r—~| Generation [~ Timer
OSCH1/CLKI L Brown-out
OSC2/CLKO Reset
PORTE
VoD, Vss
MCLRA/PP/RE3
Timer0 Timer1 Timer2 10-bit A/D
A A N
R | _l L
R U U I
- Addressable
> MSSP BOR/LVD
Comparators CCP1,2,3 USART

Note 1: Pin location of CCP2 is determined by the CCPMX bit in Configuration Word Register 1.
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TABLE 1-2: PIC16F737 AND PIC16F767 PINOUT DESCRIPTION

PDIP
Pin Name SOIC QFN 110/P Buffer Description
SSOP Pin # Type Type
Pin #
YSCHCLKI/RA7 9 6 sT/ICMOS®) Oscillator crystal or external clock input.
[ONION b Oscillator crystai input or external ciock source input. ST
buffer when configured in RC mode; otherwise CMOS.
CLKI | External clock source input. Always associated with pin
function OSC1 (see OSC1/CLKI, OSC2/CLKO pins).
RA7 110 ST Digital I/O.
)3C2/CLKO/RAB 10 7 — Oscillator crystal or clock output.
0SsC2 (0] Oscillator crystal output.
Connects to crystal or resonator in Crystal Oscillator
mode.
CLKO @] In RC mode, OSC2 pin outputs CLKO which has 1/4 the
frequency of OSC1 and denotes the instruction cycle rate.
RA6 110 ST Digital I/0.
"ACLR/VPP/RE3 1 26 ST Master Clear (input) or programming voltage (output). |
MCLR | Master Clear (Reset) input. This pin is an active-low
Reset to the device.
Vep P Programming voltage input.
RE3 | ST Digital input only pin.
PORTA is a bidirectional I/O port.
RAD/AND 2 27 TTL
RAO I{e] Digital /0.
ANO ! Analog input 0.
RAT/ANT 3 28 &S
RA1 110 Digital I/O.
AN1 | Analog input 1.
RA2/AN2/VREF-/CVREF 4 1 TTL
RA2 l{e} Digital I/O.
AN2 | Analog input 2.
VREF- | A/D reference voltage input (low).
CVREF 0 Comparator voltage reference output.
RA3/ANI/VREF+ 5 2 TTL
RA3 110 Digital I/0.
AN3 | Analog input 3.
VREF+ | A/D reference voltage input (high).
RALTOCKIC1OUT 6 3 ST
RA4 110 Digital /O — Open-drain when configured as output.
TOCKI | Timer0 external clock input.
C10ouT @] Comparator 1 output bit.
RAB/ANA/LVDIN/SS/C20UT 7 4 TTL
RAS5 110 Digital /0.
AN4 l Analog input 4.
LVDIN 110 Low-Voltage Detect input.
sS | SPI™ slave select input.
C20UT (0] Comparator 2 output bit.
Legend: | =input O = output /O = input/output P = power
— = Not used TTL =TTL input ST = Schmitt Trigger input
Note This buffer is a Schmitt Trigger input when configured as the external interrupt.

1
2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.

3. This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.
4:  Pin location of CCP2 is determined by the CCPMX bit in Configuration Word Register 1.

)330498C-page 8 © 2004 Microchip Technology Inc.
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TABLE 1-2: PIC16F737 AND PIC16F767 PINOUT DESCRIPTION (CONTINUED)

PDIP
Pin Name SoiC QFN 1yo/p Buffer Descriptio
SSOP | Pin# | Type Type escription
Pin #
PORTB is a bidirectional |/O port. PORTB can be software
programmed for internal weak pull-up on all inputs.
RBOINT/ANT2 21 18 TTUSTH
RBO [I{e] Digital I/O.
INT | External interrupt.
AN12 | Analog input channel 12.
RB1/AN1TO 22 19 TTL
RB1 le} Digital /0.
AN10 | Analog input channel 10.
R32/ANS 23 20 TTL
RB2 110 Digital I/O.
ANB 1 Analog input channel 8.
BI/CCP2/ANY 24 21 TTL
RB3 I} Digital I/O.
ccp2t) /O CCP2 capture input, compare output, PWM output.
AN9 | Analog input channel 9.
RB4/AN 25 22 TTL
RB4 lfe} Digital I/O.
ANT1 | Analog input channel 11.
B5/AN13/CCP3 26 23 TTL
RB5 11O Digital I/O.
AN13 | Analog input channel 13.
CCP3 /O CCP3 capture input, compare output, PWM output.
2BB/PGC 27 24 TTU/STE
RB6 /0 Digital I/O.
PGC lis;} In-Circuit Debugger and ICSP™ programming clock.
RB7/PGD 28 25 TTUSTR
RB7 [I{e] Digital I/0.
PGD /0 In-Circuit Debugger and ICSP programming data.
Legend: | =input O = output 1/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 the external interrupt.

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

3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.
4:

Pin location of CCP2 is determined by the CCPMX bit in Configuration Word Register 1.
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TABLE 1-2: PIC16F737 AND PIC16F767 PINOUT DESCRIPTION (CONTINUED)

PDIP
Pin Name SOIC QFN 1/o/P Buffer Descrintio
SSOP | Pin# | Type Type cription
Pin #
o PORTC is a bidirectional /O port.
110SO/T1CKI 11 8 ST
-C0 110 Digital I/0.
1080 0] Timer1 oscillator output.
"1CKI | Timer1 external clock input.
T10SI/CCP2 12 9 ST
A /10 Digital /0.
108! | Timer1 oscillator input.
cp2td 110 Capture2 input, Compare2 output, PWM2 output.
CCP1 13 10 ST
RC2 110 Digital 1/O.
SCPA 110 Capture1 input, Compare1 output, PWM1 output.
SCK/SCL 14 1 ST
RE3 110 Digital /0.
SCK 1710 Synchronous serial clock input/output for SPI™ mode.
sl 11O Synchronous serial clock input/output for 12C™ mode.
'SDI/SDA 15 12 ST
R4 lie} Digital 1/0.
Bl 1 SPI| data in.
30A o] 12C data /0.
SDO 16 13 ST
RC5 110 Digital I/O.
300 o} SPI data out.
- IIXICK 17 14 ST
RC6 110 Digital I/O.
™ o} AUSART asynchronous transmit.
oK 110 AUSART synchronous clock.
IRX/DT 18 15 ST
RC7 fe] Digital 1/O.
RX | AUSART asynchronous receive.
o7 1{e] AUSART synchronous data.
8,19 5,16 P — Ground reference for logic and 1/O pins.
20 17 P — Positive supply for logic and 1/O pins.
wgend. | =input O = output 1/O = input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input
Note This buffer is a Schmitt Trigger input when configured as the external interrupt.

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

1
2:
3. This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.
4:

Pin location of CCP2 is determined by the CCPMX bit in Configuration Word Register 1.

30498C-page 10
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2.0  MEMORY ORGANIZATION

“tere are two memory blocks in each of these
< Cmicro® MCUs. The program memory and data
~mory have separate buses so that concurrent
ess can occur and is detailed in this section. The
ngram memory can be read internally by user code
~ee Section 3.0 “Reading Program Memory”).

iditional information on device memory may be found
the “PICmicro® Mid-Range MCU Family Reference
“tanual” (DS33023).

21 Program Memory Organization

“2 PIC16F7X7 devices have a 13-bit program counter
:hable of addressing an 8K word x 14-bit program
emory space. The PIC16F767/777 devices have
-~ words of Flash program memory and the
"~ 216F737/747 devices have 4K words. The program
~=mory maps for PIC16F7X7 devices are shown in
uure 2-1. Accessing a location above the physically
“plemented address will cause a wraparound.

"2 Reset vector is at 0000h and the interrupt vector is
2004h.

FIGQRE 2-1:

2.2 Data Memory Organization

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:

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

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 Regis-
ters 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.

224 GENERAL PURPOSE
REGISTER FILE

The register file (shown in Figure 2-2 and Figure 2-3)
can be accessed either directly, or indirectly, through
the File Select Register (FSR).

PROGRAM MEMORY MAPS AND STACKS FOR PIC16F7X7 DEVICES

[ PC<12:0>

CALL, RETURN 13
RETFIE, RETLW

Stack Level 1
Stack Level 2
Stack Level 8
Reset Vector 0000h
: <:
Interrupt Vector 0004h
0005h
Page 0 )
07FFh | Memory available on all
0800h ( PIC16F7X7.
) Page 1
On-Chip OFFFh
Program 1000h ﬁ
Memory Page? Memory avaitable on PIC16F767
17FFh | and PIC16F777. The memory
1800h  ~wraps to 000h through OFFFh on
Page 3 the PIC16F737 and PIC16F747.
1FFFh

“004 Microchip Technology Inc.
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"1IGURE 2-2: DATA MEMORY MAP FOR PIC16F737 AND THE PIC16F767
File File File File
Address Address Address Address
Indirect addr.t” | 00h Indirect addr.”) | goh Indirect addr.t? | 100h indirect addr.7 | 180h
‘ TMRO 01h OPTION_REG | 81h TMRO 101h OPTION_REG | 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
~ PORTA 05h TRISA 85h WDTCON | 105h 185h
. PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
08h 88h 108h 188h
PORTE 09h TRISE 89h LVDCON 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch PMDATA 10Ch PMCON!1 18Ch
PIR2 0Dh PIE2 8Dh PMADR 10Dh 18Dh
TMR1L OEh PCON 8Eh PMDATH 10Eh 18Eh
TMR1H OFh OSCCON 8Fh PMADRH 10Fh 18Fh
T1CON 10h OSCTUNE 90h 110h 190h
i TMR2 11h SSPCON2 91h
"~ T2CON 12h PR2 92h
SSPBUF 13h SSPADD 93h
SSPCON 14h SSPSTAT 94h
CCPR1L 15h CCPR3L 95h
CCPR1H 16h CCPR3H 96h General General
CCP1CON 17h CCP3CON 97h Purpose Purpose
RCSTA 18h TXSTA 98h Register Register
TXREG 19h SPBRG 99h 16 Bytes 16 Bytes
RCREG 1Ah 9Ah
CCPR2L 1Bh ADCON2 9Bh
~ CCPR2H | 1Ch CMCON 9Ch
CCP2CON | 1Dh CVRCON 9Dh
| _ADRESH__| 1Eh ADRESL | 9Eh
i ADCONO 1Fh ADCON1 9Fh 11Fh 19Fh
| 20n AOh 120h 1A0h
General General General
Purpose Purpose Purpose
General Register Register Register
Purpose 80 Bytes 80 Bytes 80 Bytes
Register EFh 16Fh 1EFh
96 Bytes FOh 170h 1FOh
\ Accesses Accesses Accesses
3 70h-7Fh 70h-7Fh 70h-7Fh
\ 7Fh FFh 17Fh 1FFh
Bank O Bank 1 Bank 2 Bank 3

[ ] Unimplemented data memory locations read as ‘0",
*  Not a physical register.
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22.2

given in Table 2-1.

SPECIAL FUNCTION REGISTERS

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. A list of these registers is

peripheral feature section.

The Special Function Registers can be classified into
two sets: core (CPU) and peripheral. Those registers
associated with the core functions are described in
detail in this section. Those related to the operation of
the peripheral features are described in detail in the

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY
Address|  Name Bit7 Bit 6 Bit 5 ' Bit 4 Bit 3 Bit 2 Bit 1 gitp | valeon: | Details
L ! ;POR. BOR | on page
N Ignk 0
“0or®  TINDF Addressing this location uses contents of FSR to address data memory (not a physicat register) 0000 0000| 30,180
ain [TMRO Timer0 Module Register s xoook] 76, 180
'Gﬁth(‘” PCL Program Counter (PC) Least Significant Byte 0000 0000] 29, 1801
3@ |STATUS RP_ | RP1 | RP0 | 70 | PD | z | pc | c 0001 1ow 21.180
3@ TESR Indirect Data Memory Address Pointer xoooe x| 30, 180
Bh |PORTA PORTA Data Latch when written: PORTA pins when read ¥x0% 0000 55, 180
‘Ji(ih PORTB PORTB Data Latch when written: PORTB pins when read *xx00 0000 64, 180
J7h PORTC PORTC Data Latch when written: PORTC pins when read xxxx xxxx| 66,180
nen®  [PORTD PORTD Data Latch when written: PORTD pins when read socx_ooce| 67, 180
9an IPORTE — — — — | Res | Re2 RE1 REO |---- xo00| 68,180
oAt TPCLATH — — —_ Write Buffer for the upper 5 bits of the Program Counter ---0 0000( 29, 180 I
cBR@ JINTCON GIE PEIE | TMROIE | INTOIE RBIE | TMROIF | INTOIF | RBIF [0000 000x| 23, 180
fgp PIR1 PSPIFB) |  ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF |ocoo 0o0a| 25,180
“Dh OSFIF | CMIF LVDIF 2] BCLIF Y] CCP3IF | CCP2IF {000~ 0-00| 27,180
JEh Holding Register for the Least Significant Byte of the 16-bit TMR1 Register oo oo | 83, 180
oFn Holding Register for the Most Significant Byte of the 16-bit TMR1 Register oo o] 83, 180
1on | T1CON — | TIRUN |T1CKPs1| T1CKPSO |T10SCEN| TISYNG | TMR1CS | TMRTON | -000 0000] 83, 180
an . JTMR2 Timer2 Module Register 0000 0000| 86,180
2 |T2CcON — [TouTPs3|ToUTPS2][ TOUTPST [TOUTPSO[ TMR20N [T2CKPS1[T2CKPS0|-000 0000] 86, 180
3 |SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register xxxx xxxx| 101, 180
“4h [SSPCON wcoL | ssPov | SSPEN | CKP | sSPM3 | SsPM2 [ sSPM1 | sSPMo [oooo occol 101, 180
150 '—‘t?chu Capture/Compare/PWM Register 1 (LSB) wocx xxocx| 90, 180
h  [CCPRTH  |Capture/Compare/PWM Register 1 (MSB) oo oo |90, 180
7+ |ccPicoN — — CCPIX | CCP1Y | CCPIM3 | CCP1M2 | CCPIM1 | CCPIMO | --00 0000| 88, 180
W |RCSTA SPEN RX9 SREN CREN | ADDEN | FERR | OERR | RX9D |0000 0Cox| 134, 180
s |TXREG AUSART Transmit Data Register 0000 0000 139, 180
AR )RCREG AUSART Receive Data Register 0000 ooo00| 141,180
‘Bh ]CCPRZL Capture/Compare/PWM Register 2 (LSB) wuxx xxxx| 92, 180
Ch [CCPR2H Capture/Compare/PWM Register 2 (MSB) xxxx xxxx| 92,180
‘oh [ccPacoN — | — T ccpax | ccp2y [ccrama| cCP2M2 | CCP2M1 | COP2MO [ --00 0000 88, 180
th  |ADRESH  |A/D Result Register High Byte e 00| 160, 180
n |ADCONO | ADCS1 ]| ADCSO | CHsz | CHS1 | CHSO |GODONE| CHS3 | ADON o000 oooo] 152, 180
l.eg/](;nd: = unknown, u = unchanged, q = value depends on condition, — = unimplemented, read as '0’, r = reserved.
Shaded locations are unimplemented, read as '0’.
~ote 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> bits, whose contents
are transferred to the upper byte of the program counter during branches (CALL or GOTO).
2: Other (non Power-up) Resets include external Reset through MCLR and Watchdog Timer Reset.
3: Bits PSPIE and PSPIF are reserved on the 28-pin devices; always maintain these bits clear.
4: These registers can be addressed from any bank.
5: PORTD, PORTE, TRISD and TRISE are not physically implemented on the 28-pin devices (except for RE3), read as ‘o'
6: This bit always reads as a ‘1.
7: OSCCON<QSTS> bit resets to ‘0" with dual-speed stant-up and LP, HS or HS-PLL selected as the oscillator.
8: RE3is an input only. The state of the TRISE3 bit has no effect and will always read ‘1.
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TABLE 2-1; SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
Address|  Name Bit7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 Q’S'F;“EB"(;‘F; O'?‘E;E:;Se
Bank 1 |
80n4 | INDF Addressing this location uses contents of FSR to address data memory (not a physical register) ] 0000 0000 30,180 |
£1n _ |OPTION REG| RBPU | INTEDG | Tocs | Tose | PsaA | Ps2 | Pst | PSO  [111: 1111 22180
Ezh(“'/ [PCL Program Counter’s (PC) Least Significant Byte 0006 0000} 29, 180
83n  |STATUS P [ Rt | reo | T0 | P | z [ bc | ¢ [ooo1 1 21,180
g4nt)  |FSR Indirect Data Memory Address Pointer xxxx xxxx| 30, 180
ash TRISA PORTA Data Direction Register 1111 1111 55,181
esh TRISB PORTB Data Direction Register 1111 1111} 64, 181
e7n __|TRISC PORTC Data Direction Register 1111 1111 66, 181
550 |TRISD PORTD Data Direction Register 1111 1111 67, 181
5on® | TRISE BF | oBr® | 1BoV® [PsPMODE®] —® [PORTE Data Direction bits 0000 1111] 69, 181
gah("4) |PCLATH - — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 23,180
8Bn®  |INTCON GIE PEIE TMROIE INTOIE RBIE | TMROIF | INTOIF RBIF |0000 000x| 25,180
8Ch PIE1 PSPIE® | ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE [0000 0000]| 24,181
&8Dh PIE2 OSFIE CMIE LVDIE — BCLIE — CCP3IE | CCP2IE {000- 0-00| 26, 181 ’
8Eh PCON — — — — — | SBOREN| POR BOR |---- -1qg| 28,181
8Fn OSCCON — IRCF2 IRCF1 IRCFO 0s1s() | 10Fs SCS1 SCSO |-000 1000| 38, 181
90h  |OSCTUNE — — TUN5 TUN4 TUN3 | TUNZ | TUNT | TUNO | 00 0000| 36,181
91h SSPCON2 GCEN | ACKSTAT | ACKDT ACKEN RCEN PEN RSEN L SEN 0C00 0000 105
G2h PR2 Timer2 Period Register 1111 1111] 86, 181
‘éBh SSPADD Synchronous Serial Port (12CTM mode) Address Register 0000 00004 101, 181
94 |SSPSTAT svp [ cke | pA | p | s RW | ua | BF [o000 0000|101, 181
'95h  |CCPRAL Capture/Compare/PWM Register 3 (LSB) oo x| 92
93h CCPR3H Capture/Compare/PWM Register 3 (MSB) KKHH KAHK 92
97h CCP3CON — — CCP3X CCR3Y CCP3M3 | CCP3M2 | CCP3M1 | CCP3MO | --00 0000 92
98h TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TXSD |oo000 -010{ 145, 181
99h SPBRG Baud Rate Generator Register 0000 0000| 145, 181
9Ah — Unimplemented — —
98n | ADCON2 — — | Acarz | Acari [ AcaTo — - —  |--00 0---| 154
gon CMCON C20UT | C10UT C2INV C1INV CIS CM2 CM1 CMO 00C0 0111 ( 55,161
90h CVRCON CVREN | CVROE CVRR — CVR3 CVR2 CVR1 CVRO o000~ 0000} 55, 167
9En ADRESL A/D Result Register Low Byte KAKK HHKX 180
9h  |ADCON1 ADFM | ADCs2 | VCFG1 | VCFGO | PCFG3 | PCFG2 | PCFG1 | PCFGO |0000 o0c0o] 153, 181
l:cgend: = = unknown, u = unchanged, g = value depends on condition, — = unimplemented, read as ‘o', r = reserved.
Shaded locations are unimplemented, read as '0’.
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> bits, whose contents
are transferred to the upper byte of the program counter during branches (CALL or GOTO).
2: Other (non Power-up) Resets include external Reset through MCLR and Watchdog Timer Reset.
3: Bits PSPIE and PSPIF are reserved on the 28-pin devices; always maintain these bits clear.
4: These registers can be addressed from any bank.
5: PORTD, PORTE, TRISD and TRISE are not physically implemented on the 28-pin devices (except for RE3), read as '0’.
6: This bit alwaysreadsasa'l’.
7: OSCCON<OSTS> bit resets to ‘0’ with dual-speed start-up and LP, HS or HS-PLL selected as the oscillator.
8: RE3is aninput only. The state of the TRISE3 bit has no effect and will always read ‘1'.
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