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Abstract

In Air conditioning air blowers are working at full speed although the conditional
area at set temperature. Tins situation consumed considerable amount of energy to
drive \ the fan or blower and running the refrigeration cycle itself The amount of
energy which is used to drive the air blower and refrigeration cycle of the air
conditioning system can be considered as loss of energy. This loss can be minimized
by introducing the Variable Speed Drive (VSD) to drive the air blower or fan by
sensing the conditional area temperature etc.

Cost of the VSD is very high in the local market, and it creates long pay back period
for investment of installing a VVSD for air conditioning system. Also electricity tariff
in Sri Lanka is very high and has a trend of increasing. Therefore by introducing

VSD the electrical energy used for Air conditioning can be minimized.

By considering the above facts low cost VSD is useful for the local market. In this
project low cost Micro controller has been used as the motor control unit. Micro
controller generates PWM to drive IGBTs in power module. The method used to
vary the speed of induction motor is varying the voltage and frequency by keeping
voltage/frequency ratio constant. Micro controller senses the variable voltage created
by the potential meter or controller. TIns voltage is converted into form of binary
value by one of analog to digital converter in the micro controller. This value is used
to calculate pulse width and number of pulses in the period. The software program
senses the ON/OFF switch input for the Micro controller and accordingly Run or
Stop the motor.

The program can be further developed for improving reliability and safety of the
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CHAPTER 1

Introduction

A variable speed drive regulates the speed of the motor, and in turn the speed of the pump or
fan. by controlling the encrgy that goes into the motor, rathe} than restricting the flow of a
process running constantly at full speed.
A variable speed drive can save over 60% of the encrgy. This is possible as it controls the
cnergy at source, only using as much as is necessary to run the motor with the required
speed and torque much in the same way as the accelerator in the car controls the enginc. As
acceplance of the technology increases, variable speed drives are gaining market sharc
across a range of industrics. During the last few decades, the variable speed controlling of
AC molors have been popular due to the achievements of higher efficiency, smooth
controlling, reliability and the expansion of lifctime ol the equipments. l’j@pecially the
variable speed controlling on induction machines have been very popular since the
simplicity and the low cost of the machines itself. Therefore several controlling mechanisms
had been introduced on controlling the induction machine. Mainly, these are open loop
control systems. During this project work it is tried to check the availability methods and to
introduce closed loop control system on three-phase induction motor. In addition to that at
the steady state operation a novel approach is proposcd to eliminate the torque npple in the
torque profile. The controller is planned to be implemented in a microcontroller.

Recently, electronic power and control systems have matured to allow these components to

be used for motor control in place of mechanical gears. These electronics not only control
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the motor’s speed, but can improve the motor’s dynamic and steady state characteristics. 1n
addition, clectronics can reduce the system’s average power consumption and noise
generation of the motor. Induction motor control 1s complex due to its nonlincar
characteristics. While therc are different methods for control, Variable Voltage Variable
Frequency (VVVIE) or V/fis the most common method of speed control in open loop. This
method is most suitable for applications without position control requirements or the need
for high accuracy of spced control. Examples of these applications include heating, air
conditioning, fans and blowers. V/f control can be implemented by using low cost
microcontrollers, rather than using costly digital signal processors (DSPs).

In manv heating, ventilation, and air conditioning (IHVAC) applications, air handler motors
are cither off, or on at full speed. However, by adding variable speed control to the air
handler, significant energy savings over the standard on/off control can be realized, resulting
in significantly reduced cost of operation. The task of designing the variable speed air

handler is greatly simplificd by using the Microchip microcontroller.

Achievement in brief

In particular, variable speed drives can be used to reduce energy consumption in fan and
pump systems. A pump or fan running at half speed consumes only one-cighth of the energy
ol one running at full speed. The power required to run a pump or a fan is proportional (o
the cube of the speed. This means that it 100% flow requires full power, 75% rcquires

(0.75y= 42% of full power, and 50% flow requires (0.5)*= 12.5% of the power.

[\



As a small reduction of the speed can make a big dilference on the energy consumption, and
as many fan and pump systems run at less than full capacity a fot of the time, a vartable speed
drive can  make  huge savings compared to a motor driving an application under
mechanical confrol. A variable speed drive can also make it possible Lo stop a motor
completely when it is not required as re-starting with a variable speed drive causes far less
stress than starting direct on hine - soft start is an inherent feature of the drive. Regulating the
motor speed has added  benelit of easily accommodating capacity tises without ¢xtia

mvestment, as speed increases ol 5-20% is no problem with an AC variable speed drive as

long as there 1s cnough spare capacity i the systen.
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Figure 1.1 - Variable speed drive for Air flow controlling

By matching the performance of the motor (o the needs of the process, variable speed drives
Can RIve Major savings. compared to the wastelul practice of running the motor at full speed

agams( a restriction (o modulate output.
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CHAPTER 2

Design Consideration of the Variable Speed Controller

2.1 Speed-Torque characteristics of the Induction motor
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Figure 2.1- Speed-Torque characteristics of the Induction motor

Figure 2.1 shows the typical speed-torque characteristics of an induction motor. The X axis
shows speed and slip. The Y axis shows the torque and current. The characteristics are
drawn with rated voltage and frequency supplied to the stator. During start-up, the motor

typically draws up to seven times the rated current. This high current is a result of stator and



rotor flux, the losses in the stator and rotor windings, and losses in the bearings due to
friction. This high starting current overcomes these components and produces the
momentum to rotate the rotor. At start-up, the motor delivers 1.5 times the rated torque of
the motor. This starting torque is also called locked rotor torque (LRT). As the speed
increases, the current drawn by the motor reduces slightly .

The current drops significantly when the motor speed approaches ~80% of the rated speed.
At base speed, the motor draws the rated current and delimvers the rated torque. At base
speed, if the load on the motor shaft is increased beyond its rated torque, the specd starts
dropping and slip increases. When the motor s running at approximately 80% of the
synchronous speed, the load can increase up to 2.5 times the rated torque. This torque 1s
called breakdown torque. If the load on the motor is increased further, it will not be able to
take any further load and the motor will stall. In addition, when the load is increased beyond
the rated load, the load current increases following the current characteristic path. Due to
this higher current flow in the windings, inherent Josses in the windings increase as well.
This leads to a higher temperature in the motor windings. Motor windings can withstand
different temperatures, based on the class of insulation used in the windings and cooling
system used in the motor. Some motor manufacturers provide the data on overload capacity
and load over duty cycle. If the motor is overloaded for longer than recommended, then the
motor may burn out. As seen in the speed-torque characteristics, torque is highly nonlinear
as the speed varies. In many applications, the speed needs to be varied, which makes the
torque vary. A simple method of speed control called, Variable Voltage Variable Frequency

(VVVF or V/f).
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2.2 Load characteristics of the Induction motor

Constant Torque, Variable Speed Loads
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Figure 2.2 - Constant Torque, Variable Speed Loads

The torque required by this type of load is constant regardiess of the speed. In contrast, the
power is linearly proportional to the speed. Equipments such as screw compressors,

conveyors and feeders have this type of characteristic.
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ligure 2.3 - Variable Torque, Vartable Speed Loads
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This is the most commonly found in the industry and sometimes is known as a quadratic
torque load. The torque is proportional to the squarc of the speed, while the power is
proportional to the cube of the speed. This is the typical torque-speed characteristic of a fan

or a pump.

Constant Power Loads

Figurc 2.4 — Constant Power Loads

This type of load is rare and sometimes found in the industry. The power rémains constant
while the torque varics. The torque is inversely proportional to the speed, which
theoretically means infinite torque al zero speed and zero torque at infinite speed. In
practice, there is always a finite value to the breakaway torque, required. This type ol load is
characteristic of the traction drives, which require high torque at low speeds for the initial

acceleration and then a much reduced torque when at running speed.



Constant Power, Constant Torque Loads

* Torque

Power

Figure 2.5 - Constant Power, Conslant Torque Loads
Constant power , Conslant torque load, as speed increases, the torque is constant while the
power lincarly increasing. When the torque starts (o decrease, the power then remains

constant.

2.3 V/f Control Theory

As the speed-torque characteristics, the induction motor draws the rated current and delivers
the rated torque at the base speed. When the load 1s increased (over-rated load), while
running at base speed, the speed drops and the slip increases. As we have scen in the carlier
seetion, the motor can take up to 2.5 times the rated torque with around 20% drop in the
speed. Any further increase of load on the shaft can stall the motor.

The torque developed by the motor ts direct proportional 1o the magnetic field produced by
the stator. So. the voltage applied to the stator is direct proportional to the product of stator
flux and angular velocity. This makes the flux produced by the stator proportional to the
ratio of applied voltage and {requency of supply. By varying the frequency, the speed of the
moltor can be varied. Thercfore, by varying the voltage and frequency by the same ratio, flux

and henee, the torque can be kept constant throughout the speed range.
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Stator Voltage (V) a [Stator Flux(® )] x [Angular Velocity (o )]

Va O x2nf

D u Vif

This makes constant V/f the most common speed control of an induction motor. Figure 2.6
shows the relation between the voltage and torque versus frequency. Figure 2.6
demonstrates voltage and frequency being increased up to the base speed. At base speed, the
voltage and frequency reach the rated values as hsted in the nameplate. We can drive the
motor beyond base speed by increasing the frequency further. However, the voltage applied
cannot be increased beyond the rated voltage. Therefore, only the frequency can be
increased, which results in the field weakening and the torque availablc'being reduced.
Above base speed, the factors governing torque become complex, since friction and windage
losses increase significantly at higher speeds. Hence, the torque curve becomes nonlinear

with respect to speed or frequency.
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Figure 2.6 - Speed torque charactéristics of induction motor



CHAPTER 3

Theoretical Developments

3.1 Principal of Sinusoidal PWM control

In sinusoidal PWM, the firing instants required to synthesize correctly the pulse width

modulated wave are determined by comparing & triangular carrier wave and the refcrence

modulation sinc wave. The crossover points of the two waves determine the firing instants ,

as shown in the figure 3.1

Phase

hage D

[

Phase A

Figure 3.1- Generation of PWM wave

10



The pulse height of the pulse width modulated output signal is determined by the direct
voltage on the supply side of the inverter. Also the pulse pattern is dependent on the ratio of
the peak modulating voltage Vm, to the peak carrier voltage Vc. This ratio is called

modulation index or modulation ratio, M
M =Vm/Vc =Modulation ratio
M is in its usual range 0<=M <=|

Another property of PWM waveform is the ratio between the frequencies of the carrier and

modulating waveforms.

P = Frequency of Carrier wave

Frequency of Modulating Wave

= Carrier ratio
According to these frequencies there are re two methods of sinusoidal PWM.
I. Synchronous operation

If the frequency of the triangular carrier wave is an integer multiple of the frequency of

the modulating sine wave, then the modulation is synchronous.
2. Asynchronous operation

If the carrier frequency is not a multiple of the modulating waveform frequency, then the

modulation is asynchronous.

Numbers of switching pulses in each half cycle depend on the carrier ratio. Figure 3.1
shows how an increase in carrier ratio changes the number of pulses within each half

cycle.



3.2 Inverter Model

The attention is drawn to 3- phasc inverter since it ts the commonly used mverter in the

mdustry. The 3-phasc inverter with its freewhecling diodes can be represented as shown in

figure 3.2
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Figure 3.2 - Three phasc inverter model with freewheeling diodes

Ty to T are the switching devices and Dy to Dy are the freewheeling diodes (used in order

for inductive current to flow after particular switch 1s turned off) and 7,

Zy, and 7.
represents the star connceeted load. The relevant phases are noted

as A, 13, and C and the
ncutral point as N.

The current flow is always taken towards the load and hence la | 1b and Ic take the direction

as shown. For the analysis frec wheeling diodes are neglected and the transistor switches are

considered as ideal switches. Hence the simple model which we use ts shown below,
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Figure 3.3 - Three phase inverier model without freewheeling diodes



The mid point of the voltage as “0” and hence the dc voltage is divided into two portions of

Vdc / 2. The phase voltages are considered as Van, Vbn and Ven.

3.3  Output Voltages

T'he outpul voltages are of three types; namely
l. Pole voltages :Vao,Vbo,Vco
2. Phase Voltages : Van, Vbn, Vca

These voltages can be obtained by analyzing the inverter model.

By applying Kirchof™s voltage law;

Van = Vao + Von (1)
Vba = Vbo + Von (2)
Ven = Veo + Von (3)

(1)+H2)+(3): Van t Vba+ Ven=Vao+ Vbo + Veo +3Von
=() (because the output is considered as balance)

hence Von = -(1/3)(Vao + Vbo + Vco) (4)



By using the 4" equation in (1), (2) and (3);

Van = 2/3 Van -1/3 Vbo -1/3 Vco (5)
Vba =-1/3 Vao + 2/3 Vbo -1/3 Vco (6)
Van =-1/3 Vao-1/3 Vbo + 2/3 Vco (7)

This can be represented in matrix notation as;

Van 2 -1 -1 Vao
Vbn = 1/3 -1 2 -1 Vbo (8)
Ven -1 -1 2 Vco
N
R4 gy BDissc)

The pole voltages Vao,Vbo and Vco solely depend on the switching state and it can be

written as;

Vao = Vdc/2 when Ty 1s ON 9

-Vdc/2 when T, 1s ON

Vbo = Vdc/2 when T3 1s ON (10)

{ -Vvdc/2 when Tg, 1s ON

14



Veo = Vdc/2 when Ts is ON (1)

-Vdce/2 when T, 1s ON

The line voltage as usually can be derived using phase voltages and hence can be

represented mathematically as;

Van = Van -Vbn

Vhe = Vbn — Ven

Vea = Ven - Van

15




3.4 Micro Controller unit (MCU) Implementation

In the MCU implementation, the software is responsible for continuously updating the PWM

duty cycles.

The PWM duty cycle calculations are based on a point in the sine wave. At full modulation
(Maximum voltage), 100 percent duty cycle corresponds to the positive peak ol the sine
wave, and 0 percent duty cycle is equivalent to the negative peak. The zero crossover point

is tepresented by 50 percent duty cycle, as can be observed in figure 3.4

Resulting PWM

HAJ'UUIIHI‘IIII

% e e e
TR T , AR :

1% A

Time Interval, AT

Iigure 3.4 — Sinusoidal wave generation using PWM
A HIGH =m. sin(®).50% + 50 %
B HIGH =m. sin(® - /3).50% + 50 %
C HIGH =m. sin(@ + 1 /3).50% + 50 %
Where m is the modulation index (0 to I, 0= zero voltage, | = full voltage)

Since two PWM signals are required for cach phase, the output duty cycle at the phase

winding corresponds with the duty cycle of the top device. As an example, if the desired



output at the phase winding is 75 percent duty cycle, the top PWM would be 75 percent duty
cycle and the bottom PWM would be at 25 percent in actual practice, the PWM at the phase

winding will be slightly different because of the necessity for dead time.

3.5 Changing output frequency

The PWM duty cycles are normally updated at a periodic rate, and the frequency of the sine
wave determined by this up date rate (AT) and the number of samples points in a cycle. The

relationship is given by
Output frequency = 1 /( update rate X number of samples )

To vary the frequency, either the number of sample points must be changed or the time
between updates must be changed. When the number of samples is changed, the update rate
is kept constant. The sample points typically come from a table, the number of sample points
are casily changed by varying the increment value through the table as given/_by equation

(3.1) The resulting frequency can be calculated as shown in Equation (3.2)

Number of samples = Table size (3.1
Increment value

Output frequency = Increment value (3.2)
Update rate X table size

When the update rate is changed, number of samples is kept constant. The update rate is

calculated by software, according to the speed set value of controller.



CHAPTER 4

Mfcro Controller Unit for motor controls

4.1 MCU Types for Motor Controls

Single chip microcontroller devices are ideal for motor control applications. The advantage
of a MCU for motor control design is that the MCU’s program can be changed revised by
changing a few lines of text in the source code. This source code is then converted into
machine code by software compiler or assembler and is programmed into MCU.

The microcontroller is a single-chip computer. It operates as stored program machine; that
1s , it must read its program code and data values from its memory in order to operate. Two
common methods are used to accomplish this. One is called Von Neumann architecture and
has been employed in many MCU’s . This method uses one data bus and memory spacc for
both program code and data values, saving cost but slowing down the code execution.

The other approach, called Harvard architecture, separates the program code and data values
into two memory structures, allowing parallel loading of both at the same time. This
technique speeds up execution time but requires more data pins. There are some modificd
MCU versions of the Harvard architecture that use only one external memory bus but use

both program and data buses internally.



The MCU can measure the motor’s current , voltage, speed, temperature, and even magnetic
flux and can then compute the best operating strategy for the motor. The MCU can allow the

motor*s speed or torque to be managed with high preeiston and can protect against or at lest

detect motor fault conditions.

4.2 PIC 18F4431 Microcontroller

PIC18F4431 microcontrollers offers high computational performance at an economical
price, with the addition of high endurance enhanced Flash program memory and a high
speed 10-bit A/D converter. On top of these features, the PIC18F4431 introduces design
cnhancements that make these microcontrollers a logical choice for many high performance,

power control and motor control applications. These special peripherals include:

* 14-bit resolution Power Control PWM Module (PCPWM) with programmable dead time
insertion

* Motion I'ecedback Module (MFM), including a 3-channel Input Capture (IC) Module and
Quadrature Encoder Interface (QEI)

+ High-speed 10-bit A/D Converter (HSADC)

The PCPWM can generate up to eight complementary PWM outputs with dead-band time
msertion. Overdrive current is detected by oft-chip analog comparators or the digital fault
inputs. The MFM Quadrature Encoder Interface provides precise rotor position feedback

and/or velocity measurement.



PIC18F4431 devices also feature Flash program memory and an internal RC oscillator with

built-in Low power modes.

4.2.1 Features of 18F4431 Microcontroller

1. Nano Watt technology
The PIC18I°4431 microcontroller incorporates a range of features that can significantly
reduce power consumption during operation.

Key items include:

+ Alternate Run Modes:
By clocking the controller from the Timerl source or the internal oscillator block, power

consumption during code execution can be reduced by as much as 90%.

¢ Multiple 1dle Modes:
The controller can also run with its CPU core disabled, but the peripherals are still
active. In these states, power consumption can be reduced even further, to as little as 4%

of normal operation requirements.

*  On-the-fly Mode Switching:

The power-managed modes are invoked by user code during operation, allowing the user

to incorporate power saving ideas into their application’s software design.

20



»  Lower Consumption in Key Modules:
The power requirements for both Timerl and the Watchdog Timer have been reduced by

up to 80%. with typical values of 1.1 and 2.1 pA, respectively.

2. Multiple Oscillator options

The PIC18F4431 microcontroller offers ninc different oscillator options, allowing users a

wide range of choices in developing application hardware. These include:

* Four crystal modes, using crystals or ceramic resonators.

* Two external clock modes, offering the option of using two pins (oscillator input and a
divide-by-4 clock output) or one pin (oscillator input, with the second pin reassigned as
general 1/0).

* T'wo external RC oscillator modes, with the same pin options as the external clock modes.

« An internal oscillator block, which provides an 8 MHz clock and an INTRC source
(approximately 31 kHz, stable over temperature and VDD), as well as a range of 6 user

selectable clock frequencies (from 125 kHz to 4 MHz) for a total of 8 clock frequencies.

Besides its availability as a clock source, the internal oscillator block provides a stable

reference source that gives the family additional features for robust operation:

+ Fail-Safe Clock Monitor
This option constantly monitors the main clock source against a reference signal provided
by the internal oscillator. If a clock failure occurs, the controller is switched to the internal

oscillator block, allowing for continued low speed operation or a safe application shutdown.

21



* Two-Speed Start-up

This option allows the internal oscillator to serve as the clock source from Power-on Reset
or wake-up from Sleep mode, until the primary clock source is available. This allows for
code execution during what would otherwise be the clock start-up interval, and can even
allow an application to perform routine Background activities and return to Sleep without

returning to full power operation.

3. Other Special Features

* Memory Endurance:
The enhanced Flash cells for both program memory and data EEPROM are rated 1o last
for many thousands of crase/write cycles — up to 100,000 for program memory and
1,000,000 for EEPROM. Data retention without refresh is conservatively estimated to be
greater than [00 years.

* Self-programmability:
These devices can write to their own program memory spaces under internal software
control. By using a bootloader routine located in the protected Boot Block at the top of
program memory, it becomes possible to create an application that can update itself in the

field.

* Power Control PWM Module:
In PWM mode this module provides 1, 2 or 4 modulated outputs for controlling half-
bridge and full-bridge drivers. Other features include Auto-Shutdown on fault detection

and Auto-Restart to reactivate outputs once the condition has cleared.
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* Enhanced USART:
This scrial communication module is capable of standard RS-232 operation using the
internal oscillator block, removing the need for an external crystal (and its accompanying

power requirement) in applications that talk to the outside world.

« High-speed 10-bit A/D Converter:
This module incorporates Programmable Acquisition Time, allowing for a channel to be
selected and a conversion to be initiated without waiting for a sampling period and thus,

reducing code overhead.

+ Motion Feedback Module (MFM):
This module features a Quadraturc Encoder Interface (QEl) and an Input Capture (IC)
module. The QEI accepts two phase inputs (QEA, QEB) and one index input (INDX) from
an incremental encoder. The QEI supports high and low precision position tracking,
direction status and change of direction interrupt, and velocity measurement. The input
capture features 3 channels of independent input capture with Timer5 as the time base, a

special event trigger to other modules, and an adjustable noise filter on each 1C input.

« Extended Watchdog Timer (WDT):
This enhanced version incorporates a 16-bit prescaler, allowing a time-out range from 4

ms to over 2 minutes, that is stable across operating voltage and temperature.
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Figure 4.1- Block diagram of PIC 18F4431
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4.2.2 Power Control PWM Module

The Power Control PWM module simplifies the task of generating multiple, synchronized
pulsc width modulated (PWM) outputs for use in the control of motor controllers and power

conversion applications. In particular, the following power and motion control applications

arc supported by the PWM module:

« Three-phase and Single-phase AC Induction Motors
« Switched Reluctance Motors

* Brushless DC (BLDC) Motors

« Uninterruptible Power Supplies (UPS)

« Multiple DC Brush Motors

The PWM module has the following features:

* Up to cight PWM 1/O pins with four duty cycle generators. Pins can be paired {0 get a
complcte half-bridge control.

* Up to 14-bit resolution, depending upon the PWM period.

* “On-the-fly” PWM frequency changes.

* Edge- and Center-aligned Output modes.

» Single-pulse Generation mode.

* Programmable dead time control between paired PWMs.

* Interrupt support for asymmetrical updates in Center-aligned mode.



« Output overrides for Electrically Commutated Motor (ECM) operation; for example,
Brushless DC motors.

- Special Event comparator for scheduling other peripheral events.

« PWM outputs disable feature scts PWM outputs to their inactive state when in Dcbug

mode.

'he Power Control PWM module supports four PWM generators and eight output channels
on PIC18F4431 device. A simplificd block diagram of the module 1s shown in Figure 4.2
shows how the module hardware 1s configured for each PWM output pair for the

complementary output mode.
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4.2.3 Control Registers

The operation of the PWM module is controlled by a total of 22 registers. Eight thhcsc are
used to conligure the features of the module:

« PWM Timer Controi register O (PTCONQ)

« PWM Timer Control register | (PTCONI)

« PWM Control register 0 (PWMCONO0)

« PWM Control register 1 (PWMCONT)

* Dead Time Control register (DTCON)

» Output Override Control register (OVDCOND)

» Output State register (OVDCONS)

« Fault Configuration register (FLTCONFIG)
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There are also 14 registers that are configured as seven register pairs of 16 bits. These are
used for the configuration values of specific features. They are:
« PWM Time Base Registers (PTMRH and PTMRL)
» PWM Period Registers (PTPERH and PTPERL)
+ PWM Special Event Compare Registers
(SEVICMPIT and SEVTCMPL)
* PWM Duty Cycle #0 Registers
(PDCOH and PDCOL)
* PWM Duty Cycle #1 Registers
(PDCIH and PDC1L)
* PWM Duty Cycle #2 Registers
(PDC2H and PDC2L)
« PWM Duty Cycle #3 registers
(PDC3H and PDC3L)

All of these register pairs are double-buffered.

4.2.4 Module Functionality

The PWM module supports several modes of operation that are beneficial for specific power
and motor control applications. Each mode of operation is described in subsequent sections.
The PWM module is composed of several functional blocks. The operation of each is
explained separately in relation to the several modes of operation:

+ PWM Time Base
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* PWM Time Base Interrupts
» PWM Period

* PWM Duty Cycle

» Dead Time Generators

« PWM Output Overrides

* PWM TFault Inputs

« PWM Special Event Trigger

4.2.5 PWM Time Base

The PWM time base is provided by a 12-bit timer with prescaler and postscaler functions. A
simplified block diagram of the PWM time base is shown in Fig 4.4. The PWM time base 1s
configured through the PTCONO and PTCONI registers. The time base 1s enabled or

disabled by respectively setting or clearing the PTEN bit in the PTCONT register.
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The PWM time base can be configured for four different modes of ope
« I'ree Running mode

« Single-shot mode

« Continuous Up/Down Count mode

« Continuous Up/Down Count mode with interrupts for double updates

ration:



These four modes are selected by the PTMOD1:PTMODO bits in the PTCONO register. The
Free Running mode produces edge-aligned PWM generation. The up/down counting modcs
produce center-aligned PWM generation. The Single-shot mode allows the PWM module to
support pulse control of certain clectronically commutated motors (ECMs) and produces

edge-aligned operation.

4.2.6 PWM Period

The PWM period is defined by the PTPER register pair (PTPERL and PTPERIH). The
PWM period has 12-bit resolution by combining 4 LSBs of PTPERI and 8-bits of PTPERL.
PTPER is a double-buftered register used to set the counting period for the PWM time base.

The PTPER bufler contents are loaded into the PTPER register at the following times:

 Free Running and Single-shot modes: when the PITMR register is reset to zero after a
match with the PTPER register.

* Up/Down Counting modes: When the PTMR register is zero. The value held in the
PTPER bufter is automatically loaded into the PTPER register when the PWM time base
is disabled (PTEN =0).

The PWM period can be calculated {rom the following formulas:

PWM period for free running mode

Tpwm= (PTPER + 1)
Fosc/(PTMRps/4)
or

Tpwm = (PTPER + 1) x PTMRps
Fosc/4




PWM period for free Up/Down counting mode

TPWM = (2 x PTPER)
Fosc/(PTMRPS/4)

The PWM frequency is the inverse of period; or

PWM frequency = _|
PWM period

4.2.7 PWM Duty Cycle

PWM duty cycle is defined by PDCx (PDCxL and PDCxI) registers. There arc a total of 4
PWM Duty Cycle registers for 4 pairs of PWM channels. The Duty Cycle registers have 14-
bit resolution by combining 6 LSbs of PDCxH with the 8 bits of PDCxL. PDCx is a double-

buftered register used to set the counting period for the PWM time basc.

4.2.8 PWM Duty Cycle Registers

There are four 14-bit special function registers used to specity duty cycle values for the
PWM module:

« PDCO (PDCOL and PDCOH)

« PDCI1 (PDCIHL and PDCIH)

« PDC2 (PDC2L and PDC2I)

« PDC3 (PDC3L and PDC3H)



T'he value in each Duty Cycle register determines the amount of time that the PWM output
1s in the active state. The upper 12 bits of PDCn hold the actual duty cycle value from
PITMRI/L<11:0>, while the lower 2 bits control which internal Q-clock the duty cycle

match occurs.

In IEdge-atigned mode, the PWM period starts at Q1 and ends when the Duty Cycle register
matches the PTMR register as follows. The duty cycle match 1s considered when the upper

12 bits of the PDC is equal to the PTMR.

4.2.9 Edge-Aligned PWM

l<dge-aligned PWM signals are produced by the module when the PWM time basc is in the
Free Running mode or the Single-shot mode. For edge-aligned PWM outputs, the  output
for a given PWM channel has a period specitied by the value loaded in PTPER and a duty
cvele specitied by the appropriate Duty Cycle register (see Figure 4.5). The PWM output is
driven active at the beginning of the period (PTMR = 0) and is driven inactive when the
value 1n the Duty Cycle register matches PIMR. A new cycle 1s started when PTMR
matches the PTPER as explained in the PWM period section. If the value in a particular
Duty Cycle register is zcro, then the output on the corresponding PWM pin will be inactive
for the entire PWM period. In addition, the output on the PWM pin will be active for the
entire PWM period if the value in the Duty Cycle register is greater than the value held in

the PTPER register.
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4.2.10 Complementary PWM Operation

The Complementary mode of PWM operation is useful to drive one or more power switches
in half-bridge configuration as shown in Figure 4.6. This inverter topology is typical for a
3-phasc induction motor, brushless DC motor or a three-phase Uninterruptible Power
Supply (UPS) control applications. Each upper/lower power  switch pair is fed by a
complementary PWM signal. Dead  time may be optionally inserted during device
switching where both outputs are inactive for a short period. In Complementary mode, the

duty cycle comparison units are assigned to the PWM outputs as follows:



» PDCO register controls PWM1/PWMO outputs
« PDCI register controls PWM3/PWM?2 outputs
« PDC2 register controls PWMS/PWM4 outputs

« PDC3 register controls PWM7/PWMG6 outputs

PWM1/3/5/7 are the main PWMs that are controlled by the PDC registers and PWMO0/2/4/6
arc the complemented outputs. When using the PWMs 1o control the half bridge, the odd
number PWMs can be  used to control the upper power switch and the even numbered

PWMs for the lower switches.

+V
- 3 Phase
§ Load
a
©
=
g B
o

Figure 4.6 - Typical Load for Complementary PWM outputs
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I'he Complementary mode is selected for each PWM I/O pin pair by clearing the appropriate
PMODx bit in the PWMCONQO register. The PWM /O pins are set to Complementary modc

by default upon all kinds of device resets.

4.2.11 Dead Time Generators

In power inverter applications where the PWMs are used in Complementary mode to control
the upper and lower switches of a half-bridge, a dead time insertion is highly recommended.
The dead time insertion keeps both outputs in inactive state for a brief time. This avoids any
overlap in the switching during the state change of the power devices due to TON and TOI'F
characteristics.

Because the power output devices cannot switch instantaneously, some amount of time must
be provided between the turn-off event of one PWM output in a complementary pair and the

turn-on event of the other transistor. The PWM module allows dead time to be programmed.

Dead Time Insertion

Each complementary output pair for the PWM module has a 6-bit down counter used to
produce the dead time insertion. As shown in Figure 4.7, each dead time unit has a rising
and falling edge detector connected to the duty cycle comparison output. The dead time 1s
loaded into the timer on the detected PWM edge event. Depending on whether the cdge 1s
rising or falling, one of the transitions on the complementary outputs is delayed until the

timer counts down to zero. A timing diagram indicating the dead time insertion for one pair

of PWM outputs is shown in Figure 4.8.
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4.3 Control Strategy

4.3.1 V/t Control with Current Feedback

A disadvantage of open-loop Vit control is that the motor can stall il the speed is ramped up

\
\

o quickly or the load otherwise changes rapidly. Without some form of feedback, 1t is
mpossible 10 deteet whether the motor 1s turning as expeeted, or i it s stalled. A sl
causes high currents and the motor loses torque. By monitoring current, excessive slip can
he detected, and the motor frequency can be adjusted downward accordingly. A high-current
condition may also be caused by a malfunction of the inverter bridge. 1 a high-current
condition persists, the drive should be shut down to prevent motor overheating or other
Jamage.

\ conceptual diagram s tlustrated i Figure 4.9, The speed relerence is provided by the
aser. i this case via a potentiometer connected to an ADC channel. The V/I function in
frrmnware caleulates the maximum PWM- duty cycle (amplitude) based upon the speed
reference. The DC bus (bridge) current is measured using a shunt resistor, which pr_oduccs a
voltage proportional to the current through it. This voltage 1s amplificd and compared with
an external comparator to a reference level that corresponds to the maximum allowable bus
current. The comparator output drives the Fault A input of the PIC18F4431 If the Fault

crgnal 18 asserted, the PWM output is inhibited for the following PWM period.

Speead

GBS | »| Vi Function PWM eyl i ' o
Reference 6 3-Phass
; inverter| ACIM

Current T Current Foedback | Bridge

Fault | q:j e .
Current —————
Limit

Figure 4.9 - Block diagram ol VSD with current feed back
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4.3.2 V/f Control of blower motor with Air temperature Feedback

3lock diagram of closed-loop speed control of air blower is illustrated in Figure 4. 10. The

rclerence temperature is set by a potentiometer. This signal is used as reference value for the

ADC module of microcontroller.

temperature sensor and it is used as input to ADC module.

Air temperature feed back signal is generated by

I'he temperature error signal is then used as an input to a proportional controller, which

determines the desired drive frequency to the motor windings. The standard V/f process

determines the amplitude of the drive waveform. The drive frequency and amplitude are

then used to update the PWM duty cycles of the six PWM channels that drive the three-

phasc bridge.

temperature
Reference Propotional

controller

Temperature feedback

V/F
Function

Figurc 4.10 - Block diagram for closed loop Air blower speed control

Propotional
controller

PWM

3-Phase
inverier
bridge

3-phase
Blower
Motor

Air temperature sensing

A
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4.4 Initializing The Power Control PWM Module And ADC

Module

The Power Control PWM module simplifies the task of driving a 3-phase inverter bridge by
providing three pairs of complementary PWM outputs, with dead time inserted between
complimentary channels. To mitialize the PCPWM module:
I. Configurc the PCPWM time basc:

a) Select a PWM time basc postscale valuc of 1:1.

b) Sclect a PWM time base prescale value input of 1:1 (FOSC/4).

¢) Contigure the PWM time base for Free-Running mode (for edge-aligned operation).

<

2 lLoad the PTPERH:PTPERL register pair to obtain a PWM frequency.

-

3. Configurce the PCPWM output.
a) Lnable PWMO through PWM7 as outputs.
b) Set the PWM 1/O pairs (PWMO/1, 2/3 and 6/7) as complementary pairs.
4. Configure the special event trnigger:
a) Set the special event trigger postscaler to 1:1.
b) Configure the special event trigger to occur when the time base is counting upwards.
¢) Enable updates from duty cycle and period buffer registers.
d) Configure for asynchronous overrides from the OVDCON regisler.
5. Configurc the PCPWM dead time:
a) Select FOSC/2 as the dead-time prescaler.
b) Load DTCON=<5:0> with a dead-time value to achieve a 2 ps dead time. The actual
value depends on the controller’s clock frequency: refer to the data sheet to determine

the proper value.
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0. Disable the output overrides on the PWM pins by setting bits POVD<5:0>.

7 Clear the special duty cycle register pair (SEVICMPH:SEVTCMPL).

8. Clear all of the regular PWM duty cycle register pairs (PDCxH:PDCxL) to set the duty
cveles to 0.

O Fnable the PWM time base.

4.5 Inittializing the ADC module

Onc analog values is measured in this application:

* ANT (LM 35DZ temperature sensor input for the speed reference)

The high-speed ADC incorporates several features, such as Auto-Conversion mode and a
FIFO result bufler, that reduce the firmware overhead associated with monitoring multiple
analog channels and enhance ADC throughput.

To inttialize the HSADC module:

I. Configure ADC operation:

a) Lnable Continuous Loop mode.

b) Enable single-Channel mode.

¢) Assign VREEF1- and VREF-.

d) Enable the FIFO buffer.

¢) Seleet the left-justitied format for the A/D result.

[) Sct the A/D acquisition time to 12 TAD (required for sequential conversion).
g) Set the A/D conversion clock to FOSC/32

h) Turn on the ADC.
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4.6 V/F Control Firmware

the heart of the ACIM control s accomplished with the PCPWM peripheral operated in
Complimentary mode. The duly‘ cycle of the threc PWM channcls are changed in a regular
manner using a TimerQ interrupt to synthesize the three-phase waveforms that drive the
motor. A sine table is stored in program memory. It is transferred to data memory during
mitialization for faster access. Three registers are used as oftsets to the table through indirect
addressing. Each of the offset valucs points to one of the values in the table, such that there
1s always a 120-degree phase shift between the phases.

[n this application, the potentiometer detcrmines the target motor speed reference signal.

4.7 PWM Waveform Synthesis

The sinusoidal waveform is created by constantly changing the PWM duty cycle for cach
output. The motor drive frequency determines how often the PWM duty cycle values are
updated and thus, the frequency of the synthesized waveform. The peak-to-peak drive
amplitude corresponds to the maximum PWM duty cycle, as this generates the maximum
voltage output ot each hall bridge of the inverter. The duty cycle determines the drive
amplitude at any given point in the cycle. The duty cycle update rate is set by modifying the
TimerO reload value. This determines the interval until next Timer0O overflow. The PWM

Duty Cycle (PDC) registers of the three PWM units are modified as follows:



I When a Timer0 interrupt occurs, an updated target drive frequency is determined by

F=(ADRESIH/4)

2. The sine value for cach phase is read from the sine table, pointed to by the offset value

for that phase.

‘o

The PWM duty cycle for a particular phase is calculated by multiplying the sine value
from the table by the updated motor drive frequency. The 16-bit product is stored in the

PDC register for that phase. Steps 2 and 3 are repeated for each phase.

4. The offset values arc updated for the next table access.
The Timer0 reload value is calculated based on the updated motor drive frequency |
where /'is the drive frequency. In this program | the number of sine table entrics is set at

[9. The reload value determines the value at which the PWM duty cycle is updated.

6. The new PWM duty cycle values take effect at the beginning of the next PWM period.

The duty cycle determines the drive amplitude at any given point in the cycle.
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CHAPTER 5

Power‘MOdules for Induction Motor Control

5.1 Motor Drive Requirements

I'hree-phase AC induction motor requires pulse-width modulated control of the six switches
ol a 3-phasc inverter bridge connected to the motor’s stator windings . The six swilches
torm 3 pairs of “hali-bridges™, which can be used to connect the leg of a winding to the
positive or the negative high-voltage DC bus. As shown in the figure, two switches on the
same “half-bridge™ must never be on simultancously, otherwise the positive and negative
buses will be shorted together. This condition would result in a destructive event known as
“shoot-through™. It one switch is on. then the other must be off; thus, they are driven as
complementary pairs. It should also be noted that the switching devices used in- the half-
bridge olten require more time to turn off than to turn on. For this reason, a minimum dead
time must be inserted between the off and on time of complimentary channels. In these
cases, software program develops necessary dead time between the complimentary channels.
Power modules arc available in wide varicty of configurations that accommodate most of the

common motor drive topologics.
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5.2 Six-Packs Configuration

A common circuit configuration that is used for three-phase induction motor is Six-pack.
Six-pack is a three-phase bfidge arrapgement, which consists of six transistors. The
collector of upper transistors are all connected together to a common positive bus terminal,
the emitters of lower transistors are connected to a common negative terminal. The positive
and negative terminals are connected to a DC source. The three output terminals are
connected to a three-phase motor.

A six-pack module could consist of IGBTs, MOSFETs, bipolar transistors, or any other
tvpe o power switching transistors. Large high voltage motor often usc an IGBT six-pack
In PWM motor drive designs IGBTS are best suited for applications that require transistors
rated at 400 V or higher, while MOSFETSs are most effective for applications that require
transistors rated less than 100 V .

Six- pack configuration is nearly universal in its suitability for different three-phase motor
drive systems. High power six-packs often have a separate emitter terminal ‘I-‘or the gate
drive connection, as shown in figure 5.1. These terminals are often called an emitter-Kelvin
terminals. The etfect of emitter inductance can be minimized by making use of this terminal.
The large currents switched by the power devices can create large voltage transients in the
stray emitter inductance. The Kelvin terminals arc not intended to be used for power

connections, their internal wire bonds are not designed to handle high currents.
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Figure 5.1 - Six-pack IGBT module with emitter Kelvins.

4l

5.3 Gate Drive requirements

[GBTs commonly used in motor drives, UPS and converters operating at de bus voltages up
to 0OVDC require voltage drive m order to achieve a saturated “ON state condition. The

drive stgnal must have the following characteristics

e Anamplitude of 1OV (0o I5V.
o A low source resistance for rapid charge and discharge of the gate capacitance.
*

A floating output so that high side switches can be driven.

f

i addition o the above requirements the actual driver should be capable of driving

ombinations of devices in both low-side and high-side switch configurations. With this

nind the driver should also provide the following:

e Lowinternal power loss at high switching [requency and maximum offsct voltage.

* TR o Tl o el i seevals
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e Protect the power switch from damage by clamping the gate signal to the low state in
the cvent of gatc under voltage or over voltage or if the load current exceeds a
predetermined peak value.
e Protect the power switch by clamping the signal to the low state if the signal inputs
are disconnected.
Traditionally the functions described above have required discrete circuits of some
complexity but International Rectificr’s IR2130  six-channel gate driver perform all the
requirements tor interfacing logic level control circuits to high power 1IGBTs in high-side/

low-side switch configurations using up to six devices.

5.3.1 1R2130 Block Diagram

As shown in Figure 5.2 the gate driver consists of six output drivers which receive their
inputs from the three input signal generator blocks each providing two outputs. The three
low-side output drivers are driven directly from the signal gencrators L1, L2 a1‘1-d 1.3 but the
high-side drive signals H1, H2 and H3 must be level shifted betore being applicd to the
high-side output drivers.

An under voltage detector circuit monitoring the VCC level provides an input to inhibit the
six outputs of the signal generator circuits. In addition, there are individual under voltage
lockout circuits for the high-side outputs should any of the floating bias supplics fall below a

predetermined level.



I'he ITRIP signal which can be derived from a current sensor in the main power circuit of
the cquipment (current transformer, viewing resistor, ctc.) 1s compared with a 0.5volt
reference and is then “OR-cd™ with the UV signal to inhibit the six signal generator outputs.

A fault Togic cireuit set by the'UV or ITRIP tnputs provides an open drain TTL output for
system indication or diagnostics. There s also an internal current amplifier in the [R2130
and IR2132 that provides an analog signal proportional to the voltage difference between
VSS and VSO. Thus, a viewing resistor in the main power circuit can provide a positive
voltage at VS0 and by suitable feedback resistors the current amplificr can be scaled to

generate 0-5Vde as a function of actual load current.
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—  SIGNAL L el I S
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FAULT O SET
(l o 13 SOLaE LATCH
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l . 2 RESeT | DETECTOR
|
Voo O -
! ( UNDER.
1TRIP
VOLTAGE
‘ 05V CURRENT ODETEGIOR
COMPARATOR l
- »| DRIVER >—1—() 102

Figure 5.2 - Functional block diagram of the IR 2130



5.3.2 Protection Circuits and Fault Reporting

e Under voltage Protection
An under voltage condition on lﬁe VCC level, defined as less than 8.9V (as VCC 1s reduced)
and less than 9.3V nominal (as VCC is increased) causes all outputs to shutdown With VCC
at around 9 volts the drivers provide marginally adequate drive voltages to ensurc full
cnhancement of the power switches for most applications. Separate UV lockout circuits are
provided on the threc high-side outputs. They also have a 0.4V hysteresis band with levels
of 8.3 volts for a falling bias voltage and 8.7 volts for a rising voltage. Unlike the VCC UV
circuit they inhibit only their particular high-side output and do not affect the operation of

any other output.

e  Current Trip
[n the event of a shoot-through current or an output overload it is desirable to terminatc all
the output signals from the driver. This is accomplished through a current con{p.)arator circuit
which monitors the voltage drop across a low side viewing rcsistor and compares it with a
0.5 volt reference level. The current comparator output is "OR-ed" with the VCC under
voltage circuit output so that a fault condition of cither type causes the fault logic circuit to

actuate.

e Fault Logic
This circuit consists of a latch which is sct by the conditions described incurrent trip and is

reset by holding all three low-side inputs high for more than 10 microseconds or by

51



reeyeling the VCC bias supply. When the fault latch is set it produces two output signals.
One 1s used to inhibit all three input signal generator circuits thus inhibiting all six outputs.
T'he other output signal appears as a fault indicator which goes low in the presence ol a (ault
condition. The active low condition can drive an LED fault indicator or external logic

cireult,

¢ Current Sensing in IR2130
Using the same current viewing resistor the current sense voltage of 0-0.5V is amplified in
the current amplifier to generate a 0-5V analog function for processing in an external control
cireuit. In actual operation the voltage difference between the Vso and Vss pins fonns the
mput voltage for the non inverting amplifier although only the positive current is measured.
T'wo resistors RIPand RIN set the gain of the amplifier as shown in Figure 5.3. Actual

voltage gain is given by the relationship

cc

Vs INPUT [ F——

CA -

CAO
ouTPUT

OP AMP SPEC:

V80 RANGE: -5V TO 7V
CA- RANGE: OV TO 7V
88 CAO RANGE: 0V TO 5.2V
UNITY GAIN: BANDWIDTH = 1 MHz
SLEW RATE: 6V/uS AND -3.5Vins

Figure 5.3 - Block diagram of the Current Sensing amplificr



A= Rr+ RIN
Rin

for a gain of 10 with Rjy = 1k

10 = Re+ Tk
T

R+ Yk= 10K

Rl': 9k

Power for the current amplifier 1s supplied from VCC,

5.4 Heat Sink Calculation for IGBT module

Selection Details of Heat Sink
Thermal resistance of IGBT (TRG4 PC 30 KD)
Junction to Case thermal resistance of IGBT (R ) =12 °C/W

Case to Sink, flat, greased surface thermal resistance (Ros ) =0.24 °C/W

Thermal resistance of Mica sheet + Thermal compound = 1.6 °C/W

Switching Loss of IGBT (@ 1=8A, T} =120°C) =0.5 ml

Total switching loss at 5 kHz =0.5X 107X 5X10°
=25W

Total heat gencrated by 8 nos. of IGBTs (Pd) =20 W
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By Considering, surface Arca of Heat Sink = A m*
Thermal resistance of heat sink (R, =0.08/A
Maximum operating temperature of junction (Tjm =150 °C
Maximum ambient temperature (Tay =30°C
(Tym ~Ta) = (Rye +Rpgs + Ry ) X Pd
(150-30) =(1.2+024+0.125/A) X 20
A =0.0274 m’ :274.(50 cm’
Therefore 1eat sink area should be more than the 274.00 cm®
Sclected Heat sink has area of 667 cm®
Then operating junction temperature Tjo
(Tjo—=Ta) = (Ruyje + Roes + Roga ) X Pd
(Tjo-30) =(1.2+0.24 +0.125/0.0667 ) X 20

Tio = 96.28 °C
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Figure 5.4 — Circuit diagram of IGBT driver & IGBT Power module
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CHAPTER 7

Conclusion and Future Developments

7.1 Conclusion

Considering all the above rescarch work and the results obtained, it can be concluded as
follows. After power electronics start to pay a big role in the industry, VSD become much
popular in speed control of Induction machines. Several advanced controlling techniques
have been introduced and employed, especially for three phase induction machines during
last few decades after rapid inventions in power electronics.

Variable Speed Drive constructed by this project with PIC 18F4431 which is dedicated for
motor control applications. Software program generates PWM outputs to create required
voltage wave forms and frequency at outputs of the IGBT power module.  Output voltage
and frequency can be set by varying the potentiometer position. Instant of potentiometer

form of temperature controller can be used to vary output voltage and frequency.

7.2 V/f Control with Velocity Feedback and Current Feedback

In open-loop V/t control, the rotor is assumed to follow the rotating flux generated 1n the
stator, with a certain degree of slip present depending upon the load. In many applications,
the load can vary widely and the resulting motor speed will vary accordingly. To improve

speed control, a form of speed fecdback can be added.
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A simple implementation of closed-loop speed control is illustrated in Figure 7.1 The
reference speed s stifl sct by a potentiometer or any other controller, as above. However,
mstead ol dircctly using the reference speed to determine the drive  frequency, it is
compared to the actual motor speed to gencrate a speed crror signal. Actual motor speed is
cstablished by a speed measurement with a tachometer signal.

The speed crror signal is then used as an input o a Proportional-Integral (P1) controller,
which determines the desired drive frequency to the motor windings. The standard V/f
process determines the amplitude of the drive wavelorm. The drive frequency and amplitude
arc then used to update the PWM duty cycles of the six PWM channcls that drive the three-

phasc bridge. Current feedback may also be used concurrently with velocity leedback.

Speed ~~_ Speed [ - SRS
Reference " Errror P! Controller 6 3-Phase
| R [ —w-{V/f Function > PWM Inverter|-——»|  ACIM
jl/ Bridge | .\ .
I Speed Feedback Velocity | _ ]
T T T T T  ealculatian |

Figure 7.1 - Block diagram of VSD with fced back control
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7.3 Additional features for VSD

I'ollowing features can be included in to the firm ware and software

Key activity

the main loop continuously ‘checks key activity which is handled by the key service
routine. Two push button switches togglc the motor between Run and Stop states and
forward and reverse direction. When switching directions, the motor is first allowed to coast
from its present angular velocity to zero and then accelerated to the reference speed in the
opposite direction. This controlled manner of changing directions prevents high-current

transients that could cause a fault.

Fault Signals Monitoring
Three fault signals can be monitored: overcurrent, overvoltage and over temperature. The
overcurrent and overvoltage faults use the hardware fault inputs to directly inhibit the

PCPWM outputs on a cycle-by-cycle basis.

Over Current fault

A shunt resistor in the negative DC bus gives a voltage proportional to the current flowing
through the threc motor phases. This voltage is amplified and compared with a reference
signal using an external comparator. If the DC bus current signal exceeds the reference
level, the fault input pin is driven low, indicating an overcurrent fault. Fault is indicated by

blinking LED.

61



Over Voltage fault
The DC bus voltage is attenuated using a voltage divider and compared with a fixed
reference signal using an external comparator. The fault input pin is used to monitor the

overvoltage condition. Fault is indicated by blinking LED.

Over Temperature fault

The 1GBT power module can have a Negative Temperature Cocfticient (NTC) thermal
scnsor that monttors the junction temperature of the IGBTs. This NTC can be connected to
analog mput through an analog optocoupler and is continuously measured the junction
temperaturc of the 1GBTs. If it exceeds reference value, overtemperature fault is indicated

by blinking LIED.

7.4 Pay back period for VSD

Cost of Electronic ltems =Rs 7.,500.00
Cost of Electrical Items =Rs 2,000.00
Cost of casing Ileat sink ect. =Rs 1,500.00

No of labour hours for assembling and testing of VSD = 20 hr.

Therefore cost of labour =20 X 200.00 + Rs. 4,000.00
Other over heads cosl = Rs 3,000.00

Total cost of VSD =18,000.00

By considering 20% profit = 3,600.00

Value of VSD =21.600.00
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Simple Pay back period

By considering VSD will be installed for blower motor of package air conditioner having

cooling capacity 50 kW, it will save the minimum ot 5% of total electrical consumption.

Approximate Electrical energy saving per hour =15 kW/hr X 0.05 =0.75 kW/hr

Flectrical energy saving per day, by considering 6 hours operation =. 0.75 X 6 = 4.5 kW/hr

I

Cost ol saving per day =45X 1190 =Rs. 5355

| Unit cost of Elcctricity is Rs. 11.90 ( 1 kW/hr = Rs. 11.90)]

Simple pay back period =21,600.00/53.55 = 404 days
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Appendix A
Software Program for Micro Controller

s ok ok sk sk ok sk ok sk ske st sk sk sk sk sk sk sk ok e sk sk sk sk sk ok sk sk ok sk sk sk sk sk e e 2k ok ke sk sk sk e sk sl ok sk sk ke s ok ok ke sk sk sk sk sk sk ok sk ok ke sk ok ok sk skeske sk sk sk e
include <pl8f4431.inc>
include <AA.inc>
she st ke e sk ok o sk sk sk ke sk ok sk Sk Sk 3% 3k 3k sk ot sk sk e ol sk ke ke s ke ke ke ok s ok ok 3k sk ok ke ol 3k sk sk ok ke ok sk sk ke ok ke sk sk sk sk ke sk ok ks sk sk sk sk Sk ks sk sk sk skosk
- CONFIG  CONFIGIH, 0x02
~ CONFIG CONFIG2L, 0x0C
~ CONFIG CONFIG2ZH, 0x3E
~ CONFIG CONFIG3L, 0x3C

FEAGS bits

tdefine TIMERO OV _FLAGO
#define OFFSET1 FLAG 1
ddefine OFFSET2 FLAG 2
tdefine OFFSET3 FLAG 3
‘define RUN 4
!defineSTOP 5
delineFREQ UPDATE 6

ACVS parameters
idefine KEY PORT PORTD
rdefine RUN_STOP KEY 7

- 121D parameters
rdefine LED PORT PORTD
rdefine RUN STOP LED 0O

Duty cycle limit definition,
rdefineMINH DUTY CYCLE 0x00
sdefineMINL_DUTY CYCLE 0x3C

e sk e sie sk ke sl sk sk sk sk sk ok sk sk 3k ok sk ok o sk s sk sk sfe sk sk ok sk e sfe sk ke sk sk s sk sk ok ok ok ok sk ske sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk ok ok sk ke ok skook ok sk ok ok ok

KAM locations in Access bank, initialized
st sk sk sk ok sk ok sk ok sk ok ok sk sk st e sk ok sk ok sk e ok sk ok sk sk sk sk sk sk ok ok sk sk ok e sk ok sk sk sk ok sk ok sk ok sk sk sk sk sk ok ok ot sk ok sk sk sk ok sk sk sk s sk ok sk e s sk ok

LDATA ACS

'ABLE OFFSETI res 1
FABLE OFFFSET2 res |
'ABLE OFFSET3 res 1
FLAGS res |
FREQ REF H res ]
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FREQ REF L res

I
FREQUENCY res I
TEMP res |
Tiinpe es \
TEMP LOCATION res 2
PDCOL_TEMP res 1
PDCOH TEMP , res I
PDCIL TEMP res I
PDCIH TEMP res |
PDC21. TEMP res |
PDC2H TEMP res I
SINIE TABLE res 0x14  :Sine table
temp res 1
templ res |

**************************************************************************

RESET AND INTERRUPT VECTORS

**************************************************************************

STARTUP  code 0x00

goto  Start :Reset Vector address

CODE 0x08

goto ISR HIGH :High priority ISR at 0x0008
PROG LOW CODE 0x018

goto ISR LOW :Low priority ISR at 0x0018

**************************************************************************

INITIALIZATION

**************************************************************************
Start

clrf  FREQUENCY

clrt  FLAGS

call  INIT PCPWM

call  INIT TMRO

call  INIT PORTD

call  COPY TABLE TO RAM
call  INIT MOTOR START

WAIT HERE
call  KEY CHECK
btfss FLAGS,RUN
bra  WAIT HERE
clrf  FLAGS
call  INIT INTERRUPTS
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ke 3k sk sk sk sk sk ok ok ok ok sk st sie sk ske sk sfe sk sk ske ok sk sk sk sk ok sk e ke sk sk sk ok sk st sk sk ok sk sk sk sk sk ok sk sk sk ok sk ok ok ok sk sk ok ok sk sk ok Sk sk sk sk sk sk ske sk ok sk sk o sk sk

MAIN LOOP

3k e st Sk sk sk ok ok Kk K sk sk sk sk sk ok sk ok sk ok ok sk sk sk sk sk sk sk sk sk ok sk ok ok sk sk sk ok s ok ok ok ok ke ke ok sk sk sk sk sk sk ke sk sk sk sk sk de sk sk Sk sk ok sk ok o ok skok ok ok

MAIN LOOP
btfss FLAGS,TIMERO OV FLAG
bra bypass

call  UPDATE PWM DUTYCYCLES

call  UPDATE TABLE OFFSET

bef FLAGS, TIMERO OV FLAG
bypass

btfsc FLAGSI.FREQ UPDATE

call  CALCULATE TIMERO RELOAD

btfss  ADCONO, GO

bsf  ADCONO, GO

call KEY CHECK

call.  KEY PRESSED

bra  MAIN LOOP

3k 2 ok ok sk sk ke s sk sk sk sk ok sk ok ok sk ok ok sk o ok e st sk ok sk sk ok sk ok 3 K sk ok ok sk ok sk ok sk sk sk s sk sk sk sk sk sk ok sk sk o sk sk ok sk ok sk ok sk s o ok ok skeook ke s ok skoskook

INTERRUPT SERVICE ROUTINES
R ELEREEEELEEEEEREELEEEEEEEEEEESEEEEEEEEEEEEEEEESEEEEEEEEEEEEEEE TR T EE]
ISR_HIGH
btfsc  INTCON,TMROIF
bra TIMERO_OVERFLOW
RETFIE FAST

TIMERO OVERFLOW
movff FREQ REF H.TMROH
movif FREQ REF L, TMROL

bsf FLAGS,TIMERO OV FLAG
bef INTCON, TMROIF
RETFIE FAST

s sk sk sk sk sk ok e sfe sk e e e ke e sk sk e sk ke ke e sk s e sk sk e s ok sk ke s sk ok sk sk sk sk sk sk sk o e s sl sk sk st sk sk ok sk sk sk ok sk ske e sk sk sk ok ok ok ke sk ok ke soskok ok

Low priority interrupt service routine
sk sk s sk sk sk o ske e sk sk ok sk sk sk e sk s sk sk sk sk ok s ke sk ok sfe sk sk sk sk s sk s sk ok sk e 3 ke sk sk e sk sk ok sk oo st sk sl ok sk ok sk ok sk sk sk sk sk ok sk ok ok ok sk e sk e sk sk

ISR LOW

btfsc  PIR1,ADIF
bra  READ ADC RESULTS

RETFIE FAST
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READ ADC RESULTS

movif ADRESH,FREQUENCY
movlw 0x30

epfsgt  FREQUENCY

movwf FREQUENCY

movlw 0xFO

cpfslt FREQUENCY

movwf FREQUENCY

bsf FLAGS1, FREQ UPDATE
bef PIR1,ADIF

RETFIE FAST

3k e sk ok 3k sk sk ok sk sk 3K st sk st i s 3K ok 3k sk ok ok sk sk ok sk ok sk oK sk sk sk sk ok sk sk ok sk sfe sk sk sl sk ok sk ok sk sk sk skeske st st sk stk sokok ok ok ek ek et skok dokok

UPDATE PWM DUTYCYCLES

S s e e s s ok s o o o R o ok ok s ok ok s o sk s ks sk koo oot ok R ke stk e ks sk st o ko ok kol KoK ok kK R oK
UPDATE PWM DUTYCYCLES

movl TABLE OFFSETI,W
movl PLUSW0O,W

mulwf FREQUENCY, W
mov{l PRODH.,PDCOH TEMP
movif PRODL,PDCOL TEMP

UPDATE PWM?2
movl TABLE OFFSET2,W
movf PLUSWO,W
mulwl FREQUENCY, W
movff PRODH,PDCIH TEMP
mov{f’ PRODL PDCIL TEMP
UPDATE PWM3
movf TABLE OFFSET3,W
movf PLUSWO,W
mulwf FREQUENCY, W
movil PRODH,PDC2H_TEMP
movff PRODL.PDC2L_TEMP

TRUNCATE PWMI23
bef  STATUS,C
el PDCOL_TEMP,F
flef  PDCOH_TEMP,F
ref  PDCOL_TEMP.F
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rlet PDCOH _TEMP,JF

rlef PDCOL _TEMP.W

andlw 0x3

movil PDCOH TEMP PDCOL_TIEMP
movw{ PDCOI TEMP

bel STATUS.C

rlect PDCIL TEMP,F

rlet PDCIH TEMP I

rlef PDCIL TEMP,E

rict PDCIH TEMP,F

rict PDCIL TEMP,W

andlw 0x3

movit PDCIH TEMP.PDCIL TEMP
movwl PDCIH TEMP

bef  STATUS,C

rlet PDC2L TEMP,F

ricf  PDC2H TEMP,F

rlecf  PDC2L TEMP,F

rlcf  PDC2H TEMP.F

rlef PDC2L. TEMP.W

andlw 0x3

movil PDC2I1 TEMP PDC2L. TEMP
movwf PDC2H TEMP

call  CHECK LIMITS

bsf  PWMCONI, UDIS
moviT PDCOL TEMP PDCOL
movif PDCOH TEMP_ PDCOH
movif PDCIL TEMP,PDCIL
“moviT PDCIH TEMP,PDCIH
mov[T PDC2L TEMP,PDC3L
movif PDC2H_TEMP,PDC3H

bef  PWMCONI, UDIS

return
sfe ok s e ofe sk e ofe ok sk ok sk o ke s o ok sk s ke s ofe sfe ok e e s sfe sfe e e sk ke sfe s ofe s fe ofe sfeofe sfe s e sk ke sfe sheofe sk e e s ofe ofe s ofe ofeofe ok e e ok st sk ok ke o sk kR e ek

TABLE OFFSET

s sfe sk e ok sk sk sk ok sk sk ok sk sk sk ok st sk ke sk s ok ke ste sk sk sk sk ok ok sk sk ok sk sk sk sk sk s sk sk sk st sk ok st sk sk sk sk ste sk ok ke sk ok e sk sk sl sk ste ok ke sk sk sk skeoskok ok ke

UPDATE TABLE OFFSET
bifss FLAGS.OFFSET! FLAG
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bra DECREMENT OFFSETI

movlw (SINE TABLE ENTRIES-1)

cptslit TABLE OFFSETI

bra  CLEAR OFFSETI FLAG

incl TABLE OFFSETIL,F
bra  UPDATE OFFSET2

CLEAR OFFSET! FLAG
bef  FLAGS,OFFSET1 FLAG

DECREMENT OFFSETI
detsnz TABLE OFFSETILF
bst  FLAGS,OFFSET1 FLAG

UPDATE OFFSET2
bifss FLAGS,0FFSET2 FLAG
bra  DECREMENT OFFSET2

movlw (SINE TABLE ENTRIES-1)

cpfslt. TABLE OFISET2

bra  CLEAR OFFSET2 FLAG

incf  TABLE OFFSET2,F
bra  UPDATE OFFSET3

CLEAR OFFSET2 FLAG
bef  FLAGS,OFFSET2 FLAG

DECREMENT OFFSET2
defsnz TABLE OFFSET2,F
bsf  FLAGS,OFFSET2 FLAG

UPDATE OFFSET3
bfss  FLAGS,OFFSET3 FLAG
bra  DECREMENT OFFSET3

moviw (SINE TABLE ENTRIES-1)

cpistt TABLE OFFSET3

bra CLEAR OFFSET3 FLAG
et TABLE OFFSET3F
rcturn

CLEAR _OFFSET3 FLAG
bef  FLAGS,OFFSET3 FLAG

DECREMENT OFFSET3
defsnz TABLE OFFSET3F
bst FLAGS,OFFSET3 FLAG
return
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st e sk sk sk sfe sk ok ok sk sk sk sk ok sk sk sk sk sk sk sk sk ok sl sk sk sk sk sk s ke sk sk sk sk e sk sk 3 sk sk sk sk sk sk sk ok sl s e sl sk sk e ok sk sk st ske oo st e sk sk sk ke ske s sk sk sk sk sk

CALCULATE TIMERO RELOAD

s s e s sk s s s sk sk e s o sk sk sk s s o sk ke sk ok ot R ok okt stk sk ok sk sk sk sk sk ok o R R Rk stk sk sk stk sk sk sk ok s R R R KR KK R K
CALCULATE TIMERO RELOAD

bef  FLAGSIFREQ UPDATE

clrt TEMP

clrt TEMPI

moviw HIGH(FREQUENCY SCALE)
movwlf TEMP LOCATION

movliw LOW(FREQUENCY SCALE)
movwf{ TEMP_ LOCATION+1

continue_subtraction

movl FREQUENCY,W
btfsc STATUS,Z

return

bsf  STATUS,C

movt FREQUENCY W
subwtbTIEMP LOCATION - 1F
clet WREG

subwtb TEMP LOCATION,F
btfss STATUS,C

goto  Resuit

nct  TEMPF

btfsc STATUS.C

et TEMPLE

goto  continuec_subtraction

Result

bstt  STATUS,C

movlw OxFF

subfwb TEMP,F
subfwbTEMPLF

movil TEMPI1,FREQ REF H
movit TEMP,FREQ REF L

retumn
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Check limits routine
S sk 3 sk ok ok 3k ok sk sk sk sk sk ok sk sk sk ok ok ok ok sk sk skosk ok sk sk sk ok sk ok ok sk sk ok sk ok ok ke sk sk ok sk sk e ok sk sk sk ke sk ole sk sk sk sl sk skeoske o sk ok ke sk sk sk sk sk sk sk sk sk

CHECK LIMITS

CHK PWMO MIN
movf PDCOH TEMP, I
bnz CHK PWMI MIN
movlw MINL DUTY CYCLE
cofsgt PDCOL TEMP
movwi PDCOL_TEMP

CHK PWM! MIN
movl PDCIH TEMP, F
bnz  CHK PWM2 MIN
movlw MINL DUTY CYCLE
cpfsgt PDCIL TEMP
movwlPDC 1L TEMP

CHK PWM2 MIN
movt PDC2H TEMP, F
bnz DONE CHECK LIMITS
moviw MINL_DUTY CYCLE
cpisgt PDC2L TEMP
movwi PDC21, TEMP

DONLE CHECK _LIMIT
return

e sfe sk e sk s sk sk ofe sk sl sk e sk sk sk e sk sk sk sk sk ol sk sk sk sfe sk ok sk sl s ol sk sk sk ol e s sk ol sk sk sk sl sk ol sk sk sk sk sk sl sk e sk sk sk s ol sk ok sk e skl ek sk sk sk ok

Stops the motor by driving the PWMs to 0% duty cycle.

sk s 3k sk sk ok sk sk ok 3k ok sk ok sk ok sk sk sk sk sk sk sk s sk sk sk sk ok sk ok s sk sk ok sk ok st st sk ok sk sk sk ok s sk sk ok sk sk s ok sk sk sk ok sk ok sk sk sk ok s ok sk ke ok ek stk skokok

STOP MOTOR
bef  PIELADIE
bef  INTCON,TMROIE
clrft OVDCOND
cirf  TABLE OFFSETI
cirtt  TABLLE OFFSET2
clrt  TABLE OFIFSET3
bct  FLAGS, TIMERO OV FLAG
bsf FLAGSL,STOP

return
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Starts motor from previous stop with motor parameters initialized
3 e sk sk e sk e ok sk sk sk e sk Sk sk sk sk sk sk sk ke ok s e sk ofe sk sk e sfe sk sk e sl sk sk sk sfe sk sk ke ok s ke ok s 3 ok ok sk sk ok sk sk sk sk ok sk sk sk e sk o sk dle ok sk sk ofe ol e sk sk sk

RUN MOTOR
bsf FLAGST,RUN
bef FLAGS,FLAG FAULT
bst PIET,ADIE
call INIT MOTOR START
call UPDATE PWM DUTYCYCLES
call UPDATE TABLE OFFSET
bsf INTCON, FMROIE
movlw b'IT1111I1
movwf OVDCOND
return

e e ok ok 2 ok sk sk sk sk sk sk ok sk s ke ok sk sk sk sk sk sk ok sk koo sk sk sk sk sk sk sk sk sk sk ok sk sk sk sk ofe e sk sk sk sk ok sk sk sk ok sk ok sk ok ok sk sk sk sk ok ok ok ok sk sk ok ke ok ok ke ke

KEY SWITCH SUBROUTINES

3 sk 3k ke sk sk e ok ok sk sk sk ok ok ok sk sk sk sk ok sk sk ok sk ke ok ok sk sk sk sk sk sk ke ke sk o sk sk sk sk sk e ok sk sk e sk sk sk e sk sl sk e ok ok ok ke ok sk ok ke ok ok sk ok sk ke ok ok ok sk ok

KLY CHECK

btfss KEY PORT, RUN STOP KEY
return

bsf FLAGS,RUN

return

KEY PRESSED

btfss KEY PORT, RUN _STOP KEY
goto  STOP MOTOR NOW

btfss  FLAGS,STOP

return

goto RUN MOTOR

bst LED PORT,RUN STOP LED
return

STOP MOTOR NOW
call STOP _MOTOR
bel LED PORT,RUN _STOP LED
return

sk 3k vk ok ok vk ok sk sk ok vk sk ok sk sl sk sk s sk sk s sk sk sk sk sk sk sk ok sk sk sk sk sk sk sk sk s sk sk sk sk sk sk st sk sk sk ok sk ok sk ok sk ok sk ok sk sk e e sk e sk ok ok vk ok sk sk ok ko ck
Initialize Fligh-Speed ADC
s 3 ok sk 3k Az sk sk ok s ok o sk sk e sk sk ole e e sk e e sk ofe sk e AR e e sk sk e sl sk ol e e s ok sl ke s e ok sfe sk sk sk sk s e sfe sk sk ke s s sk sk sk sk sk ke sk sk ok ok sk sk RSk ko
INIT HSADC

moviw b'00000000

movwl ADCONI
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movliw b'00110010'
movwt ADCON2
moviw b'0000000¢"
movwi ADCON3
movliw b'11001 T
movw{ ADCLIIS
moviw b'00000010
movwi ANSELO
movlhw b'00000010
movwl TRISA

moviw b'00000101
movwli ADCONO
return

ke sfe ok e sfe e e sfe ok ok e sk sle e e o ofe e s ske e s sfe sk ke 3 sk ok oo sk sk o st sk sk e s sfe ok sk st sk ol o st sk sk sk sk sfe ok ke st s ofe e sk ok st st ok s s s ode e sk sk e shook e sk

Initialize PCPWM

she sfe ofe sk se she ok st sk sfe st sk sk sk st sk sk sk st ok s sk sk st st sbeoole ok sfe ok s ok sk sk sk e sk sk sk sk st sk e ok st ok ok st st sl ok st sk sk s st ook sl sk s ok sl sk ol ok sk sl e st sk ke ke sk

INIT PCPWM

movlw b'0000000¢"
movwi{ PTCONO

moviw 0xF9
movwl PTPERL
movlw 0x00
movw({ PTPERI

moviw b'010 10000
movwli PWMCONO

moviw b'00000001"
movwf PWMCON|

moviw b'00001010
movw{ DTCON

movlw DTN
movwf OVDCOND
moviw bH'00000000"
movwl OVDCONS
moviw 0x00
movwi SEVTCMPL
movhy 0x00
movw{ SEVTCMPHH
bsf PTCONI, PTEN
return
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<k************************************************************************
mtialize PORTC
**************************************************************************
NI'T PORTB

moviw b'00000000

movwl TRISB

retum '

"*************************************************************************
mitiahize PORTD
"*************************************************************************
NI'T" PORTD

moviw b'10000001"

movw{ TRISD

return

**************************************************************************
nitialize TimerQ
**************************************************************************
INTT TMRO

moviw b'10000100'

movw{ TOCON

moviw 0xF8

movwl{ TMROI1

movlw 0x51¢

movwi TMROL

return

k*************************************************************************

initialize interrupts
k*************************************************************************

INTT INTERRUPTS

bst  INTCON,TMROIE
bsf  INTCON2,TMROIP
bst  PIELADIE

bet IPRI,LADIP

movlw b'1001001 1
movwl RCON

bst INTCON,GIEL
bsf INTCON,GIEH

return
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Initialize Motor
sk sk e sie sk ok sk S ok sk sk ke sk sk sk sk sk sk sk sk sk ke sk sk ok sk sfe sk e sie ok sk sk st sk ok sk sk sk sk sk sk sfe sk sk sk sk e ke sk s ok sk st ok ok sk sk sk e ok sk sk sk ofe ok sk o ok ke ko
INIT MOTOR_START
moviw 0x09
movwf TABLE OFFSETI
bsf FLAGS,OFFSE'TT FLAG
movlw 0x03
movwf TABLE OFI'SET2
bet  FLAGS,OFFSET2 FLAG
movlw 0x0T
movwi TABLE OFFSET3
bef  FLAGS,OFFSET3 FLAG
bsf PORTC.0
bra CONT _INIT MOT

CONT INIT MOT
movlw 0x30
movwf FREQUENCY
movlw 0xFD
movwf FREQ REF H
movw{ TMROH
movlw 0x2C
movwi{ TMROL
movw{ FREQ REF L
bsf FLAGS, TIMERO OV FLAG
return

s ok ke sk ook s sk ok sk sk ok sk ok ok kol sk sk sk sk sk sk sk sk ofe o sk ok ke ol st sk oke sfe ok ok ol st ok ofe sk sk st sk ke sfe sk sk ok sfe sksk sk ok sk sk sk ok sk sk sk skOsk ok sk sk ok ok ok ok ke ko
COPY TABLE TO RAM
e sfe ke ok 3k e ok e e sk sk sk e sk sk ok e sk sk ske sk s sk sk sk sk sk sk sk sk 3 ske sk ke sk ske sk sfe sk ok s sfe sk ok sk ske sk sfe sk sk sk s sk sk sk sk sk sk sk sk sk sfe sk sk e ol ok ok ok ke sk sk sk
COPY TABLE TO RAM
- moviw UPPER sine_table

movw( TBLPTRU

moviw HIGH sine table

movwf TBLPTRH

movlw LOW sine_table

movw{ TBLPTRL

movhv LOW(SINE TABLE)

movwl FSROL

movlw HIGH(SINE TABLE)

movw{ F'SROH

moviw Ox14

movw( TEMP
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OPY AGAIN
TBLRD*+
movi{t TABLAT,POSTINCO
declsz TEMPF
bra  COPY AGAIN

movlw LOW(SINE TABLE)
movw{ FSROL,

moviw HIGH(SINE TABLL)
movwl FSROU

rcturn

© sk sk sk sk o ok sk sk ok e sk ok ok sk ok sk sk sk sk sk sk sk sk ok sk sk ok s sk sk s e sk sk 3k ke sk sk sk sk sk ok s sk sk sk ke sk ok sk sk ok sk sk ok sk skook ok ok skl sk ke ke sk ke ke sk SRk sk sk
SINE TABLE

Pt ok ok ok o sk ok sk ske sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sle s sk sk sfe ok s s sk sk sk s sk ske sk skook sk sk s sie sk sk sk sk sk sk ok sk ok sk ok sk skeosk ok ok sk sk ok ok

FABLLE code 0x0600

e table

1x00,0x02,0x08,0x 1 1,0x1E,0x2E,0x40,0x54,0x69,0x80,0x96,0xAB,0xBF,0xD [,LOXE1.0xEL
INFT 0xFD,0xFE

s sk s sk sk sk sk ok s sk ok ok ok sk sk sk sk sk sk ok sk stk sk sk sk sk sk ok e sk sk st ste sk sk ok st sk ok sk ksl sk sk ke ok sk st stk sk sk st sk sk sk sk sk sk sk sk sk sk skeosieoteoskeoskokosleok

END
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File AA.inc
**************************************************************************
Oscillator frequency

Ydefine OSCILLATOR d'20000000"
**************************************************************************
Timer0 prescaler;

“defineTIMERO PRESCALE d'te’

I'he sampling frequency

“defineSINE TABLE ENTRIES {37
e*************************************************************************
FESAMPLES PER CYCLE = (SINE_TABLE ENTRIES-1 )*d2'

INSTRUCTION CYCLE = (OSCILLATOR)/d'4'

FREQUENCY SCALE=

(INSTRUCTION CYCLE/SAM PLES PER_CYCLEY/(T IMERO_PRESCALFE/4) -

limer prescale/4 is done to compensate ADC multiplication factor of 4 to the frequency)

'f**-‘k**********************************************************************

I"'WM frequency definition

“definePWM FREQUENCY d'5000"
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// File: 18£443 1. 1kr
// Sample linker seript for the PIC18174431 processor

LIBPATH .

CODEPAGE NAME=vectors  START=0x0
CODEPAGE NAME=page  START=0x2A
CODEPAGE NAME=idlocs START=0x200000
CODEPAGE NAME=config  START=0x300000
PROTECTED

CODEPAGE NAMIE=devid  START=0x3I'I'I'TE
PROTECTED

CODEPAGE NAME=cedata START=0xF00000
PROTECTLED

ACCESSBANK NAME=accessram START=0x0
DATABANK NAME=gpr0 START=0x60
DATABANK NAME=gprl START=0x100
DATABANK NAME=gpr2 START=0x200
ACCESSBANK NAME=accesssit START=0xI'60

SECTION NAME=CONFIG ROM=config

79

END=0x29 PROTECTED
END=0x3FFF
END=0x200007 PROTECTED
END=0x30000D

END=0x3FFITIF

END=0xFOOOFF

END=0x5I

END=0xFF

END=0x1FI

END=0x2I'F

END=0xI'FF PROTECTED



PIC18F2331/2431/4331/4431

Appendix B

Pin Diagrams

28-Pin SDIP, SOIC

(]
N

MCLRVPPIRES ——— || * 1 28| ] ~—-—= RB7/KBI3/PGD
RAOG/AND p—— [ |2 27 ] «— RBG/KBI2/PGC
RA1ANY <~—— [ |3 26| | <——> RB&/KBI1/PWM4/PGMD
RA2/AN2/VREF-/CAP1/INDX «—= [ 14 25 | ] <-——= RB4/KBIO/PWM5
RAJ/ANI/VREF+HCAP2/QEA <= [ |5 @ 24| ] +— RBIPWM3
RAY/ANA/CAP3IQEB =—— [ |6 S 23{7] =—— RB2/PWM2
AVDD ——— [ 7| 7 g 22 [ ] +——= RB1/PWMHt
Avss —-— [|8 & 21 [} <> RBO/PWMO
OSCHCLKIRAT =———— [ |9 ¢ 20| ]=-— VOD
OSC2/CLKO/RA «——s | |10 Do 19| | = Vss
RCOM10SO/T1CK] - [ | 11 18 [T} == RCTRXDT/SDO
RG1/T10SICCP2/FITA = [ | 12 17 | 7] «——= RCB/TX/CK/SS
RC2ICCP1/FLTB = [_| 13 16 | ] «———= RCSH/INT2/SCK/SCL
RC3TOCKITECKIINTG = - ] 15 || «~———» RCA4/INT1/SDI/SDA
Note 1: Low-voitage programming musl be enabled.
3 40-Pin PDIP
MCLRVPPIRES =[] 1 h 40 [} =——» RB7/KBI3/PGD
1 RADANG <— (| 2 39 [ +——» RB6/KBI2/PGC
T RA1/ANY <+ ] 3 38 |7] =———> RB5/KBI/PWMA/PGM?)
RA2/ANZ2VREF-/CAP1/INDX «———[] 4 37 ] «———» RB4A/KBIO/PWMB
RAJANIVREF+HCAPZ/IQEA <+— ] 6 36 [} <«—— RBIPWM3
RA4/ANA/CAPIIQEB O 6 - 35 [} =——e RB2PWM2
RAGIANG/LVDIN =—— (] 7 3 34 [ «———= RB1/PWM1
RED/ANG ~——=[| 8 = 33 ] RBO/PWMO
REA/AN7 ——= ]9 9 32 {1 = VDD
RE2/ANS  «—— ] 10 il 31 {7} - Vss
AVDD e 1 11 © 30 {71 =——e RD7/PWM7
: AVSS e [] 12 Q 29 [} «——»= RDB/PWME
‘ OSC1/CLKIRAT =~—= [} 13 0. 28 {7 <> RDSPWM4H
\ OSC2/ICLKO/RAG <+—— 7} 14 27 1) <= RDAFLIAD
’ RCOM1OS0/TICKI ~——» [ 15 26 [ =—— RC7/RX/DT/SDOM
RC1/T10SHCCP2FITA «— (] 16 o8, ] «——» RCB/TX/CK/SS
RC2/ICCPAFLTB =«——» [ 17 24 [ «—» RCHANTZ/SCKWSCLI
RCTOCKIMTECKICHINTG < L] 18 23 [ «~—— RCAINT1/sDIN/SDAY
RDO/TOCKITECK] =——= [ 19 22 [} =——= RDJ/SCK/SCL
«——— RD2/SDI/SDA

Note 1: RC3 is the alternate pin for TOCKI/TSCKI; RC4 is the alternate pin for SDI/SDA; RC5 is the alternate pin

for SCK/SCL.

|

i

\1 RD1/SDO ~—— [ 20 21
|

\ 2:  Low-voilage programiming must be enabled.

3: RD4 is the alternate pin for FLTA.
RD5 is the altemnate pin for PWM4.
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Appendix C

PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT V/O DESCRIPTIONS
| Pin N Pin Number Pin |Buffer Descriot
\ in Name DIP [TQFP | QFN | Type | Type escription
’MC@_/}/_FLP/RES 1 18 18 Master Clear (input) or programming voitage (input).
MCLR ! ST Master Clear (Reset) input. This pin is an active-low.
‘ Resel to the device.
I ovpp P Programming vollage input. o
‘l RE3 I ST Digital input. Available only when MCLR is disabled.
{OSC1/CLKI/RAT 13 30 32 Oscillator crystal or external clock input.
| 0SC1 | ST Oscillator crystal input or external clock source input.
‘ ST buffer when configured in RC mode, CMOS otherwise.
| CLKI I {CMOS Extemal clock source input. Always associated with pin
f function OSC1. (See related OSC1/CLKI, OSC2/CLKQO pins.)
| RA7 WO | TTL General purpose /O pin.
‘0OSC2/ICLKO/RAG 14 3 33 Oscillator crystal or clock outpult.
L 0sC2 0 — Oscillator crystal outpul. Connecls to crystal or resonator
in Crystai Oscillator mode.
CLKO 0 — In RC mode, OSC2 pin oulputs CLKQ, which has 1/4 the
frequency of OSC1 and denoles the instruction cycle rate.
RA6 o | TTL General purpose /O pin.
PORTA is a bidirectional /O port.
(RAQANO 2 19 19
RAO /O TTL Digital VO.
ANO I {Analog|{ Analog input0.
RAT/ANA 3 20 20
RA1 e TTL Digital 1/O.
AN1 | lAnalog] Analog input 1.
RA2IANZ2NVREF-/CAP1/l 4 21 21
INDX
RA2 o | TTL Digital /O,
AN2 | {Analog| Analog input?2.
VREF- ! {Analog| A/D Reference Voltage (Low) input.
CAP1 | ST Input capture pin 1.
INDX ! ST Quadrature Encoder Interface index input pin.
3\ RAJANI/VREF+] 5 22 22
iCAP2/QEA
o RAZ o | TTL Digital 1/O.
AN3 | |[Analog| Analog input 3.
VREF+ I |Analog] A/D Reference Voliage (High) input.
‘ CAP2 ! ST Input capture pin 2.
j QEA | ST Quadrature Encoder Interface channel A input pin.
[RAA/ANGICAPIQEB | 6 | 23 | 23
I RA4 /o TTL Digital 1/O.
| AN | {Analog| Analoginpul4.
|  CAP3 f ST input capture pin 3.
| QEB ! ST Quadrature Encoder Interface channel B input pin.
}R/\Eu//—\NS/LVDIN 7 24 24
RA5 WO TTL Digital 1/O.
| AN5 I JAnalog{ Analog input5.
' LVDIN I {Analog| Low-vollage Detect input.

Legend: TTL = TTL compatible input

= Schmitt Trigger input with CMOS levels
= Quiput
= Open-Drain (no diode to VDD)

ST
O
oD

8

CMOS = CMOS compatible input or output
i = input
[ = Power

I




PIC18F2331/2431/4331/4431

TABLE 1-3:  PIC18F4331/4431 PINOUT /O DESCRIPTIONS (CONTINUED)

| Pin Name Pin Number Pin } Buffer Description
3 DIP |TQFP| QFN | Type | Type p
PORTE is a bidirectional /O port.

REO/ANG 8 | 25 | 25

REO e} ST Digital I/O.

ANG I |Analog| Analog input6.
RE1/AN7 g 26 26

RE1 O ST Digital VO.
| AN7 I {Analog|{ Analog input?7.
RE2/ANS 10 27 27
! RE2 1] ST Digital I/O.
| ANB 7 I |Analog| Analoginput8. 7
}IVSS 12, 16,29 16,30,] P — | Ground reference for logic and I/O pins.
: 31 31
EVDD 1,32/7,28[7,8 | P — {Positive supply for logic and {/O pins.
i 28,
INC — 12, 13 | NC | NC |No connect
1 13,
P - 33,34 - o e
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels | = |nput
0 = Output IF§ = Power

OD = Open-Drain (no diode to VDD)
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PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT /O DESCRIPTIONS (CONTINUED) L
" ) Pin Number Pin | Buffer :
Pin Name D ti
! DIP [TQFP | QFN | Type| Type escription
PORTD is a bidirectional /O port, or a Parallel Slave Port
(PSP) for interfacing to a microprocessor port. These pins
have TTL input buffers when PSP module is enabled.
RDO/TOCKI/TECKI 19 38 3g
RDO 110 ST Digital 1/O.
TOCK! | ST TimerQ external clock input.
T5CKI | ST Timer5 input clock.
IRD1/SDO 20 39 39
RD1 110 ST Digita! 1/0.
SDO 0] — SPi Data out.
RD2/SDISDA 21 40 40
RD2 /0 ST Digital 1/O.
SDI l ST SPI Data in.
SDA o | ST 1°C Data 1/0.
'RD3/SCK/SCL 22 41 41
RD3 110 ST Digital 1/0.
SCK e ST Synchronous serial ciock input/output for SPI mode.
SCL 110 ST Synchronous serial clock input/output for 12C mode.
|RDA/FLTA 27 2 2
RD4 I} ST Digital i/O.
FLTA ] ST Fault interrupt input pin.
'RD5/PWM4 28 3 3
RD5 o] ST Digitai 1O.
PWM4 0] TTL PWM output 4.
IRDB/PWME 29 | 4 4
. RD6 o | ST Digital 1/0.
PWM6 O TTL PWM output 6.
RD7/PWM7 3 | 5 5
. RD7 e} 8T Digitai 1/O.
L PWM7 O | TTL PWM output 7.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = {nput
0 = Outpul P = Power
0D = Open-Drain (no diode {o VDD)
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PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT /O DESCRIPTIONS (CONTINUED)
Pin Name b Pin Number Pin | Buffer Description
DIP | TQFP| QFN |Type| Type P
PORTC is a bidirectional /O porst.
RCO/T10SO/T1CKI 15 32 34
RCO 1e; ST Digital 1/O.
T10S0 O — Timer1 oscillator output.
T1CK! | ST Timer1 external clock input.
RC1/T10SH/CCP2/ 16 35 35
FLTA
RCA1 11O ST Digital i/O.
T10SI I [CMOS| Timer1 oscillatar input.
CCP2 HO ST Capture2 input, CompareZ2 output, PWM2 output.
FLTA i ST Fault interrupt input pin.
RC2/CCP1/FLTB 17 | 36 | 36
RC2 I} ST Digital /0.
CCP1 110 ST Capture1 input/Compare1 output/PWM1 output.
FLTB | ST Fault interrupt input pin.
RC3/TOCKYTS5CKI/ 18 37 37
INTO
RC3 110 ST Digital /0.
TOCK! ] ST TimerQ alternate clock input.
T5CKI ] S Timer5 alternate clock input.
INTO ! ST External interrupt 0.
RCA4/INT1/SDI/SDA 23 42 42
RC4 11O ST Digital /0.
INTH | ST External interrupt 1.
SDI ! ST SPI Data in.
SDA o | ST 1°C Data /0.
RC5/INT2/SCK/SCL 24 43 43
RCS /O ST Digital 1/O.
INT2 I ST External interrupt 2.
SCK fle] ST Synchronous serial clock input/output for SPI mode.
SCL 110 ST Synchronous serial clock input/output for I°C mode.
RCB/TX/CK/SS 25 | 44 | 44
RC6 I} ST Digital 1/O.
X 0] — USART Asynchronous Transmit.
CK o] ST USART Synchronous Clock (see related RX/DT).
SS I ST SPi Slave Select input.
RC7/RX/DT/SDO 26 1 1
RC7 1O ST Digital 1/O.
RX I ST USART Asynchronous Receive.
DT 11O ST USART Synchronous Data (see related TX/CK).
SDO | | o] ~— SPI Data out.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
O = Qutput P = Power
OD = Open-Drain (no diode to VDD)
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PIC18F2331/2431/4331/4431

TABLE 1-3:  PIC18F4331/4431 PINOUT /O DESCRIPTIONS (CONTINUED)

Pin Name Pin Number Pin | Buffer Description T
DIP |TQFP | QFN |Type| Type
PORTB is a bidirectionat /0 port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
'RBO/PWMO 33| 8 9
i RBO o | TTL Digital [/O.
b PWMO O TTL PWM output 0.
'RB1/PWM1 3 | 9 | 10
! RB1 Vo | TTL Digital /0.
. PwM1 0 TTL PWM output 1.
[{RB2/PWM2 35 10 11
RB2 WO | TTL Digital /O.
. PWM2 0 TTL PWM output 2.
| RB3/PWM3 6 | 1| 12
. RB3 o | TTL Digital 1/O.
L PWM3 o | TTL PWM output 3.
{RB4/KBIO/PWM5 37 | 14 | 14
! RB4 /O | TTL Digital 1/O.
KBIO I TTL Interrupt-on-change pin.
PWM5 O TTL PWM output 5.
RB5/KBI1/PWM4/ 38 15 15
PGM
RB5 1o | TTL Digita! 1/O.
‘ KBi1 I TTL Interrupt-on-change pin.
PWM4 O TTL PWM output 4.
PGM 110 ST Low-voltage ICSP programming entry pin.
RB6/KBI2/PGC 39 16 16
RB6 /O | TTL Digital I/O.
KBI2 | TTL interrupt-on-change pin.
i‘ PGC He; ST In-Circuit Debugger and |CSP programming clock pin.
RB7/KBI3/PGD 40 17 17
| RB7 o | TTL Digital /0.
) KBI3 | TTL Interrupt-on-change pin.
i ~PGD » | Vo ST _In-Circuit Debugger and ICSP programming datg pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels ] = Input
(@] = Qutput P = Power
OD = Open-Drain (no diode to VDD)



nternational
GR Rectifier

Appendix D

IR2130/IR2132

Features \

¢ Floating channel designed for bootstrap operaluon
: Fully operational 1o +600V ,
. Tolerant to negative lransient vollage’
CdV/dtimmune

¢ Gate drive supply range from 10 to 20V

s Undervoltage lockout for all.channels

* Over-current shutdown turns off all six drivers
* Independent half-bridge drivers

* Matched propagalion delay for all channeis

» Outputs out of phase with inputs

b Cross-conduction prevention logic

Descrlptlon

The IR2130/1R2132 is a high voltage, high speed
power MOSFET and IGBT driver with three indepen-
Bent high and low side referenced output channels.
Proprietary HVIC technology enables ruggedized
monolithic construction. Logic inputs are compalible
5V CMOS or LSTTL outpuls. A ground-refer-
Qﬂ( ed operational amphhe: provides analog {eedback
gf bridge current via an external current sense resis-
lor. A current trip function which terminates all six
outputv is also derived from this resistor, An gpen

‘/Hh

diain FAULT signal indicales if an over-current or
undowollage shutdown has occurred. The output driv-
ars feature a high pulse current buffer stage designed
for minimum driver cross-conduction. Propagation
ielny, are rmatched to simplify use at high frequen-
cles. The floating channels can be used to drive N-

3
‘
8

ﬁlypwal Connection

3-PHASE BRIDGE DRIVER

Product Summary

VOFFSET 600V max.
lo+/- 200 mA / 420 mA
VouT 10 - 20V

tonsott (typ.) 675 & 425 ns

Deadtime (typ.) 2.5 ps (IR2130)
0.8 ps (IR2132) |

Packages

20 Lead SOIC

20 Lead PDIP

44 { oad PLCC w/o 12 Leads

channel power MOSFETs or IGBTs in the high-
configuration which operate up to 600 voits.

i
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IR2130/IR2132

Absolute Maximum Ratings
Absolute Maximum Ralings indicate sustained limits beyond which damage to the device may occur. Ali voltage param-
slers are absolula voltages referencad to Vgp. The, Thermal Resistance and Power Dissipation ratings are measured
under board mounted and still air conditions, Additional Information is shown in Figures 50 through 53,

International
TGR Rectifier

symbol v Definition Min. Max. | Units |
" Vgiza High Side Floating Supply Vollage -0.3 625 R
| Vaia High Side Floating Offset Voltage Vi12a-25 | Vaiag + 0.3
P'\/Hmlz‘g High Side Floating Quiput Voltage V5123-0.3 1} Vgiaa+03
Veo Low Side and Logic Fixed Supply Voltage . iy -0.3 25
Vss Logic Ground A Voo - 25 Ve + 0.3
Vo123 Low Side Output Vollage -0.3 Vgg + 0.3
Vin Logic Inpul Voltage (RINT,2,3, [IN1,2,3 & ITRIP) Vgg-03 | Veg+03 v
Ver FAULT Oulput Voitage Vgg - 0.3 Vee + 0.3
Veao Opsrational AmplHler Output Vollage Vgg - 0.3 Vee +0.3
: VeA- Operational Amplifier inverting Input Voltage Vgs-03 | Vg +03
| dVs/dt Allowable Offset Supply Vollags Transient — 50 -
Po Package Power Dissipation @ TA< +25°C (28 Lead DIP) — 1.5
‘ (28 Lead SOIC) — 1.6 w
{44 Lead PL.CC) — 2.0
Rihga Thermal Resistanca, Junction to Amblant (28 Lead DIP) -— 83 g
(28 Lead SOIC) — 78 *C/wW
(44 Lead PLCC) — 63
Ty Junction Temperalture ’ — 150
Ts Storage Temperalure -65 150 C |
T Lead Temperalure (Soldering, 10 seconds) — 300
Recommended Operating Conditions
The Inpul/Quiput logic timing diagram is shown in Figure 1. For propst operation the davice should be used within the
recommended conditions, All voitage parameters are absolute voltages referanced to Vgg, The Vg offset ratirig is tested
with all supplies blased at 15V differential. Typical ratings at other blas condltions are shown in Figure 54.
Symbol Definition Min, Max. Units |
Vaiza High Side Floating Supply Voltage Vgy23+10 | Vgya3+20
Veiog High Side Fioaling Offsat Voitags Naote 1 . 600
Vo123 High Side Floating Output Voltage V123 V124
Vee Low Side and Logic Fixed Supply Voltage 10 20
Vgs Logic Ground -5 5
Vo123 Low Side OQutput Voltage 0 Vee
Vin Logic Input Voltage (HiNT,2,3, LIN1,2,3 & ITRIP) Vss Vgg+ 5 v
Ver FAULT Output Vollage Vag. Vee
Veao Operational Amplifier Qutput Vollage Vsg 5
VeA. Operatlonal Amplifier Inverting Input Voltage Vss 5
Ta Amblent Temperature -40 125

I

Note 1: Logic operational for Vg of (Vg - 5V) 1o (Vgg + 600V). Logic state held for Vg of (Vgg - 5V) to (Vsg - Vis).

192
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International
ToR Rectifier

INSULATED GATE BIPOLAR TRANSISTOR WITH

ULTRAFAST SOFT RECOVERY DIODE

Appendix £

PD -91587A

IRG4PC30KD

Short Circuit Rated
UltraFast IGBT

Features

« High short circuit raling optimized for motor contro,
te. =10ps, @360V Vg (start), T;=125°C,
VGE = 15V

* Combines low conduction losses with high
switching speed

» Tighter parameter distribution and higher efficiency
than previous genseralions

+ IGBT co-packaged with HEXFRED™ ultrafast,

C
VCES = 600V
£ @VGE=15V, |C:16A
n-channel

ultrasoft recovary antiparallel diodes
Benefits
+ Latest generation 4 |IGBTs offer highest power density
motor controls possible

« HEXFRED™ diodes optimized for performance with IGBTs.

Minimized recovery characteristics reduce noise, EMI and
switching losses

+ Thia part replaces the IRGBC30KD2 and IRGBC3OMD2
products

* For hints see design tio 97003 TO-247AC
Absolute Maximum Ratings
Parameater Max. Units
Vces Collactor-to-Emitter Voltage 600 A
Ic @ Tc = 25°C Continuous Collector Current 28
Io @ Te =100°C | Continuous Collector Current 16
[ Pulsed Collactor Cuarent ® 58 A
lim Clamped Inductive Load Current @ 58
Ir @ T = 100°C | Diode Continuous Forward Current 12
lem Diode Maximum Forward Current 58
tse Sport Clreult Withstand Time 10 Hs
| Vg Gate-to-Emitter Voltage 120 \Y
Pp @ T =25°C | Maximum Power Disgipation 100 W
Pp @ Tc = 100°C | Maximum Power Dissipation 42
Ty Oparating Junotlon and -58 to +150
Terg Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw. 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min Typ. Max. | Units
Rox Junction-to-Case - IGBT — — 1.2
Ruge Junction-to-Case - Diode —— —_ 2.5 °CIW
Rycs Case-to-Sink, flat, greased surfaca J— 0.24 —_
Houn Junction-to-Ambient, typical socket mount — —— 40
Wit Weight — 8 (0.21) e g(oz)
www.irf.com 1
) 471512000
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IRG4PC30KD

International

IR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parametar Min. | Typ. | Max. | Units Conditions
V({BR)CES Coflector-to-Emitter Breakdown Voltage® | 600 — | — \ Vge = 0V, Ig = 250pA
SVpryces/ATy Termperature Coeff. of Breakdown Voltage | — | 0.54] — [ V/°C | Vgg = OV, Ig = 1.0mA
VeEn) Collector-to-Emitter Saturation Voltage | — 221} 2.7 lg = 16A Vge = 15V
— 288 — ] v [Ig=28A See Fig. 2, 5
— [2.36] — Ilc = 16A, T, = 150°C
VEdn) Gate Threshold Voltage 30) — | 6.0 Ve = Vgg, lc = 250pA
AVgemyAT, | Temperature Coefl. of Threshold Voltage — [ 12§ — ImV/°C} Vce = Vgg, Ig = 250pA
Jte Forward Transconductance @ 54 | 81| — s Vee = 100V, Ic = 16A
Ices Zero Gate Voltage Collector Current — | — | 250 | pA | Ve =0V, Ve = 600V
— | — {2500 Ve = 0V, Vg = 600V, T, = 150°C
Vem Diode Forward Voltage Drop —_ {14117 \ lo = 12A See Fig. 13
— ] 131} 186 lc = 12A, T; = 150°C
Iges Gate-to-Emitter Leakage Current | = [£100] nA | Vgg =120V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. |Typ. [Max.| Units Conditlons
Qq Total Gate Charge (turn-on) — | 67 1100 lc = 16A
Qo Gate - Emitter Charge (tum-on) — 111 1 16 nC | Vgg =400V See Fig.8
Qg Gate - Collector Charge (turm-on) — [ 25 | 37 Vg = 15V
taton) Turm-On Delay Time — [ 80 | —
t Rise Time 2, — |2 -1 |T=2¢
tagofn Turmn-Off Delay Time ~— 1160 | 250 lc = 18A, Vgg = 480V
ty Falt Time -— | 80 {120 Vge = 15V, Rg = 23Q2
Eon Turn-On Switching Loss — {060} — Energy losses includa "tall”
Eonr Turn-Off Switching Loss — 1058 | ~ mJd | and dlode reverse recovery
Es Total Switching Loss — 1118 1.8 See Fig. 9,10,14
tac Short Circuit Withstand Time 10 |~ | — us | Ve =360V, T,=125°C
Vgg = 15V, Rg = 100, Vgpi < 500V
tagon) Tumn-On Delay Time — | 58 — Ty =150°C, See Fig. 11,14
t Rise Time — {42 | — ns Ic = 16A, Vge = 480V
Lajom Turn-Off Delay Time — 210} — Vge = 16V, Rg = 2302,
tr Fali Time — 160 | — Energy losses inciude "tail”
Eg Tolal Switching Loss — 1169{ — mJ | and diede reverse recovery
Lg Internal Emitter Inductance — 1131 — nH | Measured 5mm from package
Cigs Input Capacitance — |920 | — Vgg = 0V
Coes Qutput Capacitance — |10 | — pF | Voc =30V Sea Flg. 7
Cres Reverse Transfer Capacitance — 127 | — [ =1.0MHz
trr Diode Reverse Recovery Time — | 42 1 60 ns [ Ty=25°C Ses Fig.
— 1 80 {120 Ty=125°C 14 Ir=12A
Jre Dlode Peak Reverse Recovery Current | — | 3.5 | 6.0 A | Ty=25°C SeeFig.
— | 56| 10 T)=125°C 15 VR = 200V
Qi Diode Reverse Recovery Charge — { B0 {180 | nC | T;=25°C SesFlg.
— 1220 { 600 Ty=125°C 16 difdt = 200Ausf
dijecw/dt Diode Peak Rate of Fali of Recovery — 180} — | Alus| Ty=25°C SeeFlig.
During ty — {160 | — Ty=125°C 17
2 www.irf.com
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Appendix I

bk
FAIRCHIL.D
.

SEMICOMNIICSTOR

Single-channel: 6N135,

July 2005

6N136, HCPL.-2503, HCPL-4502

Dual-Channel: HCPL-2530, HCPL-2531
High Speed Transistor Optocouplers

Features

| High speed-1 MBil/s

N Superior CMB- 10 kVips

B Dual-Channel HGPL-203(0/HCPL-2631
W Double working voltage-480V RMS

B CIH guaranieed 0-70°C

W UL recognized (File # £90700)

Applications

| Line recatvers

M Pulse transformer replacement

® Oulptd interface 1o CMOS-LSTTL-TTL
| Wide bandwidll analog coupling

Packayge

2005 1 anchiid Semmyeonducion Comoraiton

Description

The HCPL-4502/HCPL-2503, 6N135/6 and HCPL-2530/H0PT -
2531 aplocouplars conslst of an AlGaAs LED oplicaily couplad
to a high speed pholodetactor Iransistor.

A sepaiale connection for the bias of the pholodiode improves
the speed by sevetal ordeis of magnilude over convenlional
pholotiansistor oplocouplers by teducing the base-colieclol
capacilance ol the inpul fransistor

An Inleinal noise shiold provides supeiior commuln mode rejec
tion of t0kV/ps. Animproved package allows suprerion insulalion
permiliing a 480 V working voltage compared lo indusliy stan-
dard of 220 V.

Schematic

ans

N E T [3] Vvt(:

‘‘‘‘‘ a v, [{ 5

b jlelvs by

{s]aro

B6MN136, 6N136, HCPL- 2503, HCPIL.-4502 HOPL-2530/1H0P1 - 253t

Pin 7 is nol connoctad In
Parl Mumber HCPL-4602

| www lpirehitdsomi com

Cngle-channet: 6M135, BN136 , HCPL 2603, HCPL-4502 Dual-Channel: HCPL. 2530, HOPL-25631 Rev. 1.0.3

90

uueya-gifuig

3

R
-1

JH " GELNS SELNG

5Z-1d

SH €D

0S¥-id

4J-1eng ¢

IS UBIH 1£52-TdOH "0€SZ-1d0H (jsuue

o253
Tu

sig|dnaaoydg 10)SISUEL) Da



Absolute Maximum Ratings (T, = 25°C unless olherwise specified)

Parameter mSymb‘E)‘i‘ ~ Value
V;‘VSV!'nTag(,‘Iemneralur Ts16 55104125
()pe;éhng fg;i{;é;;i\Jre o TopR -55 to 4 100 B
Lead Solder Temperature Tsou 260 for 10 sec '
EMITTER
DC/Average FForward Input Current Each Channel (Note 1) | [ (avg) 25 mA
b"(—;'rrakﬂf-mwavd Input Current (50°UL1LJTy;y;Ie 1ms PW.) I (pk) 50 7m/\ A
tach Channel (Note 2)
l’e’al'«"rrrarglvé‘nt Input é'[iﬁem - {1 ps PW., 300 pps) I (tran‘s’;v 1.0 A
Each Channel
Reverse Input Voltage Each Channel - Vi 5 v
Iput Power Dissipation (6N 135/6N 136 and HOPL-2503/4502) | Py, 100 mw
(HCPL-2530/2531 ) Each Channel {Note 3) 45
DETECTOR N S
/\erena{;ebruwtv‘v;[lltu(;menl zach Channel - m/M\'
I;eak Output Current “ Each éhannel i lrnﬂA o
Cmilter-Base Reverse Voltage (6N 135, 6N136 and HCPL-2503 only) s v
Sn;;)ly Voltage -0.5 10 30 VV 7
A(i)]_‘lilpul Voltage -0.51020 \Y
Base Current (6N135, 6N136 and HGPL-2503 only) b mA
Outpul power (6N135, 6N136, HCPL-2503. HCPL-4502) (Note 4) 100 mwo
dissipation (HCPL-2530, HCPL-2531) Each Channel 3 W

single-channel: GN135, 6N136 , HCPL-2503, HCPL-4502 Dual-Channei: HCPL-2530, HCPL-2531 Rev. 1.0.3
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Data Pack £

Appendix G

Data Sheet

Temperature sensor ic
LIVI35CZ and LM35DZ

v
1

Phe EMAS 1s 4 precision zemiconducion lemperalure
<VIny A owtpol of 10mY per dedren
Cenhigrade. Unlike devices wilh outpuls proportional
o the absolile lemperate (in degrees Kelvin) there
1= no large offsel vollage which, i st applications,
wilt have 1o be removedd

LS

Acorracies of VoC A room lemperature or ¥%,°C over
the hill lemperatine raige are typical.

Absolute masinnnm ratings (Note 10)

) _ P3GV 0.2V
__ABVio-10v
Chwtpetewgent _10omA
Clotaus ternperalie s 1000 package CBUPCHO FLROSCT
ab0°C

Sopply voltage

Onpuat voltage

Foad lemperature (solde; g 10 seconds)
specilied aperaling lermperalin e tanye

T 10 Ty aq (Note 2)
0o FHI00C
_L0PCHo + T00RG

b A,

BIAASL

RS stock numbers 317-954 and 317-960

Veatures -

® Oulput proportionat lo °C

B Wide lemperature range -40°C o + 1100
(CZversion)

® Accuwrale 1/,°C atroom temperalture typical

® Linear oulpul 0.2°C typical

® Low current drain (GOpA typical)

® Low self healing (0.08°C; typical)

® Oulpulimpedance 0. 16 al huA

® Standard 1092 package,

{ Pin connections

T0-32
Plastic package

BOTTOM VIEW J

Package detalls

4.445 - 4699 J‘*“*"“ A.44%5 - 4 gag R nom
Y
pe l‘ — —
o —{D—‘ T usst
iy .
Seatlng - _ - - ¢ :JYT’
plane 7 - A
12702206 0.835
min nom -,
yacontrofind
toad din

e

0.356 - 0.400 0368300937
— - Yyp Typ
13- 1397 bnfnen inad
Hnigh

7.286

n 11431097
nom

AN

H_:;_T
1

I

1) nont 10" nom

i
i
3A479- 3682




Application notes

Figure 1

v
1Ve

{4V 10 20V

B

Qutput
LrA35 -

omy 4 10.0mvV/ 0

Mo cipenit shown i Figme 1Vis a hasic sinyle ended
onperdline sensal capable of ineasurng bhetween
L Cand L TO07C o HH0TC depending on version.

To measure negalive lemperatures a negative supply
jpequired as shown inTigure &

Pigure &

b Your

Care must he taken when driving capacitive load, such
long eables o any Joad excaeding G0pE

A
Torenove e ellect of capacilive loads the circuit
Qv Figm e 3 shonld be nsed, however the 1esistor 15
e o the ontput impedance makig this cireuit swt-
Jble for conmection o ugh impedance loads only
Figpne 4 shows a ciicul when will overcome this prob-
Joyy and alge give protechion from racdiated mterference
from 1elays ot any ofher souree ol electrical noise.

-

Pigpne 3

Capacitive load, wiring. etc

Tn high-impadance
lnads only

93

g e Gt AR

Figure 4
{ o _C;_I‘Y;_C__"‘Vﬂ Innd“wir\ng,;\r
!
L
-
| 0.1 nFbypass
| optiona!
|
|

The circuits below show some typical applications of
thege lenperaline sensors.

Figure 5 Two-wire remote temperature sensor
with sensor grounderl

5V
— -}
~
Ve = 10mV/C T apmert - V0
6.8k 200 feom £2°C 1o + 407
5% 1%

4—[“_‘"'«'

()u(\\
LM35 \
AN , .
> Twistad pair
200 e
- v
¥
LA

AN
> Twistad pair
%

Vaut = 10myv/oC 1T anemgrer = 1700
from +2'Clo +40°C

6.8k

% 200
ar 10k rheostat 1%
for gain adjust

e
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