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ABSTRACT

Recent advances in semiconductor, magnetic and passive technologies make the
switching power supply an ever more popular choice in the power conversion arena
today. These supplies offer lightweight, smaller footprints and improved efficiencies
over traditional power supplies. The objective of this project is to develop a boost
converter which can be operated in many ways in order to obtain the desired output. The
operation of power supply circuits was built by using microcontroller and pulse width
modulator (PWM) which can produce a PWM as an input from the controller for the
boost circuit. This project has been divided into two, using PIC16F877A and using pulse
modulator, SG3525AN. The boost topology is used in the circuit for arrangement of the
power devices and the other elements. The frequency and period of the pulse width has
to be determined first in order to get the 1000V output. C Compiler software is used to
program the PIC16F877. For SG3525AN, it will generate the pulse by itself to be supply
to the boost circuit. As the result, the direct current (DC) 1000V output voltage remains
constant through the time. This boost converter can be used for multipurpose and further

research need to be done to complete this circuit to the full potential.
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ABSTRAK

Perkembangan teknologi semikonduktor, magnetic dan pasif the membuatkan
pembekal kuasa menjadi semakin popular di dalam arena pengubahan kuasa pada hari
ini. Pembekal kuasa seperti ini memberikan kelebihan dari segi saiz yang kecil, rekaan
yang lebih ringkas dan kecekapan yang lebih bagus berbanding pembekal kuasa
tradisional. Objektif untuk projek ini ada untuk menghasilkan “boost converter” yang
boleh dikendalikan dengan pelbagai cara untuk mendapatkan keluaran yang
dikehendaki. Operasi untuk litar ini dibina menggunakan “microcontroller” and “Pulse
Width Modulator” yang akan menghasilkan gelombang sebagai input dari kawalan
untuk litar ini. Projek ini dibahagikan kepada dua bahagian, iaitu menggunakan
PIC16F877A dan juga SG3525AN. Topologi anjakan untuk litar digunakan dalam
susunan alatan kuasa dan elemen yang lain. Frekuensi dan jangka masa gelombang kena
ditentukan untuk mendapatkan keluaran sebanyak 1000V. Penggunaan perisian C
Compiler turut digunakan untuk membuat program bagi PIC16F877A. Untuk
SG3525AN pula, ianya mampu mengeluarkan gelombang semdiri untuk dibekalkan.
1000V dapat dihasilkan. Pembekal kuasa seperti ini boleh digunakan untuk pelbagai
kegunaan dan kajian yang lebih mendalam perlu dijalankan agar litar ini bole mencapai

keupayaan yang sebenar.
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CHAPTER 1

INTRODUCTION

1.1 Overview

The title of this project is 18V to 1000V Boost Converter. This converter also
known as the step-up converter that is another switching converter that has the same
components as the buck converter, but this converter produces an output voltage greater
than the source. For an ideal boost converter has the five basic components, namely a
power semiconductor switch, a diode, an inductor a capacitor and a Pulse Width
Modulator (PWM) controller. The placement of the inductor, the switch and the diode in
the boost converter is the differences of this type of converter compares with the buck

converter.

This project is divided into two different methods because this project is mainly
to do analysis, comparisons and data collections to determine which method are more
reliable, cost savings and high efficiency. For the first method, application of PWM

oscillator applied because this oscillator can generate pulse which is 1000V as an output.



The second method is a microcontroller used to control the circuit. The reason for this
method is to manipulate the generate pulse that produce by the microcontroller in order
to obtain the 1000V output.

1.2 Background

The advent of commercial semiconductor switch in the 1950’s represented a
major milestone that made Switched-Mode Power Supply (SMPS) such as possible. The
SMPS have high efficiency since it can switch turn ON and OFF quickly and have low
losses. The major DC to DC converters were developed early 1960s when the switches
had become available. The rapid development of this technology has become an
advantage for the aerospace industries since the need for small, lightweight and efficient

power converters.[10]

Switched systems such as SMPS are a challenge to design since its model
depends on whether a switch is opened or closed. R.D. Middlebrook from Caltech in
1977 published the models for DC to DC converters used today. Middlebrook averaged
the circuit configurations for each switch state in a technique called state-space
averaging. This simplification reduced two systems into one. The new model led to
insightful design equations which helped SMPS growth.[10]



1.3 Problem Statement

The increase in demand of power has greatly improved the converter. Even
today’s car also known as Hybrid Electric Vehicle (HEV) uses electric energy. For
example, Toyota Prius HEV. The Toyota Prius HEV contains a motor which utilizes
voltages of approximately 500 V. Without a boost converter, the Prius would need
nearly 417 cells to power the motor. However, a Prius actually uses only 168 cells and
boosts the battery voltage from 202 V to 500 V.

Besides the increase of power demand, an application which is cost savings to
build also has been the main issue for this project. Besides being cost savings, this

project also must be portable, space savings (small) and easy to be keep.

Lastly, this application must be high efficiency, reliable and long life cycle.
Because of user demand, this also has become the main issue and one of the main ideas
for this project. User would attract with the end product if it has the above specifications
because user tend to buy or use an application which they can rely on for a long time

with high efficiency.



1.4 Objectives

Every project must have the objectives to achieve. And these objectives will be
the guideline for the completion of this project. For this project, 18V to 1000V boost

converter is developed with the listed objectives below:

I.  To know the application of the PWM generator.
Il.  To the input of 18V to 1000V.
I1l.  Application of the Power MOSFET.

IV.  Analysis on each system by collecting data.

1.5  Scope of Project

In order to achieve the objectives of the project, there are several scope has been

outlined as followed:

I.  Using microcontroller.

For this project, PIC16F877A have been selected. The reasons of selection this

microcontroller are explain in Chapter 3.



Il.  Using PWM oscillator.

SG 3525AN have been selected for this project because of the function that this

PWM oscillator can provide. More explanations are available in Chapter 3.

1. Application of power MOSFET.

For this project, power MOSFET IRFBG30 has been selected. This power
MOSFET is selected because it suitable for this project. Explanation are provide
in Chapter 3.

1.6 Outline of Thesis

This thesis consists of five chapters. In the first chapter, this chapter discussed
the overall idea of this project is discussed which including objectives of project,

problem statement, the scope of this project and outline of this thesis.

Chapter 2 is discuss more on theory and literature review that have been done. It
well discusses about the boost converter, basic concept of the converter, PIC 16F877
microcontroller, SG3525A-Pulse Width Modulator Control Circuit, power MOSFET

and programming tools used in this project.

Chapter 3 describes the methodology of the hardware and software
implementation of this project. The tools, components and software used to accomplish

the project also discussed in this chapter.



Chapter 4 presents a discussion of the implementation, result and analysis of the
whole project. This chapter also explains the justification of some failure had happen in

this project.

Chapter 5 provides the conclusions of the project. There are also several

suggestions that can be used for future implementation or upgrading for this project.



CHAPTER 2

THEORY AND LITERATURE REVIEW

2.1 Overview

This chapter includes all the paper works and related research as well as the
studies regards to this project. The chapter includes all important studies which have
been done previously by other research work. The related works have been referred
carefully since some of the knowledge and suggestions from the previous work can be

implemented for this project.

Literature review was an ongoing process throughout the whole process of the
project. It is very essential to refer to the variety of sources in order to gain more
knowledge and skills to complete this project. These sources include reference books,

thesis, journals and also the materials obtained from internet.



At the beginning of the project, the basic concept of the boost converter has been
well understood. In addition, the function of all the components used in this project such
as the microcontroller PIC16F877A, PWM Oscillator SG3525A, and Power MOSFET

was explored first before starting the project.

2.2  The Basic Concept of Boost Converter

The boost converter, also known as the step-up converter, is another switching
converter that has the same components as the buck converter, but this converter
produces an output voltage greater than the source. The ideal boost converter has the
five basic components, namely a power semiconductor switch, a diode, an inductor, a
capacitor and a PWM controller. The placement of the inductor, the switch and the diode
in the boost converter is different from that of the buck converter. The basic circuit of

the boost converter is shown in Figure. 2.1.

L

- Vs c — R Vout

Figure 2.1: Boost Converter Basic Circuit [5]

The operation of the circuit is explained now. The essential control mechanism
of the circuit in Figure 2.1 is turning the power semiconductor switch on and off. When
the switch is ON, the current through the inductor increases and the energy stored in the
inductor builds up. When the switch is off, current through the inductor continues to

flow via the diode D, the RC network and back to the source. The inductor is



discharging its energy and the polarity of inductor voltage is such that its terminal
connected to the diode is positive with respect to its other terminal connected to the
source. It can be seen then the capacitor voltage has to be higher than the source voltage
and hence this converter is known as the boost converter. It can be seen that the inductor
acts like a pump, receiving energy when the switch is closed and transferring it to the

RC network when the switch is open. [5]

When the switch is closed, the diode does not conduct and the capacitor sustains
the output voltage. The circuit can be split into two parts, as shown in Figure 2.2. As
long as the RC time constant is very much larger than the on-period of the switch, the

output voltage would remain more or less constant. [5]

L

Vs c R Vout

Figure 2.2: Switch Closed State [5]

When the switch is open, the equivalent circuit that is applicable is shown in

Figure 2.3. There is a single connected circuit in this case.

L

Figure 2.3: Switch Open State [5]
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2.3  The Pulse Width Modulation (PWM) Signal

Pulse width modulation (PWM) is a powerful technique for controlling analog
circuits with a processor's digital outputs. PWM is employed in a wide variety of
applications, ranging from measurement and communications to power control and

conversion.

The PWM signal is still digital because, at any given instant of time, the full DC
supply is either fully on or fully off. The voltage or current source is supplied to the
analog load by means of a repeating series of on and off pulses. The on-time is the time
during which the DC supply is applied to the load, and the off-time is the period during
which the supply is switched off. [2]

On = High Level Off = Law Lavel
10%

50%

Figure 2.4: PWM signals of varying duty cycles [2]

Figure 2.4 show three different PWM signals. The upper signal shows a PWM
output at a 10% duty cycle. That is, the signal is on for 10% of the period and off the
other 90%. The middle and bottom show PWM outputs at 50% and 90% duty cycles,
respectively. These three PWM outputs encode three different analog signal values, at
10%, 50%, and 90% of the full strength. By controlling analog circuits digitally, system

costs and power consumption can be drastically reduced. What's more, many
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microcontrollers and DSPs already include on-chip PWM controllers, making

implementation easy. PWM is economical, space saving, and noise immune.

2.4 Hardware Devices/Components

2.4.1 PIC Microcontroller

PIC is a family of Harvard architecture microcontrollers made by Microchip
Technology, derived from the PIC1650 originally developed by General Instrument's
Microelectronics Division. The name PIC was originally an acronym for "Programmable

Intelligent Computer™.

PICs are popular with developers and hobbyists alike due to their low cost, wide
availability, large user base, extensive collection of application notes, availability of low
cost or free development tools, and serial programming (and reprogramming with flash

memory) capability.

The PIC architecture is distinctively minimalist. It is characterized by the
following features with separate code and data spaces have a small number of fixed
length instructions. Most instructions are single cycle execution (4 clock cycles), with
single delay cycles upon branches and skips. Has a single accumulator (W), the use of
which (as source operand) is implied (i.e. is not encoded in the op-code). All RAM
locations function as registers as both sources 12 and/or destination of math and other
functions. Has a hardware stack for storing return addresses also has a fairly small
amount of addressable data space (typically 256 bytes), extended through banking. Data
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space mapped CPU, port, and peripheral registers. The program counter is also mapped

into the data space and writable (this is used to synthesize indirect jumps).

Unlike most other CPUs, there is no distinction between "memory” and
"register” space because the RAM serves the job of both memory and registers, and the

RAM is usually just referred to as the register file or simply as the registers.

2.4.1.1 PIC Family Core Architectural

PIC can be divided into several family cores architectural. There are three main
family cores. That is baseline core, mid-range core and high end core.

Baseline core devices is feature a 12-bit wide code memory, and a tiny two level
deep call stack. They are represented by PIC10 series, as well as some PIC12and PIC16
devices. Baseline devices are available in 6-pin to 40-pin packages.

Mid-Range core devices is feature a 14-bit wide code memory, and an improved
8 level deep call stack. The instruction set differs very little from the baseline devices,
but the increased op-code width allows more memory to be directly addressed. The mid-

range core is available in the majority of devices labeled PIC12and PIC16.

High end core devices are 17 series never became popular and has been
superseded by the PIC18architecture. It is not recommended for new designs, and may

be in limited availability.

Improvements over earlier cores are 16-bit wide op-codes (allowing many new
instructions), and a 16 level deep call stack. PIC17 devices were produced in packages
from 40 to 68 pins.
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2.4.1.2 PIC 16F877A

24.1.2.1 Introduction:

PIC16F877A is a small piece of semiconductor integrated circuits. The package
type of these integrated circuits is DIP package. DIP stand for Dual Inline Package for
semiconductor IC. This package is very easy to be soldered onto the strip board.
However using a DIP socket is much easier so that this chip can be plugged and
removed from the development board. PIC16F877A have many features which can be
use in this project. Table 2.1 provides all the features available on this PIC16F877A.

Besides all the features provide, this chip also selected based on several reasons:

) It support analog to digital conversion.
i) It size is small and equipped with sufficient output ports

iii) It portability and low current consumption

Figure 2.5: PIC 16F877A

Feature PIC16F877A
Operating Frequency DC - 20 MHz
Program Memory Type Enhanced Flash
Program Memory Size (bytes) 14336

Data Memory (bytes) 368

EEPROM Data Memory (bytes) | 256
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Interrupts 15

I/0O Ports PortsA,B,C,D, E
Timers 3
Capture/Compare/PWM 2

modules

Serial Communications MSSP, USART
Parallel Communications PSP

10-bit Analog-to-Digital | 8 input channels
Module

Instruction Set 35 Instructions
Resets (and Delays) POR, BOR(PWRT, OST)

Table 2.1: 40 pin PIC16F877A

2.4.1.2.2 Advantages of PIC 16F877A

There are several advantages of PIC 16F877A if compare to other controller.
This chip is easy to buy since it available in market and in demand for the market.
.Besides, this chip is inexpensive compare with other controller. Because of the

inexpensive value in market, this controller is suitable for low cost development tools

This PIC 16F877A have 33 1/0 pins which provides user with more freedom and
availability in their project. This controller also has RAM, ROM and peripheral on chip.
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2.4.2 Pulse Width Modulator Control Circuit SG3525A

The SG3525A, SG3527A pulse width modulator control circuits offer improved
performance and lower external parts count when implemented for controlling all types
of switching power supplies. The on—chip +5.1 V reference is trimmed to +1% and the
error amplifier has an input common—-mode voltage range that includes the reference
voltage, thus eliminating the need for external divider resistors. A sync input to the
oscillator enables multiple units to be slaved or a single unit to be synchronized to an
external system clock. A wide range of dead time can be programmed by a single
resistor connected between the CT and Discharge pins. Figure 2.6 shows the pin

connections for this pulse width modulator with the functions of every pin.

PIN CONNECTIONS

—
Inv. Input | 4 E Vref
Noninv. Input | 2 El Vee

Sync E El OutputB

CT| 5 12 | Ground
Rr[ 6 | 11 ] Output A
Discharge | 7 10 | Shutdown
Soft-Start | 8 El Compensation
(Top View)

Figure 2.6: Pin Diagram of SG3525A

These devices also feature built—in soft—start circuitry, requiring only an external
timing capacitor. A shutdown pin controls both the soft—start circuitry and the output
stages, providing instantaneous turn off through the PWM latch with pulsed shutdown,
as well as soft-start recycle with longer shutdown commands. The under voltage lockout
inhibits the outputs and the changing of the soft-start capacitor when VCC is below

nominal. The output stages are totem—pole design capable of sinking and sourcing in
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excess of 200 mA. The output stage of the SG3525A features NOR logic resulting in a
low output for an off-state while the SG3527A utilized OR logic which gives a high
output when off.
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CHAPTER 3

METHODOLOGY

3.1 Overview

This chapter will explain about the methods that will be used to complete the
project. Basically, the project will be divided into few parts and it will be executed stage
by stage. After the title has been decided, the first thing to do is to have a clear

understanding about the whole idea of the project.

Besides, literature review was done on various topics such as the basic
knowledge about boost converter, PIC Microcontroller, pulse width modulator, power
MOSFET and programming. Moreover, the operation of the technique, the advantages,
as well as the details of the component was to be studied before the proceeding to the
hardware implementation. The flow chart and block diagram provide in this chapter is
method and approaches that need to be taken have been determined to make this project

successful.
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3.2 Flow Chart on Project Methodology

@erstanding the title of the proj@

!

eSearching for the characteristics of
boost converter.
eDoing research on the title.

I

Understanding the characteristics of the boost
converter, the theory of the converter and design
the circuit

Implement the
circuit to
hardware, and
programming the
controller

Compare the result
of hardware result.
Analysis of the
results obtained.

Achieved desired
result?

Successful proj e@

Figure 3.1: Flow Chart on Project Methodology

Figure 3.1 shows the flow chart of this project. It is necessary for every project to
have a flow chart because it will be a guideline for the whole project and also the
completion of the project. For this project, the first step is to understand the title of
project. A better understanding will help in the project. Next step is doing research of
this project. Research is an important task because a good research will help the progress
of this project and determine the success of it. Once the research is done and information
has obtained, then the project can start the next step. With the information and
knowledge from the research, the design process can start. Once the designing already
completed and satisfied, then the hardware can be build according to the result from the
designing. The complete circuit must go through testing and data collected to do

comparisons. If the result obtained is satisfied, then the project is successful.
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3.3 18V to 1000V Boost Converter Diagram

18V Supply

PIC 16F877

SG3525A

=a = =

"|

O :mi oi | 0t 18

Data Collection/Analysis/Comparison Data Collection/Analysis/Comparison

Figure 3.2: 18V to 1000V Boost Converter Diagram

In the previous page show the flow chart of this project. Meanwhile, Figure 3.2
shows the diagram of this project. This diagram helps during the designing, developing
and testing the circuit. The diagram shows that this project is divided into two parts or
method. Each method uses the same type of application that is using pulse to operate.

When the circuit is complete, result will be obtained.



3.4  Circuit Development

3.4.1 PIC Circuit

20

A PIC microcontroller needs a few setting before it successfully operates. It need

to have a master clear reset input, oscillator circuitry and the most important, the voltage

supply to be functional. These basic pins are configured as shown in Figure 3.3 and

Figure 3.2.
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Figure 3.3: Oscillator circuit
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Basic pin for PIC 16F877A can be shown clearly in Figure 3.4. Master Clear
Reset is located at pin 1, V44 or +5V input supply should be connected to both pin 11
and pin 32, Vg or Ground should be connected to both pin 12 and pin 31. While both
OSC1 and OSC2 should be connected to pin 13 and pin 14 correctly.

3.4.2 Voltage Regulator 7805 IC

Most digital logic circuits and processors need a 5 volt power supply. LM 7805
voltage regulator IC is used to regulate supply voltage from power supply to 5-volt for
microcontroller. From the front side of LM7805, we can see 3 legs or pin. The left pin
must be connected to supply voltage in DC. The centre pin must be connected to ground.
The right pin is the 5-volt output voltage. A heat sink is required for heat dissipation and

can mount at the back of the IC. The voltage regulator IC is shown in Figure 3.5.

1)
LhfF505 1
VIN L Sor wre
l :
10uf L2 C1 = 10uf
T .
D _ GO
N

Figure 3.5: Voltage Regulator Circuit.

To provide the steady +5V supply to the PIC Microcontroller, a voltage regulator
circuit has been built by using a few component. Two capacitor rated 10uF are used for
this circuit and a LM7805 transistor is used to supply 5V for the PIC 16F877A.
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3.4.3 Power MOSFET IRFBG30

This power MOSFET as shown in Figure 3.6 can be control by providing it with
PWM pulse. This pulse can provide as an input through pin G. It is important to
remember that the pulse width of this IRFBG30 is less than 300 microseconds and the
duty cycle is less or equal with 2%. Meanwhile pin S is where we connect it to ground.
Inside this power MOSFET also is a Zener diode which will avoid the current to flow

back. This Zener diode also provides protection for this power MOSFET.

s TO-220AB

Figure 3.6: Power MOSFET IRGBG30
This power MOSFET has Vpss that can reach up to 1000V with Ip of 3.1A.
Meanwhile, the resistance of this power MOSFET is Rps equal to 5.0Q. This power
MOSFET can fit in any applications since it has characteristic of simple drive

requirement.

3.4.4 Metallized Polyster Film Capacitor

A capacitor or condenser is a passive electronic component consisting of a pair
of conductors separated by a dielectric. Capacitor stores energy and produces a
mechanical force between the plates. Besides, capacitors can also block the flow of
direct current while allowing alternating current to pass, to filter out interference, to

smooth the output of power supplies, and for many other purposes.
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Figure 3.7: Metalized Polyester Film Capacitor

For this project, it is required to use this type of capacitor as shown in Figure 3.7.
It has the rating of 1uF with rating voltage of 630V (dc). This capacitor is ECQE(F) type
of capacitor. It has a non-inductive construction using metalized Polyster film with
flame retardant epoxy resin coating. Other features are self healing property besides the

excellent electrical characteristics.

345 [IR2101

The IR2101(S) as shown in Figure 3.8 are high voltage, high speed power
MOSFET and IGBT drivers with independent high and low side referenced output
channels. Proprietary HVIC and latch immune CMOS technologies enable ruggedized
monolithic construction. The logic input is compatible with standard CMOS or LSTTL
output, down to 3.3V logic. The output drivers feature a high pulse current buffer stage
designed for minimum driver cross-conduction. The floating channel can be used to
drive an N-channel power MOSFET or IGBT in the high side configuration which

operates up to 600 volts.
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8 Lead SOIC
8 Lead PDIP

Figure 3.8: Different packaging type of IR2101

For this project, it is necessary to use this IC IR2101 because of the use power
MOSFET IRFBG30 which has high switching frequency. A signal is supply through the
pin H)y of the IR2101 from the PIC 16F877A. From the IR2101, the pin Ho is then
connected to 4N25 before the signal goes to IRFBG30.

3.4.6 4N25

4N25 is an opto-isolator output transistor. This type of opto-isolator is suitable
for general purpose switching circuits. Besides, this opto-isolator also capable of
handling applications that require interfacing and coupling systems of different
potentials and impedances. It also can be use as an I/O interfacing devices. This opto-

isolator also can be used as Solid State Relays application.
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Figure 3.9: Standard Thru Hole type of 4N25

Since the project involve high voltage and low voltage, it is necessary to isolate
or separate the two parts. 4N25 is used in the circuit to isolate the high voltage from the
low voltage. Figure 3.9 show the diagram of the 4N25 which has been used for this

project.

3.5  Programming Development

3.5.1 PWM Mode

In Pulse Width Modulation (PWM) mode is where we need to determine all the
require pulse width, period, and duty cycle. Only then programming can be done. The
CCPx pin produces up to a 10-bit resolution PWM output. Since the CCPx pin is
multiplexed with the PORT data latch, the corresponding TRIS bit must be cleared to
make the CCPx pin an output.
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Duty Cycle =
DCxB9:DCxBO

-

' Period =PR2+1 -
|.1 ' h-|

— I [

. TMR2=PR2 + 1, TMR2 forced to Oh
TMR2 = Duty Cycle

TMR2 =PR2 + 1, TMRZ forced to Oh

Figure 3.8: PWM Output

One of the requirements for this project is to generate a PWM from the
PIC16F877A. This PWM will be connected to IRGBG30 as an input for it to generate
enough pulse to produce 1000V. Figure 3.7 shows mathematical equation for the
calculations of PWM which will be use in this project.

Before starting with the programming, the frequency of the period must be
determined first since the IRFBG30 has its own requirement that it duty cycle of 2% and
pulse width of 300us. After some calculations, it has been decide that the PWM
frequency is 165 kHz.

Maximum resolution also needs to be determined. Using the equation given, the
maximum resolution for this 165 kHz is 6.92 bits. If the PWM duty cycle value is longer
than the PWM period, the CCPx pin will not be cleared. This allows a duty cycle of
100%. The minimum resolution (in time) of each bit of the PWM duty cycle depends on

the pre-scalar of Timer2.

Once the programming is completed, the CCPx pin is then connected to the
IRGBG30 to give the generate PWM as an input to operate the IRGBG30.
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3.6  Software Development

3.6.1 C Compiler

C Compiler is program that requires in this project to write the program before
burn it into PIC16F877A. C Compiler is based on C language which is a simple way to
write a program.

For this project, the command or syntax, SET_PWM1_DUTY (), is widely use
since the project require to generate PWM pulse from the PIC16F877A. This function is
only available on devices with CCP/PWM hardware. The parameter value may be an 8

or 16 bit constant or variable.

3.6.2 ORCHAD 9.1 COMPLETE SUITE

ORCHAD 9.1 COMPLETE SUITE is software that can do stimulation and result
can be obtained directly. Besides, this software also can be used to design the schematic
of the circuit. This software has offer variety of software inside the database which can

be used to complete this project.

For this project, this software has been used limited since some of the component
for this project didn’t available inside the database of this software. But, in designing the

schematic and the circuit drawing, this software has been used widely.
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CHAPTER 4

RESULT AND DISCUSSION

4.1 Overview

This chapter will explain about the circuit of every PWM controller that been
used in this project. Pictures are provided to explain more on both of circuit and also for

better understanding.

This chapter will also explain on the experiments that had been conducted for
this project. An experiment is conducted to find out the relationship between PWM and
the output voltage for the boost converter. Then, data collection is done to observe the
changing in the output voltage when we variable the period and the duty cycle from the
PIC16F877A. Several pictures base on each circuit are provided to be use to explain
more detail this project. Graph also been provided for a better understanding of this

project.

4.2 Circuit Overview

This circuit overview will be divided into two parts since we have 2 different
circuits. For the first part we will explain the circuit of the SG3525AN and the second
part we will explain on the circuit of PIC6F877A. Pictures been provided for the clear
viewing of this project.
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4.2.1 Circuit Overview of SG3525AN

For the SG3525AN, a circuit have been successfully been design and solder
similar to a PCB board where we solder all the connection and didn’t require any wiring.
Figure 4.2.1 (a) and Figure 4.2.1 (b) show a complete circuit of the boost converter using
SG3525AN after the completion of designing.

Figure 4.2.1 (b): Bottom view of the circuit
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4.2.2 Circuit Overview of PIC6F877A

For the PIC6F877A, a circuit have been successfully been design and solder
similar to the previous circuit where the use of wire are able to be reduce. But for the
PIC6F877A, the pin connection are connected using the wrapping wire which is suitable
for the circuit since it is operate at low voltage and the wrapping wire can stand the it.
Figure 4.2.2 (a) and Figure 4.2.2 (b) show a complete circuit of the boost converter using
the PIC6F877A after the completion of designing. Meanwhile, Figure 4.2.2 (c) and
Figure 4.2.2 (d) show the circuit of PIC16F877.

Figure 4.2.2 (a): Top view of the circuit



Figure 4.2.2 (c): Top view of the PIC16F877A circuit
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Figure 4.2.2 (c): Bottom view of the PIC16F877A circuit

4.3 Test Result

This test result will be divided into two parts since we have 2 different circuits.
For the first part we will explain the circuit of the SG3525AN and the second part we
will explain on the circuit of PIC6F877A.

4.3.1 Test Result of SG3525AN

For the testing, the circuit is supply with 18V supply from the power supply. The
current value also set to 0.01A which is set for safety purpose and this current value will
be manipulate and adjusted by the power supply itself depending on the need of the
circuit. Figure 4.3.1 (a) shows the settings of the initial value for this testing.
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Figure 4.3.1 (a): Power supply settings

For the test result, the PWM produce by the SG3525AN obtain from pin 11 and
pin 14 which are the output for this SG3525AN. Figure 4.3.1 (b) and Figure 4.3.1 (c)
show the output produce by both of the output pin.

Figure 4.3.1 (b): PWM from pin 11
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Figure 4.3.1 (c): PWM from pin 14

From both figure, it is clearly show that the PWM from the output pin are
similarly the same which will be connected to the Power MOSFET. For both output
pins, the frequency produce is 1.727 kHz, which has the same pulse width of 285.0
microseconds.

Figure 4.3.1 (d): Output Voltage
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For the output voltage, Figure 4.3.1 (d) shows a voltage rated of 314V is
produce. This circuit can’t be manipulated because the SG3525AN itself will produce
the PWM that could generate a pulse to boost the input. Data can’t be shown since every
variable are control by the SG3525AN.

Although the output didn’t reach 1000V, the circuit able to boost the input of
18V to 314V which is 18 times larger than the input. The objective to boost the input
achieved.

4.3.2 Test Result of PIC16F877A

Similarly to the previous setting, circuit is supply with 18V supply from the
power supply. But for the current value set to 0.31A since some additional application
are added to the circuit. Figure 4.3.2 (a) shows the PWM pulse produce by the
PIC16F877A which obtain from either pin 16 or pin 17.

Figure 4.3.2 (a): PWM pulse from PIC16F877A
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For the analysis, 3 experiments have been done where the value of period is

manipulated and the duty cycle also manipulates to determine which value can produce

the target output voltage.

For the first experiment, the period is set to 255 seconds and the duty cycle is

varied to different value. Table 4.3.2 (a) shows the result obtain from the experiment.

Period

255

255

255

255

255

255

Duty
Cycle

5

10
15
20
25

30

VIn

18.3
18.3
18.3
18.3
18.3

18.3

\% Out

440
413
394
354
328

299

IIn

0.31
0.31
0.31
0.31
0.31

0.31

Table 4.3.2 (a): Result of first experiment

I b

0.07
0.11
0.15
0.19
0.21

0.23

The maximum voltage output obtained from this circuit is 440V when period is
set to 255seconds and the duty cycle is 5 with V |, of 18V and | |, of 0.31A. The Ip is

0.07A. Meanwhile, for the minimum voltage output obtained from the experiment is

299V with the same period but different duty cycle (30). The supply voltage and current

is the same with the maximum voltage output but for the Ip is 0.23A which is an

increase from the initial.

From the result obtained, a graph of V 4 versus Duty Cycle is plotted. Graph

4.3.2 (a) is plotted using the results obtained from Table 4.3.2 (a).
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Graph 4.3.2 (a): Graph for experiment 1
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For the second experiment, the period is set to 500 seconds and the duty cycle is

varied to different value. Others parameters are fix to the same value as the initial. Table

4.3.2 (b) shows the result obtain from the experiment.

Period

500

500

500

500

500

500

Duty

Cycle

10

15

20

25

30

Vin V out I, lp

18.3 440 0.31 0.07
18.3 439 0.31 0.12
18.3 419 0.31 0.17
18.3 378 0.31 0.19
18.3 332 0.31 0.22
18.3 297 0.31 0.24

Table 4.3.2 (b): Result of second experiment
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Similarly to the first experiment, the maximum voltage output obtained from this
circuit is 440V when period is set to 500 seconds and the duty cycle is 5 with VV |, of
18V and | |, of 0.31A. The Ip is 0.07A. Meanwhile, for the minimum voltage output
obtained from the experiment is slightly dropping compare with first experiment that is
297V with the period of 500 seconds but different duty cycle (30). The supply voltage
and current is the same with the maximum voltage output but for the Ip, there is increase
of it that is from 0.07A to 0.24A.

From the result obtained, a graph of V o versus Duty Cycle is plotted. Graph
4.3.2 (b) is plotted using the results obtained from Table 4.3.2 (b).

V out Vs Duty Cycle

500
450 S A
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350 e

300 e

250
200
150
100

50

5 10 15 20 25 30

Graph 4.3.2 (b): Graph for experiment 2

For the third experiment, the period is set to 1000 seconds and the duty cycle is
varied to different value. Similarly to the other experiment, the value of V i, and I i, are

the same Table 4.3.2 (c) shows the results obtain from the experiment.
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Period Duty V n V out I n I b
Cycle

1000 5) 18.3 444 0.31 0.12
1000 10 18.3 402 0.31 0.20
1000 15 18.3 398 0.31 0.24
1000 20 18.3 360 0.31 0.06
1000 25 18.3 348 0.31 0.17
1000 30 18.3 290 0.31 0.25

Table 4.3.2 (c): Result of third experiment

For the third experiment, the maximum voltage output obtained from this circuit
is 444V when period is set to 1000 seconds and the duty cycle is 5 with V |, of 18V and
I n of 0.31A. The Ip is 0.12A which is an increase of value compare to the other
experiment. Meanwhile, for the minimum voltage output is 290V with the period of 500
seconds but different duty cycle (30). The supply voltage and current is the same with

the maximum voltage output but for the Ip, there is increase to 0.25A.

From the result obtained, a graph of V 4 versus Duty Cycle is plotted. Graph
4.3.2 (c) is plotted using the results obtained from Table 4.3.2 (c).
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Graph 4.3.2 (b): Graph for experiment 3
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From the 3 experiment conducted, it is clearly shown that when the duty cycle is
increase, the Ip also increase because the signal from the PIC16F877A has increase and
triggered the IRGBG30 to produce the higher voltage output. Hence, the inductor

“pump” the current from the supply which leads to the increase value of the Ip.

But the voltage value is remain below the target because of the inductor use in
this experiment can’t provide an amount which can boost the 18V to 1000V voltage. The
inductor can’t store the amount of current which require by the IRGBG30 to boost the
input voltage. The increase value of I prove that this have affected the boost converter

which shows the amount of current needed by the IRGBG30.

Besides, the diode for this experiment also can’t meet the demand that require for
the switching frequency of the IRFBG30, in which has affect the output voltage of this
boost converter. When the diode already reaching it frequency limit, it will stop the

current from flowing through it or reverse the current back.

Other affect such as losses during the current transfer may affect the circuit too.
Besides losses during the transfer, the heat dissipation may also affect this project since
energy did convert into heat.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

51 Conclusion

The goal of this project is to design a switching power supply which is able to
produce the DC output voltage from 18V to 1000V which operate using the PWM mode
only. Due to errors and problems, the 1000V output can’t be obtained. But this project
shows that using PWM applications, the output voltage can be boost higher than the
input voltage. By varying the duty cycle of the PWM, the output voltage can be

manipulated depending on the demands and requirement.

The Power MOSFET is similar to the transformer where both can boost the input
voltage to the desired output. By only giving the signal that require by the Power
MOSFET, this devices can boost the input voltage to the desired output depending on
the signal provide by user. This can replace the use of large and conventional

transformer.

In conclusion, the switching power supply circuit has been developed in order to
produce the output voltage up to 100VDC. The operation of power supply circuits
consist of Power MOSFET, inductor, high frequency diode, switcher, PWM controller,
and microcontroller. As the result, by adjusting the PWM controller, the PWM pulse
produce will give the variable output voltage for the boost converter to boost the input to

desired output.
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5.2 Recommendation

For this type of converter, it is necessary to use a high current type of diode
because once the diode already reaching the limit, it won’t conduct or allow the current

flow through.

It is also necessary to use an inductor which can store a high current and energy

since the inductor acts as pump for this boost converter.

A better isolation of high voltage side and low voltage side require for this type
of project. This is because the high voltage side could affect the other. Besides, this will

also help to protect the circuit.
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PIC16F87X
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FCL ozh FCL azh FCL 10zh FCL 1azh
STATLS 2h STAT LIS a23h STATUS 102h STATUS 1&3h
FSR ogh ) adh FSR 10dh FaR 12adh
FORTA osh TRISA ash 105h 1a5h
FORTE o6h TRISE a5h PORTB 105h TRIZB 1a8s5h
FORTC o7h TRIEC a7h 107h 1a7h
PORTCFN | oh TRISDA aah 102h 1aah
poRTE! | T3h TRISEM | 2oh 1oah 12ah
PCLATH oAh PCLATH aAh PCLATH 1040 FCLATH 1aah
INTCCM | 0Bh INTCOM | 2Bk INTCOM | 10Bh INTCOM | 12Bh
FIFR1 oCh FIE1 aCh EEDATA 10Ch EECONA 18Ch
FIRz abh FIE= abh EEADR 100h EECON2 1a0h
THR1L 0OEh FCON 2Eh EEDATH [ 10Eh Resetved® | 1aEh
TMF1H aFh aFh EEADFH 10Fh Fezsryed® | 1&Fh
TICON 10h aah 110h 190h
TMFZ 11h SSFCOM2 | 9k 111h 191h
TACOM 12h PRz ozh 112h 1a2h
ZEFELF 13h SSPADD | weh 112h i22h
LEPCON 14h SEPETAT Sih 114h 1adh
CCPRIL 15h ash 115h 1a5h
CCPR1H 1ch ==h 11eh 196h
CCFICOM | 17h arh Gereval 17h Gereval 197h
Furpoee Furpoee
RCSTA | 12h TRETA @ah Fegme | 113 Fegzer | 192h
THREG 1gh SFPBRG =131 16 Byles 119h 16 Byez 153h
RCREG 1Ah a4h 11Ah 194h
CCPR2L 1Bh SBh 11Bh 19Bh
CCPRzH 1Ch aCh 1Ch 15Ch
CCPACON | 10h alh 11Dh 19Dh
ADRESH 1Eh ADRESL SEh 11Eh 19Eh
ADOOND | 1Fh ADCOM | SFh 1Fh 19Fh
20h Aoh 120h 1A0h
%‘E'&] %‘IE!'E] FuGerEmJ %‘IE!'.!]
Fegeer Fegair Fegar Fegeir
o Byien a0 Byes EFh a0 Byles - a0 Byies 1EFh
acceszes Foh acoeswes 17oh AGLEEEeT 1500
7oh-7Fh 7oh-7Fh Toh-7Fh
FFh FFh 17Fh 1FFh
Bark 0 Bark 1 Bark 2 Bark =
O wnimgdememed data memory locations, read az o'
" Mol a physcal regeier.
Mote 1: These reg=iars are nol implemeried on the PIC16FR2TE.
20 The== reg=iars are rezaived, maimain thess regziars dear.

© 2001 Micrechip Tachnekgy e,

DS mXpage 12




47

PIC16F87X

TAELE 2-1: SFECIAL FUNCTION REGISTER SUMMARY (CONTIMUED)
Walue on: | Delals
Address Marns - 1k mi5 Ei5 B4 B Bz @i B0 POR, on
BEOR page:
Eark 1
200 rOF Ackdresming this orabon umes sonbents of FER boaddiess daba meroe a her] cogen ool | S
Eih CFTIOM FEG | FBPD | WTEDG | Toos TOEE PE4 PEZ FE1 PE0 [1111 1122 1%
o PoL Pregam Courber Least Shyifeart oo ool | 36
! | smne FP o FPO W | e | oz ] pe | ¢ ool nes| 12
24nA! FER ik gt Diaka Wamiory fcr e Podrter e pon | 27
ash TRE = —  |PoFTs Data Direstion Pegister --11 11| 24
B5h TREE POFTEDaba Dk ec an Fesgsher 111 11| T
Eh TREC POFTC Daka Direct onFlegl sher 111 11| =
= | TRED POFTD Duta Directon Paglster 1121 1111 35
o o TREE BF ceF ECy | FEPWODE =5 POFTE Data O e Bl coon -111] R
26H? | PoLeTH = = = "Wk Budler Por the Lpgesr S bds of the Program Courter o0 )
= =0 HTC0H GE FEE T0E HTE FEE T0F HIF FEF  |oooo o] 20
BCh FE1 PEFE™| (OE RZE THE EEPE CEPHE | TMRAE | TMRIE |coce coon | 24
Eoh PEZ = i5) = EEE BCLE = = CCRZE |-c-0o.-of 23
ZEh PCON — — - - - - AOR BOF [--.. ..qg] 25
BFh = UniTplemerted i =
ol s UniTplemerted = =
wih EPCOHE GEEN | ACHETAT | ACHDT | ACHEM | PoEM | PEM | REEM | M |ooen oooo| &8
@eh PRzZ Timer? Patl od Regista 111 11| S5
e ol EEPACO Eynehroncus Eall Port] Po fedbcres s Fedsber oo oo | 7E 74
wh EEPETAT EMP | cHE | iR r E | mA | us | B fewen oooo| e
o = UniTplemerted = =
eh i UniTplemerted = =
" rual = UniTplemerted = =
uh TETA cER: | Toe | THEM | mwc = BRGH | TRMT | T |oooo cae| oS
o EFEFG Baud Fbe G erer aioe Pedsher oo oo | 97
@hh = UniTplemerted — —
@8h = UniTplemerted = =
@ch = UniTpemerted 2 =
“oh = UniTpemerted = =
“ERh AMOFEEL AT Pemilt Feglster Low v s | 116
o AT ADEM 2 — [ — T rFor | Poraz | PoFot | POFGO |o...coco | 1142
Lagard: == LFKOM, = Lnahanged, g = walue dapsends on eadbon, - = unimplemented, redd 2510, 1= resaued
Ehaded lcoaliors e Lnimpkemented raad as 1.
Mole 10 Theupper bybeof te program sounber |5 not drectly accassible. POLATH IS 2 holdngregsier [T thePCe 122~ whose
aorbais ane rarefer cdbo B Lpper bybe of Ho proy am aourter.
2 Bl PEF Eand PEP F are resensed on P CHSFEFYERS dakes; Always munkan thae bis akar,
% This Meglshers oan b 2ddr & 5ed fom ary bark
& PORTD, POFTE, TRED, and TREE arenat physkaly Impkementsdon P IC15FETTERS dedoes | readas 107,
& P2 and PEZu6a ar reserwed on e daloss; always muirkain these bis o,
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6.1 Timer 1 Operation in Timer Moda

Timer mode iz s=lected by clearing the TMRICS
[T1C2M 1) Bt In1hz mode, the imput clodk 101be
fimer iz Foecdd. T he =yns honize cormdd Bt T15YMC
[TMCOM 2] haz no eflec, gines 1he imamal dock iz

always in s,

6.2 Timer 1 Countar Operation

Timer1 may operake in eithar 8 Sychonaus, o an
Azwmchonoz mode, dEpandng on1he ==1ing ol 1he
TMR1CS b1,

When Timer1 iz being ingememed va an esiemal
BOUIGE, iNGIEMENTE oG ona igng edge. Aber Timer
iz anadedinCourter made, 1he module mu= izl ke
& 1glling edge betore 1he courter bagire 1oinsremen.

FIGURE f1: TIMERT INCREMENTIN G EDGE
T1Ck |
Cocu i L | | I B
¢ t t $ $
T L [
| Dmland Low]
¢ 4 4 4
Mode: Amows indicaie coumer incremants,

6.3 Timer 1 Operation in Synchronized
Countar Moda

Counker mode iz 2=lecied by 2eting B TMRI1CS. In
1H= made, 1hetimer incremerms on avery 1igng edge ol
dock imput on pin RCAT1OSVCCP2, wien bi
TA2ECEM iz =21, o on gn RCOT1QSCTIC K], when
bit TICECEM iz deared.

HT1EYNC iz dearsd, 1hen 1he exemal clod input B
Zvnc honzed with imemal phaze clodiz. Thezwcho-
nzdion iz done aller the pescale =lage. The
prezcaler iage i an azync onous lipple-ccurtey

In thiz cormliguraion, duing SLEEP mode, Timert will
nol ine mert even il the exdamal clodk i prezen,
gGnw 1he swchonization droil iz shutol. The
pregaaler, however, wil comlinue 1oincremen.

FIGURE 6-2: TIMER1 ELOCK DIAGRAM
Se Flaghbit
TWA1IFen
Orverdow Synchronized
Cleck Inpui
TWA1H THA1L
AR AT |
Thi A 100
:' T0EC :
PCOMACS VT 1EK] E . . B‘: e
THOSCEM  pogoy, _fd=
Enabl= hi=md
RC HTICSICCR 2] Ocilaice™ gpee, I
! QCl=k
LTS TICKP3T1CKPS0
THWA1CS
Hotz 1: ‘When e T1OSCEY bit is claared, the imeener s wmed ofl. This iminaiss powesr dmin.
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83  PWM Moda (PWH)

In Pulze Widih Modulaion mode, the CCPx pin pro-
duses upioa 10-bi rezolfon PIWM cotput. Since1he
CCP1 piniz muliplessd with 1the PORTC data laish,
1te TRISC2= bit mu= be deared 10 make the CCPH
Fin & ouiput.

Mote:  Cleaiing the CCRACON regizier will oce
1le CCPF1 PWM cuiputlaich 4o 1he detault
It lewel. Thiz iz not the PORTC A0 dat
laich,

Figue &2 =shows a fmpliifed block dagam o the
CCF modulein FWM mode.

Fa a mign-by-ziep procedure on how 1o 2stupibe CCP
modile or FINM operation, zee Secliona.2.3.

FIGURE &3: SIMPLIFIED FWH ELOCK
DIAG AR
COPCD NS

Dty Cyele Fiegistors

CCPRAH Sl |

FC2CCP

TREC2x

Moia 1 The SBE Imef |5 2onabenaied Wi Z-hit nbemal o
ok, of 2 b= of the preseaker, bo reabs 10-bEHme-
bass

A PWM oulput [Figure2-4) has a imebaze [peiod)
and a time 1hat 1he culput glaye high [doty cyde]. The
frequency ol 1he FINM i2 1he irverze ol 1he priod
[1paicd.

FIGURE &4: FWM OUTFUT

Pericd
S ]
| Duty Cpele |

Az =FAZ
TMAZ = Duty Cycle

TRz - PAZ

=pch| P PEREZD
The PWM pariodiz gpedied bywiiing 1o 1he PR2 g
izt The PINM petiod can be calailated using the fol-
lowi rg 1o mula:
Y period = [[FRZ) + 1] =4 =Toac =
(THE2Z prescale wloe)
FW M frequency iz delinedasz 1 F[PIWKM pariod].
WhenTMRz2izequal 1o PR2, the Idlowing 1hree everttz
ooyl o 1he nexlingemen cpcle:
- THMRziz deared
» The CCP1 pin iz 221 [zception: il PAWM duty
oy e = 0%, the CCP1 pin will not be 2=1)
+ The PIWM duty cycle izlaiched fiom CCPRILIMS
CCPR1H

Mote:  The Time2 posizcalsr [2ee Secion 7.1) =2
nol uzed in ihe determinaion of the FINK
frequancy. The posteala could be uzed
10 have 8 zeivo updake rake ala ditieverd
frequancy than the FWM outpui.

&2z P b DUTY CYCLE

The FWM duty cyde iz gpeciied by wiiing 1o 1he
CCPR1L regzier and 1o the CCPICONS 4» big. Up
1o 10k rezoluion iz available. The CCPR1L comaire
1te dgh M3b= and the CCP1COM LS 4= comairs 1he
two Lebe. Thz 10k value iz represemed by
CCPR1 LCCP1COM <5, The {ollowing equaion iz
uzed 1o calculae the PIWK doty cyde intime:

VM duly cycke SOCPRILAOCTLICDN 5l =
Toec = (TMR2 prescals valoe)

CCPR1Land CCP1COM S 4= can b witien 1o a1 army
fime, buil 1he duty cyde value iz natl lakzhed ima
CCPR1 Huril atter & math between PR2 and THRZ
ooale [1.e, the patiod iz compleds]. In PWK mode,
CCFR1 Hiz 8 read-only regizler.
The CCPRIH regizier and a 2-hit imamal lakch are
uzed o double butler 1he PINM duty cycle. This double
butleringiz ezzemial lor gitch-iee PIWM opstaion.

Wrenihe CCPR1H and 2bi laksh makh TMRA2, con-
cateraied with animemal 2-bi Qdock, o 2EBi1zol 1he
TMR2 prezcaler, 1the CCP1 pinis cleared.

The maaimum PWM resclution [bitg] o 2 given PN
{requency iz given by 1he formula:

Foer
k'ﬂ( Rﬂvm)
Resshlion = ——— bhils
Ly

Mote:  H1be PIWM duty cyde walue iz longer 1han
1te PWM paricd, the CCP1 pinowill not be
deaed

© 2001 Micrechip Tachnekgy e,
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833 SETUFR FOR PWM OFPERATICN

Tte {dlowing =iepe =hould be takenwhen comliguing

1te CCP module for PIW M operation:
1. Sai ke FINM pariod by witing 1o1he PR2

regigler.

2. Se the PWM duly cwde by wiiling 42 1he
CCFR1Leg=ter and COP1COM <54 bils,

Make the CCP1 pinan culpot by clearing 1he
TRIAC = bit.

Sai1he TM A2 prezcale value and enable Timer2

by wiiting 1o T200M.

Conligureibe CCP1 module dor PW M operaion.

TABLE &8-3: EXAMFPLE PWM FREGUENCIES AND RESOLUTIONS AT 20 MHz
PN M Frequensy 1z22 hHz | 42 kHz | 19523 kHe | 7o 12hHz | 1552 hHz | 2022 kHz
Timer Frescaler (1, 4, 15] 16 4 1 1 1 1
FR2 value tiFFh iFFh FFh T3Fh a1 Fh 1 7h
Mazimum Resclution [bitg) 10 10 10 & 7 55
TAEBLE &-4: REGISTERS ASSOCIATED WITH CAFPTURE, COMPARE, AMD TIMER1
YValu=aon: | Valu=an
Addrews | HName | Br7 | ®Bie | @S Bit 4 B3 Biz Bi 1 B0 POR, all othar
BOR AE3ETS
Bhzth, |[MTLON GIE | PEEE | TIE HTE EIE TalF MTF ABIF  [0990 00 (0900 dddu
10Bh, 126h
oCh PIR1 PERIFY[ aDIF [ RCIF TEIF SSAIF [ CCPrIF | MAZIF [ TMA1IF Jagaa agaq[agaa aaaa
olh PIRz — — — — — — —  [€CPaF [--m - P —— 1
=Ch PIE1 PEAIEY[ ADIE [ ACIE TEIE | SSPIE [ CCPIE [ TMAZIE | TMAAIE [qaaq qaaq|agaa agaq
=0h PIEZ — — — — — — —  [CCP2E [-—-- --- 3 R 1
=7h TR POATC Cata Dirscion thi;ler 1111 11111111 1111
0Eh TWA1L  |Holding Regimer for e Leamt Sigrificam Byte of 1he 16-5it TM A1 Aagizer [ESSR
oFh TWA1H  |Holding Regrter for e Wost Sigrikcam Byte o he 1650 ThIA1 Registr [ESSERRY E——
10k TGN — | — |T1mP51|T1ﬂ<Psn|T1m::EN|T1sm |Tr.1n1cs|1h1n1m BT TTT] REr—
15h CCPAIL  |CaphraCompara/ MW Ragrizd (LSE)] PR IR
15k CCPRA1H [CapiratCompas!PWh Ragsie1 (MSE) [ESSRY
17h P — | — | [F2F3 | CCPTY |ccp1r.n |ocn1r.1:|m|=1r.11 |c::|=1r.-|-:- ~-0d qaa0]--aq aqaq
1Bh CCPAZL  |CapireCeompara/PWIM Aagrie: (L5H)] o i et | v anc
1Ch CCPAZH  |CapuratCompas/PWhi Regsirz (MSH) RSSO —
10h cohxoM| — | — | TRz | CCPzY |ccpzr.n |ocnzr.1:|m|=zr.11 |c::|=z.1-:- —-04a 4aaq[--a0 aqaa

Lmgend: == urknown, uw= unchanged, - =unimplemenied, rmad &= 0. Shaded cals ame nod usead by Capiur=and Timesr1.
Hot= 1: The PSP is nodimplamantsd on e PIC 16 FE72/8765; dways manian $hewe bits cl=ar,
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TAELE &8-5: REGISTERS ASSOCIATED WITH PWM AMND TIMER2
Valu=an | Valu=an
Address | Mame | BAT Bhe BiS Bitd B3 Bi1 2 Bi i B0 POR, | all othar
BOR AE3ETS
o6h 2, | MTOON GIE PEIE TalE HTE ABIE TalF HTF ABIF (0000 00| 0000 0diu
10Eh, 185h
oCh PIRY PSAIFY[  ADIF ACIF TEIF | SSAIF | GCPIF | TWAZIF | TMA4IF [0aaa aaaa|daaa agaa
o0h PIRz — — — — — — — [T T [ P
=Ch PIE1 PEREYY[  ADIE ACIE TXIE | SSAIE | CCAIE | TMAZIE | TMAAIE [0a0a daa|daaq aaaq
=0h PIEZ — — — — = — — [Fo7- 1) ] P —
=rh TREC PORATC Daa Diracdon H:g':ler 1111 1111|1111 1111
11h TRz Timearz Modub='s Heg'&‘ler 0qaqq1 4q09d| 134adq J3494a
ozh PRz Tz Modub='s Pariod Fleg&tr 1111 11111111 1111
1zh T2C0H — |TDLITPSG|TDUTPSZ|TDLITPS1 |ToerPac-|Tr.1nm|Tzc:<Ps1|sz<Pao -1a0 q0ad[-qaq aa0a
13h CCPRIL |CapumiGompan/Ph Regrert (LS smenze omesme| o
16h CCPR1H |CaptumsiCompam/Ptd Regrciert WMSE) soenze omesme| o
17h cohcon| — | — | CCPX | CCRTY |CCP1HB|C::P1M:|CCP1M1 |c::|=1r.-|-:- -1 q0ad[--aa aa0a
1Bh CCPAZL  |CapiurelCompans (P Ragrterz | LS0] it it e, i
1Ch CLPRZH |CapumsiCompam/Ptd Regictrz hiSE) soemze omesmo| o
10k CoPacon | — | — | [ | o P2y |ccpm|mpzﬂz|ccpzr.11 |m|=zr.1-:- --00 0a0d[--aa aqaa

Lagend: == unknown, w= uchanged, - =unmplemeni=d, read &5 0. Shadad cdls ar= noiusad by P and Timerz.
Not= 1: Bits PSPIE and PSPIF are resenvad on e PICISFET2/E7S; dways marman thess bitls cl=ar.
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80 CAPTURE/COMPARE/PWHM
MODULES

Each CapiueComparsFW M [CCF] module comaire:
a1 5kt regeier whichcanoperale az a:

» 16-hit Caplure regizier

- 16-hit Compare regizier

= PWK MazierfSlave Duty Cycle regizer

Boih the CCF1 and CCF2 modules are iderdical in
opstad a, with 1he escepdon bsing 1he opsration ol 1he
Fpedial evert 1igger. Table 21 and Table -2 show1he
rezaurces and imeractiors ol 1he CCP module(s]. In
1te following =ecions, 1heoperation ol 2 CCP module
iz dezciibed with regpect 1o OC P . CC P2 operaies 1he
zame &= CCP1, excepl where noted.

CCP1 Module:

CoapurefCompare/ FIWK Fegsiert [CCPR1) iz com-
pized ol fwo 2-bit regiziers: CCPRIL fow bwie] and
CCFR1H [highbyie]. The CCPACOM register cormiclz
1te operaion of CCP1. The =pedal evertd 1igosr =
generaied by A compare maich and will rezet Timer .

TAELE §-2:

CCP2 Module:

CapureCompars/PWM Fegizier2 [CCPRZ) iz com-
prized ol two &bl registers: CCPR2L low bByie) and
CCFRzH [highbyie). The CCP2C0OM register cormnolz
1te opsraion of CCP2. The gpedal evert figger is
generaled by 8 compare maksh and will reze1 Timer
and =lad an AD corwergon i1 the A'D module is
enabled).

Additiorl imormation on CCFP modules iz available in
e PICmoo™ MdFRaige MCU Family Rekrace
Marual [D322023) and in applicaion nole Ak,
“Uszing the CCF Modu ez [D.3005534).

TAELE 8-1: CCF MODE - TIMER
RESOURCES REGQUIRED
CCP Mode Timer Resource
Capure Timer1
Compare Timer1
Fi Tim=s2

INTERACTION OF TWO CCF MODULES

CCPx Mode | CCPy Mode

Interaction

Caplure Coplure | Same TMR1 imetaze

Caplure Compare [T he compare zhouldbe comligured {or 1he spedal evert tigger, which dears TR

Compare Compare [T he compare(g) =hould B2 cormigured o the special evert 1igger, which dears TMR1

i Fd b The Pk will hawe 1he samelrequency and update iake [TMRZinenup]

Fnm Coapure  |Mane

F Compae  [Mone
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APPENDIX B

Oirderthis docy mend by SEIS2EAD

@ MOTOROLA
$G3525A
$G3527A

Pulse Width
Modulator Control Clrculls

The SCms=SA, SGASZTA puks width modilaor comrd cireinz ofiee | PULSE WIDTH MODULATOR
improned perormanss and lowsr exdemal parte courd w henimplememed 1or CONTROL CIRCUITS
cormralling al 1ypes of =witching powsr =upplisz. The on—chp +8.1 W
relerence iz immed do +1% and the enor amplifer haz an imput
commor-mode yollage range that indudez 1the reference wollage, thus SEMICONDUCTOR
aliminating the need o exiemal dvider reggiorz. A =we impul 1o 1he TECHMICAL DATA
cecillaty emables muliple urite 10 be zlavwed o & Snge unid 1o be
nchonized 10 anesiamal sestem dosk. A widsrange of deadime can be
progammedby 8 sngle regzior commesied between the CT and Dizs harge
pirez. Theze desices alzo eaiurs builHn zof—=tan drzcuity, requiingorly an
eslamal i ming capaciior. A =hutdown pincominolz bod hhe =ci—=ta drsuity
and 1he culput =lages, providng imztarmanscus um ofl though 1the FINK NS UFFLY
laizh with pulzed =hutdown, az well gz =olt=tad recwcle with longsr BLASTIC PACK AGE
zhuidown commands. The under wollage locdkoutinhibitz 1he cufpuiz and the I CASEsdg
changing ol 1he =olt=1a capaciior when Vo izbelow nominal . T he cufpui 1
=lages are iolem—pole degign capable of Erking and =ourdng in escess of
200 mA. The ouipui slage o 1he SGR525A fesiurez MOR logicrezuling ina
low ouiput o anoib-ztate whils 1he 2525274 ulilized OF logic whichgives 8
highoutput when ofl.

OW S UFFLY
= 500 10 35 Cperaion PLASTIC PACKAGE
B 51V +1.0% Tiimmed Relerence L] CASETS1H

i i (S0-18l])
® {00 Hz 10400 kHz Cecillaio Range
® Separale Cedllator Syne Fin
* Adpziable Deadiime Corral
* |rput Undervoltage Lockout PIN CONMECTIONS
: I;:chng FM 10 Prevert Mulliple Pulzes E "PMETE i
=2e—by—Pulze Shuidown
» Dual SoureedSink QUIpUTE: £400 mA Peak Monina Input [ 2 | [1=] e
Se [ 2 | [14] CutputB
Representatire Elock Diagram el E El“:

o7 E Ell}wrd
At E Ill:uq:u:.ﬁ
Diecharge [ 7 | [10] Shutoum

Sohi-Bitat [ 2 | | & | Compenzation

(T View)

ORDERING INFORMATION

Cp=raling
De=vice T=mperaiur= Rang=| Packags
SEE sz s Aastic DIP
SEEsz bW | Ta = 0104700 SD—-1sL
S Parsiic DIF
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SG3525A BG352TA
MAXIM UM RATINGS fote 1)
Raling Symbol Valu= Uni
Supply Yohage Yoo +40 L
Call=ctorSupply Vollage L +40 -
Logic Impuis —0.3% 455 L)
Aralog mputs 02 Veoo L
Culpul Currer, Source or Sink o 1500 mA
R=t=r=nce Cuipud Currerm [ 50 ma,
Crcilator Charmging Cumrer =0 mh
Power Dissipation | Aasic & Cearamic Package] Pno i
Tp = 42 50 (Mot 2] 000
Tig = 42 FC (Mot 3) 2000
Th=ma A=sistance nclion-t—Air Ao, 100 R
Therma Assistarce duclion-t—Caes Rauc 50 oA
Op=rzing Jncion Tempemire Ty +150 c
Starage Temp=rair= Hang= T“S =554 4125 ic
L=ad Temperatra(Soldanng, 10 s=conds)] TS der +300 °C

T Dbt 15 mia=C: for oo e bemprerat nes abome +25°9C.

RECOMMENDED QOFERATING CONDITIONS

Charadersiics Symbal Min Masx Uni
Supply Wolage Voo 2.0 35 Wde
Call=ciorSupply Wollage Ve 4.5 35 W
Culpul SnkiSource Cumer l's} mA
Stmady Staie) o 100
{P=ak] o 1400
R=t=r=nce Load Cumrent [} o 20 mA
Orcilator Frequency Aang= s a4 400 kHz
Crcilator Tming Assisior AT Z0 150 ki
Crcilator Tming Capacitor CcT 0001 0z pF
D=adime A=sistor Rangs Ap e} 00 4]
Op=rzing Ambi=nt Temparaiure Aang= Ta, o +70 °c

AFFPLICATION INFORMATION

Shutdown Option= [See Blodk dagam, 1or page]

Sine=e both 1he comperm=ation and 2oh—ziat 1erminals
[Firrz 2 and 2] have airert zource pull-ups, sitber can
readly aczepd a pull-down =ignal which only has 4o 9k a
mazimum ol 100 wh o ium ol the oufpuis. Thiziz ubject o
ihe added requiremerd of d=chargng whakever exkemal
capaciianee may be atlac hedio1hes pire.

An alieimake approachiz 1he uze ol 1he = husdown circuitry
ol Fin 10 whic h haz beenimprowsed 10 enhance the available
shutdown opdorrz. Activating 1hiz ciril by applying a2
poeitive gigral on Fin 10 perlorme 1o junctios: 1he FWM

laks hizimmedalely zed prosiding 1he lazest lum—of zignal o
ihe outpuiz; and 8 150 wA caner =rk begine o dzchage
1he exemal 2otz capacior. Hihe zhodowncommandiz
=zhor, the PWM Zgnal iz 1erminaied without sigridcam
dzzharge ol the =zol-man capacior, b, alowing, o
sampe, 8 corverier implememation ol pulze—ty—pulze
cirent limiting. Holdng Fin 10 Rgh 1oe & longsr duration,
horweer, will ulimaisly dzcharge iz edamal capacior,
recyding Fow um—onupon release.

Fin 12 =hould not b= et 1oating az noize pidiup could
concEivablyirfenupd normal operaion.

MOTOROLA ANALOG IC DEVICE DATA
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BG3529A BG392TA
ELECTRICAL CHARACT ERISTICS {vog = 420 Wde, T, = Tjou o Th'gh Mote 4] unless cheraiee noded |

I Characieristics | Symba| I Min | Typ | Max | Unit |
AEFERENCESECTION
R=tzr=nce Oulput Voltage (T, | = 425°%C) L] .00 340 320 W
Lin= A=gulaion (420 V2 Voo £435Y) Regin= s 10 20 my
Lzad R=gulaion (omA < || £20ma) Regoad - 20 =0 mV
Temperaure Siabilty AVrafaT - 20 - my
Toal Ouiped Variadon AV 4.85 - 525 Vde
necludes Lin= and Load Regulation ower Temperaiuns
Shor Circuit Currem [T & 0 100 mA
(Wpmy= 0 W, T = 42 7C)
Cuipu Moz Yohage (10 Hz 21 210 kHe, T = 425°C) Wn - 40 200 HYrme
Long Tarm Siability (T g = +12C) (M= ) = - ] =0 mikhr
CECILLATOR SECTION (Mot 6, unless chearwize noted)
Rial Accuracy (T = +25%C) - 20 5.0 “h
Frequency Stability with Woltage Al - 0 120 “h
(B0 VS VoD 5435 V] Owoe
Frequancy Sability wit Temparaue Alome - wm3 - “h
i
hfnimum Frequency (AT = 150 kG O = 02 pF) tnin - 0 - Hz
Masirmum Frequency (AT =20 kL CT = 10 0F) o 400 - oz kHz
Currer Mimer{IgT = 2.0 mA) 17 20 22 mA
Qack Amplivd= 20 3.5 - L
Qock Widh(T = +25°C] 03 o5 10 M=
Sy Threshold 12 Z0 3] W
Sy rpul Cumrent (Symic Vollage = 43.5) 5 1.0 2.5 mA
ERRACA AMPLIFIEA SECTION (Vopy= +5.1 W]
pu Cfest Voltage Yo = Z0 10 my
Ipul Bas Cureni g = 1.0 ] HA
et Ot Currerm ITa] - - 10 HA
DC Opeen Leop Gain (A 2 10 WD) oL 50 75 oz 4B
Low Lewvel Ouipud Yoltage VoL - 0.2 0.5 )
High Level Ciudpud Waliag= Yau 3= 55 - L
Commen hlode Aejacion Ralic (41.5V SV 5452 Y] hiAA 50 75 N 48
PowerSupply Asjection Rado (480 V£ Voo £ 435V] PSARA 50 -] - 48
PWMCOMPARATOR SECTION
hinimum Duiy Cycle DCmin = o o “h
Ielaxirmum Duty Cycl= D mas, 45 45 - “h
mpun Threshold, Zzm Dy Cyele Mot 5] W oxn -] = W
Iput Threshold, basimum Doy Cycle (o= o] W = 33 35 W
pul B Curend g - 005 10 T

HOTES: . Tjeyy =09 bor S07S54, 374 Tl'lg1' +70AC for 02925, 3STA

S Fnee lang berm =tabliby carmnot be mearred on eaeh devies befor @ sHipment, Hhls spee et onls an angineedng estimae o 2serage stabiity

Fromilob balot

B, ol at Fym = 90 kHE (7 = T6 ki, Cop = 001 uF, Rig= 081}

MOT OROLA ANALOG |C DEVICE DATA




BG3529A BG392TA
ELECTRICAL CHARACT ERISTICS {Continued}

I Characieristics | Symba| I Min | Typ | Max | Unit |
SOFT-STAAT SECTION
Sl 51 Cuman 1 Veh gdowm = @ V] Z3 0 20 HA
Solt+-5a Vohage (Vo idown = 2.0V s 0.4 s L)
Shutdown Input Curan Vo jidowm = 2.5 W] - X 10 ma
QUTPUT DAIVERS {Each Ouipu Wign = +20 V)
CuApud Law Ll VoL L
{kink = 20 mA] - 0.2 04
Ikink = 100 mA) - 1.0 20
Oulput High Laveal Yo W
houres = 20mA) 12 1= -
{kourcs = 100 MA) 17 12 -
Under Woltage Lockout (WS and Yo = High) WL 50 7.0 20 W
Collzctor Laakage, Vo =425 Ploi= 7] KCjeak) = - 200 TS
Hiz= Tim=({C| = 1.0nF, T =25C) + = 100 00 m
Fal Time={C| = 1.0nF, T = 25C) 1 - 0 300 m
Shutdown Delay (Voo = 4320 W, Com 0, T = 42590 1 - 0.z 0.5 =
Supply Cureani (Voo = 435 W) oo - 14 20 mA

NOTE: 7. Applkes b SAEE254 oty AU bopol T by ofoLiput pLises.

Lab Test Fixture

T e T e P e T = s P _i
T m%- Aeference Aegulaba i LE Vo
al al
Ly {E 0
I Fl | T
2l I= ks

S RS S A
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A TIKIG AESISTOR (ke

AyoL WILTAGE GAH (8]

S(:3525A SG3527A

Figure 1. Qzzillator Charge Time versuz RT
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S(:3525A SG3527A

Figure 7. 3G2528A Qutput Circuit

[1#2 Circuit Shown)
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Cutput

Figure &. Single—Ended Supply
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Figqure 10. Driving Power FETS

Figure 9. Push-Pull Configumation

o
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Incnvenicnalpush-pul pclardesgns, Forwand bame drive i
coralied by A1-A2 Aapd um-off bmes Fr the power
devices are achisved with speed-upcapadtas Gl nd G2
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mnimzing xternal component=.

1
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Fubonaic ramet rours diring deadtime, when beoth 2nds of the
pimay winding are swiched togrand
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SG3525A BG352TA
QUTLINE DIMEMNSIONS
N SUFFLL
PLASTIC PACEAGE
CASEcdE-02
ESUER o=
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APPENDIX D

|
FAIRCHILD

I
SEMICONDUCTOR

4N 25

YTE uL Lo BET1 | SEMHT | DERHIH | HERHDH

Cloba L0 pn il o™

6-Pin DIP Optolsciators 4N 26
Transistor Qutput AN27

The dhz5, db25, 4hz7 and 4M28 devices corEzi ol a gallium arzsnide
imrared emiting dode oplically soupled 1o 8 monolithic zilicon photoarsizios 4 N 2 8
detenior,

» Mozl Economical Cpdoizclaior Choice lor Medium Speed, Switching Applications
» Mootz or Bxcseds Al JEDEC Regiztered Spedlications
v Tor prefer dlevic 23 trat dare teated and marked per Y'OE 03349 reguirements, the

Akl "I mesar be tefrded ar e of part nember. VDE 0334 (2 & rear opion.
Applicationz
» Gperal Puipose Switshing Ciraite
» merlacing and coupling systems of diterem potemialz and impedances
v VO Imeriacng o
v Solid 31ake Felays !
STANDARD THRU HOLE
MAXIMUM BATINGS [Ty = 25C unl=ws chasise noad)

| Rating [ symbet | vatwe | uni |

INPUT LED
Reverse Voltage WR 3 Wolim
Forward Curent — Comiruous IF L] mA SCHEMATIC
LED Power Dissipaton & Tp = 22°C Po 120 i

wit Megligble Power in Ouipud Detecior

Derae dbowe 25°C 141 s 'E % g

A
OUTPUT TRANSISTOR E 3
Cell=ctor- Emitter Vollage Yoo 30 Yoz aO0— 4

Emittr—Colecior Yollage YVEon 7 Yolis
PIN 1. LEDANOCE
Call=cior- Brme Voliags Vopo 0 Wohs 2 LEDCATHOCE
CollzciorCumeni — Cominuous '] 150 mA 32 HL.
o 4 BAITTER
De=t=ctor Power Disspaioni@ Ta = 250 Po 150 !
. 3 3 COWECTOR
wit Magligble Powsrin Input LED & BAEE
Deraie abowe 25°0 176 mWeC
TOTAL DEVICE
kelation Surge Voltagall) Visg 700 Vacipk]
(Peak ac Voltage, s0 He, 1 w=c Duradion)
Todal Dimdce Power Dissipation @ Ty = 25C Po 250 e
Deraxe abowee 25°C Z54 mWeC
Ambiani Operaling emperaiurs Rangs Ta, —551{o4+100 °c
Storags Tempemur: Aang= Teig -55104150 °c
Soldering Temperatrs (10 sec, 1M8” drom cass)] TL 250 c

1. kolaion wrgs woltage iz an imama device didecric bradudownraing.
For hisd=si, Ans 1 and 2 arecommaon, and Amsd | 5 and S are commen.
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FAIRCHILD
]
SEMICONDUCTOR AN25 4N26 4AN27 4N28

ELECTRICAL CHARACTERISTICS (T = 25°C nkess otherwise noted)( 1]

Charact ristic IEEETEETTEETE
INPUT LED
Ferward Wohaga(IF = 10 m) Tp, = 25°C VF — 145 1.5 Velts
Tp=-557C — 1.3 —
Tp = 100°C — 105 —
RAeverse Leakage Cumerl (VR =3 V] Ip = = 100 HA
Capacitance (W = 0V, { =1 MHz] [} = 12 = pF
QUTPUT TRANSISTOR
Collector-Emitier Dak Cumrerd 4Pz s 25 77 CEQ = 1 50 nA
(VoE= 10V, Ta = 25°C ahlzg - 1 100
(Vo= 10V, Ty = 100°C) Al Davicas [a{=a] - 1 —_ HA
Colecior-Base Dark Cureni (Yo g= 10%] [ =le] = 0.2 = nA
Collactor- Emitier Breddown Whage (o= 1 mA) Vi BACED 30 45 = Wolts
Collactor-Bas= Braadown Wohags (ko = 100pa) 'l.l'l: BRCED 70 100 - Vel
Emitizr-Coll=ctor Breaidown Yolage (g = 100 pa] ‘J’,:EH]ECQ 7 78 — Vot
OC Curr=rm Gan ko = 2 mA, Vo = 5] hre - 00 - -
Colector-Emitier Capacitance (1= 1 WHz, Viop = 0] Cce — 7 — pF
Collactor-Baze Capacitance (1= 1 MHz, YWiog = 0] Cep e 19 == pF
Emittzr- Bre= Copacitance 1 = 1 MHz, VEg = 0] Ceg i ] — rF
COUPLED
Outpui Cellector Cumend (Ip = 10mA, Yop= 10W) TALTE] mA ()
ahiz s, 28 220 77 -
ahlz7 = 1(10] 5 (50] -
Collacter- Emitier Sauraiion Wollage (g = 2 mA Ip =50ma) L E=a1] ¥ RE a5 Vet
Turn-On Time (I = 10 mA, Yoe = 10, A = 100 0)E] tan — 28 — =
Turn-OH Time {Ip = 10 mA, Yoe = 10 W, A= 100 Q3] [ - 4.5 = b=
Aree Time (I = 10 mA, Ve = 10 %, A= 100 £2)E] T — 1.2 - pe
Fal Time {IF = 10 mA, Yop = 10 %, AL = 100 Q53 4 - 1.3 - b=
holaion Voltage (| = 60 He, 1= 1 ec)id] Viso 700 - - Waclpk]
kalafon Fesistances (V = 500y [ Also 1o - - 0
kolaion Capacitancea (W = 0V, 1= 1 W Hz)l4] Cleny - 0.z - pF

1. Alvays design 1o the specilizd minmumimaimum decticd limits (where applicable].
Z. Cumerm Transder Ratic (CTR] = kgflp« 100%h.

3. For t=si ciruil s=up and wiawetorms, reler 1o Figure 11,

4. Fertisi=s1, Ams 1amd Zame commeon and Pims 4| 5 and § ar=commen.
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APPENDIX E
4 Data SheetMo. POEICAE-M
International A gnn
TR Rectifier IR2102(S)
HIGH AND LOW SIDE DRIVER
Features Product Summary
* Aoaing charmd designed 107 booteiiap opsration
Fully operafonal 1o -+800% VOFFSET B00Y max.
Tolerar o negaive frar=er vollage
e i x4t 130 mAF270 ma
® Gaje dive Supply range irom 10040 20y .
* Lndervaltage lockout Yout 10- 20
= 33y 5y and 15"-"_|Dg'c inpul compatible o I:t}"PJ 160 & 150 ns
* Maiched propagation delay lor boih charmels
» Cuipuiz in phaze withinput [IR2101) o ool of Delay Matching 50 ns
phaze with irput [IR2102)
Description Packages
The IRz101[58)fIR2102(5) are high wdltage, High
2peed power MOEFET and IGBET divers withinds-
pender ligh and low side relerenced cutput chan-
rElE. Propistary HYIC and latsh immune CMOS
{eshnclogiez emable ruggedized mondithic con-
=tucion. The logc inpu1 iz compatible with =tan- gleadtils g Lead DR
dard CMOS ar LETTL anipt, down o 2 3% logic. The

ouipud divers feaure a high pulze comer builer
=tage dedgnedior minimum diver cicez-sonduction. The loaing charme canbe uzed 1o dive an N-charmel
porwer MCSFET o 13BT intbe high 2de conliguraionwhic hoperaks up o S00wolis.

Ty pleal Connectlon

hul

b e . [N .._{]:E

HHM HO

e bl

2l
3

LTI
I
'l
e

(Fefer boLead f == grments for correat pin Lo
confaurationt. ThisThes e dagramis| show —l_w\_(E
searirieal ol ons oy, Pleter o bo IRz102

our Appiieationobes and Dl grTips for
propesr clradbboard o

Wil com 1
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IR2101/IR2102 (S} e nehe,

TR Fre Fice

Absolute Maximum Ratings

Abmalude maimum mingsindicate wetained limits beyond which damage & he d=dcamay occuor Al valtag=param-

= are ol voltages reb=rencad 2 COM. The thamal resistancs and power disdpaion mings a= meawr=d
under board mourmed and =il ar condifons.

Symbaol Definition Min. [IEES Units
Ve High sid= {caing =upply woltag= -03 525
Ve, High sid= {1oaing supply ofine wolilage Wg - Z5 Vg +03
Yo High =id= 1oating cutpud woltage Wg-03 Ve 403 v
Veo Low sid= and bogic foe=d supply wolags -03 25
Yo Low sid= cudpud woltage -0.3 Yoo+ 0.3
LT Logic inputwohage (HN & LIM) -03 Voo 403
dygidi Hlowable otisstwupply vollage rarmsi=nt = 0 Wi
P Packags power desipation @ Ty £425C (2 l=ad POIR) - in
(S l=ad S0IC) = OBZS W
Rtyp Thamad msistance, junciion o ambient (2 l=ad PDIP)] = 125 o
(2l=ad FOIC) - Z00
Ty Jdncion fsmperatrs —_ 15
T= Starage 1=mp=raLrs -55 130 T
TL L=ad t=mparaiure (soldaring, 10 waconds) — 200

Recommended QOperating Conditlons

The inpuifouipud logic 1iming diagram is shown in dgune 1. For proper opemion he davice shoud be used within 1he
mcommended condidoms. The Vg offsst ming is tesedwih Al supples biased 2 15V ditrenial.

Symbol Definition Min. [NEES Units
Ve High sid= 1oaiing supply absoluie voliage Vg4 10 W 4 20
We High sid= {caing supply ofiws woliage Pad= 1 SO0
YHD High side 1caing oulpud wollage Ve, Ve W
Yoo Low side and kogic fwed supply woltage 10 0
Woo Lo sid= cudpLd woltag= [} W
Vi Legic inpur weltage (HI & L] {IAz101) & (AP 2 TF {IAz102) o Wer
Ty Ambier femperaiure -4 123 <

Node 10 Logic operaiiona {or Vg od -5 d0 46000, Logic stade badd dor Vg of -5V 40 Vs [ Aaxee miaric the Design Te
OTe?3 for more d=tals).

2 wara il com
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IR2101/IR2102 (S}
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