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Abstract

Transcutaneous Electrical Nerve Stimulation is a treatment procedure that uses
Clectric pulses to alleviate pain. Two pads are hooked up to the TENS machine and
are placed on the skin in stralegic paths o interseet the nerves that are causing the
pain, As the Electne currents enter the body they cause the museles to contract |

This provess wall help to allevaate the injury. The frequency and 1ntensity of the low
voltage electric wavelengths that enter the body can vary depending on the severity
of the injury and the pain of the patient. The electric pulses that are sent through the
pads do not cause excessive pain because the machine can block the pain signals or
causc the body o produce natural pain killers. This treatment is mostly used for

pain that occurs in the nerves, but is also commonly used to relieve muscle, bone,

and joint problems as well.
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Chapter One

Introduction

1.1 Overview

Transcutaneous electrical nerve stimulation (TENS) is a therapeutic modality that
used to reduce pain perception by physiotherapists. Since the carly 1970s, TENS has
come into wide use as a non-invasive alternative for managing both acute and chronic
pain. Eleetric currenl use to control and treal pain has existed for many years, but a new
Era of clectrical nerve stimulation began in the mid 19605 when the “gate control
theory™ of  pain control was developed (Melzack & Wall. 1965; Kahn, 1994) .
According to this theory. selective stimulation of certain nerve fibres could block (or
close the gate on) signals carrying the pain impulse to the brain.

TENS units usually have a single channel (with two electrodes) or dual channels (

With [our electrodes).An electronic stimulus generator rransmits pulses to the electrodes

which are placed directly on the skin. The pulse forms can be exclusively Positive or
MNegative and are of various shapes. The number of impulses transmitted to the skin can

be controlled generally in TENS therapy, frequencices in the 80 to 120 cycles per second
range are Considersd "high" and usually applied for acute pain, Frequencies of | to 20
eycles per second are considered "low” and used in treating chronic pain, Pulsc width or
duration, measured in microseennds, is the rime the current acts on the 'patien‘r during
ezch pulse, and is usually between 30 and 400 microseconds. The final variahle is
intensity or amplitude of the current; TENS units range from | to 100 mA. And we can

change the the pulse width [rom 40-200ps,pulse rate from 2-200Hz.
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12 Objective:
The project ohjectives are:
%+ To design and implement a transcutaneous clectrical nerve stimulator. That can

be used in clinical and hospital physiotherapy units and by individual people.

1.3 Literature Review

Graduation projects could be used as previous studies lor this project “Design &
Implementing of a Single channe! Transeutaneous Blectrical Nerve Stimulation™
{Transcutancous Electrical Nerve Stimulation Device And Methad For Using Same )
By Ronald E.Kendall.

Also 1 used the theoretical background from Design and Implementation ol a

IFunctinnal Electrical Stimulator,

1.4  Scheduling Task

The time management will divide the system hierarchy according to the actions as
follows:
T1: Freparing of the project: this stage of the projeel primarily aims at identifying the
contents of it, discussing the initial information, and evaluating the project tasks and
levels.

12: The project analysis; the analysis process includes extensive study for all possible

design options of the project.




T3: The project requirements analysis: tasks have to be implementad, equipments will

be needed Lo be provided, and data should be processed.

T4: Conceprual Design: project objectives, design block diagram will be done with

representing how the system works.

15: Sivdving project component and schematic analysis! it |s necessary to study the

datasheet of the chipsets 1o ensure that it will meert the requirements of the project.

T6: Writing the documentation: the wriling began [rom the first phase to the last one in

parallel.

Tahle (1.1): The Task Doration

Task Duration{weeks) De—penﬂem
= T = 3 — |
T2 I ==
T3 4 T1.#2
T4 § T3
T5 ' 2 13
| 16 J B TS |




T'able (1.2} Time work plan
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This section lists the overall cost of the components that is considered in
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15 Project Cost

implementing the system. According to the Hardware Components, there are many
slectrical Chips and equipments shown in the table below:

Tahle (1.3): Hardware Costs

[ Component | Cost(s) |
[MC34063 [ 5000 ]
| Step-up transformer “ 70.00 |
| R2153 5000 |




Resistors and Capacitors | | 25.00
switch [500 ]
LM3342 || 20.00
Dinde’s " 15.00
Electronic boand 3.00

Total Sum 240§

1.6 Project Risk Management
There is no risk in this project because we applied an a acceptable value about 30

voltage on the skin and the current isn’t high.

L6l HMardware Risks:
The most important hardware parts in the project are the IR2155 oscillator and step up

mansformer. The predicted risks are:

= The [R2155 timar docs not generate pulses,
< One of the transistors or MOSFET may be damaged.

1.6.2  Group Risks:
% Sickness.




1.6.3 Froject Risks:
= [naccurate schiedule.
% Insullicient budget.

% Delay of devices arrival.

1.6.4  Risk Avoidance Mcthodology:
% Demand device at earlier time.
<+ Start working on the implementation earlier.

e Use alternative deviees with the same functionality and less cost.

1.7  Human Development Resources
The team is composed entirely of one Biomedical Engineering undergraduate student

who is interested in physiotherapy field.

The project Team: Andriz Bannourah.

Supervisor ; Dr. Abdallnh Arman.

1.8  Report Road-Map:
The documentation of this project is divided into five chapters. The following

explains briefly the contents of each chapler:

Chapter 1: Introduction
This chapter presents overview. literature review, project scheduling, estimated costs,

project risks and human development resources.




Chapter 2: Theoretical Background
This chapter discusses the Nervous systems anatomy, theory of the project (main idea).

hardware related Lo the project components.

Chapter 3: Project Conceptual Design
This chapter explains the project objectives. project design block diagram, how the

system works and contraindications

Chapter 4: Detailed Technical Project Design
This chapter includes project phases, subsysltem detailed design. And the testing of the

design which has been done in this semester.

Chapter 5: Svstem Implementation and Test
This chapter includes testing of the design which has been done .

Chapter 6: Conclusion and Future Work
This chapter includes results of the intended design which has been achieved .And future

work and develapment on the project.




Theoretical Background

2,1 The Nervous System Physiological Anatomy

2.1 Project Theory

1.3 Project Compaonents




Chapter Two
Theoretical Background

1.1 The Nervous System Physinlogical Anatomy:

in this section, the physiological structure of the nervous sysiem will be discussed,
mentioning the categories of neurons, NECVE impulse propagation, the resting membrane

potential and the action potential of nerves will be explained.

2.1.1 The Nervous System Structare:

The nervous system is 4 nerwork of specialized cells thal communicate infarmation

ahout human's surroundings and themselves. [t processes this information and causes

reactions in other parts of the body.

The nervous svstem is divided broadly into two categories: ihe Peripheral Nervous
System (PNS) and the Central Nervous System (CNS). Neurons generate and conduct

impulses between the two systems.

PNS is composed of sensory neurons and the neurons that conneet them to NS which

composed from the spinal cord and brain. In response to stimuli, sensory neurans

w i ki i



generate and propagate signals to the CNS which then processes and conducts signals

hack to the muscles and glands through the motor neurons as shown in fig (2.1).

The Marvous Systam
Brain ———

Uloper Mitor Mewmon ——

Fig (2.1): The Nervous System |[a|

The newrons of the nervous systems of humans are interconnected in complex
arrangements and use eleetrochemical signals and neurotransmitters to transmit impulses

from one neuron o the nexl

2.1.2 Neurons Categories:

I'here are three tyvpes of neurons in the body:

1. Sensory newrons. As shown in fig (2.2) have long axons and lransmit nerve

impulzes from senzory receptors overall the body to the central nervous system,
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Fiz (2.2): Sensory neuron |b]

2. Moetor neurons: As shown in fig (2.3) alse have long axons and transmit nerve
impulses [rom the central nervous system to affected parts (muscles and glands)
overall the body.
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3. Inter-pewrons: (also called connector neurons or relay n-::umns:l-arc usually

much smaller cells, with many interconnections as shown in fig (2.4).
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Fig (2.4): Inter-neuron [d|

Neurons are similar to other cells in the body by a cell membrane, have a nucleus that
containg genes. contain cytoplasm, mitochondria and other organelles and neurons carry

out basie cellular processes such as protein synthesis and energy production,

Neurons differ from other cells in the body by having specialized extensions called
dendrites and axons. Dendrites bring information to the cell body and axons take
mformation away from the cell body, neurons communicate with each other through an
slectrochemical process. neurons contain some specialized structures (for example,

synapses) and chemicals (for example. neurotransmitters),




1.1.3 Nerve Impulse:

Nerve impulses are propagated once an action potential has started it is moved
(propagated) along an axen automatically. The local reversal of the membrane potential
is detected by the surrcunding voltage-pated ion channels, which open when the

potential changes enough.

The ion channels have two other features that help the nerve impulse work effectively.
For an action potential to begin, then the depolarization of the neuron must reach the

threshold value; all or nothing.

Afler an ion channel has been opened, it needs a “rest period™ before it can cpen again,
This is called the relractory period, and lasts for about two ms: this means that, although
the action potential affects all other ion channels nearby. the upstream ion channels
cannot apen again since they are in their refractory perind, so only the downstream
channels open, causing the action potential to move one-way along the axon as shown in

fig (2.5).
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Fig (2.5} Direction of nerve impulse[e]




The refractory period is necessary as it allows the proteins of voltape sensitive ion

channels Lo restore o their original polarity.

The absolute refractory period means that during the action potential, a second stimulus

will not cause 3 new action patential.

There is an interval in which a second action potential can be praduced but only il the
simulus is considerably greater than the threshold, which means that the relative
refractory period can limit the number of action potentials in a given time: with an

averape of about 100 action putentials per second.

1.1.4 The Resting Membrane Patential:

When a neuron is not sending a signal, it is at ‘rest’, the membrane is responsible
for the different evenis that occur in a neuron. The membrane contains a protein pump
called the sodium-potassium pump (Na = K + ATP) as shown in fig (2.6). This uses the
energy from ATP splitting to simultaneously pump three sodium ions out of the cell and

WO potassium jons in.
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Fig (2.6): The Resfing Membrane Potentia[f]
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The combination of the Na +K + ATP pump and the leak channels cause a stable
imbalance of Na+ and K+ ions across the membrane. This imbalance of ions causes a
potential difference (or voltage) between the inside of the neuron and it surroundings,
called the resting membrane polential. The membrane potential is always negative inside
the cell which equals 70mV. The Na +K + ATP ic thought to have evolved as an
Osma-regulator to keep the internal water potential high and so stop water entering
fuman cells and bursting them.

2.1.5 The Action Potential:

I'he resting potential tells us about what happens when a neuron is at rest. An
action potential occurs when a neuron sends information down an axon. When the nerve
and muscle cells resting membrane potential changes this causes an cxplosion of

electrical activity,

In nerve and muscle cells the membranes arc clectrically excitable, this means they can
chanpe their membrane patential, and this is the basis of the nerve impulse. The sodium

and polassium channels in these cells are voltage-gated, which means that they can open

#nd close depending on the voltage across the membrane,




The normal membrane potential inside the axen of nerve cells is =70mV, and since this
potential can change in nerve cells, it is called the resting potential. When a

stimulus is applied a brief reversal ol the membrune potential, lasting about a
millisecond, eccurs. This brief reversal is called the action potential. An action potential
has two main phases called depolarization (rising phase) and re-polarization (falling
phasc) as shown in fig (2.7).
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Fig (2.7): phases of Action Potentialfz]

2.1.5.1 Depolarization:
When stimulated past threshold (about —20mV in humans), sodium channels open and

sodium rush into the axon causing a region of positive charge within the axon,

2.1.5.2 Re-polarization:

The region of positive charge causes nearby voltage gated sadium channels to close. Just
after the sodiuin channels ¢lose, the potassium channels open wide. and potassium exils

the axon, so the charge across the membranc is brought back to its resting potential.




=2 Project Theory

When an electrical current is applied to a painful aren, transmission of the
Perception of pain (via small diameter fibers) to the brain in inhibited by the activity of
e large diameter. fast-conducting highly myelinated , proprioceptive sensory nerve

Shers closing the gate to the pain perceplion o the brain.

11.1 Pain:

Pam is  hody’s wamning system. "ain is important because it signals an unusual
condition happened in the hody. Pain is felt as a result of the brain's response to
ci=cirical neural and chemical Hormenal changes in the body as a result of damage.

Signals from damage or injury are picked up by sensory receptors in nerve endings,
The nerves then transmit the signal via the nerves to spinal cord and brain.

#ain can he managed in the short term using analgesics. but long-term use can he
<etrimental to the patient's health.

Side effects of the long use of analgesics may affect on livar, kidney or stomach.

In many cases where pain is constant, a medical practitioner or physintherapist may

s=commend the use of 8 TENS unil.

2.2.2 Main Idea:
Rubbing and massage are often used to relieve pain. Transcutaneouns Nerve

Stmulation or TENS involves passing a mild electrical current across skin

Setween two electrades, and has been described as “clectrically rubbing the pain better™.




This is called the gate contrel theory of pain, Pain messages trovel through the nervous

system to the spinal cord and (hen o the brain.

Not all messages get through Lo the brain. Basically, the gate contral theory says that a
zate exists in the spinal cord which can open to allow pain to flow through to the Brain
or close to block it off. In addition to this. the nerve fibres which transmil messages 1o
the brain are not all the same, There are thick ones (A heta fiber’s) which carry sensation
or touch messages and respond quickly to stimulation, and thin ones A delta and C fibers
which carry pain signals, The gate can be closed, blocking off Pain, by stimulating the
thick beta fibers. This is why rubbing it better works, the Rubbing sensation blocks off
the pain. This is also how TENS works. Eleetrical impulses travel along nerve path
way preventing pain impulse ‘s [rom getling through the gate so essentially the

TENS machine is overriding the pain sensalions

Brain

i
g
i

Fig (2.8): the project theory. |h|

Centre for Pain Research, Faculty of Health, Leeds Metropolitan
Lniversity, UK, Leeds Pallium Research Group
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13 Project Components:
[ere in this scetion, provided the theoretical background of each component of

project.

The design consists of the following compuonents:
% Power supply and here it's a 9 Voll TNT battery.
+ Switching regulator and here it is used to Step up the voltape and here i will use
IC called De to De converter MU34063.
< Current limited cirenit
=% [nductor,
= Switching oscillator (Self oscillating half bridge driver).
= [.ead and Electrode.

2.3.1 The Power Supply:

t's a D¢ power supply and we put a batteries with 9 De volt for that.

1.3.2 Switching regulator De to De converter step up voltage:

We can use here a speeific TC with a step up voltage as a mode of work and this can

give us 4 specific step up in the voltage .




233 Current limiting circuit:
Here we use this circuit becanse the oscillator we use need Vee as a power supply
for it 1o work and by this circuit we can limit the value from the cireuit before to get this

salue which it's about 16 volt.

1.3.4 Switching oscillator:

Here, in this circuit we deliver the steped up voltage output from the MC24063 to
e MOSEET then to the lead This circuit give's oscillaction to the value of the vo ftage
At frequency 2-200Hz and pulse width from 40-200 ps

2.3.5 Leads and Electrodes:
Eleetrodes are connected to a stimulator by insulated wires called leads. The
stimulator sends elactrical pulses through the leads and to the electrodes where the

electrical charpe is delivered to the nerve.

I'wo types of electrodes are used: Implemented electrodes are located inside the body
and avoid the need for daily application. They provide selective stimulation of particular
muscles with lower current levels. Bul. a drawback is the need for surgery (o place the
clectrodes or replace them if necessary, Surface electrodes have some drawbacks.
Because they are separated by skin and fat from the underlying muscles and nerves,

surface electrodes can’t make individual muscles active,
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Chapter Three
Project Conceptual Design

In this chapter, the main objcctives of the praject, the general block diagram and how the

overall system works are 10 be explained.

31  Project Objectives:
The project contains and implements many ideas and objectives that can be
summarized in the following points:

|. To design and implement a transcutaneous electrical Nerve Stimulator.

2. To simulate the same idea of a treanscutancous clectrival nerve stimulator

device.
3. To be applicable for applications in studving as a model.

4, Can be used in clinical and hospital physiotherapy wunits and by individual

person's,

L]

To design a device that can reliel pain.




32 General Block Diagram :

The following figure shows the block diagram of the project,

: F Chatpat .
Seiitciing Switching PN isstiodes

Regulator | Oscillator

Fir (3.1): Gencral block diagram

It 15 clear here that each individual block has its own function, and by summing those
Sumctions, and integrating with each other: the transcutanues electrical nerve stimulator

sy stem will be accomplished.

32.1 DC Power Supply(Battery):
We use here a hattery with 9 velt with about SmA current as a power supply for the
system , in this stage we don’t need anvthing else just he sure that the system can get a

Dic power supply to drive the circuit to drive the system .




3.2.2 Switching regulator :

This stage mainly consists af DC to DC converter IC. in this stage we need Lo step
up the valtaze driven from the battery 1o 30 volt. MC34063 which it's a step up DC-DC
converter can step up the voltage from this batterv to this desired value. this IC can give

voltage bigger than the input voliage.

3.2.3 Switching oscillator:

In this block it convert the do output from the [irst step W asymmetrical
maonaphasic pulse signal using the switched oscillator, and here also this stage we set the
frequency and pulse width of the signal .We used also twa power MOSFET to driven
the electrode from the SELF OSCILLATING HALF —BRIDGE DRIVER IR2155 .
IRZ155 is a high voltape, high speed, self —oscillating power MOSFET driver with both

high and low side referenced output channel, It is similar to the 555 timer.

324 Current limiting cirenit:
We use this IC which it is 1L.M334z because the 1C2 IR2155 need a constant
value of current 1o power on . So we can use this IC w limit the current o supply
IRZ155 with a constant value ol voltage which it is about 16 volt ta switch on .Also the
IR2155 have internal regulation to work on a value of 15.6 volt .
30 volt apply on the Drain of the MOSFPET.

3.2.5 Leads and Elecirodes:

I'here are two main types of electrodes, implemented and surface electrodes. In this

project, the second type was used.




The electrades are usually supplied with an adhesive back that allows them to be casily
attached to the skin. 1 the adhesive dries oul, 2 smear of personal lubricant will be
helpful.

The electriodes can then be attached to the skin using any of the variety of tapes or
bandages used o seoure wound dressings. Attach the electrodes in position on either
side of the pain source or possibly on the back for pains in the leg / fool — to conluse the

NETYES.

33 How the System Works:
I'he volt supply from the battery is stepped up in the first stage by MC34063. This

providing de outpul can be adjustable from 12 - 30 velt using potentiometer.

The resulling de voltage is converted 1o 8 pulsed signal using the switchmaode oscillator.
There is also two potentinmeter set the frequency and the pulse width on pin 2and 3of
the IC IR2155.

Then the two MOSFET drive the signal to the electrode’s which it’s applicd on the
body.

3.4 Mode of work:

There is just one mode for this svstem in this project and it is continuous made. We

can add another mode which it s intermittent mode by adding timer 355 1o the circuit .

35  Risks:

Risks ot electrical stimulalion may be summarized as circumstances in which:




Detailed Technical Project Design

4.1 Detailed Description of the Project Phases
4.2 Overall System Design

4.3 Total Practical Circuit to be implemented
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Chapter Four
Detailed Technical Project Design

The necessity of this chapter takes a place in order to explain the detailed design
for each unit in this project. Also to clarify the main cheracteristics that will make this
project Lo operate as planned, after viewing the theoretical background, and the general
block diagram (hat explain how the system works in the previous chapters,

4.1 Detailed Description of the Project Phases
The project is divided mainly into the following phases:
% Step up the voltage from the battery up to 30 volt use the switching regulator IC

MC240683 which we use it here to step up the valtage.

= Current limiting because we need to limit the voltage to get the desired supply
vollage for the oseillator. And because we need constant current to power the

oscillator and LM334z gives constant current source.

% Switching the MOSFET by the oscillator and set the frequency and the width for

the outpul pulse.




4.2 Owverall System Design

Here the project aim is to particularize the characteristics. and specifications for

each cireuit, also ta view the schematics, and features of those subsystems.

4.2.1 Battery

Power from the 9 valt is switched to the circuit via 81 and the 0.Inf capacitor
decouples the supply. And here we can connect a led nfter the power switch, and the led
can light when we switch on the power of the device, Current for this power supply is
SmA.

—_—o0.inF
2k}

K
L
1 I abe

Fig {4.1) Battery




4.2.2 Switching regulstor system

L1 il

“in
L

Fig (4.2) Basic ol step up converier

It comprises inductor 1.1 which is charged via transistor Q1 from the V+ supplies which

it take its value from pinl from Mc34063.

Vin it’s comparator inverting input and it’s pin$ in the Mc34063.and it’s work here to
make transistor on or off.

The charging current is shown as il. When the transistor is switched off the stored

energy in L1 15 dumped through diede D1 into capacitor C1.




The actual voltage across C 1 is dependent upon the amount of charge in L1 and the load
current between Voul and the ground supply. We can maintain a constant voltage for a

variety of loads by controlling the amount of time Q1 is switched on.

R
— A,
n.22 0 R?
18002
8
-
MC34063 .
R
£ = =
TonorgeF

Fig (4.3) Switching regulator (1IC1)

MC34063 is the swilchmode controller, It has a swilching transistor at pin | and a
feedback input at pin 5.

The frequency of oscillation rate is set by the Inf capaeitor at pin 3 and the current flow
through it is limited by the 0.22 0 resistor pinsé and 7. 0.22 () called R sense and its
between pin6.7. Typical value from data sheet to step up the voltage .

[peak—330mV/R sense . _

The voltage induced in the inductor and charges two 0,47 uf capacitors via diode D1.
Voltage feedback from VRI and the 150kE) resistor into pin 5 and VR2 set the output

voltage. VR2 is adjusted to give 12-30 Volt when VR is at its maximum resistance.




The 1C MC34063 is a monolithic switching regulator control circuit containing the
primary functions required lor DC-DC converters, This device consists of intermal
temperature compensated reference, voltage comparator, controlled duty cycle
oscillator with active current limit circuil, driver and high current outpul swilch. This
device was specifically designed to be used in Step-Down, Step-Up and Voltage-

Inverting applications with & minimum number of external components

RI1=0.220
C1=0.001pt
R2=180 0

This is a basic connection for this [C to work as a step up converter{ Dara Sheer)
Vour=12MVE2ZNVRI+1)
Maximum output [rom this cireuit o the MOSFET is 30 Volt so the value of VR2 will

be 50k £2 and here we choice wild potentiometer range to not vary the value of voltage
for big value’s, And VR 1M L1
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4.2.3 Switching oscillator system

R2
AR < ey
o
1
Vee ve|? ~ :
01 |p i
Jal
el W 3T
4
k2155 |, | o
CcT
0z |p
Lo 5 [+
_]: L1

L

Fig (4.5) Swilching Oseillator Basic connection (FC2)




Cirenit configuration of the switching oscillator which modulates the outpul voltage of
the step-up converter. Heart of the circuit is IR2155. It is described as (high side sell-
oscillating power MOSFET/IGBT gate driver)

It's the ideal device where MOSFET need to be driven in 8 variety of configurations. R1
and (| at pin 2 and 3 set the vscillator frequency and the result is that the MOSFET Q|
and Q2 are turned on and off allernately . with a tvpical dead time of 1.2 us between
one MOSFET wirning off and the other tuming on .

fE'E i
b
* .
>
&2
1 ] ::ﬂilll:
2 2
120 p1
@ 18Kk &
IR2155 RS T OuT TO
| VR2 15011 FLECTRODES
> PULSE 1 Wil > POLSE 04T PF
WIDTH RATE : Gz
R4
1k
_4

k-

Fig {+.6) switching vscillntor
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The IR2155 is a high volrage. high speed. self- oscillating power MOSFET and IGBT
driver with both high and low side referenced output channels, The front end leatures a
programmable oscillator which is similar to the 555 timer. The cutput drivers feature a
high pulse current buller stage and an intemal dead time designed for minimum driver
cross- conduclion. Propagation delays for the two channels are matehed to simplity use
in 50% duty cycle applications. The floating channel can be used to drive an N-channel

power MOSFET.

)1 and Q2 are N-channel power MOSFLET which switch the voltage from the two 0.47
pf capacitor to produce the desired output pulses on the electrodes. Q1 &02 constitute
output stage with Q1 turning on to charge the 0.47p C output capacitor via the series 150
ohm resistance to the electrode's.

Each time Q| turns off.Q2 is lurns on to discharge the capacitor via the serics 150 £
resistor. Putting it another way .Q1 can be regarded as contrelling the pulse width of the

output waveform while Q2 controls the pulse rate (the frequency).

In more detail, Q2 is switched on for the time set by the (L33 pf capacitor at pin 3 and the
resistance between pins 3 and 2 (of IC 2). VR2 adjusts this on-time between about 0.5s
and Sms, giving a pulse rate between 2Hz and 200 Hz, QO lis switched on for the time
duration set by potentiometer VRI. the series 12 £ resistor and diode D4, 'The pulse

width ranges between 40us and 200us.

Note that the voltage at the drain of the Q1 is greater than the supply voltage for the
IR2155, For 01 to lully tumn on the gate (g) must be raised above the source by several

volts. This is achieved using a diode pump consisting of diode D2 and capacitor

C2A0.1pf).
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Initially the Vee supply voltage for the 1C is set at | 5.6 volt due 1o an internal regulator.
In addition, MOSFET Q2 is cwitched on via a 15,6 volt signal at pin § driving gate.
Capacitor C2Z (0.1uf) now charges Lo the 15.6 supply via D2 and the switched on Q2.
When pin 5, goes low. Q2 is turned off and pin 7 i3 connected internally to pin 8 ta
switch on Q). Q1 pulls pin 6 up to the V supply and pin 3 is shifted to v supply plus the

15.6V across C2.

So the circuit changes its value up Lo whatever the MOSFET driving voltage need 1o be.
Pins 6, 7 and § of the TR 2135 are floating outputs which can be shifted to 600 valt

ahove the pin 4 grounds. In our case We are only using the circuit to switch up to 30 volt.

1
F =—
1.4x{R: - 1500 xC1

C1 & R1 shown in Fig(4.5)

Pulee rate will be 2HZ when the value of Rl and VRZ in SErics
Will be 1M L)

For pulse rate 20 HZ R will be 108 K £2.

At 10011z R1 will be 21.3 K €.




At 40 ps R will be 3.4 © which it’s in the pulse width include R2 and VR
AL 200 ps RT will be 283 0

424 Current limiting circuit

V from pinlof IC1

1

+W
nz LM3342Z
Il.?pF e 20

Fig (4.7) Current limiting circuit (IC3)

Voltage from upper circuit passes through DI and charges the associated 4.7 pf

capacitor and the voltage across it 15 limited to +39 by zener dinde ZD1.




This mechanism also limit the maximum voltage at pinl of icl to a diode drop above
39v due to D3, 39.6 plus or minus the Zener diode tolerance.

1C'2  power is supplied via an LM334Z constant current source, 1C3,

The 27 Q resistor between the R and V pins of the 1C2 sets the constant current to
25mA .

Iset=67. 7TmVyEset).. ....-.. [Tata sheet]

4.3 Totul Practical Circuit :

FIG{4.8) Toetal circuit implemented
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System Implementation and Testing

5.1 Actual Project Tmplementation

5.2 Testing & Results




Chapter Five

System Implementation and Testing

5.1 Actual Project Implementation

Practical implementation of the project have been done in the second semester,
and this implementation started by implementing ecach individual subsystem and after
completing this implementation. the individual subsystems are connected topether 1o

sccomplish the project as one unit.

5.1.1 Switching regulator s¥stem

The Bwilching regulator Step up converter circuit connected as it was shown in

Fig (4.3),(4.2) has been connected as the first component in the project, shown as

implemented practically in its final state.




L w L3N
O 14'_ _ a“l_:in.' B

4 . -
__,_:
.ltti--riiilil

;-l
illl‘!!vllil‘;iili
_‘}" 0 UCH qiin-

2O (RS ‘1" RO i

Fig (5.1} Switching regulator (Step up canverter)

Inductor used instead of a Transtormer it was beeanse i didn’t find a Transformer with

the desired value | need , also 1 try to Lo turm a Manuel one but my try dida’t succeed

Sa | couldn®t reached the voltage am locking for .

Here also the the Me34063 works on a fixed frequency so i fix (T on) to 25us by putting
capacilor with 0.1nF at pin 2 of the Ie .And | can change the value of the Capacitor to
change the (T on) By the Equation :

Cit=4.0 *10%-5(T on). [ Data Sheet|
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The Output voltage for this stage can be changed by the variable resistance by the
following Equation:

Vour=1 25(VR2MVRI+1).

Iere the Vout will be about 30 Voltand VR2=50k, VR 1=1M.

And it can change by changing the value of resistance.

512 Current Limiting Cirenit

The Current Limiting Circuit had been connected as the second component in the

project which takes it input signal from pin | from the first 1C .
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Fig (5.2): Current Limiting Circwit

Here we get the same signal [rom 1C1 jand we used the stage 1o get constat
current for the next stage .

5.1.3  Switching vscillator

The Switching oscillator circuit had been connected as the thicd component in the
project which takes it input signal from the current limiting circuit.
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Fig (5.3): Switching oscillator

F=1/1 R IFH1M.Cli i B.1 is the resistance on Pin3 of the 1C.C1 on Pin2
The frequency can changed from 2-200Hz by changing the value of pulse rate
potentiometer \And the Time width can change by changing the value of the Pulse
Width potentiometer Pulse width between 40-200 ups.










The shown pulses signal taken randomly for the eircuit that follow the equation .
The signal is De pulsed signal and it's amplitude is about 20volt [rom this stage

5.2.2 Switching oscillator Cireuit

Fig (5.8); Switching Oscillator Circuit signal (Signal view Flectrode’s)
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In this signal time varies as the pulse width and the pulse ratio potentiometer

changed .The signal is a continuous Asymmetrical Monophasic pulse with ahmnt

20Valt Amplitude peak.







Chapter Six

Conclusion and Future Work

6.1 Conclusion

In this project thanks to God, there had been accomplished a design and implementation
of an Transutanuos Electrical nerve Stimulation Device (TENs), which 15 used to block
for Nerves Signal when it suffers from pain, o relief pain using special ¢lectredes that
is fastened on the patient skin.

The project gives the capability of adjustment between frequency. electrical voliage and
the type af electrical stimulation. and the time for treatment. and it is usually used in the

cases of Phvsiotherapy in clinics and hospitals.

I'his decumentation ineludes the detailed dasign of the project and the stages which were
fullowed in order Lo reach to the desired goals of the project, those are represented as
designing and studying each partial stage of whole project’s stages each ane aside, then
to collect or assemhle these stages a8 a one integrated unit.

Output Level 1 2-30Volt

Output Pulse Width 40-200 us.

Frequency 2-200Hz.

Its better 1o let the system work on 220AC voliage and step down the voltage to the
desired value we need Bul we have to let in mind that we don’t need high current value.

Cant use Transformer to step up the voltage because the signal is not pure AC .

L
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The project contains several results, namely:

1- The project shows that TENS gives signal that can be used to relief pain from the
damaged muscle sand cells, and this idea is very useful in the physintherapy.

2- TENS signal changed in its values (voltage and time width) according to sensitivity

that depends on the type and the place of the pain.

3- TENS signal is a very critical signal in amplitude and frequency, so we must be very
accurate when dealing with this signal, because it needs very high safety system of

correct and safe values of voltage.

4- We could reach nur goals to make a medical device that reliel’ chronic and acute pains
started with studving the electrophysiological parameters. then studying design stages of
the gircuit which gives these parameters as output. After that we applied the project Lo
the practical work.

S- During all stages of the project we had o solve some problems which we got by
applying the designed circuil onto citcuit board, we corrected it to per the expected
results. Finally. we tested the output of the circuit by applying the cutput directly o

patient,




6.2 Future Work

The project main idea is a very interesting one, and also opens many doors in the
medical field cven it is not u new ides. The researches about this idea must be
developed, 1o pet more opportunities about the ways of controlling and many other

things depending on this idea.

The project can be developed in the future to be digital. by taking its setting values and converting
it 1 digital values.

Due to the small size and light weight of the TENS device, we think we can integrate it
with other medical devices like therapeulic ultrasound which is used sometimes to

reduce joints stiffness.

This device might be used to treat the face museles. (Bell's Palsy disease), this is often
due to the partial facial paralysis that occurs on one side of the face. In this case the face
muscle is small compared to other muscles, so we need small electrodes to capture the
effected muscles. In this device there are only two electrodes, so we think it will be a

good idea 1o double the electrodes to cover more muscles.

PMacing the electrodes was a little prohlem for us because the adhesive substance is not
effective for long time. so we had an idea to implant the electrodes inside sock to be

worn during the therapy, also make gloves for hand's muscles.
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Appendix A (Definitions)

=T, M e ij S S 7 =T
Transeutinsons |
i Technique of gencrating electrical pulses,that can
Electrical Nerve ;
relief pain from the nerve system Jthrough the skin.
Stimulation (TENS)

Paralysis

Partially or completely nerve damage




Appendix B (Used Programs)

1. Microsoft Word: this program was used for writing the documentation of our
project. It is a very easy program to deal with; also gives many opportunities lor

controlling the options of writing.

2. Microsoft Project: this program was used for penerating the scheduling table,

and also producing the timing plan. It is an important program and every body

must have even little information about this program.
3. Microsoft Visio: this program was used for generating the block diagrams
implemented inside this project. This program gives also excellent chaices to

draw and generate hlock diagrams.

4. Multi Sym: this program was use for drawing the schematic diagrams of the

subsystems in our design

5. Math Type: is an intelligent mathematical equation editor designed for

personal computers running Microsoft Windows.




Appendix C (Data Sheets)
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11b. External PNP Saturated Switch
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Figure 15 Printed Clrcuit Bozrd and Componant Layout
{Ci-cuits ey Figuraz 3, 11, 138)
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MC?34063 Description

The MC34063 is a monalithis contral circull containing all the active furctions required for swiching
dz-tn-gc corverlers (see Figurs 1), The MC34083 incluces the fellowing components:

» Tempereture-compensated reference voltage

= Czcillator

= Active peak-current imil

=  Ciolput switch

« Oulput voltage-sense comparator

The MG 34083 was desigred to be incorporaled in buck, boost, or voltage-inverter converter anphications.
Al these functions ars contained in an B-pin DIP or SOIC package.

— — — S ———————— ———

I
DHve 8 | 1| T switch
Collector I | Cullsctor
[ s : | b
| 5 0 o2 |
-~
I |—‘ Latch Gy i
| L —»—qnRA b
| feon s a |
& !
| | : 2 Switeh
an:: | | ® | Ermitier
I t’:h G I
| Oesliintar I
' |
I
L { | l C Timing
Veo | | Capacior
|
' |
| Comparator 1,25y |
| Reference I
[ Regulalor ‘
|
Comparatar 7y g | 2 aND
Inverting Input i |
R e e e |
Figure 1. Functional Biock Diagram
Referenrce Voltage

Tha rearence voltage is set at 125 Y and is used to sst the output voltage of the converner,

Camparater
Irrearsing Input

Cutpt oty i
RZ R1

WL, = 1.25[RAIRT +1)

Figure 2. Reference Voltage Clrcult
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Deeillator

The osclllator js composad of & current source and a current gink that charge and discharge the extemal
sming capacitor (C-) betwesn an upper and fower prese! {hresneid. The typical charge current is 35 uA
a~d the typical discharge current iz 200 pA, yielding apcroximately a 6.1 ratio. Thus, the ramp-up period s
=ix fimas longer than that of the ramp-down period (see Figure a);

The upper threshold is 1,25V, which is same &s the inlernal reference voltage, and the lower threshold =
0,75 The ceciliatar runs constantly, at a pace controlled by the value of Gy

W

Ugper Thiesheld {1.25V Typieal)

|

|

{ Lower Theeshold (0.75 W Typics|)
= Time

1 — e
— 5
e ot " “Diachamge

\L‘.hargi

Figure 3. Oscillator Voltage Threshalds

Current Limit

Currert iimit is accomolished by monitoring the voltage drop Across an exiemal sense reésistor locaied =
sarjas with Ve and the aulput switch, The vollage drop developed across the sense resistor is monitorsd
by the current-sense pin, |, When thz voltage drop across the sense rasistor becomes graater fhan s
creset value of 330 mY, the current-limit circuilry provides an addiional current path io charge fhe tieing
capaciior (C-) rapidly, to reach the Upper caclllator thrashold and, thus, limiting the amount of snsrgy
stered in the industor. The minimum sense resistor 18 0.2 L1 Figura 4 shows the tming capacion charge
current varsus current-limit sense voltage. To sat the peak current, |y, = 330 M e

£l

CT.=25T ==
E ==V, =tV = E=
i == ;
- ot i TR —
i ,.-"" 2 =5
5 i 7
Qo % = 4 =
= 7
E 0.3 F— I .
X = ‘,v;.fj“‘h"
IJ.1 | — X ’- . I:hr: !lllh_.—.—_.,
—F e - :
p— 1 —I {
003 1
0 0.z 0.4 1.6 0.8 1

W... - Current-Limii Sense Voliags —V

Figure 4. Timing Capacitor Charge Current vs Current-Limit Sense Voltage
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Dutput Switch

The outoul swilch is an NPN Darfington transistor. The ealisctor of the outpul fransistor is lied to pin 7

and the emiter s tied ta pin 2. This allows the designer fo use the MC340623 in buck, boosl. or inverter
sonfigurations. The maximum ecllector-amitier caturation voltage at 1.5 A (peak) i3 13V, and the
maximuim peak current of the output swilch is 1.5 A, For higher peak cutput current, an extarnal transisior
can be used. Figure 5 shows the lypical operation waveforms.

Comparater Qulput ; | | i | n

Timlng Cepecilar, G,

an
Qutowt Switch
O

Momifal Output Valtaze

Qutput Valisgs

l — Slartup—sl— Quipscent Cperation——#

Figure 5. Typical Operation Waveforms
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Functional Description

The ascillator is composed of 2 current sourse and sink, which ¢hargs and discharge the external fiming
capazitor (Cr) between an upper and lower preset threshoid. The typical charge and dischargs currants
are 35 mA anc 200 mA, respectivaly, yielding 2poroximately 2 8.7 rabio. Thus, the rarp-up period e six
times longer than that of the ramp-down period (see Figure 3. The upper threshold is agual 1o internal
rafarence valtage of 1.25 V. and the lower thrashold is approxmately 2qual to 0.75 V. The oscillaior rins
continunusly at a rate conlrolled by the value of Cr

During the ramp-up portion of the cycle. a logic 1 s present at the A input of the AND gate, If the output
voltage of the switching reguiator is telow neminal, a logic 1 is also present at the B input, Thig condilian
sals the lafch and causes the Q cutput to be a logic 1. enabling the driver and sutput switch 1o conduct.
When the ascillator reaches its upper threshold, C- starts to diseharge, 2nd 2 logic 0 is prasent at the A
input of the AND gate. This logic level is alsa conrected lo an inverter whoss outpul presents 2 fogic 110
tha reset input of the latch, This condition causes O to go low, disabling the driver and output switch. A
Ingic Iruth table of these functional blocks is shown in Table 1.

Table 1. Legle Truth Table of Functional Elocks

Active Condition of AND Gate Inputs Latsh Inputs | Output

Timing Capacitor, Gy | A B Switch

Comments

| Raquiator ostpot iz greater thar or

Begin rame Lp equal 42 nomiaal B =)

Mo change bacausze B was I befors

Sealn ramp donn L= rame dowen,

Mo charge oven though regulator
olpit less than norminal. Dutpul
swich cannot be |nfistes during Ry
ramp dewn

i REmping down

R — Mo change, becsuss cumput switch

condition was lerminsted when A =1,

Raoulatar cutput bezame =5 then
nomnal curing Gy ramp up (when B
changad t= 4] Patisbon cycls for
outpdl swilch,

Reguletor cutput became areaie than
of egual to nominal (B changsd ta 00
durnng rarp up of = Ne chznge
hecsuae B eennot recsl the slch.

 Bamping up

Ramiping up

Complels on cydle, baraite B= 1

Eagin ramp up oefore Gy remp up stansd.

=
.

% SEIEE

12NN

Duiput ewilsh canduchon |5 2hwase

Segin ramp down eminated whien G- 18 ramperg down I

ix AR bl b

Dol

The outpyt of the comparator can set the laich only during the ramp up of Cr and can initiate a partial or
full on cycle of culput switch condustion. Once the comearator has gel the laleh, it cannct reset it. The
=tch remains set unhil G- begine ramping down Thus, the comparator can initiate output switch
sondugtion but cannct terminate i, and the Istch is always reset when Cp bagins ramping down. The
sompatator's outpul is at a legie 0 when the outpul voltage af the switching regulator is above nominal.
Under theee conditionz, the eomparator's oulput can inhibit a portion of the cutput switch on cycle, a
complets cycle, a complste cycle plus a portion of one cycle multiple sycle, or multiple cycles plus a
partion of ona cvcle

SIE-Seniemher 2000 Savigad November 2007 Apniizetion of the MI3-4083 Swichimg F=gulaior &
Documeriadinn Fapil s
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Buck Regulator

Figlra & shows the basic buck switching ragulator, @1 Interrupts the inout voltage and provides a vanable
duty-cycle squars wave o an LC 4her Tha fiker averagss tha square wave and produces 2 e output
soltage that can be sel to any leval less than the inpul by controling the parcent conduction ims ol Q110
tnat of the total switching cycle time.

Vo = Vi (%L,)

er
Voo = Vinttaflles *+ to))
L

v-—T— N G g —-———T— Vi

. _:l.i'- 'i:l
T C. o1 =R
l |

|

G —+ j[

Figure 6. Buck Regulator

Buck Convertar Operation

&5 an example, suppose lhat the transistor Q1 is off, tha inductor current (), | is 2ero, and the oulpul
seitage is atits nominal value. The oulplt voliags across capacitor Coyy will uitimatsly decay Delow s
sominal output level, because |t is the only sourze of supply current to losd R.. This voltage deficency S
sensed by the switching centrol sircuit and eauses Q1 to turn on. The inductor current staris to flow fom
V.. through @1 and Gy in paraliel with Ry, and it rises at a rate of AlAL = VL, The voltage across Ihe
industor is eaual 10 Vi, = Vet — Vo 8nd the Inductor peak current at any instantis calculated as showm
hers:

L= (Ve — Vg = VoullLEE
&t th= erd of the on period, Q1 is turmed off. As the magnetic fisld in the inductor stards o collspss &
genarates a reverse voitage lhat torward biases D1, and the peak current decays at a rate of AL = WL
as erergy iz supplied 1o G, and Ry. The voltaga across the inducter during this penod i1s egusl o
W+ Ve of D1 The current as a functian of time is caleulated as shown hare:

|| = li-:u'-"\-u = {{V:ﬂ.ﬂ + "'J'!}”.]L

Where V- is the fanward voltage of D1,

Time-On and Time-Off Calculation

iz gn exampls, SUppOEE that during quisscent cperaticn, the sverage output vollage is consiant, and the
system is pperating in the discontinuous mode. Than | afainad dunng t.. must decay |0 Zero Soog
t- and a ratio of ty, 1o iy San be detsrminad,

(Vi = Veay = ".l'wl]il}ln = (Vo *+ II""'-i-'li"l-""'-wzn'l'l

Sl = Ve T Ved (Vi — Via — Vol

Switch Peak Current Caleulation

The valt-time product of o, must be egual 1o that of & and the Inductancs value is not a facior when
determining their ratio. If the outpul voltage inside = swiching persd Is lo remain constant, the averags
surrant into the Industor must be equal o the output current for a complele cycla. The peak induclor
surrent with respect to output cument is:

=IL| Hj."‘z}t:ur i “'_1_pn'|‘r2“e‘| = lanksn L,-ul.l-:l‘l
E'-"P":? = :!‘.L;.J-.

Appiirstion of the MO240E3 Switching SECUETE SLVAIELE - Seplamber 2006~ Revesd Novembar 2007
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Timing Capacitor Calculation

The pear indusior current is zlso aqual to the pesk swiich surent, since the two are in seres. The on tims
t..) Is the maximum possiole switch conduction sime. Il is egual to the lime required for Cy 1o ramp up
fom its lower to upper threshold, The recuired value for Cr can be determined by using the minlmum
s=cillator charging current and the typical vaiue for the peak-to-peak oscillator vollage swing, both taken
framn the daia sheet

Cr = lyngqminglAYVAV)
Cy = 20 % 10%(L./0.5)
Cr= 40 %1051}

The off time is the ime that diode D1 is in conduchion and it is delermined by the time reguired for Ihe
ductor current to return o zero. The off time is not related to the ramp-down time of CT. The cycle time
ot the LG network is 2qual 10 Loymax * Ly 20d the minimum operation frequancy s calculated as shown
hara

1rr"l.in = ”['l:m[ma:‘_ * l::ﬁf

inductance Calculation

The minimum valus of Imductanca (L) can now be calculated. The V-known cuantiies ars the voliage
s~ross the inductor and the reguired peak current for the selacied switch conduction fime!

Levin = ({Mir — Yaa1 = Vaut) Toktswct i/ on

Tha minimum value of inductance e celculeted assuming the onzet of continuous sonduction opsration
with a fived input voltage, meximum output curranl, and 2 minimum charge-current osclliatar

The ret chargs per cycle defvered to output filier capecitor (Cyy) must be zerc (Q+ = 0 # tnhe cutput
vollage s to remain canstant.

Cuiput Voltage Ripple

The ripple voltags can be salculzted from the known velues of on time, off time, peak Incuctor curcent, and
sutput capasilor value.

During t,,
ictt) leiitor 1, posilive slope
VY = o] loufton = tdl

= 1a/{(Coue % 1) ¥ £12 + cOnslant
The axis of the parabola pass was chosen oy its minimum, so censtan: =

= I:!-.'ll.r':'ﬁ:.r?: tI:"I:| 2.4 17.’.2
Vitae'2) = 1al{Cou % lea) % o202
= 1:"2"‘56,!1: x I.';-'-'IE

]

During tuy
i} = =lgftexl negailve slope
Vit) = —=1/Cgu ] lpelten 2 t it

= . NCqy #hog) % 512 + constant
Tha axis of the parabola pass was chosen by its minimum, so constant = 3

= =l(Con oy x o
VitawZ) = —haf(Con % tonl % {lo2)12
= _l:#‘lcﬂl.ﬂ Ei i:‘ﬂ‘lE
II'-"rrlp'|:ule:‘.'li.‘| = I"""I':t:n-ig:'! * :V[lw'iﬂ
* [kar{:'m_-ll & [tr..nIrE:I k EI'_\-'-I.‘HG[m‘::' " r";mp'Eli

g aSaniamber 2008 - Ravised November 2007 Adplication of the WZI4083 Ewilching Srpulzins T
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S=ruialor
Vismeis = (o Coaa) ¥ (1 + top) /B
Vegsnezsa) = loe™® ESR
Vippaipsr = YudGou (fon + fenl * la ¥ ESR
Voapisipoy = e % [ 1/8C) % (ke * t4) = ESR]

Siqure 7 shows a graphical cerivation of the peak-io-pesk rippie voltage that was obtained from the
sapacitor current ang voltage waveforms.

“n= caiculalisns shown 2bove ascount for the ripple vollage contributed by the ripple current inte an ideal
sapacitor,

= practice, the caiculated value shauld be ncreased due o the Internal eguivalent series resistance
=SR] of the capacitor. The additional ripple veltage is equal 1o luess Incraasing the valus of the filler
-apacior reduces the outpul rippie valtage, However, & point of diminishing retumn is reachad, because
e comparator raquires a finte voltage difference across its inputs 1o mantrol the latch The voitage
=#arence reguired to completely change the latch siates = about 7.5 mY, and the minimum achiavabla
“pple at the outoul is the feedback divider ratio multiplied by 1.5 m\:

"".nﬂﬁt-tp-i-‘:min:' = {\“Faf_.m'”""lr.u.'}{"-ﬂ b '"-'"-3:'

VeV, o
Wltage Across g
Switch Q1 o
vﬂl v
0
Dicde 01
Valtaga
Vi

Fwitch @1
Currant

Diede D1
currgnt

Inguetzr
Currant

Capacitor .,

Currant

Capacitor G,
Ripple Voltage

Figure 7. Buck Switching Regulator Waveforms
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Boost Switching Regulator

Figure E snows a basic swilching regulator. Energy Is stored in the inductor during the lime that ransisior
&1 is in the ON state. When transister @1 i2 turned off the energy is transferred in series with V.. to 5
sutput filter capaciter (Cyy) and load (R, This configuration allaws the autput voitaga 1o De set 1o 2ny
valua greater than that of input The foliowing equations can ba usad to calculate the outpul voltage:

Mot ™ W n':tu-rfltof‘} * Mg
or
Vo = Vinl{lanflenl = 1)

.a-J: Co “t- Q1 —
B J
GHD 1 ¥\

Figure 8 Boost Switching Regulator

Operation of MC34063 as Boost Converter

Ag an examgle, suppose that rransistor Q1 is off, the industor current is zerc, and oulpul voliage = =t 8=
neminal value. At this time, load current is being supplied anly by Ty, and it will eventualy fall betow
rominal value. When the output voltage fal's below the neminal value, it is sensed by the conbeal crmes
which nitiates an on cycle, driving transistor 01 into saturation. Current starts fo flow from input Beouss
*ha inductorand Q1 and i rises at a rate of Al/AL = VIL. The voltage across the inductor s 2qus B

Vi — Vaey and the peak current is roughly @ linear function of 1, as shown here:

IL = [Wur' == """.';all"'ll-}l

\When the on-time is completed, Q1 turns off, and the magnetic fizld in the incuclor staris ia colapse
genarating 2 ravarse vollege that forward Diases D1, supplying erergy to C.y and R.. The inducion Cusmes
decays et rate of AliAt= VIL and the voltage across it is equal 1o Vog + Ve — Vi The cument ot any
instant is caleulated as shown here:

L= gy = Vgt * Ve =Vt

Tima-On and Time-Off Calculation

Assuming that the sysiem i& cperating in ihe discontinucus mods, the current through the inducks
reaches raro sker the §. period 's completed, Then the | attained during L, must decay fo ==m Suss
Ly, @nd a ratic of L., to ty can be written as shown hare:

(Wi T""II:H..I-"L}.-M. = ((Maus = Ve = Vin) L)ton

l:I:!r-"tm'l* = Iﬁ"llrl:uul + """Ir‘ =T 1""’Ir.}'i':I"-'Il'ru = l""’ﬁal]
The voii-time product of 1., must be equal to thet of L, and the inductance value does not affect s
relationship.

The inductor current charges the cutput filter capacitor through D1 during Ly, If the oulput voliage =
remain constant. the net charge per cycle delivered to output filler capacitar must be zero (Q+ = 0
l:“thﬂﬂ = Idlu’*;‘l:-n

Peak Current Calculation
Fioure 8 shows the boost switching regulatar waveforms. By cbeerving the capacier curmenl and makers
sorma subslilution in the previous equation, a formula for peak inductor current can be oblainad

( '.F"‘f-'iznd" = loullen * Sl

T Il_'pic? = zlﬁ,r‘tmlliuﬁ + J‘il:'
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Inductance Calculation

The peak inductor current is also egual to ihe paak switch current, since the Two are in serles. By knowing
the voitage across the inductor during lg, and the required peak current for the selected switch conducias
tme. & minimum inductance value can be determined:

L-m = {f"-'fh'l non ‘“‘aa'_':"'liutlawllr.h}:'tcbﬁln-ﬁﬂ

Output Voltage Ripple

Caloulate the output ripple voltage from the known valuss of to, 1 peak inducter currenl, outpul curress
and outout capaciter valus, The capacitor current waveferms 's depicled in Figura 8 11 baing the
digcherging interval Sowving for t1 in known terms yiglds:
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Figure 8. Boost Switching Regulator Waveforms

inverting Switching Regulator

A basic valtaga-invarting switching reguiator iz shown in Figure 13, The energy 15 stored jn B indocse
during the conduction time of Q1. Upon the 01 turn off, the eneqy is transferred to the oufput fSer
capacitor and load In this configuration, the cutput valtage is derived only from fhe inductor. This Sows
ine megnitude of the output 1o be set to any value. It may be less than, equal to, or greater than Bt o 8
nput and 5 sat by the follewing

\"‘n.rt £l \"'rint Il;!n"llc i)

Figure 10. Switching Inverter Regulatar

Thz inverter converter cparates identically to that of ihe boost convertar. The voltaga acioss the inducis
ARG Ly 8 Vi — Vag but, during 1.y, the voltsge is equal to the negative magnituce of Vo Ve The Vi
Sime-pracict of i, must b equal to that of Ly, a ratio of , 10 te can ba determined

(Ve — "‘f're.l_-.."r'tpn = {Moml * "'1"'-‘1.'tnl]'

o bl = (ol # VAV = Vs

The derivations and the farmulas for s biring: 800 Gy, @re he same &8 that of the boost conyeriss
Fiaure 11 shows the veliage-nverler switshing regqulator wavetorms,
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Salspting the Sight |

Selecting the Right Inductor

Prooer inductar selection is crucial 1o the performance of the switching regulslor's design. The swicse
regulater has two mods of operation: i

s Coptinuous mode

« Discontfinuous mede

Each mode has characteristically ditferen: npersting characters and, therefore, can affect tne reguisios
sarformance and requirements. In many apalications, the continuous mode is the prefarred mode o
aperation, since it offers greater oulput oawer with lower peak currents. wider input range, and iowesr
autput ripple. These advantages of continuous-made operation come gl ihe expense of a large: induct

Gince the minimum Inducter and peak current value are determined the inductor can be seiecien Maos
manutacturers provide the following dala in their data book:

+ |nductance value

+« DCR (deresistance) of the wnding

+« DC saturation current

« RMS current

s  Package type, size, and gattern

The gecmetry and the shaps of the induclor chosen can have advaniages and disadvaniagas H higls
sarformancs is 3 conceamn. then the tercid inductors are the hest choices, as the magnetic Tux s conts
sompletely witkin the magnelic cora, resuiting in less EM| and noise, The EMI and noise can affsct ne
sansitive circuits. In these situations. closed magnetic structures, such as torold, pot core. or Score 3
mers appropriats.

In cost-sensitiva applications, the inexpensive babhin core inductors can be usec. However i5e Bosn
core induclors can gerarate mare EMI, as the open core does nol eonfine the fiux within e sors a2
affast nearby sensitive circuits.
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SELF-OSCILLATING HALF-BRIDGE DRIVER

e  Product Summary
= Flostng crannsl designed for boolerap onersticn
Fitly operational to 500V VOFESET 600 max. |
Toemar 1o neqgative trenzienl wobags
diidt immune Duty Cycle 30%
= Undervoltzge |oukoul
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1
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= avalizhla i Lesd-Free Pankage

Description !

The IRZ155 & & High vehage, High speed, seli-
oadfating power MOSFET and [GET driver with basth
high and low side referenced cotsutenanasls. Pro-
prieteny HYIC and latch immune CMOS technain-
gies enzble ugcedized meonalithiz construction,
The ftenl end festuras & sogramrnckle asciistor
whice 12 similar to the =55 Umer. The oltplt CHvReE
*eaturs & Migh autse curreni buler stace and an in-
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conduedinn. Propagation delavs for ke Iwo |
charnets ara maotched ¢ simplifv usein 0% duy : :
eycle sppicalions. The Hoating channel can be MOSFET ¢r IGET in thiz nigh side conficuration 1hat
uzed 1o drive sn N shannal pows: cperales off & nich vellage ral v o GO0 volks.
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Dynamic Electrical Characteristics
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Functional Block Diagram

Lead Definiticns
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