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PREFACE 

Inverter is a very useful unit. Depending upon the 

output power the inverter has the capability of supplying

power for many items that normally don't go on camping

trips, such as TV, a stereo, an electric razor, or a desk

amp. However, it also has many other uses, such as supplies

for computers, variable speed ac motor drives to power the

oscilloscope or soldering iron when doing electronic work in

the field. 
My project is about the inverter, that draws a max.of

5 amp, which is completely safe for an automobile cigarette

ighter socket, and no load current is only half an amp. The

output voltage is regulated and remains fairly constant from

o load to full load. 
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INTRODUCTION 

Inverters convert de power to ac power at some desired

utput and frequency. Application of inverter include stand

·Y power supplies, uninterruptible power supplies for

computers, variable speed ac motor drives, aircraft power

supplies, induction heating and output of the de transmission

ines, 
In most of the inverter applications, it is necessary

to control both the output voltage and the output frequency.

he controllable voltage requirement may arise out of the

eed to overcome regulation in the connected ac equipment or

to maintain constant flux in ac motors driven at variable

speed by variation of their supply frequency. If the de input

oltage is controllable, then an i~erter with a fixed ratio

f de input voltage to ac output voltage may be satisfactory.

f the de input voltage is not controllable, then control of

e output voltage must be obtained by employing pulse width

dulation, 
The output voltage wave form of an inverter is non

sinusoidal and in most applications the voltage harmonics

ave a significant effect on the overall system 

performance. These harmonics may be reduced at the cost of

increasing the complexity of the inverter circuit, and an

economic decision must be made on the degree to which this

snou.Ld be done, 
Inverter circuit designs are generally divided into
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assifications. First there are amplifier type inverter:

inverters that use transistors as amplifier, operating

onsaturation condition. Second, there are the saturated

ch types of inverter: these inverters operate with the

ches either in a fully saturated conducting mode, or in

off blocking mode.
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CHAPTER ONE 

DESIGN CONSIDERATIONS FOR STATIC INVERTERS 

Inverters convert d.c. power to a.c power at some

ired output voltage and frequency. Applications of

verters include the following .

. Stand by power supplies .

. Uninterruptable power supplies for computers .

. Variable-speed ac motor drives .

. Aircraft power supplies .

. Output of de transmission lines.

In most of the inverter applications, it is necessary to

be able to control both the output voltage and output

requency. The controllable voltage requirement may arise

out of the need to overcome regulation in the convected ac

equipment or to maintain constant flux in ac motors driven at

variable speed by variation of their supply frequency. If the

de input voltage is not controllable, then control of the

output voltage must be obtained by employing pulse-width

modulation.

The output voltage wave form of an inverter is non

sinusoidal and in most applications the voltage harmonics

have a significant effect on the over all system performance.
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INVERTERS:- 

A Static inverter is a solid state (semiconductor)
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ce designed to convert a de electrical power input into

output with a sinusoidal wave fo~,

out an operational dependance on relative mechanical

·on between component parts.

tatic inverter must provide the following:

c to ac power conversion

conversion to a fixed-frequency output voltage

a sinusoidal wave shape for variations of both de input

stortion.

output voltage regulation for variation of both de input

tage and ac load including power factor.

some means of protecting the inverter from over loads on

e output.

e static inverter is composed of the following functional

components:

. A power stage or number of power stages that convert the de

input into relatively crude ac output.

The ac contains not only the fundamental ac frequency

desired, but also unwanted harmonic frequencies. The power

stage is the simplest power stage that can produce an ac

voltage. By definition the stage uses four semiconductor

switches (transistor or SCR) which can only produce square

wave or two valued voltage .

. An ac output filter that eliminates the unwanted harmonics

generated by the power stage. So as to provide the load a

sinusoidal wave form with a given max. distortion.

The amount of deviation between a true sine wave and the
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output voltage can be measured in the form of total

distortion (THO). The ac filter size is determinedc

ly the amount of unwanted harmonics in the power

-also by the frequencies of these harmonics. 

the harmonic frequencies generated by the 

the larger will be the ac filter. consequently if

frequencies in the power stage wave form (3rd,

c.) can be reduced in magnitude or eliminated the ac

made smaller. 

to provide proper sequential control over the SCR's

or power stages such as to provide one or 

f the following: 

regulation 
limiting (for over load protection) 

synchronization to external sources 

paralleling of inverters (with load sharing)

Inverter circuit designs are generally divided into two

sifications. First, there are the amplifier-type 

those inverters that are transistors as amplifiers,

in a non saturated condition. Second, there are the

rated-switch types of inverters (using either transistor

SCR's) these inverters operate with the switches either in

y saturated conducting mode, or in cutoff blocking mode

he amplifier-type inverter circuit are characterized by

er efficiencies, high power dissipation in the transistor
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s, cross over distortions (in class Band C push­

s), as well as many other well known problems. These

inverters are quite satisfactory of the applications

fully selected, if the power level are low if the
•

actor loads are not a consideration, and if efficiency

of the key criteria to the inverter design. Because of

imited applications, the amplifier type inverters are

IBVERTER REQUIREMENTS:- 

Each requirement must be considered in terms of total

efficiencies, and reliability.

electrical performance characteristics for static

listed below:

power 500 to 1500 VA, 1000 VA nominal

tput voltage 115 to 200 V rms, 3 phase, +/- 0.5%

-output frequency 400Hz + O.Ol%

-output harmonic distortion 3%

-power factor range max. variation of 0.2

-efficiency

-input voltage

-output phase angle

75%

24 to 30 V DC

120 (+ 2)

-temperature range -35 C to +71 C

The inverter should have overload protection, be able to

withstand environmental conditions.

1.3 CONSIDERATIONS COMMON TO ALL INVERTERS. 

There are several design considerations that are common to
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erters, and these are as follows:

IN AN INVERTER:- 

static inverter is comparable to an oscillator driving

amplifier; an arrangement used by early low-powered

·c inverters. A 400 Hz sinusoidal signal is produced ın
•

scillator, and this signal is power amplified in

class A or class B power amplifier stages. This

still practical for inverters of less than 50 VA

phase, but at higher levels, low frequency makes the

nique inadequate.

It is possible to have as many as three different types

feed back in static inverter: Voltage, current and phase

dback. They are generally defined as follows.

) VOLTAGE FEED BACK:- 

Regulation of ac output voltage with changes in input de

ltage output load is provided by voltage feedback. Normally

he output ac voltage is detected and rectified to provide a

c voltage is detected and rectified to provide a de voltage.

his de voltage is compared with a Zenner reference diode,

and the error voltage is fed back to the driver or power

stage, to control the ac output amplitude. Such detection any

be root-mean-square, average, or peak sensing and may occur

either before or after the filter. The largest variations in

static inverter design arise from the exact manner in which

this de error signal regulates the ac output.
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In a three phase inverter, either combined or single

e voltage feed back may be used. A three phase detector

in the combined system and the same error signal is

to all these phase. If large load and power factor

are expected, it is better to regulate the system

it were three separate single inverters.

CURRENT FEED BACK:- 

Current feed back provide overload protection for the

tic inverter. This protection may be either or the types.

first, current in excess of the maximum results in

of the inverter. That is, the output voltage drops

zero, this protecting the unit. With this type of

utdown, the output turns on and off with in a period,

~eventing damage to any of the components. The second type

f current feedback results in the inverter as constant

rrent generator for load current in excess of maximum.

his protects the unit and often maintains the operation of

oads during transistor over-load. In general, this latter

system is better through some what more difficult to achieve.

ormally, a current feedback system is designed to work in

conjunction with the voltage feedback system, and in effect,

over rides the voltage feedback during overload condition.

(iii) PHASE FEED BACK:- 

Phase feed back is sometimes used in three phase static
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to ensure an exact 120 phase angle between output

Normally, the inverter oscillator provides exact

angle at the input to the driver stages. If each

s equally loaded, the phase shift thought the driver,

and filter stages if each phase is equal resulting in

phase angle at the output. Frequently however,

or power factor are unbalanced, which may result in

phase shift through each phase.

back is applied by comparing the angle of two

s with respect to the third and generating two feed back

ls proportional to the differences from the nominal 120.

back signals then act in phase shifting

two of these three oscillator output signals in

a way that the inverter output are held at an exact 120

respect to each other.

) POWER STAGE DESIGN:- 

Power variation in the design of static inverter power

ages are few, but good design in this area is more

important then elsewhere, since most if the dissipated power

occurs here and in the filter. In general, inverters may be

grouped as bridge or parallel inverters, with different

basic circuit resulting in the power stage. Following figure

shows the

schematic diagram of a basic parallel inverter power stage.
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Transistor Q and Qz operate in push pull, each during

cycle. Transformer T2 is the power output

Parallel inverters are more common than bridge

A typical bridge inverter power stage is shown in

g ı. 2.
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Transformer T5 is the output transformer, which has

that are alternately switched from plus to minus by

of Ql, Q2, Q3 and Q4 arranged as a bridge. Transistors

and Q3 operate together, as do Q2 and Q4. In a bridge

each transistor is subjected only to the supply

ltage during cut off because there is no induced voltage

resent. This indicates that the bridge inverter will

operate safely with twice the supply voltage for a given

transistor type. This primary disadvantage of the bridge

inverter is its greater complexity. Since it requires twice

the number of transistors for the same power rating and at

the same supply voltage as compared to the parallel inverter.

It is possible with three-phase inverters to eliminate the
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of bridge inverters while retaining their

three-phase bridge inverter power stage is

in fig 1.3

input drive consists of three push pull square

, 120 out of phase. Each transistor conducts for half

e and non conducting for the remaining half-cycle.

of the three-phase relationship, the conduction

of the transistor overlap, causing three transistor

any given instants. This is combined ın

delta-connected primary of Tl, giving outputs with

harmonics. Each transistor is subjected to

the supply voltage during cut off,

Proper design of the power transistor drive circuitry,

output transformer, and the filter are necessary for

efficient switching of the power transistors. The design of

the output transformer is of particular importance. In
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, this transformer should be designed with low leakage

ce and good high-frequency response. The three-phase

have to achieve an efficiency of about 95%

achieve an over all inverter efficiency of 85%

filter efficiency of 95% and switching transistor

UCTANCE SWITCHING IN TRANSISTORS:- 

The ability of an inverter to operate into power factor

, and the ability of the main power transistor to switch

are pattern and directly related. Under normal unity

r factor operation, the switching pattern or the

sistor begins to look more like the circular pattern

ustrated in fig 1.4

le.

fig. 1.4

In order to optimize the efficiency of the power

transistor in switching mode, switching patterns may be

produced on an oscilloscope and analyzed to determine regions

of transistor operation with high dissipation. Circuit

adjustments, filter and load changes may be made and their
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transistor may be made by means of the

pattern.

ICIENCY: 
e efficiency of an ac. device where power factor is a

often misunderstood. Efficiency is usually

output divided by watts input multiplied by

expressed as percentage". For de input, this rule holds

and is a excellent measure of performance of a piece of

For a static inverter operating under power factor

, this is often very misleading as a measure of

For example, a static inverter operating at maximum

t- ampere output into a zero power factor load would

fleet a zero efficiency by the a9ove definition. Because

e voltage and current are phase-shifted full 90 degree.

ere are no output watts to measure, since the inverter is

roducing no real power in watt. The inverter is, however,

perating at full volt-ampere load, and requiring very real

power in watts from the de input.
By this, it can be seen that a power factor has a severe

effect on the "apparent efficiency'' of the inverter. The only

true indication of performance of the inverter is when

efficiency is measured at unity power load.

Take the example of 350 VA static inverter that operates

at 80% efficiency into a 350 VA resistive

load (unity performance). The internal losses of inverter are
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proximately 87 W total.

This same inverter operating into a 350 VA load at 0.65

power factor would be delivering a real power of only 350 *

.65 or approximately 227 w. This 227W is a power that goes

straight through the inverter. In addition 350 VA at the

above power factor of 0.65 represents also plain reactive

power of 350*[{1-(0.65)(0.65)} E 0.5] or 256 VA. the only way

a de source can simulate a power factor, is to deliver the

power to the inverter, then receive it back from the

inverter.

In this manner, assuming the handling efficiency of the

inverter at 80% then the inverter's internal losses could be

computed by the two formulas :

80% = 227 / [227 + (internal loss A)]

80% = 265 / [265 + (internal loss B)]

Total internal Losses= A+B = 123W. Total efficiency is

therefore, by definition

227W /[ 227 + 127] = approximately 65 %

This is no doubt, an extreme example, but it illustrate

the severe impact that a power factor has on the apparent

efficiency of an inverter.

Inverter losses (that determine efficiency) can be

classified into three general categories.

(i) There are fixed losses. These are generally easy to

measure, simply by removing all loads from the inverter, and

measuring its power consumed. These are no load losses and
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always fixed.

Second, there are the losses that are directly

-.ın,portional to the output power. These are semiconductor

/-.turation resistance losses, etc.

"i) Third, there are losses that rise quadratically with

e output power. There are flux density losses, etc. This is

at causes the inverter efficiency to reach a maximum point,

en decrease as additional loads are applied.

Losses are really the best measure of an inverter's

efficiency, and in general, losses and not the efficiency

should be specified in an inverter specification.

An other factor to be considered is the size(volt-ampere

output rating) of the inverter. High power inverter can

always be more efficient than lower power inverter, if all

other factors are equal. One basic reason for this fact is

the internal efficiency of the transformer.

(e) OUTPUT FILTERS:- 

The design of the static inverter output filters is an

extremely difficult task. If the requirements are constant,

the task is eased, if, however, the load and/or power factor

varies widely and very low harmonics content is necessary,

the design is difficult, and the filter will be heavy.

The filter should be efficient(95% overall efficiency).

Its input impedance at higher frequencies should be

capacitive (never inductive if possible), and it should be of

maximum weight. The maximum harmonics permitted from most
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·ıe or aircraft inverter is 5%, same systems require as

as 2% harmonics.

Now resonant, first and second order critically damped

er, as shown in the fig. 1.5

L

1st. order 2nd. order

fig 1. 5

common filter of 4th order is shown in the fig 1.6. In this

filter, L2 and C2 are made resonant at the fifth order.

L,= I ı .
c. - Tc.,

I
~RL

f Lı.

fig.1. 6

A disadvantage with these filters is that their

filtering ability is the function of their loading capacity,

and the input impedance of the filter is not resistive at the
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ndamental. These objections are overcome by the 4th. order

esonant filter shown in fig. 1.7. In this filter Ll and Cl

e tuned to series resonance at the fundamental, and L2 and

2 are tuned to shunt the load impedance. This filter

actually works better if Ll and Cl are tuned above 350 Hz and

·t L2 and C2 are tuned to about 450 Hz. Also L2 should

predominate in the L2 C2 product. This filter will filter to

2% harmonics over a zero range of 20 degrees.

fig 1.7
The physical size of the filter components is often

a problem and may be partially overcome by the use of

transformers to scale the filter components values.

Only a few general rules for filter design have been

indicated. The mathematical design of such filter is so

complicated that a digital computer might will be used in the

design of the filter. The computer may be programed to vary a

great many parameters to derive the best filter for the

weight. The filter should be designed so that the reactance

of the load is used as the part of the filter. For example,

if the load has a lagging power factor of 0.4, this

inductance should be figured as part of L2 when using the

4th. order resonant filter. This would make the static

inverter higher than if the power were unity. In general the

19



e lagging or leading the power factor, the higher the

ter becomes.

) INPUT FILTER:- 

The function of the input filter is two folds. the

·1ter is intended to remove the transient from the de input

ne. It must prevent transients and noise from being

roduced on de line by the action of static inverter.

The reduction of transient is difficult if the source

pedance of the de power is not low, and if other loads

hich are being switched are present on this source.

sually, this sort of transient may be reduced by the use of

low-pass T-section filter.

(1.4) SATURATED SWITCH TYPE INVERTERS:- 

Under this topic we will discuss only the voltage driven

inverter.

VOLTAGE DRIVEN INVERTERS: 

The voltage driven inverter circuit is the generally

accepted circuit employed in most of the today's static

inverter design. A power source is connected through a pair

of semiconductor switches, into the end of a center tapped

transformer primary. The power source is a betray, with more

than adequate capacity, and with a source impedance so low

that it is negligiable. A schematic representation of the

voltag-driven inverter is illustrated in fig. 1.8.
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A voltage driven inverter is defined as follows:

oltage driven inverter in which the design of the circuit

the de voltage source through the semiconductor

itches directly to the primary of the transformer.

Tl

Derive

Circuit

A
Switching sı

-ııl1l·M,ra
S2

LOAD

fig. 1.8

This means that when Sl is closed, the full source

voltage(minus the semi conductor saturation losses, which we

will ignore) appear across the AB primary of the transformer

Tl, and conversely, when S2 is closed, the full source

voltage BC primary.

The switching drive circuit alternately saturates and

cuts off the semiconductor switches, causing a alternating

voltage to be generated across the windings of the

transformer Tl, and to be deliver to the load. The power

source voltage is directly imposed onto the primary of the

transformer Tl, and therefore, the voltage across the

transformer is always a square wave, no matter what the load

and no matter how the load power facto varies. The current

wave form in the primary of the transformer Tl, is a

different story. It is affected by changes in load, and most

21



is affected by changes in power factor.

THE EFFECTS OF POWER FACTOR:- 

Now let us examine the current wave form in the primary

Tl, under various power factor conditions. The current

phase relationship} in the primary of Tl is

the voltage impressed by the power source

ross the primary of Tl, when load is a pure resistive

oad(power factorl.O). This comparison reveals wave forms as

lustratedin fig 1.9.

+- -

o 180 o 180 o 180 o 180 o

-
E

+-

+- -,--

I
+

I

+-

fig. 1. 9

The current wave form will be identical to the voltage
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be seen that each switch is conducting a

l 180 degrees, and current through the switch, and

ough the transformer primary, is as high as required to

iver the power demanded by the load. The power delivered

each switch through the transformer primary is represented

the formula P= EI dt. When the voltage and current are

th in phase, and square in wave form, then the cross

atched areas in the current wave forms are proportional to

he power delivered by the each semiconductor switch.

An AC power source that is operating into a power factor

oad, is delivering power to the load, and then receiving

power back from the load. This function occurs with each half

cycle. Power is pushed into the load, and then received back

from the load.

(ii) THE EFFECT OF AN INDUCTIVE LOAD:- 

Considering an extreme case, with a completely inductive

load(power factor zero lagging). The phase relation of the

voltage wave form across the primary of Tl is compared with

the current wave form through the primary of Tl in fig. 1.10.

+-

I nnnnr
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fig. 1.10

When the voltage driven inverter must operate into an

inductive load, the power that the load attempts to feed back

in to transformer Tl effects the current wave form in the

primary, semiconductor switch Sl should begin conduction at

the O degree conduction angle, but the inductive load is

attempting to force a reverse current flow through the

switch. Because all semiconductor switches are

unidirectional, the switch blocks the required reverse

current. This interruption of the current flow from the load,

when it is at its maximum point, causes a reverse voltage

spike to build up on the primary of Tl, and this spike rises

until it fails(short circuits) the semiconductor switch. In

theory, the spike could rise to an infinite voltage, and

therefore, the voltage rating of the semiconductor switch is

of no consequence; it still will fail. When switch 82

attempts to conduct, at the 180 degree conduction angle, it
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the same untimely end.

~ii) THE EFFECTS OF CAPACITIVE LOAD:- 

Because the inverter must deliver power into a power

actor load and then receive it back, the effect of the

apcitive load on the voltage driven inverter also are

important. Again, the extreme case of the inverter with a

completely capacitive load (power factor zero leading) is

examined and the phase relation of the voltage wave form

across the primary of Tl is compared with the current wave

form through the primary of Tl in fig. 1.11.

Similarly to the situation encountered with the

inductive load, a capacitive load changes the current wave

form through the primary of Tl, but the voltage remains

uneffected. The voltage wave form remains square wave, but

tremendous current spikes now appear in the primary each time

the semiconductor swatches begin to conduct. When the

switches begin conducting, they are supplying power to

reverse charge

the capacitor through a very low impedance. With a voltage

constant, the current rises to extremely high levels. Until

the capacitor charge rises, there is a very little impedance

to slow the current in rush, other than the slight resistance

in the transformer wire and the saturation resistance of the

semiconductor switches.
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Because the current level rise to such a extremely high

values as each switch begins to conduct, the I*I*R losses in

the inverter suddenly rise to a very high values, and the

efficiency decreases.

The end result of these current spikes on the operation of

the semiconductor switches is permanent device destruction.

The high peak currents cause transistor switches to run out

of the drive power and pull out of saturation into a high

dissipation mode of operation. In very short time they burn

out. SCR switches simply generate instantaneous hot spots due

to the extremely high peak currents and also burn out.

CHAPTER TWO 

ANALYSIS AND OPERATION 
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THE OSCILLATOR CIRCUIT 

Rl=l.47M

c-o.ooıuFl
R2=100k

R3=100k

5.2

o
T

l+B
T = Rl C ln

1-B

R2 100
B = =0.5- -----

Rl+R2 200
T = 309.6 Hz

IC2:THE DECADE COUNTER 

It is decade counter with 10 outputs. Inputs include a

27



, a reset, and a clock inhibit signal. Schmitt trigger

n in the clock input circuit provides pulse shaping that

unlimited clock inputs pulse rise and fall time.

counters are advanced one count at the positive

signal transition, if the clock inhibit signal is low.

via a lock line is inhibited the clock

high. A high reset signal clears the

the zero count. Each decoded output remains high

a full clock cycle. A carry out signal completes one

every 10 clock input cycles in the CD 4017.

PIN NO. COUNT
3 o

14 2 1
CLOCK---- 4 2

13 7 3
CLOCK INHIBIT---- 10 4

15 1 5
RESET ---- 5 6

6 7
9 8
11 9
12 carry out

FEATURES:- 
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Faulty static operation.

Medium speed operation (10 MHz at Vdd = 10v)

100% tested for quiescent current at 20V.

5v,10v and15v parametric ratings

In inverter circuit the 4017 is used as the

frequency divider. It divides the frequency of the clock

put by 4. Since pin 10 is connected to pin 15, so after

nting 3 , it will reset and start counting from zero

ain. The frequency produced by the oscillator is 309.6Hz

d this counter divides the frequency by 4, and it becomes

7.4Hz. The 77.4 rather then 60 Hz is used to avoid

ransformer saturation. Decade counter IC2 controls the

iming of the reference signal and the gaiting ON of the

error amp. signal to the proper set of the FETS.

nnnnn
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PIN
4

PIN
7

-+ ULJLJLJL

~

N
2

ICl: LM 324 

The LM 324 consists of four independent, high gain,

30



frequency compensated operational amplifiers,

are designed specially to operate from a single power

wide range of voltages. Operation from split

r supples is also possible, and low power supply current

independent of the magnitude of the power supply

In the inverter circuit !Cl-a is used in the oscillator

in order to produce frequency. ICl-b is used as

in order to keep the output of the transformer
I

and ICl-d are used as buffers, that means that

atever is the input output will be the same, and these are

e source to gate-ON and off the MOSFETS which are used as

itches.

The diodes Dl and D2 at the output of these buffers will

either conduct or in cut off. If the output of the buffers is

zero then these diodes will conduct, and if the output is

high then these diodes will not conduct.

IC3-LM 7805: THE VOLTAGE REGULATOR 
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The LM-78XX series of three terminals regulators is

with several fixed output voltages, making them

wide range of applications. One of these is located

card regulation, eliminating the distribution problems,

sociated with single point regulation. The voltage

ailable, allow these regulators to be used in logic

stems, instrumentation, HiFi, and other solid state

ectronic equipments. Although designed primarily as fixed

ltage regulators, these devices can be used with external

components to obtain adjustable voltages and currents.

FEATURES:-

Output current in excess of lA.

Internal thermal over load protection

No external components required.

Output transistor safe area protection

Internal short circuit current limit.

In the inverter circuit LM 7805 is used, so the voltage

range is 5 volts, which is used as a reference voltage.

THE IRF-511 60 volts 3.Samp. MOSFET 
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The IRF-511 power MOSFET transistors have very low ON­

resistance combined with high transconductance and

device raggedness.

These transistors also feature all of the well

tablished advantages of the MOSFETS such as voltage

ntrol, freedom from second break down, very fast switching,

ease of the paralleling, and temperature stability of

electrical parameters.

In the inverter circuit, these are used as switches.

hen ever the gate source voltage (Vgs) is low, these are

gated off and when the gate source voltage is high these are

gated-ON. These mosfets behave as excellent switches.

Characteristic of the MOSFET

Id

16

12

8

4

2 4 6 8 10 Vgs

THE BRIDGE RECTIFIER 
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+

Dl
Rl Vo

The circuit shown above is bridge rectifier. To

nderstand the operation of this circuit, it is necessary

nly to note that two diodes conducts simultaneously. For

example during the portion of cycle when the transformer

polarity is that which is shown in the fig. Dl and D3 are

conducting, and current passes from positive to the negative

of the load. During the next half cycle, the transformer

voltage reverses its polarity, and diodes 2 and 4 send

current through the load in the same direction as during the

previous half cycle.
The principal features of the bridge rectifier are, the

current down in both the primary and the secondary of the

transformer are sinusoidal, and therefore smaller transformer

may be used for full wave circuit of the same output.

TRANSISTOR NOT CONDUCTING 
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The ?implified fig. is as follows:

Vf

R25

11

R26 13

Vin f-+

Vin= 5v

11 = Vin/R26

Vf-Vin
12 =

R28

12 = 11 + 13

13 = 12 - 11

Vo= R26 * (-13) - R25 (11)

Vo= vı - R25[(Vf - Vin)/ R28 - Vin/R26]

Vo= 2.23 Vin - 0.213 Vf

TRANSISTOR NOT CONDUCTING 
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Vin= 5v

Il = Vin/R26

I3 = Il + I2

I3 = r Vin/R26 + Vf/R28]

Vo= - R25 * I3

Vo R25 Vin/R26 + Vf/R28]

Vo= -(Vin+ 0.213 Vf)

INVERTER OPERATION 

The inverter, the schematic diagram of which is shown in
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fig. 2.1 is actually push-pull audio amplifier. The input

the reference signal, is 5 volts square wave. The output

volts peak to peak AC signal. The feed back signal is

in order to match the DC reference signal. On the

e half of the AC wave form, the upper three FETs are gated

, and on the other half, the lower three FETs are gated ON.

Normally, 120-volts AC outlets have one side at ground

done side that is HOT. The hot side alternates from

-170-170 volts. The inverter output is little different. On

ne half of the AC cycle, one side is nearly ground and other

sat +170. During the other half of the cycle the situation

is reversed.

Operation amplifier ICl-a and its associated components

form approximately 300 Hz clock oscillator and the counter

IC-2 divides the clock signal by four to obtain a 75 Hz

inverter frequency and after counting four pulses that is

counting O, 1, 2, 3 it RESETS and start counting again from

zero, since pin 10 is connected to pin 15 which the RESET

pin. The 75 Hz rather than 60 Hz is used to avoid transformer

saturation. Some electronic clocks will run fast with that

frequency, but most electronic gear will work just fine.

Decade counter IC2 controls the timing of the reference

signal and the gating on of the error amplifier signal to the

proper set of the FETs. The timing diagram is shown below.

CLOCKnnnnnnnnn
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-ı- -ı--+- +--I- ..f,.....-or +---I- -+--+ -ı---ı- -ı---ı- -ı---ı- +-

N 3J I I I
IN 2 I I I I

I I I lPIN 4

PIN 7 I I I L
PIN 10 (RESET) Il

FIG 2.1

When IC2, pin 3 goes high, the output of the buffer

ICl-c is high, that reverse biases the Dl and allows the

error amplifier signal to reach Ql, Q2, Q3 and the common

drain of the Ql, Q2 and Q3 which is attached to the primary

of the centre tapped transformer Tl, are at 12 volts till the

output of the pin3 remains high.

At the same time, IC2 pin 4 is low which causes the

output of the buffer ICl-d to be low, that grounds the gates

of Q4, Q5, and Q6 and therefore turning them OFF. A 5 volts

reference from the regulator IC3 is now present at the error

amplifier ICl-b, non inverting input. The reference signal

rise time is slowed by R12 and C2 in order to avoid the

output overshoot, and the gain and the frequency response of

the error amplifier is set by Rl5, R25 and C3.

38



Next, pin2 of the IC2 goes high which turns Q7 on, and

e reference signal is pulled to ground. PIN3 and PIN4 are

low and the FETs gates are grounded, turning them OFF,

e drain of the FETs is now approximately zero, and it

emains zero till PIN3 and PIN4 are at zero level. Then PIN4

f the IC-2 goes high and reverse bias the D2, and the

reference signal now rises to 5 volts and other three FETs

are gated ON and the other half of the AC output wave form is

generated. at this point, the drain voltage of FETs Q4, Q5

and Q6 is -12 volts. We got this inverted signal due to the

oposite polarity of the centre tapped transformer. The next

clock pulse causes the pin? of the IC2 to go high, all FETs

are now OFF and the reference is set to zero. The following

clock pulse resets IC2 and another cycle begins.

If we consider the FETs Ql, Q@, and Q3 as a switch A and

FETs Q4, Q5 and Q6 as the switch B, then the output of these

two switches in accordance to the timing diagram is shown

below.

A filter that protects the CMOS circuitry against
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ternates spikes and reverse input polarity is formed by R7,

and D7. Components R9 and C4, filter output spikes, and

8-R21 are pre load resistors to stabilize the inverter when

o load is connected. Although the FETs have no current­

equalizing source resistors, they still share current fairly

equally. (When a FET Hog current, it heats up more and its on

resistance increases, causing it to draw less current).

CHAPTER THREE 

SUMMARY AND CONCLUSION 
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SUMMARY OF THE VOLTAGE-DRIVEN INVERTER PROBLEM 

A summary of the problems inherent in the voltage driven

nverter circuit, and the reasons why these problems are

resent is presented below.

i) The voltage-driven inverter can handle inductive power

factor only through a limited range, and only with

difficulty. This is because the voltage-driven inverter holds

the voltage fixed in phase relative to a switch conduction,

being unidirectional current device, will not operate in this

mode. Auxiliary circuit are necessary to either burn up the

power, fed back from the inductive load, or bypass the

switches and return the power to the power source.

(ii) The voltage driven inverter can not handle a capacitive

power factor. Bleeder resistor to modify the power factor

have to be used, or a series impedance in the output is

necessary to restrict the current surges. The inverter will

still destroy the switches if the power factor of the load

becomes leaking to an approximate extent.

(iii) The voltage driven inverter utilization of the

semiconductor switches is poor. The current rating of the

switches must be several times larger than necessary to

handle the current peaks created by the power factor loads.

The high peak currents for short durations are not a

desirable condition for the operation of semiconductors,

therefore the reliability of the switches is not good.

(iv) The voltage driven inverter utilization of the output of
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transistor is poor. Because of the short conduction

, causing high peak currents as required by the power

and will be larger and heavier than necessary.

The voltage driven inverter circuits will have to be

The actual volt-ampere circulating in the

ter circuits will be large, causing losses and driving up

weight of the filter section.

i} Voltage driven inverter can not use simple, efficient

lse-width modulation as a means of regulation because of

e transformer problem, and because of the circulating

rrents required by the filter section. Almost with out

voltage driven inverter use pre regulator,

efficiency due to double conversion losses, or

hey use phase shift, forcing the use of multiple inverters

for every output provided.

(vii)Voltage driven inverters are never satisfactory when

they operate with motors as loads, because the current surge

capacity required during motor start up is always coupled

with highly inductive power factors, and these conditions

change through wide ranges, as the motor comes up to speed.

The worst case condition for the voltage driven inverter is

when a single motor constitute the only load that the

inverter has to drive.

(viii} The voltage driven inverter is a highly intensity

generator of radiated and conducted EM!. This is inherent in

the circuit. Extensive fixes must be incorporated in each

different voltage driven inverter, depending on its

42



lication- to reduce these EMI levels. Even with the fixes,

is seldom that the radiated and conducted EMI can ever be

to acceptable levels of MIL-I-26600 or MIL-I-

81, standards and keep the inverter size and weight with in

eason.

GENERAL CONCLUSION 
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This project gives a comprehensive knowledge about

RTERS, Inverter is a device which coverts DC power to AC

er at some desired output and frequency. There are several

sign considerations that are common to all inverters, that

elude, the feed back which might be of voltage feed back,

rrent feed back or phase feed back. Then comes the design

stage, it is most important part since most of

dissipated here. Inductive switching in

efficiency and input and output filters are also

points to be considered for the inverter design.

The INVERTERS are classified in two categories. Firstly

voltage driven inverters, secondly, the current driven

inverters. My project is based on the first type, that is the

voltage driven inverters. The voltage driven inverter is the

one in which the design of the circuit connects the DC

voltage source through the semiconductor switches, directly

to the primary of the transformer.

The switching drive circuit alternately saturates and

cuts off the semiconductor switches, causing an alternating

voltage to be generated across the windings of the

transformer, and to be delivered to the load. The power

source voltage is directly impressed on the primary of the

transformer, and therefore, the voltage across the

transformer is always a square wave, no matter what the load

and no matter how the load power factor varies.
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The output of the buffers should be the same as the 

x but I observed that output of the buffers is different

the input . There should be two voltage levels but I 

~rved three levels , these are approximately 9.0 , 1.6 , 

O volts . At the high level the switches should be at ON

te and at lower level these should be in OFF state • But

the third level which is 1.6 volts these FETs conduct 

·tially and because of this the output of the inverter is

:rayed. The cause of this third level is due to the

~-SET voltage of the buffers . 

This problem may be solved by using the buffers with 

ry low OFF-SET voltage . 
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PD-9.313

IN~ERNATIONAL RECTIFIER I I'='JR- J.....•..... ,,

HEX.FET® TRANSISTORS BRF520
iAF521
IRF522N-Channel
IAF523

0.3 Ohm HEXFET
B Plastic Package

technology is the key to International Recti­
üne of power MOSFET transistors. The etti­
and uniqueprocessing of the HEXFET design

low on-state resistance combined with high
ce and oreat device ruggedness.

tr.-ınsistorsalso feature all of the well estab­
qes of MOSFETssuch as voltage control. free­
ond breakdown, very fast switching, ease of.

;d temperature stability of the electrical param-

suited for applicationssuch as switching power
tor controls, inverters. choppers, audio amplifi-
encrgy pulse circuits.

Features:
a Compact Plastic Package
• Fast Switching
a Low Drive Current
• Ease of Paralleling
a No Second Breakdown
• Excellent Temperature Stability

Product Summary
Part Numlıcr Vos Ros(on\ ıo

!RF520 ıoov o.son 8.0A

IRF521 60V 0.30H 80A

\RF522 100v 0.40~2 7.0A

111FG23 GOV OAOSl 7 .O/\

SE STYLE AND DIMENSIONS

10.66 (0420)
MAX.ı· ~ıı-· ---

TERM 4 -
DRAIN _J L I.J~ 100111

"-..\ \ o.s ı ıo 0201,--
6.8110.2701rnro:mı

t
14.73 (0.580)

MAX.

t i I

ACTUAL SIZE

-l
2.92 (0.11~1
2 .04 (0.0801

j_:EC110N X-X
1.14!004'1 o
ö.iılbôll\ ,ı--ıı ,. ıo o,ıı

O 1110 0201

Case Style T0-220AB
Dimensions in Millimeters and (Inches)
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521, IRF522, IRF523 Devices
I

IRF520 IRF521 IRF522 IRF523 Units

100 60 700 60 V

1 Mn)\)) 100 6D 1DD BD V
8.0 8.0 7.0 7.0 A

5.0 5.0 4.0 4.0 A

32 32 28 28 A

±20 V

40 JSeeFig.14) w

32

0.32 (Sec Fiçı. 14)

28

WIK

JSee Fig. 15 and 16) L = 1 OOµH
32 I 28 A

Oper atinq Junction and
Storage Temperature Raııge

-55 to 150 oc

"C:ıoo i0.0G3 in. 11.6mm) from case for 1 Os)

aracteristics @Tc = 25°C (Unless Otherwise Specified)
Type

IRF520
IRF522

IRF521
JRF523

ALL

ALL

Min. Typ. Max. Units

100 - - V

60 - - V

2.0 - 4.0 V

500 nA

-500 nA

250 µA

1000 µ.A

u.o I - I /ı

-
7.0 I - - A

I 0.25 0.30 il

0.30 0.40 n

1.5 1 2.9 - s ıuı

450 600 pF

200 400 pF

50 100 pF

20 40 ns

35 70 ns

50 100 ns

35 70 ns

10 15 ne

G.0 -- ııC

4.0 ııC

3.5 - nH

4.5 - nH

ALL

ALL

lfll\i]()
IRF521

Test Conditions

lo = 250µA

Vos = VGS· lo = 250µ.A

Vos= Max. Rating. VGS = OV

Vos = Max. Rating x 0.8. VGS = OV. Tc = 125°C

Vos> 1oıonl x Rosıonl max.: VGS = 10v
IRF522
IRF523

IRF520
IRF521

IRF522
JRF523

ALL

ALL

ALL

ALL

ALL

ALL

ALL

ALL

ALL

/ILL

ALL

/ılL

vGs = ıov. ,0 = 4.0A

VOS) 10ion) x ROS{on) max.: 10 = 4.0A

VGS = OV, Vos = 25V, I = 1.0 MHz
See Fig. 10

v00 = 0.5 BVOSS· 10 = 4.0A. z0 r 50!1
Sec Fıg. 17

IMOSFET switching times are essentially
ındcpcndcnt of opcrntinq temperature.)

VGS • 15V, lo• 10A, VOS• 0.8 Max. Roting.
See Fig. 18 for test circuit: {Gate charge is essentially
independent of oporntinn tompornturo. l

Measured from tho
contact screw on tab
to center ol dio.

Modified MOSFET
svmbol showinq tho
iııtnııınl clnvıco
İıH.1l.1Cl:tılCOS.

Measured from the
drain lead, 6mm 10.25
in.I from package to
center ot die.

ALL 7.5 nH Measured from the
source lead. 6mm
10.25 in.) from
packnqo to source
~oııdiıııı rıııd.

ALL

ALL

3.12

1.0.
K/W

K/W Mountıng surface flat, smooth, end ıırcoscd.

ALL 80 K/W F rec Air Oporntion
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IRF520, IRF521, IRF522, IRF523 Devices

rce-Drain Diode Ratings,and Characteristics
Continuous Source Current
(Body Diode)

IRF520
IRF521 8.0 I A I Modified MOSFET symbol

showing the integral

I I reverse P-N junction rectifier.
7.0 A

~)32 I A I

28 A

2.5 V Tc , 25"C, ls .. O.O/\, Vcs , ov

2.3 V Tc = 25°C, 15 = 7.0A, VGS = OV

zso I n:.; TJ ~ 150°C, IF ~ H .O/\. dlFi<lt • 1 ooııı,,,,
ı .e I ,,c T J • 150"C, Ir • !J.OA. rilı:iılı • 1 OOA/1";

IRF522
IRF523

Pulse Source Curront
(Body Diode) Q)

IRF520
IRF521

IRF522
IRF523

Diode Forward Volıoou (?) IRF520
IRF521

IRF522
IRF523

Auvorsc Recovery Time ALL
Ruvorso Rucovcro<1Cburno ALL
Forward Turn-on lime ALL Intrins«; turn-on time is ncaliniblt!. Turn-on speed is sub:;uıııtı...ı!ly coııtrnll1..:clbv Ls -+ Lo.

- 25°C to 150°C. (i) Pulse Test: Pulse width ( 3001,s, Duty Cvclc c 2%. Q.) Repetitive Ratino: Pulse width !ımitcd
by max. junction temperature.

Sec Tr ansient Thermal Impedance Curve (Fig. 51.
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Fig. 1 - Typical Output Characteristics
Fig. 2 - Typical Transfer Characteristics
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Fig. 4 - Maximum Safe Operating Area
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IRF521, IRF52t IRF523 Devices
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IHt-ti:l•i, IHt-=5:ll, IHi-=5:l~ Devices

ıg. 15 - Clamped Inductive Test Circuit Fig. 16 - Clamped Inductive Waveforms
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Operationa I Amplifiers/ Bu;fersl
I

National
Semiconductor

124/LM224/LM324, LM124A/LM224AJLM324A, LM2902
w Power Quad Operational Amplifiers

LM 124 series consists of four independent, high
n, internally frequency compensated operational am­
•iers which were designed specifically to operate from
smqle power supply over a wide range of voltages.

ration from split power supplies is also possible and
-ıe low power supply current drain is independent of the

"agn;tude of the power supply voltage.

pplication areas include transducer amplifiers, de gain
eeks and ali the conventıon.ıl op arrıp circuits which
'JW can be more easily implemented :n sıngle power
,_.pply systems. For example, the LM 124 series can be
-ecnv operated off of the standard +5 V ne power
poly voltage which is used in digital systems and wiil

easuv provide the required iruerf ace electrorucs without
requiring the additional ±15 V oc power supplies.

Unique Characteristics
• In the linear mode the input common-mode voltage

range includes ground and the output voltage can also
swing to ground, even though operated from only a

single power supplv voltage.

• The unıty gain cross frequency is temperature

compensated.

• The input bias current ıs also temperature

compensated.

Advantages
• Eliminates need for dual suopiies

• Four internally compensated op amps in a single

package

• Allows directly sensing near GND and Vour also

goes to GND
• Compatible with all forms of logic

• Power d-ain suitable lor battery operation

Features

I
ı-..,I

''

ıı Internally trecuencv compensaıec! foı uıııty gaı,1

• Large de voltage gaın 100 dB
• Wide bandwidth (unuv gaın)

(temperature conıpensated)

• Wide power suppiv range:
Sinqle suoplv
or dual supplies

i ll.1Hı

3 Voe to 30 Voe
c.1.5 V0c to :±.15 Voe

• Very low supply current drain (800µAI - essentially
independent of supplv voltage ( 1 mWiop amp at

+5 Vod
• Low input biasing current

( temperature compensated)

• Low input offset voltage
and offset current

45 nAoc

2 mVrıc
5 n.t,oc

• Input common-mode voltage range includes grouııd

• Differential input voltage range equal to the power

supply voltage

• Large output voltage
swing

0 V DC to V' 1 5 V DC

Connection Diagram
Dual-In-Line Packaııe

INPUII INPU1 4' (,P,Q ıN,uTJ' ıtıırutl"

1l

OU1PU11 INPUI ,· ıwut ı ' y• INPUT 2· lllfPUT ı- OU1'UT l

"lO,VlfW

Order ~u~ LM124J, LM124AJ,
LM224J, LM224AJ, LM324J,

L.M324AJOf LM2902J .
See NS Packag~ J14,~ ,

Order Number,LM~4N, LM324AN
s or LM2902N ,.,---.:-:-.•. ' .·. -- .•.•......•.

Schematic Diagram (Each Amplifier)
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ormance Characteristics
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Typical Performance Characteristics iLM2902 ontv)

Input Current
100

uo

1 15...
!a:
o: so::,
"...
~
:':

25
l

I I I -r-rI
I ! i

10 20 30

v: .. SUPPLY VOLTAGE t'locl

Application Hints
The LM124 series are op amps which operate with only
a :;ing!e power supply voltage, have true-differential
inputs, and remain in the linear mode with an input
comrnon-rnode voltage of O V DC· These amplifiers
operate over a wide range of power supply voltage with
little change in performance char acteristics. At 25°C
amplifier operation is possible down to a minimum
supply voltage ot 2.3 Voc

The pinouts of the package have been designed to
simpiify PC board layouts. lnııerting inputs are adjacent
to outputs for all of the amplifiers and the outputs have
also been placed at the corners of the package (pins 1,
7, 8. and 14}.

Precautions should be taken to insure that the power
supply for the integrated circuit never becomes reversed
in polantv or that the unit is not inadvertently installed
backwards in a test socket as an unlimited current surge
through the resulting forward diode within the IC could
cause fıısing ol the internal conductors and result in a
destrovud unit.

Large differential input voltages can be easily accorn­
modated and, as input differential voltage protection
diodes are not needed, no large input currents result
from iarge differentiai input voltages, The differential
input voltage may be larger than· v+ without damaging
the device. Protection should be provided to prevent the
inpul voltages from going negative more than -0.3 Voc
(at 25°C). An input clamp diode with a resistor to the
IC input ıcrrnınal can be used.

To .~..it.1ce ,he power supply current drain, the amplifiers
have a class A output stage for small signal levels which
converts to class 8 in a large signal mode. This allows the
amplifiers to both source and sink large output currents.
Therefore both NPN and PNP external current boost
transistors can be used to extend the power capability of
the basic amplifiers. The output voltage needs to raise
approxirnatelv 1 diode drop above ground to bias the
on-chipvertical PNP transistor for output current sinking
applications.

For ac applications, where the load is capacitively
coupled to the output of the amp'fifier, a resistor should

:..
Voltage Gain

16~

;
120z;;;

"'"'" 10::
o
>

I

ö 40
>
" I i I

,o 20

I(

H

30

V' - SUPPLY VOLTAGE IVoc>

be used, from the output of the amplifier to ground 10

r- increase the class A bias current and orevent crosıcv~
distortion. Where the load is directly ·coupled, as ır, dt
applications, there is no crossover distortion.

Capacitive loads which are applieo directly to the outoıı:
of the amplifier reduce the loop stability margin. Valuıs
of 50pF can be accommodated using the worst-r.aı.e !10II'

inver:ıng unity gain connectıon. Larpe closed loop 93ir.ı
or resıstive ısolarion should be used if larger !~
capaciıance must be driven by the .ımpli iier.

I
I

The bias network of the LM i 24 establ.sbcs a dra,n •·
current whıch is independent of the magnıtude oi tht

power supply voltage over the range of 'rom 3 V oc to
30 Voe-

Output short circuits either to ground or to the positivı
power supoly should be of short tırne dur ation. Urntı
can be destroyed, not as a result of the short circoı
current causing metal fusing, but rather due to the :argt ,,
increase in IC chip dissipation which will cause evenıuıl
failure due to excessive junction temperatures. Putting
direct short-circuits on more than one amplifier at a rime
will increase the total IC power dissipation to destructive
levels, if not properly protected with external dissipation
limiting resistors in series with the output leads of the
amplifiers. The larger value of output source current
which is available at 25°C provides a larger output eve­
rent capability at elevated temperatures (see typical

~T\Dırn\lnt:~ el,\lrne,ıııı~\\e~\ '"~" ~ ~,m,B\\H) IC üD ııw
The circuits presented in the section on typical applica·
tions emphasize operation on only a single power supply
voltage. If complementary power supplies are available,
all ol the standard op amp circuits can be used. In
general. introducing a pseudo·ground (a bias voltage
reference of v+n: will allow operation above and beloıN
this value in single power supply systems. Many appliu­
tion circuits are shown which take advantage of the wide
input common-mode voltage. range which inc!udeı
ground. Ip most cases, input biasing is not required and
input vol_t~ge~ VJhiet'.. range to ground can easily be
accommodated. '• ..

3.178
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! .

Typical Single-Supply Applications (Continued) (V+ = 5.0 Vocl

Driving TTL

Squörewa•e Oscillator

P.l
)00,

.ırı.rıo

Voitage Follower

Pulse G,ınerator

Pulse Generz.tot

R1
IM !N9U

R2

ICrOl.,f

_ci
v.,

Rl
ıoo,

o __fl__fl

••ıon,

C rrent S'"kIIHıgh Comolıance u •

I .
I I,, · ,I;

RJ

'°" RI
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I
\
I
I

- -

•V,11; -­z.,

! n,
+/ ,-'-c I t<T> , f

!POLYCARBON•H OR ._l.
"Ol YElHYlEN[) ":- l'N919"

•ı,, Al 100 nA

HIGH ZıN
LOW Zov,
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-ı. INPUT CURRENT
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Ground Reter,ıncing A Differential Input SitNI
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,le-Süpply Applications (Continued) (V+,. s.o Vocl

Photo VolUiic·CellAmplifier

voıteııe Controlled ()ıcillıtor Cin:uit

Q.D\µf R,

"'

I

lctU;

iCHL H•SOV tffi
ACROSS ill

1-L :J""'°ounurı

AC Coupled Non-Inverting Ampliher

AC Coupled Inverting Amplifier
RI Rl,w, "'

R,
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,.. R \
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ClTo,,f
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Vo

Hi9h Input Z. OC Differential Amplifier

DC Coupled Low-PasSRC Active Filter
Rl

101!"
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ical Single-'Supply Applications (Continued) (V+ = 5.0 Voe)

Al
ııı.

•V,

High Input Z Adjustable-Gain
DC Instrumentation Amplifier
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100k

1W
IIIQl

UsingSymmetrical Amplifiers 10
Reduce Input Current (General Conceptl
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I
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are S­
:ı\on counters lı;ıviıHJ
outputs, respecuverv.

~'.::K, a RESET, and a
Schrnu ı triygcı

=put circuit provides
mu er! dock

,v;ııwı•d OIH: UHJ!\1 .ıı
,,,·,al tıarı,:t,oıı if ıhe

is lo,·,. Coun:«:
r,ock luu- \<, ıııhil,ıtı·d

'IEIT sıqıı;ıl i< lııqlı
ı,·.ıt•, !hı• f'ıııırııı•ı ltı

tilt Johıısoıı cuun u-ı
ı11~ıh·sıwet!upt!ı .n ıou.

" :ıııcl spıke·fıı!e ele·
·uJ. q,itıııq i~ pıovıclı~rl.

ıı 111 t 11 '~I :.ı:ııt ıı·rıct:. 11 w
ı ıo r ı n.ıl lv lovv .ınr l (Jc)

··.pı•ctıvt' dtcoıl,:d luı n:
ıt pu t ı ı:.-ınaırıs llı~ıhfor

cxnnv OUT ıi,ııı;ıl
cvvı v 10 clnck ,1111111

1711 ııı ı·v~ıy 8 cluck
Cü4022[l and .s used ı o

CD4017B, CD4022B Types

Features:
11 Fully static oper aıion
11 Mcdiunı-specd operation

10 MHz (typ.) at VDD = 10 V
• St andardizcd, syıııınctrical output

char.ıc ter is ı ics
• 100% tested for quiescent current at 20 V
• 5-V. 10-V, and 15-V parametric ratings
ıı Meets all requirements of JEDEC Tentative

Standard No. 13A, "Standard Specifications
for Description of 'B' Series CMOS Devices"

ApıJlica t ioııs:
• Duc.ule countcr/tlccinıal decode display

(CD4017BI
ıı Binary couu tcr/dccodcr
• Frı!qtıı·ncy ılivi~ııın

• Counter couırot/tuncr s
• Dividu-hv-N countinq
• For further applicatio» inforıııation,

sP.e ICI\N-61 GG "COS/MOS MS/
Counter .ıml Hcyister Ocsign and
l\pplic;ıtinıı::"

ııpple ctoc], ılı•! succccı liur: ı levice iıı a multi·
clı!vİCt! cnun tinq chain.

·11ı,: CD~ o ı 7 B .u u l en~ o:nrı sı·ı iı!~ t vpe s .ııı:
•.ıqıplıı•ıl iıı I (i lı:,ıd lıı:ı ııll'tiı: ı lual-uı lıııe
rrı;ııııiı: p;ır:k;ıgı:s (D ,ıııd F suffixes), 16-lratl
dualiulinc plas ı ic package (E suf Iix}. and
ın chip lnırıı (H suffix}.

voo

'isbiıiıv , nominal operating conditions should be selected so that operation 132 "§ or SfTO 3 ı• C'lOı ıo.
e following ranges: 2 • I .3 CLOCK [NA.BL(

6 - ' 12 CAMPY out

Voo LIMITS
UNITS! 3

(VI Min. Max. v~~

Ran!Je (For TA= Full Package·
rıge) ı 3 18 V

!i 7.5

I T.QPVIEW
10 - 5 MHz CD40178
15 - 5.5 TERMINAL DIAGRAM

5 200
10 90 I - ns
IG GO - ~

l l"5 O 2 I~ Rf.StT

Time. t,CL• vcı. I 10 UNLIMITED 2 . 3 14 CLOCI(
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5 230 3 I 10 1
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15 60
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5
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Values:

-0.5 to •20 V
-OS to Yoo +0.5 V

110 mA

El
~ (PACKAGE TYPE Ei
cc !PACKAGE TYPES D. Fl

C
25 C !PACKAGE TYPES U. r:ı

500 mW
o

Ouı aı c LHıea,ty at 12 mWi C to 200 mW

500 mW
o

De r a ıe Lmearly at 12 mW! C to 200 mW

:'(AGE TEMPERATURE RANGE (Ati Package Tvµesl
-URE RANGE IT Al

o
-55ıo+125C

o
40to•85C

o
-65ıo•150C

::c •'leh 11.59 ± 0.79 mm) from case tor 10 s ma,

L CHARACTERISTICS

LIMITS AT INDICATED TEMPERATURES (°C)

Values at -55, +25,+125 Apply to O,F,H Peckegeı
Values at -40 +'-" +85 Aooly to E Peckage

-40 I +85 +125 Min. Max.
0.5 I 5

0.10 10

0, 15 15

10

20

10 300 300

600 600
0.04 10 µA
0.04 2020

0.20 I 20 100 100 30001 3000 o.oa I 100
0,5 5 O.G4 I O.Gl 0421 O.JG I 0.51

0.10 I 10 1.6 1 ,.
.o 1.1 0.9 1.3 2.6

0.15 I 15 4.2 2.84 2.4 3.4 6.8

.. I 0.51 5 ı·-064ı-0.61 ı-0.42ı-0.36 I-0.5ll -1
0,5 5 -2 -1.8 -1.3 -115 -1.6 -3.2

··l (ı -ı.11 -0.!JI -131 -2.6
ıı 7!ll 7'1 I 341 G.8

O.:, O OS
I I I o I 0.051

O 0.050.10 I 10 I o.os
o. 15 I 15 I 0.05 O O 05] V

0,5 5 4 95 4.95 5 -

II - I 0, 10 10 --- !J.95 9.95 10 -
0.15 15 lı105 1ı1.95 15

+aı--- ': I = I = I ':I
~ 4 - - 4

5 I 3.5 3.5------~------t---i---1
710

15 11 11ı= I I 0,18 ı 1a 1~~~-1] ±1 I ±1 ·ı - 1110-51 ±0.1,µAI

CD4017B, CD4022B Types

lOOmW

,,
o~•ı~-10-souRCC vo....1.ı.c;c ıı.ıosı-v

Fig. 5- Typical output low (sink) current
characteristics,

Fig. 6- Mirıimun1 output low (sin/.:.)xurrenı
cborocıerisıics.

m

Fig. 7- Typical ourpur high [source) current
ctıarecteristics.

DIIAIH•TO·SOUlllt(~TAC( C"¥osı- v
-t!ı -K) -!ı

V

Fig, 8- · Minimum output high (ıourct) current
cha;Bcrerisrics.



ELECTRICAL CHARACTERISTICS

C, Input tr, lf = 20 ns, CL= 50 pF, RL = 200 kn

CONDITIONS
voe (vı

LIMITS

Min. I Typ. j Max.
UNITS

ock Input Frequency, 'cı,-

K Pulse Width, tw

Ins I I

I
t1(\·l•>l1

Fig.

MHz

ns

ns

ns

AMBIENT TEMP[RATUA( (TA)• as-c
İ 700 /

'ı' f
'"-: soo !
it,t . ' tP• - 000

F.Ii dıı I . J
,- 400 ., .•.

, • J ıtı.rt• ~~,.ot ıvooı :~ suPP\..1
:,; ,00 1 • • .

. ' h.Loo ' ı ~rı l · I I ! . •·• t t ,.

[_: 1111:ı I "" ' ;::• ! İ ı, V f

DO ] !il Li illli !!J J 1¥....
o m ro ~ ~ ~ ~ ro ~ ~

LOAD CAl"ACITAJK[ !CLI-,, tlCt·>OHS

Fig. 11 - Typical propagation delay time as a
I - I ::ı - ! P~ · I tunction or toad capacitance (clock

to decode output).

ns

ns

rrspect 10 carry output line.

ns

•ESET __j ~- IPHL

'PLH I I
I ı\ı ı
I I \,. ------1 I

·t~Hl

' ''"' l
• ~ t PRLH 'i:'CS • lO~O

OE LAYS MEASURED BETWEEN 50"' LEVF.LS ON ALL WAVE,ORIIS

Fig. 9- Propagaciondıı!ııy,st1cup. •nd
hold Cimıı w•vııforms.

II
o m ro ~ ~ ~ ~ ro ~ ~

LOAD C.t.PAC1TA~(tCl.)-ff t:tCl•JıOt,,ıı

Fig. 12 - Typicalprop.1goıiondtılııy time as ıı
tuncıion of loadcapacicııncıı(cloc/ı:
ıo csrry-oırı},

Fig. 13 - Typicaldyıınıımicpo~r diuipııtlon aı
function of clock input frııquııncy.



92:CS·3000

CD4017BH

~~~~-ıcı ocx __ __ Cvuı (Ntlı clock pulsel the S-R flıp flop (con- '
- -- co.ıo,ra ·----•roR N~6,~,.~,1[,

0:1~""
1 etg,ı:_ •·ClOC• - ' su uc tud fı om two NOR qates of the

I o~ı;r- rr l . CDt\0018) qeneı a tes d reset pulse whıch
",,·;;,7,,;;,ıi ootcoos o c ı:k.ııı the CD40178 or CD4022B to us zero J

'o,,rmıı5 ~uıPur ,./"~~l:;~'~016uı t.ouııı J\t ıhı'l tınıı• ıf the Nth decoded out I
j 1 •l"l0(1' · N ,

I ,, •...•J . : '"" " 'I"'·"" "'·"' "' "''"' " G ın the CD !

l : ~-) ~__,'J : ,ıo 1 71! "' 5 ııı tile C:040228. ıne <cur line: ) . _. L0 :J ııoeı lı«Jlı to clock th<' uex t CD40178 or CD-
.: .. ) ) -) f 1 ,IQ22[3 countcr sect.on. The "O" decoded

'- • - • ..J ,,;ı <; ıu·ı•~ uuqıut .ılt;l) ~Jıws 111qt, .ıt this time. Coincı­
ıJı,ııı:e of ılıe clock low aııd decoded "O"
<>lllptıl low ıı·,ıet, ılı,, S-R flıp flop to eııJble
lw CD'101 78 oı CD4022B. If the Nth de­

coded uutpuı .s ı •. ss tlı,ııı 6 (CD40178) or 5
ıco,102281, ıııe CouT lıııe wıll not go high
.ınd. ı hcr e toı e. cannot be used. In this case
"O" decoded output may be used to perform
the clocking function for the next counter.

F,y. 18 · LJ,v,cJı: lıy N ı.:ou,ırı.•f (N · 10} wırh N
(/ı:<:uı/ı.•<f UlJfJ)tJ(S.

Oun,_.ııs,nııs ırı o.ıırnttırsı-s ,Ut' ,,, nııllınıerers .ıııo
,ııe oer.vea lıonı ıııe tı.ıs.« ııır:h aımeıısıons JS ın·
rt.c.ııvıt Gnd 9r.,dıı,,tıoıı> .ıre ı n mıls ua-J ırıcb l,

o ~ w ~
~- I I I I

w-
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ın
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w

~

ft 7 · 9,
ıı 210· z •ılı

o-ı L
I • - ıo- ı..- ! O 102· O 2~4) .,.., .ı-

12 210 • 2 4131

CD40228H

T lw plıuruyr.ıµ/ı} .ııııl dnııımvıoıı» ol e.ıcıı COS NOS
rlı,p rt•pıı·~ı·ıır ,ı clııp wtvvn ır ,~ p.ııt ol ıtı» w.ıter
WJı,:ıı flıı: w.ıtrr ı!J c"ut ,ııtıı t.lııps. ıtır dr.ıı.-4t,',..

n ,,
,ıngles .ıre 51 ırısıe.ut of 90 wıth ıespect ~o ·•r-
t.ic» uf ıtıe ctııo
.ıctu.-ılly 7 ,nıls (O. 17 mm/ t.srqer ,n both a
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Voltage Regulators

Series Voltage Regulators

es of three terminal regulators is
ral fixed output voltages making them
ange of applications. One of these is

lation, eliminating the distribution
ed with single point regulation. The
allow these regulators to be used in
trumentarion, Hi Fi, and other solid

.•..• ,pmenı.. Although designed primarily
.,.,gulators these devices can be used
oonerıts to obtain adjustable voltages

,~ available irı an aturn.nurn TO 3
al+ow over 1.0A load cuı reııı ıf

ı,g ,, pı ovidud. Current lımıııng is
··;, pı•Jk outuut curr cnt to a ~dft value.
J" foı :he output transistor is provided
oowe: dissipation. ! f internal power
-,('< too hıgh foı the heat sıııking

shutdown circuit takes over
,.. 'rom overheating.

:•ı was expended to make the LM78XX
·s easy ın use and minımize the number

of external components. It is not necessary to bypass the
output. although this does improve transient response.
Input bypassing is needed only if the regulator is located
far from the filter capacitor of the power supply.

For output voltage other than 5V, 12V and 15V the
LM117 series provides an output voltage range from
1.2V to 57V .

Features
• Output current in excess of 1 A
• Internal thermal overload protection
• No external components required
• Output transistor safe area protection
• Internal short circuit current limit
• Available in the aluminum T0·3 package

Voltage Range
LM7805C
LM7812C
LM7815C

5V
12V
15V

and Connection Diagrams

"",o,
'Iii!

oı

Metal Can Package
TO·J (Kl

Aluminum

"""~O
ıN,ul

G•O

IIOTiDtıı Vil~

A16
n ı Order Numbers

LM7805CK
LM7812CK
LM7815CK

See Package KC02A,ıı,

v •• , 1

Plastic Package
T0-220 (T)

TOPııliW':..

c•o ı ı

Oıder.Numbeıs:
LM7805Cl'
LM7İll2CT -
LM7815CT

SeePackage1038

ı~
I af
I~

Cl)
(D...,-·(I)
Cl)

-~I



lute Maximum Ratings
Voltage (Vo= 5V, 12V and 15V)

I Power Dissipation (Note i) ır::e
ting Temperature Range (T - .._, '""

imum Junction Temperature
(K Package)
(T Package)
age Temperature Range

Temperature (Soidering, 1C seı
T0-3 Package K
T0-220 Package T

,'.
J

cs
·c

230"C

y ••

ctrical Characteristics LM78XXC (Note 2) o·c ,ı;;'~j' 125°C unless otherwise noted. -,~
1

5V
1

12V I 15V 'I !
10V I 19V I 23V

MIN TYP MAX I MIN TYP MAX! MIN TYP MAX
UT VOLTAGE (unless otherwise noted:

PARAMETER CONDITIONS
ı Tı = zs-c, s mA,; ı0,, ıı,. 4.8 5.2 I 11.5 12 12.5 I i4.4 15 15.6

Output vouaçe I Po•
I VMı

15V.' 5 mA <IQ,;; iA i 4.75 5.25 ! 11.4 12.6 14.25 15.75
c v1,ı,. VMAX I (7,; VıN,;; 20) I (14.5 < VıN,; 27) (17.5,;; VıN ,- Joı

I
-- Tı=25'C ! 3 50 4 1201 4 150

to VıN ! (7,;; VıN,;; 25) (14.5 ti VıN • 30) (17.5,;; V1N,,; 30)

I 'o 500 mA- . o -c · , ı · . 125 -c I 50 120 1 150L I ( VıN (8;; VıN;. 20) (15"" VıN" 271 I (18 5 '- VıN" 30)
! I T ı = 25 'C i 50 120 I 150

I
I ·.VıN ! (73, VıN" 20) I \146"' VıN "- 27lj (17 7 s. VıN c 30)

'o. 1A l \. I o· ,, 11 ~ • 125 -c ! / 25 . 60 ! 75
i 1 .WıN I (8 ~ IN,; 12) I \16,; VıN,; 22i l (20,; VıN "- 26)

10 50 ! 12 120 ı· 12 150
25 ! 60 75T;.: 2:ı'C

5 mA ~ IQ• 1.5A
250 mA. • 'o -; 750 mA

Lırıe P.eguıatıon.

ı.cao Reguıaı,
j.5 mA · IQ· lA. O"C < T: · • 125"C

8 i 8
I I

8.5 I 8 5 I 8 5

50 .i 120 i 1 50

Ouıescent Curre"t

1.0 I , o
(7 5,;; VıN" 20) (14 8" VıN' 271 ! (17 9 s ViN" 30)

05-ı o 51
Ouıesccnı Curıent
Change

15 mA , IQ · _ı_A _

I Tı ~ 25°C. 'o '" 1A
1 VMıN '" VıN •· VMAX

0.5

1.0

Output Noıse Voltage! TA= 25"C. 10 H.z,; f" 100 ,,Hz

'o c 500 mA. o·c,;; Ti"' .• 125·c
i VMIN ~ VıN <' VMAX

1.0
(7,;; VıN,;; 25) (14.5,; vı

O ! 1.0
,; 301 ! (17.5 <. V:N ,s; 30)

40 75 \ 90

(15 ~ VıN s 25)

! 54
I 54I
I
. 18 5" VıN' 28.5)

{

ıo,;1A.Tj:25°Cor 162
f = 120 Hı 10 ,. 500 mA 162

o·c"' Tı, .• 125·c
vMıN • vıN ., vMAx Te~ VıN "' 1sı

Dropout von aco 'I, 25"C. 'our ,. 1A 2.0
Output Resıstance f = l kHz 8
Short-Circuıı Current Tı = 25°C 2.1
Peak Ouı puı Current Tı 25 -c I 2.4
AveıageTCotVouT O'Cc,Tı·-~125"C.lo=5mA I 0.6

80 55
55

70

20
18
1 5
24
1 5

20
19
1.2
2.4
1.8

·IN
!nput voıı aoe )
RequırP.d ıo Maın:aın I Tı =· ;,s·t. 'o • 1A 7.3 14.6

II 17.7
Lıne Reçıuiaııon

OTE 1: Thermal resistance of the TO 3 package (K. KCl ıs typically 4°CiW junction to caseand 35°C/W caseto ambienı. Thermal rnsistar
T0-220 package lTl is typically .4°C/W junction to case and ':JJ°CIW case to ambient._
NOTE 2: All characteristics are measured with capacitor across the inut of 0.22µF, and ıı capacitor across the output ol 0.1 µF. All cnaracte
cept noise voltage and ripple rejection ratio are measured using pulse techniques (tw '- 10ms, duty cycle'- 5%). Output voltage changı
changes in internal temperature must be takım into account separately.
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Characteristics
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"'~ ,:ı
~
o
:ı:
~
lr

10 11 10 11 JO 35

INPUT TO OUTl-'UT oın-cqu.nıAL -v,

R ıpple Rejectior,

90~

~ •80 ···-··-- -.•··--···-- ız
o ..•..
u •~ 70·~c::~ t' """~.... 60 Vırı Vou1 ti \ıiJC . J ~ I/•'.•,·" 'nur ıAl ı, ıı :,

10
10 'I w

OUl?Ul Vüt;~~::

··- .... -J

110

i;, I
... f T1 1!, C ..

o L......ı........fü'---•-...ili.iil._ hı' ···ı;ı
10 100 lk ıo, ıoo,

f HEOUf.NCY (Hıl

Dropout Voltage Dropout Cha.racter~~•C"5ı, ı-----·- ·- 8s -Vou1 l Ml8CSC

" I I ı, 11 C
'uuı lA , > -2! ı; .. ~

iôo .,;A -ı - 10UT ,.u: I
15~- 'our "'"~

-~
•..

ö

I ı-: -·· •. ' 4 ;- •• "'>
~ • '. lo ~T OA :

•..
:,

· i I i r I I ~
2 ti-tt~•ou: ı~-jo ::,o o•.. OS ! · I I ' I ı

~ I I I l I ; ·r···ı 1 • , • ..ı. ı I , i t· ! I~ o
IM 71 50 15 o 21 10 15 100 111 150 u ı 4 6 I ~ o

JIJNCTION l'EMPEHATU~E ( C) INPUT voı TAU

Ouiesccnt Current
b 5

'OIJl IV

< s . ıour · ıo nıA
-~ I T1 • 25 C•..z s.s~a:a:::,...,
ti;~ 4, ı I'-' I~ I~ • u __L. ! I;;; · ı ·o

J5
JO 15 20 15 JO ]5

INPUl voı TAG[ IVJ

\'ıN · t(IV ı
-,- Vouı sv ··.

15

TUR£ l Cl
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