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ABSTRACT

The use of power electronic devices plays a crucial role in control and transformation of
electrical power.These devices are non-linear which takes enough space in all the regions
of Power electronic converters. Inverter plays important role in industrial and domestic-
applications for converting the direct current(DC) power into an alternating current(AC)
power.

Use of these controlled switches in inverters is gives a smooth and precise control for the
transformation of electric power. But on the other hand, usage of these controlled switches
results in the high level of Total Harmonic Distortion (THD) which has poor effects on the
converter’s performance. This thesis aims at the mitigation of THD for three-phase voltage
source inverter using low pass filter. This method is analyzed using fourier spectrum of
the output phase voltages and the total harmonic distortion (THD). With addition to this,
this thesis also discusses three phase inverter with 180 and 120 degrees conduction mode.
RLC low pass filter is designed to reduce the lower order dominating harmonics and to
lowers the total harmonic distortion (THD). The models for boost converter, gate driver
circuit three phase inverter with 180 and 120 degrees conduction mode (with and without
filter) have been simulated using proteus (simulator) and 8051 microcontroller is
programmed using uKeil (programming software) to control the switching pattern of
MOSFET’s.
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CHAPTER 1

INTRODUCTION

In present days, an electric power converter plays a important role in industries and power sector.
Power converters like, Rectifiers are used for transformation of AC power into DC power; Inverters
are used for transformation of DC power into AC power; AC voltage controllers/ Cycloconverters are
used for transformation of fixed AC into variable AC with variation in both magnitude/frequency;
Choppers are used for transforming fixed DC into variable DC. Among these converters, this thesis
shows focus towards inverters which finds an very important application in industries and domestic
purposes. Usually, an inverter gives a square waveform for given DC input. To make the output
sinusoidal, passive filter (Low Pass Filter) has been implemented in this thesis. Inverters can be
designed either uncontrolled switches like diodes or controlled switches like SCRs, IGBT’s and
MOSFET’s etc. But to get a AC output, it is necessary to use these controlled switches in inverters.
Since these devices are nonlinear, it includes disturbances called harmonics in the sinusoidal
waveform. Harmonics are multiple of fundamental frequency [1]. For example, if fundamental
frequency is 50Hz, then the second harmonic will be (2*50) 100Hz; third harmonic will be (3*50)
150Hz and so on. These harmonics will cause several disadvantages in power system like increase of
current, high losses, torque pulsations and heating of the equipments etc. Therefore the reduction of
harmonics is important to run the electrical systems smoothly. These harmonics are cumulatively
leads to a distortion called as Total Harmonic Distortion or THD. The Total Harmonic Distortion or
THD of a signal is the ratio of the square root of sum of the squares of all individual harmonic voltage
components to the power of the ]voltage fundamental frequency component.

THD is used to assess the power quality of power electronic converters. Less the THD, the waveform
will be free of harmonics and more the sinusoidal. Mitigation of THD in inverters can be done by

eliminating lower order harmonics using Low Pass Filter.
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Figure 1.1 Block diagram of the design of the inverter

The design of inverter has a DC supply whose voltage is stepped up by a DC-DC step up converter or
Boost Converter, the output of the boost converter acts as an input DC source for the three phase
bridge inverter. The output of the bridge inverter is square waveform, which has harmonics. In order
to convert the square wave out into sinusoidal wave form, we need to reduce to the harmonic
component of different order. In square wave output of the inverter,the lower order harmonics of
150Hz,200Hz,250Hz. are more dominating as compared to the higher order harmonics. In other
words, peak voltage levels of lower order harmonic component is greater than the peak voltage level
of the higher order harmonic component. The lower order harmonics are the main reason of
undesirable Total Harmonic Distortion(THD). In order to eliminate these harmonics, lower pass filter
of cutoff frequency less than that of is required dominating frequency is required.The low pass filter
reduces the peak voltage level of the dominating harmonics and gives an approximate sinusoidal wave
which is low in THD.

The switching control unit is a 8051 microcontroller which is programmed to control switching
duration and pattern of switching of MOSFETs of boost converter and inverter. The pin output
voltage of microcontroller is 5V, which is less than the required gate voltage to trigger a MOSFET.

To overcome this problem a gate driver is interfaced with microcontroller and it amplifies the low pin
voltage (5V) to high voltage(14.75V).



CHAPTER 2
LITERATURE REVIEW

A three-phase output can be obtained from a configuration of six MOSFETSs as shown in Figure

2.1.
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Figure 2.1 Three Phase Bridge Inverter Circuit Diagram
Two types of control signals can be applied to the MOSFET:
e 180° conduction mode

e 120° conduction mode

180° conduction mode
Each MOSFET conducts for 180°. Three MOSFETSs remain on at any instant of time. When

MOSFET S1 is turned ON, terminal ‘a’ of Figure 2.1 is connected to the positive terminal of the
DC source. When MOSFET S4 is turned ON, terminal ‘a’ is connected to the negative terminal
of the DC source. There are six modes of operation in a cycle and the duration of each mode is
60°. The switching pulses are as shown in Figure 2.2. The MOSFETs are numbered in the
sequence of gating the MOSFETSs. That is S1 S2 S3, S2 S3 S4, S3 S4 S5, S4 S5 S6, S5 S6 S1,
and S6 S1 S2.



The signals are shifted from each other by an angle of 60° to obtain balanced three phase
voltages.

The load may be in form of star or delta connected. For delta connected load, the phase currents

can be calculated from line to line voltages. Line currents are calculated from phase currents.

Table 2.1 Switching Sequence in /80° conduction mode

180° Degree Conduction Mode

Mode 5, S, S, S S S
1 ON OFF OFF OFF ON ON
2" ON ON OFF OFF OFF ON
3 ON ON ON OFF OFF OFF
g" OFF ON ON ON OFF OFF
5" OFF OFF ON ON ON OFF
6" OFF OFF OFF ON ON ON




For star connected load, the phase voltages must be calculated to determine the line currents.
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Figure 2.2 Switching pulse Waveforms for and 180 ° conduction mode




120° conduction mode

In 120° conduction mode , each MOSFET conducts for 120° duration . Only 2 MOSFETSs
remain ON at any instant of time. The switching pulses are as shown in Figure 2.3. The
conduction sequence of the MOSFETSs is S6 S1, S1 S2, S2 S3, S3 54,54 S5, S5 6 and S6 S1.

Table 2.2 Switching Sequence in /20° conduction mode

120° Degree Conduction Mode

Mode s1 s2 s3 54 S5 $6
1" ON OFF OFF OFF OFF | ON
2™ ON ON OFF OFF OFF | OFF
3" OFF ON ON OFF OFF | OFF
4" OFF OFF ON ON OFF | OFF
5" OFF OFF OFF ON ON OFF
6" OFF OFF OFF OFF ON ON
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Figure 2.3 Switching pulse for 120 ° conduction mode

2.1 Control of inverter output voltage

There are many applications in which it is important to control the output voltage of the inverter.
Two of these applications are a stabilized AC or DC voltage source from a supply whose voltage
changes rapidly during discharge, and an AC motor control system, in which a constant/fixed
voltage-to-frequency ratio has to be maintained to avoid saturation of motor. In both cases,
control of inverter voltage is required [1].

The output voltage of the single-phase inverter is square wave with magnitude nearly equal to

the input DC supply voltage. Therefore the output is proportional to the input supply voltage.



Three methods of output control are:

e Control of DC input supply t voltage

e Controlling AC output voltage

e And by Pulse width modulation (PWM)
If inverter is supplied from an AC supply by a rectifier, the input to the inverter can be
controlled by an induction regulator ,variac controlled rectifier[2].
If the supply is DC, it can be controlled by series or shunt ,chopper or regulator or using time-
ratio control method.

Reduction of harmonics in the inverter
The inverter output waveform varies depending on the load and the circuit used. In most cases

load requires sinusoidal wave output but most of the inverter produces square voltage output.
Therefore methods are required to convert the waveforms of the inverter output to a sinusoidal
waveform.[1] Harmonic reduction/mitigation can be done by the following methods:

e Resonating of load

e Low pass LC filter

e pulse width modulation

e Polyphase inverters.



2.2 Three phase inverter conduction modes

180° conduction mode

There are six modes of operation in a complete cycle and the equivalent circuits of three mode
are shown in Figure 2.4. The output waveforms for the voltages of each phase are shown in

Figure 2.5

MODE 1

Figure 2.4 Equivalent circuit diagrams for different modes of operation
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Figure 2.5 Phase voltage for 180 ° conduction mode

MODE 3




(a) During mode 1 of operation , for 0 < ot < 7/3
MOSSFETSs S5,S6 and S1 conducts, the equivalent resistance as seen from input source Vs is,
Req =R +R/2=3R/2
i1= Vsl Req =2V4/3R
Van= Ven = i1Req /2 =Vs/3

Vpn = —i15 = -2V5/3

(b) During mode 2 of operation, for nt/3 < ot <2x/3

MOSSFETs S2,S6 and S1 conducts, the equivalent resistance as seen from input source Vs is,
Req =R +R/2=3R/2

i,= VS/ Req =2V4/3R

Vgn = izg = 2Vs/3

Ven= Vpn =— iReq /2 =-Vs/3

(c) During mode 3 of operation, for2a/3<ot< n

MOSSFETs S1,S2 and S3 conducts, the equivalent resistance as seen from input source Vs is,
Req = R +R/2= 3R/2

is = 2Vs/3R

Ven = —i3§ =-2Vs/3

Van= Vpn =izReq /2 =Vs/3
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The instantaneous line current voltage, v,;,, in Figure 2.2 can be expressed in a Fourier series,
knowing that v, is shifted by 30 °and the even harmonics are absent .

4Vg

© nm T
Vap = —=.cos—.sinn( wt+ = 2.1
ab Zn=1,3,5... ( 6 ( 6)) (21)

nt

Ve and Vea can be determined by phase shifting Va» by 120° and 240° respectively.

4Vg

* nm . TT.
Vp, = —.cos—.sinn( wt—= 2.2
be Zn=1,3,5... ( 6 ( 2)) (22)

nt

Veq = Z (%. cos% .sinn( wt + 5?”)) (2.3)
n=13,5..

nt

From equations (2.1), (2.2) and (2.3) it can be noticed that the triplhen harmonics i.e, n=3, 6,
9., would be zero valued in the line voltages.

The line RMS voltages can be found from,

21
— 2 =
o U= \[—Zn J} v? d(wt) (2.4)

=0.816 Vs

From equation (2.4) the RMS nth component of the line voltage is

Vi = Wsz cos (%) (2.5)

nT

Which for n=1, gives the fundamental line to line voltage.
Vap=0.78 Vs
The RMS value of the phase voltages can be determined from the line voltage

Vpn=0.4717 Vs

© 2V
V,, = —sinnwt 2.6
n anﬁkﬂ(m ) (2.6)
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With resistive load, the diodes across the MOSFETs have no role. If the load’s nature is
inductive/capacitive, the current in each leg of the inverter would be delayed to its voltage.

The MOSFETs must be continuously triggered since the conduction time of MOSFETSs and
diodes depends on the load power factor.

For a star connected load, the phase voltage is Van =0.8523Vab with a delay angle of 30°.
The line current ia for an R-L load is given by[2]

] o 4V nm .
a= Zn=1 3,5 (Jmnnﬁ 1€08 (?)) -(sin(net = 8,) &7)

_10)L
Where On = tan ?

120° conduction mode.
There are three modes of operation in half cycle and the equivalent circuits are star connected
loads.

During model of operation, for 0< ot <m/3 ,MOSFETs S1 and S6 conduct,

Vgn =Vsl2 vy, =-VSI2 v, =0

During mode 2 of operation, for n/3< ot <2m/3 , MOSFETs S1 and S2 conduct,
Vgn =VSI2 vy, =0,v,, =-Vs/2

During mode 3 of operation for, 2 7/3< ot < x, MOSFETs S2 and S3 conduct

Van = 0, Vpn = Vslz y Uen = ‘Vslz

The phase voltages can be expressed in Fourier series as

(00}
_ s cos™ s n )
Van = Zn=1,3,5...(m‘ .cos——.sin n(wt+ 6) (2.8)
Vpn = Zoo (% cos = . sin n( wt — E)) (2.9)
o n=135.. \0T 6 2 '
_\ Vs Lo i )
Ven = zn=135...(n" .cos——.sin n(wt+ 6) (2.10)

12



The line voltage between phase ‘@’ and ‘b’ is Va=1.732 Van with a phase angle of 30 degree . There
is a delay of 30° angle between turning off MOSFET S1 and turning on MOSFET S4. Such that no
short circuit of the dc supply occurs.

At any time there, two load terminals are connected to the dc supply and the third one remains open.
Since the MOSFET conducts for 120° duration the MOSFETS are less utilized as compared to that of
the 180° conduction mode for the same connected load[9].

An inverter circuit is used to transform the DC power to AC power. This transformation can be
done by MOSFETs or by SCRs switches. For low and medium power output, common
MOSFETs and BJTs but MOSFETSs are suitable but for high power outputs and high power
MOSFETSs such as IGBT are used.[3] For low power self oscillating, MOSFET ized inverters are
suitable but for high power output applications, driven inverter are more common than self
oscillating ones [1]. Moreover for multiphase ac output, driven inverters must be used.

The driven inverters have higher frequency stability because a separate microcontroller is used
for the purpose. For inverter applications, MOSFET has following advantages over SCR [1]

e Higher switching speed(fast operation)
e Simple gate driver circuit(IR2101 MOSFET driver is used)
e Higher efficiency and more reliability(low switching losses)

This is mainly due to the fact that SCR inverters require separate circuit to turn off SCRs,
moreover another additional complex logic circuits is also needed to prevent unwanted triggering

and to provide proper commutation timing.

2.3 Performance Parameters of Inverter

The output voltage of a practical inverter always have harmonics content of different orders
therefore, the quality of an inverter is usually assessed by performance parameters given
below[3]

2.3.1 Harmonic factor of nth harmonic (HFn)

This is the measure of individual harmonic contribution and is expressed

as:

13



HFn = V—n
Vi

where V1 is the RMS value of the fundamental component and Vp, is the

RMS value of the n'" order harmonic component present.

2.3.2 Total harmonic distortion, THD
This is the measure of closeness or exactness in shape between a waveform and its fundamental

components.[3]

It is expressed as:
17

f

TDH :vi (21;23 VE) N
1

2.3.1 Distortion factor, DF
It is a measure of effectiveness in reducing undesirable harmonics content without specifying the

values of a second order filter. DF shows the amount of harmonic distortion that remains in a
waveform after the harmonic content of that waveform have been subjected to a second order
filter.[3]

441/
1 = Vn ‘1 2
DF = v, |#n=23. 2
The distortion of an individual (or nth) harmonic component is written as:
‘;"Tn
DF= Von?

2.3.4 Lower-order harmonic, LOH
This is that harmonic content whose frequency is nearest to the fundamental frequency, and its

magnitude is more than or equal to three percent of the fundamental component[3]

14



2.4 Types of load

2.4.1 Resistive load

The resistive load gives no problem to inverter. The voltage waveform is a square wave and

since current and voltage are in phase its waveform is also square in nature. This is shown in the

Figure 2.6..

esx-y)

V)

eL

V)

2n 3n an 5 I6n 71 Sn
21 3n an S 61t 7n 8n

Figure 2.6 Voltage and current waveforms for resistive load

Every MOSFET conducts for 180 and the magnitude for current depends on the load value. The

power delivered by MOSFET is [ VIdt and current’s waveform is also a

square-wave whose area is proportional to the power absorbed by load.

2.4.2 Inductive load

AC source while supplying a load having lagging (or leading) power factor load delivers power

to load in first half-cycle and receives power from load in the remaining half-cycle. In static

inverter the power source is DC in nature and if it has to supply a lagging power factor load, it

must be able to deliver power in half-cycle of the inverter and receiving power in the other half-

cycle.[8] In voltage source inverter, the transformed voltage is always a square wave in nature

because bit works in accordance with the driver circuit and hence current must shift phase [4].

Therefore in first half cycle of the voltage, power is delivered to the load (or given by the source)

and the inverter must be able to receive power and deliver it to the DC source in the other

15



cycle of the voltage--waveform, or this power should be dissipated on the load connected to the
inverter. The voltage and current waveform for an inductive (purely) load are shown in Figure
2.6. below

e, (x-y)
V)

V)

VAR VAR VAR VAR VAR

wt

Figure 2.7 .Voltage and current waveforms across a purely inductive load

When load voltage and current are in same phase, source delivers power and absorbed by the
load. But when the load voltage and current are in opposite phase, load delivers powers to source
.In a voltage source inverter (VSI), the MOSFETSs should pass current(conduct) as soon as they
are turned ON, that is switch S; should start to conduct in the normal direction as the voltage
crosses zero, but because of the inductive type load, the current doesn’t change its direction
immediately and continues to flow in opposite(reverse) direction. This means that the inductive
property of the load tries to force a reverse current through the MOSFETSs switches. However,
the semiconductor devices are unidirectional in nature and blocks reverse current interruption
takes place when the load current is at its maximum/peak value. This sudden blockage of current
causes a reverse voltage spike to develop on the transformer primary[2]. The reverse voltage is of

infinite value(high dv/dt) which can damage the devices. Switch S; would also face the same
when it tries to conduct at an angle of 7. This problem can be dealt by providing a freewheeling

path for the load current to flow during the device switching duration. There are two ways:

16



e Preloading the inverter (resistance in parallel with non resistive loads)
e Use of feedback diode.

e Preloading the inverter
Inverter preloading involves connecting a resistance in parallel with the non resistive loads. This

provides a freewheeling path for the stored energy in the inductor to dissipate itself and improves
the overall load power factor. This method increases losses and reduces the efficiency of the
inverter and because of large power dissipated (heat) across the resistor, the inverter size (KVA

rating) has to be increased.[3]

e Using feedback/freewheeling diodes
This method provides a freewheeling path for the current across the BJT.

This is done by connecting diodes across the semiconductor switches as sown in Figure 2.8

isl

Driving |-~ S D, LOAD
J

[ |
) DC voltadi sburce D2_§

D, z
| <

Figure 2.8 Circuit of voltage source inverter (VSI) with purely inductive load and feedback diodes

These diodes are referred to as feedback/ freewheeling diodes. When seen from the direction of
the load the feedback/freewheeling diodes operate as rectifiers permitting reverse energy to flow
from the load to the source.

Consider the instance when switch Sy is closed and Si switch is open, as S switch is opened and
S1 switch is closed, the current through S, becomes zero suddenly and unexpectedly but the
energy in the inductive load tries to force

current in the same direction. This creates a surge voltage due to di/dt if no path is available

for the current to flow. To avoid this situation, D; and D> diodes are connected across the

17



switches S; and S: respectively, the transformer acts as a source and excess voltage more than
the supply source forces current through the voltage source V1 and through the diodes Di. This
continues till the transformer voltage becomes equal to or less than the supply voltage. So long
as D1 diode is conducting S1 switch is reverse biased by the voltage drop of D:1 diode and cannot
conduct. As soon as current flowing through D diode becomes zero, S; switch starts to conduct
if it is still closed. The same phenomenon occurs in the reverse cycle when switch S: is opened
and S switch is closed.

The average current(in a complete cycle) through the supply source is always zero in this case
because no active power is drawn by pure inductive load.

2.4.3 Capacitive load

A capacitive load creates a similar problem as an inductive load for the voltage source inverter
(VSI). The voltage becomes a square wave while the current waveform changes considerably
due to capacitive loading[7. The voltage and current waveforms of the transformer primary for
purely capacitive load are shown in figure 2.8

N
R

Figure 2.9 Voltage and current wave form of capacitive load

Each time the semiconductor switch starts to conduct, current spikes appear in the transformer
primary because the square wave voltage of the transformer secondary supplies power to
reverse-charges the capacitor through the very low impedance(in milli ohm) presented by the
transformer windings and the reflected saturation resistance of the semiconductor switches. This
current continues to flow till the charge across the capacitor build up sufficiently. Due to these
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large current peaks, the heat losses of the inverter rises to a greater value lowering its

efficiency. Moreover the high value of di/dt exceeds the safe limit value of the semiconductor
devices and permanently damages them. This problem is overcomed by some resistance in the

circuit to limit the peak/maximum current but this increases the size of the inverter.
2.4.4 Motor load

The voltage source inverter (VSI) does not operate satisfactorily on motor loads. At the time of
start, power/current requirements of a motor may be several times greater than required in the
normal operation. This extreme transient condition may continue for many seconds depending on
the speed of the motor’s rotor. The power factor of the motor at this condition becomes extremely
poor and i.e, the order 0.3 lagging. Even with a power factor improvement condenser connected
across the motor, the low transient power factor during start- up can’t be compensated. To deal
with this transients, the current rating of the semiconductor devices/switches and the KVA rating
transformer should be accordingly increased and devices should be properly protected by
snubber circuit. Alternatively the motor inrush current could be lowered to a minimum value by
inserting a current-limiting series resistor.

The loop response should be compatible with the motor, otherwise this will cause hunting in
motors. That is sudden application/removal of motor load may generate high oscillations which

may continue indefinitely if a proper damping arrangement is not included.
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CHAPTER 3

DESIGN OF CONVERTERS

A microcontroller based three phase inverter was simulated using power MOSFET. IRF540 power
MOSFETSs is used in the simulation of the VSI inverter. IRF540 power MOSFETs were used
because of the following reasons;

e They have feedback/freewheeling diodes internally connected between their drain and source

e Low ON state voltage

e High current carrying capability

e Low ON state resistance

Design of Gate driver, boost converter, three phase inverter and low pass RLC filter is
discussed in this chapter.

3.1 Gate Driver Circuit

Gate driver circuit is circuit integral part of power electronics converters which is used to drive power
semiconductor devices like BJT’s, IGBT’s and MOSFETs. Output of DC-DC converters mainly depend
on behavior of gate driver circuits. If gate driver circuit doesn’t drive the gate of MOSFET switch
properly, designed DC- DC converter output will not be according to the requirement. Therefore design
of the gate driver circuit is very important in designing of the power electronics converters.

In order to amplify the low voltage level (5V) from the microcontroller’s pin, boost strap IR2101 IC
based gate driver circuit is always required. This circuit amplifies 5V of switching pulse to 14.75V.
With a voltage amplitude of 14.75 V the IR540 N-MOSFET can be easily triggered.

Ul —|_ 15V D3
19 bx7ai1 Po.0IADD -3 _lJ—D|‘ A
ROLIADH— _nonn
. Po.2/AD2 (-3E 1N40p7 s
18 | x1aL2 P0.3/AD3 [—32 u2
35 1
P0.4/AD4 B Cl (o}
P0.5/AD5 |—— BAAAYAVL VLV
0 PO.6/AD6 (33 [ U3A Zun v e |2 woF | —{p
—— RST P0.7/AD7 |—= 1 1 1 P HO 5
vs
p20/n8 2L L3N com o=
P21/A9 22 4069
p2.2/A10 [22
2 | psen P23iant (24 & IR2101 D1
3] ALE P2.4/A12 26 1N4148W
L 1Ea P25/A13 (25 L
P26/A14 |20 L
P2.7/A15 |—— -
-4 P10 P3.0RXD |
3] P11 P3.1/TXD B
S P12 P32INTO |2
EE P33INTL 5
%] P14 P3.4/T0 =
< 1pis PasmL 12
- P16 P36WR (10
— P17 P3.7RD |—

ATB9C51

Figure 3.1 circuit diagram IR2101 boost strap gate driver
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3.2 Boost Converter

The voltage output from solar panel is very low in magnitude, hence we need a converter which
can step up this voltage. In order to raise the voltage magnitude, power electronic DC to DC step
up converter called boost converter is needed.

3.2.1 General configuaration of Boost Converter

In a boost converter, the output voltage is greater than the input supply voltage — hence the word
“boost” is used. A boost converter having a MOSFET as a switch is shown in figure below.

+_. Dm
N CTTTTy
> L e o ‘ n +
a ]
A i, I i, I, 1
i i1
T|c, I ¥ s
M
v, ! e Ve I c LOAD
| [ | My
G '-_l__:_l__- ""',_-,.I I'!'!,_\
L ; R

Figure 3.2 Circuit diagram of Boost Converter.

The function of boost converter can be dealt in two modes, Mode 1 & Mode 2. Mode 1 starts MOSFET
is turned on at time t=0. The input current rises and flows through inductor L

and MOSFET M 1.

Mode 2 starts when MOSFET Muis turned off at time t = t1. The input current now flows through inductor

L, capacitor C, load, and diode D. The inductor current falls until the next cycle. The energy stored in
inductor L flows through the load

+ A
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(b) Figure 3.3 (a) & (b) Circuits for the two modes of operation
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Figure 3.4 Waveforms of the voltages and currents

22



3.2.3 Calculations of Boost Converter
Input Voltage (vy) =150 V
Input Resistance (r) = 1.5 Ohms
Output Voltage (v,) =200V
Output Current (i,) =5A
Ripple in input current (m) = 10% of output current = 5*0.1= 0.5A
Ripple in output voltage (n) = 3% =0.03*200= 6 V
Duty Cycle (D) =1 — — = 1-(150/200) = 0.25
Input Current (i;) = 6.66 A
Load Resistance (r, ) = v,/i, = 200/5= 40 Ohms
MOSFET ON state resistance(r;, ) = 0.3 Ohms
Critical Inductance(L.) = (D*vy)/( f * m) = (0.25*150)/(20000*0.5) = 5mH
Critical Capacitor (C.) = (D*i,)/( f * n) = (0.25*5)/(20000*6)= 150uF
LOSSES
MOSFET loss = (v, *v,* D) 1, ) =4*4*0.25/6 = 13.33 W
Input losses = (i; *i; )*r =1.5*1.5*6.66 = 2.25*6.67=15 W
Diode Losses = (1- D)*( vg*i; + i; *i; *r; )= (1-0.25)*(2*6.66 + 6.66*6.66*0.5)= 26.62 W
Losses = 26.62+15+13.33 =55 W

EFFICIENCY

Efficiency = 1-(losses/input power) = 1-(55/(150*6.66)= 94.49%
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3.3 Design of Inverter

3.3.1 180° conduction Mode

Input Voltage (v;) = 200 V

MOSFET ON state resistance(r;,,) = 0.28 Ohms

Per phase resistance (Y connected load, ) =10 Ohms
Source Current (i;) = 12.8 A

Voltage per phase v, (RMS) =91.4V

Line or Phase current =v, /r = 94.266/10 =9.14 A
Switch current (RMS) (iy,,) = vg/37r =6.56A
MOSFET Voltage Drop(v,, ) = 1.84 V

Input power = 200*12.8= 2560 W

Output Power = 3*v, *v, / r = 3*91.4*91.4/10 =2506.8 W =2.5068 kW
Losses

Input power —output power =2560-2506.8 =53.8W, g = =

Vor

THD

3
T
THD = 31.08%

3.3.2 120° conduction Mode

Input Voltage (v;) = 200 V

MOSFET ON state resistance(r;,) = 0.28 Ohms

Per phase resistance (Y connected load,r) =10 Ohms

Source Current(ig) =9.63 A

Voltage per phase v, (RMS) =78 V

Line or Phase current =v, /r = 78/10 =7.8 A

Switch current (RMS) (is,,) =v/3r =5.55A

MOSFET Voltage Drop (v,,) = 1.56V

Input power = 200*9.63= 1926 W

Output Power = 3*v, *v, / r = 3*78*78/10 =1825.2 W =1.825 kW
Losses

Input power —output power =1926-1825.2 =100.2W, g = ALS

Vor

which gives THD = 31.08%

1
51
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3.4. Design of Low Pass Filter

|l
< +

- C

Figure 3.5 Second Order Low Pass Filter

Transfer Function is given

LT (3.1)
3.4.1 Filter for 180° conduction mode

Cut off frequency

P
2nyIC (3.2)

Cut-off and required frequency of oscillation = 50Hz

® =2%*3.14*50 = 314 radian per second

Taking Quality factor = Q = 3.2 and C = 100uF

and the quality factor Q

__ 1 _ L1
Q= o,CR  VCR (3.3)
Q=oLR (3.4)

3.2 = 1/ (314*100*R)
R =9.8 Ohms

From Equation

3.2 = (314*L)/9.8

L= 100 mH
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From equation (3.1)
Transfer Function:
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Figure 3.6 Gain and Phase characteristics of filter (Bode Diagram)

Damping ratio

(3.5)

12¢,32=1/2¢

(2::

3.4.2 Filter Design for 120° conduction mode

Cut off frequency

Which gives
{=0.155

1

#

LT

2

Cut-off and required frequency of oscillation = 50Hz

2%3.14*50 =

w =

314 radian per second

4 and C = 100uF

Taking Quality factor = Q



and the quality factor Q

Q=0L/R

4 = 1/(314*100*R)

7.8 Ohms

R =

From Equation

4 = (314*L)/7.8

100mH
Transfer Function:

L=
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Figure 3.7 Gain and Phase characteristics of filter (Bode Diagram)

Damping ratio

1124, £=0.123

1/2 &, which gives,4

(2 =
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3.4.3 Gain Calculation of the Filter using Transfer Function

The cutoff frequency of both the filters used is 50Hz,which means that it will pass only the first
harmonic component of the inverter output i.e, the filter will pass only the fundamental component.
Transfer Function is given by

Where Vo is the inverter output voltage and Vi is the fundamental component of unfiltered square
output voltage .

Yo _ w?

L 024w
Jor

Vi 22

Gain is given by

|V0 | _ w2
Vi 1 22, 02R2
(L2C2 W) +w 1z

For 180° conduction mode’s filter

R=9.8 ohms, L=100 mH C=100uF,

|E = 1000002
vi = /(1000002-3142)2+(982.3142)

~2| =358
Vi

v; =90.3V (RMS of fundamental calculated from equation (2.6))

For 120° conduction mode’s filter
R=7.8 ohms, L=100 mH C=100uF,

|E = 1000002
vi = /(1000002-3142)2+(782.3142)

K2 | = 4.076
Vi

v;i =77.9V (RMS of fundamental calculated from equation (2.8)
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4.1 Circuits

CHAPTER 4

CIRCUIT AND WAVEFORMS
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Figure 4.1 Circuit of Bridge Inverter
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Figure 4.2 Circuit of Boost Converter
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4.2 Inverter Waveforms
4.2.1 Phase a}nd Line Voltages(Without RLC filter)

Digital Oscilloscope

Channel C

Auto _]

One-Shot ] .'/f" ey

CursorsJ s

< >

Figure 4.3 Phase and Line Voltages (/80° conduction mode)
Digital Oscilloscope

Channel C

Position

Channel D

Position

Pasition

Figure 4.4 Phase and Line (120" conduction mode)



4.2.2 Phase and Line Voltages (With RLC filter)

Digital Oscilloscope

Channel C
Position

Channel D
Position

| < I > ‘:’E”)]IET s I)]l'— |r1'|

Figure 4.5 Three phase voltages of Inverter (/80° conduction mode)

Digital Oscilloscope
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Figure 4.6 Line voltage of Inverter (180° conduction mode)
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Figure 4.7 Three phase voltages of Inverter (120° conduction mode)
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Figure 4.7 Three phase voltages of Inverter (120° conduction mode)
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4.3.1 Boost Converter’s Waveforms (Voltage)

Digital Oscilloscope

Channel C

Position

Position ac =l
i s]9)
GND {
OFF

Channel D

Position

Figure 4.9 Inductor Voltage and Switching Pulse Voltage

Digital Oscillosce
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Auto _I
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Channel D

| K
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Figure 4.10 (VOUT (output voltage) vs Time)
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4.3.2 Boost Converter’s Waveforms (Current)

Figure 4.11 (a) Inductor and (b) Diode Current.




Figure 4.12 Switch Current vs Time.

4.4 Switching Pulses
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Figure 4.13 Microcontroller’s and gate driver’s output switching pulse waveform
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Channel C

Figure 4.14 Switching pulses waveform 7/80° conduction

Channel €

S T

Channel D

AC

Figure 4.15 Switching pulses waveform 720° conduction
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CHAPTER 5
FOURIER ANALYSIS

To calculate the Total Harmonic Distortion of the inverter’s output voltage, Voltage vs
Frequency graph is plotted. This plot is known as Fourier spectrum. One can observe the
peak values of the voltages at different frequencies or we can say that peak voltage of

different order of harmonics can seen from the fourier spectrum.

ZV ZVS nm
Vgo = (n_n sin noot) and v,, = (E cos? sin n( wt + —))
n=6k+1 n=13,5..
Are the equation of phase voltages of inverter in 120 and 180° of conduction mode, phase
voltage of inverter output in 120° conduction has harmonics of order n=6k+1(k=0,1,2...)

whereas phase voltage in 180° conduction has only odd harmonics.

5.1 Fourier Spectrum of Inverter (120° conduction Mode)

Figure 5.1 Fourier Spectrum of Inverter in /20° conduction mode (without filter)

2
{8
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HEH#QQQF---------- Gt

Figure 5.2 Fourier Spectrum of Inverter in /20° conduction mode (with filter)

From Fig 5.1 and 5.3, it can be observed that at lower frequencies there are peaky voltages
and with increase in frequency the peak of the voltages reduces gradually, the voltage peaks
at lower frequencies shows the dominant nature of lower order harmonics in inverter without
a filter.

When a low pass filter of cut off frequency of 50Hz at each phase of inverter is applied, it
reduces the peaks of voltages at lower frequency or it filters out the dominating lower order

harmonics.

5.2 Fourier Spectrum of Inverter (180° conduction Mode)

1 -------------------
o0 o0 600 (] o0 ] 1D .20 1.30 1.60 .70 1.50 1.90k 2.00)
g

Figure 5.3 Fourier Spectrum of Inverter in /80° conduction mode (without filter)
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Figure 5.4 Fourier Spectrum of Inverter in /80° conduction mode (without filter)

It can be observed from Fig 5.2 and 5.4, unlike Fig 5.1 and 5.3 the fourier spectrum doesn’t
have peaky voltages levels at lower frequencies, this indicates the dominant harmonics has
been filtered out upto a certain extent and THD of the inverter is reduced and performance is

improved.
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5.3 THD Calculation of 120° conduction Mode & 180° conduction Mode

Order of | Frequency(Hertz) | Peak Voltage Magnitude Vn | RMS Voltage
Harmonic (Volts) Magnitude
Vn =Vpn/1.414
(Volts)
1 50 314 222.03
2 100 28 19.8
3 150 15 10.6
4 200 9.9 7
5 250 9.6 6.78
6 300 8 5.65
7 350 5 3.53
8 400 4.7 3.35
9 450 4.5 3.18
10 500 4.2 2.96
11 550 3.9 2.75
12 600 3.2 2.26
13 650 2 141
14 700 1.2 0.85
15 750 1 0.707

Table 5.1 Harmonic Analysis of Filtered phase voltage of inverter (120° conduction mode)

Va

Individual harmonicvoltage distortion values in volts, per unit volts, or kVV.
Vi = Fundamental voltage distortion values in volis, per unit volts,or kV.

V,; = 2nd harmonicvoltage distortion values in volts, per unit volts,or kVV.

. -
Vems = ﬂlVf 1+

(5.1)
= 2235V
¥
CF = Crest Factor = [Vosak|
Vrus (5.2)
=32250/223.5= 1.44
o , SV VU L+ 1T
THD = Total Harmonic Distortion = —= v x 100%
1 (5.3)
=(26.26/2220.03) *100
=11.827%
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Order of Harmonic Frequency(Hertz) Peak Voltage | RMS Voltage
Magnitude Vpn | Magnitude
(Volts) Vn =Vpn/1.414

(Volts)

1 50 318 224.86

2 100 28 19.8

3 150 13.5 9.54

4 200 9 6.36

5 250 8.5 6.01

6 300 6 4.24

7 350 5.5 3.89

8 400 4.5 3.53

9 450 3.8 2.68

10 500 3.6 2.54

11 550 3.5 2.47

12 600 2.8 1.97

13 650 2.5 1.76

14 700 12 0.84

15 750 11 0.77

Table 5.2 Harmonic Analysis of Filtered phase voltage of inverter (/80° conduction mode)

V., = Individual harmonicvoltage distortion values in volts, per unit volts, or kVV.

Vy, = Fundamental voltage distortion values in volts, per unit volts,or kV.
V,; = 2nd harmonicvoltage distortion values in volts, per unit volts,or kVV.

- S ﬂ
VRa\’fS: IV1L+V2‘+%‘...+VHL
A = 226.263V

V B3
CF = Crest Factor = M

RMS
=325.5/1.44=1.44

7z 2 £
JEFVEFVELFY,

~
&

= x 100

THD = Total Harmeonic Distortion = v
1

= (25.16/224.86) *100 = 11.908%

Yo
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RESULT

Table 5.3 THD and Output Voltage analysis with increasing value of Quality factor

S.No | Resistance | Quality RMS RMS Ouput | THD(%)
of Filter | Factor Ouput Voltage(120
(Ohms) Voltage(180 | Deg.
Deg. Conduction
Conduction | mode)
mode) Volts
Volts
1 21.08 1.5 121 102 23.45%
2 12.65 2.5 192 160 16.87%
3 9.03 35 246 208 10.7%
4 7.02 4.5 294 248 7.79%
5 5.75 55 328 282 5.68%
6 4.86 6.5 355 311 4.81%
7 4.21 7.5 378 332 2.79%

It can be observed from the above analysis that as the value of ‘R’ in the filter decreases the
quality factor ‘Q’ of the filter increases, With increasing value of ‘Q’ the voltage output of
the inverter also increases and the value of THD decreases and hence the performance of
improves with increasing value of the Quality Factor.

There is a limitation that as the value of the ‘Q’ increases the current drawn from the DC
input of the inverter also increases, this increased value of current also increases the switching
losses and moreover if very high amount of current is drawn from the source then the input
DC voltage will sag down ,therefore practically the quality factor of the filter cannot be

increased above a permissible limit.
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APPENDIX A
SOURCE CODE

There are two microcontrollers used for the designing purpose of the inverter. The first
microcontroller controls the switching sequence and duration of the inverter in both 180 and
120 degree conduction mode and the the second microcontroller is used to control the
switching of the boost converter.Both the microcontroller are programmed in ‘C’ language
using a programming software called Keil uVision4.

A.1 Boost Converter’s Switching Code

#include<reg51.h>
shit rel=P3"0;
void delay7() //1 uS timer
{TMOD=0X01;
TLO=0xfe;
THO=0xff;
TRO=1,;
while(TF0==0);
TRO=0;
TF0=0;
}
void main()
{int i;

rel=0;
for (;:)

{
for (i=1;i<=50;i++)
{

if(i<=13) //D=0.25

{rel=1;;delay7();}
else

{rel=0;delay7();}

s
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A.2 Three Phase Inverter’s Switching Code

#include<reg51.h>
#include<math.h>
sbit s1=P1"0;
sbit s2=P1"1;
sbit s3=P1"2;
sbit s4=P1"3;
sbit s5=P1"4;
sbit s6=P1"5;
sbit s7=P1"6;

sbit rs=P3"0;
sbit swl=P3"1;
sbit sw2=P3"2;
sbit sw3=P3"3;
shit sw4=P3"4;
sbit sw5=P3"5;
shit sw6=P3"\6;
shit en=P3"7;
shit reset=P0"1;
shit rel=P1"7;

int i,j,m=0,n=20/6,q[8],c=0,k=0;

char a2[]="MODE OF OPRTN:";
void delay7() //1 uS timer
{TMOD=0X01;

TLO=0xfe;

THO=0xff;

TRO=1,;

while(TF0==0);

TRO=0;

TF0=0;

}
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void delay(unsigned int s) //delay for lcd
{while(s)

st++;}

void delay2() //1 millisecond timer..
{TMOD=0X01;
TLO=0x18;

THO=0xfc;

TRO=1;
while(TF0==0);
TRO=0;

TF0=0;

}

void delay1() /50 msec
{TMOD=0X01;
TLO=0xfd;

THO=0x4b;

TRO=1,;
while(TF0==0);
TRO=0;

TF0=0;

}

void lcd_cmd(char d)
{

P2=d;

rs=0;

en=1;
delay(1);
en=0;

}

void lcd_data(char e)
{P2=¢;

rs=1;

en=1;
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delay(1);

en=0;

}

void lcd_cmds()
{ lcd_cmd(0x01);
Icd_cmd(0x80);
Icd_cmd(0x38);
Icd_cmd(0xOe);

by

void main()
{P3=0x00;
Ib3:

Ib4:

lcd_cmds();
for (i=0;i<=12;++i)
Icd_data(a2[i]);
lcd_cmd(0xc0);
Icd_data('1");lcd_data(".");lcd_data('1");lcd_data('2");lcd_data('0");//1.120
Icd_data(' *);//space
lcd_data('2");lcd_data(".");lcd_data('1");lcd_data('8");lcd_data('0");//2.180*/
Ib:

for (i=1;i<=21;i++)

{
if(i<=14)
{rel=1;;delay7();}
else
{rel=0;delay7();}
}
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goto Ib;

if(s1==0) //120

{
Ib2:

P3=0x00;

for (i=0;i<n;++i)
{swb=sw1=1,;
delay2();

}

P3=0x00;

for (i=0;i<n;++i)
{sw2=sw1=1,;
delay2();

}

P3=0x00;

for (i=0;i<n;++i)
{sw3=sw2=1;
delay2();

}

P3=0x00;

for (i=0;i<n;++i)
{sw3=sw4=1;
delay2();

}

P3=0x00;

for (i=0;i<n;++i)
{swh=sw4=1;
delay2();

}

P3=0x00;

for (i=0;i<n;++i)
{sw6=sw5=1;
delay2();

}
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if(s3==0)
goto Ib4;

goto 1b2;}
if(s2==0) //180

Ib:
P3=0x00;
for (i=0;i<n;++i)
{sw6=sw5=sw1=1;
delay2();
}
P3=0x00;
for (i=0;i<n;++i)
{sw6=sw2=sw1=1;
delay2();
}
P3=0x00;
for (i=0;i<n;++i)
{sw3=sw2=sw1=1;
delay2();
}
P3=0x00;
for (i=0;i<n;++i)
{sw2=sw3=sw4=1;
delay2();
}
P3=0x00;
for (i=0;i<n;++i)
{sw3=sw5=sw4=1;
delay2();
}
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P3=0x00;
for (i=0;i<n;++1i)
{sw6=sw5=sw4=1;
delay2();
}
if(s1==0)

goto 1b2;
if(s3==0)

goto Ib4;

goto Ib;}

if(s3==0)
goto Ib4;
getch();

¥
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APPENDIX B
DATA SHEET OF ICs

N
VISHAY.

IRF540, SiHF540

Vishay Siliconix

Power MOSFET

PRODUCT SUMMARY
Vps (V) 100
Ros(on) (€2) Vgs=10V 0.077
Qg (Max.) (nC) 72
Qgs (nC) 1
Qqd (nC) 32
Configuration Single
D
TO-220AB
.
a0
N
D
G s

N-Channel MOSFET

FEATURES

* Dynamic dV/dt Rating

* Repetitive Avalanche Rated Available

* 175 °C Operating Temperature RoHS*
R & poraiy COMPLIANT

* Fast Switching

* Ease of Paralleling

¢ Simple Drive Requirements

* Compliant to RoHS Directive 2002/95/EC

DESCRIPTION

Third generation Power MOSFETs from Vishay provide the
designer with the best combination of fast switching,
ruggedized device design, low on-resistance and
cost-effectiveness.

The TO-220AB package is universally preferred for all
commercial-industrial applications at power dissipation
levels to approximately 50 W. The low thermal resistance
and low package cost of the TO-220AB contribute to its
wide acceptance throughout the industry.

ORDERING INFORMATION
Package TO-220AB
IRF540PbF
Lead Fh)-tree SiHF540-E3
IRF540
SOER SiHF540
ABSOLUTE MAXIMUM RATINGS (T¢ = 25 °C, unless otherwise noted)
PARAMETER SYMBOL LIMIT UNIT
Drain-Source Voltage Vps 100 v
Gate-Source Voltage Vas +20
s ’ Tc=25°C 28
Continuous Drain Current Vgsat 10V Ip
Tc=100°C 20 A
Pulsed Drain Current® lom 110
Linear Derating Factor 1.0 W/°C
Single Pulse Avalanche Energy® Eas 230 mJ
Repetitive Avalanche Current? lar 28 A
Repetitive Avalanche Energy? Ear 15 mJ
Maximum Power Dissipation l Tc=25°C Pp 150 w
Peak Diode Recovery dV/dt® dV/dt 5.5 V/ns
Operating Junction and Storage Temperature Range Ty, Tsyg -55to+ 175 G
Soldering Recommendations (Peak Temperature) for10s 3004
. 10 Ibf - in
Mounting Torque 6-32 or M3 screw
1.1 N-m

Notes

a. Repetitive rating; pulse width limited by maximum junction temperature (see fig. 11).
b. Vpp =25V, starting T; = 25 °C, L = 440 pH, Rg = 25 Q, Ias = 28 A (see fig. 12).

c. lgp<28A, dl/dt <170 A/ps, Vpp < Vps, Ty < 175 °C.
d. 1.6 mm from case.

* Pb containing terminations are not RoHS compliant, exemptions may apply

Document Number: 91021
S$11-0510-Rev. B, 21-Mar-11
This datasheet is subj

www.vishay.com
1

tocl without notice.

ject to change .
THE PRODUCT DESCRIBED HEREIN AND THIS DATASHEET ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000

51



IRF540, SiHF540

Vishay Siliconix

N A
VISHAY.

THERMAL RESISTANCE RATINGS

PARAMETER SYMBOL TYP. MAX. UNIT
Maximum Junction-to-Ambient Riha - 62
Case-to-Sink, Flat, Greased Surface Rincs 0.50 - °C/W
Maximum Junction-to-Case (Drain) Rinic - 1.0

SPECIFICATIONS (T, = 25 °C, unless otherwise noted)

PARAMETER | symBoL | TEST CONDITIONS | miN. [ TYp. | max. | uNiT
Static
Drain-Source Breakdown Voltage Vbs Vas =0V, Ip =250 pA 100 - - \
Vps Temperature Coefficient AVpg/Ty Reference to 25 °C, Ip = 1 mA - 0.13 - V/°C
Gate-Source Threshold Voltage Vasith) Vps = Vas, Ip =250 pA 2.0 - 4.0 \Y
Gate-Source Leakage lass Vas=+20V - - +100 nA
Vps =100V, Vgs =0V 5 & 25
Zero Gate Voltage Drain Current Ipss s oS A
Vps=80V,Vgs=0V, T;=150°C = % 250
Drain-Source On-State Resistance Rps(on) Vgs =10V Ip=17 AP - - 0.077 Q
Forward Transconductance Ofs Vps=50V,Ip=17 AP 8.7 - - S
Dynamic
Input Capacitance Ciss Ves =0V, - 1700 -
Output Capacitance Coss Vps =25V, - 560 - pF
Reverse Transfer Capacitance Cise f = 1.0 MHz, see fig. 5 5 120 -
Total Gate Charge Qq - = 72
Ip=17 A, Vps =80V,
Gate-Source Charge Qgs Vags=10V £ - 1 nC
see fig. 6 and 13°
Gate-Drain Charge Qgd 3 = 32
Turn-On Delay Time td(on) - 11 -
Rise Time tr Vpp =50V, Ip =17 A - 44 - ns
Turn-Off Delay Time taofh Rg=9.1Q, Rp=2.9Q, see fig. 10° . 53 s
Fall Time ts - 43 -
Internal Drain Inductance Lp Between lead, ; - 4.5 -
6 mm (0.25") from H
package and center of e n
Internal Source Inductance Ls die contact - 7.5 -
Drain-Source Body Diode Characteristics
Continuous Source-Drain Diode Current Is g}ooili:ngft;);mbcl o - - 28
integral reverse . A
Pulsed Diode Forward Current® Ism p - n junction diode 4 = 8 110
Body Diode Voltage Vsp Ty=25°C,lg=28A,Vgs=0\WP = = 2.5 \
Body Diode Reverse Recovery Time t = 180 360 ns
y v it Ty=25°C, g =17 A, dl/dt = 100 A/usb
Body Diode Reverse Recovery Charge Qp = 1.3 2.8 uC
Forward Turn-On Time ton Intrinsic turn-on time is negligible (turn-on is dominated by Ls and Lp)

Notes

a. Repetitive rating; pulse width limited by maximum junction temperature (see fig. 11).

b. Pulse width < 300 ps; duty cycle <2 %.

www.vishay.com
2

THE PRODUCT DESCRIBED HEREIN AND THIS DATASHEET ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000

This datasheet is subject to change without notice.

Document Number: 91021
S$11-0510-Rev. B, 21-Mar-11
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International
IR Rectifier

Data Sheet No. PD-6.043C

IR2101

HIGH AND LOW SIDE DRIVER

Features

M Floating channel designed for bootstrap operation
Fully operational to +600V
Tolerant to negative transient voltage
dV/dt immune

W Gate drive supply range from 10 to 20V

B Undervoltage lockout

W 5V Schmitt-triggered input logic

B Matched propagation delay for both channels

B Qutputs in phase with inputs

Description

The IR2101 is a high voltage, high speed power
MOSFET and IGBT driver with independent high and
low side referenced output channels. Proprietary HVIC
and latch immune CMOS technologies enable rugge-
dized monolithic construction. The logic input is com-
patible with standard CMOS or LSTTL outputs. The
output drivers feature a high pulse current buffer stage
designed for minimum driver cross-conduction. The
floating channel can be used to drive an N-channel
power MOSFET or IGBT in the high side configura-
tion which operates up to 600 volts.

Typical Connection

Product Summary

VOFFSET 600V max.
lo+/- 100 mA /210 mA
Vout 10 - 20V

ton/off (typ.) 130 & 90 ns
Delay Matching 30 ns

Packages

up to 600V

Vgo © }J[ l_j:
& Vee |t Vg 4 :jjk
HIN o HIN HO
LIN o LIN Vg -1
COM LO —‘

=
N

CONTROL INTEGRATED CIRCUIT DESIGNERS’ MANUAL B-1
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Infernational

IR2101 TOR Rectifier

Absolute Maximum Ratings

Absolute Maximum Ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM. The Thermal Resistance and Power Dissipation ratings are measured
under board mounted and still air conditions.

Parameter Value
Symbol Definition Min. Max. Units
Ve High Side Floating Supply Voltage -0.3 625
Vs High Side Floating Supply Offset Voltage Vg -25 Vg +0.3
VHo High Side Floating Output Voltage Vg-0.3 Vg + 0.3
Vce Low Side and Logic Fixed Supply Voltage -0.3 25 v
VLo Low Side Output Voltage -0.3 Voo +0.3
VIN Logic Input Voltage (HIN & LIN) -0.3 Vcc + 0.3
dVg/dt Allowable Offset Supply Voltage Transient — 50 Vins
Pp Package Power Dissipation @ Ta < +25°C (8 Lead DIP) — 1.0 W
(8 Lead SOIC) — 0.625
ReuA Thermal Resistance, Junction to Ambient (8 Lead DIP) — 125 CIW
(8 Lead SOIC) — 200
Ty Junction Temperature — 150
Ts Storage Temperature -55 150 G
TL Lead Temperature (Soldering, 10 seconds) — 300

Recommended Operating Conditions

The Input/Output logic timing diagram is shown in Figure 1. For proper operation the device should be used within the
recommended conditions. The Vg offset rating is tested with all supplies biased at 15V differential.

Parameter Value
Symbol Definition Min. Max. Units

VB High Side Floating Supply Absolute Voltage Vs + 10 Vg + 20

Vs High Side Floating Supply Offset Voltage Note 1 600
VHo High Side Floating Output Voltage Vs Ve v
Vece Low Side and Logic Fixed Supply Voltage 10 20

VLo Low Side Output Voltage 0 Vee

VIN Logic Input Voltage (HIN & LIN) 0 Vee

TA Ambient Temperature -40 125 °C

Note 1: Logic operational for Vg of -5 to +600V. Logic state held for Vg of -5V to -Vps.

B-2 CONTROL INTEGRATED CIRCUIT DESIGNERS’ MANUAL



Absolute Maximum Ratings*

AIMEL

DC Output Current....

Operating Temperature..............oo...o.ccoeeeuenn. -55°C to +125°C *NOTICE:
Storage Temperature.............ccc.oeoeuueriereneeeennns -65°C to +150°C

Voltage on Any Pin

with Respectto Ground............cccoceeenicccnnnnne -1.0V to +7.0V

Maximum Operating Voltage ..........c.ccccoerneieiocneininiiceae 6.6V

DC Characteristics

T, =-40°C to 85°C, Vi = 5.0V £20% (unless otherwise noted)

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.

Symbol P: t Condition Min Max Units
Vi Input Low-voltage (Except EA) -05 0.2 Vge-0.1 \
Vi Input Low-voltage (EA) 05 02Ve-03 Y
Vi Input High-voltage (Except XTAL1, RST) 0.2 Vee+ 0.9 Vee*+05 \%
Vi Input High-voltage (XTAL1, RST) 0.7 Ve Vee*+05 \%
Voo Output Low-voltage'” (Ports 1,2,3) loL = 1.6 MA 0.45 \Y%
Output Low-voltage!" y
Vo1 (Port 0, ALE, PSEN) lgim22ma 045 v
low = -60 PA, Voo = 5V £10% 24 \%
Output High-voltage —
Vo (Ports 1,23, ALE, PSEN) lon =-25 KA 075 Vec v
loy =-10 pA 0.9 Ve \
low = -800 pA, Ve = 5V £10% 24 \Y
Output High-voltage _
Vo (Port 0 in External Bus Mode) low = -300 HA 005V Y
low = -80 A 09 Ve %
M Logical 0 Input Current (Ports 1,2,3) Vi =045V -50 BA
Logical 1 to 0 Transition Current _ R J
b (Ports 1,2,3) Vi = 2V, VCC = 5V +10% 650 BA
I Input Leakage Current (Port 0, EA) 0.45 <Vy < Ve *0 A
RRST Reset Pull-down Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, Ty = 25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current
Idle Mode, 12 MHz 5 mA
|
ce Ve = 6V 100 BA
Power-down Mode'?)
Ve = 3V 40 pA

Notes: 1.
Maximum g, per port pin: 10 mA

Maximum lg, per 8-bit port: Port 0: 26 mA

Ports 1, 2, 3: 15 mA

Maximum total | for all output pins: 71 mA
If I, exceeds the test condition, V, may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum V¢ for Power-down is 2V.

Under steady state (non-transient) conditions, |5, must be externally limited as follows:

55



	Hemant Kumar
	2.4 Types of load                                                                                                      15

	Reduction of harmonics in the inverter
	2.3 Performance Parameters of Inverter
	2.4 Types of load

