
Module I

• SCR-Structure, static characteristics & 
switching (turn-on & turn-off) characteristics 

• - di/dt & dv/dt protection –

• turnon methods of SCR - two transistor 
analogy - series and parallel connection of 
SCRs -Structure and principle of operation of 
power diode, TRIAC,GTO, Power MOSFET & 
IGBT – Comparison



SCR (Silicon Controlled Rectifier)

• Four layer, three junction, p-n-p-n 
semiconductor switching  device.

• Basically a thyristor consist of 4 layers of 
alternate p-type and  n-type silicon 
semiconductors forming three junctions J1, J2 
and J3





SCR (Silicon Controlled Rectifier)

➢ Gate terminal is usually kept near the cathode terminal
➢ The terminal connected to outer p region is called the 

anode
➢ The terminal connected to outer n region is called the 

cathode and that connected to inner p region is called gate
➢ For large current applications thyristors need better 

cooling, this is achieved to great extent by mounting them 
onto heat sinks

➢ SCRs of voltage rating 10kV and an r.m.s current rating of 
3000A with corresponding power handling capacity of 
30MW are now available

➢ Such a high power thyristor can be switched on by a low 
voltage supply of about 1A and 10W



• An SCR is so called because silicon is used for 
its construction and its operation as a rectifier 
can be controlled

• Like the diode SCR is a unidirectional device, 
that blocks the current flow from cathode to 
anode

• Unlike the diode, a thyristor also blocks the 
current flow from anode to cathode until it is 
triggered into conduction by a proper gate 
signal between gate and cathode terminal



SCR – Static V-I Characteristics

• An elementary circuit diagram for obtaining 
static V-I characteristics of a thyristor is shown 
below

• The anode and cathode are connected to 
main source through load

• The gate and cathode are fed from a source of 
Es which provides +ve gate current from gate 
to cathode







The characteristics reveals that a thyristor
has three basic modes of operation 
Reverse blocking mode
Forward blocking mode (off state)
Forward conduction mode (on state)



• Reverse blocking mode

• When cathode is made +ve w.r.t anode with switch S open 
thyristor is reverse biased Junction

• J1 and J3 are seen to be reverse biased

• A small leakage current of the order of a few milli-amperes 
flows. This is reverse blocking mode, called the off state of a 
thyristor

• If the reverse voltage is increased, then at a critical breakdown

• level, called reverse breakdown voltage VBR, an avalanche occur 
at J1 and J3

• Reverse current increases rapidly



Forward blocking mode

• When anode is +ve w.r.t cathode, with gate circuit 
open,thyristor is said to be forward biased

• J1 and J3 are forward biased
• J2 is reverse biased
• In this mode, a small current called forward 

leakage current flows
• As the forward leakage current is small, SCR offer 

a high impedance
• Therefore a thyristor can be treated as an open 

switch even in the forward blocking mode



Forward conduction mode

• When anode to cathode forward voltage is increased with 
gate circuit open, reverse biased junction J2 will have an 
avalanche breakdown at a voltage called forward break-over 
voltage VBO

• After this breakdown thyristor gets turned on with point M at 
once shifting to N and then to a point where between N and K

• Here NK represents the forward conduction mode
• A thyristor can be brought from forward blocking mode to 

forward conduction mode by turning on by applying 
1)A positive gate pulse between gate and cathode
2)A forward break-over voltage across anode and cathode



SCR – Switching Characteristics

• During turn on and turn off process a thyrisor
is subjected to different voltages across it and 
different currents through it

• The time variation of a voltage across a 
thyristor and the current through it during 
turn on and turn off process gives the dynamic 
or switching characteristics of a thyristor



SCR – Switching Characteristics



Switching characteristics during turn 
on

• A forward biased thyristor is usually turned on by 
applying a +ve gate voltage between gate and cathode . 
There is however a transition time form forward off 
state to  forward on state.

• This transition time is called thyristor turn on time Is 
defined as the time during which it changes from 
forward blocking state to final on state

• The turn on time can be divide into three intervals
• Delay time td
• Rise time tr
• Spread time tp



Delay time td

➢ Measured from the instant at which gate current reaches

0.9Ig to the instant at which anode current reaches 0.1Ia

➢ Ig and Ia are the final values of gate and anode currents

➢ It can also be defined as the time during which anode    
voltage falls from Va to 0.9Va.Va is the initial value of anode 
voltage

➢ Another way of defining is the time during which anode

Current rises from forward leakage current to 0.1Ia, where Ia

is the final value of anode current



➢ With the thyristor initially in the forward blocking state the anode
voltage is OA and anode current is small leakage current
➢ Initiation of turn on process is indicated by a rise in anode current

from small leakage current and a fall in anode cathode voltage
from forward blocking voltage OA
➢ As gate current begins to flow from gate to cathode with the

application of gate signal, the gate current has non-uniform
distribution of current density over cathode surface due to the p
layer

➢ During delay time anode current flows in a narrow region near
the gate where gate current density is the highest

➢ The delay time can be reduced by applying high gate current and
more forward voltage between anode and cathode

➢ The delay time is fraction of microsecond



Rise time

➢ Is the time taken by the anode current to rise form 0.1Ia to
0.9Ia

➢ Time required for the forward blocking off state voltage to
fall from 0.9 to 0.1 of its initial value

➢ Rise time is inversely proportional to the magnitude of 
gate
current and its build up rate

➢ Rise time can be reduced if high and steep current pulses 
are  applied to the gate

➢ The main factor determining the tr is the nature of anode
circuit



➢During rise time turn on losses in the thyristor
are the highest due to high anode voltage and 
large anode current occurring together in the 
thyristor

➢ As these losses occur only over a small 
conducting region,local hot spot may be 
formed

➢And the device may be damaged



Spread time
➢ Time taken by the anode current to rise from 0.9Ia to Ia

Time for the forward blocking voltage to fall from 0.1 of its
initial value of its on state voltage drop (1 to 1.5V)

➢ During this time conduction spreads over entire cross section
of the cathode of SCR

➢ After the spread time anode current attains steady state value
and the voltage drop across SCR is equal to the on state
voltage drop of the order of 1 to 1.5V

➢ Total turn on time of an SCR is equal to the sum of delay
time, rise time and spread time

➢ Manufactures usually specify the rise time which is of the
order of 1 to 4μ sec

➢ Total turn on time depends on the anode circuit parameters and 
gate signal wave-shapes 



Switching characteristics duringTurn
off

➢ Turn off means that it has changed from on to off state and 
is capable of blocking the forward voltage

➢ This dynamic process of SCR from conduction state to
forward blocking state is called commutation process or turn
off process
➢ Once the thyristor is on, gate loses control the SCR can be 

turned off by reducing the anode current below holding 
current

➢ The turn of time tq of a thyristor is defined as the time
between the instant anode current become zero and the
instant SCR regains forward blocking capability



• During time tq, all the excess carriers from the four layers 
of SCR must be removed.

• This removal of excess carriers consisting of sweeping out 
of holes from outer p layer and electrons from outer n layer

• The carriers around junction J2 can be removed only by
• recombination
• The turn off time is divided into two interval
• 1) Reverse recovery time trr
• 2) Gate recovery time tgr
• tq=trr+tgr





Reverse recovery time
➢ At instant t1, anode current becomes zero
➢ After t1, anode current build up in the reverse direction
➢ The reason for the reversal of anode current after t1 is due to the

presence of carriers stored in the four layers
➢ The reverse recovery current removes excess carriers from the end 

junction J1 and J3 between the instant t1 and t3
➢ In other words, reverse recovery current flows due to the
➢ sweeping out of holes from top p layer and electrons from bottom 

layer
➢ At instant t2, when about 60% of the stored charges are removed

from the outer two layers carrier density across J1 and J3 begins
to  ecrease and with this reverse recovery current also starts 

decaying



• The reverse current decay is fast in the beginning but 
gradual thereafter

• The fast decay of the recovery current causes a reverse

voltage across the device due to the circuit inductance

• This reverse voltage surge may cause damage to the 
device

• In practice this avoided by using protective RC element

across SCR

• At instant t3, when reverse recovery current has fallen 
nearly to zero, end junction J1 and J3 recover and SCR 
is able to block the reverse voltage



Gate recovery time

➢ At the end of reverse recovery period (t1-t3), the middle junction
J2 still has trapped charges therefore, the thyristor is not able to
block the forward voltage at t3

➢ The trapped charges around J2 cannot flow to the external circuit
➢ Therefore this charges must decay only by recombination
➢ This recombination is possible if a reverse voltage is maintained

across SCR  The rate of recombination of charges is independent
of   the external circuit parameter

➢ The time for recombination of charges between t3 and t4 is called
gate recovery time tgr



• At instant t4, junction J2 recovers and the forward 
voltage can be reapplied between anode and 
cathode

• The turn off time provided to a thyristor by the 
practical

circuit is called circuit turn off time tc
• Is defined as the time between the instant anode 

current
become zero and the instant reverse voltage due
to practical circuit reaches zero

• tc must be greater than tq for reliable turn off
• Otherwise the device may turn on at undesired 

instant, process called commutation failure



Thyristor protection

• Reliable operation of a thyristor demands that its 
specified ratings are not exceeded.In practice, a 
thyristor may be subjected to overvoltage or 
over-currents

• During SCR turn on, di/dt may be prohibitively 
large

• There may be false triggering of SCR by high value 
of dv/dt

• A thyristor must be protected against all such 
abnormal conditions for satisfactory and reliable 
operation of SCR circuit and the equipment



• di/dt protection

• When a thyristor is forward biased and is turned on by a gate 
pulse, conduction of anode current begins in the immediate 
neighborhood of the gate cathode junction

• Thereafter the current spread across the whole area of the 
junction

• The thyristor design permit the spread of conduction to the 
whole junction area as rapidly as possible

• However if the rate of rise of anode current i.e., di/dt is large 
as compared to the spread velocity of carriers, local hot spot 
will be formed near the gate junction.This localized heating 
may destroy the thyristor.

• Therefore the rate of rise of anode current at the time of turn 
on must be kept below the specified limiting value



• The value of di/dt can be maintained below acceptable limit
by using a small inductor called, di/dt inductor in series
with the anode circuit

• Typical di/dt limit values of SCR are 20 – 500 A/ μ sec
• Local hot spot heating can also be avoided by ensuring that

the conduction spreads to the whole area as early as possible
• This can be achieved by applying agate current nearer to the

maximum specified gate current
di/dt=Vs/Ls
Ls – series inductance including stray inductance



dv/dt protection

• If rate of rise of suddenly applied voltage across thyristor is 
high, the device may get turned on

• Such phenomena of turning on a thyristor is called dv/dt turn 
on And this must be avoided as it leads to false operation of 
the thyristor circuit

• For controllable operation of the thyristor, the rate of rise of
anode to cathode voltage dVa/dt must be kept below 
the specified limit

• Typical value of dv/dt are 20 – 500V / μ sec
• False turn on of a thyristor by large dv/dt can be prevented 

by  using a snubber circuit in parallel with the device



• Snubber circuit

• Consist of a series combination of resistance Rs and 
capacitance Cs in parallel with the thyristor

• Cs in parallel with the device is sufficient to prevent unwanted

• dv/dt triggering of the SCR

• When switch S is closed, a sudden voltage appear across the 
circuit Capacitor Cs behaves like a short circuit, therefore 
voltage across SCR is zero

• With the passage of time voltage across Cs builds up at a slow 
rate such that dv/dt across Cs and therefore across SCR is less 
than the specified maximum dv/dt rating of the device



• When the SCR is turned on capacitor discharges 
through the SCR and sends a current equal to Vs/ 
(resistance of the path formed by Cs and SCR)

• As this resistance is quite low, the turn di/dt will 
tend to be excessive and as a result SCR may be 
destroyed

• In order to limit the magnitude of discharge 
current a resistance Rs is inserted in series with 
Cs

• The value of snubber circuit constant τ=RsCs can 
be determined from for a known value of dv/dt.

























































Power semiconductor diode
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Module 3 
 
 
 
 

3-phase half-wave controlled rectifier with R load – 3-phase fully controlled & 

half-controlled converter with RLE load (continuous conduction, ripple free) – 

output voltage equation-waveforms for various triggering angles (no analysis) – 

1-phase & 3-phase dual converter with & without circulating current – four-

quadrant operation 
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3 phase half-wave controlled rectifier with R load 

 The half-controlled bridge, or „„semi-converter,‟ is analyzed by considering it as 

a phase-controlled half-wave circuit in series with an uncontrolled half-wave 

rectifier. 

 The average dc voltage is given by the following equation: 

 

 

 

 

 

 



 

3 phase half-wave controlled rectifier with R load 

 Then, the average voltage VD never reaches negative values. 

 The output voltage waveforms of the half-controlled bridge are similar to those 

of a fully controlled bridge with a freewheeling diode. 

  The advantage of the free-wheeling diode connection, shown in Fig is that there is 

always a path for the dc current independent of the status of the ac line and of the 

converter. 

 This can be important if the load is inductive-resistive with a large time constant, 

and there is an interruption in one or more of the line phases. 
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3 phase fully controlled rectifier with RLE load 

 The output of the three-phase rectifier can be controlled by substituting SCRs for 

diodes. 

 Figure a shows a controlled six-pulse three-phase rectifier. 

 With SCRs, conduction does not begin until a gate signal is applied while the 

SCR is forward-biased. 

 

 

 

 



 

3 phase fully controlled rectifier with RLE load 

 Thus, the transition of the output voltage to the maximum instantaneous line-to-

line source voltage can be delayed. 

 The delay angle is referenced from where the SCR would begin to 

conduct if it were a diode. 

 The delay angle is the interval between when the SCR 

becomes forward-biased and when the gate signal is applied. 

 Figure b shows the output of the controlled rectifier for a delay angle of 45. 

 Average output voltage 

 

 



 

 

 

 

Dual converters 

 Semi-converters are single quadrant converters 

  this means that over the entire firing angle range, load voltage and current have 
one polarity 

 In full converters direction of current cannot reverse, because of the uni-
directional property of the SCRs but polarity of output voltage can be reversed 

 Thus a full converter operate as a rectifier in 1st quadrant and as an 

inverter in 4th quadrant. 

 This shows that a full converter can operate as a two quadrant converter 

 In the 1st quadrant power flow from ac source to dc load and in 4th quadrant power 
flow from dc crcuit to ac source 

 

 

 



 

 

 

 

Dual converters 

 In case four quadrant operation is required without any mechanical change over 

switch, two full converter can be connect back to back to the load circuit 

 Such an arrangement using two full converters in anti- parallel and connected to 

the same dc load is known as a dual converter 

 There are two functional modes of a dual converter Circulating 

current mode 

Non-circulating current mode 

 

 

 

 

 

 



 

Dual converter without circulating current 

 With non-circulating current dual converter, only one converter is in operation at 

a time and it alone carries the entire load current 

 Only this converter receives the firing pulses from the trigger control 

 The other converter is blocked from the conduction 

 This is achieved by removing the firing pulses from this converter 

 Thus only one converter is in operation at a time where as the other converter is 

idle 

 

 

 



 

Dual converter without circulating current 

Single phase 

 

 

 

 

 



 

Dual converter without circulating current 

Three phase 

 

 

 

 

 

 

 

 



 

Dual converter without circulating current 

 Suppose converter 1 is in operation and is supplying the load 

current 

 For blocking converter 1 and switching on converter 2, first firing 

pulses to converter 1 are immediately removed 

 Or the firing angle of converter 1 is increased to maximum value and then its 

firing pulses are blocked 

 With this load current would decay to zero and then only 

converter 2 is made to conduct by applying the firing pulses to it 

 Now the current in converter 2 would build up through the load in the reverse 

direction 

 As long as converter 2 is in operation converter 1 is idle as firing pulses are 

withdrawn from it 



 

Dual converter without circulating current 

 It should be ensure that during changeover from one converter to another the 

load current must decays to zero 

 After the outgoing conductor has stopped conducting, a delay time of 10 to 20 

msec is introduced before the firing pulses are applied to switch on the incoming 

converter 

 This time delay ensure reliable communication of SCRs in the outgoing 

converter 

 If the incoming converter is triggered before the outgoing converter has been 

completely turned-off, a large circulating current would flow between two 

converters 

 

 

 



 

 

 

 

 

Dual converter with circulating current 

Single phase 

 

 

 

 



 

 



 

 

 

 

 

Dual converter with circulating current 

Three phase 

 

 

 



 

 



 

 

 

 

 

Dual converter with circulating current 

 In the circulating current mode of dual converter, a reactor is 
inserted in-between converter 1 and 2 

 This reactor limit the magnitude of circulating current to a 

reasonable value 

 The firing pulses of the two converter is adjusted that=180 

 If firing angle of converter 1 is 60 then firing angle of converter 2 is 120 

 Therefore for these firing angle the converter 1 is working as 
rectifier and converter 2 as inverter 

 Though the output voltage at terminals of both converter 1 and 2 has same 
polarity and also same average value 

 However the instantaneous output voltage wave form is not 
similar 



 

 

 

 

 

Dual converter with circulating current 

 As a consequence of it circulating current flows between two converters 

 If the load current is to be reversed, the role of two 

converters is interchanged 

 The main disadvantages of this converter are 

 A reactor is required to limit the circulating current 

 Circulating current give rise to more losses 

 As the converter has to handle load as well as circulating current the thyristor 

for the two converters are rated for higher current 
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Module 4 
 
 
 

Inverters – voltage source inverters– 1-phase half-bridge & 

full bridge inverter with R & RL loads – THD in output 

voltage – 3-phase bridge inverter with R load – 120° & 180° 

conduction mode – current source inverters. 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Inverters 
 Inverters are circuits that convert dc to ac. More precisely, 

inverters transfer power from a dc source to an ac load. 

 Inverters are used in applications such as adjustable-speed ac 

motor drives, uninterruptible power supplies (UPS), and 

running ac appliances from an automobile battery. 

 For sinusoidal ac outputs, the magnitude, frequency, and 

phase should be controllable. According to the type of ac 

output waveform, these topologies can be considered as 

 voltage source inverters (VSIs), 

 current source inverters (CSIs), 
 

 

 



 

 

 

 

 

Voltage source inverters – single phase 

 Single-phase voltage source inverters (VSIs) can be found as 

 half-bridge and 

 full-bridge topologies. 

 Although the power range they cover is the low one, they are 

widely used in power supplies, single-phase UPSs, and 

currently to form elaborate high-power static power 

topologies, such as for instance, the multi-cell configurations 
 

 

 

 
 

 

 

 

 

 

 

 



 

 

 

 

Single phase half bridge VSI 
 Two large capacitors are required to provide a neutral point N, 
such that each capacitor maintains a constant voltage vi=2. 

 Because the current harmonics injected by the operation of the 
inverter are low-order harmonics, a set of large capacitors (C+ 
and C-) is required. 

  It is clear that both switches S+ and S- cannot be on 
simultaneously because a short circuit across the dc link voltage 
source vi would be produced. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
 

 

 



 

Single phase half bridge VSI 
 There are two defined (states 1 and 2) and one undefined 

(state 3) switch state as shown in Table. 

  In order to avoid the short circuit across the dc bus and the 

undefined ac output voltage condition, the modulating 

technique should always ensure that at any instant either the 

top or the bottom switch of the inverter leg is on. 
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Single phase half bridge VSI 

 

 

 



 

 

Single phase full bridge VSI 
 This inverter is similar to the half-bridge inverter; however, a 

second leg provides the neutral point to the load. 

 As expected, both switches S1+ and S1- (or S2+ and S2-) 

cannot be on simultaneously because a short circuit across 

the dc link voltage source vi would be produced. 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 



 

 

 

 

Single phase full bridge VSI 
 There are four defined (states 1, 2, 3, and 4) and one 

undefined (state 5) switch states as shown in Table 
 
 

 

 

 
 



 

 

 

 

Single phase full bridge VSI 
 The undefined condition should be avoided so as to be always 
capable of defining the ac output voltage. 

 In order to avoid the short circuit across the dc bus and the 
undefined ac output voltage condition, the modulating technique 
should ensure that either the top or the bottom switch of each leg 
is on at any instant. 

 It can be observed that the ac output voltage can take values up to 
the dc link value vi , which is twice that obtained with half-bridge 
VSI topologies. 

 Several modulating techniques have been developed that are 
applicable to full-bridge VSIs. 

 Among them are the PWM (bipolar and unipolar) techniques 
 

 
 



 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 

 

 

 

Three phase bridge inverter 
 Single-phase VSIs cover low-range power applications and 

three-phase VSIs cover the medium- to high-power 

applications. 

 The main purpose of these topologies is to provide a three- 

phase voltage source, where the amplitude, phase, and 

frequency of the voltages should always be controllable. 

 Although most of the applications require sinusoidal voltage 

waveforms (e.g., ASDs, UPSs, FACTS, var compensators), 

 Arbitrary voltages are also required in some emerging 

applications (e.g., active filters, voltage compensators). 
 

 

 
 



 

 

 

 

Three phase bridge inverter 
 The standard three-phase VSI topology is shown in Fig. and 

the eight valid switch states are given in Table 
 

 

 

 

 

 

 



 

 

 

 

Three phase bridge inverter 
 As in single-phase VSIs, the switches of any leg of the inverter 

(S1 and S4, S3 and S6, or S5 and S2) cannot be switched on 

simultaneously because this would result in a short circuit 

across the dc link voltage supply. 
 

 



 

 

 

 

Three phase bridge inverter 
 Similarly, in order to avoid undefined states in the VSI, and 

thus undefined ac output line voltages, the switches of any 

leg of the inverter cannot be switched off simultaneously as 

this will result in voltages that will depend upon the 

respective line current polarity. 

 The eight valid states, two of them (7 and 8 in Table) produce 

zero ac line voltages. 

 In this case, the ac line currents freewheel through either the 

upper or lower components. 
 

 

 

 

 

 

 



 

 

 

 

Three phase bridge inverter 
 The remaining states (1 to 6 in Table) produce nonzero ac 

output voltages. 

  In order to generate a given voltage waveform, the inverter 

moves from one state to another. 

  Thus the resulting ac output line voltages consist of discrete 

values of voltages that are vi , 0, and -vi for the topology 

shown in Fig. 

  The selection of the states in order to generate the give 

waveform is done by the modulating technique that should 

ensure the use of only the valid states. 
 
 

 
 



 

 

 

 

Three phase bridge inverter – 120 ͦ 
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Three phase bridge inverter – 180 ͦ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

294  



EE 305 Power Electronics 8/21/2017 

 

 

Three phase bridge inverter 
 

 

 

 



 

Current source inverters 
 The main objective of these static power converters is to produce 

ac output current waveforms from a dc current power supply. 

 For sinusoidal ac outputs, its magnitude, frequency, and phase 

should be controllable. 

 Due to the fact that the ac line currents ioa, iob, and ioc (Fig. CSI) 

feature high di=dt, a capacitive filter should be connected at the ac 

terminals in inductive load applications (such as ASDs). 

 Thus, nearly sinusoidal load voltages are generated that justifies 

the use of these topologies in medium-voltage industrial 

applications, where high-quality voltage waveforms are required. 

 Although single-phase CSIs can in the same way as three-phase 

CSIs topologies be developed under similar principles, 
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Current source inverters 
 
 

 

 

 

 



 

 

Current source inverters 
 Only three-phase applications are of practical use and are analyzed 
in the following. 

 In order to properly gate the power switches of a three phase CSI, 
two main constraints must always be met: 

(a) the ac side is mainly capacitive, thus, it must not be short 
circuited; this implies that, at most one top switch (1, 3, or 5) and 
one bottom switch (4, 6, or 2) should be closed at any time; and 

(b) the dc bus is of the current-source type and thus it cannot be 
opened; therefore, there must be at least one top switch (1, 3, or 
5) and one bottom switch (4, 6, or 2) closed at all times. 

 Note that both constraints can be summarized by stating that at 
any time, only one top switch and one bottom switch must be 
closed. 

 There are nine valid states in three-phase CSIs. 
 
 



 

 

 

 

Current source inverters 
 The states 7, 8, and 9 produce zero ac line currents. 

 In this case, the dc link current freewheels through either the 

switches S1 and S4, switches S3 and S6, or switches S5 and S2. 

 The remaining states (1 to 6 in Table 14.4) produce nonzero ac 

output line currents. 

 In order to generate a given set of ac line current waveforms, the 

inverter must move from one state to another. 

 Thus, the resulting line currents consist of discrete values of 

current, which are ii , 0, and -ii. 

 The selection of the states in order to generate the given 

waveforms is done by the modulating technique that should ensure 

the use of only the valid states. 



 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 

 

MODULE-5 
AC Voltage Controllers 

 

• Converts Fixed AC Voltage to Variable AC Voltage 

• Thyristor based controller 

• Two Types of Control 
• Phase Control 

• Conduction take place in a portion of each half cycle, starting 
from a specific phase angle (firing angle) 

• Integral Cycle Control 
• Conduction takes place for integral number of full cycles and 

turn off for further number of cycles. 

• Used in systems with large time constant 
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Basic Controller with RL Load 
 
 
 
 
 
 
 
 

 

R 
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• Output current extends beyond the 
zero crossing point of input voltage 

• Output voltage follows input as long 
as current is present 

• Control may not be possible with 
highly inductive loads 
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Controller Types 
 
 
 

 

• Thyristors connected in 
antiparallel 

• Each SCR conducts for one 
half cycle 

• Cathodes are not 
connected to a common 
point; so isolated trigger 
circuit is needed 

• Efficient, since only one SCR 
conducts during turn on 
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Controller Types 
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Conduction in 
Positive Half Cycle 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
T1 T2 

 

 
 

Conduction in 
Negative Half Cycle 

• 

Cathodes of thyristors 
connected together; so 
isolated trigger circuit is not 
necessary 

• Each SCR conducts for one 
half cycle along with a 
diode 

• Less efficient, since one SCR 
and one diode conduct 
during turn on 

V 
S 

D2 D1 VO V 
S 

D2 D1 VO 
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Controller Types 
 
 
 

 

• Employs four diodes and 
one thyristor 

• Less expensive 

• Since there is only one 
thyristor, isolated trigger 
circuit is not necessary 

• Low efficiency since one 
SCR and two diodes 
conduct during turn on 
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Controller Types 
 
 
 
 
 
 
 
 

• Employs one triac only 

• Suitable for low power 
applications 

• Isolated trigger circuit is not 
necessary 

MT2 MT1 

VS 
VO 
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Sequence control of AC Voltage 
 
 

 
• May be of two stage or more 

• Can work with resistive or 
inductive load 

• Reduces waveform distortion in 
current for full range of control 

• Improves average input power 
factor 

T3, T4 On 
T1, T2 controlled 

Voltage Variation 
from V to 2V 

Voltage Variation 
from 0 to V 

T1, T2 Off 
T3, T4 controlled 

http://ktuqbank.com/
http://ktuqbank.com/
http://ktuqbank.com/
http://ktuqbank.com/
http://ktuqbank.com/
http://ktuqbank.com/
http://ktuqbank.com/
http://ktuqbank.com/
http://ktuqbank.com/
http://ktuqbank.com/
http://ktuqbank.com/
http://ktuqbank.com/


 
 

 

6 Module 

DC-DC converters–stepdown and step up choppers–single-quadrant, two-quadrant& four quadrant chopper– 

pulse width modulation &current limit control in dc-dc converters.Switchingregulators–buck,boost&buck-boost- 

continuousconductionmodeonly–waveforms–designoffilterinductance&capacitance 

DC-DC converter (Chopper) 

• Many industrial applications require power from dc voltage source 

• E.g.:subwaycars, trolleybuses ,batteryoperatedvehicles, batterychargingetc… 

• Theconversionoffixeddcvoltagetoanadjustabledcoutputvoltagethroughtheuseofsemiconductor devices 

can be carried out by the use of two types dc to dc converter given below 

 

• AC link chopper 

• DC chopper 

AC linkchopper: Dc first converted to ac by using an inverter 
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In short 

 



 

 

 
 

 
 

 



 

 

 

 



 

 

 

 



 

 

 

 
 

 



 

 

 Two cases with duty ratios, as (a) 0.25 (25%), and (b) 0.75 (75%) are shown in Fig. 

 Hence, the output voltage can be varied by varying ON time, 

TON. 

Control strategies 

 The average value of the output voltagecan be varied by opening and 

closing the semiconductor switch 

 The two types of control strategies (schemes) are employed in all cases. These are: 

(a) Time-ratio control, and 

(b)Current limit control 
Time-ratio Control 

 In the time ratio control the value of the duty ratio, TON/T=k is varied. 

 There are two ways, which are constant frequency operation, and 

variable frequency operation. 

Constant Frequency Operation 

 In this control strategy, the ON time, is varied, keeping the frequency 

(f=1/T), or time period T is constant. 

 This is also called as pulse width modulation control (PWM). 
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 There are major disadvantages in this control strategy. These are: 

➢ The frequency has to be varied over a wide range for the control of output voltage in frequency 

modulation. Filter design for such wide frequency variation is, therefore, quite difficult. 

➢ For the control of a duty ratio, frequency variation would be wide. As such, there is a possibly of 

interference with systems using certain frequencies, such as signaling and telephone line, in 

frequency modulation technique. 

➢ The large OFF time in frequency modulation technique, may make the load current 

discontinuous, which is undesirable. 

➢ Thus, the constant frequency system using PWM is the preferred scheme for dc-dc converters 

(choppers). 

Current-limit control 
 As can be observed from the current waveforms for the types of dc-dc converters described earlier, the 

current changes between the maximum and minimum values, if it (current) is continuous. 

 In the current limit control strategy, the switch in dc-dc converter (chopper) is turned ON and OFF, so 

that the current is maintained between two (upper and lower) limits..When the current exceed upper 

(maximum) limit, the switch is turned OFF 

 During OFF period, the current freewheels in say, buck converter (dc- dc) through the diode, DF, and 

decreases exponentially. 

 When it reaches lower (minimum) limit, the switch is turned ON. 

 This     type     of         control is        possible, either with    constant frequency, or constant 

ON time 

 This is used only, when the load has energy storageelements, i.e. inductance, L. 

 The reference values are load current or load voltage. 

 In this case, the current is continuous, varying between Imax and Imin , which decides the frequency used 

for switching. 

 The ripple in the load current can be reduced, if the difference between the upper and lower limits is 

reduced, thereby making it minimum. 

 This in turn increases the frequency, therebyincreasing the switching losses. 
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Switching regulators 

 DC converters can be used as switching mode regulators to convert a dc voltage, normally unregulated 

to a regulated dc voltage 

 The regulation is normally achieved by PWM at a fixed frequency and the switching device is normally 

BJT, MOSFET or IGBT 

 The ripple content is normally reduced by an LC filter 

 There are four basic topologies of switching regulators 

Buck regulator 

Boost regulator 

Buck-boost regulator 

Cuk regulator 
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INDUCTOR CURRENT , DESIGN OF FILTER INDUCTANCE OR CRITICAL INDUCTANCE 
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Refer your class notes for buck and boost regulator derivation 


