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UNIT I POWER SEMICONDUCTOR DEVICES
CONSTRUCTION OF POWER DIODES:

Diodes are the simplest semiconductor device having only two layers, two terminals and one
junction. The ordinary signal diodes have a junction formed by p type semiconductor and n type
semiconductor, the lead joining p type is called anode and the other side lead joining the n type is
called cathode. The figure below depicts the structure of an ordinary diode and its symbol.
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Power diodes are also similar to signal diodes but have a little difference in its construction.
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When a diode is zero biased, that is has no bias, it just stays. Almost no current passes through
the diode. However if you connect the anode and cathode of the diode you might be able to
observe small voltage or current that is insignificant. This is because the electromagnetic
spectrum that's present in our environment by default (microwave background, heat, light, radio
waves) knocks off electrons in the semiconductor lattice that constitutes current. For practical
reasons this current can be considered zero.



https://www.electrical4u.com/diode-working-principle-and-types-of-diode/
https://www.electrical4u.com/theory-of-semiconductor/
https://www.electrical4u.com/p-type-semiconductor/
https://www.electrical4u.com/n-type-semiconductor/
https://www.electrical4u.com/n-type-semiconductor/
https://www.electrical4u.com/n-type-semiconductor/
https://www.electrical4u.com/diode-working-principle-and-types-of-diode/
https://en.wikibooks.org/wiki/File:SE_Zero_biased_diode.svg

Reverse Bias:
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In reverse bias the P-type region is connected to negative voltage and N-type is connected to
positive terminal as shown above. In this condition the holes in P-type gets filled by electrons
from the battery / cell (in other words the holes get sucked out of the diode). The electrons in N-
type material is sucked out of the diode by the positive terminal of the battery. So the diode gets
depleted of charge. So initially the depletion layer widens (see image above) and it occupies the
entire diode. The resistance offered by the diode is very huge. The current that flows in reverse
bias is only due to minority charge which is in nano amperes in silicon and micro amperes in
high power silicon and germanium diodes.
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In forward bias the P-Region of the diode is connected with the positive terminal of the battery
and N-region is connected with the negative region. During the forward bias the following
process occurs. The positive of the battery pumps more holes into the P-region of the diode. The
negative terminal pumps electrons into the N-region. The excess of charge in P and N region will
apply pressure on the depletion region and will make it shrink. As the voltage increases the
depletion layer will become thinner and thinner and hence diode will offer lesser and lesser
resistance. Since the resistance decreases the current will increase (though not proportional) to
the voltage.

At one particular voltage level Vi called the threshold / firing / cut-off voltage the depletion layer
disappears (overwhelmed by the charge) and hence from this point on the diode starts to conduct
very easily. From this point on the diode current increases exponentially to the voltage applied.


https://en.wikibooks.org/wiki/File:SE_Reverse_Biased_Diode.svg
https://en.wikibooks.org/wiki/File:SE_Forward_Biased_Diode.svg

V-1 Characteristics of Power Diodes

The figure below shows the v-i characteristics of a power diode which is almost similar to that
of a signal diode.
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In signal diodes for forward biased region the current increases exponentially however in power
diodes high forward current leads to high ohmic drop which dominates the exponential growth
and the curve increases almost linearly. The maximum reverse voltage that the diode can
withstand is depicted by Vrrw, i.€. peak reverse repetitive voltage. Above this voltage the
reverse current becomes very high abruptly and as the diode is not designed to dissipate such
high amount of heat, it may get destroyed. This voltage may also be called as peak inverse

voltage (PIV).


https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/voltage-or-electric-potential-difference/

SILICON CONTROLLED RECTIFIER:

A silicon controlled rectifier or semiconductor-controlled rectifier is a four-layer solid-

state current-controlling device. SCRs are unidirectional devices (i.e. can conduct current only in
one direction) as opposed to TRIACs, which are bidirectional (i.e. current can flow through them
in either direction). SCRs can be triggered normally only by currents going into the gate as
opposed to TRIACs, which can be triggered normally by either a positive or a negative current
applied to its gate electrode.

CONSTRUCTION:

The silicon control rectifier (SCR) consists of four layers of semiconductors, which

form NPNP or PNPN structures have three P-N junctions labeled J1, J2 and J3, and three
terminals. The anode terminal of an SCR is connected to the p-type material of a PNPN
structure, and the cathode terminal is connected to the n-type layer, while the gate of the SCR is
connected to the p-type material nearest to the cathode.™

An SCR consists of four layers of alternating p- and n-type semiconductor materials. Silicon is
used as the intrinsic semiconductor, to which the proper dopants are added. The junctions are
either diffused or alloyed (alloy is a mixed semiconductor or a mixed metal). The planar
construction is used for low-power SCRs (and all the junctions are diffused). The mesa-type
construction is used for high-power SCRs. In this case, junction J2 is obtained by the diffusion
method, and then the outer two layers are alloyed to it, since the PNPN pellet is required to
handle large currents. It is properly braced with tungsten or molybdenum plates to provide
greater mechanical strength. One of these plates is hard-soldered to a copper stud, which is
threaded for attachment of heat sink. The doping of PNPN depends on the application of SCR,
since its characteristics are similar to those of the thyristor. Today, the term "thyristor" applies to
the larger family of multilayer devices that exhibit bistable state-change behaviour, that is,
switching either on or off.

The operation of an SCR and other thyristors can be understood in terms of a pair of tightly
coupled bipolar junction transistors, arranged to cause the self-latching action:
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MODES OF OPERATION:

There are three modes of operation for an SCR depending upon the biasing given to it:

1. Forward blocking mode (off state)


https://en.wikipedia.org/wiki/Solid-state_electronics
https://en.wikipedia.org/wiki/Solid-state_electronics
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/TRIAC
https://en.wikipedia.org/wiki/Silicon_controlled_rectifier#cite_note-9
https://en.wikipedia.org/wiki/P-type_semiconductor
https://en.wikipedia.org/wiki/N-type_semiconductor
https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Dopant
https://en.wikipedia.org/wiki/Diffusion_transistor#Mesa_transistor
https://en.wikipedia.org/wiki/Diffusion_transistor#Mesa_transistor
https://en.wikipedia.org/wiki/Alloy
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Tungsten
https://en.wikipedia.org/wiki/Molybdenum
https://en.wikipedia.org/wiki/Copper
https://en.wikipedia.org/wiki/Heat_sink
https://en.wikipedia.org/wiki/Thyristor
https://en.wikipedia.org/wiki/Bipolar_junction_transistor
https://en.wikipedia.org/wiki/File:Thyristor.svg

2. Forward conduction mode (on state)
3. Reverse blocking mode (off state)

Forward blocking mode:

In this mode of operation, the anode is given a positive voltage while the cathode is given a
negative voltage, keeping the gate at zero potential i.e. disconnected. In this case

junction J1 and J3 are forward-biased, while J2 is reverse-biased, due to which only a small
leakage current exists from the anode to the cathode until the applied voltage reaches its
breakover value, at which J2 undergoes avalanche breakdown, and at this breakover voltage it
starts conducting, but below breakover voltage it offers very high resistance to the current and is
said to be in the off state.

Forward conduction mode:

SCR can be brought from blocking mode to conduction mode in two ways: either by increasing
the voltage across anode to cathode beyond breakover voltage or by applying positive pulse at
gate. Once SCR starts conducting, no more gate voltage is required to maintain it in the on state.
There are two ways to turn it off: 1. Reduce the current through it below a minimum value called
the holding current and 2. With the gate turned off, short out the anode and cathode momentarily
with a push-button switch or transistor across the junction.

Reverse blocking mode:

SCRs are available with reverse blocking capability, which adds to the forward voltage drop
because of the need to have a long, low-doped P1 region. (If one cannot determine which region
is P1, a labeled diagram of layers and junctions can help). Usually, the reverse blocking voltage
rating and forward blocking voltage rating are the same. The typical application for reverse
blocking SCR is in current-source inverters.

SCRs incapable of blocking reverse voltage are known as asymmetrical SCR,

abbreviated ASCR. They typically have a reverse breakdown rating in the tens of volts. ASCRs
are used where either a reverse conducting diode is applied in parallel (for example, in voltage-
source inverters) or where reverse voltage would never occur (for example, in switching power
supplies or DC traction choppers).

Asymmetrical SCRs can be fabricated with a reverse conducting diode in the same package.
These are known as RCTs, for reverse conducting thyristors.

THYRISTOR TURN ON METHODS:

1. forward-voltage triggering
2. Qate triggering

3. dv/dt triggering

4. temperature triggering

5. light triggering

Forward-voltage triggering occurs when the anode—cathode forward voltage is increased with the
gate circuit opened. This is known as avalanche breakdown, during which junction J2 will break

down. At sufficient voltages, the thyristor changes to its on state with low voltage drop and large
forward current. In this case, J1 and J3 are already forward-biased


https://en.wikipedia.org/w/index.php?title=Reverse_conducting_thyristors.&action=edit&redlink=1
https://en.wikipedia.org/wiki/Biasing

V-1 Characteristics of SCR

In his article we will draw and explain the V-1 characteristics of SCR in detail.
It is the curve between anode-cathode voltage (V) and anode current (1) of an SCR at constant
gate current.

V-1 characteristics of a typical SCR .

Forward e
Tt * ‘_,r' characteristic
I -
Reverse O e TV Forward
voltage H JTreeetivy voltage
Avalanchi \
VEranche Reverse Off-state
bt characteristic characteristic
region ——
Reverse
current ¥

Important Points About The V-1 Characteristics of SCR
Forward Characteristics

When anode is positive w.r.t. cathode, the curve between V and | is called the forward
characteristics.

In fig.1, OABC is the forward characteristics of SCR at I5=0.

If the supply voltage is increased from zero, a point reached (point A) when the SCR starts
conducting.

Under this condition,the voltage across SCR suddenly drops as shown by dotted curve AB and
most of supply voltage appears across the load resistance Ry

If proper gate current is made to flow, SCR can close at much smaller supply voltage.

Reverse Characteristics

When anode is negative w.r.t. cathode, the curve between V and | is known as reverse
characteristics.


https://electronicspost.com/explain-the-construction-and-working-of-an-silicon-controlled-rectifier/
https://electronicspost.com/explain-the-construction-and-working-of-an-silicon-controlled-rectifier/
https://electronicspost.com/explain-the-construction-and-working-of-an-silicon-controlled-rectifier/
https://electronicspost.com/explain-the-construction-and-working-of-an-silicon-controlled-rectifier/
https://electronicspost.com/explain-the-construction-and-working-of-an-silicon-controlled-rectifier/

The reverse voltage does come across SCR when it is operated with a.c. supply.

If the reverse voltage is gradually increased, at first the anode current remains small (i.e. leakage
current) and at some reverse voltage, avalanche breakdown occurs and the SCR starts conducting
heavily in the reverse direction as shown by the curve DE.

This maximum reverse voltage at which SCR starts conducting heavily is known as reverse
breakdown voltage.

SCR in Normal Operation

In order to operate the SCR in normal operation, the following points are kept in view:

1. The supply voltage is generally much less than breakover voltage.

2. The SCR is turned on by passing appropriate amount of gate current ( a few mA) and not by
breakover voltage.

3. When SCR is operated from a.c. supply, the peak reverse voltage which comes during
negative half-cycle should not exceed the reverse breakdown voltage.

4. When SCR is to be turned OFF from the ON state, anode current should be reduced to
holding current.

5. If gate current is increased above the required value, the SCRwill close at much reduced
supply voltage.

Important Terms In The V-1 Characteristics of SCR

The following terms are much used in the study of SCR :

Breakover voltage
Peak reverse voltage
Holding current
Forward current rating
. Circuit fusing rating
1. Breakover Voltage

akrownE

It is the minimum forward voltage, gate being open, at which SCR starts conducting heavily i.e.
turned on.

Thus, if the breakover voltage of an SCR is 200 V, it means that it can block a forward voltage
(i.e. SCR remains open) as long as the supply voltage is less than 200 V. If the supply voltage is
more than this value, then SCR will be turned on.

In practice, the SCR is operated with supply voltage less than breakover voltage and it is then
turned on by means of a small voltage applied to the gate.

Commercially available SCRs have breakover voltages from about 50 V to 500 V.

2. Peak Reverse Voltage (PRV)

It is the maximum reverse voltage (cathode positive w.r.t. anode) that can be applied to an SCR
without conducting in the reverse direction.

PRV is an important consideration while connecting an SCR in an a.c. circuit. During the
negative half of a.c. supply, reverse voltage is applied across SCR. If PRV is exceeded, there


https://electronicspost.com/explain-the-construction-and-working-of-an-silicon-controlled-rectifier/
https://electronicspost.com/explain-the-construction-and-working-of-an-silicon-controlled-rectifier/
https://electronicspost.com/explain-the-construction-and-working-of-an-silicon-controlled-rectifier/
https://electronicspost.com/explain-the-construction-and-working-of-an-silicon-controlled-rectifier/
https://electronicspost.com/explain-the-construction-and-working-of-an-silicon-controlled-rectifier/
https://electronicspost.com/explain-the-construction-and-working-of-an-silicon-controlled-rectifier/
https://electronicspost.com/explain-the-construction-and-working-of-an-silicon-controlled-rectifier/
https://electronicspost.com/explain-the-construction-and-working-of-an-silicon-controlled-rectifier/

may be avalanche breakdown and the SCR will be damaged if the external ciruit does not limit
the current.

Commercially available SCRS have PRV ratings upto 2.5 kV.

3. Holding Current

It is the maximum anode current, gate being open, at which SCR is turned OFF from ON
condition.

When SCR is in the conducting state, it can not be turned OFF even if gate voltage is removed.

The only way to turn off or open the SCR is to reduce the supply voltage to almost zero at which
point the internal transistor comes out of saturation and opens the SCR.

The anode current under this condition is very small (a few mA) and is called holding current.

Thus, if an SCR has a holding current of 5SmA, it means that if anode current is made less than 5
mA, then SCR will be turned off.

4. Forward Current Rating

It is the maximum anode current that an SCR is capable of passing without destruction.

Every SCR has a safe value of forward current which it can conduct. If the value of current
exceeds this value, the SCR may be destroyed due to intensive heating at the junction.

For example, if an SCR has a forward current rating of 40 A, it means that the SCR can safely
carry only 40 A. Any attempt to exceed this value will result in the destruction of the SCR.

Commercially available SCRs have forward current ratings from about 30A to 100A.

5. Circuit Fusing (1°t) Rating
It is the product of square forward surge current and the time of duration of the surge i.e.,

Circuit fusing rating =1t
The circuit fusing rating indicates the maximum forward surge current capability of SCR.

For example, consider an SCR having circuit fusing rating of 90 A%s. If this rating is exceeded in
the SCR circuit , the device will be destroyed by excessive powerdissipation.

APPLICATIONS:

SCRs are mainly used in devices where the control of high power, possibly coupled with
high voltage, is demanded. Their operation makes them suitable for use in medium- to high-
voltage AC power control applications, such as lamp dimming, power regulators and motor
control.


https://en.wikipedia.org/wiki/Dimmer

SCRs and similar devices are used for rectification of high-power AC in high-voltage
direct-current power transmission. They are also used in the control of welding machines, mainly
MTAW (metal tungsten arc welding) and GTAW (gas tungsten arc welding) processes similar.

TRIAC

Construction And Operation

The triac is another three-terminal ac switch that is triggered into conduction when a low-energy
signal is applied to its gate terminal. Unlike the SCR, the triac conducts in either direction when
turned on. The triac also differs from the SCR in that either a positive or negative gate signal
triggers it into conduction. Thus the triac is a three terminal, four layer bidirectional
semiconductor device that controls ac power whereas an SCR controls dc power or forward
biased half cycles of ac in a load. Because of its bidirectional conduction property, the triac is
widely used in the field of power electronics for control purposes. Triacs of 16 kW rating are
readily available in the market.

“Triac” is an abbreviation for three terminal ac switch. ‘Tri’-indicates that the device has three
terminals and ‘ac’ indicates that the device controls alternating current or can conduct in either

direction.
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Schematic Symbol

Triac Circuit Symbol

Construction of a Triac

As mentioned above, triac is a three terminal, four layer bilateral semiconductor device. It
incorporates two SCRs connected in inverse parallel with a common gate terminal in a single
chip device. The arrangement of the triac is shown in figure. As seen, it has six doped regions.
The gate terminal G makes ohmic contacts with both the N and P materials. This permits trigger


https://en.wikipedia.org/wiki/High-voltage_direct_current
https://en.wikipedia.org/wiki/High-voltage_direct_current
https://en.wikipedia.org/wiki/Gas_tungsten_arc_welding
http://www.circuitstoday.com/scr-control-circuits
http://www.circuitstoday.com/wp-content/uploads/2009/09/Triac-Circuit-Symbol.jpg

pulse of either polarity to start conduction. Electrical equivalent circuit and schematic symbol are
shown in figure.b and figure.c respectively. Since the triac is a bilateral device, the term “anode”
and “cathode” has no meaning, and therefore, terminals are designated as main terminal 1.
(MT3), main terminal 2 (MT,) and gate G. To avoid confusion, it has become common practice
to specify all voltages and currents using MT; as the reference.
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Triac Basic Structure

Operation and Working of a Triac

Though the triac can be turned on without any gate current provided the supply voltage becomes
equal to the breakover voltage of the triac but the normal way to turn on the triac is by applying a
proper gate current. As in case of SCR, here too, the larger the gate current, the smaller the
supply voltage at which the triac is turned on. Triac can conduct current irrespective of the
voltage polarity of terminals MT; and MT, with respect to each other and that of gate and
terminal MT,. Consequently four different possibilities of operation of triac exists. They are:

1. Terminal MT, and gate are positive with respect to terminal MT;
When terminal MT; is positive with respect to terminal MT; current flows through path P;-N;-
P,-N,. The two junctions P1-N; and P,-N, are forward biased whereas junction N; P is blocked.

The triac is now said to be positively biased.

A positive gate with respect to terminal MT; forward biases the junction P,-N, and the break-
down occurs as in a normal SCR.

2. Terminal MT is positive but gate is negative with respect to terminal MT;

Though the flow path of current remains the same as in mode 1 but now junction P,-Nsis
forward biased and current carriers injected into P, turn on the triac.

3.Terminal MT; and gate are negative with respect to terminal MT;
When terminal MT, is negative with respect to terminal MT4, the current flow path is P,-N;-P1-

N4. The two junctions P,-Njand P;— N, are forward biased whereas junction Ni-P; is blocked.
The triac is now said to be negatively biased.


http://www.circuitstoday.com/wp-content/uploads/2009/09/Triac-Basic-Structure-and-Equivalent-Circuit.jpg

A negative gate with respect to terminal MT; injects current carriers by forward biasing junction
P,-N3 and thus initiates the conduction.

4. Terminal MT; is negative but gate is positive with respect to terminal MT;

Though the flow path of current remains the same as in mode 3 but now junction P,-N3is
forward biased, current carriers are injected and therefore, the triac is turned on.

Generally, trigger mode 4 should be avoided especially in circuits where high di/dt may occur.
The sensitivity of triggering modes 2 and 3 is high and in case of marginal triggering capability
negative gate pulses should be used. Though the triggering mode 1 is more sensitive compared to
modes 2 and 3, it requires a positive gate trigger. However, for bidirectional control and uniform
gate trigger modes 2 and 3 are preferred.

Gate turn-off thyristor :

A gate turn-off thyristor (GTO) is a special type of thyristor, which is a high-
power semiconductor device. It was invented at General Electric.lY! GTOs, as opposed to normal
thyristors, are fully controllable switches which can be turned on and off by their third lead, the
gate lead.

Gate turn-off thyristor GTO
K

L e |
.

A

Simplified cross section of a GTO thyristor

Type active
Pin configuration anode, gate, cathode

Electronic symbol


https://en.wikipedia.org/wiki/Thyristor
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REVERSE BIAS:

GTO thyristors are available with or without reverse blocking capability. Reverse blocking
capability adds to the forward voltage drop because of the need to have a long, low doped P1
region.

GTO thyristors capable of blocking reverse voltage are known as Symmetrical GTO thyristors,
abbreviated S-GTO. Usually, the reverse blocking voltage rating and forward blocking voltage
rating are the same. The typical application for symmetrical GTO thyristors is in current source
inverters.

GTO thyristors incapable of blocking reverse voltage are known as asymmetrical GTO
thyristors, abbreviated A-GTO, and are generally more common than Symmetrical GTO
thyristors. They typically have a reverse breakdown rating in the tens of volts. A-GTO thyristors
are used where either a reverse conducting diode is applied in parallel (for example, in voltage
source inverters) or where reverse voltage would never occur (for example, in switching power
supplies or DC traction choppers).

GTO thyristors can be fabricated with a reverse conducting diode in the same package. These are
known as RCGTO, for Reverse Conducting GTO thyristor.

Safe Operating Area:

GTO thyristor requires external devices (*"snubber circuits™) to shape the turn on and turn off
currents to prevent device destruction.

During turn on, the device has a maximum dl/dt rating limiting the rise of current. This is to
allow the entire bulk of the device to reach turn on before full current is reached. If this rating is
exceeded, the area of the device nearest the gate contacts will overheat and melt from over
current. The rate of dl/dt is usually controlled by adding a saturable reactor (turn-on snubber),
although turn-on dl/dt is a less serious constraint with GTO thyristors than it is with normal
thyristors, because of the way the GTO is constructed from many small thyristor cells in parallel.
Reset of the saturable reactor usually places a minimum off time requirement on GTO based
circuits.

During turn off, the forward voltage of the device must be limited until the current tails off. The
limit is usually around 20% of the forward blocking voltage rating. If the voltage rises too fast at
turn off, not all of the device will turn off and the GTO will fail, often explosively, due to the
high voltage and current focused on a small portion of the device. Substantial snubber circuits
are added around the device to limit the rise of voltage at turn off. Reseting the snubber circuit
usually places a minimum on time requirement on GTO based circuits.

The minimum on and off time is handled in DC motor chopper circuits by using a variable
switching frequency at the lowest and highest duty cycle. This is observable in traction
applications where the frequency will ramp up as the motor starts, then the frequency stays
constant over most of the speed ranges, then the frequency drops back down to zero at full speed.


https://en.wikipedia.org/wiki/Snubber
https://en.wikipedia.org/wiki/Saturable_reactor
https://en.wikipedia.org/wiki/Snubber

MOSFET

MOSFET stands for metal-oxide semiconductor field-effect transistor. It
is a special type of field-effect transistor (FET).

Unlike BJT which is ‘current controlled’, the MOSFET is a voltage controlled device. The
MOSFET has “gate®, “Drain” and “Source” terminals instead of a “base”, “collector”, and
“emitter” terminals in a bipolar transistor. By applying voltage at the gate, it generates an
electrical field to control the current flow through the channel between drain and source, and

there is no current flow from the gate into the MOSFET.

N-channel P-channel
D oD
S @ciong et

A MOSFET may be thought of as a variable resistor, where the Gate-Source voltage difference
can control the Drain-Source Resistance. When there is no applying voltage between the Gate-
Source , the Drain-Source resistance is very high, which is almost like a open circuit, so no
current may flow through the Drain-Source. When Gate-Source potential difference is applied,
the Drain-Source resistance is reduced, and there will be current flowing through Drain-Source,

which is now a closed circuit.

In a nutshell, a FET is controlled by the Gate-Source voltage applied (which regulates the

electrical field across a channel), like pinching or opening a straw and stopping or allowing


https://oscarliang.com/bjt-bipolar-junction-transistor-beginner-tutorial/
http://en.wikipedia.org/wiki/MOSFET
https://oscarliang.com/ctt/uploads/2013/10/electronics_mosfet_schematic.jpg

current flowing. Because of this property, FETSs are great for large current flow, and the

MOSFET is commonly used as a switch.

Differences between BJT and MOSFET.

Unlike bipolar transistors, MOSFET is voltage controlled. While BJT is current
controlled, the base resistor needs to be carefully calculated according to the amount of
current being switched. Not so with a MOSFET. Just apply enough voltage to the gate
and the switch operates.

Because they are voltage controlled, MOSFET have a very high input impedance, so just
about anything can drive them.

MOSFET has high input impedence

working

MOSFET is a voltage controlled field effect transistor that differs from a JFET. The Gate
electrode is electrically insulated from the main semiconductor by a thin layer of
insulating material (glass, seriously!). This insulated metal gate is like a plate of a
capacitor which has an extremely high input resistance (as high as almost

infinite!). Because of the isolation of the Gate there is no current flow into the MOSFET
from Gate.

When voltage is applied at the gate, it changes the width of the Drain-Source channel

along which charge carriers flow (electron or hole). The wider the channel, the better the

device conducts.


https://oscarliang.com/use-pwm-to-control-motor-speed-using-bjt/

IGBT:
The IGBT (insulated gate bipolar transistor) is a three-terminal electronic component, and

these terminals are termed as emitter, collector and gate. Two of its terminals namely
collector and emitter are associated with a conductance path and the remaining terminal
‘G’ is associated with its control.The sum of amplification is achieved by the IGBT is a
radio between its input and output signal. For a conventional BJT, the amount of gain is
almost equal to the radio to the o/p current to the i/p current that is called a beta.

C

IGBT Symbol
Basic Structure of IGBT

The basic structure of the N-channel IGBT is shown below. This structure is plain that the
IGBTSs silicon cross section is almost equal to that of a vertical power MOSFET except P+
injecting layer. It shares the same structure of MOS gate & P-wells with N+ source regions. In
the following structure, the N+ layer is located at the top is called as the source and the bottom
layer is called as a drain or collector.

Basic Structure of N-Channel IGBT


http://efxkits.com/blog/major-electrical-electronic-components/
http://efxkits.com/blog/wp-content/uploads/2015/06/Basic-Structure-of-N-Channel-IGBT.jpg

IGBT takes a parasitic thyristor includes the 4-layer NPN structures. There are some 1GBs that
are fabricated without the N+ buffer layer is called as NPT IGBTS non punch through), whereas
some IGBTs are fabricated with the N+ buffer layer called as PT IGBTs (punch through). The
performance of the device can considerably increase by existing the buffer layer. The operation
of an IGBT is faster to that of power BJT than a power MOSFET.

The basic structure of the N-channel IGBT is shown below. This structure is plain that the
IGBTSs silicon cross section is almost equal to that of a vertical power MOSFET except P+
injecting layer. It shares the same structure of MOS gate & P-wells with N+ source regions. In
the following structure, the N+ layer is located at the top is called as the source and the bottom
layer is called as a drain or collector.

Circuit Diagram of a IGBT


http://efxkits.com/blog/wp-content/uploads/2015/06/Basic-Structure-of-N-Channel-IGBT.jpg

NATURAL COMMUTATION:

Generally, if we consider AC supply, the current will flow through the zero crossing line while
going from positive peak to negative peak. Thus, a reverse voltage will appear across the device
simultaneously, which will turn off the thyristor immediately. This process is called as natural
commutation as thyristor is turned off naturally without using any external components or circuit

or supply for commutation purpose.

T

>k ;
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Natural Commutation

Natural commutation can be observed in AC voltage controllers, phase controlled rectifiers

and cyclo converters

Forced Commutation Methods

Class A: Self commutated by a resonating load

Class B: Self commutated by an LC circuit

Class C: C or L-C switched by another load carrying SCR
Class D: C or L-C switched by an auxiliary SCR

Class E: An external pulse source for commutation

Class F: AC line commutation


https://www.elprocus.com/cycloconverters-types-applications/
https://www.elprocus.com/wp-content/uploads/2014/08/natural.jpg

Class A: Self Commutated by a Resonating Load

Class A is one of frequently used thyristor commutation techniques. If thyristor is triggered or
turned on, then anode current will flow by charging capacitor C with dot as positive. The second
order under-damped circuit is formed by the inductor or AC resistor, capacitor and resistor. If the
current builds up through SCR and completes the half cycle, then the inductor current will flow

through the SCR in the reverse direction which will turn off thyristor.

SCR

Class B: Self Commutated by an L-C Circuit

The major difference between the class A and class B thyristor commutation techniques is that
the LC is connected in series with thyristor in class A, whereas in parallel with thyristor in class
B. Before triggering on the SCR, the capacitor is charged up (dot indicates positive). If the SCR
is triggered or given triggering pulse, then the resulting current has two components. The
constant load current flowing through the R-L load is ensured by the large reactance connected
in series with the load which is clamped with freewheeling diode. If sinusoidal current flows
through the resonant L-C circuit, then the capacitor C is charged up with dot as negative at the
end of the half cycle.


https://www.elprocus.com/capacitors-types-applications/
https://www.elprocus.com/different-types-of-inductors/
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The total current flowing through the SCR becomes zero with the reverse current flowing
through the SCR opposing the load current for a small a small fraction of the negative swing. If
the resonant circuit current or reverse current becomes just greater than the load current, then the
SCR will be turned OFF.

Class C: C or L-C Switched by another Load Carrying SCR

In the above thyristor commutation techniques we observed only one SCR but in these class C
commutation techniques of thyristor there will be two SCRs. One SCR is considered as main
thyristor and the other as auxiliary thyristor. In this classification both may act as main SCRs
carrying load current and they can be designed with four SCRs with load across the capacitor by

using a current source for supplying an integral converter.
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If the thyristor T2 is triggered, then the capacitor will be charged up. If the thyristor T1 is
triggered, then the capacitor will discharge and this discharge current of C will oppose the flow
of load current in T2 as the capacitor is switched across T2 via T1.

Class D: L-C or C Switched by an Auxiliary SCR

The class C and class D thyristor commutation techniques can be differentiated with the load
current in class D: only one of the SCR’s will carry the load current while the other acts as an
auxiliary thyristor whereas in class C both SCRs will carry load current. The auxiliary thyristor
consists of resistor in its anode which is having resistance of approximately ten times the load
resistance.
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By triggering the Ta (auxiliary thyristor) the capacitor is charged up to supply voltage and then
the Ta will turn OFF. The extra voltage if any, due to substantial inductance in the input lines
will be discharged through the diode-inductor-load circuit. If the Tm (main thyristor) is
triggered, then the current will flow in two paths: commutating current will flow through the C-
Tm-L-D path and load current will flow through the load. If the charge on the capacitor is
reversed and held at that level using the diode and if Ta is re-triggered, then the voltage across

the capacitor will appear across the Tm via Ta. Thus, the main thyristor Tm will be turned off.

Class E: External Pulse Source for Commutation

For the class E thyristor commutation techniques, a transformer which can not saturate (as it is
having a sufficient iron and air gap) and capable to carry the load current with small voltage drop
compared with the supply voltage. If the thyristor T is triggered, then the current will flow
through the load and pulse transformer

(;Z SCR
s
0
Pulse
Source
. —0
§LOAD

Hhbbb

An external pulse generator is used to generate a positive pulse which is supplied to the cathode
of the thyristor through pulse transformer. The capacitor C is charged to around 1v and it is
considered to have zero impedance for the turn off pulse duration. The voltage across the
thyristor is reversed by the pulse from the electrical transformer which supplies the reverse
recovery current, and for the required turn off time it holds the negative voltage.

Class F: AC Line Commutated

In class F thyristor commutation techniques, an alternating voltage is used for supply and, during
the positive half cycle of this supply, load current will flow. If the load is highly inductive, then
the current will remain until the energy stored in the inductive load is dissipated. During the


https://www.elprocus.com/know-more-about-electrical-isolation-transformers-and-auto-transformer/

negative half cycle as the load current becomes zero, then thyristor will turn off. If voltage exists
for a period of rated turn off time of the device, then the negative polarity of the voltage across
the outgoing thyristor will turn it off.
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Here, the duration of the half cycle must be greater than the turn off time of thyristor. This
commutation process is similar to the concept of three phase converter. Let us consider,
primarily T1 and T11 are conducting with the triggering angle of the converter, which is equal to
60 degrees, and is operating in continuous conduction mode with highly inductive load. If the
thyristors T2 and T22 are triggered, then instantaneously the current through the incoming
devices will not rise to the load current level. If the current through the incoming thyristors
reaches the load current level, then the commutation process of outgoing thyristors will be
initiated. This reverse biasing voltage of thyristor should be continued until the forward blocking
state is reached. Thyristor can be simply called as a controlled rectifier. There are different types
of thyristors, which are used for designing power electronics based innovative electrical projects.
The process of turning on thyristor by providing triggering pulses to gate terminal is called as
triggering. Similarly, the process of turning off thyristor is called as commutation. Hope this
article give brief information about different commutation techniques of the thyristor. Further
technical assistance will be provided based on your comments and queries in the comments

section below.


https://www.elprocus.com/electrical-projects-for-engineering-students/

UNIT-2
PHASE CONTROLLED CONVERTERS
INTRODUCTION :

Unlike diode rectifiers, phase controlled rectifiers has and advantage of controlling the
output voltage. The diode rectifiers are called uncontrolled rectifiers. When these diodes are
replaced with thyristors, then in becomes phase controlled rectifiers. The output voltagecan be
controlled by varying the firing angle of the thyristors. These phase controlled rectifiers has its
main application in speed control of DC motors.

APPLICATIONS

o Steel rolling mills, paper mills, textile mills where speed control of DC motors are necessary.
e Electric traction.

¢ High voltage DC transmission

e Electromagnet power supplies

In this unit, the following categories of phase controlled rectifiers will be studied in detail.
. Single Phase Half Wave Controlled Rectifier with R Load.
. Single Phase Half Wave Controlled Rectifier with RL Load.

. Single Phase Half Wave Controlled Rectifier with RL Load and Freewheeling Diode.

1

2

3

4. Single Phase Full Wave Controlled Rectifier with R Load.

5. Single Phase Full Wave Controlled Rectifier with RL Load.

6. Single Phase Full Wave Controlled Rectifier with RL Load and Freewheeling Diode.
7. Single Phase Full Wave Half Controlled Rectifier (Semi Converter).

8. Three Phase Half Wave Controlled Rectifier.
9. Three Phase Full Wave Controlled Rectifier



Single Phase Half Wave Controlled Rectifier with R Load:

e The circuit consist of a thyristor T, a voltage source Vs and a resistive load R.

¢ During the positive half cycle of the input voltage, the thyristor T is forward biased but it does
not conduct until a gate signal is applied to it.

e When a gate pulse is given to the thyristor T at ot = a, it gets turned ON and begins to conduct.
e When the thyristor is ON, the input voltage is applied to the load.

¢ During the negative half cycle, the thyristor T gets reverse biased and gets tuned OFF.

e So the load receives voltage only during the positive half cycle only.

e The average value of output voltage can be varied by varying the firing angle a.

e The waveform shows the plot of input voltage, gate current, output voltage, output current and

voltage across thyristor.
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Single Phase Half Wave Controlled Rectifier with RL Load

e The circuit consist of a thyristor T, a voltage source Vs, an inductive load L and a resistive
load R.

e During the positive half cycle of the input voltage, the thyristor T is forward biased but it does
not conduct until a gate signal is applied to it.

e When a gate pulse is given to the thyristor T at ot = q, it gets turned ON and begins to

conduct.



¢ When the thyristor is ON, the input voltage is applied to the load but due to the inductor
present in the load, the current through the load builds up slowly.

¢ During the negative half cycle, the thyristor T gets reverse biased but the current through the
thyristors is not zero due to the inductor.

e The current through the inductor slowly decays to zero and when the load current (i.e the
current through the thyristor) falls below holding current, it gets turned off.

¢ So here the thyristor will conduct for a few duration in the negative half cycle and turns off at
ot = B. The angle B is called extinction angle.

e The duration from a to B is called conduction angle.

e So the load receives voltage only during the positive half cycle and for a small duration in
negative half cycle.

e The average value of output voltage can be varied by varying the firing angle a.

e The waveform shows the plot of input voltage, gate current, output voltage, output current and

voltage across thyristor.
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Single Phase Half Wave Controlled Rectifier with RL Load and Freewheeling Diode

e The circuit consist of a thyristor T, a voltage source Vs, a diode FD across the RL load, an inductive load
L and a resistive load R.

¢ During the positive half cycle of the input voltage, the thyristor T is forward biased but it does not
conduct until a gate signal is applied to it.

o When a gate pulse is given to the thyristor T at wt = q, it gets turned ON and begins to conduct.

e When the thyristor is ON, the input voltage is applied to the load but due to the inductor present in
the load, the current through the load builds up slowly.



e During the negative half cycle, the thyristor T gets reverse biased. At this instant i.e at wt = i, the load
current shift its path from the thyristor to the freewheeling diode.

e When the current is shifted from thyristor to freewheeling diode, the thyristor turns OFF.

e The current through the inductor slowly decays to zero through the loop Rfreewheeling diode-L.
e So here the thyristor will not conduct in the negative half cycle and turns off at wt = .

¢ So the load receives voltage only during the positive half cycle.

e The average value of output voltage can be varied by varying the firing angle a.

e The waveform shows the plot of input voltage, gate current, output voltage, output current and
voltage across thyristor.
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Single Phase Full Wave Controlled Rectifier with R Load
e The circuit consist of four thyristors T1, T2, T3 and T4, a voltage source Vs and a R Load.

e During the positive half cycle of the input voltage, the thyristors T1 & T2 is forward biased but it does
not conduct until a gate signal is applied to it.

e When a gate pulse is given to the thyristors T1 & T2 at wt = q, it gets turned ON and begins to
conduct.

e When the T1 & T2 is ON, the input voltage is applied to the load through the path VsT1-Load-T2-Vs.

e During the negative half cycle, T3 & T4 is forward biased, the thyristor T1 & T2 gets reverse biased and
turns OFF



e When a gate pulse is given to the thyristor T3 & T4 at wt = n+q, it gets turned ON and begins to
conduct.

e When T3 & T4 is ON, the input voltage is applied to the load Vs-T3-Load-T4-Vs.
e Here the load receives voltage during both the half cycles.
e The average value of output voltage can be varied by varying the firing angle a.

e The waveform shows the plot of input voltage, gate current, output voltage, output current and
voltage across thyristor.




Single Phase Full Wave Controlled Rectifier with RL Load
A. MID POINT CONVERTER

e The circuit consist of two thyristors T1 and T2, a center tap transformer, a voltage source Vs and a RL
Load.

¢ During the positive half cycle of the input voltage, the thyristor T1 is forward biased but it does not
conduct until a gate signal is applied to it.

e When a gate pulse is given to the thyristor T1 at wt = q, it gets turned ON and begins to conduct.

e When the thyristor T1 is ON, the input voltage is applied to the load but due to the inductor present in
the load, the current through the load builds up slowly through the path A-T1-Load-N-A.



e During the negative half cycle, T2 is forward biased, the thyristor T1 gets reverse biased but the
current through the thyristor T1 is not zero due to the inductor and T1 does not turns OFF

e The current through the inductor begins to decay to zero and T1 conducts for a small duration in
negative half cycle.

e When a gate pulse is given to the thyristor T2 at wt = m+q, it gets turned ON and begins to conduct.

e When the thyristor T2 is ON, the load current shifts its path from the T1 to T2 and thyristor T1 turns
OFF at wt = rt+a.

e When T2 is ON, the current through the load builds up slowly through the path B-T2- Load-N-B.
® So here both the thyristor will conduct for a few duration in the negative half cycle.

e The load receives voltage during both the half cycles.

e The average value of output voltage can be varied by varying the firing angle a.

e The waveform shows the plot of input voltage, gate current, output voltage, output current and
voltage across thyristor
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B. BRIDGE CONVERTER
e The circuit consist of four thyristors T1, T2, T3 and T4, a voltage source Vs and a RL Load.

e During the positive half cycle of the input voltage, the thyristors T1 & T2 is forward biased but it does
not conduct until a gate signal is applied to it.

e When a gate pulse is given to the thyristors T1 & T2 at wt = q, it gets turned ON and begins to conduct.
e When the T1 & T2 is ON, the input voltage is applied to the load but due to the inductor present in the
load, the current through the load builds up slowly through the path Vs-T1-Load-T2-Vs.

e During the negative half cycle, T3 & T4 is forward biased, the thyristor T1 & T2 gets reverse biased but
the current through them is not zero due to the inductor and does not turns OFF



e The current through the inductor begins to decay to zero and T1 & T2 conducts for a small duration in
negative half cycle.

e When a gate pulse is given to the thyristor T3 & T4 at wt = n+q, it gets turned ON and begins to
conduct.

e When the thyristor T3 & T4 is ON, the load current shifts its path to T3 & T4 and turns OFF T1 & T2 at

wt = m+a.

e When T3 & T4 is ON, the current through the load builds up slowly through the path Vs-T3-Load-T4-
Vs.

¢ So here all the thyristor will conduct for a few duration in the negative half cycle.
e The load receives voltage during both the half cycles.
e The average value of output voltage can be varied by varying the firing angle a.

e The waveform shows the plot of input voltage, gate current, output voltage, output current and
voltage across thyristor.




Single Phase Full Wave Controlled Rectifier with RL Load and Freewheeling Diode.

e The circuit consist of four thyristors T1, T2, T3 and T4, a voltage source Vs, a RL Load and a
freewheeling diode across the load.

e During the positive half cycle of the input voltage, the thyristors T1 & T2 is forward biased but it does
not conduct until a gate signal is applied to it.

e When a gate pulse is given to the thyristors T1 & T2 at wt = q, it gets turned ON and begins to conduct.
e When the T1 & T2 is ON, the input voltage is applied to the load but due to the inductor present in the
load, the current through the load builds up slowly through the path Vs-T1-Load-T2-Vs.



e During the negative half cycle (at wt =m), T3 & T4 is forward biased, the thyristor T1 & T2 gets reverse
biased.

e The current shifts its path to the freewheeling diode and circulates through the loop FD-R-L-FD. @ Thus
T1& T2 turnsoffat wt=m

e When a gate pulse is given to the thyristor T3 & T4 at wt = i+a, it gets turned ON and begins to
conduct.

e When T3 & T4 is ON, the current through the load builds up slowly through the path Vs-T3-Load-T4-
Vs.

e During the next positive half cycle (at wt = 2m), T1 & T2 is forward biased, the thyristor T3 & T4 gets
reverse biased.

e The current shifts its path to the freewheeling diode and circulates through the loop FD-R-L-FD. @ Thus
T3 & T4 turns off at wt = 2n

e So here all the thyristor will conduct only in the positive half cycle.
e The load receives voltage during both the half cycles.
e The average value of output voltage can be varied by varying the firing angle a.

e The waveform shows the plot of input voltage, gate current, output voltage, output current and
voltage across thyristor.




Single Phase Full Wave Half Controlled Rectifier (Semi Converter)
e The circuit consist of two thyristors T1 & T2, two diodes D1 and D2, a voltage source Vs, a RL Load.

e During the positive half cycle of the input voltage, the thyristors T1 & D1 is forward biased but it does
not conduct until a gate signal is applied to T1.

o When a gate pulse is given to the thyristors T1 at wt = q, it gets turned ON and begins to conduct.

e When the T1 & D1 is ON, the input voltage is applied to the load but due to the inductor present in
the load, the current through the load builds up.



e During the negative half cycle (at wt =m), T2 & D2 is forward biased, the thyristor T1 & D1 gets reverse
biased.

e The current shifts its path to D2 and T1 in case of symmetrical converter (D1 & D2 in case of
asymmetical converter) and circulates through the load.

e When a gate pulse is given to the thyristor T2 at wt = ni+q, it gets turned ON and begins to conduct.
e When T2 & D2 is ON, the current through the load builds up.

o During the next positive half cycle (at wt = 2m), T1 & D1 is forward biased, the thyristor T2 & D2 gets
reverse biased.

e The current shifts its path to D1 and T2 in case of symmetrical converter (D1 & D2 in case of
asymmetical converter) and circulates through the load.

e The load receives voltage during both the half cycles.
e The average value of output voltage can be varied by varying the firing angle a.

e The waveform shows the plot of input voltage, gate current, output voltage, output current and
voltage across thyristor.

Single Phase Semi Converter (symmetical semi converter)
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Single Phase Semi Converter (asymmetical semi converter)

io

.-‘.




:1“‘ '\_1;: :"d\‘t A

'

'i:-" ,31]*9(

i':“uéd




3 bhec’c dy sovte wnpedons 00 14 \;u“ tonverter

Sobo« we Yowe shudied e th&%\v\duchw\mdon o] ek
o\ w\\:aag e bm:f) t{) —\\3'«\‘:1:0«- ln $hose tasey, Po I padoncs
C\) s o bokon o e 0, Now o wil condidder A wirking

J
b W Wl woe Gnveda oith RL \oed a‘ono wibh o Induchw

Wedors ko side.

Comsgon 0 W \;\(\\ Convede 08 roun Yl . Lek b l,p 1ndueton,

\-uLS' T ood wwed i Ouuw ok cobrver dee b ,a'c;’
\wduehe  \oce)s

o
3
N
2
)

T eqpoled cvoud i 0 dhoun plow




Lot s asda W Case odon . L is o prast 4 When dh
solte ke  if 9ero Heve Be scm Gs\\\b'\o&\@)— T4 T2 g

hved Q<

So kom A b (™D A o wmek To s Sare as uwed
’*""’WX’* T «5r 4 'h

2 \Q,,,. o oA Ve ™ i



Pt My Tiiaa s Wwd. Now Mo load e chil b
?Qﬂ’ \'m TN T Y T31Ty., B AN 'HN/ e it Jame

0r  Quorest Mf‘ T3AT4 O iq
o fov WAL o oamad o hr

\k ~N V' Y} V\
03 N
5 & iV
X t p + AN 04 (J:-
\‘ : r'“ I N ! 13“
N P 3 o

% & D b

~ \

“‘\]m 1“\] 1AL T (A}?

4

'I, A : 4
] .‘ <o ]

0 t . ‘
. A E‘ = w UL e
Wt 1

LW

W = ! —r
o v W ima

© o r— ; . N “}:

oS i i 51

Roe ux ©on s 0 febon decmagd Mo 4 4L o R o, T
a e 4
M ke W Ls e prsodt , Wi debs  decman [ erace

-



\n \u\d oxeet ol G I 8 PO 9\(\@/ vokend o Sredm.l cbc.w_u’
\:\C*eog,o " wwf} beke, p\aca Gr reun  helots

\‘ Ao wwly“,\ M \:e\ow/ f\)'i »U-n‘;kcf Ty T2 ow “""“jjpvd
o (L) So e wwed 1y Ll up grachell + ateai
womiras  veleTak Oﬂﬂ‘gm (R+w) .

Nek e Bpikos T3a 74 Om tisgeed aF (F42) - A% A
Toe, Be et 1, (Wb TaT2) decras gackelly o
To % 0 af @_"‘“‘\M') od | et 1o '\\\'ro.yw Tya T:.; F»c@;;b
\ﬂ"‘ O Y T, o (daau) ad AW proces uf.m-k ax each (jnv
‘New 0e 0 s Wk dm‘:j o pevin \,u". all &»Umukc,

T, 9, Ty 354 Ope (o»duc\i'5~ Az duv‘:; e pevicd J7 b
o o]p w\teé, ol k O




\‘D" B“»‘w , W n fee '“\Okl Vo b © bc« d o 2ru

So v olp witop v awalal ody Y wes €49 to @an),

<A

No = \",ﬁg Cn ok duk

oAM
E))
= \'[K!. )j— Cos uki
(CAEY
\’V ) NWQ[COJO{ A C,OJ @*)’D 3 @

Now \ood  qumed T Nwsmr duw.s ,li‘m o o() TIeTL is
e ok b il \,u:\d,”? 5ol gk wewal
Lw\u'~3 o epiiveod  civewd ,  Ppph kv b N lop  ABCOA:

= \,\"L} % > V\_"Lf(.l_il.‘

dt de-
LN~V = L ai, '-9\%) ; o """v\)-
de v ) 2 Vo scm.j,»)
a2V, LG f A, ~ dir
dk dt)
L at, ai
i dt 2V sinek d — @

Sivee \0od Wuwed i¢ CGruw b B condat o |‘|+"L='Io/

L A0 I Ad"t_-
e



i 6
g di) < Vo Sinds — @
&

*
o a
we ha  fes, Mot VOV Yoo OMH duv»‘J‘oZ ')u@»\»u)_
T, S
Sd' = B (s gt
o [ -
oL
w

Wils

A To—" .\_l!:‘—-q[COJ oL — (ot Q,‘M:ﬂ

—

Circuit Diagram and Waveform of 3 Phase Half Controlled Rectifier with RL Load:
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Circuit Diagram and Waveform of 3 Phase Half Controlled Rectifier with RL Load

e The circuit consist of a delta star transformer and 3 thyristors T1, T2, T3 which are connected on the
secondary star connected winding and a RL load.

e When Va is positive, T1 becomes forward biased and conducts. During the negative cycle of Va, the
current through T1 is not zero due to inductor present in the load.

¢ So T1 will remain ON during the negative cycle of Va

e When Vb is positive, T2 is triggered and the load current gets transferred from T1 to T2. At this instant,
T1 turns OFF.

e During the negative cycle of Vb, the current through T2 is not zero due to inductor present in the load.
e So T2 will remain ON during the negative cycle of Vb

e When T3 is triggered during positive cycle of V¢, the load current is transferred from T2 to T3. At this
instant, T2 turns OFF



e Similarly T3 conducts during the negative cycle of Vc and turns OFF when T1 is triggered.
e The average output voltage can be varied by varying the firing angles of the thyristors.

e The waveforms shows the output voltage for various firing angles.

¢ In the waveform, Va is denoted as Van, Vb as Vbn, Vc as Vcn.

Circuit Diagram and Waveform of 3 Phase Half Controlled Rectifier with RL Load

e The circuit consist of a delta star transformer and 3 thyristors T1, T2, T3 which are connected on the
secondary star connected winding and a RL load.

e When Va is positive, T1 becomes forward biased and conducts. During the negative cycle of Va, the
current through T1 is not zero due to inductor present in the load.

e So T1 will remain ON during the negative cycle of Va e When Vb is positive, T2 is triggered and the load
current gets transferred from T1 to T2. At this instant, T1 turns OFF.

e During the negative cycle of Vb, the current through T2 is not zero due to inductor present in the load.
e So T2 will remain ON during the negative cycle of Vb

e When T3 is triggered during positive cycle of Vc, the load current is transferred from T2 to T3. At this
instant, T2 turns OFF

e Similarly T3 conducts during the negative cycle of Vc and turns OFF when T1 is triggered.
e The average output voltage can be varied by varying the firing angles of the thyristors.

e The waveforms shows the output voltage for various firing angles. e In the waveform, Va is denoted as
Van, Vb as Vbn, Vc as Vcn.

Circuit Diagram and Waveform of 3 Phase Full Controlled Rectifier with RL Load
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e The circuit consist of 6 thyristors, T1, T2, T3, T4, T5, T6, a three phase supply and a RL load.



e The thyristors T1, T3, T5 form the positive group.
e The thyristors T4, T6, T2 form the negative group.
e Thyristors T1, T3, T4, T6 produces the full wave recitified output of Vab across the load.
e Thyristors T3, T5, T6, T2 produces the full wave recitified output of Vbc across the load.
e Thyristors T1, T5, T4, T2 produces the full wave recitified output of Vca across the load.

o All these 3 outputs are given simultaneously to the same RL load. The effect is that all the 3 individual
output mentioned above gets superimposed on each other to get the final output.

e The waveform of the output for different firing angles are shown below.
e The average output voltage can be varied by varying the firing angle.
e For firing angle < 90, the circuit works as rectifier.

e For firing angle > 90, the circuit works as Line commutated inverter.
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Dual Converter

Dual converter, the name itself says two converters. It is really an electronic converter or circuit
which comprises of two converters. One will perform as rectifier and the other will perform as
inverter. Therefore, we can say that double processes will occur at a moment. Here, two full
converters are arranged in anti-parallel pattern and linked to the same dc load. These converters
can provide four quadrant operations. The basic block diagram is shown below.

SUPPLY

COMNVERTER 2

CONWERTER 1

M O H

Modes of Operation of Dual Converter
NON — CIRCULATING CURRENT MODE

One converter will perform at a time. So there is no circulating current between the
converters.

During the converter 1 operation, firing angle (o) will be 0<a3< 90°% V¢ and I are positive.
During the converter 2 operation, firing angle (az) will be 0<ax< 90% Vg and Iy are
negative.

Circulating Current Mode

Two converters will be in the ON condition at the same time. So circulating current is
present.

The firing angles are adjusted such that firing angle of converter 1 (oq) + firing angle of
converter 2 (o) = 180°.

Converter 1 performs as a controlled rectifier when firing angle be 0<a;< 90° and Converter
2 performs as an inverter when the firing angle be 90°<a,< 180°. In this condition, Vg and
l4c are positive.

Converter 1 performs as an inverter when firing angle be 90°<a;< 180° and Converter 2
performs as a controlled rectifier when the firing angle be 0<o,< 90° In this condition,
Vgcand Iy are negative.

The four quadrant operation is shown below.
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Ideal Dual Converter
The term ‘ideal’ refers to the ripple free output voltage. For the purpose of unidirectional flow of

DC current, two diodes (D; and D) are incorporated between the converters. However, the
direction of current can be in any way. The average output voltage of the converter 1 is Vo and
converter 2 is Vg,. To make the output voltage of the two converters in same polarity and
magnitude, the firing angles of the thyristors have to be controlled.

Converterl Converter2
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Firing Angle Control



https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/thyristor-silicon-controlled-rectifier/

Single Phase Dual Converter
The source of this type of converter will be single-phase supply. Consider, the converter is in

non-circulating mode of operation. The input is given to the converter 1 which converts the AC
to DC by the method of rectification. It is then given to the load after filtering. Then, this DC is
provided to the converter 2 as input. This converter performs as inverter and converts this DC to
AC. Thus, we get AC as output. The circuit diagram is shown below.

o

o

s
avon

Converter 1 Converter 2

Three Phase Dual Converter
Here, three-phase rectifier and three-phase inverter are used. The processes are similar to single-

phase dual converter. The three-phase rectifier will do the conversion of the three-phase AC
supply to the DC. This DC is filtered and given to the input of the second converter. It will do the
DC to AC conversion and the output that we get is the three-phase AC. Applications where the
output is up to 2 megawatts. The circuit is shown below.
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UNIT -3

DC TO DC CHOPPER

Voltage Commutated Chopper
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Voltage Commutated Chopper circuit diagram

Similar to step down chopper.
T1 = Main thyristor, TA = Auxiliary thyristor, L,C = commutating components, Rc =

charging resistor

Assume output current is constant.

Close the switch, initially capacitor short circuited, after 4 - 5 time constants, V¢ = Vs.
Att=0, T1ison, load is connected across the supply Vo = Vs.

Tank circuit starts conduction ( diode forward bias).

After conduction polarities across capacitor are changed.

D is reverse biased polarities across capacitor are changed.

Upto t2 we completed now we have to turn off the main thyristor.
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. Make TA on, T1 to be off (applying reverse voltage).
. To make the conduction continues use free wheeling diode.
. In order to make the output continuous, the existing path will be changed as Vs, C,
TA and the load.
. Voltage across the capacitor changes.
. Now make the voltage across capacitor > Vs.
. Free wheeling diode conducts, output voltage becomes zero.
. To start next cycle, no need to close switch 's".
. A reverse voltage is applied across conducting SCR due to which current through SCR
becomes zero and it is getting off. Hence it is called voltage commutation.
. Other name of this is impulse commutation. It is because a high reverse voltage will turn

off the SCR.

Limitations of voltage commutated chopper:

1. A starting circuit is required.

2. load voltage at once rises to 2Vsat the instant commutation of main SCR is
initiated.

3. It can't work at no load. It is because at no load, capacitor would not get charged
frm -Vs to Vs when auxiliary SCR is triggered for commutating the main SCr.

4. Main thyristor is required to carry current more than load current. So, it is to be

over rated.



: : . 2z >
la A : ;
: bz ; > t
io : | ' "
i . Py
i | r kb '
1 k ' ' + ' >
woNG L
B 75 S |
: . v ! SES—
' C ' 1 :
N v,'J: : : :
' L ' | '
: v ' s | ' S t
‘ Iy 1
Vet i .1 ) . :
\ E : /7 \i : . > t
ET | N \
VA L Eal :
' T ' ' v '
L A B W
A i A : D 1
7 N
Ve 1 s s
g ! 2\3\ .
5 : : Kk
o| MODEI : MODEII: MODEIIl | MODEIV
1] t L T
T, ON DOFF T, ON TAOFF % =Ton
DON T, OFF FD OFF
. The values of commutating components C and L can be obtained.
. The values depend upon turn off time of main thyristor T1. during tc capacitor voltage

changes from -Vs to zero linearly.

ic=CdV /dt foraconstant load current lo.
lo=C.Vs/tc
C=lo.tc/Vs
. The commutation circuit turn off time tc must be greater than thyristor turn off time.

. Load current should not be too large.



Current Commutated Chopper:
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. Capacitor is charged to Vs, main thyristor T1 is fired at t = 0. So that load voltage Vo =
Vs.
. At t =tl1, auxiliary thyristor is turned on to commutate main thyristor.
. With turning on of TA, an oscillatory current ic is set up in the circuit.
ic s vs Sinmot =\,s\/§ Sin (Dot.
o,L L
. At t2, Vc = - Vsand ic tends to reverse in the auxiliary thyristor TA, it gets naturally
commutated.
. As TA'is reverse biased and turned off at t2. Oscillatory current ic begins to flow
through C, L, D2 and T1.
. At t3icrises to io so that iT1= 0. As a result main SCR T1 is turned off at t3. Since
oscillating current through T1 turns it off it is called current commutated chopper.
. After t3ic supplies load current io and the excess current. iD1 = ic- lois conducted
through diode D1.
. Afetr t4, a constant current equal to lo flows through Vs, C, L, D2 and load.
. Capacitor c is charged linearly to source voltage Vs at t5, so during time (t5 - t4 ) ic= lo.
. In this commutation an opposite current pulse will be injected through SCR. As a result

currents decreases and finally comes to zero if both the currents would be equal and opposite.
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. Anti parallel diode is useful to apply the reverse voltage after current through SCR
becomes to zero. The value of reverse voltage is low. So

1. Turn off time increases.
2. Turn off power loss increases.
V..t I
L sT¢ where x = l‘—’
sz
(xI,) | m=2sin™ —) ’
X
s LN,
a1
V,|n-2sin™| =
X
. Jones chopper employes the principle of voltage commutation.
. Morgan's chopper based on the principle of current commutation.
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