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POWER SEMICONDUCTOR DEVICES
1.Aim :To discuss about the power semiconductor devices.
Objectives :To study about thepower semiconductor devices interms of






Basic Structure
Working
Static V-I Characteristics
Switching Characteristics
Protection circuits

2.Pre-Test : MCQ Type
1. SCR is a -----------------power semiconductor device.
a) bi-directional
b) unidirectional
c) two terminal
d) two layer
Answer:
b) unidirectional
2. Diode has ------------terminals.
a) three terminals
b) single terminal
c) two terminals
d) four terminals
Answer:
c)two terminals
3. Bi-polar Junction Transistor (BJT) is a --------- controlled device.
a) power

b) frequency
c) Voltage
d) Current
Answer:
d) Current
4. BJT is a ------ layer device.
a) two
b) three
c) four
d) single
Answer:
b) three
5. Cut-in voltage of Silicon diode is around -------.
a) 0.2V
b) 0.4 V
c) 0.5 V
d) 0.7 V
Answer:
d) 0.7 V
3.PRE-REQUESTIES
1.Diodes
2.Bipolar Junction Transistor
4.Power Semiconductor Devices
4.1 Thyristor (or) SCR
4.2 MOSFET
4.3 IGBT

4.1 Thyristor (or) SCR
SCR-Silicon
Silicon Controlled Rectifier
Thyristor is a silicon-based
based semiconductor device
device.. Other power semiconductor
devices having characteristics similar to that of a thyristor such as Triac, Diac,
Diac
Silicon-Controlled
Controlled Switch(SCS), Programmable Unijunction Transistor (PUT), GTO,
RCT etc were developed. This whole family of semiconductor devices is called
Thyristor. One of the oldest device from thyristor family Silicon-Controlled
Controlled Rectifier
(SCR)is themost
emost widely used device.
Thyristor or SCR is a four layer, three junction p-n-p-n semiconductor switching
device. The three junctions are J1, J2, and J3.Practically,
Practically, the layers are pn–pn+, i.e. the
doping concentration of the two nn-type
type layers are different while it is the same for
both p-type
type layers. But we will simply use
p-n-p-n construction.

Fig. 1. Construction of SCR

Fig.3. Symbol

Fig.2. Schematic diagram

Fig.3. Symbol

Fig.1. shows the constructional details of SCR, Fig.2. shows the schematic diagram
and Fig.3. shows the symbol of SCR. The three terminal of the thyristor are
Anode(A), Cathode(C), Gate(G). The terminal connected to the outer p-region is
called Anode(A), the terminal connected to outer n-region
region is called Cathode(C), and
that connected to inner p-region
region is called Gate(G).
For large current applications thyristors are mounted on the heat sinks for
better cooling. Now SCRs 0f voltage rating 10 KV and an rms current rating of
3000 A with power –handling
handling capacity of 30 MW are available.
Static V-I Characteristics
eristics of a Thyristor (or) SCR
The elementary circuit diagram to obtain Static V-II Characteristics of a
Thyristoris
is shown in Fig.4. The anode and cathode are connected to main source
through the load. The gate and cathode are fed from a source Es which provides
positive gate current from gate to cathode.

Fig.4. Elementary circuit for obtaining thyristor V
V-I characteristics

The Thyristor or SCR has the following three modes of operation; namely
(i)
(ii)
(iii)

Reverse blocking mode
Forward blocking mode (off
(off-state)
Forward conduction mode (0n
(0n-state)
These three modes of operations are discussed below.
(i)Reverse
Reverse blocking mode
mode:
When cathode
ode is made positive with respect to anode with switch S open,
thyristor is reverse biased as shown in Fig.5.(a). Junctions J1 and J3 are seen
to be reverse biased.
Whereas junction J2 is forward biased. The device behaves as if two diodes
are connected in series with reverse voltage applied across them. A small
leakage current of the order of a few milliamperes flows. This reverse
blocking mode called off
off-state, of the thyristor. In Fig.6. reverse blocking
mode is shown by OP on the curve.

Fig.5. (a) J2 forward biased and J1 and J3 reverse biased
(b) J2 reverse biased and J1 and J3 forward biased

Fig.6. Static V-II Characteristics of a thyristor

If the reverse voltage is increased
increased, then a critical breakdown level, called
reverse breakdown voltage VBR, an avalanche occurs at J1 and J3 , the
reverse current increases rapidly. A large current with VBR, gives rise to
more losses in SCR and the junction temperature may exceed its
permissible limit. Therefore , is to be ensured that the reverse voltage
should not exceed VBR.And the device offers
ffers high impedance in the reverse
direction with reverse voltage applied across it , so the SCR in reverse
blocking mode may therefore be treated as an open switch. In Fig.6.
avalanche region is shown by PQ in the curve.
(ii) Forward Blocking Mode:
When anode is made positive with respect
to cathode with Gate circuit open, thyristor is said to be forward biased as
shown in Fig.5.(b). It is seen from figure that junctions J 1 ,J3 are forward
biased but junction J2 is reverse biased.In this mode a small forward leakage
current flows as shown in Fig.
Fig.5.(b).
5.(b). OM represents Forward blocking mode
of SCR is shown in Fig.6. The forward leakage current is very small and

SCR offers high impedance. Therefore, a thyristor can be treated as an open
switch in forward blocking mode.
(iii) 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. This point M at once shifting to point N
and then to a point anywhere between N and K is shown in Fig.6. Here NK
represents the forward conduction mode. A thyristor can be brought from
forward blocking mode to forward conduction mode by turning it on by
applying (i) a positive gate pulse between gate and cathode or (ii) a forward
break over voltage across anode and cathode.
Forward conduction mode NK shows that voltage
drop across thyristor is of the order of 1 to 2 V depending upon the rating of
SCR. In forward conduction mode the anode current is limited by load
impedance alone as voltage drop VT across the device. In forward
conduction mode thyristor is treated as a closed switch.
Switching Characteristics of SCR
Static and switching characteristics of thyristors are always taken into
consideration for economical and reliable design of converter equipment.
The switching characteristics of SCR is shown in Fig.7.
During turn-on and turn-off process, a thyristor is
subjected to different voltages across it and different currents through it.
The time variations of the voltage across a thyristor and the current through
during turn-on and turn-off processes give the dynamic or switching
characteristics of a thyristor.
(i)Switching characteristics during turn-on:
Aforward-biased thyristor is usually turned on by applying gate voltage
between gate and cathode. The transition time from forward off-state to
forward on-state is called thyristor turn-on time. Total turn-on time can be
divided into three intervals:
(i)delay time td
(ii)rise time tr

(iii)Spread time tp
(i) Delay time td :
The delay time tdis measured from the instant at which gate
current reaches 0.9Ig to the instant at which anode current
reaches 0.1Ia .
Ia– anodecurrent, Ig – gate current.
During this delay time anode voltage falls from Va to
0.9Va.
Va - initial value of anode voltage.
During td anode current rises from leakage current to 0.1Ia
The anode voltage is represented as OA in Fig.7. and the
anode current is represented as small leakage current.
The delay time is fraction of microsecond.
(ii) Rise time tr:
The rise time is the time taken by the anode current to rise from 0.1Ia to
0.9Ig. . During rise time trforward blocking off- state voltage fall from
0.9 to 0.1 of its initial value OA. The rise time can be reduced if high
and steep current pulsesare applied to the gate.
The main factor of determining rise time t r is
the nature of anode circuit. For example in series RL circuit the rate of
rise of anode current di/dt is slow , for RC series circuit di/dt is high ,
tr is therefore less. From the beginning of tr anode current starts
spreading from the narrow conducting region near the gate. The anode
current spreads at a rate of about 0.1 mm per microsecond. During rise
time tr turn-on losses in the thyristor are the highest due to high anode
voltage (Va) and large anode current (Ia) occurring together in the
thyristor as shown in Fig.7. As these losses occur only over a small
conducting region ,local hot spots may be formed and the device may
be damaged.
(iv)

Spread time tp : The spread time is taken by the anode current to rise from
0.9IatoIa. It is also defined as the time for the forward blocking voltage to
fall from 0.1 of its initial value to the on-state voltage drop ( 1 to 1.5 V).
During this time conduction spreads over the entire cross-section of cathode
and on gate structure of the SCR.

From the above discussion, we observe that an SCR is a charge controlled device
during turn. This is also evident from the fact thata certain amount of charge is
injected by the gate current in the gate to cathode junction to bring the SCR in
forward conduction mode from its forward blocking state.
This means, the higher the value of gate current, the lesser will be the turn on
time. In general, the magnitude of gate current to turn on SCR is about 3 to 5
times the minimum gate current required to trigger SCR. When the gate current is
several times higher than the minimum gate current required, an SCR is said to
be hard fired or overdriven SCR.

Fig.7.switching characteristics of SCR

Switching Characteristics of SCR during Turn Off
Switching Characteristics of SCR during Turn Off is the transition of SCR
from forward conduction state to forward blocking state.
This transition process involves bringing the anode current below holding current,
sweeping out of charges from outer p and n junction and recombination of holes and
electrons at the interior junction. Thus it is a dynamic process.
This dynamic process of bringing SCR to off state is called commutation process or
turn off process.
As we know that, once SCR is turned on, gate has no control over it. This means, the
SCR will continue to be in conduction state even if gate current is removed. To turn
off SCR,We need to bring the anode current below holding current. But merely
bringing anode current below holding current won’t turn off SCR.
This is because the charge carriers i.e. electrons and holes are still in favorable
condition and if we apply forward voltage across anode and cathode terminals, SCR
will begin to conduct.
This means, we need to apply a reverse voltage for some finite time to give charge
carries time to be swept away from outer p and n junction due to reverse voltage.
Once the charge has been swept away and recombined in inner junction where
sweeping is not possible, the SCR will sustain forward voltage. At that time , we will
say that SCR is turned off. This whole process takes some time, which is known as
turn off time of SCR.
Turn off time (tq) is defined as the time in between the instant when anode current
becomes zero to the instant when SCR regains forward blocking capability. During
this time, all the excess carries from outer p and n layers are removed as discussed
above.
This removal of excess carriers consists of sweeping out of holes from outer p-layer
and electrons from outer n-layers. The carriers in the inner junction can only be swept
away by recombination. Thus there are two different methods for sweeping out
excess carriers.
This lead to two different times. The time in which excess carriers are removed from
two outer p and n layer is called Reverse Recovery Time trr.
While the time in which carriers in inner layer is removed due to recombination is
called the Gate Recovery Time, tgr.
Following points are noted from switching characteristics during turn-off process





At instant t1, the anode current becomes zero. But carriers are still under
favorable condition, the anode current will start flowing in reverse direction
with the same slope i.e. di/dt. This is actually good. This reverse current will
help to sweep out excess holes from outer p-layer and excess holes from outer
n-layer. This reverse current first increases but with the sweeping out of excess
carriers, this current starts to decrease.
At time t2, when around 60 percent of carriers have been swept away from
outer layers, the reverse anode current stars to decrease. The rate of decay of
reverse current fast in the beginning but becomes gradual thereafter. This fast
decay of reverse current causes a reverse voltage across the SCR or thyristor
terminals and may therefore damage it. An RC element across SCR terminal
helps to protect from such type of happening.



At time t3, when reverse current becomes almost zero, the excess carriers have
been completely removed and now the SCR can withstand the reverse voltage.



The reverse recovery time is, therefore, (t3 – t1).



After reverse recovery time trr, the excess carries are still trapped in the inner
junction J2. Therefore, the SCR is not able to block the forward voltage. Since
the excess charge around junction J2 is not able to flow in the external circuit,
therefore these trapped charges must decay due to recombination. This
recombination is only possible if a reverse voltage is maintained across SCR
for some finite time, though the magnitude of this reverse voltage is not
important. This is because; the rate of recombination only depends on junction
temperature. It is independent of external circuit parameter. The time for
recombination of charge is called Gate Recovery Time, tgr. Here the gate
recovery time is (t4 – t3).



At instant t4, as there is no excess charge, the SCR can withstand forward
voltage. Hence we say that SCR has turned off. SCR or thyristor turn off time
is in the range of 3-100 µs.



The SCR turn off time depends on the magnitude of anode current prior to
starting of commutation process, di/dt and junction temperature. An increase in
magnitude of these factors, increases the thyristor turn off time. However, turn
off time decreases with increase in magnitude of reverse voltage. This is
because; high reverse voltage quickly sweeps out holes from outer p-layer and

electrons from outer n-layers. Thus turn off time of SCR is not a constant
parameter of thyristor, rather it is depend on the external circuit parameter.



SCR forms a part of external circuit. The turn off time provided to the SCR or
thyristor by the practical circuit is called Circuit Turn off Time, tc. It is defined
as the time between the instant anode current becomes zero to the instant
reverse voltage across SCR terminals becomes zero. Circuit turn off time
tc must be greater than thyristor turn off time tq for reliable commutation.

Thyristors with slow turn off time (50-100 µs) is called converter grade SCR and
those with fast turn off time (3-50 µs) is called inverter grade SCR. Converter grade
SCRs are cheaper and used for Phase Controlled Rectifiers, AC Voltage Controllers
etc. Inverter grade SCRs are costlier and used for Chopper, Inverter and forced
commutated converters.

4.2 POWER MOSFET
The POWER MOSFET is a recently developed device combining the areas of field
effect concept and MOS technology.

Fig.1.MOSFET Symbol

The MOSFET has three terminals called source (S), drain(D) and Gate(G).The circuit
symbol of MOSFET is shown in Fig.1.Here arrow indicates the direction of current
flow. BJT is a current controlled ddevice
evice but MOSFET is voltage controlled device.
Operation depends on the majority carriers only, MOSFET is a unipolar device.
The gate circuit impedance of the MOSFET is high in the order of 109 ohms. So
MOSFET gate to be driven directly from microelectroni
microelectronic circuits.
MOSFET is free from second breakdown voltage problem. Now power MOSFETs
are finding applications in low
low-power high frequency converters.
Power MOSFETs are of two types:
(i)n-channel
channel enhancement MOSFET.
(ii)p-channel
channel enhancement MOSFET.
The n-channel
hannel enhancement MOSFET is more popular due to high mobility of
electrons.
Structure of Power MOSFET

Fig.2. Basic structure of DMOS Power MOSFET

 Planer Diffused metal-oxide
oxide-semiconductor
semiconductor (DMOS) structure for n-channel
n
power MOSFET is shown in Fig.2
 On n+ substrate n- layer is epitaxial
epitaxially grown.
 n- layer –high
high resistivity layer, determines the voltage blocking capability of
the device.
 Other side of n+ substrate ,a metal layer is deposited to form the drain(D)
terminal.
 P- regions diffused on nn- layer.
 Further n+ regions are diffused on pp- layer.
 SiO2 layer is deposited then etched to fit metallic source(S) and Gate(G)
terminals.
 A power MOSFET actually consists of a parallel connection of thousands of
basic MOSFET cells on the same single chip of sili
silicon.

Working
 When Gate circuit voltage is zero and VDD is present
 n- - p- junctions are reverse biased and no current flows from drain to source.

 When Gate terminal is made positive with respect to source an electric field is
established and the electrons form n-channel in the - p- regions as shown in fig
.2. So current flows from drain to source as indicated by arrows.
 When Gate circuit voltage is zero and VDD is present n- - p- junctions are
reverse biased and no current flows from drain to source.
 When Gate terminal is made positive with respect to source an electric field is
established and the electrons form nn-channel in the - p- regions as shown in
fig. So current flows from drain to source as indicated by arrows.
 With Gate voltage is increased curr
current ID also increases.
 Length of n-channel
channel can be controlled, and therefore on state resistance can be
made low if short length is used for the channel.
 Power MOSFET conduction is due to majority carriers, therefore time delays
caused by removal or recombi
recombination
nation of minority carriers are eliminated.
 Thus power MOSFET can work at switching frequencies in the megahertz
range.

MOSFET Characteristics
The basic circuit diagram for nn-channel
channel power MOSFET is shown in Fig.3.

Fig.3.Circuit diagram

The static characteristics of power MOSFET is discussed below.
Transfer Characteristics: This Characteristics shows the variation of drain current ID
as a function of gate-source
source voltage VGS.

Fig.4. shows the Transfer Characteristics

.

The Fig.4. shows the transfer characteristics. It is seen that there is threshold voltage
below which the device is off. The magnitude VGST is of the order of 2V to 3V.
Output Characteristics:
Power MOSFET output characteristics shown in Fig.5.The Output characteristics
indicates variation
ation of drain current ID as a function of drain source voltage VDS for
constant VGS.
For low values of VDS the graph between ID- VDS are almost linear. This indicates
constant value of on-state
state resistance RDS = VDS/ID.
For given VGS, If VDS is increased, output characteristics is relatively flat indicating
that drain current is nearly constant.
A load line intersects the output characteristics at A and B. Point A indicates the fully
ON condition of the device and B indicates the OFF state of the device.
Power MOSFET operates as a switch either at A or at B.

Fig.5.Output characteristics

(c) Switching characteristics:
The Switching characteristics are influenced to a large extent by internal
capacitance of the device and internal impedance of the gate drive
dr
circuit.
The Switching characteristic is shown in Fig.6.

Fig.6.Switching characteristics

Turn-on process
During turn-on there is initial delay tdn during which input capacitance charges to
Gate threshold voltage VGST.
tdn—called turn-on delay time.
Further delay tr is the rise time, during this period VGST rises to VGSP.
This voltage is sufficient to drive the MOSFET into ON state.
During tr drain current rises from zero to full ON current.
Total turn-on time ton=tdn + tr .
Turn-on time can be reduced by using low impedance gate drive source.

Turn-off process
As MOSFET is a majority carrier device, turn-off process is initiated soon after the
removal of Gate-Source voltage at time t1.
During the turn-off delay time tdf the input capacitance discharges from V1 to VGSP.
during the fall time tfthe input capacitance discharges from VGSP to threshold voltage.
ID current also falls to zero. When VGS is less than VGST the turn-off process is
completed.
Turn-off time toff = tdf + tf
Power MOSFETs are popular for switched mode power supplies. The available
ratings are upto 500V, 140A.

4.3 IGBT
IGBT-Insulted Gate Bipolar Transistor
IGBT is a new development in the area of power MOSFET technology.
This device combines into it the advantages of power MOSFET and BJT. So IGBT
has high input impedance like MOSFET and low on state power loss like BJT.
IGBT is free from second breakdown problem present in BJT.
Basic structure and working
Fig.1. shows the structure of IGBT. It is constructed virtually in the same manner as
that of power MOSFET. However there is a major difference in the substrate. In
IGBT p+ layer substrate called collector is present on which n_ layer is epitaxially
grown.
 This n- layer –high resistivity layer, determines the voltage blocking capability
of the device.
 Like a power MOSFET, an IGBT has also thousands of basic structure cells
connected appropriately on a single chip of silicon.

Figure.1. Basic structure of an IGBTFigure.2. Circuit Symbol

The figure.2. shows the circuit symbol. It has three terminals called collector(C),
emitter(E) and Gate(G).
When Gate is made positive with respect to emitter and with gate
gate-emitter
emitter voltage
more than the threshold voltage of IGBT, an nn-channel
channel is formed in the p-region.
p
An electron movement in the nn-channel
channel , in turn causes substantial hole injection
+
from p substrate layer into n epitaxial layer. Eventually a forward current is
established as shown in Fig.1. The IGBT can be viewed as two transitorspnp and npn
transistorss connected back to back.
The three layers p+ ,n- and p constitute a pnp transistor with p+ as emitter, nn as base
+
and p as collector. Also n-,, p and n layers constitute npn transistor. The layer p
serves as collector for pnp device and as base for np
npn transistor.
IGBT-working
When collector is made with respect to emitter, IGBT gets forward biased.
With no voltage between the gate and emitter, two junctions between n - region and p
region

( i.e junction J2 ) are reverse biased, so no current flows from collector to emitter.
When gate is made positive with respect to emitter by voltage VG, with gate-emitter
voltage more than the threshold voltage VGET of IGBT, an n- channel or inversion
layer is formed in the upper part of p-region beneath the gate.
This n- channel short-circuits the n- region with n+ emitter region. Electrons from the
n+ emitter begin to flow to n- drift region through n-channel.
As IGBT is forward biased with collector positive and emitter negative, p + collector
region injects holes into n- drift region.
In short, n- drift region is flooded with electrons from p-body region and holes from
p+ collector region. With this, the injection carrier density in n- drift region increases
considerably and as a result, conductivity of n- region enhances significantly.
Therefore IGBT gets turned on and begins to conduct forward current I C.

IGBT characteristics
The circuit of Fig.3. shows the various parameters pertaining to IGBT characteristics.
Static V-I or output characteristics of an n-channel IGBT in Fig.4. shows the plot of
collector current IC versus collector-emitter voltage VCE for various values of gateemitter voltages VGE1, VGE2 etc.
The controlling parameter is gate-emitter voltage VGE because IGBT is a voltagecontrolled device. When the device is off junction J2 blocks forward voltage and in
case reverse voltage appears across collector and emitter, junction J1 blocks it. VRM is
the maximum reverse breakdown voltage.

Fig.3. Circuit diagram

Fig.4.V-I Characteristics

Fig.5.Transfer characteristics

The transfer characteristics of an IGBT is shown in Fig.5. This is a plot of collector
current IC versus gate-emitter
emitter voltage VGE. When VGE is less than the threshold
voltageVGET, IGBT is in the off
off-state.
Switching Characteristics
Switching characteristics of an IGBT during turn
turn-on and turn-off
off is shown in
Fig.6.The turn-on
on time is defined as the time between the instants of forward
blocking state to forward on-state.
state.
Turn-on time:
The turn-on time is ton = tdn + tr.

tdn= turn-on delay time is defined as the time for the collector-emitter voltage to fall
from VCE to 0.9 VCE.
And also collector current to rise from its initial leakage current ICE to 0.1 IC.
VCE – initial collector-emitter voltage.
IC –Final value of collector current.
Rise time tr- is the time during which collector current rise from 0.1 IC to its final
value IC. During the same rise time VCE falls from 0.9 VCE to 0.1 VCE.
After time ton the collector current is IC, VCE falls to small value called conduction
drop VCES.
Turn-off time:
The turn-off time is complex. It consists of three intervals: (i) delay time, t df
(ii) initial fall time tf1
(iii) final fall time tf2
toff= tdf+ tf1+ tf2.
The delay time ,tdf is the time during which gate voltage falls from VGE to threshold
voltage VGET. Collector current falls from IC to 0.9 IC. At the end of tdf,Collectoremitter voltage begins to rise.
The first fall time tf1 is defined as the time during which collector current falls from
90 to 20% of its initial value IC.
Collector –emitter voltage rises from VCES to 0.1 VCE.
The final fall time tf2during the time collector current falls from 20 to 10% of IC,
VCErises from 0.1 VCE to final value VCE.
Applications of IGBTS
 IGBTS are widely used in medium power applications such as DC and AC
motor drives, UPS systems, power supplies and drives for solenoids, relays
and contactors.
 IGBT inverter induction –motor drives using 15- 20 kHz switching frequency
are finding favour where audio-noise is objectionable.

 At present, the state of the art IGBTs of 1200 V, 500 A ratings, 0.25 to 20
microsecond turn-off time with operating frequency up to 50 kHz are
available.

4.4 SCR Protection
The specified ratings of thyristors should not be exceeded for its reliable operation.
But in practice a thyristor may be subjected to over voltages 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. SCRs are very delicate devices, their protection
against all such abnormal conditions is therefore essential for satisfactory and reliable
operation of SCR circuit and the equipment.
Various techniques adopted for the protection of SCRs are discussed below.
(a) di/dt protection
(b) dv/dt protection
(c) over voltage protection
(d) over current protection
(e) gate protection
(f) snubber circuit

Fig.1. Circuit components showing the thyristor protection

(a) di/dt protection
When a thyristor is turned on by gate pulse then charge carriers spread through its
junction rapidly. But if rate of rise of anode current, i.e. di/dt is greater than the
spreading of charge carriers then localized heat generation will take place which is
known as local hot spots. This may damage the thyristor.
Protective Measure: To avoid local hot spots a small inductor called di/dt inductor
connected in series with the device as shown in Fig.1.It prevents high rate of change
of current through it.Typical di/dt limit values of SCRs are 20-500 A/µsec.

(b)dv/dt protection
When a thyristor is in forward blocking state then only J2 junction is reverse biased
which acts as a capacitor having constant capacitance value Cj (junction capacitance).
As we know that current through capacitor follows the relation
Hence leakage current through the J2 junction which is nothing but the leakage
current through the device will increase with the increase in dva/dt i.e. rate of change
of applied voltage across the thyristor. This current can turn-on the device even when
the gate signal is absent. This is called dv/dt triggering and must be avoided which
can be achieved by using Snubber circuit in parallel with the device as shown in
Fig.1.

Typical values of dv/dt are 20-500 V/ µsec.
(c ) Over voltage protection
Overvoltage
Over voltages are the greatest causes of failure of SCRs. These transient over
voltages often lead to unscheduled turn ON of the SCR. Also, may lead to the
permanent destruction of the SCR if the reverse transient voltage is more than the
VBR across the SCR.
There are several causes of appearing these over voltages like commutation,
chopping, lightening, etc. Depends on these sources, over voltages are divided into
two types internal and external over voltages.
Internal Overvoltages:
Internal over voltages arise while the SCR is in operation. During the turn OFF of an
SCR, a reverse current continues to flow through the SCR after the anode current
decreased to zero to sweep away the earlier stored charge. This reverse current decay
at a faster rate at the end of reverse recovery interval.
Due to the inductance of the circuit, this high di/dt produces a high voltage. This
voltage value may be much higher than the rated value of the SCR and hence the
SCR may be damaged.
External Overvoltages:
These voltages are arises from the supply source or load. Some of these are




If SCRs are in blocking mode in a converter circuit which is supplied with
transformer, a small magnetizing current flow through the primary of the
transformer. If the primary side switch is suddenly removed, a high voltage
transient is produced in the secondary of the transformer and hence it is applied
across the SCR. This voltage is several times that of the break over voltage of
the SCR.
Lightning surges on the HVDC systems to which SCR converters are connected
causes a very high magnitude of over voltages.




If the SCR converter circuit is connected to a high inductive load, the sudden
interruption of current generates a high voltage across the SCRs.
If the switches are provided on DC side, a sudden operation of these switches
produces arc voltages. This also gives rise the over voltage across the SCR.

Protection Against Over voltages
To protect the SCR against the transient over voltages, a parallel R-C snubber
network is provided for each SCR in a converter circuit. This snubber network
protects the SCR against internal over voltages that are caused during the reverse
recovery process. After the SCR is turned OFF or commutated, the reverse recovery
current is diverted to the snubber circuit which consists of energy storing elements.
The lightning and switching surges at the input side may damage the converter or the
transformer. And the effect of these voltages is minimised by using voltage clamping
devices across the SCR. Therefore, voltage clamping devices like metal oxide
varistors, selenium thyrector diodes and avalanche diode suppressors are most
commonly employed.
These devices have falling resistance characteristics with an increase in voltage.
Therefore, these devices provide a low resistance path across the SCR when a surge
voltage appears across the device. The figure .1. shows the protection of SCR against
over voltages using thyrector diode and snubber network.
(d) over current protection

During the short circuit conditions, over current flows through the SCR.
These short circuits are either internal or external. The internal short circuits
are caused by the reasons like failure of SCRs to block forward or reverse
voltages, misalignment of firing pulses, short circuit of converter output
terminals due to fault in connecting cables or the load, etc. The external short
circuits are caused by sustained overloads and short circuit in the load.
In the event of a short circuit, the fault current depends on the source impedance. If
the source impedance is sufficient during the short circuit, then the fault current is
limited below the multi-cycle surge rating of the SCR. In case of AC circuits, the
fault occurs at the instant of peak voltages if the source resistance is neglected.

In case of DC circuits, fault current is limited by the source resistance. Therefore, the
fault current is very large if the source impedance is very low. The rapid rise of this
current increase the junction temperature and hence the SCR may get damaged.
Hence the fault must be cleared before occurrence of its first peak in other words
fault current must be interrupted before the current zero position.
Protection Against Overcurrent
The SCRs can be protected against the over currents using conventional over current
protection devices like ordinary fuses (HRC fuse, rewirable fuse, semiconductor fuse,
etc,), contractors, relays and circuit breakers. Generally for continuous overloads and
surge currents of long duration, a circuit breaker is employed to protect the SCR due
to its long tripping time.
For an effective tripping of the circuit breaker, tripping time must be properly
coordinated with SCR rating. Also, the large surge currents with short duration (are
also called as sub-cycle surge currents) are limited by connecting the fast acting fuse
in series with an SCR.
So the proper coordination of fusing time and the sub-cycle rating must be selected
for a reliable protection against over currents. Therefore, the proper coordination of
fuse and circuit breaker is essential with the rating of the SCR.
(d) Gate protection

Gate circuit should also be protected from overvoltages and overcurrents.
Overvoltages in the gate circuit can cause false triggering and overcurrent can cause
high junction temperature.
Protective Measure:
Overvoltagesthyristor protection is achieved by using a zener diode and a resistor
can be used to protect the gate circuit from overcurrent.
Noise in gate circuit can also cause false triggering which can be avoided by using a
resistor and a capacitor in parallel. A diode (D) may be connected in series or in
parallel with the gate to protect it from high reverse voltage which is shown in Fig.1.

Snubber circuit

Fig.2. Snubber circuit

As we discussed above, the protection against high voltage, reverse recovery
transients and dv/dt is achieved by using an RC snubber circuit.
This snubber circuit consists of a series combination of capacitor and resistor
which is connected across the SCR.
This also consist an inductance in series with the SCR to prevent the high di/dt.
The resistance value is of few hundred ohms. The snubber network used for the
protection of SCR is shown in Fig.2.
When the switch closed, a sudden voltage appears across the SCR which is
bypassed to the RC network. This is because the capacitor acts as a short circuit
which reduces the voltage across the SCR to zero. As the time increases, voltage
across the capacitor builds up at slow rate such that dv/dt across the capacitor is
too small to turn ON the SCR. Therefore, the dv/dt across the SCR and the
capacitor is less than the maximum dv/dt rating of the SCR.
Normally, the capacitor is charged to a voltage equal the maximum supply voltage
which is the forward blocking voltage of the SCR. If the SCR is turned ON, the
capacitor starts discharging which causes a high current to flow through the SCR.

This produces a high di/dt that leads to damage the SCR. And hence, to limit the high
di/dt and peak discharge current, a small resistance is placed in series with the
capacitor as shown in above. These snubber circuits can also be connected to any
switching circuit to limit the high surge or transient voltages.
5. MCQ POST-TEST
1. The SCR will be turned off from its conducting state when the anode current of
SCR falls below the value of -------------.
a) latching current
b) holding current
c) cathode current
d) base current
Answer:
b) holding current
2. The magnitude of gate current to turn on SCR is about --------- the minimum gate
current required to trigger SCR.
a) 1to 2 times
b) 2 to 3 times
c) 3 to 4 times
d) 3 to 5 times
Answer:
d) 3 to 5 times

3.Inverter grade SCR has fast turn off time in the range of----------a) (3- 50µsec)
b) (3-75µsec)
c) (3-100µsec)
d) (10-100µsec)
Answer :
a) (3- 50µsec)

4. Power MOSFET is a ----------------controlled device.
a) current
b)voltage
c) power
d) frequency
Answer :
b) voltage

5. Power MOSFET gate circuit impedance is about----------a) 107 ohms

b) 108 ohms
c) 109 ohms
d) 105 ohms
Answer :
c) 109 ohms

6. Power MOSFET can work at high switching frequencies in---------range.
a) kHz
b) MHz
c) Hz
d) none of the above
Answer :
b) MHz
7) The magnitude of VGST of a power MOSFET is in the range of ---------a) 1V
b) 0.5V
c) 1.5 V
d) 2V to 3V

Answer :
d) 2V to 3V

8.IGBT is a ---------controlled device.
a) current
b) voltage
c) power
d) frequency
Answer :
b) voltage
9. The n- layer , high resistivity layer of IGBT determines the -------capability of the
IGBT.
a) current blocking
b) power blocking
c) frequency blocking
d) voltage blocking
Answer :
d) voltage blocking

10. The snubber circuit has inductance in series with the SCR prevents the high----a) high di/dt
b) high dv/dt
c) high power
d) high frequency
6.CONCLUSION:
Basic structure, working and characteristics of SCR, Power MOSFET and IGBT are
explained.Power semiconducting devices are widely used in various power
electronics circuits . The Knowledge of various power semiconducting devices are
useful for their industrial applications.
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9.ASSIGNMENTS:

1. Explain the working and characteristics of GTO.
2. Discuss the reverse recovery process of power diodes.
3. Discuss the various protection circuits for SCR.
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