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Adding of external atom in the semiconductor is called Doping.

P o
\/éJf/nJr — Highly doped semiconductor (10"/cm?)
Vﬁ/n — Moderately doped (10'%/cm?)
A /n" — Lightly doped (10%/cm?)



= Minority carrier depends upon the temp.

. Temp T — Covalent bond breaks — Minority carrier
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= The Movement of charges occur due to

1. Diffusion : Due to conceptration gradient.




2. Drift : Due to Electric Field

e
F=qE R®
_F=®E — In direction of E <

F = ©E — Opposite to E




FUSION (Due to Concentration Gradient)

In Semiconductors:

When carrier concentration is high in

yday Example: ~ — =

n perfume is sprayed in

corner of a room, its
cules move from

concentration to

concentration and
ad throughout
oOom.

one region and low in another,
carriers (electrons or holes) diffuse
from high concentration to

low concentration.

High concentration Low concentration
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IFT (Due to Electric Field)
External push

yday Example: >

crowded corridor, ~ w3
ople are pushed . >
 behind, they start —@
ing in a particular \m
~tion (even if the
vd is uniform).

>

People move in the direction of push

@\' Key Point: Total Current = Drift Current + Diffusion Current

| Carrier movement
(Diffusion)

= Movement of carriers due to concentration difference

In Semiconductors:

An external electric field exerts force on
carriers, due to which they drift in a
specific direction.

— Electric Field (E) -+
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Hole drift
(in the direction of E)

Electron drift
(opposite to E)

Drift = Movement of carriers due to electric field

e Both drift and diffusion are responsible
1 for the flow of current.
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When P-type and n-type semiconductor come in physical contact with
each other, a P-n Junction is formed.

Due do Diffusion phenomena, the electrons and holes start moving &
they recombine with each other.

So area near the junction is depleted from free charge carrier, which
create electrical field. E
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4. Due to this, electrical field creates potential barrier which stops the
further diffusion of electrons & holes. At this time P-n junction are in
thermal equilibrium condition.
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Due to this, electrical field creates potential barrier which stops the
further diffusion of electrons & holes. At this time P-n junction are in
thermal equilibrium condition.

When P-n junction is forward biased, the width of depletion layer as
well as magnitude of E will be reduced. So potential barrier starts
reducing.

Whenever potential barrier becomes zero, current starts flowing in
forward direction. In this condition, current flows due to diffusion.
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7. When P-n junction is RB, the width of depletion layer as well as

P-n Junction NG

magnitude of electric field both increase which increases the barrier
potential. Therefore, diffusion is not possible.

8. But still small about of current is flowing due to minority charge
carrier, which is called Reverse Saturation Current.

9. The magnitude of reverse saturation current depends on temperature.
NN N

O 7-0V=u~

j T‘Cb = 0'} . N
L




— 1

P N

@

10. If we go on increasing reverse voltage, at the break down voltage (Due

11.

12.

to impact lIonisation), the number of free charge carrier increases
rapidly.

In Break-down region, the magnitude of voltage & current is very
high. So, power loss will be high which may damage the diode.

Therefore, the applied reverse voltage should be less than break down
voltage.
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Some points about P-N Diode: 3% %

. In thermal equilibrium condition depletion region( space charge | charge reglon ) exist.
Which create barrier potential @

. Forward bias reduce width of depletion region Forward current flows due to
majority charge carrier if forward voltage 1s more than cut-in(threshold)
voltage.

. Reverse bias increase width of depletion region, Reverse saturation current
flows due to minority charge and this current mainly depend on temperature.

NN S N NN
. Above bregl;c\lg\\y\n voltage impact 1onisation takes place and reverse current

increases with faster rate.
) SN 4

. We can use diode only up to breakdown voltage. It shown the reverse blocking
: N et NN
capacity.
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Construction of Power Diode

which reduces “on state resistance” R_. So more amount of current can be

flown without excessive power loss.
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In power diode, P & n type semiconductor layers are connected in vertical
configuration. In vertical configuration, large cross section area 1s possible
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Construction of Power Diode BNk —%‘r

Large cross-section area also decreases thermal resistance. So it helps 1n
cooling the device.

In vertical configuration, 1t can be easily mounted on heat Sink.

To increase the voltage rating, we introduce a lightly doped drift region
between p+ and n+ layer. The drift region increases width of the depletion
layer which ultimately increases B.D. voltage.
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TA Anode metalization
ANANNAANNANNN - l .....
PN /| Anode
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Construction of Power Diode

In power diode, P & n type semiconductor layers are connected in vertical
configuration. In vertical configuration, large cross section area 1s possible
which reduces “on state resistance” R_. So more amount of current can be
flown without excessive power loss.
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Construction of Power Diode

Large cross-section area also decreases thermal resistance. So 1t helps 1in
cooling the device.

In vertical configuration, 1t can be easily mounted on heat.

To increase the voltage rating, we introduce a lightly doped drift region
between p+ and n+ layer. The drift region increases width of the depletion
layer which ultimately increases B.D. voltage.



TA Anode metalization
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TA Anode metalization
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Conductivity Modulation

When power diode 1s FB and large amount of Forward current 1s tlowing.

The holes are moving from p+ layer to n~ Drift region, some of these
hole recombine with the electrons 1n drift region but majority of holes
diffuse toward junction (n—n").

Now, these positive holes start attracting negative electrons from n™ layer,
so at particular instant, the drift region has large number holes and
electrons which increase its conductivity. This phenomena 1s called
Conductivity modulation.

Due to conductivity modulation, the resistance of Drift layer
automatically decreases.




Exponential




I am a

NORMAL DIODE

000

N - o
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My leakage current
is LOW.

My reverse breakdown
voltage is LOW.

In forward direction,
my current increases

EXPONENTIALLY.

My leakage current
is of HIGH value.

My reverse breakdown
voltage is HIGH.

In forward direction,
my current first increases

EXPONENTIALLY,
then becomes LINEAR.







Reverse Recovery Characteristics

Reverse recovery characteristic is the tunmsofficharactenstiesof the diode.

2. To turn off the diode, we apply RB, due to which forward current
becomes zero.

3. But still storage charges exist between semiconductor layer. These
storage charges are minority carrier.

4. Until and unless these storage charges are removed, the diode will not be
turned off.

5. These storage charges can be removed either by recombination or moving
out 1n outer circuit.



Reverse Recovery Characteristics

Due to which a current flow 1n reverse direction which 1s called reverse
recovery current.

When more than 50% charges are removed, the magnitude of reverse
recovery current reduces.

Due to which a reverse transient voltage i1s created (Due to circuit
Inductance).




BORDER ANALOGY (India-Pakistan)

DIODE / SEMICONDUCTOR VIEW CURRENT vs TIME

STAGE

| Gates Open - Normal Movement Forward Bias Forward Current (I;)
: = = : -
- #
| NORMAL B | e 5 !
@

® ) @ +» o - ® F

(Forward ﬁ ﬁ_* il , R o0 o » - e
Conduction) & @ = Hole (Minority in N) @ = Electron (Minority in P) 0 >
People are moving from India to Pakistan Large number of carriers are injected and stored
and Pakistan to India. on both sides of the junction. |

Forward Current Decreases

1 Order to Close the Gates Reverse Bias Applied
? ? 7 P «E N i
GATES
OSING &> e © o | - e © o s
CL 1 e ® © o |- ® o o
(Reverse Bias 7 *; ﬁ_* * { ® o e @ o IS
Applied) e 4, o =
Disturbance occurs. Order comes to close the gates. Electric field reverses. It s‘tart's remoymg (sweeping out) t
Forward movement starts reducing. stored minority carriers.
People Sent Back (Opposite Movement) Reverse Recovery Current Reverse Current Increases
2 ? P e . L 4
=————= t
REVERSE N e o— - — @ o
<+ - —»
CURRENT _M Lo  Z 0 e
STARTS L 4 . AT
Now, people who had crossed or were on the other side Stored carriers are swept out by the reverse e!ectnc field. T
. : A large reverse current flows for some time.
are being sent back to their own country.
3 Fewer People Left to Send Back Stored Charge Decreases Reverse Current Decreases
P N | 1
REVERSE B - o - . ° o l 0 LIS
© L2 -
CURRENT ﬁ * r'y ﬁ”’ ﬁ
DECREASES — = : Stored charge reduces (by sweeping out
As most people are sent back. only a few remain. and also by recombination). Hence reverse -lram -
Reverse movement reduces. current starts decreasing.
4 Normal - No Movement P Diode Fully OFF N Current Becomes Zero
—r— I
RECOVERY o o PSR [ —— e o 01 >
COMPLETE : = g || ° I t

(Current = 0)

KEY POINTS

« Forward conduction — People move both ways.

Finally everyone is back. No movement remains.

* Reverse bias applied — Gates close.
« Stored people (carriers) are sent back — Reverse current flows.
« As stored population reduces (by sweeping + recombination)

—+ Reverse current reduces to zero.

RECOMBINATION (How to show in analogy)

== § ig ™

Some people from India side and Pakistan side
meet in between and "settle” (recombine).
They do not contribute to movement anymore.

No stored carriers left. Current becomes zero.
Diode has completely recovered.

IN SEMICONDUCTOR

e

P-n
PN
e—-0 —
\~-‘/

4

b

Electron + Hole — Recombination
(They disappear as mobile carriers)

OVERALL RESULT

Stored charge decreases
( by sweeping out
+ recombination )
=>
Reverse current reduces
to zero.
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Reverse Recovery Characteristics

= \)‘{M = Peak value of reverse recovery current.

= t. =t = Time from the Instant I = 0 to the instant current becomes 25%
of I







t, = During t, time, we remove the storage charge from depletion region.

t, = During ¢t ,Z time, storage charges are removed from other
semiconductor layer



= {q: {‘w
(4+9)
— {qq&: IRM

SDE‘MCSS 6qc+a( - = E k@
'{q Sl

{5: S ta












In slow recovery diode (Normal diode), S = 1.
In Fast recover diode S <<1.

A4S =4
| 20 _ .
{\(Y' P\ ‘LRN: ZQRf_lA-
ML \ At




The reverse recovery time of a diode is 2 microsec and rate of fall
diode current di/dt is 20 amp/microsec. The storage charge and

peak inverse current IRM will be respectively?

o 40 mico C ,40 amp "
N Ju(:g?ﬂib
e 80 mico C,40 amp Aot = 20 ‘:
,B &C(
Q="
e 160 micro C,80 amp
TRy

Q Diode not conduct
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e
l% Turn off time of diode 1s ultimately dependentonsforwardcurrent.
" t 4 — FastT - High Switching T

- A\cA
Diode Family Device 'l;;:
1. Slow recovery diode :
2. TFastrecovery diode ol

3. Schottky diode



/ &
Slow recovery diode | Fast recovery Diode Schottky Diode

I.t, =25 micros 1.t =35 micros 1. T = nano sec.
2.Voltage ratingup to | 2.Up to 3 kV 2.Upto 100V
Skv v o |
3.Current Rating up to | 3.Up to several 3. Upto 300 A |
several thousand thousand Amp
Amp ./

4.Application -Line 4.In chopper & Inverter | 4.In SMPS
frequency Rectifier commutation circuit
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Diode Family Device jé w | ®
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= In fast recovery diode, we do gold & platinum doping. This will increase

recombination rate, so average life span of the charge 1s reduced and its turn
off time will be reduced. But, its on state voltage drop (due to on state
resistance) 1S more.

= The Schottky diode 1s a Metal to semiconductor junction diode 1n which
\(\/\/\/\/\, " : :
conduction occurs only due to Majority carrier (electron). So, due to absence

of Minority charge carriers, this diode can be turned off in nano sec. So, it

can be used in High frequency applications.




Note — Schottky Diode
/ = The cut-in voltage of Schottky diode 1s low.

= The reverse voltage blocking capacity (BD voltage) 1s less.

= In Magnitude of leakage current 1s high.
\' The width of depletion layer is less.



Schottky Normal
diode diode
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1. Diode circuit
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Capacitor V3
— 4—_;
xT _ ‘ —
] ]
Capacitor storing the energy Capacitor releasing the energy
(Capacitor is charging) (capacitor is discharging)

= In a power cycle, the overall power consumed by the Capacitor is zero.

« P=V_.I.

av
Vi
’ (IC)avg. =0

2 o = ®Q

[C) '\ 3

= In a power cycle, average current through the Capacitor is equal to zero.
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The diode will conduct for
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Conduction Period of AC Circuit —

Same AC Circuit ... Different Loads ... Different Journey Length!
Stops early...
conduction for

only 7T / 2 ’

Distance = 1—'{ 2
G

oes further... C :
2 e Current in phase
conduction for with voltage
7T - Diode conducts in
e first half cycle
v « Conduction period:

Current leads voltage

« Diode conducts in
first quarter cycle

» Conduction period:

/2

C Load

(Capacitive Load) ————

—

« Current lags voltage

« Diode conducts in
both half cycles
« Conduction period:

Goes the longest...
conduction for

27T

Distance = 27T
- Same AC Circuit... Different Loads... Different Conduction Periods! -




For R load
= L load
= R-Lload
= Cload

——

D conducts for m
D conducts for 27T v

D conducts for T to 21

/(4

D conducts for >




The switch is closed at t = (, then diode will conduct for
t=0
0 @ _|>|__| +
- Ve
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@ 2 VLC
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Q Diode not conduct -



L[S I(J)—J(9






lverse Laplace
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pifferent

F;f":’rlz;} Will you be with me No, | can be with you After
E;ve Gtories for MY entire only for T[‘V LC time. hztis rl;\%e
life? ¥ After that, Diode ONLY!

v w4 will not allow me
y to stay with you.

Moral of the Story:
In an LC circuit excited by a DC source, the current flows only for TVLC time. ¥
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1. Diode circuit
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Pd this vadua 19 eqn W)

O+3¢v= O
Q-260=-0
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j= Vin \:—'Cos wt— 061278 |
wl

Cuyyeny W bezenw

—Coswt — 064218 =4

Cosdt = - 0°6421%
Wi=130, 23y
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Ver 7D N
A diode circuit feeds an ideal Inductor. Given that, V; = 100 sin \ W/
wt where, w = 100 w and L = 31.83 mH. The initial value of
inductor current is zero. Switch S is closed at t = 2.5 ms. The peak
value of Inductor current in the first cycle will be

t=2.55«
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Transistor Family

Bipolar Junction Transistor (BJT)

I\



Bipolar Junction Transistor

BJT 1s a three terminal device in which collector (C) and Emitter (E) are the
main terminals and Base (B) 1s control terminal.

It 1s a tullyscontrolledsdevace. It can be turned ON as well as turned OFF
through control terminal.

emitter. CNPN)

It has unipolar voltage blocking capacity. It can block only forward voltage.
When significant amount of reverse voltage 1s applied , it 1s damaged.

in which current flows only from collector to



'TT: Covedt bod brels
Bipolar Junction Transistor Ve ER-EYa)

@

It 1s Bipolam(Minority carfier) device. In this device, conduction occurs due
to electrons and holes both.

It has negative temperaturescoefficientrofiResistancc. T’l‘ = R i
IT—R|

It also has seeondanysbreakdown.

ntscontrolledsdevice, the control signal is I

It iS d CUrre

It’s paralielyeperationsismeotpossibledn.normal way.




Power BJT .




Construction — Power BJT

= In power BJT, we use alternate n and p type semiconductor layers in
vertical configuration.

= Vertical configuration increases the cresssseetionmareay so R . 1s reduced.
Therefore, during ON condition, large amount of current can flow which
Increase 1ts @urrentirating.

= We introduce a lightly doped dmft™#&gion between base and collector
semiconductor layer, which increase the voltagematingsotzpowesBJT.




Construction — Power BJT

. 1 .
To increase the value of T f = ﬁ ,the base semiconductor layer has lower

doping and it’s thickness 1s also less.

We use multi emitter in power BJT to reduce the secondary breakdown
phenomena which occurs due to current’s crowding.



| h ‘2 Minutes Summary
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Power BJT




Construction — Power BJT

= In power BJT, we use alternate n and p type semiconductor layers in

vertical configuration.

= Vertical configuration increases the cross section area, so R_, 1s reduced.
o . © W °
Therefore, during ON condition, large amount of current can flow which
Increase 1ts current rating.

= We introduce a lightly doped drift region between base and collector
semiconductor layer, which increase the voltage rating of power BJT.



Construction — Power BJT

. 1 .
To increase the value of T f = ﬁ ,the base semiconductor layer has lower
— B

doping and 1t’s thickness is also less.

We use multi emitter in power BJT to reduce the secondary breakdown
phenomenmwe to current’s crowding.



Working Principle — Power BJT







Working Principle — Power BJT

Without biasing the BJT, 1its 1s in thermal equilibrium condition. So,
depletion layer exists both in J-.z and Jgz; (both junctions are RB). So,
potential barrier exists, due to which no charges move between collector
and emitter. At this time, BJT 1s operating in cut-off region. However small
amount of leakage current can flow. I

W

When voltage between base and emitter terminal i1s applied, the width of
depletion layer at junction J;. starts reducing. So electrons start diffusing
from emutter layer to base layer. Some of these electrons combine with the
holes present 1n the base layer. The outer base circuit produce these holes
continuously, due to which base current starts flowing.



Working Principle — Power BJT

= But, majority of electrons move towards junction J.; and due to drift

phenomena, these electrons moves toward the collector layer. Finally, the
positive collector terminal attract these negative electrons and that’s why
collector current starts flowing.

= In acfive region, junction JgE 1s FB but Junction J-; 1s RB. Z'_i
~b=}) @
V._=V tV
[T = IcT =PlgT :@= Vee = IR e cb BF
@L V.. =\\V._-V, -



Working Principle — Power BJT

= If we go on increasing I, the magnitude of I 1s increasing, so V. 1s
reducing. If Vg < Vpp then Vg becomes negative. So junction J-p also

becomes FB. Therei‘ore no depletion layer exists. At this time, BJT 1s in
saturation reglon

. In saturation region both junctions are FB.

g \\f\ f)
Region Jen JBE Application
Cut-off — RB —> RB = OFF Switch
Active (Linear) —RB - B .’ Amplifier
Saturation ~FB.  —FB  —ON Switch




BJT Transistor-Water Tap Analogy: @
Vlsuallzmg Three Operational Reglons L___TV“

Region 1: Cut-oftf Region 3: Saturation

Region 2: Active i
Nalka Band / OFF Switch § Nalka Khula (Controlled) / Amplifier | Nalka Full Open (Maximum Limit) /

OFF Switch Amplifier ON Switch

[ o—] (Collzgto [‘v —y A'] (Collae?:t C | [ O_J
o Tep | - Tap

Tank [ NS
(Collecto

VCE (ECO"eC‘lOI' E

mitter : .
Voltage) !

Vg (Collector-
Emitter

Voltage)

Current Vee (Collector : ;
Emitter | |
(lc) Flow X Voltage) E

Knob

a (Base, B) @
B — W Vv : l e vV : IB - v
(Base Current) BE | (Base Current) BE | (Base Current) BE
Control (Base-Emitter | Control (Base-Emitter ! Control (saturimal
Ig=0=>I.=0 Voltage) ! Ic < Ig Voltage) ! I = Maximum
(Current blocked) | (Flow controlled by Knob) ; (Limited by tap size, not knob)

Cut-off On Vigh Controlled, I, Current open
Saturation Vgg Ig ON I Maximal, flowing




Characteristics of BJT

1. Input characteristic

.4 —> Vg
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Characteristics of BJT

Output characteristic
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Characteristics of BJT

2. Output characteristic

Saturation
region

VCE
Leakage _
current Cut-off region

()
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Ic Breakdown\A

Saturation point [0
Vee |A
— Active
R k % Zf \
VeEs Breakover
voltage
/Load line |
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BJT as a Switch




: Tps= 22 M€ @

BJT as a Switch -
]['Bg: I3 m_A__

" [gq 1s the minimum base current required to drive the BJT into saturation

region.

Vec'k(
o o 1
= [n saturation region, I~ = I ¢ e

Ve = Vers
—7 Vee =Vt I_CRC

Vee = Vegs 1 lesRe

__ Vec—VcEs
7 I¢s =
C




BJT as a Switch

Ic _ Ics
i B:E—_

| - Ips
Ics
lps = =5
[ > I3 — BJT 1s 1n saturation region .
| | IB" \{D
Iz <Izg — Active region
_*& M

=  ODF (Over drive factor) = II—B

BS



Secondary Breakdown —E"7€

= Due to large cross section _area, current mn a local region may be high
(current density 1s not uniform). ®

! |1

TT=Rr), —»pTo( 1t A/ A\ B
" "

\[' heatingTOt PT -
| o
TempTOL heatingT

\

RO A(T) T | S
)

1




@
Secondary Breakdown -

= This 1s a cammufative process which increase the temperature of locat
region beyond critical value and device 1s damaged. This 1s called
Secondary Breakdown (Thermal Runaway).




Fa
vl d OFQYOUH‘”‘-
leo°
J I
v 3 |
N J i
T, b T
RITA
RIT-2 RJ
-3




, k@

Dus to Qna ycana CL“(‘(((\*‘ 1n onc RIT 10 (YTancs] \‘l/‘

A T
l

hcaﬁnjx o PT

\
TQN_FAO{ )’\Cq‘k\"\?T
\!
sz ol

I




@
u)hcq ercr\f 'S bccane Mo ‘fhar\ ,d's qu\/c.\} \‘4
\60&‘(\3 Cdhodt RIT will & olamqacg{

— Se FoonUleA o(xrouh‘m = BIT is wot FDSSLHC



Sale o,f:.cra)iflg Avcao

Te




\\, @ & D(Draijl)

PCS"/OCB’ Ndd ox (I SCiCnAvctor \
ﬁ“b{ C&p} LyansistoX . §
—> l | X

Ny i

(Gate) LopT

@ e S(Source)




(%)

1. Itis a three-terminal device 1n which D and S are the main terminals and

/ It 1S aAtlr ar (V1 i
to flow of electrons only
’S’y It 1s a bidirections

4. It has unipolar voltage blocking capacity. It can block only fomwanre

gier) device 1n which conduction occurs due




It 1s a unipolar device. Due to absence of minenitymes

@

Ainenitymeanmer (storage
charge), its turn off time 1s very low. It may be turned off in nano sec.

guency 1s required (1 — 10

This device 1s used when fasteswatehing
MHz).

[t has positive temperatu
No seecondarysbréakdown occurs.

MOSFET can be operatedunparallél.
It has less swa

eseoetficient of resistance.

mgrless as its turn off time 1s low.




13. Due to highmesistancesofudnftregion, its conduction losses are high.

14. It has high mmput impedance (due to Sio0,), due to which I; 1s reduced,
which reduces gate power loss.

\/85_
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1. Working principle of BJT

2. Characteristic of BJT

3. BJT as a switch

4. Secondary breakdown and SOA
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1. Working principle of Mosfet

2. Characteristic of Mosfet

3. Mosfet as a switch

4. Working principle of IGBT

5. Characteristic of IGBT

6. IGBT as a switch
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Working of PMOSFET

I. It Vgg = 0, then junction J, are in RB. So, a depletion layer (barrier
potential) exists. Due to the barrier potential, charge cannot move
between drain and source terminal.

2. It V4 1s applied, there 1s a polarisation of dielectric material (S10,). The
positive 1ons of dielectric attract the electrons, so it creates n channel
(Inversion layer) in P semiconductor region.

3. This n channel short circuits the n+ and n— semiconductor layer, so
electrons start moving through n channel. This negative electrons are
attracted by positive drain terminal .



@

Working of PMOSFET

4. So drain current I, starts flowing.

5.  Current 1s flowing only due to flowsofelectrons:

6.  There 1s a parasitic BJT in MOSFET, but 1t 1s 1n cut off region. So, no
current can flow due to this BJT.

7. There 1s a parasitiesdiodesbetweenmsourcerandiDfaimterminal. Due to this
diode, 1t conduct 1n reverse direction and its reverse blocking capacity 1s
ZEro.
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Characteristic of PMOSFET

1. Transter characteristic

Vo1 = Threshold voltage between gate and source that is required

to form n channel.

VGST VGS



Characteristic of PMOSFET

Output characteristic
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MOSFET as a Switch
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MOSFET as a Switch

Vi
7,
L
@ | - ¢R | - >be° |




Fastest!
(lowest switching time
in ns range)

UMORROWS (switching time
-\ in tens of ps range)

Key Takeaway:
e MOSFET - Fastest switching

e IGBT - Second fastest
e BJT - Slowest switching



' My Lord, we wanted
LOW POWER LOSS!
He is great during SWITCHING,

but his CONDUCTION LOSSES are

too high in this case!
Look at this data!

You have a point

1y about Switching Losses,

BJT, but remember:
If you choose BJT for its low

} i, Conduction Losses, you get very

high SWITCHING LOSSES!

There is always
a trade-off!




IGBT (Insulated Gate Bipolar Transistor)

SF E(Emitter)
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IGBT (Insulated Gate Bipolar Transistor)

1. IGBT i1s a 3 terminal device in which C and E are the main terminals
and G 1s the control terminal. -

2. It is a fullyscontrolledsdevice. It can be turned on and turned off by
control terminal.

3. It 1s a voltagescontrolledsdevaee. The control signal 1s V g

,X&?, It 1s a unidirectional device, current can flow only from collector to
emltter

5. It has bipelarvoltagesbloeking capacity.




IGBT (Insulated Gate Bipolar Transistor)

6. It 1s a Bipoelar (Minority carrier) device, but current mainly flows due
to electrons.

7. It has pesitivestemperaturescoefficient of resistance.
No secondanysbreakdown.
9. It can be connectedunsparaliel.

-
\
ﬁ?/.lt 1s a hybrid device of BJT and MOSFET.
[ 1. It has high input impedance due to S10,
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Working of IGBT

1.

@

-
When V. = 0, then junctions are in RB, so depletion layer exists and due

to this, a barrier potential 1s created. So no charge can move between
collector and emitter terminal. So, I~ = 0.

When we apply the Vg, 1t creates n channel (Inversion layer) in
semiconductor region which will short circuit the n™ and n~ layers.

So electrons can move to n~ (Drift region) through the n channel.

This electrons attract positive holes from p+ substrates.



Working of IGBT

!

@

So, at any instant of current flowing, the drift region has large no. of
electrons and large no. of holes which increase conductivity of drift
region (Decrease its resistance). It 1s called ConductivatysModulation.

In IGBT, the current due to holes 1s flowing through parasitic pnp BJT.
Since, this BJT 1s i1n active region (not in saturation region), SO
magnitude of current due to holes 1s very low.



(%)

Characteristic of IGBT

1. Transfer characteristic

. Vpr = Threshold voltage. It 1s the minimum voltage that 1s required
to form n channel

s —>

VGET VGE



Characteristic of IGBT

2.  Output characteristic I 4

Ohmic

S

7Y

ollector current (A) —»
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Vee e

Drain-source breakdown voltage
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Collector- Emitter voltage
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IGBT as a Switch
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IGBT as a Switch
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Latch-up in IGBT

am\'n

p Rby
By B \ © p
n~ n A
ﬁ P
p* Substrate @

C
(c)



GRT

Lol

arasitic
hyristor

©)

4
(s
t

Main current
path



Suppese *ZL Load Cusrenl |0crcanco.

A— —_! ——
=i e T kT




So Both RIT Is olx‘-,villa Cach other iaJ® Sohvakia X‘T"”
and Moy Cuyvent Stayt Hgmi’\a {hwucdk \g]r



BIT

1 Cuyvent Condwlles)

‘2. Cor&ml Siand I

3 Unidivecchonad

y \)N'Fo\qv \Ib\'}qac B‘bcki%? \ UMPc\Q( \)QH’QJQ Blbd{g

13 Bifbqu’

B

MOSFET

1. Vo an C Condwl lo.vf

R Condwl| signa] Vg

3 Riduvceh m«.Q

Ny Uhin\qv

7D N
|G BT (Q@@
~alf

4. \Jol-taa ¢ Conrdwlleal.

J Condw| Signal Ve,

3 Unidiccchomal

9 Bl' Fu\qv \)\s\’mjc

Rl gtlem

5. Riptlar, Ru \\’wd‘&,
Cavyerd [tga dw dodm\’




BIT MoSFET | Tl =% k@
~—
(. Ncaa)i\x TC"“‘F C. Positw Torp Colbot (. Po sibve -ka

Cog{y'(c& TT=R] TT=RT Cob@'c'|c¢ TT=R1

7 SCCquVa Bohs'wq 7 ND sQ CMO{QYH EQ@,’( 7 Nb chmdq,\d
OLCYY B dswn

¢ parand O‘PQ""‘%”\ K 1R Pavaudd sPeredion 13 [§. Payounld op cvod oy

Mot possible Possible is ‘)ussiblc




BIT

J. Sivwest deyica

10 H—iac.s-‘r S\M‘h‘a\\fﬂg

lo<s

11 |Lowesh swiku‘ng
Freguenc J,

2. | owest cnd’ |oss

scst Rahin
3 g i

MOSFET

3 Fastest device

Ao |owest Su)ijrckﬁ\a

[DS,S

44 Hhgest std\M&
e

12 Higest Cond ' [oss

3. L ewest Roﬂvg

|G BT
9 Mpdevals

do Mo decads

14 Mvdevoels

R Mderaks

12. Medium




| (5 2 Minutes Summary

—> ] QRT






Q1

Q2

Q3

GATE

PRACTICE SHEET-1

POWER ELECTRONICS

Power Semiconductor Devices

The reverse recovery time of a diode is 3 ps and
rate of fall (dz) is 30 A/ps. The stored charge of

dt
the diode is
(A) 45 pC (B) 135 uC
(C) 270 pC (D) 540 uC

The reverse recovery time of a diode is t,, = 3 ys
and the rate of fall of the diode current is di/dt =
30 A/us. The storage charge Qrgr and the peak
inverse current Izg will be respectively

(A)135 pCand 90 A

(B) 270 uCand 90 A

(C) 270 uCand 60 A

(D) 135 pC and 60 A

Graph of voltage across a power semiconductor
device and current through the device versus
time is shown below. The switching transition is
_______ process and energy lost during the
transitionis __ J.

V,1 4

-

100A /7

2000 V

>
t(in ps)
3 us 6 us

(B) Turn on, 0.9

(D) Turnon, 1.8

(A) Turn off, 0.9
(C) Turn off, 1.8

|-V characteristics of a power semiconductor
device is shown in the figure.

4 Ip(A)

v =0.01Q
dI

<v

0 0.6V
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Q5

Q6

Q7

Q8

If the diode carries a steady state DC current of
200 A when forward biased, the conduction

power loss is watts.
(A) 480 (B) 120
(C€) 520 (D) 400

Which of the following is not required for power
diodes?

(A) High speed operation

(B) Fast commutation

(C) Small Recovery time

(D) Low on-stage voltage drop

When a power diode is turned off, its anode
current falls at the rate of 20 A/msec. If the
reverse recovery time of the diode is 20 msec,
the value of stored charge removed during
reverse recovery of diode will be

(A)0.4cC (B)4C

(C)4mC (D) 4000 C

Which of the following type of diode is preferred
for inverters and choppers?

(A) General purpose diodes

(B) Fast recovery diodes

(C) Schottky diodes

(D) Metal-semiconductor diodes

For the circuit shown in figure, if the switch S is
closed at t = 0 sec, the diode will conduct for

GATE

A—Dt—

@ 200 sin(1007t) =
(A) 15 m sec (B) 20 m sec
(C) 10 m sec (D) 5 m sec

Q9 For the circuit shown below, the value of peak
current is (Assume the circuit is initially relaxed)

t=0 sec
40pF =
100V —=
1 mHg
(A) 80 A (B)50 A
(CO0A (D)20 A

Q10 In the previous question, the frequency of

current is
(A) 795.78 Hz (B) O Hz
(C) 5 kHz (D) 10 kHz

Q11 The most suitable device for high frequency
inversion in SMPS is
(A) BJT
(C) MOSFET

(B) IGBT
(D) GTO

Q12 Turn-on and turn-off times of transistor depend
on

Q Android App | iOS App | PW Website
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Q13

Q14

Q15

(A) static characteristic
(B) junction capacitances
(C) current gain

(D) None of the above

Consider the following statements about IGBT

1. It has high input impedance

2. It has low ON state voltage drop.

3. Its switching speed is higher than that of the
MOSFET.

4. It is a voltage-controlled device.

Which of the above statements are correct?
(A)1,2 and 3 only

(B) 2, 3 and 4 only

(C)1,2and 4 only

(D)1,2,3and 4

In a Bipolar Junction Transistor (BJT) due to
current flow to small portion of the base, hot
sports are produced causing localized excessive
heating and damaging the transistor. This
switching limit is called

(A) Forward-Biased Safe Operating Area (FBSOA)
(B) Reverse-Biased Safe Operating Area (RBSOA)
(C) Power Derating

(D) Second Breakdown (SB)

Match List-1 (Thyristors) with List-Il (Symbols)
and select the correct answer:

List-I List-II
Silicon- i
\\
controlled L[ l
"Irectifier (SCR) &

Q16

GATE

B Silicon- A
controlled 2. Gv—P
" [switch (SCS) ¢
Silicon- :
unilateral 3
“Iswitch (SUS) :
o|Light- j_%»
activated SCR | 4. [
"|(LASCR) &
(A) A»3,B=4,C->1,D->2
(B) A»4,B->3,C>1,D>2

(C) A=3,B=>4,C>2, D>1
(D) A>4, B3, C>2, D1

The IGBT (Insulated GATE Bipolar Transistor)
used in the circuit has the following data: ton = 3
ps torr = 1.2 ps, Duty cycle (D) = 0.7, Vcg(sat) = 2V
and fs=1kHz.

What are the switching Power losses during turn-
on and turn-off, respectively?

10 Q
RL§1](_

=V =200V

(A)1.98 Wand 1.7 W
(B)22Wand 1.7 W
(C)198 W and 0.792 W
(D) 2.2 W and 0792 W
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GATE

Q17 When cathode of a thyristor is made more and f; =1 kHz. What are the switching power
positive than its anode losses during turn-on and turn-off, respectively?
(A) all the junctions are reverse biased
(B) outer junctions are reverse biased and central

one is forward biased
(C) outer junctions are forward biased and = V =200V
central one is reverse biased
(D) all the junctions are forward biased

Q18 The sharing of the voltages between thyristors

—_

operating in series is influenced by the

(A) di/dt capabilities (A)1.98 W and 1.7 W
(B) dv/dt capabilities (B)22Wand17W
(C)1.98 W and 0.792 W

(C) junction temperatures

(D) static v-i characteristics and leakage currents (D) 22W and 0.792 W

Q19 R-C snubber is used in parallel with the thyristor Q22 The ig-v4 characteristics of a thyristor is a straight

to line passing through origin with a gradient of 2.5
(A) reduce dv/dt across it x 10, If Py = 0.015 watt, the value of gate voltage
(B) reduce di/dt through it will be nearly

(A)5.0V (B) 61V

(C) limit current through the thyristor

(D) ensure its conduction after gate signal is @75V (D)8sV

removed Q23 For an SCR, the gate cathode characteristic has a

Q20 A Gate Turn Off (GTO) thyristor has capacity to Bl igline slope of 140. For trigger source

(A) Amplify the gate-current voltage of 20 V and allowable gate power

(B) Turn-off when positive Current pulse is given dissipation of 0.5 watts, what is the gate source

resistance?

at the gate
(C) Turn-off when a gate-pulse is given at the (A)200 (B)255 0
gate even though it is reverse biased @150 (D)1850
(D) Turn-off when a negative current pulse is Q24 The conduction loss versus device current

given at the gate characteristic of a power MOSFET is best

Q21 The IGBT (Insulated Gate Bipolar Transistor) used approximated by

(A) a parabola

(B) a straight line

(C) a rectangular hyperbola

in the circuit has the following data: ton = 3 ms,
torr = 1.2 ms, Duty cycle (D) = 0.7, Vcgat) = 2V

Q Android App | iOS App | PW Website


https://play.google.com/store/apps/details?id=xyz.penpencil.physicswala
https://play.google.com/store/apps/details?id=xyz.penpencil.physicswala
https://play.google.com/store/apps/details?id=xyz.penpencil.physicswala
https://play.google.com/store/apps/details?id=xyz.penpencil.physicswala
https://play.google.com/store/apps/details?id=xyz.penpencil.physicswala
https://play.google.com/store/apps/details?id=xyz.penpencil.physicswala
https://play.google.com/store/apps/details?id=xyz.penpencil.physicswala
https://play.google.com/store/apps/details?id=xyz.penpencil.physicswala
https://play.google.com/store/apps/details?id=xyz.penpencil.physicswala
https://apps.apple.com/in/app/physics-wallah/id1641443555
https://apps.apple.com/in/app/physics-wallah/id1641443555
https://apps.apple.com/in/app/physics-wallah/id1641443555
https://apps.apple.com/in/app/physics-wallah/id1641443555
https://apps.apple.com/in/app/physics-wallah/id1641443555
https://apps.apple.com/in/app/physics-wallah/id1641443555
https://apps.apple.com/in/app/physics-wallah/id1641443555
https://apps.apple.com/in/app/physics-wallah/id1641443555
https://apps.apple.com/in/app/physics-wallah/id1641443555
https://www.pw.live/
https://www.pw.live/
https://www.pw.live/
https://www.pw.live/
https://www.pw.live/
https://www.pw.live/
https://www.pw.live/
https://www.pw.live/
https://www.pw.live/

Q25

Q26

Q27

Q28

(D) an exponentially decaying function

For the switching waveform shown in the figure
for a power transistor, the peak instantaneous
power loss is

V. I

X h >/
: L, -
@ # % i

o L @) L
Vi1, V.1,

© % () L

In the previous question, if V=100V, I; =10 A,
then peak instantaneous power loss in watts is
(A) 500 (B) 166.67

(C) 333.33 (D) 250

For the switching waveform shown in question 25
for a power transistor, the average value of

switch-on power loss at a switching frequency f
is (f=1/T)

W Yl g, f
B) % oty - f
@Yty - f
(D) B -ty - f

In question 25, if V; =100 V, I5=10 A, ton = 1.2 ms
and f = 10 kHz, then average value of switch-on
power loss is

(A)1W (B)4W

Q29

Q30

GATE

Q2w (D)3 W

The voltage (vs) across and the current (i)
through a semiconductor switch during a turn-
ON transition are shown in the figure given
below. The energy dissipated during the turn-ON
transition, in mJ, is.....

L_‘ A

600 V

TmAE

100 A

v
.

0
Tl=1us T2=1pus

A MOSFET rated for 15 A, carries a periodic
current as shown in the figure given below. The
on-state resistance of the MOSFET is 0.15 ohm.

What is the average on-state loss in the MOSFET
?

A
10 A _—

0 T 21 In 45 >l
(A) 375 W (B) 75 W
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Q29 Text Solution: Q30 Text Solution:
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