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: Power EJectromcsﬁ'

- 1.3 APPLICATIONS OF POWER ELECTRONICS

1.3.1  Transportation
(i) Electric/Hybrid Elcctric Vehicles
(ii) Electric Locomotives
. (ii) Electric Trucks, Buscs, Construction Vehicles, Golf Carts.
1.3.2 Utllltles : ’
: () Line transfonners ' | ; . d

(ii) therating systems'- . )
i) Gnd interface for alternative energy resources (Solar, wind, fuel cells, etc ) and energy storage.

(iv) FACTS '

(v) HVDC K

(vi) Solid state transf

(vii)Solid state fault cu

1.3.3

1.3.4

(ii)- Appliance
(iii) Computers
(iv) Lighting

(v) Telecommunications:

1.3.5 Utlhty Systems: - . S ' t
(i) High voltage DC transmission (HVDC) =

(i) Excitation Systems

(iii) VAR Compensjation
(iv) Sﬁﬁc circuit bréakers
(v) Fans and'l::qﬂe; feed pumps

(vi) Supplementary energy systems (éolar, wind)

1.3.6 Medical Equipment:
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1.5

Junior Engineer : 1.1
1.4 DESIRABLE CHARACTERISTICS OF A POWER DEVICE

®
(ii)

Small leakage current in off state, -
Small on-state voltage drop to minimize conductive losses.

(iii) Short turp-on and turn-off times (high switching frequency.)

(iv) Large forward and reverse volta
enhance a blocking capability.

(v) High on-state ¢urrent rating minimizes need to parallel devices.
TYPES OF POWER CONVERSION

@)

()

(d)

(e)

(2)

)

- (@) AC-DC converter (Rectifier) :

Converts input AC to variable magnitude DC, e.g. battery chargers, computer power supplies.
AC-AC Converter (Cycloconverter and tage Controller ) : n, )
frequency AC, e.g. ship propulsion systems.

Converts input DC to va
drives.

DC-DC converter (DC
Converts input DC
DC-DC converters (

(v) Photovoltai
DC-AC-Invertér

(i) DC Machine Drive.

@) Input Stage to DC/DC or DC/AC Converter

(iii) Energy Storage Systems

(iv) Battery Chargers

(v) Aerospace Power Systems

(vi) Subways, Trolleys ‘

(vii) High Voltage DC (HVDC) Transmission

AC-AC Converters-Voltage Controller 1-¢ to 3-¢ Converters.

" (i) Lighting/Heating Controls

(i) Large Machine Drives

ENGINEERS ACADEMY
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. 1.6 POW:ER TMNSISTORS

R [ BIT
2.  MOSFET
3. IGBT S
BGLBIT - vonvs o b B v '
e  Bipolar device i.c. holes & clcctrc‘ins. i - o : '
. Current controlled device. v
® Low input impedance.

e  .Low ON-state voltage drop and lower conduction loss.
2,

®  Higher switching power -losses.
® . Secondary breakdown occur

. Negative temperature
" for parallel operation.
e ' Low conduction losses.

re coefficient BJT are not advisable-

'

e o o @

.
.
1.6.2 MOSFET _
e  ‘Unipolar deviceli:e. majority cart . | . o4 e
PR Voltagé controlled . L - _. e \‘:
. ngh lnput impedance. ;
H:gh—ON state voltage

@ o power 10Ssi '
. 1y, >
® Positive temperature coefficient. . - .
. ; Because of positive temperature coefficient, MOSFET are advisable for pgral_lél dplelratwn. :

‘ o-' ngher conduction losses. : : !
. Higher operatmg frequency (100 kHz)
. ON-operating in ‘ohmic region. . |
. Control turn-on & tum-off device. o , Crag : ‘~ :
o Smaller turn-off time because it does not have nunonty carrier storage. ‘]
° Control signal reqmrcment continuously. Ty

° Ratings : 1000V; 50A, 100 kHz

S'witching period, t, = 1l sec

NEERS ACADEMY
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Junior Engineer
1.6.3 IGBT'
o] ~0 Bipolar device.
. ___.-\ebttage controlled device. - .

* Three tcrmma] device : Emitter, collector and gate.
¢  Low forward voltage drop.
. - Low on-state power loss than MOSFET.

- Low conduction loss than MOSFET.

*  Having characteristics of BIT & MOSFET.

5
G,
p " Uncontrolled device : Diode, DIAC: ~ =
FUG g Bitihle switch T SCR. ™ 77 ﬁ
W ACE Bidirectional current device : TRIAC, RCT.
e il current device : Diode, SCR, GTO, BIT, MOSFET, IGBT, SITH and MCT.
% s Q00
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OBJECTIVE QUESTIONS

¢ Electronic Devices) with’

1. IGBT is uscd for applications in - 4. Match List-I (Powe
b . List-TI {S}'InbOIS) and select fhe'COl.T'BCt answer
(a) Low Power (b) Medium Power using the codes given below the [ists:
3 . ist-11
(c) High Power (d) None of these List-I L’?t "
2.  Which is the most suitable powczl device for A. GTO thyristor 1. o—’l}"x—o

F

high frequency (>100 kHz) switching applir:atioin i
(a) Power MOSFET 2.
3.

(b) Bipolar junction transistor |

-

(c) Schottky diode

(d) Microwave transisto

3. Match ListI (Converters)
s Foe
3 e
4 3
3 -
. B
, M g-tuin-off (GTO) thyristor
C. Inverter ——n3uE Acvv 1" turn-off circuit like 4
D. Vi y removing the gate puls
frequency AC ; ’
_ e (c) can be turned off by a negative current puls
Codes: A B. C D . ; at the gate ’
VA, AL T, LS o (d) can be turned off by a positive current pul
s i _ ' at the gate ' :

#

) B 2 el . :
’ : 6. The on-stage voltage of a GTO is.

) T3 k- 1
| (@) 0.7V (b) 12V

dy: 3. .41 .
(. 4 ) 23V d) >3

EDJENGINEERS ACADEMY
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Junior Engineer

s ametal-

7. Match List-1 (Power dévicc) with List-I1 0. Whimonofmcfollowingdiodescontain

(Property) and sclect the correct answer using scmiconductor junction?

ot By Vel R el ‘(a) Tunncldiode  (b) Zener diode
sl M) | (c) Schottky diode  (d) Gunndiode

A. Thyristor 1. Sccondry breakdown 11 Resonant Converter’s are basically used to

B. MOSFET 2. Large on-state drop (a) Generate Ilargc peak voltage

C. IGBT 3. Small on-state drop (b) Reduce the switching losses

D. BIT 4. Slow device (c) Eliminate harmonics.

Codes: A B D (d) Convert a square wave into a sine*wave
(@) 4. wdr 3 them is a disadvantage of power R
(®) 1 2
TR
d 3 1

‘Which one of the followi
for an 'ideal' power: diode?

(a) Forward voltage
saturation curren

(b) Reverse recovery
reverse saturatio

(¢) Forward voltage dro
recovery time 1s zero

S

oy
ol

(d) Forward voltage &mp 1s 'non—zt?
_recovery time is zero

In 2 MOSFET,| ‘ --
4 oma =
(a) drain to source voltage at which drain to signal for triggering,
source current is zero _
' (a) MOSFET (b) IGBT
(b) - gate-to-source voltage at which gate-to-
source current is zero - (c) SIT (@ 'GTO
: ' , 16. Which of th ds + Ise for turn off
~ (¢) . drain-to-source voltage at which gate-to- DT DEEUSTEVE: PRUARSIORVAMR. 9
/ i {3 process
source current is zero - - \
. _ 7 i . (a) SCR (b) GTO
(d) gate-to-source voltage at which drain-to-
| (c) IGCT (d) MCT.

source current is zero -




o e device do not
nal. :
(a) SCR

17.
(b) Power diode
(c) Power BIT (d_) IGBT

18. Which of them is not disadvantage of power
Electronic converters

(a) they produce harmonics
(b) they operate at low power factor

(c) they have high over load capaclty

(d) Regeneretlon process 18

Low doping intensity is O
conductor layer.

20.

have control termi-

2%

23.

| EE : Powe Electronics

On Increasing N° layer in power diode

(a) switching, speed decreases

(b) conduction loss decreases
(c) cfficiency of device increases
(d) None of these.
y m power electronic

‘P-layer is not used generall
device because.

(a) Its switching time is better than N-fayer
(b) It offers more power loss than N-layer
obility is less than e-mobility

of these.

vantage of using N-layer mPE

s 1

(a) 10~ 10V-doping/em

(b) 10" do
(¢) 10'1" doping/om’®
(d) None of these s R
21. N-ayer is added in power diode so as.to
(a) increase its coqduetmty
‘ (b) increase its reverse blocking capaclty

(c) Increase its switching speed

(d) None of these i ¥ g

27.

'Which of these diodes have least turn on time

A
(®) 03V
d 0.5V

(@) 0.7 Vv
)1V

(a) general purpose diode
(b) Fast recovery diode

(d) Diode used in rectifiers
/‘ : %

N0
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Junior Engineer

28.

29,

30.

31.

32.

33.

34, Soﬂncss factor is dcﬁned as

“"Which is not an upphcalwn uf power dmdc

(a) Welding i t, t,
(b) Traction @ 3, ® 1
(c) Modulation circuit ' »
t
(d) Battery charger © @@ 7
] (SO

Which of the diode do not have a depletion la er - 2
in it P Y 35. For the given points in reverse Rer::overy char-
acteristic of diode depletion layer is restored /

(a) Schottky ‘!i"‘.le: replenished at point .

(b) general purpose diode

(c) fast recovery d:ode
(d) None of these

(b) C
d) E
haracteristic of -diode,

(a) Induction heating
(b) Commutation circuits

(c) Electroplating .
(d) SMPS.

Schottﬁf:y diode has
(Range)

(a) 10 kHz.
(c) 100 kHZ

(d) Nope of these
n is correct for reverse re-

(@) 200

During turn ON pror.:ess' of diod

(a) power

(b) power

£6). Raveer-Tacior .is lediu ' : 38. If diode current is decaying at rate of 30 Afu.':ec
(d) None of these. . and reverse recovery time is 3 psec. Find L,
Fok s Tdéaldiods (@) 135 pA (b) 90 mA

(2) reverse recovery time should be less (c) 90 A. (d) 135 mA.

(b) reverse recovery txme should be 0 39. Which of them is not a transistor
- (¢) softness factor must be 0. (a) IGBT - (b) MOSFET

(c) SIT ' (d) MCT

(d) softness factor must be l.

=
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RIS ERS s not present during . ,

s
o,
=

.pl'Oc,aSS 0 o (b) fall tlrne

ien.

' i n wi
40. Pow_er transistor tums ©

] (ime (d) None of the ab%
OR > Iy (c) deca¥y St
ORR =Lcakage current (o) ggatlvf-'- pulse s % OfF bre,.
= n
47* why 3
1 , : BIT. , or% :
(@) None of these yaracteristics of (a) 1 Negat s
. » loadline charac o g ets tU
o, Op:er?n;?'rpn;:::r:;s on hard saturation 1 il gatlva pulse helps tull;n off By
RoY ’ : € from base
.when. ‘ ®) by © olearing charges
(a) IB = IBS , (b) IB < ]135 . " oo pl]lse make the COI'_'ld].lCt]Qn
©L=2; - ©@5L=%s  in negative (OppOSite) d"e"hnn

42. Primary Breakdown oceur in ;
(a) I, = 0 ; J, breaks
®) I, = L; J, breaks

@ =03] breaks
d) I, = Iy ; J, broaks
43. -Socondary Breakdos

(c) heavy amount .of

. (d) Thermal Runavf;%%

44. During storage time of F
teristic

*  (a) Charge gets store in base N“

TV

i(b) Charge s are.
combinati

(c) Charge store in all junctions gets . ' : .
by Removing load current (a) 1 KHz (b) 10 KHz.
. (d) Charge gets stored in all junctions. (c) 100 KHz

. ~ (d) 10000 KHz
45. For a power, Electronic de: , if N-
mcreasg el vice, if N* layer is  51. Which of the terminology is related to MOSFE

. , static characteristic.
(a) Sw.itching frequency decrease ) :
- (@) Saturation Region.

(b) More heat / conduction losses

(¢) Gate drive circuit. rating mcreases
" (d) all of the above : ' ] ; (©) Quasi- Saturation
(d) La,tch

“Up process.




Jumor Engineer %)éﬁ‘ﬂﬁ eb F& .
Whlch of the following method I$ good to turn  57. Choose the correct Statement about switching

on process for power Electronic Device having losses of device
Junction in it . _p e R

(a) BIT > MOSFET > IGBT.
(b) BJT < MOSFET< IGBT.

(b) In;::rcasing no. of charges at depletion Re- ) BIT> IGBT < MOSFET
B s ady (d) BIT > IGBT > MOSFET

(a) Increasing operating voltage across power
terminals.

., (¢) Increasing temperature of depletion Region 58. Choose the correct statement about mput resis-

S53.

54.

85,

56.

every time j tance ‘of device

. { 9 )l - g
(d) None of these - A% gk () BIT > IGBT > MOSFET '

'

Which of the following is not a s (b) BJT > IGBT < MOSFET.

MOSFET |

(1 4

. D _ T i
(@@ '% . < - : se statement -about {;onducﬁon
C

Power MOSFET tum

voltage is about
(a) 0.7V (A) Latch -Up Problem.
(c) 23V _ (b) Electric Discharge
_ problem
kc) Secondary Break down

(c) N- channel width remains same. - © 1-4A2- C,3-B }

(d) eliminates discharging effect of gate @1-A2-8B3C

terminal . 61.. IGBT has which of the Applications ? °
: pp

In power MOSFET, N - channel is completed at (a) AC and\DC Drives

(@) Vs = Vs (b) UPS sy_st;:ms and power supplies
(®) Vesr <Vas < Vasr . | 2 (c) Drives for relay and contactors
) Vo= Ve 7 ; (d) All of the Above :

(d) None of these
AENGINEERS ACADEMY)|
W
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Junior Engmeer

2.1 INTRODUCTION ’
Thyristor (SCR) is 4 layer, 3 p “n.

called Gate(G), Anode (A) and
of junction J, is more than ll:c strc:I
to 10 kV.

Outer layers are heavily doped as
22 IV CH‘IRACQERISQGS

are lightly doped so that th,

Rs are U

ductor device. It has thre,

lny

sed up to 3000 A angd Vo
o i

. Reverse leakage (on-state)
current
Latching current
Reverse leakage / Holding current
current IBoN“-/‘M/“""‘“"
<€ 4 YHR L§i LL/, ‘l’ _zé'j[ &
. : T 0 v VBO "'V
Reverse blocking Fo_rw ard Forward leakage
Q mode blocking mode current
1?3- Vo= Forward breakover voltage
= | V= Forward breakdown voltage

L= Gate current
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ANSWERS AND EXPLANATIONS

1. Ans. (a) S,

Peak inverse current depends on stored minority 6,
charges stored minority charges depend on the on ode
forward current magnitude. Reverse recovery time

depmhdsmthestoredclw.rgesand valueofﬁ

dt
2. Ans. ()

When thyristor is turned on, then anode will be
positive with respect to cathode. This will make
J;» & J, forward biased and J, reverse biased. .
3. Ans (b .

pulse transformer provides the electrical isolatio
between high power main circui low pow
gate triggering circuit. ' %M

4. Ans. (b)

?%

Wi -il’gher A 7.
ﬁ‘equency At higher frequnci” s inte gml dewceé ’3*
junction capacitance plays. %ﬁl r'::-&l!ﬂégf‘s
on and turning ofE a dev“j%?‘% 3

onﬂand
ling ona &g%

>t
+
v 9.
_Imax'_m:in
L= 2
v T
=T

mm%
Sl 5'”

b 5

Ans. .(b)
Ans. (b) d
OA
> bber Circuit
L l,‘/? Snubber Circui
I
/
/
s

mwed cr‘ﬁss SCR.

If the amplitude of gate pluse to thyristor is
mcrcased, itwill increase the initial conduction area

B h 3
c\-c *.‘. 1
in thynstor that will increase Fy in thynstor Due

di :
to high & time to reach 0.1 [, will decrease thus

delay time decreases. Rise time mainly depends
on circuit parameter. It is unaffected due to gate
signal.

Ans. (¢)

Due to difference in i-v charteristic in thyristor,
voltage across series connected thyristor will be
different in blacking stage.

To equalize the voltage across thyristor, resistor with
same- value are connected across every thyristor.

32 JTO#* IAS # HNE




