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gfe-2

UiaR SOagI-® SUHUl

(Power Electronic Devices)
fawg fAea=it (Course Outcome(CO’s)) :
TiaR sﬁw JUHUE HTHEHT ORI (To test the functionality of given power
electronic devices.)
faug Aol RS @E'Uﬁ frardt afr fAso=h (Theory Learning Outcomes (TLO’s)
aligned to Course Outcomes (CO’s)) :

1.1 Bidh S dI0EH UiaR Soaci-db YUMo aui & (lllustrate the power electronic
system using block diagram communication.)

1.2 %@‘(ﬂﬂ ardie ofag oo g qﬁﬁw I€dT (Solve simple numericals on losses in

the given switch.)
13 fioodr iR Sowi-e Raadl A dfimed W HRA. (Explain the general
characteristics of the given power electronic switch.)

14 ST UlaR oI SUBRUMAT g dUH &R (Describe the construction of given

power electronic device.)

1.5 feoaar UiaR SoaciHd SUBRUITAT BT dd WP HR1. (Explain the working principle
of given power electronic device.)

1.6 [3oTul UlaR godMdb IUBRUM SYINT TN, (State the applications of given power
electronic devices.)

=g (Introduction):

OfqR Zoaci-a 8T 2eq UIdR , S ag - 31101 del@ a1 oI Isiid gare 3115, UidR 8T 2(eq
fagga Iorean it ofor fadrumzh Teiftid 2Tsg 3iTe. 3aci ey 81 2sg ARy a0 3fep
ol FHRUgMe! , RUedR Ufthdl HRugMme! SRRl difos Tc fS@ead St fhew
HER TR, Helo 8 ek close FU Helod! steady FRUT M1 ST Afkmed Wy &d
iR oaciHaaq el UlaR 31101 IS -ad a7 & JHIART gidl. UlaR Soac-ad 3o UdIg
ST R erea HfpARN Wi 3R & e QEHe) diw R Had @

1.1 TR Wﬁﬁ? Rreen (Power Electronc System):

1.1.1 Y BiP Gﬂ?{v_cﬁ (General Block Diagram) :

Uia goaei e RieHd 48] S :

. ﬁmaﬁmﬁh (Source of Electrical Power)

. O sc\bd{fﬁw Hdex gfbe (Power electronic converter circuit)

. ﬁ?ﬂﬂlﬂ? (Electrical load)

« IR a1 AR gfe fdhar wigs® Tldhe (Sensor or Sensing Unit or Feedback ~ Circuit)

. Wgﬁ?mm (Control Unit or Controller)

Maharashtra State Board of Technical Education, Mumbai 1
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p Electric Power
ower
Converter output Electric Load

Controller

Electric Power
Source of

Electric Power JUEES

FeedBack Signal

Reference input Signal

TPt 1.1 UTeR ORI RITH T STHl

fagyga Seia w@ia

U GF UhRd fagdd 3ol wald 3ed.
o AC

e DC

TaR SOaCI-IP B Hide :
. J[@R ZodRIMD B Ahed Iledl HaIDHIIIR WA Y GiaRel g
WEUId FUIART BT,
- IATERUMY, DC W 318 30T TSR HIeX®T $YC UIaR 3Ma=Td 318 TUH DC BT AC
A TR HR0] AAD 315, of UIoR IOaCI-dh H-gex Hidhed dMIe 1 Ho S,
ﬁ?;'g?r HR (Electric load) :
. 81 B8 Hiex,dext 2. Walwd\l. el B8 i giax T 3o Type of source required
TIR Specify B SIAId. 1ed AT WIS THUMR UIaR SGaciHdb dger Hided e
oxddld.
TR forar AR gfe fhar wisd® afde
- TR 01 Bigdd Alhey oie e Fienr orard. Iarerond, dier Jis=m SEdtd
QT 3T T3S Hie I gIdrd.
. AR gFie o gEe Wifled S #} B fFhar Foes SUE Yuard Had B, 7
TREUTMTST fohaT I QU STIRAATS! TIZTH ST,
Fera e fbar deier :
- Heid gHeHY UiaR Saagi-d dagex Aihedl SIS iy SRIdd.
. e SIEES hlgad 3T W“—fw (according to reference value) gHE (adjust)
CISAIGIGH
- JY DHeld Yidhed AT of IW IR UlaR Alegae’ UH 3HURT Pl S,
1.1.2  UiaR Soaei-ad] TR WIeild BRUMRG 3ATe (Needs) :
. BHREH oIl YR (Efficient Energy Conversion) :
. BNUTS WIE Bl (Variable Speed Control):
. U@ 0Tl JURUIT (Power Quality Improvement):
. 38R 3ol UHATHRUT (Renewable Energy Integration):
. ?ﬂTrTER_dBT (Power Supplies):
o SOfdgd dTgd T (Electric Vehicle Technology):
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1.1.3 UG sﬁaﬁﬁwﬁr LT (Advantages) :

1) TR SAacl -l dToR WY Red UlaR JWIIHe dhell STl

2) UleR SOICI - JUBRUTHEY JqU HH! B ST AT PRI JqU SR 3R,

3) TR IOaCI-d Hagex RIeH fdd fazamms Sied.

4) TR SOaI-e Reans) goUR U A9adM dre TgaH Y s/aa sifdr e
SETO AT Taa! WU HHT SN,

5) SORMD DO Hger e HA go-d UIaR SOaH® RRCAHY A S HEG
UfereTe 3.

6) UlR 3 RIRCTDT HIHR Go AFGAH 0 A dSiTg! HHT 3118 TUH o HH
ST ST 30T oS il SXCTGRM (installation) Tdal HHT 3.

7) NHIG Il IUHRV Igad ATURG! oId 3ATed, AN GIaR JHdhSaex SUBRUl AiGAl
JHTUMER daR & oid 3fTed, TR dde JusmRun! fdhad HH 318,

8) Ul Toaci-ay, TUG S HRGUH IJUSRUMHE qRS o1d. § fEfsd dil
RISIHH IR ST,

1.1.4 UlaR SAGEIM®RTId di¢ (Disadvantages):

1) TR SARIHD Pgex Aihcadd R3] YUY d4d A8 Afhedd gH-ay
(harmonics) fRwtor HrUarEh Ufj?ﬂ 3.

2) T (AC) d SRt (DC) 3MfUT SR (DC) o T (AC) Tragex Plal JTTRfeTT IR HHt
1Y Uk HhdekaR HH Fald. HHI Uk haex CIBUaNIS], Hlal oY Iurifan
(Measures) 3[a@d H1dT AN,

3) Uﬁ?mﬁﬂﬁiﬂ &ﬁm &HdT (overload capacity) qqﬂ x’:ﬂ%r

4) Ora’ sad;mqo Obvosc‘fe ﬁ@ﬂﬁ@ﬁfwﬁﬂfﬂm (regenerate)qq%ﬁm &n%

1.2 Eﬁﬂﬁﬁﬁ? Hm‘iﬁ Rafi (Switching in Power Electronics Circuits):

1.2.1 Ui SAdei-ie dfbcaud fRaadt smazaddr o1 A8@ (Needs & Its

Importance)

OfaR Sac-ad ihcare YHidedey JUHU HHd: 9 a1 (ON) e fdhar 3ifh

(OFF) ¢ BUH IR ol Sdid. Rafi fegeame) ga-- WU &4t UldR Uiy (Power

Dissapation) 3T qu AieaT JHUMG dier A (Power control) Eﬂ?f gfeomHt qu 3=-

DHTIGHT Q! (High Power Efficiency) e, Eﬁ?ﬁjﬁﬁ UGt e &l HUIT?I%Eﬂ uh

TR 8T ART (Figure of Merits) 3¢ 30T YUITC=T UHUI HRIEHAAR ATl HE@YUl

gfomH Eﬁ?‘ﬁ W—W&‘m (Low Efficiency) 39! yomarEr 3 3 3‘”% I AISAT YT

I SUAAT (Heat) &I I8 FHeil I 3MTg, S Jelauat Us fdhar $ifie ufkomy

fagara:

1) dIG AR Hord! [hHd aled.

2) 3ffaNad geh o &t @’C’ i g fbAd (cost), H[HR (size)\?‘lTﬁf goi(weight)
dleddld.

3) Y ST IUBRU fazaramgar &+ gia.

4) I HYYHAT (High Efficiency) W ®ruare! Rafd @ife fdhar fagyga) g1 waH
T AR 318, qUIMY, Foaci-e g9y Tifde Radwuen 98 sfed ®RU I i

(speed) 30T TR -G ST &HAT (capacity)dad fazaTTadT (Reliability) SR 3Tg.
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1.2.2 faf=i 5|§|§ (Switching characteristics) :

1) 3Msf&3r® & (The Ideal Switch) :

1. Yidhsax fERRY ezl Rad BUH SR TRUGNIE], ATAHS TOIG AR 30T
3Ta=gS 3HTg:

2. 8D HAWT (3HH-IC) AT USRI (device) AT A3 ABUMTAT fagygd vargri
(current) (PRas fdha1 Negd Sic) FaleT T4,

3. SIgT IUHRYT A-HSaRM aRd 3RId (- Q) IR [SRRI-FIocordl (BRAS fdhal
frgd sife giges) !,

4. I8P IR A [ (zero) 3H-1-I¢C FIocd ST Gl

5. AF-Bh SR AR (non conduction state) 3d  (infinite) 3TH-¥ec IR, UM I
TSl PC (leakage current) ST,

6. 2T TG (zero rise) 30T Bid <1 ( fall times) fUdd fE@ET=am STRICT Teftar Hafar
BE3IC]]

3sfesia Raaard! RafiT agwid 3Pl 1.2.A AL aRiAAd 3Med, I Isw 30T Vsw &
3T e die i e 3ired. RafiT 3ol dhea— A1 gl Hraraed, Uiar d™ Y
3(Te, TRRuImHt 100% Hrlermar Ta anfor Raf fadie 7 F=ar, 3FRpMAET TRiET TS (infinite
operating speed) UTE & SIS Uehd. UreaTd, el Ragmed sFpHT TS (Infinite
speed), 3HAIfEd UfaR STATGUATET &HdT (unlimited power handling capacity) 37T 100%
BRI (efficiency)&m?f bt

¥ B

Time

[ehr 3 T Time

'

Tirme

TP 1.2 A TG a9 (The Ideal Switch)
2) Ufeeoo g (Practical Switch):
Udcwre Ragry @oe Raf (switching) 3Tfor dg- GIRLI) (conduction characteristics)
HYdId;
1. TEifed UiaR g ema, weuret e are Rudia sryam waifed a8+ warg onfor g
3HTth - cHL ST HAffGd ST GG,
2. TAEd (finite) AT et St #aifed e4-3iF oftr TH-3i% d@Me Bid IS §
SR HHTE (maximum) TR aRARGT (frequency) Faffed .

Maharashtra State Board of Technical Education, Mumbai 4
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3. T SHH-RC SO SMh-c SRCT TUord JHH-RT HHdHl BRAS RGeS ST
3 3T 3fftp-wened 3dHT Regd hic UaTg (o) .

4. RS 2 WBW Ufdcd® (practical) RIa Uk @ 3yadl, a1¢ fRUdia
(@M 319) 30T Rafi gifsrze e Rafdn o sryad!.

7. Uidcore aaa sfae ki dwid 3l 1.2 B Aed <2ifde 3Md. O1 dghr-iaRe
a1y IusmRuri=T TSIfSd HRAMT YA 3@oiad (Temperature Dependance), XTaki! ArG Ul
(power gain), dle &HdI (surge capacity) 3T S @E%Tr[ &HdT (over voltage capacity)
IR SR GHWTET [aaR B0 31z 3178, Wiehd wWie (plot) T 31 3w 3oy
3 o 3H & WY B .SAT0T R T SoldeRt BUTd, S Had Isw vs Vsw AT Wic g,
Pl 1.2 B UfRIYS HRIGISIG (under resistive loads) TR (ideal) SO HTIRIRG
(practical) UHIUNATST 3Heh gt amf (switching trajectories) [ALCE A

r 3
v Forward voltage drop
i
] -
v on E Lime
y Tum-ON T'um-OFF
- switching switching
2 delay s delays
l gt
on
| : i : :
ofl : : ime N
T H H s Y 3
- ] H b
=2 : : i
: + Leakage current 3 :
. H . .
s : : 3
,)( ) . . . E
'y : : switching ! :
losses : :
: :
P o]esssssecaccnnces i :
max :
g :
‘,S—* ; *_ time
3 conduction losses :
Fig.5 : :
- >

3Tl 1.2 B Ufdedhd fa (Practical Switch)
1.2.3 & ey (Switching Losses) GI'IﬁTT:IET-[E"I%W (Conduction Losses):
SicgT CT~eRe =T A1g 3T s U Rag wxadl, AT SHoll JHAM gid Saral RareT
A1 TEUIdTd. SiegT Clferex faggd Uatg (Conducting c) draiddl SATfOT =Te] RUcd el
a@asqaﬁa (Conduction loss) Eﬁ?ﬁ

Maharashtra State Board of Technical Education, Mumbai 5
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fRaf=iT 3r1for SR drgaelie .
Rty gt o HSRM B
R (Definition) crferRerg e feafi eifgee CTReaT 98 (T1Q)
XM BIUIR SHoll JHAM. TG IR SHoll
IHIM.
HRUT (Cause) SIferea Sfdild U | CTfarex a1g fYdid
I 31fOT fEarst O aefa | SrRyam e
yaTe Rafder gfvoms. b RTes Sagdd.
3THfId (Dependancy) | Gfdendta Rafin aRarar TG YT ST
(frequency) 3TTOT Bleeol T SReAYH drgun=l
HhHUIER (transition)3ddisd | [AggdUaTgToR fade
3. 319,
Sordl Uy TehHUT BTATGeR (transition TTfarex arq fydid
(Energy dissipation) period) SEHAA! SicgT TIFRREx | SMAHT Idd g,
d fRUdtq e fRydid fdar
1] R &g R sgerdl.
HRIGHIAR TRUH I RafeT I uleR I g1 BTigod Yraritdl
(Impact on efficiency) Hrogedl UPU HROGHA HH | ST drgdl ol
. HRIEHAT B Bd
(Mitigation methods) e SRR SHPHIRIRHE, g0 | B0, yrid Hase
0, TTd i eaer Uied 3. | GURYY, Alhe q3iT3e
SOHTSS RS,
g JHIdd Td: i feesay MRS T~
(Components affected) (CTIRCER) 31O Hafdd SR | 3fiH-¥ec Xere—
gide gyTfad Hed (RDS(TTY)) 3o Haferd
sic Risvar gyTfad &,

O@ﬁﬁ_ﬂ:

JEIEXUT -: WIaid PHHL IR IGBT L, ton = 3 s, toff = 1.21 ps, Duty cycle (D)
= 0.7, Vce (sat) = 2V, fs = 1Khz 318 R e=13{1 3101 e 3ifes §-dMT IGBT 3 fafi ufar

AT calculate .

== Vee=200V

Maharashtra State Board of Technical Education, Mumbai
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1) -1 aet SIRTUIAR A¥ = Pon VCE: € x ton X fc

2) & - 316 AL IR AR TN = Poff = ——— X toff X fc
3) WW Ic _ VCE- VCE(sat) _200-2 _ 198

10

W@W@Tmmsﬁ ton = 3 us, tof f = 1.21 ps,
Duty cycle (D) = 0.7, Vcgsay = 2V, fs= 1 Khz , Vce = 200V, RL = 10 Q,
THIHRT 1 ae,

200 x 19.8

PonzT x3 x107°% x 103
=198 W
THIHIT 2 ae,
200 x 19.8
Poff = ———— x 121 x 1076 x 103
= 0.792 W

1.2.4 Ui} GHIPSFY IUDBIUNT GBI (Classification of Power Semiconductor
Devices):

cHTeaaR SuRd UlaR IHideder IUHRUIY TG0, & AHE GHF e (two
terminal), o= efife (three terminal) &Wﬁ[ﬂﬂm(four terminal) SUBRUI] gHTAR] Eﬂ?ﬁ
1) aﬁmqﬁ?ﬁwm (Two Terminal Devices):

o SHIE (Diode)

e T SRS (Gun Diode)

e IMPATT SIS

o %‘-ﬂ?@’@‘s’(Laser Diode)

. @W"@“@'&’(Zener Diode)

o Ihich! SIS (Schottky Diode)

o U9 SRS (PIN Diode)

. W(Tunnel)@'@g

o THRI-IHSIPH STATS (LED)light emmiting diode

. qﬁaaﬁW(photo transistor)

. U’ﬁa@?(photocell)

2) H-cfife ufaR At saes Suso (Three terminal devices):
e IUUIOR CISREX (Bipolar transistor)

° Lbhlczs-'s%ort gllrf\sNCQ (Field-effect transistor)

o 3TfeTed eIf2Rex (Darlington transistor)

o SYOCI-TIC TUUIGR TIReX (IGBT)

o JASRM IR (UIT)

o RfonM-faGa feewraR (Silicon-controlled rectifier) SCR
o YRI (Thyristor)

o CIID(TRIAC)

Maharashtra State Board of Technical Education, Mumbai 7
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. Eﬂ?Eiﬁﬁ% iR YHIhgdey SUHRU] (Four Terminal Devices):

) q’ﬂ‘@[W(Photo coupler)

o BI® sﬁhqc IR (Hall effect sensor)

o RAfoHiA-HRa AFeBRR (Silicon-Controlled Rectifier - SCR)

e SCR g Wifo8 ¥WT Uiar I Haid a1 USRS U 318 Sardl Y TR Fofacd
d FaRCISH 1957 T S1a0T Bidl.

1.3.1 SCR oY Hgcard aRreext:

o T RN UBRT IUB 3R,

o o QU I3} fagygd il BT 2Aehd.

o § HC AT HRUAM HIE 3118 HRU T B TH Ul 3R A1 dheld DRl

o B 3 fdhar FoI o BUH S0 B dhd TR d DS IHRR BUH dIRS SIS, 2Adhd
e,

o 37 XT Flocd 3T QY HHI 3178, d TORT YR FHe BTdID e,

132 SCR d Symbol, ¥d-I, SCR A STRIAT Tl (Construction & Working
Principle)

Anode

Ty

&Wﬁ 1.3 SCR Symbol and Construction

o RifdeM FHeigs AFTBRR (SCR) § B IR WA, dF sk 30T 9 effie
JUHIUN 3MTg. IR TR PNPN 3HTgd, fiF SR UMl J1, J2 301 J3 3nfdr e cfifae
TAS(A), HUS(K) AT (G) TP 1.3 AL GRATSIATIHTU TR

o P-UHR U N-UHR FHicbeaer AU JHART SHAGGAT IR TRIYE Uh SCR TR
HT ST, B TR 3HTed SUGTA o FHRI: J1, J2 01 I3 3R T Ba-lag g de. TN
ST T CHe THIS, HUTS 30T i WUH Hi@@e Sdd. TS § Ha3dd A0 318
WIGR HIC device AW / TTZeHS YR ddl. WY HUTS § UG 318 TIGR UAY HSaT
e fSRRaHYT S1eR USdl. I1Q@ G0 Jal SHA® (entering terminal) Tififed (URICI®E)
CIbTd 3fTg 3101 T cfionyd faggd ware Mud sie d =vied (FMAifcs) Cler 3T,
cHToandie faggauarerer Widi=ar AT (middle of progression), 0T ¢35 IGUIR
@ 3. § ¢S (terminal door) T HIEOHIH 4o SIS X1dhd. IT THAG ST Hlal Aol
=0T <fHFS (control terminal) TV <WT® Jfeid bo ofld. AHD, BaATag (intersection
J1) J1 81 T P-UBR ( P Type) O N-UHR ( N Type) Tl ANAY ], GO ©efag J2
(intersection J2) N-UBHR SO AR P-USRAT TR AU 3. [dRT waAfdg
(third intersection) 2IGcedl P-UHR SHTOT N-UHRT Wk HEAHTT 3.

Maharashtra State Board of Technical Education, Mumbai 8
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o SCR A 3TUN-=AT 'q?x_cﬂ (Mode of Operation SCR) :

1) 3T V< BIRAS <AlThI AlS:
G (Open) =
Va=0

w2 e n| P n‘-'—<'K-

i 3

|-
(Vix=+ve) |Vvy
&Wﬁ 1.4 OFF State Forward Blocking Mode Of SCR

TS ST HUls i g Uiar Afdhezl shea o 3fed, T o Helo kel JIgoe

3TE. ST Sicgl TS TaBIS P TR HUIS Sacsie N WRIAT go-d fd® Uifsifed @iRidie)

FAIST ST degT J1 30T J3 SRy BIRas SIS giamd. O}, HYS sk J2 Regd srows

BId. SIRM J2 § SIeRM HuRicd BUH HI@WS Sid HRUT d A1 AT HURIER BUH B

Hd. T SRMIR IR JTSSAT depletion layer o5 , IUBRUNGA fdgdd UdTg argd ATgl, TR

HIE3® dTol gl Ualgie (due to drift of mobile charge carrier), SfbeHYT Ul

THTOMT Tl UdTE ( leackage current) dTgdl. Tl dhRe 0T RIGIM, IUDHRUT ATGd g,

B&W%QMWWWQEWW@EWWW% (as shown in fig
1.4) HRUT l BRAS IO%S RIS DI DR,

Y soife wee fhar sife we

‘i—I‘

&Wﬁ 1.5 Reverse Blocking Mode Of SCR
ST SIgT HAUTS Sacdid N TR 81 TS Sdatd P Wkl daqd e gifsfed (Wificie)
SIRTA, IegT J1 STOT J3 SiaR Regd SIS (reverse biased) SIRIATA ST0T HEAH SiaRM (middle
junction) J2 RIS J%E (forward biased) Eﬁ?ﬂﬁ J1 31O J3 Slewrg ﬁ@ﬁ dIg%s (reverse
biased) T 3qeu™, A fEREIHYT HUER! YA fdegd Udle aig <d AR,
fRycitar Regd sarfdT We fdrar 3t We WU 3Nie@d S (as shown in 3T 1.5).

o 31 W BRAS HSRM HlS:

Vi

[

A—F -,, -

i

11
- I\T
&m 1.6 Forward Conducting Mode Of SCR
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TS AU HUSHH FlGedl dleqd, SR J2 RIS [SWIH GaRdl Sl HHI Hol oS
R[hd. Dol [ARIY BIGCUIR, J2 32T BId § AI6dl Blacs USTegR SR faueags
BId STST avalanche SHSIS GUI® UG, SiaR J1 3107 J3 311efia BRRas arvs ydid
GIM, TASURA HUSUdd Ush Had dIg® (free carrier) BIHAIG Bid. TRV, JUHIUT
ATSAUIR FHdTd DHRd 301 WU o defact fRYdid fdhar =re Rudid sraadr Ted Siid
(as shown in 3{% 1.6)

1.3.3 SCR I v-1 Al (V-1 Characteristics of SCR):

Anode Current
Ia

.

Forward Conduction

Igl = Ig2 = Ig3

()] SN S Ig3 Tg2 Igl
3 Re\‘e\rse Blocking T '——.J > > - 5 3
VBR E %
H 0 Vk f l Veo
Forward Blocking #
l' " —p Forward Voltage VI
’

Reverse leakage
current

Forward leakage
current

H]W‘ﬂ 1.7 V-1 Characteristics of SCR
SCR T J1, J2 30T J3 31 i SId=HM 3fTed. § SiaRM SCR T TR U Hgardt
YT ST, SaRM BiRds e fdhal Ry 9w 3ed AR [aaqd SCR THaR dc
conduct R fdhdl BT dede HIUR ATG1. SCR fAggavarg/@c conduct HRUIMTAT, el
SR BRAS TS AU AGWD Q. SR HIUde! b S Iac UaUTal (reverse
biased)&@ﬂ TR SCR PR conduct HRUR -'-ﬂ'eﬁ (will not conduct) 3707 BU d Siuq o=
TEUM BT HRdl. JoId RNl [daR e § W $Hal oIS, b,
% ST GlecorA aR hIRds a1y Slecyl dledd TN I SH-adR Uifeifics ®ieed AN
HE SCR TC HSIC B!, [d5! SIaRM hRAS TS 3MTgd 30T U SCR AT il I3,
SCR §¢ 9 (Close switch) U ST Ha. a1 Areq, SCR fdhar thyristor CSlIE] Iﬁ@ﬂiﬁ
HERM HISH IAMA. § GH UPHR $Hd OIS, Jdhd SR 1 e cHTAR Titviied I& 1]
HE fhal THHSRA 5% X FlecoTdA Udlidhe HIRAS w@lecsl fhal Tl STl
FHUreadd Flecdl) dATedH.
! HIUTe] Th UGd AN HedMHdR, J2 SaRMaR adid sdhers- gid, dge TUIR
HeRM AeHY daad 30T §¢ T (close switch) UM B dxd SITHS AN fdggd
UdTg d1g AarTdl.
T =1 B VI AFRISeIgUl SHFAHL (FIG 1.7) (VI characteristics), SR TE e o4 (value)
SRd 38d, dR 1g3 > 1g2 > Ig1 A HeRM Hreqd Jugrdl fba™ (minimum) ded
ANTA. T AT, SRdld SIRd UdTg SCR HYA drgdl 0T AT Yo ol UieRIY (resistance)
fohar UfdaTeTaR (impedance) Sfade 3.
%%@Hﬁ&ﬂﬁ‘aﬁﬁaﬁﬁﬁfméc dled e, ¢ SRR WY feeam SCR 4T
HIUITIIS] 3MILIPH Flee o] (turn ON voltage) HH! 3L, AT YATETAR SCR Sl HISHYA
H SR HISHL Faad! ATel AT HC (L) 3 UIAId. T ST Bikds Hc Urdeudd
UIgIad) SR SCR sallfob T R R Adl Tl BIfeS T HC (IH) U, AT BT e
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dGAaR, SIaR J2 =T SISETS[ell SITI&Ul RS (depletion region) fa®H R gIvam gard
BI. AR BT die AT Bece fbfard ot s,

1.5.4 ScCR f&afir afkrcd (Switching Characteristics):

1) Turn On Switching Characteristics:

| € >
T Vak
: &
A “‘ K
V1 G R

Gate
current

Time t

Anode
current
I

s Timet

Va

Anode OP-Initial anode-voltage

cathode
voltage

V ax On-state voltage drop across SCR

A Va ‘J
+ * Timet
1

0

Power
loss
(VAk-IT)

0

GI'IWﬁ 1.8 Turn on Switching Characteristics of SCR

3l 1.8 1T IRE (I) , TAIS BRC (Ia) MM TARS o HUTS BIGCHI(Vax) I dGHIH GRIA.
« Delay Time (Tq): TS BIGCHDT Vak T 0.9 Vax TR YTIMTST SHIUIRT ded 31Tg.
« Rise Time (Ty): YIRCE A, ‘391 TZA" UM TAIS PHcdl el S Jeara
10% &+ T 3{fdH Jearam 90% Tdd TG UaTTé! ANTUIRT 4. ATd da!, &lees Giud
VAK T URMS (Initial) e 90% - AT URYS (Initial) HearAT 10% Tdd
TIRA. qUM, Fe Ay 0 Flees Wi dR(characteristics) TSN THRIAR
YTfdd(affect) BIdId. SSfdc WSSl Blecsl fdgdd WATEIU&T i TsSdl. HuRifice
Ieurdl, faggd Udrg 9w aredl.
. TR dA® (Spread Time)Tp:

TS Pl AT 3ifad THATA 90% T 100% Tdd G0 SRIURT 33 318

Maharashtra State Board of Technical Education, Mumbai 1
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2) Turn Off Switching Characteristics:

Anode
current 4
Iy

]

Forward Forward voltage
current applicd here

i

-
-+~

N
-~

W
~

&

Reverse ?

current

Time

1
Anodc :
voltage VF  x = A I lyr

i

Forward ¥ . s Ve
voltage : @
% Fd ' ) /

1
0 )
Reverse / ! | Time
voltage l g : :
1 1
1
! 1

\3ITchﬁ 1.9 Turn off Switching Characteristics of SCR

ot T IB] TS LA value BT Regd Rabag] HIC (Ire) 3 FEUIT.
e tq = trr + tgr TTOT YRS "TSRTZY turn off time TEUTATd. tc TTST Aiched turn off

time ¥UIAId. (tc > tq).
1.5.5 TP 9T WU SCR (SCR as a Switch):

SCR AL IR Had G 3aRT 3MTed, d ThaR Yool arq fdar quigul §g oy Tdd
(as shown in fig 1.10) ®UH SCR Th T WUH HH HE chd. CIGREITRE HIUdG!

"Gfchg" BRI&H (active region) ATgl. TUM, SCR a1 IR ATAT IHT RGeS (great
features) fafae UHR= Saae-d Aihcared Rad WU Hal ST,

v|A "A

1 ~— fomr

Anode High current
— g:'“";‘d Low voltage drop
Low on state resistance
Gate Cathode
I,=0 1 Ia=0
Zoro current

SCR P OPQ;‘ High voitage drop
OFF - High off state resistance

HWCF[ 1.10 Operation of SCR as Switch
1.5.6 SCR ™ JUIT (Applications):
1) et Eﬂﬁh,(battery charger).
2) DC 3101 AC Hied= T fAi=mT. (Speed control of AC and DC motors)
3) L) femr, 0] Fﬂg\elgac{. (Lamp dimmer, fan speed regulator)
4) AC Rleeol WK IIaTaeR. 3.(AC voltage stabiliser)
Wﬁ?ﬂ?mm (Insulated Gate Bipolar Transisitor) IGBT :
"IGBT" & cice T dUleR CIferexd Jfed =0 3g. MOSFETs 30T I-UldR
STf2Re=T (BIT) YhR TEU[H, o UlaR T-aRex UM BT HRdId o gl AfRrsed Thd HRdld.
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TISETe! GF UHRY SdId, TH-d4d 301 Ui-d4d ; @it fig 1.11 Y N-d4d IGBT d
Hidhe ST g 31t fSegTs e JHded Hiche aqraad 3T,

IGBT A& dH 09 omdra: 7, dadex 30T THER. I MOSFET UHIUM  31Tg;
TUTES (collector) AT IToIdh (emitter) TAUIAR (biplolar) TIFIRER THTON 3RdTd. MOSFETSs
EITIF?[, IGBT % @éﬁfﬁﬁﬁﬁ P (voltage control device) &ﬂ%: @@T qitoifed os\lcévl, N-Td
IGBT =T IR A1 dhal SITd, degT WIEd (collector) 3O ISidh (emitter) TS T8
(conduction) BTl 3T U (collector) HC aTgdl.

C : Collector ©

C: Collector Q C: Collector Q

G : Gate I G : Gate — G: Gate I ' CoRector
| L

-

v‘ 13 p—
E: Emitter O F : Emitter ©

E: Emitter O

Circuit diagram symbol ; » T 3 X
for N-channel IGBT Equivalent circuit example IGET basic operation

3Tl 1.11 IGBT

1.4.1 1GBT It T=AT (Construction):

SR Id IJUBUNYUHTY |GBT ST e Uall TeaudrTal gfcehd NRTCS (vertical oriented)
T 9URd. b e=T ga-id IGBT &1 WA T B BUSl P+ W d HfKid 3ilg of
IGBT dT drain §dd. 8 SUBRUI TA-TIZY (n type) S fSU AW qUId IR M AT
SHSST @leed & YURD § UlaR HIhcHAN(P-MOSFET) SIEdid IRWd 3.
fERTSTA TS WREE SITUT JHR daed Ul-d9d IGBT §1901 ¢l U 3MTe. IGBT &

~
SRS n + THR TR HALGS ATal .
Gale Emitter
et y Ll L Metal
A SRES e L e ——8li0,
*LLJ 3
J1 l '
\ P I— Body Layer
n ~t—— Drift Layer
J2
nt ~}——Buffer Layer
Ja
Pt - Injecting Layer
VI TV I IO IS

Collector

3Tl 1.12 Structure of IGBT
1.4.2 IGBT Y &0 a<a (Working Principal):
STIRZM G YITTHE fAUTTS SIS, 2hd:
1) 37-@3(7:[ (Inversion) gt fAfed snfor
2) Sefdeiegd] AIeYoRM
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1) (Inversion) ATt :
P Gate
Vs f Metallization
# S0,
i'-:...:;::;i Collector
= e [ " 2 e @
Emitter T

3, P
Body

Drift layer
Emitter and body
shorted

m n type Inversion layer formed In the P type body layer,
due to which a channel is formed for the conduction of current

\}W 1.13 Creation Of Inversion Layer

IGBT I HTIRZM 32 oaxal M= qwarar s 3g o UfaR MOSFET WHTUG
3. IGBTs Ael <o viegl Uitaiieeg e ¢ AN @Iaed Vgs 8T Vgs (RIGS) el HisT 3R,
JdeT MBI SRIGIAIHA Si0, (HTHTES) ST WS TH-IZY 3w SR TR
Bl T-cT3U SISt SIRAE TH-23U S8R oava HiHdges, T aifgsil(channel) TR gid
(n+ n n-) o SHECI TS R HRUGR Had HRd. MOSFET HIfUT IGBT TG Thieh Tdard
3{lg B MOSFET Hell f$UC &R ®IUIdal "helaciad! AlegoRM" Alel. AT, 3H-%K T
IRE=T Rds M1 ATHS MOSFET A&l - UlaR 319 QU SIRd 3R, IGBT HEY a1,
"efacigc] SO BId o 3H-¥ ¢ JHH HHI Hd:

2. Hefdef@dl ATsgo=M (Conductivity Modulation):

IGBT A% TA-[§0e R drefaciagd] Aleda’M Bid. drddbal HiegaRHdl (Conductivity
modulation) TURUTY U 3{{H-¥ T AIRETHH T (reduces) Bd, MOSFET U&fT IGBT Hefid
3I-TC losses HHI 311% Q:[ 37T holes) Eﬂ?f ZITE@' %CIE FEEEI (drift region)
Wﬁ%ﬁ(conducnvuty) qTed ST A f$ue daRAda hafdeied] Hlsg,m-alﬂ &Ilqultql
TAGdH WY od OIS dhd.g (Badex) M Wid (QHeR) a3 BiRde @iees AN
HTIS SR J3 HRIS %S 315 S0 TRHAT HHdHes Tdiid SAad- n+ p n-
TAGR n- (ST TIRAL Tolde Bl ST, SIaRM J3 3T RS SRS e, d p+
TIRAY n+ THR AIRTH holes Foide el ST, n- [SUE TRAL Solae dald sadeH WY
ITol TR HIATT of p+ AARGR Solae Haledl n+ TR TIRAYT holes BT HAT. alal
SN n- TSUE TR, "gedl SUaRM" @aaciH YRR (resistance) HHT BIdl. 3T UHR,
Hefaeiagd! Hisga YUl IGBT A 3H-¥T Flecol HH! Hd.

Gate Electrons
Holes — Buffer layer
\
LARAAAL 5 / ~T -
= s 1 - D i
Vas bl e, \)\} n- T @
- \ —— n* p’
i =1 1 Collector
Emitter a1 L
t d 4 Drain
K J3 L injection
Body layer Drift layer layer

Inversion layer
‘}W‘ﬂ 1.14 Conductivity Modulation in IGBT
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1.45 IGBTHTIV

Rovarso
braakdown

voltag}

d TOIR SIaRM TIerex IRET 3Ted 3 Had HRd Uderd 3Tg I dhellail UTHICR &
T ¢ AR @leedl Vgs 3HTg 30T fAAfd ol SITOMRT URIHIER drain e 316, IGBT § &lecst
fdfad 49 ormg. leuaa fRR eTaR (at constant Vds ) TITTHS (Vgs) T ST
drain ®YC D dIad! . BISITY (Vgs) dTeed g9 PIe (ID) dled!. Vgs UIRIcie 3Tg. BVDSS §

HRAS SHSIST Fleed 3Mg. ®lecdl MU He AT I TMER (high value) avalanche

(IV Characteristics) :

VO“J

=

—

Vasa

Avalanchoe
Droakdown

Vasz

Vas

Vasa > Vasa » Vase > Vasy

&Wcﬁ 1.15 IV Characteristics in IGBT

IGBT = IV dfRIS& (IV Characteristics) 3T SRITITIHATT 3ed, BRAS SRNARMHS

BVpss

ISP S3 Bl . WU SRS AT gl ol Wil HTURT B0 IS 3Tg .

1.4.4 1GBT f&afeT 3fRrseq (Switching Characteristics)

o Delay Time, taf
o Initial Fall Time, tx
o Final Fall Time, tp

E‘f-HﬁE’I%ﬂ (turn on time) : ton = tan + tr.
TH- 3T CIZH (turn on time) : tof = taf + t + tez.

N
Vo

O.11,

&IW 1.16 Switching Characteristics in IGBT

1.4.5 IGBT © 3UGNT (Applications of IGBT) :

« ¥ SMPS A& TR SIId
«3 UPS (Uninterrupted Power Supply) YUl el aroRd Sild.

- B Tl 307 STt HieR grs e aTuRa Sl

« B IR 30T g xA AR Td.
« § IR gAY aTuRd ST,

0.91,

Maharashtra State Board of Technical Education, Mumbai
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1.3 UlaX HIWbe (P-MOSFET) :

Hihed (MOSFET) @M HIH U Hed SHides YHdheacy i hdc e (Metal
Oxide Semiconductor Field Effect Transistor). TdI- TlaR J-IT@hC\H 100 khz Tdd qu 3=
flheh=iloR RIa U W&y 3MTgd . Uik HiWhe BT B8l YT Hc HaxD Mg .

UiaR divbe o afdreedt :

o § Qleed ARG (VOLTAGE CONTROL DEVICE) SU&HRUI 3Tg .

o fRafeim et (SWITCHING SPEED) U Wil 3:1’@»r (in nanoseconds).

o T secondary SHSI3-T THIT o .

1.3.1 Symbol of MOSFET: UTd¥ MOSFET

n-g® MOSFET d forg TTol fdd 3. T URTIdhs SIUIT lgaiie aTure fazm faggq
gargr fazm gzfad. § n 990 MOSFET 2 s 3Raame a1 3o o 3R, p-d1®
MOSFET W13}, ST0T STev<A fa2H SRie.

s D|¢ o
= H ]
2F o4
= =1
Dl s
P - Channel N - Channel
MOSFET MOSFET

3Tl 1.17 Symbol of PMOSFET
1.3.2 UTa¥ MOSFET =} T9HT (Construction) :

Source Sate Source
P+ P+
N_
M+
&
Drain

&w 1.18 Construction of PMOSFET

Uik MOSFET Hel P 30T N UHR (n+pn-n+) YT vertically 3NRUCS IR TR ITT 3MTg. P
YDHRIGIG THH WRIST MOSFET 91 &I YT WUMATd. AT USRI, HId (source) 30T drain
IATHE channel TR BId. n- SIRST fSUE &F (drift region) UM, of SRR ShHeI3
FIGesl YR Fd. 81 n- 3T Had Uiak MOSFET A 3], RIUe &a® MOSFET A&l
el Tic cfife Rifo® SHsHgs UM body TR A7 e SiTd. ST I dra dauid
(with respect to source) gifored e o_(a?@ﬁf (Positive gate voltage) 3Ty B \rll?l, aosl I o
drain GXEIM n-type channel TAR BId. SHTAE GATTGATIHY], T 30T §1 B TdH
parasite npn BJT 3MT§. § BJT TIQ SIVATURIA TI@UINS!, p-type TT body IR Y HC BRI
3EIGY B p-type TT body BT 0T I RISHST T b ST, TRUTH U Teh USid!
SIS St 39 d AN o9 ox&™ dOR g4l 81 §fcus srite sl sfor guf fost seger
Hichcaaed Hgw@rd! YA goadr.
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1.5.3 Ula} MOSFET VI (VI Characteristics):

1) Input Characteristics / Transfer Characteristics (Io VS Vas): 3:[ HIcdl Uydig g=
HRUGNTS! 3Ha=TdD ST fhaH Flacoal Mae BIocs fhdl VT TN, § 2 d 3
FoCHAT TRM 38, o IRNGS IoCo 8. Segl IMGS Blacsl I T I CoTusl
HH fhdT TAM A degT S dic I 3l [hdl Fredd Hee T4l e I ®lacd
qIG g -1 died. (SR 3 Lo A WS d1¢ gld Yo fegRaued) Tam
ARy SN Bed S,

2

£
2

Sauraton Megin

O O Regin

Wit Vo i Vo Yom
Vs Vou Gate Source Voltage (V0

&Wﬂ 1.19 Input Characteristics of PMOSFET
2) 93fI3cyc af¥rsea (Output Characteristics):
MOSFET &1 3T3eYc dfRrseaiied dfiH region 3fTgd
(a) de 3P ReH OEIFEEANEE (c) YYaddT/saturation region
P 3P RS : MOSFET &¢ 31t AHHL §¢ 3G HRUI MY HIUdTe! f[dggd Udlg
BIUIR 161, MOSFET dT AR SigT 3odgi-ier RJd UM HRUl 31azddb 3RId degl o AT
U o open ReIORE arTdT.
3Nefie oA : siieffe o 79 FENy VDS deaaM (IDS) Y&ATd a1 aid. MOSFET
1 7 Jufaed 3TURE HRUGNITST HIHTR B SRSHIAR U HIH BV R 3HTe,
AYaadr/ R e
vDS fUd-3% FlGed VP &R dledid, MOSFETs WX &3ATd Tzl Hdld 301 i
IDS RRR EdI. KT & USd, dogl [SReY dg Rad WUH arTd SgR 1DS Jod Id« /
WA gid. gikomd, RafdT iz R Urevarrdl MOSFET @ TReT YN, degl 8

TRZF &7 Aaee SId. VGS3 > VGS2 > VGST .

I, A
D
:Ohmic region
: Vass / Avalanche
' ~— Active —= - breakdown
Vasa 4,/
Ve > Vesa™ Vi etc
Vees ‘/ GSS G54 GS3
Vs /
Vas L
T -
\ BVpss  Vos

Cutoff
&m 1.20 OUTPUT Characteristics of PMOSFET
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1.5.4 UTaR MOSFET A &M Riid (Working Principle):

Source
Gate conductor
” FIELD OXIDE S

RS

) ) Phsaseasassawsaven < o
(2" o/ L/ =
p(body) p(body)

(body

n" (dramn dnft)

n
bttt

Dram

METALLONTALY

SOURCY NOUNCY PENVICY

T L Pas
Yo PAMASITE
+c.\u

- - - - - -
4
|
' N

€= ==

LOAD

=

-
' n | DMIFT HEGION
(.

- A

- = —_ |

o ENT D ‘ 0N
DRAIN L LLLL LA

&W‘ﬂ 1.21 Ufak MOSFET d &1 Rigid (Working Principle of PMOSFET)
SigT VDD 3fId 3HTfUT Tie |fae @E%\_:[ Bl 39d, dagl n—p reverse biased Idld 3fOT
drain to NI HC IDS 3T 34d. W@ I cfHAe Tidred deurd iviied (URIeI®) 8id,
dgl U fdggd &3 TR BId offtl, p &7 FddcH Th n- ddo S-ddrd. SOl
E‘I"@ﬁm (as indicated in arrow ), R?ﬂ'ﬂé’ drain to I Bc (IDS) RITOT HST SITa. \;106|
e FIFcS dled dagl SR ID dled. d1oUId! B8 ial (Small length) ITIR, TH-
Y@l Bel (length of n channel) FRIRT HoT WS 2AHd, TS 3TH IR FH §1S
2[hdl. Tiak MOSFET =1 X911 A parasitic BJT THIAY 3MTe. THTR TICRISGHT Sass 99
GICRIS(E IR0 ATIZIRS 38 TUH & BJT 54! da SqUINI Had B, § MOSFET o Wld
IR 37T body ZSTacHA! ST HEH HO Id. a9 7 Haa, @™y "od U Ruda
Td3 HRO ST SIS potential oo Y BIs®, S BIT Alhd Blae 0T d Aihd B,
MOSFET =l %}[ disidR T parasite pn SIS TR BIal.
1.5.5 UfaR MOSFET d f&feir afdreea:
-3 (@ T 91Q HR):
Delay time (td): 17 1 @IGeo BN HOIAMAR MOSFET @1 B&UTRIAT HTH & gIoaria!
81 9% BNl TIe-HId BT HIUATe! HURIC-Har HId HRUIMTS! 0T MOSFET a1Q
PRUGTTST 95 BT,
Rise time (tr): $1 B o] TTAT URIYED 3Hth-¥< value TR 3ifdH 319-¥ T value 2T fafry
cFBARITAd (TTHTI: 10% d 90%) dTE BIVITITS! GRTUMRT de3.
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.I. [
Vi = = = - - - 5 -
Vigap[ ™ (T v i e I e SRl R NS ONE B Y S T =% ¥
LI |
. ' \
Vagpr]| = = == = o= e e - - - - - - - - -
n. " - i r_ P
. -, - -, - - - tawn " _8 0
'
H

r--

anle e

b -l

’ \

heake
—>

|

Y
— o -
I

Y

——

&Wcﬁ 1.22 Switching Characteristics of PMOSFET
o TH-3ATH (T TEHA ¢ ¥ Raa Hon):
BId eIgH (tf): S Hicdl Ml YAl JHiA-de UREA Hfad Sffb-T value =T
specified TIHARITYT (ATHIIT: 90% o 10%) HH! BIUATHTS! ARTUMRT J.
Propogation Delay (tp): SIegT TIC ®ldcsl dhig clha] Sial SOl Siegl 9 Hc Tl ARy
TRIR HHI gldl degT R 81 fade Sral.
1.5.6 UTa¥ MOSFET © UGN (Applications) :
& GRARAT- TR SGeR
ISREESIRE
1.6.1 ?ﬂ??{?ﬁ@’e’ﬁ?ﬂ%ﬂ- TRIAC (Three-Electrode AC switch):
TRIAC T8UIS] 197?
TRIAC ®§ U SH0Y SRIG® Tdh semiconductor STHRT 318 of [dgdd VAT UATGIoT
QRATHT & 31for FAEfAd &d, WU ¢’Ieh A9 318, TRIAC U bi-directional R 31Tg.
e TRIAC Symbol :
C® B G TONISRd Adod 3 o UHH®BRN Slecadl cads Ioc-gaia]
PARMAL TSHS 3Med. TRIAC BT SCR IRWT e RUGER argl fEZIHT =S (triger)
faot STd. |@T TRIAC T fog TrRado 3MTe.

MT1
Main T:rminal 1 MT1

A X

G
Gate Go

o
Main Terminal 2 MT2
MT2

TRIAC Symbol
3Tl 1.23 TRIAC Symbol
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1.6.2 TRIAC XTI (Construction):

NMT2

N3
ri

N1 Al Metalization

/

\}W 1.24 Construction of TRIAC
clgd g U 4R, o9 fHFd semiconductor SUHRUT 3MTg. THART MT1, MT2 ,THIS 3for
YIS e B Rgifdhd (marked as ) ol SITdTd. SMIIOT e YARIER THIUM G ®UH
aifaan Sl e efiFa g N4 30T p2 QI &F1RMT (both regions) YTT HUBIGR (metallic
contact) SHEad 3MTE AT T MT1 e Saes 3Tg. efif=a MT1, N2 3MfoT P2 gt &t
SIgad 3MTg, T MT2, N3 311f0T P1 Gl &iei Siedd 3iTe. UM, MT1 30T MT2 efiiaed
eI P 3101 N ST & (regions) STSAd 3MTed ATOT =M UHR AT G eHTeqaed
applied CA S polarity ECAERE TRIGR ﬁ'c{{lﬂ Udlg (current flow through the layer)
334d. TIc ITSEMAR (with open gate) TPRAS TS C®H A3 MT2 § MT1 =T YeHid
UIRIEE dl O, TS TAHHTE Blees BIRAS IR GlecoUa HH gl5Tdd <rad
HRAS BT AISHE AT, ATV Regd IRRE TGB!, MT2 § 71T 3iiud sreied
MT1 =1 deufd FRifce o od. Taeadld Bles Rl SH3f@R Blecoug HHt
gudd, femRy Nl e Areqed aTdd. Tic cfiTaer Tehd? Uifidie fdhar fAifes
glecoig <% JATgd T (conductive) ol SIS, X,
1.6.3 TRIAC © T 3{TFOT FTST (Working & Operation) :
o WIS 1: MT2 is ﬁﬁl’cﬁ%’ with respect to MT1 with a gate polarity tﬁﬁr@f%’ with
respect to MT1.
@%Tﬁt?ﬁﬂﬂwmlwwﬁarhuﬁﬁamﬁﬂ@ apa uﬂa GEH| Pz&mﬁer
W‘aﬁﬁ? HC AT, g g1 faggavaTg aredl doe;l P2 ScldS I HRal STl AT Y 8
gaae SiaRM J2 (fdhaT P2-N1 SiaR) =1 HT8IaR TR STdrd.

NT2

G NT1

fffff

G + |y NT1
Ll
=L -

3{Teheil 1.25 MODE 1 Working of TRIAC
N1 AR TesT dhalel § Saae N1 URTaR TN dTo! TR HRdId. e, P1 USRI (from pl
region) 31f&d holes N1 UGRITd (in nl region) faRGRa! (diffuse) SITdTd STdes fARifeeg space
charge gyt (nutralise) Eﬁ?f _Eﬁ BT (holes) SaRIF J2 &R YdTd 3T P2 USTA Uitoied
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UIRIcteg) WY =Tl TR HRald, Sardes N2 TY- P2 T 3Hfedh Sdiacid Solde gldrd. e
gifoifed gediad (UIRICIa regeneration) 81 SHT0T RIac &I UATE(@<c) MT2 d MT1 TWd
P1- N1 —P2 - N2 3l region I[?ff?ﬂ??ﬁ.

e« HIS2:MT2is qﬁ?ﬁ%’ with respect to MT1 with a gate polarity ﬁ'ﬁﬁ%’ with respect
to MT1.

NT2

Van

oo
lfi \
—1,f’ B 8 I v
N3 o P2 ‘\\\ N2
o

AL

1 L=
|
3{Tepail 1.26 MODE 2 Working of TRIAC
ST MT2 Ui 3ral Sffor e effe MT1 = deufd Afeasraal deel P2-N4
SRMAYA T HIC dgdl. & Tl HIC P2-N4 SRMS] forward bias HRA.AYS TRID
FFATAIST PIN1P2N4 WRIgR I16d. & Ge P2N2 Tl &HdT (Potential) MT2 2T U dd s
dledd. e P2 SARHY Sldldbed Iuldids fdggavarg RIfUd glal Sl P2N2 SRS
forward bias ®Rdl. SO WWUHYT GBI IA4T PINIP2N2 conduct HRUIN JATd P
AT ARG Boo! Yeld T PINIP2N4 B T-GC SCR WUH HHGT Sid R "’
SIS b o! I PINIP2N2 T SCR HHG! STd. ATHes UG SCR o1 TS dHic G-
SCR &1 71 e TUH M Hdl. 1 HIgHH T Hicd! dg1RNedl HHT &fd 0 A

CRD I1G HRUINS] 31feh 1T R AT SR,

e HIS3:MT2is ﬁ'ﬁﬁ*ﬁ' with respect to MT1 with a gate polarity ﬁ'ﬂﬁ%’ with respect
to MT1.

TR P2 AYT Tolde dhad holes N1 region T USRI, § P &AM UIRICIE W ITol R
FRd. A, Uil WA aod nutralise HROANTST N3 Aefid oifdid goacH P1 AL
fRgRe Sd1d. WU, § Iaagi- SiaRM J2 aX JdTd 30T N1 region TfCaei™ dTol daR
AT SATes P2 HYH N1 USRI (region)31feidh f5s (holes) TTdhell SITATd. P2N1PIN3 ¥aRR
TTe BIRTYd 3M1OT STeT UdTE Aaiquaadid g JAedIGd (regeneration) UishdT AT Mg d.RHTe
71T N2 R ¢RI dTe hedrdes, fSTey a1 qiendid uififed e sicar HHl ddgsid 3Ts.

N2

N3

i/
laa gr——
i ks I:
N 2 3
/ by N2
/ \

y .
ey | I. - MT1
L)
cG

3Tl 1.27 MODE 3 Working of TRIAC
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S 4: MT2 is ﬁl’ﬁﬁ%’ with respect to MT1 with a gate polarity tﬁﬁﬁﬁ%’ with respect to

MT1

1 Aered N4 RHle TIe U &0 Hd 101 P2 TSR (in P2 Region) SHaCH Suide HRd.

§Tel I PRC BIRAS bias SIARM P2N4 . N4 region di® Soacid P2N1 SaRMGR T 6o

STaTd SO PINT SfaRMaR fagygd UdTg (current) digddrd. &THes I+ (structure) P2 N1 P1

N3 turns ON by regenerative action/EﬁTrf:q fopam Eﬂ?ﬁ%ﬁ

MT2

P1

4
il LS
~———ta
L _?

/o mmm—

-

Vang

l

3Tl 1.28 MODE 4 Working of TRIAC

1.6.4 §T€Iﬁﬁﬁ afree (VI Characteristics of TRIAC):

Forward
+1 A Current
ON state Mode I+ Mode I-
Conducting | MT: + +
OFF State + G - B
Reverse ‘wf"n:»rtage - MT. P
Blocking ) )
Cluadrant 11 ] Cluadrant I
M \ p] D +\
~ % T " -
Reverse C ~—_ Forward
Voltlage 0 T TTTTTT L[ [ Giate Vaoltage
Cluadrant III Triggered OM
(Conduction)
OFF State
Forward Voltage
o - ON state Blocking
+ Conducting
Mode III— Mode III+
Reverse Quadrant TV
-1 ‘ Current

3Tl 1.29 VI Characteristics of TRIAC

1.6.5 TMTHY STANT (Appl
. ?'TIE_C’%TIT (light dimmer)

(control circuits).

ications of TRIAC):

3@7% U 31O 3R 3%% HicHAd! ot = (speed control)
3 TR BT 30T HiddT SUBRUITAT MY WD Ihd bl AlheaTd,
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-GG (Self-Learning):

Gﬁﬁqﬁ'c’ (Assignment) :

1. UlaR 3oEIHdb UGV Ichidial gdId aiR .

(Prepare a report on evolution of power electronic devices).

2. TOlaR sadg\fﬁcb SUBOHYTA numericals on losses

oY Yh AU (Micro-Project):

o TR sc\bdg\lﬁcb gfche TUR & (Build a power electronic circuit to produce variable voltage
for a given application using following steps ).

1) ﬁm ST %ﬁ?@ﬁ uft iz (Identify voltage Range for a given application)

2) 31\|oo<9|c\’>c’gtu OG\IQEWHIOGI g gfthe gew fAaer. (Select circuit components suitable for the
identified voltage).

. GO® IUDHH HE TR Ioaci e SUBRUITH AGHD 1 3N IUGNTR

3Hgdld dUR X (Prepare a report on commercial and industrial applications of power electronic
devices by performing following activities).

. fafqy OfaR godeMeb Iumud AT quziis i ITARTER SHEdTe TUR BRI, (Prepare a
report on the rating specifications and applications of various power electronic devices)

T UToYgYLdd (Reference Books)

[1] Power Electronics Handbook by Muhammad H. Rashid.

[2] Power Electronics by P. S. Bimbhra.

[3] Power Electronics Devices, Circuits, and Applications by Muhammad H. Rashid.

[4] Power Electronics by M D Singh, K B Khanchandani.

'FIT%?ﬂ TP aUD (Information Websites):

[1] https://nptel.ac.in/courses/108102145

[2] https://electric-shocks.com/

[3] https://www.electrical4u.com/

[4] https://www.electricaltechnology.org/

[5] https://www.electricaltechnology.org/

[4] https://www.youtube.com/
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gfe - 2
YT TRE&UT ST Wl Afdhe
(Protection and Firing Circuit of Thyristor)
fawg fAreo=it (Course Outcome (CO’s)) :
YR Rafi ARl =l 9o,

(Test the switching performance of a thyristor.)
faug Aol RS @E'UT@ frardt afr fAso=h (Theory Learning Outcomes (TLO’s)
aligned to Course Outcomes (CO’s)):

2.1 THHISMR TREU1 AT TR JHSITG FFT (Explain the need of the given protection for
SCR.)

o

2.2 fadicdl HRITIHAISR TR0 TSI qui B, (Describe the given protection scheme of
SCR.)

2.3 TSR e-3H1H Ugd JHSIGT . (Explain the given turn-on method of SCR.)
2.4 faod Taftem o BT gfde TY &, (lllustrate the given firing circuit of SCR).
2.5 faoicl TORISR SRS =T Hifgal THSIgA Fi

(Explain the given commutation technique of SCR.)

uf=g (Introduction):

Frege] Yo TR fewsauen Ry Rewdt uihigs ©lieed <I=icyd TR g
3101 qRA3T SHTfOT affe URebar=AT SulRicild fafi gla.

3¢ Alhe Wiee IR fhdT dger Aiheasd IUMT 1Y HSIRHS [SRTSUHYT gdl
Bhlec B dlgdid.

DTS TIR T aaer femga= faywig simemare!, fserey Ay Ymen T
B B I WHT B0 TGS TR,

1. gIc Ri

2. ST / BICT (dv/dt) SATTOT ST3ma / SIeT (di/dt)TREUITS HeR Aihe

3. JEIDHRC YRS TSI,

4. RAST 30T A1 CITICHUR 3R Glecdl ARG,

2.1 di/dt TR&MUT (di/dt protection):

YRR di/dt AT TS T HUTS Headd U dle gxfad. arq R IuHRor <
ST faggd UATeT=AT (current) SGATdl &} g = Xdbd AT [dgdd WaTgr=AT (current)
JIeId &R 3 WU, SR T 31+ HIeNael G TS Hecal dlerdl ol [ aaH 3R
R TS Bic @ Wi (hot v spot) TRH BId ST0T TS SIaRM ATIHM YR AATGUET SIRd
qred S fEgTed TR Bid.

TOR (R delce AMdewd) SCR W AdER HRdMl, favwa: g™-UiaR
SffTre=med, wicy feTf (false triggering) fhal THUM eTBUARITST He (current) (S
3T /31ET) TCAUTMET &3 AT HRU HE@yUl 8. T di/dt TREUT BT ATaID 3]
3T HeR Wfehe H2f Aed H= Tahd 3 A 3R:
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2.1.1 St 3 / St &t (di/dt) TTeTRI=T! TR (Need for di/dt Protection):

1. B ETFﬁ'JT SIGCL] (False Triggering Prevention): PcHYd SIelg @Idﬂlﬂo\b HlIUf eps s
3R R Fleed dled, TS TH HIHR SHEGUHM AT 8ld .8 R YR (inductive loads)
fohar UfaR As~axid 81 dv/dt (high dv/dt noise) g 1S ahl.

2. EMI %H! 00 (Reducing EMI): 3= di/dt sadg\ll:llijilrc\iw gy (generate electromagnetic
interference) (EMI) T % THd S STasurE=Al m fhar duwur yunmAAS
(communication systems) Y &FFU;LQIdJa.

3. JUSHIUNGRIA ATl HH! HRO] (Device Stress Reduction): SIIXd di/dt W?ﬂx?ﬂ? (SCR) aQ}
dIUT (Stress) oS -‘zlcba, e Grrﬂ'ﬁlﬁ (lifespan) HH T hd [hal fwia b (premature
failure) @EW

2.2 Tﬂ%’f/@ﬂff TR (dv/dt Protection):

YR @%ﬁ/@ﬂ (dv/dt) e Q:ﬁg (Anode) @@Gﬁm et HAT (maximum rate) G}
I S ST e (Gate) RTrafRarg yraferar TR HRUR g,

SR HIRAS @Iecordl (Forward Voltage) ATerdl &R iGN HHTA HTUET (specified maximum
value) ST 3d, TR ITes THHISR (SCR) §¢ UG 3119 HSImHe Rad o,

2.2.1 SIF/3VE UIeaRI! TR ( Need of dv/dt Protection):

dv/dt TREOTRT TR TSR (RiferepH-fafd Yaewrae) IRen ARy dfidsa
PT 318 Tl Plal HRU Y 3T

1. 3FTuféa -3 gy (Preventing Unintended Turn-On): Qﬂ?ﬂ\’dﬂ (SCR) AT effTeaR
SIAIG @lecsl daaHl (Rapid Voltage Change) UfcRITG TUM SHGYUMM (Unintentionally)dTe]
8IS Ydhdld. aes d HARd HRd Syaedr Aidered TRIE! fdhdl THAM 81 ahd. dv/dt
UICaRM Flees! IGAudTd] aX(Rate of change of voltage) Taffed & g1 Ul HH HIUA
Had B,

2. ﬁw@wﬁnaﬁr (Avoiding False Triggering): viciq Flec 9ad (Rapid voltage changes),
faiva: afbened gea gsSadHI, THRISR Wicd SR (False Triggering) H¥ X&hdTd, SIS
3T TR fhaT fEesad THaM id 81 Whd. dv/dt TREUT Tgat § AT Hard
D BHdes FIIRER SR HRUR Rigel TSR aR gikomy sl

3. Wfthe fayT=iaar aredul (Enhancing Circuit Reliability): dv/dt TICaRM IUTT @] H&H,
TIRSR 301 THUT Afched! [AYTHITdT (reliability) 30T 3T (longevity) JURS TS
. IA-TaKIT (high-power) fdhaT S&-@ees (high-voltage) STANTHE § fa=Ied: Ag<aqul
3T BRI Y TR TR (consequences) TRUMH TTHR 3Ry AravdTd.

4. sé\id@ﬁﬁfc\:do s%déﬂ'qu (EMI) (Reducing Electromagnetic Interference): gfbeadd
fdfd Rafi ge (Uncontrolled switching events), Siciq Rleeol @Iddiﬂob (rapid voltage
changes), 3@5@% (electromagnetic interference) Eﬁc%tr i B WHard \stlllj,o\o
SIA U] aaciiae 3UHRUNaR GRUMT BIdl. dv/dt UICaRM @leesl IHHU (voltage
transitions) AT B 8 YHTT HH! HRUIN Had HRd.

5. JR&T AFHTE! YdT (Meeting Safety Standards): HTe! SENT AT IUANTHE Hed GRET
(stringent safety) M AT AT Blecsl CIIUCHIRA (voltage transitions) TRE&UT
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ARG 3. Sleal/SIc] Mo SHdAaSTaufl Bl a1 AHbId (standards)dTerd GiHTEd
2.2.3 "R Jfhe (Snubber Circuit):

ST THHISIR (SCR) RS STU¥S (Forward baised) 39d, degT SiaR (Junction) J1 30T J3
RIS IS AT 30T Sa=H J2 Regd IS (Reverse baised) 39dTd. 3 Regd SRS
SR J2 HURTe=! (Capcitor) GIRI| (characteristics) Q‘c{ﬁfﬂ . B[, QﬂVEﬁG{R [CRENIDIN
Hoicd] BRAS Glecodl &2 (Rate) WU SR ST, J2 SIaRAY AN (Charging) HYe
UdTg (current) HIUTATG! I (Gate) RIUCRIGRT SHid THRISR DT (ON) HRUIMTST Gl
I (High) 31Te. ITe TSR o dv/dt Rt weurard. <t wic feniT (False Triggering)
UiohdT S WHIG: BRI ATel. A, Bicd fCRTORE TOileR 9 TR&u
HIVITTS! TS d HUNS Bleedl (Anode to cathode voltage), dv/dt Tdd areuarm &3 fAfdy
(specified limit) TATGd 30N STAAH 3MTg. YU TIHISR &R RC TSR Hcddh alue g A1
CEGIRGH

TR Gfhed 1 (Working of Snubber Circuit) 3= oo ﬁ%ﬁ R ET%TQEH (reverse
recovery transients) 3ATOT dv/dt Taeg TREMT, SR HaR Hidbe aTIE UTW &l SITd. AT H&R
gfbeasd HuRyeR (Capacitor) 37T %@W (Resistor) HifetT (Series Combination)
TISHTET FHAR 3 al Sl SCR Y (across)Slieadl 3dl. JHY 3 di/dt TTSUITTA!
SCR g Aferpdia (Series) S8d¢ (Inductor) 3@?[ &H% UfdeR Hel (Resistance Value)
PTe! THR ohms 3MT8. SCR T TREIUMHTST dTUReIel FeR Hedd (Snubber Circuit) Tl GRifAd

ANN I I Discharge
Rs Cj// Current
+ -
Switch SCR
Load

TPl 2.1: AR Afhe

SgT g9 dg gid), dagT 3 @lees SCR &R fadd o Rt Acddhar araury &l i,
I HRUT 3 B HURTER AT Aibe FUH B HRd of SCR AT Flees LATER HH! .
SIS 968 dTed SiTd], ddy PURICIaR G@leesl He T daR (builds up) Bd S & SCR
T UGS HUREIAR dv/dt GU T8 3d. AT, §g0f SCR 30T Hufexasd dvidt,
SCR T HHTA dv/dt CTTUET HH 311G

MHTId: HURTEIAT (Capacitor) ST SR TR @ lecoiedl JHE a9 (Charge) Il Sf SCR
d hRAe sl (Forward Blocking) @lecsl 3RTd. SCR dMq 3NN, $HURCR fE=msl
(Discharge) LRI R4ld Bl \sqllio?b SCR HYT 3= Ydlg (High current) dIg dTdl. 8 3=
di/dt TR FRd SIS SCR I JHIH Bid. 30T UMD, I di/dt 30T T et die
TifGd HRUGNTS], R GRIAITIHIU HURieIdg HATfcid U T8 SRR (resistor) dadl
Sl § He) legbq{-l surge fhar &fie Fleew (transient voltages) maffed Hrugmet
DTl i afdhest dfia Sied 913> Wb
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2.3 Gﬁﬁ?@@ﬁ TR&IUT (Overvoltage Protection):

2.3.1 SiEEIeesl WU TRS (Need of Overvoltage Protection),

R @lees § THISRT (SCR) SUIRTT (failure) Faid HIS HRUI 3. § &frd
g Ieesl (transient over voltages) 3H®al SCR o T turn ON (unscheduled turn ON)
HAd. a9, R oifRide ®leesl ¥q0f SCR &R VBR (Break over voltage) U&fT SIRd
3 SCR AT HIAHTT A1 813 e,

? R GIec QU 3Hdh HRUI 3Med oYl B HRICKM, AU, AZC T S,

gl AR fadigd SfieR@leed aF USRI f[AUNTd STard iafid (Internal) ATIOT TR
(External) Gﬁm@ﬂ

2.3.2 3idiid SRl (Internal Overvoltage)

SCR 1T AT 3dd SNERGIees I%adid. THUISR §¢ HIAMI, 31 Hee LR
HH! TR, 11&%[ Jafdd Charge (Earlier Stored Charge) dlg TTHUGRITS! Qﬂ?ﬂ\%{ﬂﬂqﬂ
Jdc Ydlg (Reverse current) dligd TI'E!Fﬁ ﬁ%ﬁ i\eobcE;Q @Al (Reverse Recover Interval)
Tact g1 Regd #ie & (Decay) I BIdl.

qidhea §8aeqa (Inductance), 8 3 di/dt S Bleeol IR B!, § @leedl oA (Value)
SCR &1 X haledl HeUTUe (Rated Value) JU STRA 3 ehd SHTMOT TUH SCR WRIF 813
ehdl.

2.3.3 dld Gﬁm (External Overvoltage)

e FHc} Tlhe (Converter Circuit) TFIHIARAT SISd T8 AT gy Hefid TH I 3R
(SCR) SAITHTT HISHY 38 SHTIOT SR UTIFR] Ws S Rad 3AM® Hlg- clhdl R 81 dlecs]
TTEiUe (Voltage Transient) e cHTaHY TR 8IdId d T T 3R (SCR) R 3™

N\

gIdid. § dlecol QU Sikd 3.

e B ®Iccol SCR AT P 3@ FleeordAT (VBO) fhd® Ue 3R,

. O TORISHT (HVDC) el Tofi3iR SCR ey Siead SRIdId JTeR faefien
HShSICTHS 3grcgiecsrdl diadl GU ST 3.

« SR SCR ®dcX Afdhe 3@ WS (high inductive load) HRTRT Siead 3@, @R fagyq
UITETT 3% TT SCR Hel I Gleesl [HI0T Hdl.

. R %< DC TN fodd sradia, R a1 Raawr=an (Switch) SEM® ATRIAIS 1S
(Choped) &@leest fAHTUN BIATd. TS SCR TR 3R eed SdTd dTad!.

2.3.4 Eﬂéﬁ FATRIIT %ﬁ@ (Voltage Clamping Device)

Overcurrent
Protection \
e L

di ; duct snubber circuit |
¥ at inductor peee==Z (5 i

| d -

| i C.B. FAC.LF | ;

| becrccccctmcccn e wmmed ! !

| H. S 5 | ;RS 5

: Gate Protection e i ;

x rmmmmmmmmmmm e == me e oy SCR ,E]/ 2 :
(=¥ H i o i |

=] 4 = : i

7] : ' i
! : TG |

| 1 ]

: o : ?
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Fleeol-FIT (V.C.) IUBRUN § [T GRIGEITIHTY SCR R Shigcidd b AH-e-aR
IR (Resistor) 3MR. V.C. fTRZTHL de Bleeog TR0 TRy afkred (Falling
Resistance Characteristic) &mﬁ, FARIT Uldestedl @l el os\lvevld—ll qHTY
FHGOTAT IR, fS@RaAd 3= UfddR (High Resistance) 3/ &d! 30T ad Th
A8 TBdl UdTg (Small Leakage current) dTgdl. Sigl &lecs die fage dd, degl w4,
fSeRa o ufaRive ucRma (Low Resistance Region) Eap] (Work) Hd 30T SCR A
T3 Wic Flhe TIR HRd. THAT e fpeN afdd ardia faggq g Fd (Source)
3{TFOT =T UfAETeTHed (Line Impedances) AT&1d @leesl 14 AT Rl ATFOT UMY, SCR
At @leeo {J,Tf\&‘l?f HlIdY (Safe Value) I bl ST, Surge ol (Surge Energy) -
fafsR @W@ (Non-Linear Resistor) fagfora (Dissipated) TR, V.C o STRIM.
ey Il 3o UlddR &F1dhe (High Resistance Region) TRd Id. JalHIH YRR
SHTEY, Hed 3idss @RWX dhal SIgad SAE IR AHRIG: URIRER Afved
JIERBICTUN REU HRUGMIS] dIURAId. YRRECRE! glecs did &Hdl Hed
JRTse TRWX S SFdd-SHTES  (Avalanche Diode) TOURRUET Py 3Ryedm,
YTIRGRAT AR HH! Bld 31T, TSR figRag e sl AREUMTAT SRYT HeR YR T,
2.4 eri%lm IR E&UT, TR, (Over Current Protection,Need):

Tic e IR, THRISRUYT 3R HIC drgd!. § I Aidbe Uhdr Sdid (Internal)
fha1 ST’T (External) 3M9d. BIRas fdhal Ry @lees! il HIUIMT SCR T SUTR, BRI
Ued gbid W@ (misalignment), HAfGTT Hacd fhal dredd (load) foure rearges
FHgeR 3M3cYc D Tic Al IATEl HRUMYS 3fRid ic Ffdbe (Internal Short
circuit) BIaTd. ST&T Ricdfde (External Short circuit) Jad SiicRdls 30T dsHed
YféTfdheda giard.

¢ Afthe e, Hiee HRe wWId UdaTHTaR (Source Impedance) SAAET 31l Yf¢ Tithe
A Tid UfdaTeT (Source Impedance) GRRM 3RTIN, Whiee HYC SCR AT Heel-UAdhd
ol YfeTen @it Faffed Tgdl. T Afhcae dedid, Ward UeRIes gas Hedrd
Ui glecora &uft hiee gidl.

ST AfcheTa Sadid, Wice die wid UddRM (Source Resistance) Haffed &dl. T,
SR TAld UfdaTeT (Source Resistance) U HH! 3R R Wiee He U HIST L. AT YdTEIAT
SdlG dlelded Sa’M (Junction) ATTET dled 30T IS SCR VRIS B3 Xhdl. IS
Uih (Peak) TUTTYHT &Y Pl CIHUN HTAAD 316,

2.4.1 Gﬁm faeg dveor (Protection against Overcurrent)

A WS (TSR W, RarRad /e, SHidheaey W/u, 3.), dicdey, o 3o gfde
IHd YRV URUING 3@ dic WU IUSRUMET diR Hed THIISRAT 3
PN WA Hd IS APhd. MG Fad Serdgy ol i sramadtan o
HRCIATSY, &Y ST deses SCR o TREUT HRUAMTS! Afhe S aruRel S,

¢ Fidhe AedN, Hiee Pc Wdld UAadTaR aagd 3 dl. e Aihe &M i
(Source) TfaaTer QM SRICN, Wiee HIC SCR T Heel-UAHd Jof STl Jielt Haffed
3. TH! idhea=a dadd, Wdredl ideRies gas Hedi Uid miecoradl &l hiee
I,
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D NR HICHUG AT TREUTETAT T CTSH ST Se-raeha e ang
a9 FAasar Sl siawad 3MTg. TUH, TSR ETHE Wel ST Hidhe sod arg

JH-aY I D 311G

t (sec)

Device Rating

Fuse Rating

Circuit Breaker Rating

-~

10 MS fom o o o o e e e e P R =

I (Amp)

3Tdll 2.3: SERDRC foeg TREUI
SCR o TREUT HRUTMTS! ST a8 HRAMT WIeid SHeld! Godl HRUl HTaRaH 3.
. oA 90 @6 dRe qad dud Uisdl HAade! fhReie iRl die aigd
ATIRATST X< FHROT SHTIRAD 3178,
o TS 12t (ST SCR =T 12t IET0EM HHl SRI0Y SHTIGD 3T
o 3BT Hraae = (Arcing Period), CREIC] T (current Value) BRI ERCI|
STOTUATIS! TS R ec ol ST S0 SHTTRIAH e,
. fIQgdUaEId T UMK, TSH HIUATG! Uideltd &Glecsrdl(Restricted Voltage)
HTHAT &l UTgo!
2.4.2 SAGI® PR Ffbe (Electronic Crowbar Circuit):
3Pl 4, PIAR Afhe (Crowbar Circuit) GRIAd. § Hidhe SUDHRUMAL AR Sild o
TGl JATONA Sl (High Power) Tdaielt 3d 0T f7d WRef0r wfdhe aTRd W13 dhd
I,
- PIER FiheHed ITIRAA SCR JHTIC: s YT aroRaT Sl aT1d ®leed (Voltage) fdrar
faggq Uag (current) TdgI=ia BRIRT Wfhe 3Mg. Tleesl JaaRid WG, 300l
RGBT oTURLT TREUTRTS! HIaR e dToRe X,
- SR TIFERER (Transistor) Q (WRTErd HRudTaN) faggaudrg (cuurent) JaHURd (Predecided)
Wﬁ&ﬂ (Value) 9} T ), I HagT=id BT gidhe (current Sensitive Firing Circuit)
SCR TSR =T (ON) .
- SCR §¢ g9 WU[ &1 Had 301 =7 5(B) =1 Y0 Ifdbered gxifaearyH o A 3fir B
grse ic Aidhe .
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Fuse
ro—fu 98— o
L
D
SCR R
Vdc §Z
Current
sensitive
firing Q
Transistor to be
e J’ B protected
3Tt 2.4 SIER Fidbe
Fuse Fuse
OK bl
; A N OWS A
v SCR SCR
de OFF Ve ON
— Or— —() -0 ——
B B
(a) Normal operation (b) Fault condition
TPt 2.5: THAJE Hfdbe

- IS Wiee HISIHE, SCR AT Bld 30T T STHR ¢ Aidbe (Virtual Short Circuit)
IR Pd A WSl fofdh 38 SIf0T TIFRRER (Transistor) TRIE (Protected)gld.

- PR Tfhe HIUATE! Bragc’ Jicheaed SadT Id of TR BT 3T,

2.5 TIHISR o YHe JREUT (Thermal Protection of SCR)

Rferpia el Mae®mY (SCRs) T dUHMTAT Yaeg-RiTeddes (Crucial) Il fayaa
(reliable) STORITATST YHE TREMUT HEYD! 3MTg. UHd R~ YehedT AfOr IPIH SCR
MR YA et gt Ridd afkme (Specifications) WTel el M.

2.5.1 YHe TRV TR (Need for Thermal Protection)

1. HRYGRH 3for ﬁ%ﬂﬂ]ﬁ?ﬂ (Performance and Reliability): SCR a1 YHIbSaeR IUHRI
3Ted off giaR FEfd HRugME! et Sam. ifd SWUde It HeHar HH 81
Y STOT THTH TR (Failure) TS b, YHS TUTATARET (Stress) e TREUT Hed™
T TS aTed 30T AIAAYUT (Consistent) HTIRRA JAT gl

2. yHd 3a ufasfed &0l (Preventing Thermal Runaway): 3= dIUHIHId, SCR Il 3favia
UfdBR (Internal Resistance) HH B3 Wdhdll, SHTURGHI HRC 30T IV dig Ldbd, YHIAT:
3MfWIH A (Thermal Runaway) 813 fSETZT Y 8% .

3. fdgga ARk IrRgor (Maintaining Electrical Characteristics): SCR d fagga ‘IUT%I'J{[
(Electrical Properties), Y o1 Tt fafi Ak shfor o_(ﬁéﬁ[ NI (Voltage Thresholds),
AT HREBITE (Temperature Variations) Sad Jddrd. diadM TGP Hafed (Specified

Limits) SdedT B afRred SRy I gdia.
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2.5.2 2‘435 IR (Thermal Resistance):

YHd AZRET (Thermal Resistance) B YHT HAoTHeHEd Th Hewdr! YdbedT 3iTg, favva:

et delcs Adewad (SCRs) UREAT Faae b TchiuTo!. § IWIaeT YaTeTl (Flow of
heat) UfdR HRUATATS} IRt fhar gehr &mar (Ability) HIod. ¥Ha AMeeg (ro) ot

AT (Defination) 3HI 39 3T (heat power dissipation) giogr ufd gﬁ? I
(Material)mf gehiadd Wﬁ]?ﬂﬁ(Temperature) i (Difference) UL Fal . §

TedT 3 A3 ufd de (cc/w) 7Ll JieTd ST,

YU ufaerR qJo0 aQ(Key Aspects of Thermal Resistance):

1. \sid-‘al'-l—g—c%ﬂ ‘t’-Iﬁ?T\QIENCrH (Junction-to-Case Thermal Resistance) (R6JC):

o TGS SIARM, WY IWET fAHT0T Bid, d SUHRUTAT dTg<id ATARUMIAd (outer case of
device) Uﬁﬁi‘@ﬂ% gfafAfea (Represents) CRGH

o I ROJC T (values) SIORMUNT 3MTARUMIAd HRIGH IWIAT GLAARUT (efficient heat
transfer) afadrd.

2. W@W ﬂﬁﬂi‘%{ﬂ (Case-to-Heatsink Thermal Resistance) (ROCH):

o JUHIT TATT (Device case) 3T g R (Heatsink) TrATdd YHd Ire-ad ufaffaa

D,

o TTd 3TARUT IO Bie R ST IR SUM=AT Sy IFRIET (I, YHd U) yHd

fere-g JwIfay sl

3. eﬁmg&”ﬂﬁw W%@W (Heatsink-to-Ambient Thermal Resistance) (ROHA):

o SUICA W STIHUTHAT dIdTdRUITd (surrounding environment) Jyid UfdeR (Thermal
Resistance) aad.

o Tic Riwdl A1, Aigd T U HRUUET Ugd ((9fie ddgd, SeRekil gal §.) TR
TAT M.

Uﬁﬁ%@]ﬂ IUTAT (Thermal Resistance Calculation)

SCR TRférd amud Tafed (temperature limits) HRRA 318 AT WET HRUANTS!, SRR

JHlaaraudd THUl yHd UfeRIYdT (Thermal Resistance) (ROJC): HIdoYdd cHIRITUA
HRU HTTRIP 37Tg. BT UpUl 1;IﬁlWR(total resistance) Jufdas yHid UfaeR s 3Te:
Rpja = Ryje + Rocnu + Rona

2.5.3 IWrdl Ri® fAas (Heat Sink Selection)

1. I (Material): fhad, a1 SftT yHa SRIGHTAT SqaMd! Sgias fHasr.

2. 3THR HTOT GYUNT &3 (Size and Surface Area):

JUAS ST 3101 BiH U (form factor) TETd UHa YRR JEHNTY &A% (adequate
surface area) 3ad gle Riw fgsr t{gﬂ-ﬂTﬂ%[ RELT (surface area) JIedugrdl ud
(Fins)fdhaT TS =aT (extrusions)aToR el ST, b,

3. RAdHUT I (Cooling Mechanism):

URyeg BiTITSY (passive cooling), f&3MgA e TagarISt (natural convection) TRATT
<d gt At AL mmﬁ (active cooling), 09 fohar ferfds @%IT[ Rren=h (fans or
liquid cooling system) JETCIdT (compatibility) GiTEd .

4. r3fd 3for YU (Mounting and Contact):
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SCR 31101 gie Rie giardia yHd Yus JURUINTS! 3o golld YHd $ethd J1igd (TIMs)
2.6 WA Tfbed (Firing circuits):

2.6.1 BTAFT Afbedt afRkret

1. AC Rd&ITHs W‘ﬂ%@'ﬂ:{ (Synchronization with AC Supply):

ARG 315, § RichHEaRH T Jreaqeid g fdgar (correct point) SCR fTR gl
ST W .

2. Tl 0T (Phase Control):

T ol TR (Phase angle) SCR ﬁjﬂ gl R b ﬁRII'BIUT(precise control) RIS
&Hﬁl?ﬁ dd. de IR faa (dimming lights,), Tedd a7 fgam (speed control of motors) far
IR CR N R ESIRERIET] (regulating power to resistive load) B0 JRBAT STAITTST
(applications) & HE<IYUl 31T,

3. oy A (Pulse Generation):

SCR =T Tlca’ (gate) e (sharp) 30T =TT well-defined pulses Ao wea. ﬁ%ﬂﬂ]ﬁ
feTIfRAT (reliable triggering) AT HxuarITSt U ST (width) 30T AETUM (amplitude) TR
3 e grfes! tRﬂ Teqed SR YT 3Uaag (excessive power dissipation) ghd AHd EREA
HIST AT,

4. faaiiaRur (Isolation):

iche 0T UiaR wihendia Safdeda fAa e (Isolation). § AHRIG: U WY
(Pulse transformer) fhar SiPip TR (Octocoupler) AU 1Y &l o,

5. JHENAT (Adjustability):

AT BRI 3fTd i, dgddal UieRimeR fdhar fefved deiawag ar] &d I,
SIS SCR WA 3fiTerd H-gafd fdhar Tadaferd fa=0T (automated control) BTd.

6. TR&UT afTSe (Protection Features):

Ay 3for JRIEA SHTIRRM FATHT HUTRITST Sig-Glecs TREMU, JI@R-PHC TREU
STIOT 3{TaToT fUhee AT ATHRTAT TRV TN JHTART 31T

2.6.2 BTURAT giod JTHTRT ASMST (General Layout of Firing Scheme)

Sync. Command &
Feedback Signals

| a
Pulse

Generator Pulse *

J Transformer G IK

DC Power L ' A

Supply 1 _*
Pulse Pulse

Amplifier Transformer G IK

1 A

Pulse J

Transformer G IK

3Tl 2.6: BRART Aol YT A3{13C

Thyristors Power Circuit
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TRINT SiheHe held e, STER Hihe M UTaR Tihe 3. U TR ST
Y93t (Amplification) U 3fRABRRE fad WA, Shielded Faedl HaIgR U™
STBIIRA SRS Ul fad S, U SRabhIiR dl-&leedl e-5dls dihedl g1-
Fledol THIS-HUS FlbeURET AT B,
2.7 E‘Wﬁ"ﬁw (SCR Turn on Methods):
1) R4S Glecd G
2) e fea (e e
3) XfEuRM fenfar e fenfam)
4) S/ fefe
5) e fenfan

(i) 1. Ii7e foR U

(i) A.C. e femfar

(iii) I e femfeT
2.7.1 Wivds @lees E‘*Tﬁ'ﬂ (Forward Voltage Triggering)
ST RIS TAIS-E-HUTS Bleed Vak PIRAS SHIATGR Blees Vao YT SR 3RTd. fagdq
UdTg T3t (Leakage curent) dTe] 3dl. Regd SroRe SfaRMaR JUIAT TTesdll dTe], gt
(Leakage Curent Carriers) Jol SffaRed qighi-l (Dislodge Additional Carriers) Pl
RIS QRN 3R, § dTed Sl g1 faiftd dxard o gvdres fhages
(Regenerative Action) T ATgehi<A QUIIOPNIQO\O (Carrier Multiplication) Avalanche Breakdown
of Junction ged. TS UdTE FUTea™ dledl 31Tg. AT UHRAT eH-3i- YHd 3o fSmed
TRI B Yeball. AT SCR I PYUAMIST 1 U A Sfaeisat oiTd ATgl, MU IR
AR SISl dg- Hel Rad HRUGTNITST aruRe Sl
2.7.2 Nﬁﬁ@'ﬂﬁﬂ (Thermal Triggering):
- YRR AU dlecdn, SAaciH gid Siisdidl (Electron Hole Pairs) ReAT dlad. D
Tl HRC (Leakage Curent) ATGdl. ATHS ol 30T o2 d e dTGd. SR (al+ a2) T unity ®S
ehd 3, TR YRR e bl §S, e,
- gTeN YTafReRd yd TR UMM, § U undesirable dfRTSed 88, 9% iR @lec
dTgq dIeiag S gid ST,
- YISeTd, dAUHMEG dl6 sﬂc’ulﬂo\o el SRR 5l e (Thermally Generated Leakage
Curent) dTGdl. 8T TATGAIS{dId OMHR (Multiplied) Bl SATOT YRR AT .
2.7.3 &= AT (Radiation triggering) (SraT=T fewrfym)
UHI fHRUNT (Light Radiation) T dhaiedl SCR @1 IR Wlhd SCR (LASCR) 3RIg!
IEUIATd. WU, digc feniRrem MSTRA el 38! worard. IEe:, a1 UhRd feria
LECH SR (HVDC) E'Rqﬁ'ﬂq dadta by Hafa (Phase Control) W‘&ﬂ?ﬁ R
S,
7 Ugaiid, g aiaiel SATOT Tiades (Wavelength and Intensity) WebTRT fUOTHT (Light Rays)
SR J2 R SHTITT HRUGTE AT Gl STTd. FhTRId (]IS fhdl Wie) Soll Huiges
(Energy Particles) sad;Td g dcdid (Break Electron Bonds) giRumH, IUBRUTHS A
goacH-gid Siiedl TR gidId.
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5@ CIREIE] (Charge Carriers) T dlecqllj,o\o, Udlel=dl Ydlgld (Flow of Curent) dlch[ed die
BId, ST SCR T gIel.
? V

R ? Load

K/

I

3Tl 2.7 ST fenfe

2.7.4 Eﬂ@/@ﬂ?ﬁ @Tﬁ'ﬂ (dv/dt Triggering)
BRas sl fYTT (Forward Blocking Condition) WU, BhUTSUeT TS 3ifd% Uificia
3T, STaRH J1 30T J3 RIS SRS 3RIdTd ST Sfav J2 Regd IS 3d. o, SiaRM
32 HURYER TUH ST Hal
SHURTCITT TN BT WA TAVHTY! [ETaT 3g:
IC = dQ/dt

= d(Cj V) / dt
fi=ad Idre A9 are=A(Product Rule of Differentiation), STIedTaT fHesd

= Cj dv / dt+vdCj/ dt
SIaR HURIC g™ Sadeldes R 3ed, Ul Sa-H HURIe~ dCj/dt =T Sgarel
RHS (Rate of Change of Junction Capacitance) Qﬁ&‘[ H= hdl. &R, ifaq ISt e (final
Charging Curent) gl 3ATe:
IC =Cjdv/dt
Y, IC BT AN e 318
Cj B SIaRM HURTe— 31T
Q ol charge 3T
v & YUl SUSRUMER AN haldl Gleedl 38
dCj/dt BT SR HURTe—T<aT Searal &3 318
dv/dt ] BlecoTeT Gl ax 318
TR FHIBRUTAREH, SR A1 GlecoTT dGardl ax (Rate Of Change Of The Applied Voltage)
o1 A (U, df 3/[AM® o] (Applied) QT 3d), dR SN Hicdl UdTg (Curent)
dled, SATHeS SCR HIUTATE! 11E TGIecoIRIdTd T glad.
g WY 38 & UG (Large) BRae a9 ®lecs (TIU AMA dEdid dbad gld) arf
(Applied) FRUATETST YUl fERREIR Fleesl dGAUaTEl & dledd 3MUU SCR TG &
Tl AU, 8 Ugd TagIReesed] ST ereda Sld BRUT IS BIed e 31 (false turn
ON) B3 X AT Ies YUl SCR TR [U I Tlecs] WIZa HHIUN g3, Adhdld A
1§ JHA Bl
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2.7.57¢ ﬁ"Tﬁ"T (Gate Triggering)
2.7.5.1 St E’ﬂﬁ'ﬂ (DC Triggering):

3P 8 A TRIAATIHIY Tie 3T Hte e QR JH1oNd SftT Iy Hiftegsan
(adequate magnitude) St os\lc%\ﬂ FIFI\BMI ST,

3Tl 2.8: ST femiaT
A e T YIS SIaRM Tdd BRAS SA%S 3R TN Fdd I HRc arg fael ol R 9

T (Value) 96 TIC el digdl FEd Pt O dbd SR TIedl Udrg GRIT SR 3
R SCR d1q 8%d. SCR A9 (TTR) HedMdRg], Tical UaTg arq Meid. IT T (technique)
dleT (disadvantage) 31T 3118 P Idd TIc Hcge HiaAT ¢ Ulald IHAM gid. 3MURd U
el TeUr! Tie Fidhe 311 THIS AiheHsd ST™ITRM (isolation) X8Td TGl

2.7.5.2 SCRA U ﬁ"Tﬁ"T (Pulsed Triggering of SCR):

Idd (DC) SRR T UlaR 3{Ueqg (power dissipation) dTdd. TUH SCR d U femfim
JHRId: aToRd STd. Ued e d3rd, Jad e dieidsit SCR TR SRUGNTE! 7ie die Ued
IR SIALTHET SCR dle bR, Tedl Ydlg YATR HH! dhal Sldl. §91d dad,
TIRSRAT TeeR 8 Theb-4! Ued! ¢ (had Ul Ueudell) addl SiTd. Iral Heeldd ued
feTTaT TEUrdTd. Uet RARAT 5 d 10 kHz 2T GRE 3.

U fenfe wrae:

1. Tic fagygd varg w41 FHraaeiard! argal WU Ti iR (power dissipation) 3{Teqd HHT
GGl

2. foR wfbe offtr scr Adta fATN@HRUMTST (isolation) TR SOMAT &
SFIBIERAYT HH! Hraadid e TR FROT=T TR FgeIul UR Hedl SIS, Jdhdrd.
2.7.5.3 E?ﬂ e ﬁﬂﬁ'ﬂ (AC Gate Triggering):

1 Ugd A THHISRE T 01 HUs et Th JUTRA (rectified) THT @lecsT AN
&l Sl § fdehigs Fleed I T A Iwraay .

T e foie v

1. e e wfche smateny Tt A-wg R sy &l oI,

2. e fef afdene sifafkad St <t 1 (dc source) ATRUART TaRgehdT ATaL.

3. BRI TS Herd e QY IR,

e (Disadvantage):

T AT Uit Siea aehIexTd (half cycle) TC ®Re AN H0 U TR,

2.8 SCR WA Tfdhe ( SCR Firing Circuit)

T Tie feriy Afdher Sarexur Jieid JHT0 TR d:

1. Yf¥Re= fo'R |fde (Resistance Firing Circuit (R-Firing)

2. 3R-4t @Tﬁ'ﬂ (RC Triggering Circuit):
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2.8.1 ?!'I%I'\‘ETHW%T (Gﬂ?-mﬁ'ﬂ) (Resistance Firing Circuit (R-Firing)):
el IMRRe BT wfdhed Affhe HIpTRIA il dgwiH aXidd oMRd. § BT

fthe SCR =T BN 3fiTaer vl Sauar gafd Wdt dgd 3R, a1 BRI dfhend,
WA ST 0° d 90° AT TifGd AUiHed dgq Pbdl. YRR e e quaridel,
RN e efHiadrn Tl [RasT da ol

o} X
. ) A Ry MV /\
¥ b N N_, ,
® [TV

A Y
| N ;
3Tl 2.9: YR~ BN Fidhe 0T agHId

WWT gfbed U (GIR-WITIﬁT[) (Working of Resistance Firing Circuit):
YRR BRI fdhed B WiehiauHT! 3,
. FQlees Iid (voltage source) Vs, thyristor, T =l UiRrdle 8% Iaed mﬁaﬁa half-cycle)
I BRAS-TIIRS 3d, TR 3T I HcHes o d1ad ATal. BUH, A8 ®leedl Vi
T 3.
. Fleeo WId Vs (voltage source) ATGedTH, UTARIER 30T SIS Glal BRAS-AH%S SdId
3101 Wihered e HXe IG Udled gidl. ST IG, IG (min) =T SRISRTeT Heamqdd Uig ey,
degl YRR 91 Bld 31Ul dIe glecs Wid @lecord AR (follows) HRd STOT
YTIRCRARI glecdl SIY 3HH- T gzl sRISRId 3.
« YOI ®iccord fFAifee g% Iaed (ﬁﬁﬁ?e’ half cycle of the supply voltage), YRR
reverse-biased (T8, SfTfOT IUH o §g (Off) Pl SIId. 3T YHR AS Bleesl VL YA BIsd
3T YraEex VT A @lees did Glee (voltage source) Vs =T YHIT 3.
e gffendia srrs fifece 8% Iadd Gx® (During RS half cycle) YraRe=a
e lecoan e Nl Klees SASuaURT Uidsfd (prevents) ®Rdl. TS SAIT0T
YT TeHed daaal Halied Ufd®R RL I ®icdl Uidh T Hee IG (max) U SIRd
19T TeUH HATfed (limits) B,
Rd dRHIRGEH, BN TA T 3HT3eYe Fleeol BRI e~ ARG daT
fAfd od SIS AUdHard. SR Ry HIT 38d, R fdggq U@ (Curent) T8 3¥d, 01 U
BRI 3T (o) qradl 31107 vice versa.
I3Re—g BrafaT Afdbed BT (Advantages):
- Brafd gfde 3ifuve w01 E{qﬂ@ 3Tfor Y 3178 (easy and simple to operate.).
- TR 3Td 0° o 90° Td dgd Xdhdll.
IS Bl Jfdes de (Disadvantages):
- TR T Thad 90° Td SR,
- BN 3Ta YRS fHHM e HLEar (minimum gate Curent) JUMIO! ST 3R,
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« YRR UHRIFYR AfATT e Hicd el (value) dgdd.

- § AT9HHER Gﬂﬂ_of[ 39 gice 3R (temperature-dependent circuit).

2.8.2 3R E‘Tﬁ'ﬂ gfbe (RC Triggering Circuit):

IRYT gh-d feiaT Wfdhe oMddl 10 AL SRAAAVHT 3MTg. YRAST &leesl Vs &l
e g% Idhd WM (ﬁﬁﬁ?s' Half-Cycle of Supply Voltage), $HURIER C SIS D2
31T SgR aTei Bidl, (AISR Wie Ulfifcgys). AT es B C i s Ye—g &R
TG 3. SR 8T TN 2 B HH 3R, dR HURER Glees RIVIRITS! @ild
TTo! gidl SN0 dgHiH 3Tl 10 H GRIATIAT -90° &R Vm o IR oA (peak value
Vm)TE ehd. T &0ft, HURICR Blecsl 0T QRAST Fleedl Glval THM 10 [d¥g 3R,
DHURFE B YT 3l

t = -90° d t = 0° iR BB, HURIER STl B WU RAST @leedl (Vs) Vm T&A
HH gId. fewfoli e, RasT T, HR (supply source, load) TFOT R TEF S,

t = 0° R, HURIER Fleeo Vm & HH TMdd HHI gidl, d8HIH 3ATHT 10 A OA §R
TRgd b 3G,

t = 0° AR, RASI Fleeo! UlICIe (AIRICIE) Bld, O 3MTdT fSmST ®iedl Had HRd Il
BUH, HUReR Jae T fEmm g e Fifte (iftw) @les @R e uiiifew)

TohT fafRY &uft YITaR St i,

\ML\//

— v, —

{ Load }

—

== Do R/g
C—-D vg = Vi sinot T vT

vr N /Vs

! o T
RC half-wave firing circuit \/ v

TPt 2.10: RAT femiT wfdse sfor aegwid

@ We Uifeeyg) HuRiex dr HRugmme! fEwfoiT siec e < foRA a1 Wed.
@ HUREY Fleed! e IR Fleeogdd Tghad, 9@l SCR BIAS (fired) 8l WRAINT
PAMXR, SCR AU Fleed HHl iR TR AT BWUH HURER Fleed @i
STt ofor o= wic uiiificswe Jeia drolT dis 3T R R Bid. T, R fEwnfoi
30T Uiffesg ATfolT 23 ®IRe< (Time constant) 34d. R dTGedN, C3H HIe-<(Time
constant) dT&d 3101 BRI fadid gidl. SCR et 0° 30T 180° &R fETR 81 Wdhvd Tel
283 U™ m ﬁ'ﬂ? gfhe (Pulse Transformer Trigger Circuit)

IR CRIhIHERET dTR 3Adel foTR IR SFRedl YT sl SIsvarme! g didbeaydta
fagga faeierur (1solation) UTtd HRUIMTS! dHal STdl. FENIG: YNGR HAAUMETS]
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V
m\_ﬂlUll\){ cI-qWTHR Uhdr 1:1 ¢-dIglSIT Thdl 1:1:1 ?ﬁ—dl%l&‘l UhRd HdId. @ﬂﬁ 11
YRIRTCERAT ATIRAT BRR HROINTS! WUl 313cye Hfdhe graad. ATfer! PR R THaR
SCR YRUl HXc HHN HRdl fhal G SCR T SISl AH-1dfeTT TFIBIHRAR T Hic

EI@IEIEI aszail. A
D R SRV
| S—wav—
+ ] [ ]
Trigger pulse
E; generator ” 1:1 o=
Pulse transformer

3Tt 2.11 : T TIBIAR fOTR Fidhe
RIS (series) SIS BI(D) URT TIHIAR 3HT3CYe @lecora R fohar Regeeraan amadia
Rgd Tc S Ufdefd Hd. STATS SCR d BIfST R ¢uId HH HRdl. Dlal UHUTHS
S HIGH NOISE UTda! 3{¥d, gdid e Sl Uae! SrIbhiiRd ddhes A YRR
SHSAdl o] b,

2.9 SCR $®EIM dF: (SCR Commutation Techniques)
2.9.1 T 3 S W‘Qﬂ (Class A: Load Commutation):

YRR Figad a1 A a1 die R (STl Heth-HRICI fdhal ¥ghFe HRICTH gaid
TRUATd) dfdhe qrafaa 3ig. HRICIET gehide S8aex (L) 31 HuRiex (C) Jidr JHax

% T T
?.
+ = L i L
—_— . ve/R
S T = ] N
Load ) Load
R vi¥]. R
(Low) L (High)
(a) Load in series with L and C (b) Load in parallel with C

Class A - Load commutation
gIdl. e e (R) 07 L 3107 ¢ 3/ g 3iigd &1 YraRkEeay= Jarfgd gIvRT dle
HC Y BV AR UG 1T 378, ST Al e (R) YU HH! 3!, dgT Tel, C
AT R B WRAA (Parallel) STSAd 3[dId. dUTU, SR a8 YR (R) IR 3&d, TR
PHURIER (C) ATAT I (across) SISA STl 30T R & THIAR TAleH paysd
TLATTHTO 8FeR (L) 3T UTaRReye Aol d Sead 34d.
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A S

Tt O KOO Ganeviresi st tbores

TPl 2.12 : T 3 TS HHRICIH Wiche AT dgBId

L 3107 ¢ 9 Hifcrdsdiad Al AeRed R 8 SRITTYHIY YRIRERGR SRI Wai e shisad
R-L-C fthe 9ad. oaTda YRR §¢ 318, WM WUl JRas] Glecsl E ATAT6R fagdl
e U@ O] $ed, fERT=2H a1e dhdl SIS, Wdhd. Udhal d1d dhedldR, d Vic-Hfdhe UH B
Hd, IGR DC TAdIaR AlfeidT RLC Tfbe Siied. ST Alfeiedl RLC Tfdbe @ dfdhe)
3{EISH (underdamped)daial 3RId, AT YRAST ST &lecsl AT d<lel UdTg (Curent)
Ffifes [ HAT498 FNIREIE| (oscillating having natural zero values) 3. ﬁ?ﬂﬁ PEIE
TSl YeH ST, SiegT YRR t = 0 aR 91 »dl S, dag] UaTg (Curent) dTg ARTG,
FR RRR (peak) Tl ST YAl ITER Adl. TT GREM, HURIER Fleed! 2E &1 fa®H
dTed. Sl YdTg 9 JMTER (natural zero) Gigradl, HURICR Glecs JRAST @leedl E Y&
SR 38 STIOT U yraRwex N a9 gidl. MR UHR RRIBC (zero- Curent) HATFOT
e HRNE@' (reverse-bias) YRR &g gidl.

292 T TH FRIM (A5 HRIeH fhar Tt FREIM) Class F Commutation

(Line commutation or AC commutation)

Vs Vim Sin wt

@ NoLON

Load I A

TPt 2.13: T F HRIERIA Afhe AT IgHIH
- T F HRIETA A a1 A9fife HRIEIM (Natural Commutation) 31! UM HRUT
qafdt Rasaren Fifee aradman (R Cycle) SCR SHTUISY &g g,
. I Ugaiqe HIvde! HRICIST gcdh dIuRed ATeld U ATell Faid HRIC (Forced
commutation) UG ¥gcd SITd ATl
. Sa1 HieguR fifee s ((Wifc® cycle) dramaddt scr ARy dq daear dosuan
SR 31Ul SIS 3G
- 3THAT A T F T FRICIAAS] Flche qradd.

- B UGd Had 3fee-icied W (Alternating Supply) JTT @3T8,
- B! U Q181 HRICCR GBI, STegex 30T Wa! — PHragexae aiuRal! S,
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TAAYYT (Exercise) :
1. T 3 HRIC Fidhe Ml O ITHIRT (Waveforms) HTeT. ATl TBIHRUT 1.
2. I U HRICIFNIS], Wi 3
i. Fiche 3MPHag TR TF P,
i dapIRE=n (Waveforms)G{?-f of[dl.
3. PG WoR WICHRM Hidhed MU JHSIG Ji.
4. 3T femfa Tfdhed TR e T S THogT T
5 fenirht sarent 1. ferire UsRET ardl &,

T uTsaqza® (Reference Books):

[1] Power Electronics by P.S. Bimbhra, Khanna Publisher, Delhi, ISBN NO 978-81-7409-215-3
[2] Power Electronics: Circuits, Devices, and Applications by Muhammed H. Rashid Global
EduTech, 4th Edition

[3] Power Electronics by M Singh (Author), K Khanchandani, McGraw Hill Education (India)
Private Limited, New Delhi, ISBN NO 978-0-07-058389-4

HTfgdl HHdaRIS (Information Websites):

[1]SCR Turn On Methods | SCR Triggering (Voltage, Temperature, Gate) (electronicshub.org)
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gfe - 3
(Controlled Converters)
fawy Ao (Course Outcome(CO’s)) :
ST HeIe Hragc HHARIE! ol =,

(Test the performance of given controlled converter.)

fawg fAelt Riaw oot et affm el (Theory Learning Outcomes (TLO’s)

aligned to Course Outcomes (CO’s)):

1.1 H6S Hecx [awdl fqo@ar Tqmear SaRaT & (Define the given terms related to
controlled converter.)

1.2 e WW YR SR Y H. (lllustrate the working of the giving single

phase-controlled rectifier.)
1.3 fedour egd=ar St 33eye FIgesTd FHIDRUI BIeT. (Derive equation of DC 3T3EYT

drecot of the given converter.)
14 feoom Mo oMuR Focs I Fger 3T Hic A Fgexdl Jo-l Bl

(Compare voltage source inverter and current Source inverter on the basis of the given criteria.)
1.5 ﬁ%_cﬂ?ﬂ e - sroscria G NENICE! T (Explain working of the given single-phase
inverter.)

1.6 ARFNIISS® UGY [8Y AlSdoRd S-@cxylo! dRe B RiGid WP BRI, (Explain
working principle of sinusoidal pulse width modulation.)

uf=g (Introduction) :

H"T'-I%'Ef”\’ (Converter) :

FHrgeHe ARG SMUIRT IUHRU g TUH H Hrard aral Y d Tdhar 39 e bl
3% TT AY RAI. Hrgex dihe § AISHl AR ATTRAHATIR 39Ye UraR
frafa sa s THR;

AC to DC T-gcx: Aaehrd (rectifiers)

AC to AC cp-og;&; quorc’)\ld?foscrﬁ (cycloconverter)

DCto AC dvvos&: 5*06& (inverters)

DC to DC -agex: AR (chopper)

g1 gieHed 30 THT € ST Fregex (RfFeHIaR) 0T SRIT € TH drger (3er) RIGUR
3MgId.

3.1 afye cfdATarSI (Basic Terminologies):

3.1.1 HSERM TS (Conduction angle):

AC YT cycle TR fITR a1 UREA SCR ST angle Td A1Q e Gl T HIBTGT HedRM
3T TEUTArd.

HESHRM 3T = 180 - a

3.1.2 BRI TS o (SuTeT fef¥T 3fTe 3&ft® WuraTd) (Firing Angle):

R input cycle e angle 3Tg TR TC e U (gate Curent pulse) B'CI'CﬁTI'IHéF
(Application) SCR g gIdl.
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SCM BLOCKS UNTIL
GATE VOLIAGE
ISAPPLIED BALANCE OF

WAVEFORM APPLICD

\, % + TOLOAD
APPLIED Yo
ANODE CATHODE
VOUTAGE X4
/t' Tcom’)ucnon
Tl ANGLE

ANGLE L S
SCH BLOCKS THIS
PRV S—— \mu; GYCLE

MUST HAVE A PIV NATING
ABOVE THIS PEAK
To l
GATE PULSE ==}
>

a5

APl 3.1: FANTSSA daBIH
3.1.3 §dYc oo Sfur 33cYc Fleed (Input Voltage & Output Voltage):
g19¢ c_@m (Input voltage): § TG (Source) Ffbed ER@@% g19¢ @W 38,
3{13cYc os\lc’géxﬂ (output voltage): %HW?CIT YR Ufdereraie (load impedance) F@ﬁ?ﬁ%ﬁ &H%
YfewrR gfeeardt (For Rectifier Circuit) :
gIJc ®leed! AC 5. T PR AEANISSd (sinusoidal) @TET 3 @leesl Sine
(aRFTIR daddl) e
NI GlGeoTd THIDRUT (expression) ATGR fGoT SITd
v; = VySin wt

Where v; = RICAINED Q?ﬂ os\lc%\rl. (Instantaneous AC voltage)

Vy = 39 THl RIacom™l Hdld ORd &Y (Peak value of input ac
voltage)

wt = GRARAT (linear frequency (f)).
3T3TYC BB YFCHIARIATS! 3M3CYC BIGeSl ST (Direct current) BIGCSl 3118, 3T3CYC
P § TSI DC voltage 8. ST BlGcsl 33CYC BlGeoA Ul IhIAIS (one
cycle) TRIRT FIGCd 316, 8 T AT3CYC APhIar THAIHRU (integration of one cycle) TH
30T 21 GR HITTHR Hed UK o> Sl 2.
ﬁm (For Inverter):
37YC ®IGcol SNIT (DC) BIACH 38, HBIGCHl WA 3R $TYC YRAS] Bi=eT Sl
JIBed (constant DC voltage) 31T8. TXE TNl $GCx 31YC JRAST 81 BIe< Hec AN 3.
3T3CYC FIRCS: Sl AFCYC Flgcs AHNISSS (sinusoidal) STET. TR Wdeho
SIS df W) I SR BHid dag 3R b,
39 LT ST (During ON state):
RITR ON T FIoed RSB (ideally) [T 30 H[GRID 3T 30T Ufdewaot
(practically) ?fﬁqw Bﬂ%’
TIRISRAY ON T BIacS 3l 1V 31
3 W< Floco: Rgaaed 3t W FIocd Sl SIRd 31Ul 3a3TD 3l .8 Blocd
TRA3T (supply) BIGCSl O BTSN YHRIAR A 3.
[FCHIR GH UHRA STl
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S IFEWIR (Uncontrolled Rectifier):

g1 AFCHRRT 3T FIGesl R (constant) 3. T AlcheHL RG] SAUMRT IUHRO!
SHISY (Diode) 3Tgdl.

fafd Iae®BR (Controlled rectifier): Tl S1T@ Hele dw@@l AR HEA M3CYC BB
fd $¢ 9T F[Hd. IT IfbeH TTURS! SUIRT DB U SRS (diode) SHTIOT
THISR (SCR) .

3.1.4 g v ah%wr (Voltage Across The Switch): o= a9 /R sy (stable
states) 3fTgd. STogT <l e dTg- =dl gl dl 319 X< (on state) AL 3! 30T SlegT Al e
SR (blocks) PRI degl Al 3T L AL .

3.1.5 d @E%Trr (Source Voltage): gl Udh EIRSIGRSIES| @E%Tﬂ YRq (Source supply)
R[BUIRT TId 35,

3.1.6 Id diC (Source Current): rd Udle gl Udh SR SR e Yrq RJADUMRT I
I (@ source) 3Tg.

ST HRC AN (Curent source) T UIRICIE (Positive) CHTGHET S8R SIdl dogl Bc A
Ui (URicTes) 3.

Sigl Hie UIRIdIE ([Acie) S ToHe Ualed (U@) gidl dagl I e AHifeee (Negative)
3.

B TS Helo RIGId (Phase Angle Control Principle):

T Afhene, SW@ge Fgcora deHid IR i YT Tegk SCR A1 $o Sl
Z[dhd. THSl SCR = BT $I <l 8Th IS AT JAdeudd a1g gdl. TeE gTh Aadhd
el (Pdrs= eHfd SfHis fAnfew) scr s gian afRd (controlled) YfdemrarAe) A9fiie
HRICIM (131 HRICIM) Ugdlgi SCR §¢ do Sld. MAAd (controlled) YachrRA,
A(FCHRR 3M3TYE BIGed AT HRUANITS! 1l SIS SHSlo (phase angle control) Rigia
CIESIEE G

BRI 3@ o (FRINAT 3f7): 81 AC $YE cycle TS angle 318 STAR Ic HC TG
(gate curent pulse) B’CP:ﬁTﬂ'E@' (application) SCR ETR CaIRSIGI

3.1.1 HERM NS :

AC $TYC IS A R TR & IR SCR ST angle Tdd T1Q ¥ T Jgal AT HIBTAT HSaRH
31T T,

Conduction angle = ¢° - a

BT ST TG AT HSRM TS AT 3T R MR HT3CYE Foes UG RG.
BN TS AT S HSRM e FEH T TR WART 33CYC FGes 38 S.
U SCR =T BN SfTEaR R0 3g7 S0 WY ¥eYe @Ioed Hafd &%
RThll.

3.2.1 R %S 316 dg-de i IFewraR IRfes @18 " (Single Phase Half Wave-
Controlled Rectifier With Resistive Load)

RITTel BT g1 deg-helds Mac WA, Had Udh SCR ATURAl STdl. SCR(TH), AC I&IR
31O S SRA SIS d 3MTe. SCR e afdhe g=ffad e

e (Circuit) e—mﬂmﬁ@fﬁmﬁ 3G
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TH

ldc
O ! O —y—
- ' *:r:j-»
Wws T
0(/)&
z3% 0= Vppay Si 01 gR Vi
naow 9 JL

3t - 3.2RiTTe Bl BT deg-deiel aeHIR )R WAlS(

W%M(Circuit Working) :

1. $Yc I Uiefce g% IAHd GeH, SCR a1 TS Ulaiee ciiaar Syd!
3101 HUTS 7Yc T Fidieg efiaar s,

o 3T 0 d o TS, SCR RS SlehTT YU 31T (3¢ ). SCR HRe b Hral ATHS
mmﬁ%%@wsﬁrﬁaﬁﬂwm U s ®lees YA 3HT8. Vo = 0V

o 3T o SFAAHI, SCRAT TIC Pe IR AN Hed SCR TR BIdl. SCR ON il 311fdr e
ge fo=M a8 Ad). Tt g ars YerRe-uRl Sedr Sl Vo = Vi
o 3T o T n ALY SCR ON &4, TS Ffdhe Tel e algdl. TUH 3H3ege 3T 39Ye
A 3Yd. 3M3CYc dIGHHAT ATHR FAYc d& IRWE 3l Vo = Vi Juur IMRes
o 3T nt AT, SCR AT e YA SIS SCR 3 BIdl (HoRd HRICTH)
2. 3Yc Wl ®leewrdl Fid® g% Iged M, SCR Red sifd T Rudia oms.
SCR dle @icdl Udlg AR (resist) HRd. UM dle R T DIUdg! Glecdl fdbRid
(devlop) B1d ATaL. Vo = 0V
3. DC Ticesl d JHI®HR0 (Vodc) (Average over one cycle of input supply)

Vae ==—[["vmsinwt d(wt)
g9Ye AT UehT A d Hel SCR $ae a d n Tdd ON 3Rl UM, equation 31 1,
Voge = % f; VmSin wt d(wt)

T
= Vm[— cos wt]
21 a

=‘;—7: (—cosn — (—cosa))
=‘;—;n (1 + cosa)
T TR 3R Ixiad & SRt 3MSeye Fleed! BRI A o =T YHIUNT 3. WA
ST Fa, SMTUUT ST 3T3CYe Rleedl dad Xhdl. U dTdl Hies (Had) JaehrR
RO,
4. S OIS HIC TIo! GHIHRU] (Expression for DC Load Current)

Vodc Vm
loge = —— = —ZnR(l + Cos @)

5. St $T3CYC UIaRHT3T YHIDHRUI O BI8 HRUTMTa! fadiRd Ho! S

Pdc = Vdc x Idc = 22 (14 Cosa) x ym (1+ Cosa)
27T 2TR

6. $-c 30T 3M3eyc waveforms TS 3Tt 3.3 A RITAGATIHTY 3ga
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>, -ég
A
r :
+ :
L
e CL
ourpur T E
VOLTAGHE // :
g go ///’//é T/Z'- :
I 3 t— wt e

3Pt 3.3: RIS ol g1 d&G-HelS AFCHRR
3.2.2 RiTTa B 8T d%-FeId FeHIR SSfdee A1s I8 (Single Phase Half Wave

Rectifier With Inductive Load (RL))

gidhe A 3MTaT s Ieg NI AIS F5de~g UUT 3 al
TH

idc
40 2 O ¢’]'/° g
S—
Wy ' RT
0(/)0.
§§ % b= Vo, sinto vdc
(HRT)]

!
- O S

TPt : 3.4RNTA Bl 1% deg-dheld VA BRR (RL load)
1. $9C =T Uil 81 A& d G, SCR A1 THIS Uififces efi-aar Sdl
3TIOT HUTE 3Ye T fidie ciaar 3R,
o 3T o S, SCR I HIC U AN hed™ SCR SR Bidl. SCR 3419 BIal.
o Y SCR @ feTR o OIId, <l 3119 Bl W A TS~ TS HIC TRBR AT, 31Td
a & n T3}, 3MITYE Bleew Vo = Vi T I Uiiifess 3. s Bie Uiz e, dls
SSFTY Soll Adad! S,
e $YC W Glecor=d] (IR BT -G G-, YW Glecd (Ailcieg gld. TR s
ESaTIH, IS HIC TRER HH! gldl. Als s8de-aHdTd ol (power) TOTIT! ¥ gRudd
SCR 3T T, (3Nl 3.4 T GRATITHHIU rt d B.)
o nd n+p I HIAGHT TICYE Flees ICIE 3R 30T AS He UleIciag SRIdl. Al
g SFeHHd Sl guitTl JUeaMR, A8 e YA gid! 30T FIdie W Glecoies
SCR §g (3{1%) B,
ars SSac-adl UW%UI@[ SCR?«CITG'EF[W (conduction angle) ?ﬂ'c{%ﬂ?{ (a Gl m+pB)
1 3T3TYC Blecor 3T HHBT:
o 3TN 3 U Bt SCR IR STHUISHT A ni+0 TIA SCR ON M8l T
TFIRM 38 §7d

Vogdc = Zif;tm VmSin wt d(wt)

b4
_Vm

= [—Cos wt]

Vm
=—2Cos a
T

T+«
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T IO 91 arRaaq &1 ST TSN, SITYT Ree H 1. A HIRUT 3R FT SCR
fATIcteg BT Udd ALY ON Ed! AT s Blecs [HiIcIe gld.

2. 33CYC HCHTS! AHBHRUT: (BTo] SSICINTA)

Vac _ Vu
Ji = —=
N 7R LCos al

3. Output power I THIHIUT
odc - Vdc X Idc

o TYC 3T STICYC I WoST CRIqedT 3Med

INPUT
VOLTAGE

_ SuPPLY
VOLTAGE, v
o

t |
FIRING 0 | | | - :
PULSES | _. “3“" : -ofa — 0l —
1 [ .
OUTPUT |
-

VOLTAGE

LOAD
VOLTAGE, vy
o

Wﬂﬂﬁ[ 3.5 ﬁv_\rTETEEan' WW )Input and output waveforms )RL Fﬁ—s’((
3.23 uﬂaﬁﬁm SIS Y19 (Effect Of Freewheeling Diode):
8 SIS ®leco-SIu diTesdl AlS @ieedl (Hlcies BIoaN UfdaY &hdl.
31U UIfgd 31T Dl Sefdceg dISye 8% g YAchRRYTS!, Sl 3T3CYc ®lecs HHl Bld.
? FfEd TR 38, 3 T vaTd! Ueh SRS sl SHiR Siiedl Sirdl. a7 Sasdl
Thl TR STATS (Df) S UTdTd

-

Vool Ko, 1 Ve

; "ron | L-l-

3Tt 3.6: RS Bel BT deg-dhelo IGCBRR (freewheeling diode)
fifees 3T Iadd A T Ssaereld Sgd (induced) dleesl Hob SIS D BIRAS
SIOES Il 30T 311 (ON) Bl TS SSae-areld 3ol STATSgIR AF dhall SIld. TS SCR
3P BId. 3M3TYC Flees T BIdl.

SINGLE
PHASE
SUPPLY
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IR SHTed B
1) § SIS Wlecul-SIY TSdl Al @lecdl (MilcIag BIvary Uldse .
2) B e dhRedl SCR U g RIMIART Hd, W YW glecs (Hilcie Hlediark SCR

§G 8IS Yebdl

¢

Supply 1
voltage |

Load
voltage

Ege —

Load
current 4

Tac

Voltage |
ACToss
SCR

Vr

3Tt 3.7 : RIS Wrol 8T deg-thele fGehAR )(Input And Output Waveforms Of

Freewheeling Diode)
3.3.1 i %o pa dx Felo foor Seewrar YRiffes @18 98 (Single Phase Full
Wave Controlled Bridge Rectifier With R Load):
g1 Qidbeaed sfiorear Ude 3TH H T SCR 3l RiTd ol Hd dog deles JMaehaR
(Fa1 Hgdx) =T dIadid TH I uifidtes o1 A7ifeeg glgl 8T Irishd SITdTd.
OIS SR S SCR ThTd 9! ATadId. 8 SCR UHTd A&t QTR ol SiTd ARTATd SATOT
UHTd A1 § (commutate) P ST ANTATT. T St UNIc g 8T Iadhd Hel ITad SA1for
GO Aiife e BT s d T ATdd. A 3M3CYE DC ®lecsl SIkd 3d 10T Rud gr-
I eI Ja-d HHT 3RTd. a7 AfchedT G871 BRG] TUSl 314C SRIhIER Ufasd

3MTg 31107 SCR @ PIV T vim 3G,

Vour

=i — e
Sy stcn- ngc Rs )
f\/ Vin | VLI Rican
e !
ZXSCRE ZXSCR;;

3Tl 3.8: RiTTE Bl B deg-dhelo MaehRR R E dieds
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5%55 ;Ia (Working of Circuit):
1. 319¢ IWOA Uigice 8% UHed &’M SCR1 3T SCR4 HRAs WS
(forword biased) 3dTd 30T T BRIRT 3Td o &R THTE dB1 &R BIdTd. SCR2 30T SCR3
Y@ SAS (reverse biased) AL 3MTgd. WI@T SCR1 HTUI SCR4 SR &l STdTd, AT o aTe
glard. Tfthe Hed Hic WIolid YHT Tl gial.

AC I@H - SCR1 — R &ll8 — SCR4 — AC IWId

ForOtoa: Vo=0
For a to i Vo = TINRICIG half cycle
T glec sl Siogl YATaR ! dogl HRE adlel YTaR STl TS
SCR1 3TUT SCR4 natural HRICIAA §g ohdl STATa.
2. $YC WA TR 8T Ardhd G SCR3 MU SCR2 forword biased. ST
SATFOT o WA SITd o aR THTT a1 TR GIdTd. SCR1 30T SCR4 Regd Troes
(reverse biased) &H%H
SIgT SCR2 3TfOT SCR3 AR ol STATd, degT o T 8IdId. Afdhe A e JIaid AU flow
GGl

AC supply - SCR3-R @18 — SCR2 — AC supply

Formton+a: Vo=0

For n+a to 2r Vo = UIRICIS half cycle
3. 3fRMUBR, T6! BT TG (half cycle) T3 STITYL @lees AT 3TITYE B
UIRTEIeE ST, e 31 AC @ DC AL Uik gid
4. DC 313cYc diecsl o JHIHRUI

2 (T
Vdc = %L VMSlnwt d(wt)
%
=2 [—Cos a]n
T a

V
=—M[1+Cosa]
T

2 ToUITH 3R gRIad &1 SRfY (DC) 3TITYL oS WA ST o T THIONT 3178, 371
THR, BTN 3T o FaeH, U SR 3T3TYC Gleedl (AAd dee Javd.

WA 3T o, 0 I n Td F&q, DC 3MITYE Bleesl 2Vm/n I 0 Td FRifd & s
RIC|

5. DC outputW%ﬂIﬁWUT

2 s
ldc =5 VM Sinwt d(wt)
[1 + Cos a]
T[R
6. DC output power ERLIERU
Pdc = Vdcxldc

2

Vu
Pdc = 1
dc an[ + Cos a]?

7. 3I3cYc &w WTditd Y0 31T Output waveforms are as shown in figure
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INPUT | :
VOLTAGE ° '

FIRING | I—l
PULSES |

LOAD t

VOLTAGE fz : : %//////

) . .
3Tt 3.9 RiTE Bol Bo deg foiel dele YFTHRIR( Input & Output Waveforms(R load))
3.3.2 FRiTo B B0 d%-c o Heias MdewrR ifes ssfacs @i 99) Single

Phase Full Wave-Controlled Bridge Rectifier With RL Load)

Zk T1 2§ T3 R
:’\;) X

z|§ T4 z|§ T

3Tt 3.10 : RITTe ol B deg-dhgid YacBRR RL Aedg
3UIfTe MRIALT G SCR THM ded! de el SId. § SCR Uhd debl SR &l ofd
ARTATd 3101 UhTd 91 &g Bl SI1d ARTATd. U Siie! Uiiicies 8T Iridhd (Uiidiag half
cycle) T TTCId 30T gERT AMifceg 1% & d (RNfEE half cycle) A ATdd. s8¢~ L @
W ripple HH! PHRUGMNTST bl STl fhdl dl AS-28de~ I, T8de~ oIRd 3d @)
e gad R (constant) g,
gfdbe afe (Working of Circuit):
1. 7Y I Uiiieeg 8T Aehd e T1 Tl T2 BRas da%s SdTd 37 o
BN T o TR UHTE ded] feTR BIdd. T3 30T T4 Regd araaqed SRydTd.
AC supply — T1 — Reifg — T2 — AC supply.
ForOtoa: Vo=0

For a to . Vo = UiRICIeE 8T Iadhd
I PRc Uikiciog XTgdl.
S SSqe-aqe ol Araact oird.
g W glecs] JEATER AT, dagT T1 3101 T2 GR A6 HRc HIAH IRGaT oiTdl. Siodd SCR
I G el FIdIes 810 s ared feTR §Id ATg! o Tdd #ic HIaH IRadl i)
2. FHIAE 1% I0&d AL n+a T A6 S8dC-THY a0 o AlS S8dc-TgR
IS Bl YRAST bl SITdl. B Wlall SRIdedT THT0l Tl (Flow)Idl
L-T2 - AC U@ G - T1 - R- L
e HRC BT UIRICIS SR,
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IS el g1 Tifceg 3.

. A% eT% IO AL n+a BT STA SAMT, T3 3101 T4 THTE 931 ITR - BT, STl
S HIC T3 30T T4 YT UTSTaT SlTcll. TS Hee AloveHe Wil feeiedr AFTaR argd.

AC supply - T3 -R—-L—-T4 - AC supply

3T T8T I8 e diere I A= 8.

For n+a to 2n >

TS glecl § UIRICIeg 81 Adhd 3.

S e g1 uiiciag 3.

. O W @lecs JTER Id, degT T3 TN T4 GR TS Hie S JIGdT ST,
SIgdd SCr dt gER1 Shie! Ulfeifees 8T% Y ared TR 8Id ATe! dl T ®ic HIaH Iaa
ST,

For 2m to a in next cycle =2

3T3CYC Flecs gl Alfcag Sl
WAl e gl UINIciag 3.
«  DC 3I3CYE diecsl o FHIHRUI

n+a
Vdc = ﬁ—[a Vy,Sinwt d(wt)

V,
=2 [—Cos a]n Z @

2V,
== [Cos a]
i1

2 TR 3 grafad &1 BN 3d o, 0 @ n Tdd aeqd, DC 3113¢ Ue ®leedl Ulaifea
TR 2VM/n) IR Fifee Afeqsd (-2vM/n) Tdd Sad I
Fora=0 = Vdc=2Vm/TT
Fora=1m/2 2>Vg=0
Fora=1m = V4= -2Vm/TT
. OutputW%ﬂw
For large inductive dlg, the TS HC is constant and can be given as
Vi ZVM
lac = R~ #R

——[Cos a]
. Output power o qHIHRT

Poac = Ve X Igc

. Input and output waveforms GTciid H’W‘ﬁ T Graad e

1

INPUT |
VOLTAGE °

0

FIRING |
PULSES

roap 1
VOLTAGE 8

3Tt 3.11: ﬁlTl?«IUmﬂ Bd doﬁ@ﬁf%lmwwmmw

(Input and output waveforms (RL load))
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. U GihcHY $TH HRUITAT aiF e UGl Sied:
1) faeHIT Are: BRI Sd o < n/2 TIa!, TRRRT SHT3TYE Flees (DC Bleed)
uﬁ%%&mmﬁwwqﬁ%% fthe AFTHRR WU HH .

2) ST HIS: Wﬁ"T&FTF[a>n/2H[6°[ Wwaﬁ@aqﬁﬁ%m&m
WK ST3TYE Hic IR 8. T HIS A BT Hrigey, AS- HRICS 5-5eR WU B
Bl

3.4.1 ?—ﬁﬁﬁrwaﬁ WWWW@SW (Three Phase Full Wave-

Controlled Bridge Rectifier Working Principle With R Load)
g1 Gl TIHIAR Ufasd 318 HRUI AT HRc Uh] dla-HYT a3l Iy dlsids
aredl. J¢d Ulged! TR A9d CFIBhIHREl aT0R ATAHIIRENS! (Isolation) fdhdT 3¢
Fleedl WY 377 fdval WU-S3 HRUATHIST el SIS, bl
IS HIC THT dod! G SCR YA aTgd! UM B &F SCR ThTd a3} [eTR o Urfgerd. AT
AFCHRRSGT TYC T3 ¢ BT Rloed e,

V,_1 = V3VySin(wt)d(wt)
FHHIT HH! BT 3T 8T 60%(= n/3) 3Rl BT 31T a=0 AT Sl

- i Pt -} - G
y Ty oy .

¥ Inc

&Wﬁﬁi’ﬂ?{ 3.12 Bl o acg forel Obc;\lcimm Input and output waveforms (R load)
Circuit 9 1 (Working of Circuit):
&Wﬂmﬁaﬁﬂﬂiring angle = am@q\

n/6 d 131/6 & Ueb YUI AU 38

1. n/6 d 3n/6 T BIBMIS] Va Ulsiiceg 3 30T Ve IR 3118, TS BT Va UG
SCR1AY AR ol AR R, AYA 30T SCR4 AYH Vp S dTEal, Vo = Vas
2. 3n/6 d 51/6 TI BIBMISI Va UISHCG 318 30T v FRIcteg 3M18. e BHRC Va U
SCR1AL TR Al IIRE R, AYH IO SCR6 AYT Ve Fs dTgd], Vo = Vac
3. 5n/6 d 7n/6 T BB Vg Ulshiiceg 318 30N Ve I 3MTe. TS ®Re Ve URE
SCR3AL TR Al RS R, ALY IO SCR6 AYT Ve s argal, Vo = Vac
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4. 7n/6 d 9r/6 U1 BIBMIS! Vs Ullice 3Me 0T Va 1T 38, TS e Vs TR
SCR3TL R WIS YIRS R, TYH HTMOT SCR2 AYA Va s A8, Vo = Vea

5. 9n/6 A 111/6 T DIBTA! Vc Ulshiiceg 3 3Mfor v, Fidie e, dile dic Ve TR
SCR5 A& -k TS XSRe~q R, AYA 30T SCR2 HYH Va S dTedl, Vo = Vea

6. 11/6 d 13n/6 T DBIBRITS! Vc Ursiifcg 38 301 v ATIdieg 3R, oS e Ve TR
SCR5 A& R S XSRE R, AYA 30T SCR4 HYH Vp s dTgal, Vo = Ve

7. WHI YT cycle TIdT 3M3CYER 6 cycle AT, (For one input cycle 6 cycles appear at the
output) , Ripple frequeny= 6xInput frequency

gfhe g1 HisHe Hrf Ha:
1) Continuous Conduction Mode: BTIRTT 3T 0 < o < /3 VAT Afdhe a1 AMesaE B

DR, T HISHY TS HIC PIVATS! BTSN3 LATAR SId a1, ATYS WIS B ad dle]
3, (load Curent is continuous)

DC 3{13cyc gieed for this mode is given by
6 ZTT[+a
Ve = — V3 Vy Sin (wt) d(wt)
2m /3%«

2) Discontinuous Conduction Mode: % gfthe BENT fTa a>rm/3 qrét a1 HsHe sl
HRd. T HEART STAHTS], SCR 9 Sie! Faftd W Ycs Uiiicie g1 Al
Yaeuddd (n Tfd) ON T, Swdfd SCR = SR et IR g TEia diwdd e e Y
QIE;?I. dall{-lo\é HIR Ydlg(Curent) Eﬂ%ﬁfﬂ?ﬁ (Load Curent is discontinuous)

DC 3{13cyc gieed for this mode is given by
6 [
Vage = —
ae 2m /3%«

S 30T 3T3CYC degthiHY Jeh GRITad 3Med

V3 V,,Sin wt d(wt)

Supply @y, ~ 0 ¢.,'..—uEi:,‘—oEu,.~03EEEEZ -
A B Sy o ST et FEE T CED

{2i3i3isigisisiein s

b—-&’<~~b~‘-rv*— s e T T I T R -

AN T SRR
T - G .

G-I'qu_cﬁ M e :3.13 P deg foe Obg\ldw )Input and output waveforms with load)
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3.5 @iC Glﬁ 3for Eﬁ?@ﬁ Glﬁ 5%355“ HHOUAT (Concept Of Curent Source And

Voltage Source Inverter):

g=gc (Inverter): S<gc} U idbe 38 o S Ulavar Tl UfaRyAe) ®UidRd &d. Il
FUGRUMTS], ot & ¢ (BJT), AT (MOSFET), 318 Sif &t &1 (IGBT), MCT, GTO, YRRy
(thyristor) TR fSERRN IR I, Segedl 33eye Ther-ut Il 33T Blees
IGUIER] (Control) hxdTl Ud

A3 SRR AT3CYC Flees] GBI TFAHZSd (Sinosoidal) (A3 I IRW)
39Td. Ufaeahd 3-geIal ST3TYC dghIH AH-ArgTaIssd (Non-sinosoidal) 3.
g<gCd! T 3MT3eYe aRARGI ST &M devices TTQ [hdl ¢ $Ho SIdd A FIHd 81d 8
H HS circuit B,

el DC UIaR 3Ye s, 38 I fohar Wer A 3 Webd. e sifierereraed
DC $YC GTaR YFEHRR it Ay Ut el Sifdl.

ggexd qUIHRUT YA BIG sl AN 5-gex 30T e A g-gex WU o oild.

3.5.1 c_{?l@ﬁ e 3?%?."{ (Voltage Source Inverters) (VSI): ST Flees Ba Eﬂ%’&
(VFI) 3! Tordrd

(3R Bleew TRIET Fe-al IIRET Y 3. AT ATl SHTa’ld wlecs JgHd
fRR e, 71 < e farcliel 3l

1) VSI G DC T g1 lecol AN Sl

2) VS| U, ®IEc Bleed AN HBUINET DC ®lees Al FHAR Ao @ legdl
PHURICR dladrd

3) Elecd AN ggexddd, ST WAl SeHd e~ qad HH 3], IS Fleed!
I 378X et d ®iees 9Tt R Tgq.

4) VS| A 3MT3CYC Flees dle SIS~ (Load impedance) dR facig =Id

5) VS| A 3T3cYC PR 301 AT 9 U (waveshape) TS SIS aR AT S,

6) VSI AL & S ¢ (BJT), HIGBE (MOSFET), 3118 STt &t & (IGBT) & feseraey araRdra.

7) < eHe i Afe e @) faggq Wa18 (Curent) U o dTedl. 8T GY BRE -
BT (fast-acting) TIS ATUA [AT3R HRUI HTAAD 311G

8) VSI O 3r3cyc MMt Ut v S ¢fda (Pulse Width Modulation) 9TURdTd

9) vsI RiTd Al SR fdhdl Al-Hier SREUTS! AN 3T,

3.5.2 ®ic O ﬁ?f? (Curent Source Inverters):

I Pie s g (CFI) 38! WU, MAfSTd dic JIid 3HalG (infinite) Sc-d
IR 31l IS AR Raadl faggd WaTg (Curent) AgHTd RUR 3.

1) CSI A DC Adl GU SIRd Sed YeRe - 3Rdl. CSI 7S DC TR 81 HIC Qi Sl

2) CSIAY Hike< Hic I Hasuamrdt D = RIS el oSl S8dex dradnd

3) TIC AN SRCHY, DC TN U SR Sl e~ 3RId! ARes df fRRR e UaH
Hl.

4) CSI U 3ICYC DHRC dle TS~ TR Hadg _d

5) CSl A YIaREeY § fegrey aroRdrd.
6) TRC TICYC Fleeol Al TS~ JHIU Fead.
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7) & Tlbe He e dioe ﬂlaﬁmécqledﬂﬁm@wﬁ” Te TR TRl
T9d

8) CSI g Hecl-Hlex SISdra! ai HTgl.

3.6 mﬁﬁrm-ﬁﬁﬁﬁ (Single Phase Half - Bridge Inverter)

3.6.1 RiTo e elP — foret ﬁ'&'iﬁl‘%ﬁ LIS g (Single Phase Half -Bridge Inverter

With Resistive Load (R)):

fche gIh-foiel Sgcd JaYd PIHTRIA GRifdd. S1 3l s2 o g &t of A,
HIFE(MOSFET), 318 Sff ot A(IGBT) 31 Ydhdld. § Rae™ Tic Hrges g s, g o
3T DI SiegT e Rud AN al A1) degl Rad a1e] ghal 0T SiegT T Rwa Srean Sl
8T 4 §¢ B (@ Raag - fa=g 3rgama).

’

Vs

|+

N
S
a0

e
|]|+

N

~L I

3Tt 3.14 RS ol 81 ool Sk AlS I8
Ofhe o o1t (Circuit Working):
ST RIe I Fal STTaTd degl ArearHe] S1umH cRifadiedr feRm e ared.
? 99 1/2 =913} 3fee’-c A1e vdl STald. T 81 3i3cye Tl ®lecordl draad! (URkas)
3118,
1) 0<t<T/2 & SNl g s1 91 318 (ON). B P &1 fig A ) fawdl. sm3eyge
@@Tﬂ eo = +Vs/2.
s2 &g o Ry o8, ae Sic ulfiiceg 3iTe ST dl Wreitd feeiean T a0 argal
P>S1DA>TAE >0
2) T =T/2d1de! AT RUd $1 98 Pleal SIdl. S1 8¢ gid. A/ It S2 RId a1 (ON)
BRI T Rivel ARL el SiTdl. S2 A1 e,
3) T/2<t<T @I HIBNIS: G S2 T 3MT8. (ON). T fag A IR N foig fewdl. em3eye
aﬁéﬁeo = -Vs/2.
s1 g ¢ fRydid ofe.
s die fiifes 3 3for oY Wrelie faciea Uty yATor arga
0> SA>S2>N
4 3T UBR, et 3ea] HIamadi=rat S1 311 S2 3feex-e g ded™, 33eYear WisR
dog AC ®lecsl UK Bld. Tie-gI8g Rieran wraradt time period) FRd o, 33cyged
TRARI (frequency) SGAd! SIS .
5) IARCE AT 3MITYE Flee MU He dBHIH Wx d& (square wave) 3. &l
dEBIY Fig. 2 A TrAfded 3Med
6) S1 301 2 Rg= Uhrd das! aTe] 41ad. T Sl 9w TMie gidl. Radw Sa9 818
R dld

Maharashtra State Board of Technical Education, Mumbai 54




Fundamentals of Power Electronics (FPE) Ui Sodci-aad! GoHd dw - 333334

7) Re TSI SMATS D1 30T D2 ISP ATald.

im 4

—

° t
- ‘ —i

1 t
Vi § 7 1P 7, T —“’E

1

v/2

T2 T
3T 3.15 RTE ol 8T 99 F/R
3.6.2 RiTTe B g% o sgdr I Ssfaew BIe e (Single phase half -bridge

inverter with inductive Load (RL))

7 Yfhered dis § IReT 3N 5de— 3R, TS §Sdeuw, Gibendia fagyd vare

P e
Vo 3 51 Z\ Dy
o=
0 +—— Load —<—# !
— - IO A
V. =l Co 4
R ¥ oSz VANE
Ne ’ -
3Tt 3.16 RS ol BT ool g N ® S8fde® dle U8
gfche o HRo (working of Circuit):
Mode 1
1) Time t1 3T, S1 % AT BI4T. TS Blee Ui BId.
€o = +Vs/2

IS TSICTHS AT HIC B8R Ulfaiiees HiaqHy qdd dred Sl
2) FICAd HY 1 <t << t2

3T3TYC el ep = +Vs/2.

cTSH t2 T dig e Uiidiag HGTHH (maximum) GO aTeal.
I8 T 81 IS A - QR ST,

TS PHec 3T A He g UiRIcIes SRIard.

Hee I1 /I &1 (path) P > ST SA S>TAS>0 3[-T 3.

Sl 51 318 E8deT Hel Wada! oildl.

Mode 2

1)Time t2 TS S, S1 D &g dHell |l 3T3CYC Flees! (e BId.
eo = -Vs/2.
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Rg oIS Sedc-ages [dggd Udrg I R IRgell rdll, S SIS D2 §R dTg- Sldl. dre
HC t3 AT I] TBER AR HH! Al HRUT IS s8de~aHdTd SHoil Juigor ¥ gid.
2)SICdA AY 12 < ¢ << t3
3{T3CYC dleTol: o = -Vs/2.
T[T 13 B WIS Hie g1 Y W= HHl 8ral.
WS DHRC BT AIS Fode- Dhg & gIal,
TS P g1 Ui ok AN e g1 FRife s Sral.
Hee I1 AT &1 (path) A8 > O->into lower supply D2 S>A >TIS 31T 3l
I8 Seae Ae SHoll 2 Ud= |Te! S
Mode 3
1) Time t3 31dHI, S2 = AT et Si1dl. & e 33eye ®lees qd.

eo = -V¢/2.
IS SSFRIID IS BT TRER (ilfeeg HieqHy Tdd aredl
2)3cdd HY 3 < t << t4
33TYC dlecST: e = -Vs/2.
T2H t4 T IS HRC 8BS (Hilicag HIaHH U= dTadl.
AI8 P BT AR (lower) U Hg- TS (supplied) HST I,
e He g Afifeeg radl onfor A eie 81 uikicle el
HYe I AT &1 (path) O > TS SA >S2>N 3T 3.
Sl 51 S8deg U AETD! olldl.
Mode 4
1) Time t4 31aHI, S2 9 dg Hall Aral. 313eye Gleed! Ulfiies gld.
eo = +Vs/2.
R die sedeage fagyd Udrg & faRA e Sidl il S’ite D1 gR a1 Sirdl. dlg
PR §BED YATAR HHI B! t5 IB| AS Sede-~aHdTd SHoll guigul 78 B,
2)In the ﬁ?ﬁﬁ t4 <t << t5 (t5is equivalent t1)
The 3I3cYc et eg = +Vy/2.
TS t5 (equivalent to t1), BIS HRE T TU WTOT ST,
AI8 P BT AR Sode~] Hgd WIS (supplied) HST ST,
s Hc gl fAilfees rdl 3ftr I e 81 fifess o,
PR YUY TS > A> D1 ¢ IR W > 0 SIS 3T 3/al
e s8deg qdte ol 31 T HHT BId.
t5 o1 51 R 3 gl o1ftr 9 e Rdie gid

A

® Voltage @ Current

R-L | s
Load N\ 45
07t 2 B\t 7 t

v

G-I'qu_cﬂ 3.17 R el 8T ol S8} output waveform
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3.7 RATO bl B0 I 199 Sr@eR INIRE, INIREE SSIew OIS TS (Single Phase

Full Wave Bridge Inverter With R, RL Load) :

3.7.1 Rive B9 B d fae sgdx WRARe® I8 T (Single phase full wave bridge

inverter with R Load):

P fo g B

3Tt 3.18: RiTTe el B deg foel SR
3Pl 3.6 AL TG B ool Sl 3l GRIUATd 3MS! 38, SReHH Hele
g QF ST (T4T2 and TsTs) SO SRS G Sliedl (DiD2, and DsD4) ARG
STATd. ThT SlIeidl SUSBRUl UhTd dod! BT HRdld. GIeHe IPHRIHD (UIRICIE) BIacs
(+Vo) TaemRid wruardl, Raa 11 31f01 T, ThM dod! A1Q o SIdld R Sl ThRIAD
(fe®) FBIACH (- Vo) SITIRIS, AUSATST R T3 HIMOT T, AQ HRU HGRTD 3G
SHIE D1, Dy, D3 HIfOI D, BISdd SIS WU 3Ncewde ST,
capi (Operation):
Nfem -A8 A drdes M Hicd d@gBiH 3Hdl 3.3 AL SR 3. foo-
Zgex 33cYC AT Uh-dHId (Cycle) TH-HISHE BT Hd.
1) Mode I (0 < t < T/2): 1 Aeqe, % T, 3101 T, ThTd 9 AT (conducts) BId. BIS
voltage +Vs 3. HIs-2d slreT?oE\;Jac gfdbe (equivalent circuit) H’Iﬁ 3.0 (3) 7 grafad
8. t = T/2, T+ A0 T, 3T 3Td T T3 3O T, 371 3MTed
2) Mode Il (T/2 < t <T): SIgT t = T/2, degT T33M1101 T, R a1¢ (On) Srara Sfor 14 3for
T, §¢ 3. SIS BIBed — Vs 3Rd. HIS-? d 3fdagdc Flhe (equivalent circuit) ST,
330 (d) U GRAMAS 3Tg. Siagl t = T, T3 30T T, §g o SIrard 3o T, 3107 T, Gl 910
DS .
HR UfcRIeS (Load resistive) Wﬁ ar ﬁﬂﬁﬂﬁ ol (energy) HTédd IH?)[ ?Eﬂ?f@' Y
Bhigad SIS (Feedback diode) UHTAT 3Xd ATGId. TRRRI 3M3CYC, TR 3H3TYS P
dUd RMS 3T3CYC dichesl 301 3RTHTY (RMS) 3T3CYC HC gl THIGRU TMo! faat
3118 d.
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. A
Average value of output voltage =———
ase
f'l‘/2 ™
Vs dt 2 2 T
V)ﬂ\’_’.=_0 — — i K -
Dave 72 = Vs fO dt = Vs >
Voavg = Vs
. ' . _Voavg Vs
Average value of output Current (Toavg) = i

Now. caleulate the RMS value of output voltage and output current

RAIS value of output voltage

; . « _ Vorms Vs
RMS value of output Current (Iorms) = =

R R

ST AT 3T3CYC dEHiH WoTe ATHAHS SGRAAuATd TS 3HTed.

Load
voltage | &,

o[ cey I o Y =k
Load ; —[;dc
current 4 £4/R
0 t ------------------------------------- -1
5 _Edr'IR
Supply |
current I\
of e >y
< A (.
L e v e o LT LT -t
' 72 T
lsj '134 "‘ E,[JR
O Pt === f——t e e e mbemmccn e -1
—=Mode-ll-—Mode-1] ——
8,82 | S5, 8 |

P 3.19 BIFCS + P dBBIN (R Load)
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™ |
s
T Eo=-Eu
e [OAD
P [T Q
Js
(a) Mode-1 (b) Mode-II

m 3.20: §HJAYU qﬂ‘qu) equivalent circuit(
3.7.2 e %o po dw foel sved Yifes $sfaeas @18 IE (Single phase full wave
bridge inverter with RL Load):
a1 Afchedl 3t 3.8¢ 3118, SIS BT RL U BT8R HRI4L. 3MHd! 3.3 L RL B T8
Rl fSel SgcRuTS! EIwesl 0T PHic Jghir S2ifqe 3R, Fibed TR IR-

HISHE WY 5O 3. § Load
voltage o Load
o \ \ r voltage
¥ W" lz ‘;%714 s \/<L Load —f
—Eg4 i current
Iirfae T 1 1 i '
Is, Is, ‘2 j : : I
o HECH R Eilcrgi" stored by load f
touloy 4, § | BERS
o [“r—i — t
lls : : : : Eljncnrgy returned bads
Ispfs, & &+ ] o '/i
oI dsiei 1o —!
A EESEREENE
°—ia n N B !
Supplg:o : : / LA/ P 1 4
current © P72 7 +Ea P
Eq 1 ;1—1{ : ;——l_'—‘ £
o } | ——
Vb, VcEsat

3Tt 3.21: RiTE-Tol foe] T8 TT3! BIGeol U He dGHIR INRCE S8aCe OIS U

() Mode 11 (1, < £< £,) (d) Mode IV (1, <t < 1,)

ATl 3.22: AIRY Alhe) Equivalent Circuit(
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() Mode-1 (t1 <t < t2): 3K t1 R, RAI T1 and T2 IQ HS SIdld. &9 7 AEfe3e
(ideal) feaa A SAma. fag P, S WA Edc (or Vs) T UMRIEIE (positive) fogalt T1 R
el Srdr T fdg Q $99e WRasuraAr AAfe® (negative) foigzit ShEaT STdl. $3eye
FIGCd, e0 = + Edc (or Vs) 3TPHdl 3.22 (3)). BIe AT I8dc WU HRYATE (Load
Curent) AT dlg NI T1 IO T2 R dlHIISD UdTg dlhIidd (instantaneous load
current) YR TATETZA®T Sl I SRTGIAM Wb HRTHE (load inductance) SOl ATGdo!
ST,

(i) Mode-Il (t2 < t < t3): Q1 30T Q2 B Gl-al g FCUT t2 IR §g Ho SIdd URTAT RSP
WU (inductive nature of the load) HRYATE &1 Z[ATGR Id ATel. Ble AT UoIdhs Uh
LSRG @F@G{ (self-induced voltage) 3rgar st UdreTdl Udlg did %ﬁ%rrr@a‘r g1 @F@Tﬁﬁ
YT HAre- 1 314l favg 3M8, 3M3CYe ®IGedl - Edc Bl WG 3. 333 @) AA
SRATAGATIHTT! D3 30T D4 2T HISHHIGT HRYATE (load current) T G2 aT8d g, 1M
TSR, T AIsHY, B8 RHAAY (load inductance) ATETGS! ol TldIps TRd B! SIld.
1€ Pc FJUeaH HHT glal ST VT GISHE ABdGo! Td SHoll IRd RaSATd R Id
AT AIESANd t3 IR ST dagT D3 3MfOT D4, § t3 IR §g giard.

iii) Mode-111 (3 < t < t4): Sicgl g T3 307 T4 ThTA 9T 3119 BIATd AT t1 DS BIGCol
fA7feeg gl T BIe YATgT (s Curent) TGN e fGRIST aTgd. Arddt o= fa3e

UdTe JUTed aredr 3or Wﬁm(energy) qraadl.

iv) Mode IV (t0 < t < t1): &g T3 3Mf01 T4 @RT t0 (fhaTl t4) R dg FS TAN. BIS
IR&@ (Load inductance) UINICI® D6 RIGeodT 3o (inducing) &b Bl Udlg I/
e IgUarET Ygd wRal. Diode D1 30T D2 § WiRds-a19 forward biased) BIT® degl
OIS ToH 31YC Sl QRS URA B o oiTdl.

(iii) DTS BIGCH e0 = + Vs BIdl T @I YdIg APRIAS (Hilfceg) Mgl 301 0ER) =1
fazM 9= w8, t1 ([haT t5) TR, BIS Hie LATER STl SAT0T 71 3707 T2 RKaa T=T on
HST SIS AHdL. HAd RSP HR (Inductive Load)3RTS@T dg- HIB1G (conduction period)
T4 g g Srrewra! 1/4 fhat 90° 3®. Bie UlaR haex dleqdr Raadl ag- dlorad
7/2 fdhar 180° ydd are .

RMS 3T3TYC FIdcsl YA U o> ST, 2Adhd.,

T
Vorms = [%fofvzdtlvz
2

Therefore, Vorms = Vs

3.8.1 UGH fAgY AlsgozM: HeW / TR, TR,

UoY S Aregozd (Uesogud) § ey, LED offYr sfifsseh tleowry wrRen faggd
TSRO RIAGIAT SAUMEAT KGR (power) TIF0T STUIRITST Sdaei-iad HATOT FHi=om
JUISTAS (control system) HIGAT THIUNT ATURS SITUMR o 38, AT He<d ST TR g1 AT
AT YAFIS Iwad S Pt 3A¥eYe UiaRe! FafAd o0, dides (voltage) fobar
Pe(current) BT AT HRUARIT &HdT 301 30T SR o f$fSed =UidRur (digital -to —
analog conversion) T,
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Heg<d / TIRST (Importance/Need):

1. BRI (Efficiency): TiesguH JUIUl ITe] TIOT QUIUTI §¢ SAedl AT (state)
I Raa T drde 99 (efficient power) BXATARUM S{IH &d, SO faoid JHam
Sl gId.

2. 3dd Ao (Precise Control): PWM 7 et Cﬂ'cpf Hlghd (duty cycle) LI
(adjust) H- Ble T [AdRd HoGaT IRRRT digedl (voltage) fhal de R 3rgd AU
B,

3. F@ﬁ?@ﬁ W:I (Voltage Regulation): PWM ffaftad favieT Iwrar U faafta 7 &
gl fdhdl ®ic Uraed! o fAand & 21,

4. %%IW—@—&VHWW TR (Digital-to-Analog Conversion): Digital-to-Analog Converters
(DAC) A PWMTT aTR g1 f3f1ed (digital) RITSURET SHIENT (Analog) ®Idesl UIde!
TR HRUGTHIS! BT STl

fleasssd U (Types of PWM):

1) Rie-uod fagy Aisgez™ (Single-Pulse Width Modulation): U Uod Uk fAfRaa
fagy arad 3ol il IRARGT (Frequency) THIINNIA (Adjust) BT SIS 2Mdhd.

. Carvier sighal

e
E, s
/ Reference signal
; P

Erp
] = e— |
’ | 7 } | L % i
l;.‘ 22 TRt " i .
0 | ’l . [ 1| G
Ey ! ﬁl”
= , -
G " P F e o
3Tt 3.23 : RiTa-uew fagy Aregax™
2) Afdcus U fagy ATSIRM (Multiple-Pulse Width Modulation): Udd Teadia
Multiple pulses TR dbedT SITdTd, ST RIS (WTeH) =0 ffesd.
5
En / d N/ d L .
U 5 T T I O O O T
ANIRIRIRIRINIEIE 0 P
e e i i

(h)y Oumput voltage

3Tpalt 3.24: AfecUd TGy fagy AlegdzM
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3) <rgH fefesH afdewad PWM(Time Division Multiplexed PWM): 3d PWM RiTa
TS JaBIH (waveform) A T & STdId, Tdd v fAfRIy egd Wi sy,

3.8.2 UIEAINISS® (Sinusoidal) TS fIgY ATego3M: YHGUAI, HT, < ST aXT:
IANISS® (Sinusoidal) T& fagY HiSTRM & Ugd A0HANISS® dabiH (Sinusoidal
Waveform) =g JdBIH (Waveform) FHIUT HRUGRITS! MR, § HRUGNIS! ¢RISR
HINIR 3706' (Triangular Carrier Wave) Ell oy ﬁSH (Pulse Width) TSB! ST SHTFOT Bl dqd
SIES aos BT (Sine Wave Reference) IRPRE] Gﬁtﬂ:s’ (Amplitude) THTOY 31l .
HHOUAT (Concept):

81 YhGUHT HIR3R deg (Carrier Wave) At U6Y fagy (F8HT A Triangular Wave) 3 AISoM
TS 98 (Modulation Sine Wave) =T 3T5eds (Amplitude) TR $HROI AT Hidd! fthrd. e
URUMH U@ AL Bl SO RN &4 3fasd a2 s® dagWhiH JHI0N 3.
Prda™ (Working Principle):

. digdh Ry fAfdt (%F\"CR e ): E:'“FIT HNIR a%'qo_\lfl (Triangular Carrier Waveform)
=t fAmfor g, ® esagud Rmedn snuR =uH i o,

R. Y Rwe FAfd . IR s (Sinusoidal) T&Y 0T dOR Bl § Siarfoa 3fwsd
a%'ﬁﬁ%[ gfaffa Hd (This Represents The Desired Waveform To Be Approximated).

3. @1 (Comparison): ARFNIISS® WaH TR Amplitude T & TR HIRSR
JEHIHRN HoT .

¥. U0Y ISy OISR : 1 o YR digdh dghIHA Uadd! ¥l AISIoc Ho! .
T T 8RR Tegs (Amplitude) e TGH f faSY SMURAT AT SATIOT ATSH =T,

5. 3T3cyc: Aledoce Hesnyud Rire, Sl @1 UM e (Low Pass Filter) HYA STAl &gl
Td 3MT3CYC d@PBIH TUR BRI ol Sad AANIZS® deghiHRN TR JTefd.

Ec /
£ Reference

Eg =R : / signal
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3Tl 3.25: GRS S U fagy ez

-G (Self-Learning):

[1] Peec U BT AT THR B0

[2] RTE Bl 810w d& Helo YachRIRY B IR HTOT IRRER Feaer drevg (with R
and RL) T,

[3] RiTe ol B0 9@ Hele achiRY B IRREX S0 IRRER STIR B89 (with R
and RL) 7.

[4] ot ol B d o dhelo JYaeHRRT (rectifier) BT IRRER AT IRRER TdX
BISUE (with R and RL ) I,

[5] NS (sinusoidal) TaY fagy AlegozM, RiTe yoy fagy disgszH, afdcue
Tod fagy Aoz T 956 Uleard Hifgd! 1.

@Y YP AU (Micro-Project):

[1] 3 ol B@ % ool Hel® XGchRReR YUie a-dl.

[2] R &S B6 dg hele YachIaRd application TUR &1

T UTeaqRa® (Reference Books)

[1] Power Electronics by K. B. khanchandani and M. D. Singh.
[2] Power Electronics by P. S. Bimbhra

ATfedt YHARIS (Information Websites):

[1] https://www.electronics-tutorials.ws/power/single-phase-rectification.html
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gfe-¥
ST - SRt Frgdd
(DC - DC Converters)
fawg A=t (Course Outcome(CO’s)) :
fadean TR SR ol e

(Test the performance of given chopper)

fawg fAelt Riaw oot et @ el (Theory Learning Outcomes (TLO’s)

aligned to Course Outcomes (CO’s)):

1.1 a9 A feoiedT Jreqraelt TF &, (Explain the given terminology related to
chopper.)

1.2 AR (=07 9R0T WY H. (Explain control strategies of chopper)

13 de aid s Wy &, (Hlustrate working of the given chopper.)

14 fede 9 3{13cYc glceo! Hiofl, (Calculate output voltage of the given chopper.)

=g (Introduction):

DHIVATG! ITYNA ToiaR a¥gd IdTad HRUMTAT Uiehd TRUTA Wi SR ATaIHhdl

3. oRuee wie . 1. onfor v 1. greegan ¥d IANTHE TR dTel YHIUN Bid 378, §

S AT ufchar 1. . Fleedl (Voltage) Wdidha kil Udld. 3-d UHunged, ol 4. d

EUiaRUl fafdy TRIGR IS 3], Iaex0NY, J9d HR, Sralt a9 fdhdl dediar Ao

a1 i flherg St 1. Flee S (Fixed DC) NTd, URg e Tt fAzomardt 1. I, dier=an

TR fhRs B, At Bleesl o FUIARUI & TS St At (Variable DC) AE T4 AN,

HTHd:, fhrs S1. 1. @é\_ﬂ (Fixed DC voltage) UI[d %’P{qaa 1. 9. @@ﬁ (Variable DC

Voltage) s {quarral Wiefle a3 U 3HTed.

1) ?ITQF-'-I ?FJ?Q%S' P~ga? (Line Commutated Converters): 30_@?7 IFEHRR (Controlled

Rectifiers) dT dTR & T Ul T@Od GRUSA 81, . @™ (Variable DC Voltage) A

TR e S,

2) AC foiw IR (AC Link Chopper) (Inverter-Rectifier): Il Ugdid Sl It d ¥ uidR

YA 2R (Inverter) 5 T. I, A $HS STd. AR of T I, 3HT3eYe H@d o KIS (Stepup)/

WUSIS (Stepdown) = SFAHIH & SITd STTOT R fGehaR (Rectifier) §R T8 . T, AL

H-ac BT odl. S, 91 o T L. 3101 T . o SN, . a1 TF cohid SR gid SRIGAH §

I TENTS T HH! HIAEH 3.

3Tl 4.1 TUIARUT (Conversion) WehaT GRifad.
Fixed
voltagc; p Controlled
I .C. a.c, 1 .C. I
Inverter P{Ef;feﬁ'
EA E

— .t
U1
3Tt 4.1 AC fdd IR
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3) 3. 91 9w (Chopper) (DC to DC Power Converters):
IR BT Uh YRl SAAdI-eb Rd 318 ol 1. Y. diel GRaaT dTT- e, 3107 &g hal. g
a7 fobaT THTGIY IS (Load) & fadid doiear faoid gA0T FEfEd &Rd. IR a1 aWR
HHG: Hiex WIS Held, Uiak P (Converter) 0T 1 T, to T Y. Hgcx (Converter)
YRS SUARTHES el Sl [RafiT R Syfc Irred (Duty Cycle) UG &
Aredr QRIAT SUIR Fleedl fhal Hec § WOC (Regulate) VAT BT 1 § AR d 33,
ferart <Tq] 311fOr g dieadiar fAA0 3, Sarsl 3HT3TYC Flees fdhdl dhic daq dhdl.
MYHP UiaR Sadei-od Rcade IR g1 HewWyUl Ucd 35 HRU o faggd Hord
(Electrical Energy) ®TI&H 30T 3gdh U1 HRUA SFHT <dl. TS AR GRUSd TS
SIgg, & Soll JoTTe (Renewable Energy) 3T glees FTHA Tfdhe IRBAT ITATHE
A qIURdTd.
4.1 ofye <fAETarst (Basic terminology) ‘Sl M (Duty Ratio), o+ 39 fufvas
(Turn ON Period), o oifp fufvus (Turn ON Period), i fafvas (Chopping Period):
4.1.1 SYE ¥ (Duty Ratio): SICT XM, ST SYf¢ -GS ¢@Id T, AU
HiheHed g1 T HE@yUl URTHICY 3115, THUT RATT HIaaei=a qa-d aioR Rad 3+
BT Ufdhda ST RN UM, HHId: St X=AT (D) 3= YHR GRIFa Sirdl:

D = Ton /Ttotal
Ton: AIIR R 3 (conducting) S0 BT HIaTasl
Thotal : Hﬁww%ﬁmwﬁ
AR Afredd fad 3H I 7Y ®ieesl Bleal SISel oidl. Rad 3ih AR
Y RBlees BISUNH fehae gidl. SI¢! Y2 9E@ BIsal faod Sfavd mieed fdhar
Hic AT HRar ad. ST XN g Rewd! 3r3eye iR 3ol drigddr Hafa sxuard
Tg<aqul YfHenT Solad.
3areRune: - SYET XA 0.y (wo%) UM T 31eif des aTe Sral ST 31eif 9 s SR,
4.1.2 & 39 fUf¥as (Turn ON Period): TR “e--3114 TiRTS" o™ AR Raw QT
$HafdeT] W (conducting state) T 3. WS ATqA HIc dgdl. & Hroad dmR
HiherHe Th AEW@YUl URMHICX 38 HRUI dl I¢ @Ieal [daRkd »oadl AR faxel
3{13CYC Flee fdvdl HcaR URUTH H!.
4.1.3 & 3w fURTS (Turn ON Period): TTRAT "e4-311h GIRTS" WU AR Rag
AT A HefdeT WeHe . AT HIUAIG! UdTg e ATal. TH-3H1+ HIAEyHEE,
-3 wrenadt g1 IR AfheHed T AWyl URTHICR 31T HRUT Il 4 TR dreark
Bl IR AlheHae, -3 Hraadt (Toff) THUT R Hramadidia eH-34H Sramasia
R T8 (Ttotal). T TTUMT 37=fT dHelt SIS, Wdhal:
Toff=Ttotal-Ton
4.1.4 T fAfTS (Chopping Period) : TIaR aaciHaqae, “AifuT GIRTS" g1 Uk
A R Iadd GxEM UlaR Saaci-d Rad (S &1 elf-eex fdhdl yrafkwex) dre
GaTgd 3R (conducting state) TUATAT Hrardd SRifaql. a1 Hrenadhd, Gfbenyd ydrg
8IS <INl Rad a1e al Srdl. UiaR Saac e Aideraed AT Nikas 81 Tdh Hgw@rdl
WRIHIER 318, HRUT AT GRUTH RReH=AT THU HRAEHTR Bidl. Blees IA- fdhal Tiar
H-a=H RS SUGRTH, TG Hraae Fafd e 3¥cge ®ieed fdhal e
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3D Pl 8IS Udhdl. AU Hraadl JHRIN He-, T fagy diegozM (Uiesyun)
AT TR e AT Hrarash saraar A oar ordl, 9 3fsd erseye afkre a1
UGS e dTaiTe SYfe Idhd g i el 0T g bl ST,

Ttotal = Ton+ Toff

4.1.4(1) TS fagy AISgERM (Pulse Width Modulation) (ftE&gEH)

gl AT plads RR Sadl Sirdl, gor 3 Trsq fdhdl '3t <8’ dvTavTes 3¥dld. § gid
3, SgfC AP R(ratio cycle Duty) TS 3 Vbdld. AT Ul 319 <rgd fdvar
ey fagy' dgldl! ST e TR el Ued [dgy Arega¥H WU $Hievwd Sild.

Pulse width modulation signals

4 . 20% modulation

1

| 40% rhodulation

00000 annn

' 80% modulation

Voltage

| 100% imodutation

Tume

3Pl 4.2 Yo d fagY Al
4.1.2 fp=i AisgaR™ belaEmTa)
1 g1 ugdid '3ifF g fdhar 3t ersd ae! T fRR (Constant) 397 "erzd HiRkTS!
JTATS DS SIdId. AT TGdid GIRTS d30d SRGAM AR {hel(Frequency) 81 96,
BUH B Usd fThe=at HTS}:LQ\OQH Oivg\lcb (Frequency Modulation Control) ¥U[d B! ST,

\'.) T+

vV

le— 1., —>le€t_ >

- T >
3Tt 4.3 Theb=l AlegaRH dheld
4.2 TYHY HEIA ¥eewil (Control Strategies of Chopper): B e Dbt RIEH (constant
frequency system), %ﬁ'@ﬁ‘? firer—t RieeHq (variable frequency system):
o faRRTy IuaRT S0 SfrazgediaR e dIUR =0T UM 96Q 2rdhdid. G M=
U WIS iRee Theh=d! dhele 3Tl eRuae Ther-d dhelo.
o P -4l RI%eH (Constant Frequency System)
o HiCC hep-4 ReH ALY, B f=ad! gal = HRam A fThe-ut fthats 8.
S,
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e © [T URUT SHGIT SO0 TIT STe AT STaaT Hex R0 YOe! 1ol afel JRAa|
JUIRTHE qTIRS ST WY B el IRaul febfe s aig.

%ﬁ'@ﬁ it Reew (Variable Frequency System)

o Rien ordemar MU H(Optimize) HROTAESY, gHING fSERIA  (Harmonic
Distrortion) ~ ®HI ®RUANNS! fhar fafRy wrfemd=wr WRen quf exvarrdt el
Tfazifeud 9aQ 2.

o IHG: BRUTe fThel $cle g AlcHdel oRUge e IB¥E (VSD) ARTI
SUINTHE AR STd, T2 Aex a1 fawgd goftd Tariford sor 31azae 3.

9 qAffpRor (Classification of Chopper):

IR THHRUT § BB AT3CYCaR TG 3, AR Gl —

1. %7 37 TG (Step-Up chopper) (Boost Converter)

2. Y 813 AW (Step-down chopper) (Buck Converter)

3. % 370 /313 AIIR (Step Up/Down Chopper) (Buck-Boost Converter)

43 WU 34U IMUR: Afbe Gﬂﬁﬂ G‘TI'!f, JqBIH (waveform) 3rfor 3M3cYc Eﬁﬁﬁ
B0l

VY 30 IR A &=t (Vo) ¥ TTYT voltage (Vs) T&T SIRA 3/ (ie. Vo = V). TTaid

TP LU U IR BB SR 317G
: P L D
——000000 ————T1* | g
—_— CH / ______ é
il Y 2 (eendapeadcs s Vv A
D
3Tl 4.4 LT 3T AW

SIgT AR ATG 3, dagl inductor (L) W Vs =M SIS aT SITdl 3101 1 3AH-1RTS,) Ton)
XM inductor (L) TARS A1ddl. ST MR §¢ 8, deal inductor ®XC@T diode FE
AU HRT UTS S ST 311107 Toff BTGNS B8 B Sid. TRUTH IS,

Vo = Vs + L dis/dt

L d|s/dt = Vo - VS

Vo - VS
L

d|s/dt =

T AR §g 3Ra degl,
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VO=VS+VL, VL=V0—-VS

di
L —=Vo—Vs

dt
L — Vv V.
Toff ° ' °
B Vo —Vs
Ai = ————Toff

Equating Ai from on state to off state

But ITUR 3T 3T dagl,
dis/dt = "T X Ton
% xTon:VO_VSX Toff
_ s
V0_1—D
SRD=0dR Vo = Vs AT D=1 Vo =

w-

&I'ITcﬁ 4.5%CY 30 AR input 30T output waveform
4.4 Y ST ATURAfBC &r@—cﬁ 5 H’TTCf, IqBiH (waveform) 3irfor 3T3cYc c_{ﬁ@'\_rl
L G|
8 % P@eX )buck converter) UM ¢UEId @@ SITd AT AiUR A SYC @lecdl Vs U&T
3IICYC Bleed Vo, HHI Sl Slegl 8 dUR 3 3, degl Vo = Vs 30T BgT AR dg
3 AT Vo 0 = 3.

!

CH

ST s H L

2 : . L L L1 L B l

> ‘o
(&)
e 5 FD 1 A
— [

TPl 4.6%T SIS AR
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T 3T lecol deghIH Jlell fgal MMed-
WU SIS RIS Bleesl HICYC AgHT Fleewl 3TYCUET HHI 3d g Tl dghiH
TGN A 7 3T,

A

V,
% T own T orr
| Pt | [ ] 4
% oLzt 4 ¥ 1
I o O o e, N
| f ' i : | | ok
&Wﬁ 47 RIS AR input 3o output waveform
Vo = VST:_n
But, Ton/T = D (Duty cycle)
Vo = Vs X D

A0 €3¢ B S (Duty cycle) TEGHIM B8 @lecs aR G0 dadT Ad.

45 dH-gXC R (Buck boost): gfde GITchﬁ H’T!f, IqBiH (waveform) 3{Tfor 3[3cYc

Fleeo B0

I 5 TE-Hgex BUH W HTd A A ®leds 37Yc UIas! dieidur fbar
CH

,,,,,,,,,,, D
+ /' : K A+
U ==
L
@]
Vv Vi 2L Vv A
D
A 4

3Tl 4.8 W 3U-813H AR
gl AR 319 3], degl YW HIC, 8 Vs-CH-L-Vo (load) AFTIgR dTgd! degl, inductor L
BT Ton IO ol AGdd!. ST AR §¢ idl, deal inductor HIC HHT BT SATIOT M
&N, inductance energy B L—Load—D-L AR &Is A ﬁﬂﬁfﬂ%ﬁ

Ton
Vo =Vs.
T—Ton
Ton
But, — =D
T
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We get, Vo = Vs. ﬁ
=

Or
Vo =Vs. %

0 < D < 0.5, I AUSATS] LU SIS AU IR A,

0.5 <D < 1, I HUSATST T Y AU TR fHosd.

-GG (Self-Learning):

[1] 3T am(step up chopper) o1 ¥ T 8137 (step down chopper) Il JAT DXL

[2] TTIR U B T aTIR BT HST ST,

[3] XY 37 IO (step up chopper) m, 33cyc BT 30T JawiH (waveform) ¥
h.

(4] XY I3 IR (step down chopper) m, 3M3cYc BT 30T JamIH (waveform)
Y D,

[5] Bﬂﬂ Pay]] (Duty Ratio), o 31 fufas (Turn ON Period), o 3 fufas (Turn ON
Period), U™ fafkgs (Chopping Period) ®IT dg& YIS Td Hifgd! .

oY YH AU (Micro-Project):

[1] TTOR=AT Hedl UReTdl dheld Hul

[2] HIeRST IRY ol I1OR a0 A0 o1,
T UTeaqRa® (Reference Books)

[1] Power Electronics by K. B. Khanchandani and M. D. Singh.

HIfgdt YHARIS (Information Websites):

[1] https://www.elprocus.com/a-brief-introduction-to-chopper-circuits/
[2] https://testbook.com/electrical-engineering/dc-chopper
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gfie-5
UTaR SAde-aad SUdIT
(Applications of Power Electronics)

fawg Aot (Course Outcome(CO’s)) :
A4 Y MO\ oC
feeedT ST A1 UlaR Seidgi-dh Jfdve aTuRl.

(Use suitable power electronic circuit for given application.)

fawg Aot RisR Joumrt s’ @ it (Theory Learning Outcomes (TLO’s)

aligned to Course Outcomes (CO’s)):
5. 1hlcIGgIfeed (Uleg!) TuNeiHed aTq=edT ST 9To! Bl IO WY B,
(Explain the operation of charge controller used in the photovoltaics (PV) system.

5.2 TR AU IS UeTd ol fT01 HSIg i (Explain speed control of ceiling fan
using TRIAC)

53 Uad SHoll Mg aioRe SUIR T d Tt Hagex THegd I (Explain AC to AC

converter used in Wind Power Generation)

5.4 UdRieHde dHager W d H Wy $.(Explain the function of converter station in
HVDC)

=g (Introduction):

5.1 (ATl HEI@R) Charge controller :

TSl HeloR 8 Blelmliaed 4o RRCAANS Th el ged 318 Sl UR UGHYT dediar
IS dcdt HRieMd- 0T JRIEAUl arel gid, ST fod g d1gd ST AR Sl
YOS ! THUT STl RG] oIl

4

-

-3

CHARGE CONTROLLER

3Tt 5.1: YR 1ol a7

IR ITSl HEIeR § TP SAdei-d SRRy 38 o 3Hih-fre il grfsrs 3H-Frs arRa
STd, IUARTHE Weg! 3R (PV array),ded! 311U faggd YR (da, U, AifAeR, AT SR,
GIAR 30T Ufehar 01 IUHRTY §,) . ISl delar (charge controller) TRE 3T Fleest
$Yc FRifRd SRt aTaRar Sl AdA® Se’l JRIGAUU arst HRdl M sfiegxars
FRal I Y 3adl. T ATen AR 1ol AFd (charge controller) Sesid 3S dleq,
e, IR TR UG aTol HeleRye Sl B! 813, dhd AT I 3Hih-ire Riew
§2 8IS UHd. TR TS (ST YHRI: TR A6 e i WUrdTd.
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5.1.1 UPR (Types):

WicigIfecd (PV) TUTCTA YT 9 THRd aTSf S eR ariRd SiTdld :

1. Hesgud (U Fdt ATsgaR) dT6l delar

PWM (Pulse Width Modulation) Charge Controller:

Il YR 3% AR UHad SHT3TYC SAe T a1 ST §G e Sesl Ao a9
IRd. TesquaPwM) Fiad ImHa: Sak USRIUET HH Ifdd SR o1 dgH™
YUITCTATST A 3rard. qurfy, d THdididvppT) Frizeiter s ®rdem smed, faviva:
3R IRFRYCTT fY TR T Flees Sed! GlecoTugT A0 THTONG SR 318,

2. AT @fRTww uiaR uise ¢fd) et detar (MPPT)

(Maximum Power Point Tracking) Charge Controller:

wdiid g3 (MPPT controller) TiSsegua(PWM) fFrEmitern sifdies wiTa Sfor wrdem
3Ted. d Jdd IR IRUNAT SR SR Solf fogam AN Bdrd M1 Juds SIRtd SId
ol BTGV ool 30T UaTg(Current) JHIANNG HRard. THUUE Adzd (MPPT
controller) faRINa: 3 TRFRUNT BRICRIR 3dId WY IR UAd Eleeol Sl Blecolual
eoig gead fdhdl ST AU Je-3dR 8idl, ®IRUT o dvavied IR THoh Uik
(energy peak) SR SR died AchdId.

3. Ry a3 fdhar fee arst weier:

(Simple On/Off or Relay Charge Controller) :

1 YHRd a9 81 Faid a1 0T HHid HH Wikde 9a1g 35, §d] @lees] 3I1db
TafeUeT Wielt TedraR WeR Uad 3eye dlq o ST dedt WRe(preset) leed!
UABIR URkedaR ol §g B dmonT Ufhde e ord. 91d 9l RFe qayd
SUINTIATAT (for application) AT 3Ted, URq AT Yesgud (PWM)STIOT Taddd(MPPT)
it Hrfemar Sftr afkredtar oqTd g, Ud® UHRHT dlel deleRd Wrg T
mafer 3mgd ST fgs R RicHemeR, soic sftr Ay sazgdal IRREAT gedmia’
AT 3R

5.1.2 ﬂﬁﬁ@mﬂ?ﬁﬁw (Application in Photovoltaic) :

Blelgiced (Hial) TomeiHed Il fAadae (charge controller) § IR UAd, dest 5 T e
GREI 3ordT YdTe Fafid SHRudrd Agw@yu YT sead.

Solar panels

Controller

|

3Tl 5.2; TIeIGg eed YU dTol dhe R sl TPt
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tﬂ@ Rew gew: (Components of the PV System)

o IR TAd (Solar Panels): % Eﬁa@m Iﬁ?ﬂf{(PV module) @Wﬁ ﬁﬂﬂﬁ FoHe

TR .

o TS HCITR (Charge Controller): TSl HelaR AR UAd ST dext db I Sgaa
3. 3N fdhar dedian Siu fe=rs! cravarTdt § amforT Ufha e &R

. ﬁ(Battery) WWWWW@%@TWWWW
YY) ST aTIRNT3! Aréad.

o WS (Load): e Uil ReHgR draidedn Somal faggd Suaul fdhar Iumrund
gfaffa #d.

5.2 GIOP dIUX h=dq I e A forisor (Speed control of ceiling fan using TRIAC)
SAH(TRIAC ) dAUEA Jardl UeArdl o Fgaond T @lecodl Bol 309
AR (adjust) P GeATAT Hiexd fadiear faord Jamr JURo Iy 38, g Ufshar
3f-Ich JBH Uceh 0N TRUMTHL [GHNTeA BT Wehdl:

5.2.1 3TdYP Ycdh (Component Required)

1. CRI® (e.g., BT 136) TRIAC

2. S (3cl, Siel 3) DIAC(DB3)
3. UcREHR (Potentiometer)

4. HURIER (Capacitors)

5. UfeRIU® (Resistors)

6. S8dcX (Inductor)
.
8
9

. B AR (Fan motor)
. Q?ﬂ iR i (AC Power Source)
Y112 K13 [ IRy (ﬁ?fél?l?ﬂ 31for faafiamrumarat m (Optoisolator (optional for safety

and isolation)

5.2.2 Hridwd (Working Principle)

o THIH-3MYTRG AT FHE0mHRa Hayd d<d U ol 31Td deld (phase angle control)
B9, T® ST THTaR fSTR &al SIrdl df Uol SiTe SIS (adjust) e, GATal faaia
FHaicdl T THI0T AT el SIS e,

o o 3fTd HId (Phase Angle Control): T % a Aeld Tt AR figar eae =g
e ST, feTiaT uigean IR e W dghidal had U HIT Arsdl (Load) (G HIeR)
foa 9. Saer IR g5 faae! & 9w faelt o,

o foufer AsMEE (Triggering Mechanism): T @ TR HRUGRITET @& AT AR
gafere] Hal Srd). Uief_ysiiHier 3T HuRiexd JaIeH HUIe=dT Il da5a¥( charging
time) =0T 37 BeT STd TT Hd.

el FAYd TS SATUTRA Hh T dHeler dfored quie 3iTe:
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FaniLocad}
4
A
10
RESISTOR
AT
FION Rl gq—- ET135
o
el LA ~ TRIAC
DE3
£ CIAL
—— O AURMEDCY
CATACITOR
Ll

3Tl 5.3: TS (TRIAC)TTIS BT YT o (80T Ffdhe
5.2.3 Yfbed quiq (Description of the Circuit)
1. UeRIY® (10 K) Resistors: Udlg Taifed HRugrETSt 3T gfbeardt 99 ufeRiy (base
resistance) T HRUGMTST aTIRAT Sirall.
2. TrefI3{HIeR (Potentiometer): ARG UldBR(resistor) Faed UBATAT AT FHRAITOIT
(adjust) HITITH Hﬁ’q?ﬂ 3?[ Wﬁo_\ﬂ (phase angle) Wﬂiﬁﬁﬂ (adjust) Eﬁ?ﬁ
3. WCapaators FFH WWWWWWWW
FHRUGMTS! UiCfRISNHICRAG (Potentiometer) ®TY HRd. TN U6 IR@IA HRUARITS]
fOhee AT UgM &,
4. SUD (& 3) DIAC: PURIC Fleesl SHAT IH3ME Bleeoid UgHedHaR
N EIGEY EIBTETEﬂ Uy (pulse of sudden current)¥ald ¥ ¢clddh (TRIAC) ETR CRSIGRIEI
QT B,
5. TI® (Sl 136) (TRIAC): T Rafit fERey UM S HRd of U Hiexd! Jadt
fifa aa.
5.2.4 Jfbecd quiq (Operation of circuit)
1. URMYS SR (Initial State): SegT TH! AT Fleesl AN bl SITdl, degl HURIeR (C)
OrefT3fHiex(R) SHTIOT UfaRIe® (Resistor) GR ATS] HRUAN YRAT B,
2. B9 fddd (Phase Delay): STIGT SH3iigry Eleeoudd TS BI0ATTST HURIed
ANTUIRT 9 Wl @1 fadid (phase delay)ReifRd &a). 81 fade SR 3 @lefyantier) =
Ufd® R (resistance) Wﬂmﬂﬁlﬁ adjust) Hdl OIS Yahdl.
3. feufa (Triggering): el HURICR Bleesl SHAT H3NER Bleeogdd TeIaedHR,
SM® RIS TIedl U W& $Rd, d (TRIAC) ITe .
4. UIGR Hed (Power Control): TH! T ced] SARd BTGNS A% (TRIAC) IS I8,
SqTHes AT HieHYT UdTg Udifed gidl. Idehd A fSaen dddbr Sad(TRIAC) foR
5. gdd JHESH (Continuous Adjustment): gief_ysiiHiexr (Potentiometer) ﬂﬁ@ﬁlﬁ(adjust)
H&, ol fddd Tad Sgadl SIS, Jdhd!, U= avTaR Tgol a1 UaH &d.
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5.2.5 ﬁ%a (Conclusion):
HfeiT Heear a7 FRIAUITNTST S’ (TRIAC) ATORU! 81 Ueh UHTAT 31T SRied ggd 38, ©
IRRER, HUReR, S 3o g (resistor, capacitor, DIAC and TRIAC) IIRGHT Hciyd
ARG (adjust) PROAN THC dd. AfbehlBoiydd [SIMET de T Ridrdd=an
JUTITET foaR e, Teh [ayrITe URal av Fiae daR ohdl SiTs, il
5.2.6 HIfelT WeredT 9 fHaavma 1TFI'!?I% (Advantage of the speed control of ceiling fan):

. Sl praHar (Energy Efficiency):
1.1 HH did dlUX(Reduced Power Consumption): cld®(TRIAC) 3yt e el 3fTTd
aﬁﬁmq@mﬁaﬁaﬁ—cﬁmﬁmﬁﬂ (adjust) HATd, UMY UfeRIyD Rz
qad HTIP HRAEH ol aTIR gl of IWIAT WU HfARad Soil aatoid HRdld.
1.2 HH Iwrar FfHdi(Low Heat Generation): ST UM Soll 9T UTAGUTAl UieRIH®
TSR (resistant dimers )fAWRIA, TAH(TRIAC) FE® FHHI WM AT FRdd, SO
THUT 3ol SN GIAHR AR,
2. W 3ITfoT Had fAr=or (Smooth and Continuous Control):
2.1 e JfeoreHed! ﬁﬁﬂ guft (Wide Range of Speed Adjustment): T 3G} HH d I
Td geouul FHEId(adjust) B ST, ], ARG TR o Jfwor fawga
Ut TaT B,
22 I ¥U Wis AfESI(No Stepped Speed Settings): ks Tig Ifew™ sraciedn gifF®
A= fawid, TRB(TRIAC) faF® 3iftie e MR UaH o Fdd JHRISHN
(adjustygRaTTT aTd.
3. PIHae 3T fPBraasic (Compact and Cost-Effective):
3.1 SHH UTH (Fewer Components): TIH (TRIAC)SMHTRG FEAHNITST Hidhe e A 318
30T SR SaiaI-ep a7 fATA01 U= da-id o gedhidl STaRgdhal 3.
3.2 oA fhHAAT (Lower Cost): fegims—rar H&qon 1T W IUA Yehidl dTR I
(TRIAC) FMEF& T TG 3T SHTATSauiNTS! fhHRIdRiR d-dd.
4. fagyrargar snfor é’ﬁl‘f{{ﬂl (Reliability and Longevity):
41 DU gledd rJ-IT’T(IOW moment part) BIIECAREUECIEI S sadgTi\dv clgd
(TRIAC)TFAHHT TAUIR YT THATd, ST TR BI0AT! [edl HH! gld.
4.2 R®TS gedh(solid state): TRAD (TRIAC)STON Helferd gedh o--fRUdt IUBRY! 3T, ST
TG el SRS ST I fayTear s,
5. 3TATSl HHI HI0! (Noise Reduction):
5.1 e 3TaTST HH BV (Reduced Acoustic Noise): ST U TIRM & AT
BIUIRT fagyd S HHl e Yhdld, S Hlel diAd o7 HEFSH=AT Jod i ol
3{RE gid.
6. '\ﬁil'lﬁ'd {qR&T (Improved Safety):
6.1 3flcgclle TREUI( Overload Protection): TRIG(TRIAC) TSI Sficgrclle AREUMTS!
aRrecel THIY dhrelt O3, YehdTd, URaT SHTIRRI YR&T dTafdd.
6.2 HH IUTAT IATGA(Lower Heat Output): HH! IWMAT M sfaswrar s ds&fia
ST et et B gidl.
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7. drelq faa=rur §I§|ﬁ (Enhanced Control Features):

7.1 GHW YUITCgg TehIhRU(Integration with Modern Systems): g 3ruTiRd fdas Rdle
el 3T W g ReHug SMyfe FE=01 Hundiag Tgeuul UhHd B oiis, Y.
7.2 Customizable Control: Fa=u1 AfRrsed (S &1 37 FHRASHRT 30fh) Tfhe gewpimed I
AR ( adjustment) TR dhdll SIS KT,

5.3 @@ﬁﬁwwmwﬁ%@ﬁmﬁ (AC To AC Converter Using DC Link):
HB AT (Concept)

g Sl (MHdAe, S fiiddr aTR s T o T dragex IHId; @Rugd-wis [ds
Ta2 (wind turbine) ETATEUATTST TN Uig=a SMaRgm iz JBUR fRR S1ftT RidvHgs
(synchronized)T&t 3fi¥eye JHRA FRUAET HMIAd bal d. T JeHIAE Ua-
TalgagR( wind turbine) TR HTaiedT @RTTA Thed(frequency) THR ST F0TaR
O AT AR a1 SRitar FDrswrdl g f[Afga Thedie RR wiive Fuidka Hol
gAY 3Me. a1 Ufhdd 9 @71 <l qaIdy 3fed: MdehrR SR e oftr segoH

(inversion).
— -
.y _I‘_'_ e |
,\ -~

LS

1

X 2k
£ X % Ik
T 7 B i Beaenin W S |
_40’. ! | AL l
s e == B R ~_-:f"::»_l
S | 5
o ol = sk g
] ] ] B J = IL"
A A & s - W B B
I i< 2] -4

TPt 5.4: ST fefep ITI™ Tl o Wit FuiaRumd Hide
SR feipar IR e Tl @ Wt wuiaRur g Sfor ew
(Components and Stages of AC to AC Conversion Using DC Link):
1. Q?ﬂ d St Ydefthb e Wl (AC to DC Rectification Stage)
2. St fde (DC Link)
3. Sﬁﬁﬁwsﬁﬁﬁéﬁ (DC to AC Inversion Stage)
TPHT (Explanation)
5.3.1 W%WW@W (AC to DC Rectification Stage)
B%'QT (Purpose): % Tdq <dIgd(wind turbine) \ﬂd\QCQH%LE O%I“QQ@IG et 3oy %ﬁ'@ﬁ
glecsl T 3T3cYe S ¥ uidiRd .
Yced (Components)
o AFCHRR (Rectifier): A TH-S (three phase)ssl Yfde®mRR dTWRal STdl. 8
NIEpIP| Wﬂ]’o"){ (uncontrolled repair) SHIS (diode)W frafa WWBDI (controlled
repair) YTIRER / STISISICIURIA (Thyristor/IGBT) SHdd SRS, Kb,
o flheex (Filter): “{IW&H St smooth OINUQI\LIIOGI, c16{nl (waves) flhee RIS HURTeR
30T ST aTuR T oIl
gfhed auiq Operation:
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o FCHIR THIA Wi (pulsating DC) S IRITHE FUIdNd PR,

o Theex Wigd ST (pulsating DC) 3% R ST FleesHE smooth B,

5.3.2 S9! fi® (DC Link)

I (Purpose) & ST Gleedl fRR SR A0 Sl W30 USH .

Ygced Components:

o HURIR (Capacitor): ol grefaugrErdt T SRt ®lieewl RR FHRug@dt 7id
SAaCIdEfcdh HURTER IR

o T (Inductor): A& (current waves) ATOT BTHIERT HH! RO,

gfdhed quiv (Operation):

e TUd TREZA 3M3cYcHY Fe-3dR 3As!, SNt fof fRR St (stable DC) Fleed
BIGCIRECH

e 7 il g (energy buffer) UL B B,

5.3.2 ST d E'\'-ﬁ Eﬁ'ﬁ? o (DC to AC Inversion Stage)

I (Purpose) & FRIR Shfiar s wa=Awd! g fAfda aRarRar (appropriate fix
frequency) 3for aﬁmwﬁsﬁmmﬁamﬁ

Ycd Components:

o S-gcX (Inverter): JHAG: MASEICI(IGBT) fhaT MOSFET aTq®+ dH-Thd 3gcR.

o fheex (Filter): TR 3ATFCYeHYT IH-aGRARGI (High frequency) RafiT g
PHTgd CTHUINTAT 3HT3cYc ftheex (SR MO HURTeR) aTuRdra.

o f9FF (Controller): @R TR o FRUgMEST YT esus RivHsaeH
T HRUTMTST Uh =07 Jomett 3.

guiq (Operation):

o TR SN fimaer SIAT Ig1 THHe JUidRd S,

o 3M3cYc T ARFNIEST (sinusoidal) IEHIH TIR HRUINTS! flheex del Sild.

o = YUl GRfET FRd B TEeR 3M¥cye dRARdl(frequency), Bl (phase) 30T
glecord dedid Rreel R &d Td 3.

5.4 Qﬂm (HVDCQC) Wé? XA (HVDC Converter Station)

81 Rlecol SRAE HRC (HVDC) Hrger TxH o U [ar JfaeT 3g ot faggavarg (AC)
T 30T STAae Hee (DC) ST fdhal AI3TE (viceversa) U HRUGTST ATORE ST,
TGS (HVDC) TERITHRT TR el URWUIMd(transmission) Td SfaRTARId aiol BrI&HdA
SR BHRUITA!, SRIP Y UraR Fexh (asynchronous power grid) EIEIEIEEINES

qRIST FRR HRUGMTST el il

AC Bus

i Transformer Convertor

i

AC Fllter Control System

TPl 5.5: TAG TSN (HVDC) Hroger e sl 3fapal!
TGS CrIeRH RIeHd T Uch H-ger WrH 3Rd o) T d SR RfdehrR
W) ST SR d T (36eR W) A FUIARUN dhal oI, Uise ¢ Ulee TR

4 ening L
Reactor |

DC Fllter
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A Broge W HITRIHT SR, AGCHRR SO Srger WRFD YT AT Hge
fARI=MgR Ide Felt 91, hd (AR ufar Negdd 813 Wahd) .
5.4.1 Qﬂ@@ﬁ'\‘ﬁ W‘c"\’ WY HWJ Ycdh (Key Components of an HVDC Converter

Station)

1 W‘c‘? @Rqﬁﬁ (Converter Transformer)
FHrgeX CFAPBIIRAL] T SIS BI-BTRYM SRdrd-
() o W, Qi aiRfeT, three phase, two winding
(ii) Ra e, I arsfET 3Tfor single phase, three winding and
(i) BUNR S Eﬁ?ﬁ]ﬁ%ﬂsmgle phase, two winding
Fleg TZS dRfST de® ARSI (neutral grounded) THIGR SISAd 3MTgd. SFABIHRT!
TTesat ufdfdar (leakage reactance) ﬁUﬁCﬂEﬁ W qrégfdhe Udlg affed HRuaTSt
s Sd. Fgcx TIBIAR ST @lecsl dTuT HTTOT §HIHS UaTgiges aledd Tal (eddy)
PC D g HRUMNIS! [SHTST dhald 3MTad.

. fpeex Filters: 9 YR fheer aruRe STaTd & 3imgd:
o T flheeR AC Filters: TH §THIT UdTeIATS!T ST UfAETT (low impedance), ¥ie AT (shunt
paths) TG HRUGNITS! dTIRA SR § WRAG (passive) Tiche 3MTgd. ST (tune) 30T 3d
fhreex alg! ftheer aToRdT ST,
o S fiheex DC Filters: 8 T fheexaR@d 3fgd 3101 S M thee RIS
CICESASIGIGH
o 3 JRART (RTH / YiTard) feex( High Frequency (RF/PLC)) Filters: HIUrATg! I
JRARIAT (high frequency) TATEHT GSUTIRNITS! § Hragex CUhIAR 30T T-F T a9
X Wiedd Fard. Heiwedt SR fheex 3l S A8 G SSaedl 8- ieeo]
ST SHaR ATf0T de dTS[eTedd (neutral side) 3 ftheex fadl STdTd.
2. ufafspar=iia et Wi (Reactive power source) :
Hroge] XXM UAfhaTRid (reactive power) 3ol JRAGUTE! TALAHAT 3T STt Hfehd UIaR
AIfSTeR el 3Rd. URq UfAfharRie (reactive power) faSi=al TRSIET HIgl URT T
fheeRgR Rfdem Sral. arAfalRed, e HURER  (shunt capacitor), RipHE de=R
(synchronous condenser) iy fRRR @_csﬁﬁ&lﬂ (static VAR) UGt '{%‘d o= TR
e aToRedT ST,
3. Fﬁﬁﬂﬁm (Smoothing Reactor):
8 RRR 3{13TYe U HRUARIST Sl Arg—Hed glecs 301 FargTdid de3dR HH! o,
Sl gaTg YIBId HIUATHIS! S0 TREUMHIST St Yrgsay YRR Hidl AiferesT Rafaey
qIoRel ST, Refaer (Reactor) T Y& (linear) R3faer TUH ST ddt Tielt 3T 101
EL e oTo[cfl, dS®] dIv[cll (neutral side) fdhar eadf f3proft (intermediate location) SISt
3178,
Sl RaafaR (Switchgear): 8 @8 SN YdGHE T (interrupt) 3MOTUATTST dTORA
SR JUTRd TH SUHRUT 3MTg. I¢8 IS (rated load ) UATETd TTT SMUUIMNTST TR
YT ST siahx fobal Aciord Re orawr 9 (THIRETS!) MRTB TRd SITdTd. St
Reafier aafaRad, Tt Raafier safor TRefor sfor AomONTS! Wefd Suaul q&id
Hrgex WA YT 3MTed. TaRIS T drogex TR YD diel Jumenae Agwaqul YiHewT
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SoTadTd, HiedT SiaRTeaR HTIET SATTOT ﬁ%lalé dIST ORWUT (power transmission) T&H BT
30T 31fs MY ol (sustainable energy sources) TWAIAIdGS SIRTAe THHU (global
transition) {eTH hdId.

5.4.2 Qﬂ%ﬂ@'\‘ﬁﬁﬁ T SYGRT (Application of HYDC Converter Station)
TIRISN (B ®leed SMNGE HC) HrageX W MYFd Uik Reerwdd fafay
Hew@yul IUTNT (application) 3Tad. B YA TdcalSl ARG BrigHd, M=o sftr
AT BraeEn wrigl ddrd, foRivd: did geedr=ar Il I-&@d=al diel URYUMETA]
(power transmission). Y FIe! Uqd JYTRT (application) 3TRd.

1. W9 YodredT 9l qIeyur Long-Distance Power Transmission

o TORISIET (HVDC) IR HTHRIR a8 wrHeyd A=k frene 4 waiikd HrRugrmé
T ST,

2. ¥ Soit AT Remote Power Generation

. T R Jddggd, IR fhar uad o Ubedmyd e AT S wrma i
EIECGH

3. SeX@ATaeT IS Interconnecting Grids

RPN s FARM Asynchronous Grid Connections

o TORISNI (HVDC) gd (links) aa7Te The-diaR fdhar RipHgss cwifRem wrikd
AT UlaR R Hde B Kehdld.

: AU (Exercise):

[1] Gfdhe SAUEAT Hed ¢ (TRIAC) AU HIeId of FE=01 JHSIGH I,

[2] TSl BeleR (charge controller) TEUTST ®Td? AT ST THSITGT HHTI.
[3] TS dheleRd UHR B 3MEa?.

[4] BIAI&Ieed (U] TUITEHEd aTS] dhelaRd sl g Plal.

[5] TA@ISNIT Hgex (HVDC Controller) R STAUMNE THOIGT AL
e uTeuqza® (REFERENCE BOOKS):

[1] Power Electronics Devices, Circuit and applications (Author: Muhammad H.Rashid)
[2] Power Electronics :(M.D Singh, K.B Khanchandani)

[3] Power Electronics (P.S.Bhimbhra)

HTEd! HhaRID (REFERENCE LINKYS)

[1] https://www.cet.edu.in/noticefiles/229_HVDC_NOTE.pdf
[2]https://www.researchgate.net/figure/Detailed-view-of-offshore-wind-power-transmission-
schematics-with-VSC-based-HVDC_fig4 340651888

[3]http://en.wikipedia
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