g (Power)

zawivEA (Electrician) - sawgiins s

v 4.1.167 @ wwfaa e

R SWEY HJiY dute-¥ stenmtw (CRO) (Function generator and cathode ray

oscilloscope (CRO))

S 1 3 UG F o § o1 fwAfortad w1 #A A e

o GFE AT AT W AT & SUANT T (R=ro7 &7 qui HIAT

« CRO T ®TA9oTe IRTF ATET F T IO HIAT
« CRO # faf¥rer 7o e & #1d J=te= &t qar=
« gAFEIWE TRIY § CRO T ITANT FaTaT |

gf¥== (Introduction) : FT SRAEY TH TAT STHI & ST
firer - formr smgfr e s W= S &t e Premar 9
HATITYE T&TH F Gl € | g Afwan frew & frew s
20V AT & | UF S e Thaael Aiegd e dheare ATrear
TAFSTT 3 THITAT T ITerHET & forg s &6 siar
2l

HHIH LA HT 4 g iel A =7 giaemd (Panel controls

and features of function generator)

(Fig 1) ¥ e S¥Rex & |19+ &7 Hgied 99T ¢ |

Fig 1
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1 qtae J=-3m® f@= (Power ON-OFF switch): s
YT &l ATT-ATH HLA % [T T g7 1 T9IT ST 2|
dT Fe & forw IET g2 &t Y & gamr ST 2|

2 ¥ Fawex (Range selectors): ¥I9 @w#e¥ go® 10 K
oY TTY 7 &t €, shseye et @a & 3=
AT TS I I TH G & TOE G 3 S 2
IaTeYw & forw afd 2 9v & A9 eseye et 20 KHz &R m |

3 % A+ (Function selectors): T e ATEr T
ATITYIE TAHTH T FIT FIA © | @ETAR A5 a1 =) |

4 ¥=EgE A% (Output jack): wem ferer & g =a+
T AR 9 S I IqAH BN 2 |

5 VCOZAYe A% (VCO input jack): T& aTest 3ge aieest
ST sSede T w1 afkafda #ear &, ey # aftadw
gYe dieet & ATAGATAT T |

6 TTLS® (TTL JACK): u& TTL (gifsrex, gifowex @tfors)
T ST ATHH ITAH ST & T ATIeYE AT & &A=

gtar 2|
48

7 wEeege fEEw (Amplitude control): a8 sTSede
e & uereltege # e #=ar 21

8 stwde ferr=T (Offset control): o STTSeYe & ST SATHiT
& frefaa #xar 2|

9 wrzw freaet @ (Fine frequency dial): 3 %+ &
TSeye fhaiet 36 STore & e % Y a9 i I % [orher
& grer e omar 21

TATAR ATFFRT (Operating information): e SFRET &
240V, AC &1 §TE & 9fa¥ 4F Sl & 9 qia f&e gaman
ST & Us LED e1for & 21

ST TS {heradl o o7 f&r™ &t ST AT BIE [heradl S/
& A< HLH 9T AT STrar 2|

=afaa T sSeye e & uEdieds, TRddieds
AT F FT GHEAITA (a1 STar 8 | 9efid geetieds # a7 &
0-20V frew a% aRad" &9a € | TTL TSeye T egs Hgia
FRT JIfad A2 etar |

Aifeat freat (AF) S=ReX (Audio Frequency (AF)
Generator) (Fig 2): stifeat fhaaet svex 20 Hz & 20 kHZ
% % TTe 99 e I F2d 2 | A9y TR & AF SRdex
100 KHZ @ |13 39 Ieq+ ¥ & | 38 AT Saras 39 Iaa=
FA AT glagr ff e 2|

Fig 2

K

FREQUENCY
DIAL

AMPLITUDE
/ CONTROL

RANGE
SWITCH \

ELN4116712

AUDIO FREQUENCY GENERATOR




3H e H UF TRAAT T eds Hgid arar & | 5t e
gweiiedE # 10 my & 20V @F a8adT @ | 30 S¥ex & AeS 8
e, S, e wmeiwEy onfe & SAffear wmeieay
O A AT B AT |

3 et ¥ fegm =t e fpaaelt I fow &1 79w #ar ©
1etr 7E R I St ST F1 ST FeF qmer T8 I
# foperae g A ST w2

FUtT ¥ AtR=@Ri (CRO) (Cathode ray oscilloscope
(CRO))

af¥== (Introduction): ST T gelagTi=e AT9F 47 €
ST R 9 o T 3Ye 99 w1 g9 T wear 2 | e
THE TATIST =@ F4te ¥ =@ (CRT) 3 WA Feam &, 3T
THTE BHIA T AT AT Fq6TH TS 37T 2T & | UF gorar a1
= & g AT 9X A foa e sar @ i =i (sweep) FAT

TF AT § qrad: i 9 g &

— Tz (Attenuator)

—  uefieft®EE (amplifiers)

— ®T-g¥ S¥eY (saw-tooth generator)

— 7T TEHAEEE IT SS-UHRER (gate amplifiers or Z-

amplifier)
— gn (Trigger)
— & 9 & (¥4t ¥ =79) (CRT (cathode ray tube))
— 9Tax g (power supply)
Fig 3 & U @¥a #4le ¥ AtfaeneniT &1 s o gafiiq €,

FERIEY (Attenuator) : TRATERR F T a¥ 39qe e &t
faar o & Tt 5@ St afkmror & fawae 7 sigmgee (aftor) fear
ST AT | TR afha AR BT 3l THeHET &

¢ o s7ge e #1 weeie are gtar 2| Rt ST ST 2
Fig 3
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wa=® (Amplifier) : AT & afdwer ¥ eTRo=<d & Y-
W ¥ AR FA & G8el THelIhE H¥d €| erisied
THATHET e & X-=ie & Siied & T8 THehE H3d € |

AT-TT e (Saw-tooth generator): T +ff &R &
AT et ' Y-3Ye < & ST 1T & a9 I8 Shiv 9% faars

AT 8 | X-=ie 9% et 387 TR AT ARy fof Shia 92 9ra s
Y-t % FHIA ST AT | : TF A1-2 frieer X-<e & stea
T STTETIHAT (AT & AT {5 B I a7 97 (1 Afchel e & IS
e it ave o= @ | A1-go [eaer &t rgH a9 faee et Srar
& AT T8 AT-gF AT & I 2T & | ar-go R ¥ ety

qraY : TARINEA - (NSQF ¥ 5) - 31w 4.1.167 & gt e 49



Fig4 ® wafiia & | erew aw fomeer g, Rgw oix giee atfw fifvae
T foeray aar 21

Fig 4

RETRACE

/\ T
TRACE HOLD OFF

I
OUTPUT OF SAW TOOTH GENERATOR

T TRAeEY a1 Z-TFeerR (Gate amplifier or Z-
amplifier): 7= s+ & & CRT & &9 9 W& & arer
AT AMAR @i 9% 3 | 3o forg setae i &1 =1ty &
ae W 3 FEeeel & et o TRere &9 T a@TE 781 g =nfeu |
Za forT U e Tefiw R & AT ekl Eidl & S ST a1
#1 28 F0 A P w2ar & & Faa 2g fifvee & & o Rerg
gar el

T THRAREY T Uk ST a9 &l I 8iaT & Y g a5
3w frer & 927 &t €| Fig 5 7 78 fafde 21
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Fig 5
Ux RETRACE
| =
TRACE HOLD OFF

Uz
1 T w
~
0 €
OUTPUT OF GATE AMPLIFIER 2
w

IR (e TReiwER aeeye) (Trigger (Gate amplifier
output)): St& & Tt Ieera {3 12T & 36 A7TaT ST AT e
a9 B Y-ZAIE § ST AT & Al @i I {3@ar 2 | 569 a9 ®
& BT T¥ fR g & forg 7w smawaesa € & e v R
F TR 63 Y & 399e e & gafaa qur Faa g et a=
fwATESIoe & AW & S AT & | & 9 S Hweesee w3a
g, g 2l

Y argw a9 F i & forg gom a1 wew e F g9
TEA 9 F SN T4 UF Af-gF 99 T (6T S1av 2 |

g ATfHeneriT & &9 gre &7 fearfar fFar smar 21

sty faiar (Internal triggering) : fraer ot f fgare &t
faar straT & CRO & Seat stia R et gtar & forg afdawa sagqe
oot & ara R &7 ITART ek g A S @1 e
& wisrarstt &1 %7 Fig 6 # vafiia &1

aver fgnlaT (External triggering) : fommer st fo e =6t 3w
ST & arer foet 2taT € 7% e arest e 1 ST w5
S T ST 21

Fig6
‘ | ! VERTICAL
INPUT SIGNAL
| [ [ |
N [k [ A \ ! TRIGGER
| | | | ‘ PULSES
i N\ | e TIME BASE
H e | I+ -
1 ‘ { 1 | | ‘ t
0 Uz
\ \ | N
NANWAN A TANVAN A AN A ! maceon €
SCREEN 3
IRAVARV/ \VARV/ \VARV/ 3

arzw ffdan (Line triggering) : faeeer st f foome &t 3w
SITaT & CRO & qfa¥ @@s & 9T fmwer gtar €| (3w o
# yefia At @)

FIT &7 1 T FEA & (oI ATTIFATTAT (&= T8 o6 ST1et
g1 CRO # 3t #wr ft 5= f&ar S @ehar & arf &g 7
I ATAT FAS @ R |

CRO (¥tT ¥ =@) (The Cathode ray tube): &¥=aTE®
giaarst # g8 qreaiw & arg Ay @ 2|

gtae g (Power supply): e ateest 3= ateest e w1
& ST TATE HT ATTRIHAT ATAATRIT F forg gl 8 IFRTFER,
fhee¥ o e die ataw awrs ot gry I &y ST 2|

CRO # foE=ror 3T ==t ®rfwronterat (Controls and their
functions in a CRO): ATAT ATHERT & JaTa fAa=rs
St g der aX gt € | Fig 7 % i & | e & ame sitey
Frt et = g F & 0 2

Fig 7

@  SOLID STATE OSCILLOSCOPE

(© O

TYPEDC 15

(8
© o
(19
%Ncﬁ Trigg level
oy l INT — NORI
N\ N . . . | '@
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0.1, 5 -
-5 Q-1 Msle
R (€))
T hicAL

10°50°  HoR.
EXT SYNCH INPUT
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T (General)

TER-A (Power-on) (1) : 8 TF 0T il &, ST 9feh H
A F & forg ot & | ote fafa &, s & wifve smofe
T AT & AT A Fo Ferar € |

e (Intensity) (2) : 78 38 & T H I & AAFAH qF
fFefa wear & |

Ig ¢80 FY ATeTvrar (Sharpness) &t e #xar e | &a &t diear
T FEA &% TIATT 9 (A % I HIATAT D SATG9IHAT 8
T |

X -smads (X-Magnification) (5) : & GWI-3ATHT &1 T TS
18 5 AT dF AT Jgal &, T GHI-ATIE H AFHdq
40 ns/cm d@% a&Tar & |

T a4 (Square wave) (6): I€ FTamaslt & Y-STgames
T AT FA & T FreAgell & ITATSHRAT 1 2V (p-p) F ATAH
FT FATHIT AT IJTAH FXAT ¢ |

AT I a4 (Saw - tooth wave) (7) : T€ 5V(p-p) & frfa
& AT TG Foil & FAATAT, M-S AQ-9 (i Iqere
FEAT & | WX % Sfare &7 10k &7 & &7 q&7 1 arfed |

It ¥ (Vertical Section)
Y (10) : e fAd=ror, y-31e1 & a1 Ig9ia &t Tfd F 4T 2|

Y (13) : @& AC-DC-GND &aferiT gt (14) % &TRT AT
sads & fasf fawaer #t e 2|

AC-DC-GND #uafert &sit (Coupling switch) (14): =&
AT yaeds F DC #iS § A & 997 FIAT &, I8 e
& st & @9 gfa #war &, AC #ie ¥ a® fma &t
O.1MF,400—VW%MW%‘W$T§&HHWT%|
GND ferfyr &, sfvordt (12) &t Y-, sefa g &,
s & Y-fash fefie war 21

Volt/ cm (sfrortY) (Attenuator) (12): a= 10-ferfa & us
&Y i | g8 IAfHR yadw & gufear & 50m Viem
& 50 Vicm a@& 1, 2,5, 10 ® g&" § GEEST F¥dr 2|
&ty & FATdaT +3% 2|

x1 0.1 Fft (Switch)(9)

@ x 0.1 ar fafa & gt o G sar € at, aw qw
gatfear & 5 m V/iem & 50 m V/ecm a& afda &t & |

CAL F=ft (Switch) (8) : st& gamm &I at, x1-x0.1 f&r (9)
Fr ferfy ax fasie #3a g, 9% Iate” yadq &1, wd 15 mV
a1 150 mV &1 DC &1 fomer (&eher) f3am smar &1

DC e (DC bal) (11) : a8 %9a X U& 98 # &< fFar garw
faeiaror 21| st F1% o x1 —x0.1 3=t (9) =4t &, ar AC-DC-
GND Fw= it (14) Ft aRkafda e o, a@ a8 & #t i
T # & forg gwmEifeE & star 21

X-Rerfar (Position) (21): 3& fE=or & F1=T S89i7 &t X - 3787
% AT TATHT ST Ghell & |

fw @@= (Trigger level) (18): 7= f2firT #27 & #ie &t 799
Far &1 AUTO faafa &, faeft fommer &t srgaferdt &, a9=-
AT @7 ST it @1 S fAasht fmaer sufea e at,
weoia (fReret) wefora fom &t star &1 e &1 faware,
foe fag &t 8 &7 & T99 FA & A q9aT 2|

qRI-3aR (Time base) (19) : I8 %Y et ga¥ Tfd &7,
50 ms/cm & 0.2Ms/cm @& 11 &t & w99 &<l €| EXT
sifra ferfa &1 SwaiT a9 gtar & o1&, gfas fFEsh &t ard
foreer faam star 21

af¥=e (Vernier) (22): @e fae=or, awa-smeanRa sad-aow®
Foft (19) & Twafea garw awre €| a8 yod & WE &1 5 &
TS & JEraT &1 SEd Afaa # sIEefia w¥= & forg 5@
CAL ferfa ox ot &7 & sferomad gomr =il |

gAFER 739 (Sync selector) (15,16,17) : INT/EXT it
(15), sttafR= =t amedt fov e &1 =99 #2dr 8| aaTs
a1 TS Foit (16), T8 T3 Fct & & @ foow famr s
FTAT ACT-¥, €T AT FHOTHE 98 I 341 S & | NORM/
TV it (17), amam= ar TV (3@T A1) %9 § Sgafa aar 2 |

R (Stab) (20) : 7% 99« ¥ UF 7 § de v ger feE
2| &, gaferd auEitsa & sr =ifed foea &, emaesr
o Saer fe=or (18) &t AUTO feafar & 1 stmerme 3 wme
g g% | for dga o= & G oft o frfa &) smoeet
AT ¥@T 9T LT &7 =Ry |

Ext %7 (Ext cap) (23) : G & J€ I, T TR TT
HTRE H Sied g FHT ST 909 &1 50ms/cm & St
% o 3 & F a=7ar 2|

gfest fasht (Hor input) (24) : = aedY fwaa &t afta
saef® & Stiedr |

FE gEw® (Ext sync) (25) : T8 g & forg aredt
foraer &t fo aftaer & gy Sedar g1

CRO #1 st (APPLICATION OF CRO)

AC diwar &1 A™ (AC voltage measurement): &Ite
faor Faeeft & 98 9 @dniiex fave & wfda e ger
ATATA:, UF ©TESH FT SATATH FTATRALT arar & | frefr oft
AT &7 H dgad JAEW (Amplitude), sid & fid (frew &
fre) atieear &1 gurtar 2|

S AC ateedr &1 AT & fog ger amgfa AC &t faeme
TABTHT & T T HY AT ATRY a97 &ffvrwer & 50V/
fedist o @< faar strat 81 AC-DC it #t AC ferfa (s1mse)
q¥ #e fFar Sar @1 AT S ATt ateedr # Al (37Ie)
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AT IWAA= (common) THA & ST AT & | THA-ATET
Foft &1 AT €T & TAF qFH (%) F LT F37 & ford de
F|V/ 90T F A Gaems S99 aT-wT T w1
& forr mamaifoe % e & aaTers qom e iy, 19 %
sfeY famtg 3|

I3 9T dicedT & ovaad A (ofrd & ofid e Y d@w=m) @
ATY | 319 99 & Y qleedT & A & TG F39 & (o FATH
# dtee | fawrow afér & o # |

IITER : Fig 8 H UM T JYAR 6.4 e fa=ew qun
qee | e i afdw 5 atwe w= 7=

Fig 8

Fa\ A AT FaX ya\

AL AL A (AL
ANANE N

6.4 DIV

L
VIRRAVIEE \VIERLVINNLY:

ELN4116718

it & 3T Seear = 6.4x5=32V
T I Fieedr = 16 V
ad: RMS aieear = 16 x 0.707 = 11.31V

it & sfid ateedr

7 RMS dieear
2.83

B VPP B 32
2X\/§ 2X\/§

DC atwar & @9 (DC voltage measurement): fRasft
TATE gt &1 DC férfa ox @ &Y | 98 F &% T g8 9
A % forg Y-feenfua fafa & aaeifoa & | ag @& g
DC alee # Yefid #xdt &1 ATt 9 arelt DC ateear &
T it (Aaeit @it T oS # I9afae (common)
e & e | o fasr T&Er SO & = I (e gaar
F fog i) atee | fasmei gt & smavasar AT 8¢ F1 |
o g "W @1 & Ao # d@ad g A AT | dEad gl
(farstrsr) & atee | faweter &fér & ot &% DC ateedr &t
ST 3T ST AT &

Fig 9 & @ § U& IITeL0 &l fahar o 2|

AT & vead faew 2.6 v aur aie | fawee & afér
20 Ftee 2|

DC ateear = 2.6 x 20 = 52V.

=11.31v

|/ a7 Agiw &1 AT (Measurement of time and fre-
quency): I S arel a7 w9 F V Faft & S| e |
9o it & a9 ©7 & I6a o AW H T8 WA &
forw @ #X| AT T AT AGT T § AT 3T qEHA B

52 qmEvY : TAFRIEE - (NSQF W 5) -

Fig 9
DC VOLTAGE MEASUREMENT

\\

ZERO
REFERENCE
LINE

T T g T T

\ 2.6 Div
LI HH::HH NN NN
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TEE Fe & ford g/ fawree gt &t de O St 2| 8|
F TAW % oy Y-faemw few & awmEita w1, g &
e # fog afasr &= W@r o 8t A A 6y & e #it
girarss da% @1 9 g™ & forg X-faermam &t e
STaT 2

UF ATEAA (TF) F fagen F i & g () #F Fig 10 /
I T SAFATE AT AT 2|

TF AR & [AHeE qur qwa/ A e ar afer &
USRS, UF W @l sadee (Period) FEd &

smgfr &t o g7 & a5t a@sar €1 (Fig 10)

Fig 10
PERIOD AND FREQENCY MEASUREMENT

5DIvV

1 o A

T T T T ORI T [T T

ELN411671A

TIME / DIV

Set gy, gest § AT a9, 9% 7 2|

3719 (Example):

auqT = favme x JH e a@fer

5x02ms = 1ms

1 1

L. — 1000Hz
e S = T 40

1kHz

smmgfe

T 4.1.167 & gwiaa Reata



qrae (Power)

gaRiEA (Electrician) - sawgitae s

v 4.1.168 3 wwifaa R

e afde siga (PCB) (Printed circuit boards (PCB))

TR [ T TS & A ¥ A1 faforfE w FwA Aver e

+ gft & forT T TEw w1 TR Ud ER # TR U9 vew faferm daw w e ud aarn
 TRAT Fa 7T e fomw wit Sfoa FA T FRE B g4

+ PCBs W {7 #3a awa wewaqet fagstt &t gt a@mn

+ PCBs W sta=at (T=it ) #t fufe fafdm w27 & o & |t ammm)

gf¥== (Introduction)

e affe ot fomd ats & FAfFeT ar<d & qrd & TF qefelt
AT G a8 faT Srar & o geies a1 # UF avs g
AT BT €| $geeY a1 W FifeF JUT AT HEAY W AT
TATRIT T ST BldT | gTaT AT =Tes aay 58 & 3% &
I H FAET SATAT & IJTHT TR TRIT % qa¥ ¥ % Fear
gl 2% #F AigE 39 el & 39w fefnfier ot ooy =
fsfT &t 2|

T et ¢ St % o (et & w7 &r 9ier &Y o ¢ el @
el ¢ ATSHT e AT ATgH HgieY gidhe a9 T AT € 9.t
Sh BT & | frefiet aa & % fafeat & & i aviw G
T

uf=T (Etching)

T Y FTIY & Tl I % SATG99%F 9T Hl H1IL ATZE & A0S
FX GATT AT € ST T8 H ATHAIA & STAHES AT A (eI
STRT % 9 T [ & B1dT & | T& IHAT THRT & =7 F SA1ET7
ST 2|

FIY &1 O & AT A & TRT & 19 & AT FT =
AT ATy WIT TR Horei & forg stmawra sty ST #ear
gl

ofsr o & & feft o a1 s S e S g,
—  Uehared s\iaT (Alkaline ammonia)

—  HEHRF erggie TerEe (Sulpuric-hydrogen peroxide)
— %% Freree (Ferric chloride)

— Ff4% FrEs (Cupric chloride)

AT FIA ATeAT ST HBTAAT AT & Agerer U | qag
fere I &, T8 I i Feli¥gs & [erde T STahT w3
o STTaT @ | SR FenivTEe 89, Trae AiX fhed w9 § Suaer
gar &1

ST TfET fere da #Yd & a9 Jig B Fige TEel [fFa
TIAT AT (27 °F ) & & foarae #9193 8 1=t ave feamn
star €1 7 ag (dilute) Tfrs (FeCl,) e dame #ar 2|

R FAREE A T FT AGATT T & 3¢ H et wwar
2 | 3aTEwr & forg 100mg i SR FAiIEe Taev/ad Th ey
Tt % forg SR fober srar €| 7% Fecl, @iffee® % Stoa amesr
¥ ¢ o % dis afime e o fer smar & g awe &
@ 9 # A faEr Sar €| s % Fig 1 ® wefia 21

Fig1
PAINTED PATTERN
FACING UPSIDE

Fecls
SOLUTION

ELN4116811

4% ®R® F@Es uF acidic fafeomm 2, sienfs ag ag sar &
foT off @= & fore gFaTeTEs € safoy 3w faeee 7 w1 Fed
AT @ TR IJTANT AT A1y |

dds wfide ST o= f3Far ST @) SH% STa9as ST &1 &F
aeE T Fecl, faea # sremr =nfen | &rer £ Fig 1 & w=fia
3 srga dfime #1 9ds ade I N qLE ST ARy dTfw
ufsr sk it s ofser # e e 1

T AT UF dstt & Ui & forg use faeram &t e aur Fig 2
# yeffid sge ¢ & gae safra (Grmfier) s @
farerar Y ag sifer ST F3 & a9 AR it gae i
o & g% % sifow R S @wa € o o wmt & ofew
T AT ST @ At ot g '

S AT § ST &teT & SiaTe W § Hi¥ -4 gedr sar
& ST QAT qUT &7 1A € SI=Te WHM & qR7 I Aged & St
& Y uferr o @ s & o afede 91 & dgeeY # W
FT & ST 2|

TF X HIT & ATATE AW 9a I A< TRt 8 rav & af are
= & ame fAwrer T SIaT € X 5§ | a & gie]

a< gu Fecl, faeem i ger fear srar 2 | 7 ot et s &
ofsr ke &t g & T 2 |

53



Fig 2

ELN4116812

T & F1E H qTF FIA & a8 ATHT OF Tfaerdt 3%/9¢ ot &
A-IATIC et H Bt & IH ATcde oid o 92 a1 9gier 1 STahT
FH BT AT & aF a7 (% T 9 I¢ THHIE HIT Tt
A %% AT €| TfF Fig 3 § 391ie A Faer A1avasal &
gefafa #ed €|

Fig 3

@0
ELN4116813

PCBs w* f&g s=m (Drilling holes on PCBs)

TfeT ST AT AT 9 B F ATg I B A & oI e,

APEYE ARV T TS Fooare 1fe % forg smawers =ma

#T &% 9 I T9MT | SWTET 2T &dT € | €1 Fed a0y A F

ATTYTAT TEAT TSAT & T ST e THT SAATTYTHT & HIIL

F AAE! &7 IES qFaT ¢ | fEEr ) g a e & forw 39 s

e faw T €

— fferr arw #2 & qf =fe o fig o fger feer st € o
e & At 3w fig 7 O 9= #3497 Ak arfE 3« foe S
34t 9= R T fig e 33|

— = wfie fya/meie ST # |

—  ATIF ATHY & T e &7 I ¥ afe I o &t
o1 fire Iuereyr 7 &1 Y U ATE Sie AT F1 {3 fae s
F AfRT Fr oft a2 s &7 g foe SwemT 7 w1

— Tt T AHST & A & AT ATZH I A= ALE e &Y,
arfe fgfenT 3w ae ufear & #1aw e & e el der
kal

54 qrEv : ZTARIE - (NSQF @R 5) -

— giafeaa w3 & o+t smaves fog 5o frar s 997 © =it
TF T TS H1 A AT Srar & AR g fGiewr & dow &
FTOT A T AT Hl JHAT ST 2 |

feoat 1 3o & arg et it ars F arfs ga J @t

& I &1 A | FA-3MSe Feed I aTfeer o qrfes Hae & et

F FLST & FAAT AT TF |

AT [TAT T A-STSE AR F1 A2 Frfea w0 (Preparing

and marking component lay out)

Tt & 9=t % ferfa &1 faeiEa &9 % ger av 2|
(Fig4)

ot G =5
+1 0 J— —
R I DC OUTPUT
- e
AC INPUT 5
4. Ds
D3 i Cq —— — +
—— oR Dg DC INPUT
cal- cp T2 —— — -
-

b o ——:
DC OUTPUT

COMPONENT SIDE LAYOUT
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Frefiell & oot o7 e geit & fRafa &1 frefe & & o ger
T 7,

— A ST B T A I o St €, e gt w6 e
% foru |87 @ gie &1 STeYd 9T 8 Sar 2 |

— TS I A AW AT It % gaar (polarity) # ferfeaa faram
ST q%AT &, dTle atE da F3d G gadr a qurd &=
ST A |

gott 1 freeisa &t A Gfwen & forg ar av =t &1 et sa%
HS T & AT AT haol U & A4 W &g Jav = G

ST & S % Fig 4 7 wefia 21
Tt T FFZT FIA A PCB AT FXA THT TH el TSl AGATT
STERT & forg g w3 =Rl
o we Fra=or
gt R1 1K Ohms,1W, 5%
R2,R3 680 Ohms,1/4W,10%
FufieT C1 1000uF, 50V,
axial 0.01uF,
C2toC7 100V, ceramic disc
TAE D1,D2, 1N4007
D3,D4

FH q@AT A I 1ol TRAT & oI ST@7T & Tt 60 gAT a0 aF
wre i afde a1 ax @tg 7ot &1 7 fafEaa &2 & sar
g, st f% Fig 5 % femmar @ 21

I 4.1.168 & wwia Reeta



Fig 5
10kpF LED
O — - O
IN 5408 _”_ 10kpF \L 5600
I 4700 uF
IN 5408 T
IN 5408
IN 5408
IN 5408 _“_10kp,= #
_N_
| s60 IN 5408
10kpF 1000 uF
IC1 _)|_
com - 560
O n °m1000pF+ 1000pF+ %Oka O

COMPONENT SIDE LAYOUT
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AT T & AAR FIA & oI Tt & ot & oF-13¢ ' 9%
& fio Al it [RIfd & A-319¢ & TF A1 e I Fiar Srar
& A et @t feafar iR gaar AT Hahat H1 STANT HTah 9T
ST €| got w0 FeEe It & uF gAT qdqn # v |

Tt & A A-3TIE H dd HTa IMe HY TR F7 ITAT F:T
3gAeY & I 0 v Tl are 9% ¢ ey star €| ¢ o
AT &7 §1E I¥ TRAME AT 99 A7 e ST qqt 797 HT STIRT
FH I AT AT & A7 T ey S 2
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ga¥ (Power)

zawivEA (Electrician) - sawgiins s

v 4.1.169 3 wwfaa e

R gewetes Suwew - UJT sitw FET (Power electronic devices - UJT and FET)

SEEW 1 3 UG F o § o1 fwAfortad w1 #A A e

o SCR & HTIAT AT FA ATHATANTERT qUqT THH A= fAfer aree w30

o foniar fie e & foro UIT =1 ST S|
+ DIAC 3T TRIC # %7 Tl &7 JOIT HIAT
* FET &1 Rmia, #rf, afn v s qamn

o JFET %1 fraia, T #iT tFeier] & &9 § Iq6 @€ HIT |

gf¥== (Introduction)

AT UF AT A< ek & AT Alel UF T A agehel STHLUT
& TATYE AT HT €T &1 FAFgTiwell (&= A= ‘ON’ T 317%
‘OFF’ &< @t & | faferer sgrer TerR®@e (SCR) 31X g%
AIREET & IIET & | ATYFAF I F A qt s
=T Su=T 3T STa @ St JrafeT % A gaagtae gy
A

SCR #t &¥=A1 (Construction of SCR): & fafsre SCR
FT T AR URAT A e Fig 1§ feamar @ 2 | gasa
# SCRH P ¥ N 2157 sT@=Ters HefRel 1 ATX-9%d Teil aidl
2| faforta &1 SuahT sriafRs adt dede & w7 & & Sar
& o sfa sryrfeat & sier smar 21

Fig 1
ANODE

GATE G

J
N s K

b) SYMBOL

CATHODE

a) CONSTRUCTION
SILICON CONTROLLED RECTIFIER

ELN4116911

SCR & worreit (Working of SCR): SCR T =¥ 9%d aTeT
U & o i efiiFe gid &, uAte, e o e | 99 uAte
F FATS F A9 | qisiited @1 9 € ar (Fig 1 % Agam),
aa J, Raw e § giar €« Sasd o e #3e famea
T yaTed e[l 2|

SCR @ 3iT%-&<e (off-state) AT 311 sTaws FETdT & | 59 TATE
# HTS dlees 98 AT ad (Xad awe S J, 39 ateed i
% FTLOT 1= HT T g€ AT & | T STAeT T FT geAT FoATar
1 fF o St J, SR J, wiRaE anE @ | gatorg wt d
ST O¥ W HRAT Jawie | srn e 7R @ uE st

56

TATS-Z-H9T8 HIAS FC I, BN ad atees g7 V. feamea &
ot 9 9T At | i g9 Fearar & Y T IuHr e
ferfa a7 sffa-we & a1 AT 2|

AT W § Fe H e gred g Hifia e star 89 afe
TAIE T € F d dledst &t gaT A1 Sar &, FifF e
7t (depletion layer) S et amae starer J, 1 stfeae $Raw
(aTEHT) F FH TATE & HILVT T ¥& AT & | 31 feamgs amare
AT SATEAT | TR | ST IRAS FHE HT A BMfesTT e I, &
FH & AT &, AT SR J, F T8 &7 | TSl 6 HHT & FTL0
ATETT It AR 2 oiraT @ A fRangy s forfay & s«
STaT & | 36T T 9 SCR & s o st &, a«r iy
TS FXE H AT FE I @ AT ST Arfey |

7 ATavas ¢ o e & At ax arest &1 AT F S wEr
ST, FE AT S €Y UAIe-g- I alees B BN eaTsH st
T H I FAT T | ST Fle ATHIAAT FHH ST & ATk
AT FXE & g ASTE T 1T & | FHHT TRV F& F forg v
H EaT & | ST FATS Ff UATS & ATIET GHTHH T STTAT & ST
J, ¥ J, R ama # gl € X SCR¥ & &1 agd F9 altahel
gRT YaTed gidr €| ae feargg &1 Rad =fdr sEwr &1

197 SCR Ra# arad & &iaT & 5 9% S ST TH1E FAqRT HLAT
g o @10 ¥ = & srte & R ax Rawd amw atest ae
T FLATE | SCR % &1 TR &1 STet Il &1 ST9&1T &ceht ST
faram ger etar 2|

o BIRAS ard A fRafa 7 J, % Rwtom da (e o)
Aters J, T J, & R arem § s@e ad # g Arers § afew
BN GATIY BIXTS % e dteest V| Raw dF ot atest
q AT Tt gn |

SCR # gt @Y X Iy y=ta fRrfaat €, ste-we &
A-RT # TRAAT & A F&T AT &, A [ Bieas qteest
F VB T ST fobart ST € | gark forafe faf o «ftw
& o wieas T FAW I, & TETH T A1 2 | TF ek
glaarems e ITah fafyr fRarga & Te-gea ama ad-tq
FIAT 2|



SCR % stf¥rers1or (Characteristics of SCR)

SCR #T d@iwwl #<e fweewr (SCR voltage current
characteristic): Fig 2 &% SCR #T ateest #¥e stfsramsrfors
safeta #ear & | foraewr e @aifora 78 & (o) | 99 wae-Hre
gffe Rawd o # € q9 aga o7 #¢e wgat ufEew & SCR
H yarfed etar € | Rad sAtfE #ie wearar & | sa Rad g iaw
Theest V,, 1% Ra# aieesr & a¥r@ &f ofrar € @ SCR R
TAA=T FHSTI o BT FTeAT HYA AT & 3T B FHT AT dAoft
& uffw & e 2|

Fig 2

ON

LATCHING STATE
CURRENT \
REVERSE

BREAKOVER
VOLTAGE Vg
HOLDING
; i CURRENT —

FORWARD
BLOCKING
CURRENT

FORWARD
BLOCKING ;

I

BREAKOVER
VOLTAGE Vpq

WORKING

PVERAGE VOLTAGE

LEAKAGE

CURRENT REVERSE

REVERSE BLOCKING

AVALANCHE
BREAKDOWN
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stferepa fRrfaet 9 & #ie & SCR &fasr &t strar & | SCR &7
Rad-ama @i ¥ Faer Ariemefig atees 3 VI g
Fig 2 # wefia 21

99 SCR ®i¥aE I19H § &HAT & d9 3707 FILGS Alohel Fee (ST
% Fig 2 % &) &7 ®ivas sAt(a #ie Fed & | At f a9 a% o7
&1 T=AT & 9T aF fF BeaS awsTed atees V, aF Tgd v
2| 78 ®aE UaeT @ 2|

39 fig T F¥e UHUF I AT @Y I qedT & | 39 g W
SCR #T TATe-g-H4Te UfEeH agd o7 81T & i SCR U#
FATT ferar 1 ave FTF F2are | SCR & A= u¥ aiedst 19 awrsmr
1.4V. ST | 31d: 89 %8 Hahdl & {oh BIVAS - HIE § AT
dqteest B, & &7 & a9 SCR v fere &t wifdr =raer #zar
& S ST AR Afeest 1 A1 B & ifersw et at et e
FY Wifq =ae AT & | SCR # & warfed e ardil &= &7 71
aredt oS & g d@fea fawar star 21

e ST |/f=nT #e (Holding and latching currents):
ST FE +| (BIAE TTIE F¥e) FT 98 AT & At SCR ¥ 3117
AT | a9 T@ & g UAre dfhe & forw sirawass & | wif=mr
FE +| HT T8 WA & STt SCR T 3T STaAT & A AT aF
A % fou uAte afde & forg saves 1 78 #xe fAfire gar
& S SIfeeT F¥e & TSR A AT ¥ g & | s SCR
1A § Feof 3T a1 & a9 A< dieesl i TAE F3e & forg o
qUT qF AT AT § ST F7RT aqTfeh Fe AT & 71 aF
g a% |

SCR®t fgnilRat (Triggering of SCR): SCR &t =re fera &
T | GBS qloest BV, & T@TH A7 5[ TE BILaS ard §

qrEY : TAFRIEE - (NSQF W 5) -

gl ar e I qisiifed e T gt f3har S Jehar &1 7
3t fafermt & qudy fafyr e dgter fafey Feadt & | e ST
qra¥ Fgiel & forg stferes gerar ua samr & B sar 21

Te-#ve Hgiel (Gate-current control): SCR® e #¥e T
T SFATAL Afeeo 9 AT & T % Fig 3 safiia € | et I
% forg e #¥e = 2 | F© wTae Fig 2 @ 9afia staem & a6
& &, dfFF Fig 3 ¥ e #¥e gfe & forg s Sareewr €| &=
3 f o9 & e Fe Fear & 9% HaY diees ge AT & |

Fig 3
I

STATE

Vo Vo VBo Veo  +V
EFFECT OF GATE CURRENT IN LOWERING
THE BREAKOVER VOLTAGE OF AN SCR

ELN4116913

S q8l X AT e FLe SiaT & ad T4 areest a1 SCR &7
BILIE AT dleast & SH3TAY FieesT HT & AT & | T THY
& SCR&T ITAT T SITaT & | e Fide fAafea & a¢ e siiax
Fieest & FH FY adT & fraa SCR i+ & ST 2|

&9 ¢ f&F Fig 3 # e e & @l At & forg o1 sraem uw
AT 8 | e e SCRF F1T F¥ah 3119 F¢dT & dAfha 519 SCR
BIRAE FLE HT TTAT FIAT & IHHT (A1 ute afde & vefidy
g f3Far ST 21

T (Applications): SCR# famfarfia grer srgwa &:

— fa¥ &g (Power control)

— 1fera ateest geatr (Over voltage protection)

— erew feo afde (Time delay circuit)

— ArTe @I afdhe (Soft start circuit)

— atfors uve fefsres &fdie (Logic and digital circuits)
— o "@fdhe Ry (Pulse circuits references)

— u. 9fa¥ Fgid § % gier (Phase control in AC power
control)

— F-a9 sgra atae (full-wave control circuit)

— TieX & #ie #gia (Speed control of motors)

— Iaee T ataY awrs (Regulated DC power supplies)
— &Y Jtex wgter (DC motor control)

AT & SCR # &t ®<=1 (Testing of SCR by
multimeter)

SCR &7 ST AedidieY & =7 qg7 § &7 o7 et & |

T 4.1.169 & gwiya Reaia 57



ARHIET F (7 I § d¢ FL qUEST A9 & 5T T AR
S &1 qHIE % | SCR & T&f¥a Fig 4 &7 a<e g=ifoa #2 |
AeerfieY #s QT 7€t | 7=t a% f& few viw age ™
oY SterTT & rer ST T2 3 | Aeddtex A gfa<rer gurtar
2| Fig 4 %7 a¥& SCR &t ST 9 e & uAle WE & AT &0
9T % forg et T oAt @ a9 #ew 30 & 40 sier & i A
Sfa<ryr AT 34T € | 919 e H ger f&ar A € a9 off Hew 30
T 40 3feT & = &7 Jfaer Jar #iex ) @R war 2|

1. ANODE CONNECTS TO
/POSITIVE OF OHMMETER

Fig 4

2. GATE

MOMENTARILY 3. OHMMETER READING

CONNECTED TO DROPS TO LOW RESISTANCE

ANODE

g o4 @ f% SCR or=31 &4 f&afay # €| 7Y wfiex w1 Gfew
72T 3T & a7 SCR g & | 51 e &l 31eT weas arad fear
ST € a9 e SCR &1 f&f=mr #war @ i s &1 Iy
FH &1 AT & | U a1 5ig SCR ATe #3377 &, a4 JfS 7
FT FRES a9 8T o T ¢ Wi SCR#T uAtS g F41S #iew
" & e JaTfed 2T @ 3N Aeeiiiex avmare 30 & 40 e
&7 gfawrer &1 <9 a1 2|

TESF A 7@* (The DIAC and TRIAC)

UJT & a%e, 9133 811 9R9Y q97 g & forg fgw gfEm
F ALE AATAF IJTANT S aTeT STIF it TF 1 J1era Jfad
2| T@% ged giiE w9 & e, o g eff e & o, i
oA & gfET et & v % Fig 1 # gurtar @ 2

ST & Fig 5§ &7 ST Ol &, SEE | 19 98, g1 fgomrett
H g A HaEd FIA & AT &1 fHAA o 1ok A gt 2 |

TTAF, ATIR FF & foa7 s NPN a1 PNP g gefter giforeex
F e gar g1 & i giftrex & o ss & us a9
TIAT &t 8 | 38T o @ ) g @fert 9% N T a°w P &1
H1& (7affrerr) (Doping) sifiem &7 & @w &idt &, 59 &
Fig 5 gurtar mar &1 st a1 @t NPN a1 PNP &=t &t
A F9T & d%ar &

Fig 6a & STa& & g<ieror & forw saivmers raer (Stepup)
TRt ¥ 2| ARy F: gEr A & gAF FeA & fou uw
JAHEHTL ZEEHT ITART ST & | aveqr fmr e arer e
&t afRadl dicedr a9 & forw s qhadt gawriY ST gtdr
21 Fig 6b & fafere g &1 stfSrereror a= gwrtar mar 21

Fig 6a ® 39ITd & YRS JAGeT (§e3(7) |, F9 SEF &
AT FReft oft gaaT &1 F7 dteedT # TgF AT ST @ at,

ELN4116914
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Fig 5

TiANODE 1 4’*[
SILICON

N PELLET N

e ] @ (
[I——

a) BASIC CONSTRUCTION OF DIAC

O0———ANODE2 ——=0

LN4116915

b) COMMON SYMBOLS USED FOR DIAC

E

ST YATE agd &9 SiaT © o 3 Ias srforersqor & waw ar
geiter Fgater § 3@ 1 g & | AT TYAFT ateedr w1 Aqfadia
T & FIET A av, g7 FH AW 9 @A | 99 a9 F 57w
ateedr, Fig 6b ¥ 30a & AT S& & @ ateedr
FEATH A ATA A dF 7 Ted 90 | UF a1 39 fag a5 w&=
U TTAF T dladl & dedl €, 9T SF dteedl &7 A dF
F9 gidt gl 3@ fig o sw, womes wfawry sifsersror
Teffid #Xar €| (9T Haed § g st § wafs gEa &
ATATY FieedT |’ w1 gt &) |

Fig 6
VARIABLE AC
(a) ISOLATION TRANSFORMER

TRANSFORMER

240V
50Hz DIAC 69 Vbiac

R
—

2K

+Hp
18T QUADRANT

[~ — —f RATED FORWARD CURRENT I
TYPICALLY 180mA AT 1.0V
ANODE 2

sremovR s
TYPICALLY 20 TO 40V I
N
|
|

BREAKOVER CURRENT
TYPICALLY 50 TO 200 pA

BREAKOVER VOLTAGE
TYPICALLY 20 TO 40V

RATED REVERSE ——
CURRENT |
TYPICALLY 180mA AT 1.0V

-Ip
3RD QUADRANT
CHARACTERISTIC OF DIAC

ELN4116916

STIF A TIMCATE YT TGEd HAT o A% o =T, &F STAST
F TN AE & FE FAT & A7 fATq qHiaT § S ©, adm
gafers 7 T o1 =% & THg AC dieedr &t fAewiRa &34 &
A Bl & | SF % forg ImA gy faw #t Fig 5b # gt
AT € | ST & STTTETo i AT e & fafer, srsame 840 #
& g 2|

TEF F AT (Application of DIAC): T #t fAfde
FieedT ad 9¥ SCR a7 g/ &t 37w #ew & forg sw=nw &
ST ThaT 2

I 4.1.169 & wwfa Reeta



TEF F q0e (DIAC testing): S&E & 999 & 999 ATHord
3 TR & U gar &, a1 Rt off o § fasir grar 2|
UF I YA dteedT, SIS & A9 aieedr a% Tea+ ¥ ud
JATRT 9T % SIS 1 A aicedr 9¥ qewdr &, et off
feom & faviw & et €1 ofter AT & ITANT & SHE A
T FG quT, 39 F oft R § 99 R awy 3=
Sfary (1w Sfaere) goeT =nfey | sfter adverer Faw ag gfe
AT © % sow agufya 7€ 2| e o, aRww & sEs &
ST FEA & F A8 I T FIAT 36 2

7% (TRIAC): grora, foreft oft fewm & AC &t = e &
forg us, de effimer g # srefures gfE €1 v g v erd
i AC sredf-=mers € | g, e aumaw § Fifora & SCR
% agd aueET g 2| grw uF faem # av 3 gaar # s
wiT & gEdt faem # foow ot 2w & Fiat e # stfers mer
& TATAT FLA F AT ghT 2|

UJT stiw Saer fenfar afdfem & sgwiar (UJT and its
applications of triggering circuits)

UJT it atced a7 917 @aat ST T SAaglive = &
aferfora #2d gU sM® TR & T R S €1 7w
fraforfaa afwfoa aa &

gy F forg fgme
o FiforT W AT
TET qUT ARG AT A AL
o FA FHAF TRIYT
[RRIEEIELEC IR G
- fg frfas aRay anf

o9 &9 Fig 7 3uia T srgam fasifa stferr & amder R, @ow
FYTRT & ATAY I a9TeT F7 fFweor 37|

UJT srfSrereror smomeres- srfareter & s, ferifear sifom 1 seaer
Fe & forg Fig 7 & gorfar 73 aRawr & o= atar &1

HETRT F AR I« a1 &9 &1 Fig 7 7 V,_ & o q9ifar
T 8, Atk Ry, TReE F AR I a9 w9 F A
V,, # d%e guar m gl

T & AgHT f

et R, afRadt gfaete & 7 ofter & & aor C, &uria &7
A S | 2

R, & @ & qfiada Fe &, aifera A1 «Agfer # agar o
g&ar &, 5 +ft, DC smyfd ateear &1 ST F3 ate oH
gifersr ®t, SCR &t fare & & forg Iw=r fvam o |kt 2
ST TRT & =5 & AT WE H JeAHd HIA § 3T &1 qdT

= RgC g,

qrEvY : TAFRIIEE - (NSQF W 5) -

Fig 7

CHARIGING DISCHARGING
Vo F——— I
P1 I
I
2V |

Ve 0

| |

| |

| |

| |

I I I

evVEF ——— — — | |

| | |

| | |

‘M
| ‘

UJT AS RELAXATION OSCILLATOR
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21 Fig 8 #, tw SCR % forw fer fgofRar afRuyr quifar mar &1
fSrad g=Te &t &1 0° & 180° d% ufataa f&ar o1 dehar 2|

Fig 8
Rp=39K LOAD
— | — o
I I
Re
10kQ
N
I
o
wn
2N1671 Z Q
2N1597 2
4 <
0.1pF

UJT RELAXATION OSCILLATOR USED FOR TRIGGERING THE SCR

O
ELN4116918

UJT & & fontar i (39 sfier), SCR &t =@ # g
aee Bl €, e g’ & ¥ aF engd &9 fAaef
gferaTem 2idt 21

gfete® R Ft UJT % s firew ateedr #t 3o+ f[faee &
3fe¥ @iffa &= & forw ateeamrdt (Dropping) Sfa=ies &t
a¥E ST & Strar 1

TRadt gfates R, F1 9Rada #3 &, aifos 4 smgfa &
FEAT ST FEHAT , foraw IEF g R we W agh &
qfRafda far s a@ar & s, SCR &t forw &<+ F fog
7AW faFar ST €1 SCR #t &= # # fasia F fow
SUANT §T AWA &M, Foil A & THA AT aTF & T AT
ST wFHAT 2 |

TTIF &1 gl AT, 39T e @ fafire g # Fig 9a, 9b
AT 9c # gwrtaAT 7T 2| Fig 9 & e 3@T ST "har € 6, g
F gotagrel #f fAEgar sifEa G mr )

T 4.1.169 & gwiya Reaia 59



Fig 9

MAIN TERMINAL 2 BONDED CONTACT
(MT,) AND HEAT SINK
(@)
N
P
SILICON N
PELLET
P
N N
GATE (G) 0—‘-,_,
MAIN TERMINAL 1
(b) (MT4)

Y

7
/

MT2

GATE
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CONSTRUCTION AND SYMBOL OF TRIAC

. g@:raﬁﬁﬂ?vr—HML)

. o -2 (MT,) @

+ X(G)

et GET gAY sfea e T © #=9itF, aw g e
feomrert & srrfora &t € Ao gEiforg o uAte duT Fete @y
e B 2|

ars fgaaT (TRIAC Triggering): g #t fwrgame foe
far/ it e s & 2|

1 BT 4R T
2 YT (Ueeriei) faeT dteear V& sfers dieedr a6

3 MT, -MT, Sg ateedr &, sferas dv/dt 71 & srferepar &
T ¥ gfg g e e |

fafer 2 @ar 3 &t T T T § SR A8t AT Sar
g, afte 3= afRuy fesgs & @ifvq wes & 59 fmw e
ST "7 € | gAfery st SR #Y AT H I HT FW & qAny
T fo we #t afaeta fer o 2| w=ifF gos uw f2 foef
gfad &, TAT I¥ FHS AT GATHF FI b & Hagd |
fea e 1 @ 2 | g o &7, ger efifme - 1(MT,) &
araer ot e G o awar @1 aw et @va s=es
#r ferfaat ar @i (Modes) 3t 2|

o MT, % @rder MT, 9Tce - &1 Hebhdl &I
(ST QAT +)

o MT, &&arder MT, &TeH - BT Hebel T
(ST AT -)

60 qraY : TAFRIEE - (NSQF ®¥ 5) -

o MT, & arder MT,, sRoTTcHe - 8T b AT

(efter =gt +)
o MT, FaTder MT,, soTe - ¥ Hebe FHITHb

(gt =gt -)
AT &, g% ITUE ad™ T Gt wEfaat § a9 w8
HAST RN BT © | TE AT AGANT TE (A § AW qAGT ST
g1 (MT, & aTder MT, T a9 9T 8¢ @ & fe
faaT gom) sl 8 TEfq TAe | agd &9 STANT el |
ST gRrE AT &1 ar, MT, @41 MT, & & 41T same & 3o
(Principal) &=T @&d | g1, a9 d% 319 @I 5 d% %
I &7 yaTE, Fig 10 # g & w@ifas siferersror # qwria @
ATAR, URF G & e el |

Fig 10
FORWARD CURRENT - oM,
2nd QUADRANT @ @
- MT1 ~dwmr,
1st QUADRANT
LATCHING CURRENT lg=4mA
REVERSE HOLDING CURRENT | fo—lg=0mA
VOLTAGE ./
T
Vgo FORWARD
- HOLDING CURRENT VOLTAGE
lg=4mA - LATCHING CURRENT
15=0mA
3rd QUADRANT
4th QUADRANT
—oMT, —oMT,
J} MT, +% MT1 REVERSE CURRENT

ELN411691A

CHARACTERISTIC OF TRIAC

g wfae Afreer &, S/ MT,, MT, % ardet eareT sni
ar, grs (Fig 6), Su+ @fas sfwasor & yaw aguamer |
s=Tford 20T, Afs a8 foR AT &tar € at, aieear # gfa & ara
A AT T - FeT, g 9 fob fsiw aeear V7
T &1 A, q9r Y g § diwar & gie enfr| 3t e
TRT & AA: I § ST ST T AT A H3 Fiad
F AT AT ST qHAT & TAT G 9T B A & 4mA TF Jfes
& THE FT ATAAT aF § FAET T4 2 | R GRT & a9 d%
A T (maintained) ST MRY, 919 a% & gor o &7 &
FH fredt o (latching) & a=re¥ 7 & 9 | 59 MT, %
ATder e MT, 8RTea 8t atf, g gt Sgain & s=fod
gar & ot o A e # ware g 2|

TEF F ITEART & QUi q¥w fEsr (Full wave control
using a TRIAC): Fig 11a # AC Ry & 9T & Ya18 &
e #%= & forg IwT gu g & gwter o &1 POT
V,,, # fafersr afén & @y @@ w9 1 Fig 11b # g9riar @
2l

AE: TTIF | AW AT NS TS Fg qATEA 781 @A &
it oz T3 Refrr &)

I 4.1.169 & wwfa Reeta



Fig 11

R,
MT.

3

MT,
c

T s

a) SIMPLE TRIAC CONTROL CIRCUIT

VR,
RG G

SUPPLY
VOLTAGE

+
0
+
Low b
SETTING 0
OF Vg1
+
0
+
0

MID
SETTING
OF Vg,

MAX
SETTING
OF Vg,

b) TRIAC CONTROL WAVEFORMS

ELN411691B

ST feaeer & srfafes amg-aiee grf=rex (NPN i PNP),
# e FTT AT N-31% 1 P- 31 dfieex uardil & yared
giaT & | Safe fhee wihare gTfeme § I Fw 1dT Fae N-3te
affsvey & yarfea star € 4 f& Fig 12 # gortar = |

Fig 12
Ip

ELECTRON FLOW
DEPLETION LAYER

-
|
|
|
|
|

DEPLETION LAYER {

+

Vs

R E—

[

ELN411691C

TRIAC =1 f&fa wfietor (Quick testing TRIAC): g/ 9
TraT AT & IuAT & sfver afveror fRem S awar @1 afy o
AT TSI A= A § I T A A & ar, graw
T AT TT ST Tl & qT IRIT & ITAT FFar o
T 2 |

Hew & gaan + ety
MT, MT,> 1M
MT, MT,> 1M
MT, G>1M
G MT,> 1M
MT, G > 300Q
G MT,>300Q

Hiee-Thae gitee (FET) (Field-effect transistor (FET))

TS SHAT ZToTeeT GH HUSACT TETAT & FAT A1 SHAA w2 |
fSrad €T HT TATE FAT T THE F HAY (STeq AT TAFL)
FETEFAT T |

TE-Ta giftreY U awr gy fEfe gte @ (Bi-Polar
transistor is acurrent controlled device) : ®TETIT &3t
H 3HHT Aadd G g1, TEAAL giforees & (Felaed 8er) Hif
I TR F T Fgiel e & |

Tiee-Thae ZITWTRY UF aieew g1 (et Iiew & (Field effect
transistor is avoltage controlled device) : 9% Adad
7% & f e 9X aieest & g 9 & g Fid #d § | (TR
FE-TY e & Mg F aH)

qrEv : TAFRIEA - (NSQF W 5) -

afe ger F Faa N-sT 7arsf & yarfed eiar s af FET# N-
et arat N- FET & &9 § @2 fhar sar & | N-g&e
# FET & N-Si< qerd %ad saag i € |

73 g e Faer N-sie aarsf & yarfed giar & af FET#t N-
et 3t N-& FET & &9 # @27 f3ar srar 2| P-sie
7eTd § & #Te P-U%< & FET ¥ %ae &ied 8 |

TE T TAFEE AR (SF & JaATed siar & 7 fF amuen
T et & ave | 38 faudid J&e (P storar N SiY) & STeme
T FET # 3ctag 7 oraaT foat FETs #t ZAaiame griweed srar
FATAT ITHIIT F FET AT 2 |

% THR & FET 8tar € | 387 976 | UF STenes[d T ot
e fthee U grfeteex (JFET) Fed & 39 I¥ 9=t &1 T8
gl

S $lee IwEe gitee® (JFET) (Junction Field effect
transistor (JFET))

TE UF 1 A Iieh & A arE-aree gifrey & awe feamar

& | N - =9 @7 P - 39l 9% % FET Fig - 13 ® fa@m m@
g1

Fig 13
DESIGNATION

N - CHANNEL TYPE P - CHANNEL TYPE

D

D
JFETs

S G S

ELN411691D

N - =ef FET &7 Fig 14 & f3@mar mar € |
FET & go aifeftmrom &= g ™ & |

1 @ =R{=er (Source terminal) : 3 zfifmer s gmr
F=1fEr (Majority Carriors) &Rz N - 39er ¥ gleq
(Holes) P - =¥er 1T & waoT #i¥d & | &1 effirer (Source
Terminal) #&<a & |

T 4.1.169 & gwiya Reaia 61



Fig 14
A

ELECTRON FLOW

DEPLETION LAYER { DEPLETION LAYER

VGS\

+

L
|

|
|
|

r J
1 |

—
Ip

ELECTRON FLOW

DEPLETION LAYER

-

lVDs

SOURCE S

N-CHANNAL FET

ELN411691E

2 3= ™A« (Drain terminal) : a= zfifqa S@F g
FSITRET (majority) 9% (carrier) aTex fwad € 9 39
i Fea & |

3 e =R{Ae (Gate Terminal) : N - T&T 9T & 3T 31T
I=AaH gt & ST (dopping) & P - ST &= ST SITaT
g & e (Gate) Fed & =T T <% & T & ATIH |
SIeHY Th A TE@T S & |

4 ==« (Channel) : &t (Source) T $ (drain) & &= &
& 37T ST e & 1 % & & 97l (channel) #&d &1
TaHT w1 AR FRAT (majority carrier) &1 T2 T&T
FAT T |

FET # ®rworedt (Working of FET)

FETs & amgTieiY gIfetee? & GAT 831e & sran &g o
TAATESAN 1 ATTHAT &l 2 |

FET ®1 ®& (Working of FET)

JIETAY Zifoex &t ave &, FET & forg St &= ar |nse
F USTRHAT FT F FLAT & |

JFET %t st (Biasing a JFET)

- e R R gere id € | e gy SRy @l |

- O A F SR TS F AL | Tred & Sk STl
T ATIYIH TS PRI A Fd € | N - 391 JFET &g
e S & THRISF DC ITaR aws & stied & aa1 JFET
& gATAF DC U1 g & § <fiaer &t sied € |

Set P - 99« JFET, @19 91aY §Ts & SA® Siqa F JT
& T S A TATE & THLHAS A § JS1 2 | $7 P - 39
* ET & STEl Eled ATl Hiad € |

AT A - A7l § qlcest ST I EATHF G186 Jotel § e
TAT & | T e & G qicest ST &, T8 shg ol dleest Ael atdl
& T ATHAT FAFIT T AT & AT - I &1 A F&8dr & |
IT FATE ORI A A I AT AT I 4w | et € |

o e R arres eidT € q THRRIF atees VT % Fig
4b ¥ femEmeT T E |

ARV  THRIHE & AF el 1 AST8 FH ST a8 g 41T F
B AT | ST AR Ae aieesT STfed giaT € a9 af fweftee
X ey a9T Fig 4C & Je+aTell §9 oTRT &l FHe-3T% FHTh
A FT =A(F FEAT & |

7T Fteed 9T ATF qiees V, ST & |

e AT HE % S AT Fieest Rad TgdT & af S &M=, Tfersaw
ST AT ST €T (V= oot ATk afteeT) o &=t el € gaferg
JFET U% Fieest gl feamga & |

A e AT ATE & S (e ad qheest (-V,q ), TaAHL §7 FLE
HT AT AfeFAT FE (-V =0 TX) AR A+ (V = oo o
et TX) & Fi = FaaT ST FhelT & | 31e: JFET aieet dhgied fearsd
& w7 | d@efid faar omar 21

P s9eT JEET &7 ToTel SUITh afvrd & &8 &F  iar & | Sheer
I qiees fAadid &id & a°T 99 & YT aT6F ered 8 ¢ |

e JFET & st fafsse= (Important specifications
of typical JFETS)

BF245B | BFW10
I A adr (-TER/-TER) | Nj Nj
arfiraw gA-aEaTesT, V 30V 30V
arferepa fe-are ates, V. | 30V 30V
arfire e 3 o, | 25 mA 20 mA
AT FTEAS T T | 10 mA 10 mA
foe=r ot qieet (I,=0), V, 8V
arferepas e e P | 300mW | 300 mW
EEE I EI TO92 TO72
o e figW141e | figW158b
(6605 STeT A=)

Nj e ae e 2 &% Nw=wR ®TIFET £ |

62 qraY : TAFRINEA - (NSQF ®¥ 5) - 3™ 4.1.169 & "Wty i



Fig 15
(a)

[E—

S[DRAIN D Ip

ELECTRON FLOW

4

L
|
O—¢ |
i

SOURCE S

ELECTRON FLOW
} DEPLETION LAYER

-
I Vs
|
|
——
T
SOURCE S
Ip
D
(c)
DEPLETION
VOLTAGE BETWEEN LAYER 4
GATE AND CHANNEL r—a

—
CORRESPONDS TO Vpg |

|

|

|

GO

\V DS

_
VOLTAGE BETWEEN — —
GATE AND CHANNEL

S

Isov

ELN411691F

FET &Y stravashdt o @€t afar (biasing) =& & #14f & forg
g & |5 grfeme, FET fafsm wa & sehimes (Famsf)
& JST2 | Fig 16 & FET HFHITI & AT o1 AT (a0
fem e |

2 % ATSeYE H FH UM &A1 & | 9% I Suefiwey

FATAT & STl MY qgd HH ST AT Fl(H faF T =t

# T AfUF gar @ |

3 T =T AfARET (W) et 2 |

4 T deXEoEgIS &TAT FH Bt & |

JFET % srgwaiw (Typical application of JFET)

JFET %t % aga sr&< stfseratfors (Characteristic) & | g@&t
3Ye sefie aga atfers 10° 31w & e A gtar & | a8 FET
Y AFYEOTE &, T $AYE W T AAFHAH (majority)
FAFETF TRTY agd YA € |

+  AC Fiees TFReTHTY (37 & TRATHEY HF ¥ LF 3=t

DC FieesT TueAhEY

%)

e ¥ T (Constant current source)

oA e e Satarst gt sdes afeadt &

FET % fe®fie =it (discrete component) #T g ST,

FET AC fiwew treiiwr@? (FET AC voltage amplifier)

Fig 17 % aRaar & fewmea & arer fRutRa veefifeom & | gast
afRuaer s & forw 37 wfo=ier i &= ia sfa<e & fafae &
FH SATET H¥h FY dohd & | 30 #4 & forw &t Pots =oft w7 &
e #d & |

Fig 17

+Vg =24V

Rp
47k
Ca

BF24sg 20"
T

gl

7

@)

RL
10k

FET & &9 (Advantages of FET) CIRCUIT DIAGRAM OF THE CALCULATED A.C VOLTAGE AMPLIFIER %
1 T RS Fgidl TFAEEAT i & 3790 e e e
gar e |
Fig 16 +Vs
[P C2
c —o c4 F—mo0
v Vour v Vour v
IN IN IN
1 Cs /\ Ra Rs
VA | VA VA
o o o T o .
COMMON - SOURCE CONFIGURATION COMMON - DRAIN CONFIGURATION COMMON - GATE CONFIGURATION §
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g (Power)

zawivEA (Electrician) - sawgiins s

v 4.1.170 9 wwifaa R

e sgiq - @weEn @wem (Power supplies-troubleshooting)

SEEW 1 3 UG F o § o1 fwAfortad w1 #A A e
o FEET-HATA | 2 AREF wfafafrt & gt = w0
o FHET-HATAE & FT A9 AT IO F GAIaE FIAT

o AAEAT-AATEE & 3t G AR [0 Ft Feilas FEAT AT 0 FAT

* Y AW H AW @il #t g a9 &

* FHET-HAET J& AT QAT TAE ARG FT AT T START T

gf¥== (Introduction)

fareft Sumewr A affe & gargm & SR afafafet e
— AT % I THR A T2=q FAT|

— FHET & FLO & GET & TEA HLAT |

—  JUF FEAT T TEX FT T TEaT|

— ATEYF AT & GIT FEO & GATAd FAT

—  FEET 4T FA AT AT A qRafda FAr

— G S R Frostad wr g Fw

AT & I qrAr a8 Aot @

i wifae T @adt A= (Physical and sensory tests)

— HaH AT Aifa® 9 # AT FIAT A g gY AT Fe T
TT "fthe FIE, JOF AieeY AT STt §T ot ATfe |

— TH AT A Y I AT Y & o

— aifed € & T T F ST F T FY GGG\ FEAT |
ii =t fET™ (Symptom diagnosis)

HH AT T FETAAT § ALHA [ ST aTel ITHIIT & T
F FEAT ST FHH I T A<eYe &g Ft JEaT

G OEH & GTT ST ST T T&TOT SHTAT 3T ATeheA HLAT
fo e T AT FRATOMAT §RT A&7 IoT gAT BN |

iii T gAT W A=A AR g (Testing and replacing
defectivecomponents)

& GHTT @ 9T &7 (T T st @ a9 afde & 39 W

F I It A AT A AT & A fF 7@ W= ww F @ wv

FEHAT & | ISt &1 A9 30 10 F#0 F At e v |t wifs

7 98 ®9 & SeH e amet |® oa 2

— TtF Iz i IoF (Active high power components):
33T & forg 9ot o 3 gifomex, sideft ud smete &g qrEw
feamew wifos €7 & J@R 7 99 w9 § A SRIE a8
FXA & forg W <eye afhe § FmEr ar 2|

64

— wt%a A ataR 9 (Active low power components):
¥ IF W aq AgAE & B © dAfshd Aifdd &7 & DI AT
FH AT T&T FIA ATl B & |

— S arewjaae ffekwr 9o (High voltage/power
passive components): ot 3 & fomex, Ffies,
TR T AT & ST AT ATAT % Jieest AT T(a< &
Hed FXd € | F ITa% gaTE ¥ A3eye Afdhe # 9 o1 € |

— R war fAfeRr gt (Low power passive components):
% g9 218 aY [AfeR g &7 a¥8 8 € Al Aifas &7
# BIE AR JaATE &7 & FH qa¥ ard q47 ([ 71 aret
gl €| (STTaT, TSRS, WTghiasl 31Tfe)

qI: TE THRAT SR TEY AL B TAohelt IATAT I/ AT S5l
AT A | HET & AT F qi6aT F9 |

ST foreft setereTioe frew 1 FaTeT faha Srar € &t s o e
et s & s &1 % &

THgT™ W awueE fafr (Step-by-step method of
troubleshooting): @ fafdr st gerredt st & forg srarfiepaT
&Y STt | g7 s & aue & FTer & 9O 7 THET # "
IHE AT AT IAET & A9 Fig 1 | 909 SGAR TR § ofd
T AT 2

Tty gu fafe & sifes awer avar @ e o o= geredt @ &
forw @ srfers 3fera &tar 21

qaTaE % 9t an e ag= fafr (Shortcut or logical
approach method of troubleshooting): = fafer srgwat
afae yeTaTet g ST o st & | g\ fafy § qwen sw
STAT T AT &7 TE=TT THET % AT & a6t STt & | Jet Hreor
o T % fory Tl #eaT S St e A AT e
ST € | ganTE w9 & T fafy w7 gug o dr 2|

wiw sgfd wwEm-wAEme (Troubleshooting power
supplies): T+ sAFeTE e Ft ITHN FRATVITAT % AT
X IR TR | farwen AT S @ewar 21 Fig 1 @ oife
ATgfer & fafere st #1 9efia Fear | 93F @ uF fafire
F & forg gtar 2|



Fig 1
ﬂ [/\L
T ® OO ONNON
- =
o] z 3
= Q ©
42 AENE:
e —N S N o N —N :%
2 g 5
= (4 o]
= 2]
TROUBLE SHOOTING SEQUENCE - STEP - BY-STEP APPROACH g
g
O OE O R OB OB OR G
N/ Z
]

9Tfeh ST % TFRT JHILT FIA & {3 T8l HH I8 a1 e
=MRY fF IraT geE & I gU Al Hf 79 F¢ forar S| var
zfaferm f 9= gu oie & @ § $ awe & a@dr 8, S &

Fig 2 & gwem g&1 fewman mm 2|
Fig 2
®)

PROBABLE

DEFECTIVE COMPONENTS CAUSES

IN THE POWER SUPPLY

DEFECTIVE LOAD
CONNECTED

©

DEFECTIVE POWER SUPPLY EFFECT

ELN4117012

MEANING: @ OR RESULTS IN @

UF AR AF q€ GHATad 8f A (% AlS Ht 8T A I AT A6
ST # a8t GTET & a9 AT 9feh AT AT & oy A
fafer (step-by-step) ar arféa fafer &1 srga=w & @ 2|

wifve sttt % forg wrwe-aee & aevres agw fafr (Step-

by-step approach to troubleshoot power supply):
AT & FL0aeE [&fr & o arer orfes i & e st

# Fig 1% fa@mm mm & &K = 1 & gt & arg a+ft =t
& gt F UH-UF F¢h A= U T 9@7 § qra FA § |

g 1 (Step 1): F&x g ST 3 a7feh AR i 9feh T7T FLAT
€ 3TFT IRt A AdtToH® @Y & ST |

ug 2 (Step 2): witw amgfd fEr= #t off7 #¥ T qaer & agt
THA A AT F AT AV FX | STATF TIEH § EF qwe 6 THfa
FET ITE BIAT & AT TS THET & TG AT FAT saws
| var gafow & awafas staw & ares v|T awdET e T8t
T 8, STt JuET % "8 THi 5 AER § @ |

9g 3 (Step 3): wifa® T HagATHS T FX |

ug 4 (Step 4): faft it Tad gdf @t @ At w2 & forg
afayr & I FX|

ug 5 (Step 5): ofth AT & TTE< FTE H T % & s
AT qTa% FE & JT X |

9T 6 (Step 6): TEABRMHT HT TLETT FX |

9T 7 (Step 7): IFewEER 90T F I & AT B

9T 8 (Step 8): fheex W F FAffex &t J= #X |

9T 9 (Step 9): =iie¥ Afaxrer, At Tfa<ie T 37=r Sfa<ram &%
ST |

9T 10 (Step 10): ATSYE EIHaT AT/TALET HT TLEAT HY |
IIRITH T&T FF I FIA & AT TEAW T FAqU AT & THET
F q FRO F fFwawor # A gAfeaa # arfs afg we=w
T QS & 9ed AT S ar awer qq: a8t e |

ug 11 (Step 11): 789 T @G I Hf 987 @ |

9T 12 (Step 12): Te faqT die & qra¥ & oifq &% i e
FX AT ATS B 3AF SIS |

wiiw i TwEn-awET @ artdw wgw @y (Logical
approach to troubleshoot power supply): 3 €= fafer
#1848 a% g+t ug Ivvras 757 Aty & awe €| ner 08
AT TS FHET & forg arfehe afd| v g & "@efia w3
AT (SFD) # faw sy fden & ster a¥ @wmeny & forg s
a2 |

FATE & fofg SFD UF agd =T 474+ ¢ | I8 3% A% Whl
H farTiora HTaT & ST S FEA & A (% © | A T 6 ATl
# @ET & THEE H O AT $S q9T H AT AT ¢ |

TF AW AR Agfd § EWifad TER % 3w o 5 e
LFEHTIR, AT 3Ye fhee &l a&e a1 & & forg 373 SFD
der & ary i fag e )

oot YRR Y FoieT ey arw o safd # @wifaa
gafedt (Possible defects in a power supply using
bridge rectifier and filter capacitor)

i HSeYE Fwewt A& & (No output voltage)

TE GRTET (kAT H TR & TF AT A1 LAt % HE0 &t
THAT 8| T 916 & 3id § A0 & HR & forg Trerd &1 1
(PT-1) & arm &1

7% PT @¥1d 11 &1 ST & 79 FI0 T979 dae H e
& | TN T TIE FUL TAT THAET KT G A= 341 717 2| 39qa7

Faer TET w0 & fF g Rt g it SR & e A S aer
ST 2|

PT-1 3T WTew ¢ &t Wefia #ear & | Teat gt 1 § UF ararer
&7 & foraeT T¥-1 THET % FT FF TdqTAT & | FL-2 I THer
F1 fawae & ot faF #ewr & forg uh @i @ 3ar & o s
g F wI-1 ¥ o ma 2

sreT & oo s s PT-1 wR ==t &9 iR
giwfwra #¥ #t afdreromed PT & strawrerar st s @
T E)
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3H 1S & A | GAT 2 T (w6 Y % (o7 AT A ared
FH 1 AT & | §aT T8 ST - 1(SFS-1) et 2 § @ares
2| 37 WY 33 7 SuTa SFS & #renw & 9 & forg 397 e
AT € |

— TETE U & = A Y 2|

—  HATATAHI AT (6T AT el 1 F1 S Tl T(ATa1er HF
ZaTid €|

— @ F o oo &7 agEew w7

— TEHUE =T forg S aret Aot &t gofar @ i £ &l st
1 |19 & are foram star €| afe sEwve = § Ry 1y e
#1308l (YES) &t at &, (YES) & oo srgaor #¥ | afe
3T A&t (NO) € at A&t (NO) & 99 T AT &< |

— T ATAATHIY & T & 3d i e9d & |

i ®W MSeqe AT ASeYe H Ruw & gha (Low output
voltage/increased ripple in output)

&I § & 7=t &7 @ertedt &t STer 747 @ S 7% € & e
It @ UF ATA BN © | A AT qieest FH & dt g6 TR
wey Raa § gfe off &t oY & oY gas faaRka of gfar 2|
fAfoaa &7 & F1E UF ITAE F SeF AT T WX @F FH &
T ZTAHIHT & ATSET | ITE B o HILI FHHT (3 STICYL Alees
& aror Roet # gfe &7 St €| 39 =@et & forg weer #71 $iaw
&t PT-2 gt 3% | gt 4 @wrat &t 7ewa & forw afdw v
TP (SFS-2) &t gurtar &1

e SFSs 3 PTs geaa Ywewmw frey #Fafes &
Ty forw e F fore snnt oF qwE & dan @
FTATTH TRTEATI it qee §t At & F & e s
AT fafr &t s wwm & fom gorae HRwwme afw
amgfd 1 SFSs 3T PTs a9 #1 |
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T AT sgfa
foew &1 =

LEVEL 1

Problem Tree - PT1

ATSTYE TR HT AN
FAREY e & |y Bgw FewmEe

Open wire connections
or
Dry solder points

No voltage across Transformer
Primary or Secondary winding

Filter capacitor
shorted

Possibility
order

Rectifier diodes

Filter capacitor
shorted

open
No output
Voltage
LEVEL 2
Bad soldering Mishandling No Mains supply Defective transformer
Open wire connections No voltage across
or transformer Primary or
Dry solder points Secondarywinding
- Low capacitor
Ageing voltage rating Shorted load Low I_/PIVrating

Rectifier Diodes
open

qraY : TARINEA - (NSQF ¥ 5) - 3™ 4.1.170 & "Wt i

67



AT AW F @ar (SFS-2)

g &1 s : Tt ATSTYE T F TS YU G AT

( Start servicing )

Carry out physical defect checkings
and rectify defects found.
(Step 1 of Task 1)

v

Carry out component polarity,
trace, check and rectify defects.
(Step 2 of Task 1)

Tr. Sec
< NO voltage YES >

present
?

Tr. Pri.
voltage
present Power-OFF PSU
A NO Filter YES
v capacitor
Power cord may be Transformer may be Q)K
defective. Power-off, defective. Power- i Test diodes.
Test, repair/replace off, Test, repair/ Replace defective
power cord. replace ( eplace capacnoa diodes
+ transformer
4 Y v
( Power ON
Power ON
Equipment serviced
Report to Instructor
68 qraY : TARINEA - (NSQF ¥ 5) - 3 4.1.170 & "wita R



3t A i fort stmgege DC/wfghs g aat
forew &1 e FaReT frmw F T IwwrEr
LEVEL 1

Filter capacitor
open or leaky

LEVEL 2

Problem Tree - PT2

One or pair of

Ageing

Diode(s)open
Tr. Sec. voltage
low
Y
Low output voltage/

increased ripple in output
Low capacitor
voltage rating Shorted load

Low I./PIVrating

Filter capacitor
open or leaky

Mains voltage
low

One or pair of
Diode(s)open

Some windings of
sec. shorted
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SCR, DIAC, TRIAC td IGBT &1 SwT #3a gU 9Ty & atwe (Power control circuit

using SCR, DIAC, TRIAC & IGBT)

Sga [ W S F A # A fAwAforfad & F A 2

« SCR,DIAC,TRIAC 3T IGBT # =T 3T FTAIVMA WL FIAT

+ SCR &1 Il ¥ T TaY Fgicl Afhe Ht WL HLAT

* DIAC ¥ TRIAC & TIRT F¥Q g e Fgicl Aihe Ht TL HIAT

« IGBT # GTEAT G947 ITANT Ht T HIAT |

TTaY TAFLITEF STV 1 9= (Introduction to power

electronics devices)

ST oA % fw § gy &7 & goderae # i
STFLUI | Feglel FLA ST HATRIT FA § ©LANT fFhar maw & |
T ST STTANT S AT T SATTE § TIAT B e [T HEAT
g |

FHTHIE (FAT FAET) TAFGIaT H A AL AT
IrAGT(a , ATETOTAAT SAaaT v IR &1 LT % HISHURAT
7 faciiuffr & arr sve G St 2 | s sgse
% forg, stfaepas grar: R @Y STeea Oy @ < A UfEE
T FE T TR d% GHTA &1 STTavashdT 2t & | 37T STfers
qER AFgTE IR & o oFed & | 0% e 8 ameEn
IAFEIE GTh HT T TANT A TTHTT Frgiel LFEHAT F TANT
T e &1 T, TF THT 91a9Y &d &, TEY 0 bl =Tl
F FEIA HIA, BIE SAFIAN % AT HF TE F Frg (ol F¢A A,
oA T TTEeY, ST i, aTOHH Sl arfe | off
f&ar St Har & |

faferter wgier YfFew@= (Silicon control rectifier (SCR))

farforate g iar Yaewae &1 e (invented) 1956 & T g1
o7, % Hid &gd J(th JeT Fed © HT TANT {12 Ta€ ATIAN
% foru forar ST @ | frferata #vgiet YfFewm@w (SCR) amafex
el &t Teelt Ze & | AR dgm-gifnex & afvafe &
T T T @ | o wgier MEewne uw afrdheaey
(srE=mer®) gfth © | SCR Fwgier YfadefthaherT &7 &1 F¥ar ¢ |
UF YFCEER TEE & muE, At wgie dFewme
sfafi =fime e & o efhew & Fgia #d & | (T
farfera YfFewmr fafea wgiar smre & swam, ffaeE
Fgiel Y[FEHET UF AT =fiaer e & oF HFefrdm &
Frgied aed € | (e fafom MFewmr) |

faforaa Fgia Feww &1 ame feEm JgeanT aEw
feferas & us ot (Wiex, o onfe) AT &t Fvgiel e |/ Fed
g1
U IFeHEEY sErE uF PN Se gnm | o s
e ga ot § 3t PN s (P-N-P-N @) F= |
70

Fig 1 # faga s, amaT @3aeT qar Sfasers SCR st
F 3G |
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fafertw e IEET F1 AW s (Basic
Operational SCR)

S T T2 €T 12 G & faferia sz IFewey § vae
&7 =T (Conduction) 3% #¥ (commences ) 3TTs F¥d & |
(vt== & =merT) (Latched into conduction) ST te &T=T &2 STt
g | wrae gy faferst Fegier IFTHIAT F FIRT F2-3ATE A1 B1dT
2 | ST AAs UHATY A folshTe degiel S(Fa®Tax ofd & FTere st
&, T ATAd &1 AT & Fegiel 3 & | % G LT T A 3116
F THA S A G & HH HLH (ATS TTT) TF {ohfewer (Fheqer)
A1 & = a1 9 gifeeT a7 (holding current) FeEaTdt € |

Fig 2 # SCR && e & =|re (Conduction) 37T & 31T #¥
TqehdT & & Fig 2 # fe@mar = ¢ |

Fig2a# fer=r S, &t gem (Open) SCR#t s e ¥ @S g7
FE U AET Fedr & |

Fig 2b &, T fearr avs &1 &, U& % e 9T (s 1/1000
AT TAE HH ATS ETRT HF ol §) & A (F19%) SCRE |
TF AT TS (WTY) g7 SCR 81T @8 =T € AR a8 (W) R
g |

Fig2c#, 51 fer=r S, germ €, e &Ry S{iet (zero) et & | g6
T Y hig T9TT Tel e SCR Y WY e 9T R
SCR &% g1 d=dl ¢ |

Fig2d &, afe wa srfd ame (Shorting wire) &t wate v oY
Fate e & T =& 9¥ €, at SCR &RT 9T a18me &
ST & 7T @Y TR 9eT AR § FeT IF #7 adr ¢ fafowm
Frg ot L(FEHIAT & T T I[& FIAT & SHHT Aqed LT ffordwra



FrElel YACHEAT & FILT LT &l IS BITeST T & FH 4 (FH
gTeT SCR &t o= # @+ & forw) %ar & | 88 SCR e+ 1%
EIAT € | ST (T AT &t 8eT 3 & df SCR ATF & AT AT
g1

Fig 2e ® U sfeexAfed adis & SCR & =i o1fw =t fF@mr
T € | 39% W 9 SCR % UAle WX e efiqew wid et
g, @ie o fea= S, & gar e T Fe-AT & Al § 5w
g2 o ®t SCR % g Sifes T ey & &7 & ¥ SCR &
AT & AT & | U 91X SCR & 317 &F 79T ar SCR & 31t
TEf T & afE e S, 7= & | SCR®R # 0: a4 F forw,
ferer S, &1 as #Y, o S, &t &= XA % g AT LT a1
=1eT | Fig 2(a), b, ¢, d, e
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faferta g fFewmae fad o & =91 721 #2ar &, SCR
FT TATE AT HATE ATAT & oIy &HTHS BT ATRY |

SCR & sT%<t @101 (Important features of SCR)

o Tgd FA AT U, TF S(AF Al 9T Hl (=0T b Fegier
F4A |

AC smqfdt & g SCR R (SCR operation with AC

supply)

SCR &7 s weft af¥wer & arer s ffosta wgia
TR F TIH gAE AR o ARG & AT & a0
ST ATE | AU FAT AT S | H T Fog e TRTT % & F
FT Fui fohar @ 2 |

SCRifte aftay & a1 garr Toreex R, fawawmdt (Potentiometer)
R, &% faferw st D, € | T R, iR R, o& a¥iwaa
Fieew feamgs¥ (Variable voltage divider) 3T a¥e & #ed € |
R, % W T FFaferd #¢% (adjusting) W€ 4127 | STF® &7 &
(Suitably) @it (modified) 3 & | STTS D, AT dtees
F UFHFT A & AT FLAT & T THT TATS AHHAF S
arsfeer ar =% (negative half cycle) # &t |

[X] &FTcA B1% =% & 31 UET 9Ta @d &l €, 9 9-TcdS
&I T Alces agdl &, ad e °amer | +ff agdt & | 517 e
arT | f™ @@« (Trigger level) & @g=et & at SCR
STSISST AT 1S U7 | @S 517 ae (flow) T wewfe
(allow) 3T & | 37 @TEE & &I AT FgaT g7 (onwards)
farferatar Fgier AfFewr@aY (SCR) TR~ & & 1T & Y
HTY G || AT ST S = | qe+ ot & Fef a%
# =i (though) e &= {3 719 & &9 &7 et & | &
(recall) T& a1 SCR frfersTe gl AFewrER SAfasssas
TAT T AT A1 § Tt as o afe e fo7e & & et
€ AT AT & ATl T |

[Y] Tl AATE T & AT 8T 95 & i X, ST dieest
g ST (zero) ¥ (SCR) faferata wwgrer IfFewmx
artae & F¥ (ST U a¥Er SCR R wvgter
Fewmar & =fF sife & amer & &9 w3 Aot wgier
e & 8T Sifee T a7 (Holding current) &t &1 &T
FATE | 7% AT AT oAt TRIY & G & AT AATS & FH S[HT
ST & % aRT FE a%hd € |) ot Rrfer g e YfFewmaw
3T T2 GIXT AHIHS et =19 (Negative half cycle) grdr
g |

= [X] X 9% [Y] e T o@te o Fig 3d # e =
AIAR TH | Tl 8 |

Fig 3b, 3C # ateesT A & &I A e dteast &I e &
g

afd R, T AT 7 <1aT (varied) 81T & Sifs @rge 72 SCR g

T 4.1.171 & "wta Reeta 71



oY s1fer SosTaers @TEe % Sged X TedT agdT @ Fig 6d H 39 |
7g afRay Fig 3a ® fe@mar = &, SCR & stfvrssaes &t 180°
(strfera) & 90° (W) & d= Fet Wt uswiee (adjust) FT dFd
g |

TE TTUTR THT Fgier 7R97 Fig 3a & f3@mar mar & | SCR
T ST ST T g 1ol el H H bl & | THT &1 E-THSE ATET
=1 (Positive half cycle) @e & ST+ &7 &7 &giet SCR % &7
X T & | AT 18 =% (Negative half cycle) & g
SCR & &% &f SraT & | 3d: SCR &7 S&T UF A a1 3=
(excellent) feaf=T gfth (switching device) & Tt afRweri &t
FElel HEA H FYd & |

o guy face ufay
e g URW TRTA
o g, dF qUT AHT TRIY Al

DC ®te¥ &7 Tifar f9==rv1 (Speed control of DC motors):
70 gt Regia #t STeaRt ® fAeEr ooy &t dao dfera
T @ FT qUA T @ 2| Sravaswar F gAY ASTRE
Ty, qUed § Y¥ahed TN, AieY WY o § Ifa fAfgear
&t wqidka fFar s =GrfRkel DC #ex § & dued aur
AT e giar & | DC #ex &t aifar &1 &f fafert & aRkafda
foFar o1 wwar &1 (1) g w& e awE (2) ey

Fig 3 # qiR™y =T TRT Faet Hitwa st (limited
applications) 3& @eefAT FEA AT T ATTHRH
FEA T A FAE N
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SCR &1 W= &3« g e f7==vr (Power control using
SCR)

« DC #tex fag=mr

. AC wiex forsam

. Fme® DC wif amyfe
. wfE foer

. aftrd frsew
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Tieaar &1 FEfa s

sow fafer & a@iee & fRufzor wfy & s atex & af =
= #e & forg o faar st @) e ffyr # aiee
#r faerfeor wifar & A= () e & wfy & feeor &3 &
fore IwT fFRar Srar g1

HTHER qreear H =0T FTF DC 3 /e Y i &1 fersror

(Speed control of DC shunt motor by controlling the
armature voltage): a& DC 3ie 7fq &t fA=or #24 #t qaa
wftrg fafer &1 Fig 4 # stomr-stent &= Iafora & & DC vie
AreT & A o ot @ €1 87 aved &, QU awT
#g st & DC amyfd & St 8| e & aHwT oref
fAe=r &g st F 7T & st DC amyfd & St 21
SCR 1 @ar 2 & fHe=or #3d gu, smd=¥ 9% DC ateear
qfRafda qar gty & e & afa & aRkafdq e
T&ar & | Fig 4a W 9wy & w=mom & f=a &t Fig 4b &
I TF G qAT qieedT dGT ©T H THET FA gY a7
ST @%ar & | SCR-1 @ 2 s1¢f =% ® yeTlRa (fired) &t 1
AT 9% o % AT SCR-1 @1 D, #¥1e ¢ | SCR ¥&1X
For F A e R @ €| @iy #9 gE TgE qHEY
qtcedT FT AT § FAAT TAT & | ATHAT F 30 TIF AleedT
&, It e = afaer & IwT & YeTlRka Fir Ht gead
g afafdd = s &@%ar €1 @ SCR, @1 D, &7 #1er &t
TeT & a9 Fig 4b # 39¥ T AR FTHH A& 9% &
qEET TATAT ST |

A TEW FOT F AR FQ U0 AT FQ THA
fafwe: sR & fow 39 iR aoie #)| avie & o
SCR 9= 7w qw® #1 w2 |

Fig 5a & DC #tex & aifar fae=or & forw wa sfie @t oy
gurter o @ | wfer feEer, SCR & gy =R &t fefaa qof
A fewy syt W smenRRa €1 g fEEer ooy Faw
3ie AT guF I Aie? & forg Suge €| ateedr aur g
aGT w9 Fig 5b & &t Wt €| Faam ate #¥ % DC #oft Atex
F 30 afRw F g et 9 e o awar €1 R &
fore Atex Ao aRuyr 9 s #t 39 |

T 4.1.171 & gwiya Reaia



Fig 4

FIELD
P o

FULL-WAVE
RECTIFER

O=—E,LSINw t—==0

HALF-CONTROLLED BRIDGE

(b) ARMATURE
SUPPLY VOLTAGE
VOLTAGI;\ , ,

/
/ /
s /
/ /

a a

\— FIRING ANGLE

ELN4117114
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g Iaford 415 atee DC Atex & forg sre=e fae=r fafer
wfq & fe=ror #F Fig 6 & gortar o &1

Fig 6

N o
T §>_
8 Lo—t  oi
2 4 g
o Lo — O oo
s Z 0
I Lo o <

3-P

= DC \text & wfa A= afkwat &t #rex & wfa fe=or

# SCR & &Y &1+ aTel $& 3 ToAT o 1< T & a18 3R &
qrt & auie e w2l

AC #tex #1 ifar Tt (Speed control of AC motors):
AC witex &t i fer=or & forg off Far fe=or &t glawses

ELN4117116

T T ITIAT AT 7 TAT €1 3H HISY F IRACTT dleedT,
et wfar & f=or AT &, # a3 ara T Star 21
star fa Al ateear #t afRafda 37 & geawifos @ed #t
iy aRadT T8t gt &, 3t 7% fafy Fao fewaRads a1
ST AeT & forg I etdt 2

AC witext % forg ot @< Far =T aRaaw &t strawaearn
gt &1 Fig 7 § Thel FelT adqT i Fell Y07 HieX & i
= & fore aismTEs s gertaT M f )

Iue Fig 7 # SCR F Yo ®T &t qRafda &3+ #tex &t
RMS st aieear &t afafda far st asar gl @ ae &
A & T aeadr 2|

Fig 7
&
1
2
_@_ )
() o o
e 3
& 2' o o,
Xy
a) SINGLE - PHASE MOTOR 3
o—
3 ~
_@_ S
b) THREE - PHASE MOTOR %
uwr

TRIAC 31X DIAC %7 5= ¥ gY TG |fhe (Power circuit
using TRIACand DIAC)

AC #ieX ® wifa fsor & form g @t SCR(TRIAC or
SCR for speed control of AC motors): SCR & gaT #,
Triac, |attas Alex & Wia A= qur ffw dew ooy &
ford daiusees Ff Fear & Jur "g9w gk @1 SCR aur
TRIAC 34T &t T A= aur & a7 JieT & grT 9w
afRads & forg Iwai fEar S awar €1 {6 o g ot adr
gfaa gid gT A 9gad AC &1 31 Te=e & Fal &t aHEIdr
§ faer=or Far 2| afRumdt gt @@ g, 6 wgiem (\)
AT AT AET TATAT AT © | TR quf a<ar g, {6 aga
AT AT A F=TA wdt € | forad SCR & ST & aref adr
st ara T ST awar @1 5@ Qv w9/ g9 g
ATTIIHAT AT [IET H FH T & 8T, A fFar qmar 21

Fig 8 X afRwar & maffys #tex &t wfq a1 cwr ot =9k =+t
s # & forw TRIAC et fResor afvay &t goifan @
2l

Fig 8 % afRuy & goriam mar WX, #ieY & fawe &t oder us
AT AR & FfF, 50 IR F FHF & = & forg auw
difersiaes & forg off I fawam o daar 1 39 aRaT 7 qeY
TuT fAora Ferr fAeas et (Feadh) &7 A& gtar € | 98 gEw
& Te # RwRaw &t &7 #ar ¢ e ffvss =T &
AT FHIASE a7 A6 Tfq = & sfds g@g aq
sl
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Il AT ¥ & S TG & AT Hedl T & ford faoiwa:
ST & 2

ava s fifq #gw (Simple light dimmer): Fig 9 &
FoAT AT 9ROy, 9gd W VRN & STANT FA ATl UF
farega aera &1 werer iftsies & | ooy & qeit & Ifud 7 w7
AT FA T (240V,50Hz) Bt of gor smyfa ena &t
STANT A gU T a1 S F@ahar & | afwey, Efe o w7,
1000 ate @ #t i & [t T awar 1

TEF H fEa & gEa @7 ave ST w4 8§, aRkay &
fersamaeieraT ag st @ | atfers fer-ama (Low-Pass) fheex &
LT C_gtar & St aga & ¥feat-smgf arfFaseor (RF1) #t
AfAFA FLAT &, S I SIAT & qAT T IW@T H T FXA FT
AT FAT € | 9% 3= AT (FR1) S0, g0 & i (e
qHT & I gr 2 | o g aiw w9 F 3I=7 amgfa sfor
& o IRAT & AfFAEr F WA % forg faenfua e s
Tifew 7&F @t sgfRr FE o gor ar aRwy § a1 e wt
7T Afie (Reception) & @y safasvor #T asdr 2|

a7 fifesig® (Lamp Dimmers): it dg% U afwy & s,
S &7 I AT F AC wfad smyfd & St & Av o |
SATTA ST & AT T T A & IO TH0F qF (bt
AT 2|

T THT T RARE q41 Jg W¥W Sifawias (Conventional
and soft-start dimming of incandescent lights): @@=
ZEEET § T S 7w & ATET 7@ AT ATIRA SAHEH
& ATH XTI dde1E & T Sifsas, = aleedl & Reee
TSI @ AR AT S RUFe F1 ITINT F:3d
ST AR § a2, @i, A= ST I Fed a9 wiwT
T 3 & | A SHT & 37& qTeAd TH GIAHEH 7 37 99
Fiwreat #1 g2 e & qur ghifory s SwameEt & fog aga
wfa= gt U | syfs sEEas dfares aw, e |
FH FSAT T FXA &, q4T A 9% gg¥ (ReAre) faezor o
ST & | 39 U 7 T HaAA @ ATAF SIHIT FH ATSTITAT AAT
wAta®e (Auditorium) & Iw e & aryr fFenfia e @
afer st i wmefier, &1 qam @ o watwor (Projection)
ITHLI AT T ITA & fory fifewigs & FaetRs aamr
gl

I ATF AT T Sifadas® (Semi - conductor based
light dimmers): SEtf &9 aea & forw gt st Sifawias
T =TT {4 & T @ | T g SfaHeE aReT, ae & arer
Aot H S g & AFeA FHI H TATAT FIA gT TH &l
draar & et Fed 2| yaw fifeavies aga axa aRkay &1
START FIAT &, A AW TeA & ATEIHAT & AT I T
AN % forg smmaet €| gAvT difawas F1 @& di (Rush)
O § W & o7 gg TiXw FIAT & a7 560 TR § A &
& Sfrad faear €1 g3 aRe o dif #ed, T o qur

74 TTEY : ZTARIE - (NSQF @Y 5) -

Fig 9

Lo—)
TRIAC

Ry
R
MAINS 2
AC

DIAC
C. €L
1 T C,
NO o

FULL WAVE RECTIFIED OPERATION
VOLTAGE APPLIED LOAD
(b) e
// N
4 s N
/ s \
/ / \

PHASE BACK OF m
ANGLE CONDUCTION ANGLE

(a)

N

ELN4117119

o it AT, TF F HaRT HT B AT FA g aRafdd
FY ST | Tt T & forg s afRaet 1 s far e
FHAT T | AfPT ITART AT UFHet grF TR ALAqH &
oo g faftre srgwamr % forg == e @

3 g & forw feEer 9oy &t Fig 9b # 91 T SgEr
FE FAT TR e aRkay w5, au s o afkay
&I ATeedT &7 ST W & q971 a9 o forg 9 e s <@t
g % o faoa I FEAT F1RY | I T TAF THL &
AT WHT & folg 9= % g7 @989 9T a91 39 faea & 9%
fore forar star @ | 7' 9w 0° & &er 170° a% & daed
FOT H T T qFar &, T O qiad [ # 97%
Tfers &1 e FT a5 2 |

Hg aw faweq & = wanw §if@wg® (Light dimmer with
soft-start option): Fig 10 &t oo, g5 ¥ fases & ara
e Siftsiad #1 8| Iak T wfary @ oA § wa A &
Ag ® 9gd &9 IfA0Y & FRO gg ARAT Afar &1 IR |
Foft FF AT FA THT, AT F HH AT & FOT qgd I
FatE g et 8| fomd For dq @y afda o & eIy
Bl &1 I Aate 9T & FRO AT F fA%A S F, G
AR Teor & e G stmar &) S 3= ast (i) &
freifaa w3 % oy st ¥9 ©7 & go7 H 9T @7

Fig 10 9% 9fwer &7 S=Ta d AH 8iar & 9@ D, & g D,
% TS A H dieedl S it 2 | &g, fraeft #it fewiRa

T 4.1.171 & gwiya Reaia



FIAT € TT JY STte D, aor sfawrgs gifoeer R, %t DC
qteeal SFFT Eldl € | ST Ther &fer giforeey Q, it 20 atee A
e Sreear Suerer #ear &, stfafe Ta & g v &
S 9, 99 AR Aleedl F Ta9 A dF sl ©| IR |
HeTRA C, % AT Aleedl T it & aor &4ifea C,, Q, &t
fom % % forg smafi 7€ #T @%ar 21 C,, smafia grAr
I BT €, Afshed TieadT FH B & BT el 3T =56 & 3
F fase Q, F fwa Few & fow C, W 7ot ateear it | 54
AT AT FT TS FA S & 18 oY, AT ¥ T areear &7
Bt & qT stmate (Inrush) a7 FA ST €| T/ 6 Q, F C, F
BT ot foaree &t 3 gy fe C, o ateear & gfa &t €1
St T wgE ateedr § iR - ¥ g e & F 7 gt &
TIT 5 d% o & 9gad @Y aieedl 999 3=9q9 A7 9%
Bl © A9 a% ded TATd €9 & TH & gH siar 8, o &
firT srate (Inrush) 9T &t A 79 9= T@T SATar 2|
sfaeta® R,, C, % smafea 3¢ i Fdfaa #war € ao g #it
HT XA & ATET H FTAEAT FAT €| R, F Ffaary Ft aRkafid
FH WX F 9fad, AAST T § FAASA 67 AT a@Fhar & T,
UF TE SR 8, TAF H (I H1 ATl HI & SAfAia,
e ERTHY F 9ifad g ooy & = gy e 9oy &t
TuF FAT 2 I(gEF & fou g™ gus fafy #v ave e &
sFgeat § fFar m ?)

Fig 10 LoAD

L1 X

2 4 ]ﬂDa PROJECTOR LAMP

L w¥o

T & D,

"~ PULSE
D & ¥, TRANSFORMER
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No

T s FH (Cum), qaites deatta s (A simple
lamp dimmer cum Universal motor speed controller):
Fig 11 ® gitar 13 o Siferdes w7 gatts afa fe=s oo
# grad & o gfa &t ave s T @ @) gew &
e HT F e FA & forg war fFEEer @ gwnr e
T €, S o & aiferd ot & fAfa war 2|

ZI® H AC g&T ATIfd & @1 &vff § u& & L ey &rar 2|
TTAF F FIXT 1A% % &I Hl (T &g &7 AT € | ST &1
AT HOTHF & 9% & q9F G9 oF a¥ (Breakover)
Fieear @ (Level) 30V 9= e &t fev o star & | @affs
HET & fd a1 g A AT F agen A glaer w1 g6y
fawemmdt R, Fear €1

THTAT ST AG9EF TR9Y (Snubber Circuit): g fe=or
& |1 U FHET 7€ ¢ (% 9% dq8q & FHA & gid 919, AT
& AR ATd qieedl &7 A9 AT | T8 T4 awan
g §F WY, WieT & a¥e 3= 9o &t | dv/dt & e 56 I
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ST Aleedl Fl F=r it gt % @ g 6t fgne o w2
FC THAT & (FATIA AT ToAd fefRan) g woa femfar a6t
T & forg afeawr (Fig 11 # qoi¥ & g R4 @1 C,) &
AIR U& R da7 C &vft orer #F & o simar 21 o8 RC
ST 1A% % ATLATE YA ateedT &l gha H FH FaT ¢ | g
TR & AU e 30 TRIT & T Fott a9y (Snubber)
a9y Fed | I F e T TAT TF FA & IAqT AT
AT AfAHr (RF) F arafas €7 § FH FLd & (o] 9o
L @ &urisr C, v fiw ot fiee? (Low Pass) amaT €1

9@ ®1 i A== (Fan speed regulator) Fig 11 9% &9
Hfesies ooy & 4@ it wfq FEEs & aww awm ' 8
ST T ST A | T S At Faa afkada e e &
Fig 11 o< a7 & goia & &7 it &9 § 99 # ST 2|
POT R, ®t et AT U & T i @0 = & quiwrfer @e
afRafda frar ST awar 2|

Fig 11
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ATE Y ot &Y (T e arguie gitwey) (IGBT (Insulated

Gate Bipolar Transistor)

TS e ATZATAT iTowey (ATE SHATET) Ta¥ Foaglivad &
amegfae e & | ot S & o7 Arehe #T ITIETST Y @56 #
z9 (obtained) F¥d € | 89 WA & & & & FelgeY 9T &
AferspaT & fore R e #9 X ear @ | | grea & STewd
& & & AT FT & | ATEhe FTIT g ATHRY (e HY T
% ST el dieesT STATS) & | AfShe ATehe H R ATad &8~ 3717
gid & | ATEhe HT e TRIT X FSET T Forgex THieY TRaT
TF AT §Yh &7 & UF 74 IR (new device) sRTEA & | 56
gfth &7 amEstiarer (IGBT) #&d € | ot o1 St & & &7 o
A AT T & AR AR € | Fig 127 IGBT & R & 3 | 311es1d
¥ f for wrehe o ff & & F dg7 ©7 i qmiar ¥ |

Fig 12
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IGBT % i =fi{wet 21d € - e (G), Foiaex (C) ¥ wHiex (E)
ETTRT et & THIEY 1 ST dedl & S U diedsT A< Y THIEY
% firer orerE 2T @ | IGBT & 311 & 1ar & | o7 e e
Fieest &€ AT & | IGBT eH-311% &f 9T € | 99 e & uHiex
Tt F TS FIA & Al agd HH (AT & aTEY) &RT T8t &
O THT ATEhS & e TRIT T EAT 2 | (7 R Felde T & THIET
1T agd &9 o" BJT &idT & |

ATESEE it @¥=AT (Structure of IGBT)

ATESTTET 7 =y ATEhe & HHT E1 1T & H TS Iel 7 evaad
FTH-TFT T e 7T & 37 = | ufeweer P+ 9= &1 s(resd
XA € TE TA FeFex (37) IGBT &1 =t & | (Fig 13)

Fig 13
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1

COLLECTOR (C)
(DRAIN)
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7E P+ 599 9= T gfes (heavily doped) @ | g@eht Sifdr
(intensity) 10" STTeaT STy 51 &3 8 | ALY T &1 ST ATERE
FauE € | n+ a=a 10" wferee &4t & | P-ahe St S &1
Tt daer 106 wfe == &t @ | n - fg< (drift) S gt o1
giar & | (10" wfer == &)

g ST & gy 9= (Punch through IGBT) :

IGBT & 3ITa¥er & forw n+ a6 &1 srawarehar 78! stdi & | o
IGBT & n+ %< 93 BIdl & I8 ATSS(& el #T 97 Fed & | 3
ATESHTATETN FT ATeesT AT &THAT SIEHHA (asymmetric) gtdr
g | 99 % 5T ATEstied (IGBT) # W aF i a8 eiar & |
A ZAHT TANT g% & forg 3 =ae afkaert & far star 21

FTESTEE & gy At 9= (Non-punch through IGBT)

ATESHATET N+ THT T & 3T it SATESHSTET % G AT 97 Fwcd
€ | 57 IGBT & 9TH T AT TaT quiH aicest sATieT &THar
ZA € | 37 IGBT &7 T IFeHET 237 & Agoai & fog
T Smar 2 |

AT 7 A{tavw (Operation of IGBT)

5TV TSTEIAT 8V (FHETR) & (Vo > V4 threshold), @
AT TFE W F AT H AT A Ed & s b

76 qrEv : TAFIEE - (NSQF W 5) -

Fig 14 ® feamam e € | 3 gotag ™ P+ owd & St &1 31T AT 4a
g & | 31 ged & Hiav & P awa & n- - fywe 9w (drift region)
BAT & | 3Td: STeh /g™ U Felde< § THIEY &l 30T 8T
& BN AW & | 5T Sieq P - TET ArEl Ao § Ta9 & &,
A9 § 9gd & FAFEHI & ST n* 9XA H AHA g 9 § AR
T A & A At A A E |

Fig 14
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Fig 15 & a1 Sft &t &t &7 forer fowaman mam @ & %4 greior aeke
A gifome 7d i & | ATehe 3Ye e, THieY &id &1 ave,
AT n - f§oe O $7 #1 e a9 eid & | a7 gifoeex T, T
T,® Fig 15% 39 |

Fig 15

n” DRIFT
REGION

CONDUCTIVITY
MODULATION OF
n DRIFT REGION
DUETOT1AND T2
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gl P+ T .Wa g n - e O & fiar sa € | 7=
n+ fgwe o gifowee T, &7 s iR gifomex T, T Fiwet
gar 2 | g n fgwe S5 & e & P - 2y aret o § o1
g, for| witex & sisT o € | seag™ n+ o (g geftex
FEd €) % T giforeey T, # T & & i fhe & n - fgwe o
H 99 & & | 1 B Y gFge asr de ¥ - e
H o & | 3 wfawry & &7 w3 - {37 d1+ (drift region) &t

T 4.1.171 & gwiya Reaia



FH FA & gEHT ATARAT (conductivity) n- fgere S &t wrersrar
HIGORTH Fed e | 3T ATersha T ATee@ (conductivity modulation)
ATERE § 99 e Ham & | gifore T, o T, T Far ete
o 3w o & ofiaw afes der # g € | gifwe T,
A T, giforeex ffomia fgiar YdewER AT aee €t eid & | aifs
Remefea (regenerative) &d € | gifsrex T, F g e fmw &=
% BTN fIEAT WIEhe & d¥e gWd gar & Fig 15 § gaer
gt (& FA A7 a¥ay) Ry G = e 1wk |
S e q@Tg Vo >V (th) F &Tetd #, g2 griaa
ATEHE T AT &1 AT € | I8 9 ATHR g3 & giforeex T, i
AT 8 o gifoeex T, Fefae et g FT aar e | giforeex T,
FT FoFe, giforeay T, &7 TG BT € ag gifore T, ot &
AABTAATe | Fifowey T, %7 e gifomex T, € o Rermefea
T Y ST & M fer de § R (carriors) n- e et
# fiaT & AR BN & | T& A EIET & = A F FF HIAT
& 5@ BJT 7% n - fywe o &Y =Sosar wrgaee eidt & |

S T g5 F 8T AT S1ar €, IGBT & 311% & S1am &, e
e F geT AT AT & a9 I A9 g (vanished) BN AR
dTEAT FAgA (equivalent) ATERE eH-ATH BT AT &
giforee T, & e g afe gifsres T, e «ftw g afe P ey
aret e #1 gfody R, 9gd #9 ¢ 39 forfa F =, oo
(Virtually) STeme ST gHte @t ane € ofa: giforeex T, e
ATE & | giforeex off e ffw ahm | giforex off o offw & |
et ATESRAET (IGBT) o &= aret T & sfa<ig (R,) #
g FH AT #ar & | (Fig 16)

Fig 16
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afe wfaeter R, aga %4 €, ad gifowex T, F{1 7€l FieFe (conduct)
FOM AT ATESAGIET FT a0 TR FF § fa@mr @ & |
ATESET (IGBT) & STo1T HIEhe Fifeh ST &7 AT Foidey o
FHIET A AT BATS | ATEhe F forg, AT e Ay sTtas, faery
fywe Tior &1 @uTe A sEsteier, gfoiy & Fwedo &t
FH FXAT & A 7T FIET Ff AATE B & | TE T(ALT FH ST
& i ST oM ST & | 31 31 e A TSI Ier agd
F &t 2 | (Fig 17)

qrEY : TAwE - (NSQF @ 5) -

Fig 17

O o
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RESISTANCE

e

l

IGBT & @, &1t @ srgeanT (Merits, Demerits and
Application)

ELN411711H

IGBT & @ts (Merits of IGBT)

1 dtees Fegia Iih € o1 gT8d 7RI agd argme gar e |
2 AH-we qAEH F FH FAT © |

3 f&fEmT Wil ke & sfas gdr & |

4 FEEIA TRTAT A ATIFRAT Ll Bl 2 |

5 e q& a¥e & &gl IGBT & T # g1 € |

6 IGBT @RI Wele ATIHT UTis &iaT & |

IGBT & &tfe=t (Demerits of IGBT)
1 IGBT & ®fes =t awear gt 2 |
2 IGBT, BJT @ A&k & #& &t € |
IGBT % stgst (Application of IGBT)

1 udl Aiex 3139 S 3@EY

2 & & deft arEy awng 9 - =9y
3 Ffiuw foew

4 TEHAIAT FEEHET

qra” gieat @t gemt (Comparison of Power Devices)

qra¥ ikt & gordT Rt sweEs, Te gea afRkey, amEw
efvefenT ermar snfe & e a¥ #¥a € Aot 1 § SCR, BJT
Hqehe qT IGBT # ot &t 3@ |

T 4.1.171 & "wta Reeta 77



T qIeUE SCR BJT MOSFET IGBT
C o] o .
1 SCiED B@—'{B@—i Go_r—TGO_'r—T GO—|
e S
K E
2 fo SE-aAf=eT srat fa st Afsmr | <fiffae fow #iffer o fifer fae
KIBERS gfe
3 gt 7 FEX & THR | 9gAd HRET gRe | aRTer g TEAT AT IE | agAd Heax I
4 e AT ATIR & TF TR & A AR QA TWEq | e [ ae & e i e |
Fgrer FH N % Fegiel | Fel Fiel Frel
T FHEAT
5 AT-H2 T <29 <2di= 4% 6T 3.3dw<
6 ferf=m ey 500=eH 10 foat sed 100 @ faat ggd | 20 fahat ged
7 e grEa &Y &Y FieesT FieasT
8 ISEEY HATALESS EICEIEESS STEIT TET SRS
9 ATTAT [T LEANED TS TATHE T TFete A
AT ATeF &mT
qv
10 FedsT AT GTLT ¥ 10 kV/4kA 2 kV/4kA 1 kV/4KA 1.5 kV/4kA
11 el ATIAT &THAT TEIAAAr T AT g Haar T HAr
&THAT A HAar (3T)
12 AT wdr & St Fade | ST | uHT Y T =AY, FH T & Tt e,
TAFLT( Afehe it gauauAdieE | gauAdieE, swaer | UPS =Y, SMPS
EET LS T ATeY gET arfe &
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