JeX — 6

AT FAde -

ST 6 &6 fafed § f Sofl @ @8 ©7 81 © oY b ddfde Sol, e
i, f[agd Soll, YHTer FHofl, e FHotl M | Hofl BT 7 @ e fhar o qebdl & AR T &
UaT T ST |\adr | & Soffl & T w9 Bl GOX ®Y H g8l Sff bl 2 |
T SAFSIaT H BH UBTeT Holl U4 fAgd Holl & IREOR FH€Y & dR H JeIT B |
UehTel SHoll DI ([Igd Hoil Td I IHoll I UH Holl H IeelT F=1d 3 |
UHTe RIT 8 7
IR =l WagH ¥ A18dT 99 W $HUR &l Sdeiii-cd d9d, YHIel T dlsc dd

HEAR 2| ST I AT AT BN © UHY 1 99 o F=gaR el & —

(1) INFRARED LIGHT :- A =800 TO 700 nM
(2) RED LIGHT .- A =700 TO 600 nM

(3) YELLOW LIGHT :- A=600 TO 550 nM
(4) GREEN LIGHT .- A =550 TO 500 nM
(5) BLUE LIGHT - A =500 TO 450 nM
(6) VOILET .- A =450 TO 400 nM
(7) ULTRAVOILET  :-A=400TO 300 nM

=l WaeH H 3R MM S W x-ray, THET ¥, BIRAG Y fe Bl g | REaT 99 length
HII: HH B S © |

3GLT ARIelC AR SHNA AN I fBa=il arell YHTer 99 human body & oI JHAMERIS
Bl T |

IS B 3R IS W IbR qRIeIc YH1el & oY Hda-eiiel Bl | 30 3 Td 4o &
a1 erge garer &7 ooft # <& 18 7|

OPTO ELECTRONIC DEVICE :-

a1 fSargw S fagfd ol &l UHIT SHoll AT UHIT SHoll DI [Igd Hoil H a8 8
opto electronic device HEATT 8 | $H MR W 9B 71 9 # foifvra fooar mar g —

1-PHOTO EMITTER :-

3P T a1 fSarsd A & S SIS IRIST BT YT H I8ard ¢ |
o f& LED, IR-LED, LASER, ILD amfe |

2. PHOTO SENSOR:-

g® Ifaia ar fearss *md & S light &1 sense &) voltage difference e &_d
& | 3feraT light T sense @+ WX 39! conductivity change &l & |
S f— photo voltaic cell, solar cell, LDR, photo diode 31T |

3T 89 SWRIGT |1 UdR & opto electronic device &1 Jod—qd [GRR A
3T BN |

114



LIGHT EMITTING DIODE(LED)

LED &1 3NfashR | 1962 # nick holonyak = f&ar o7 | 39a g1 fafsaa WagH #
TIYIH AT 7 b LED 9918 T8 off |
LED U solid state semiconductor device & ST fag]d Soil T UHIRT Sl H Taaldl
2| SUBT B B BT Rigia filament Scd I 31T 81T B |
e o™ ¥ dcd &1 fha™—< ohmic YR & &HRUT 2R &oll &l Heat & ®Y #
Bledl & oy fhare TRA Bldx IHG oFTdl & | §99 Mdbal arell d1se &g gl B
e @ge B8R 2| 99 % LED ¥ faer arell light MM Ud §® &< a® coherent
nature @8I 2 |
DI R & — ofd U ol IR BT 980 AR T {0 b &1 UBIeT A | FAM Bl
# IARTT Bl 8 I, $9 UPHR BT UHTeT Yol HIeNe bR Bl 3 | 39 UPR Bl e 94
I UTER Tl BN 2| S99 Arg B fl BT S AHdT 8 | ooR aRdd H ) UBR & UHTe
3T BT B |

Coherency

Coherent waves

Incoherent waves of the same frequency

Incoherent waves with different frequencies

PIENT BT Sad o o FHST ST FehelT ¢ |

LED &1 Rigid -—LED fa9iy YR & WHibvsder 7RIl I &1 Uh p-n diode BIdT B |

ST9 39 P-N Junction &1 reverse biased f&ar Sirar & df LED voT =ig! 8l &1 fob Rad
argd # Junction 8T$ IRCT offer &Ral & | k] o4 LED &1 &3 # <9y 3R BRas
IR foar Sar 21 99 N-layer 9 Soidg i junction @1 3R 98d 2| 59 999 I fagqa St
Ut @R high energy level § U4 WA 8 | junction @1 cross &R 94 ¥ gefag[ P-olaR H
Uged & o g8l Sy Bl ® AY combine B I & AR YU AfIRad Soll ST fagd vy
H U FI o I BICH (UHE) @ ®U H BISd © | T4 10 low $Hofl ofdel TR 3 91 & |
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7
ptype + ntype
o2 O Gc’.{:;..i . ® g
_GGjDO{}G O'e .l.-.‘::.--

hole electron
® :

2 ® 99 ® ® ® @ conduction band
ligghve :

W -~ el e Femi level

- -]
.......... " E _E band gap
000000 wg forbidden band)
—_— v alence band

Ig YN 9 db doldl X8dT & oid ddb LED farward baised Y&t 2 | 39 ufbar # fAdbeq
qrell ATge BT HelR (49 o) ygref &1 9v8 349 FHoil R iR dxar & a1 P-N junction
AT AT B | S bR 3T T Tl | 3Tl 31T hoR &I LED 9978 ST \ahdll & |

CONSTRUCTION:—

Tgell IR Tefigd mieTse U 9 $7%RS Ud XS dek & LED 9918 78 | fus #
@R 3R N- 9a1ef &1 Ush A1l WRa R P- Ugref &1 Udell WRd JIR & Sl 8 | i
TST HIRR BT B P-layer § 8IaT € | 3fd: I8 1 $UR BT 2 ad 9@ foaw
R Hed & IRd gl W& 2|

Hed B 39 IR ¥ TS U GST REdl 8 P- layer &1 A& 1 {2397 WTell R8T € |

T AT BI oo B IRAT 7 STl ¢ |

LED Construction

Emitted Light
et QT T —

e TIT11NY Lt

Epitaxial 111111 i
oid Film Cathode
Connection I_

www . CircuitsTod ay. com

N-layer &1 el fowdr O TRE 4 Acd layer ¥ G&T 8T 2 | S HellS &1 R IRl & |
1T B dise & folU WRiadd &1 9 BRI HRT © |
LED T& U1 SIS 8IAT 8 Ol BRaS a7 81 WX UHIYT SANIT Rl © | sHd

qlecui—dNe PRaexgRed e o § ferg 7 2
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Light Emitting Diodes I-V Characteristics.

ju]
a
Forward o = c
! ] aF il
Current g = a 3
S S = S om
I({mA) — )
Conventional Currant Flow
—l
v 50
+ " - I
40
Anode or ‘. Cathode

(A) (K)
-—®—< 30
a 20
-:k

notch {Short Lead) 10 LED Type &
Colour
0 T2 3 a4 5 Vr

Jfrpad 3.5 dlee TR 98 T 50 el THIRR die 989 oVIdl & S99 SIIel die UR
LED @RME & Sl 2 | 3fd: LED & 3ifdaad 3.5 dlec ¥ SATGT Wwllg A1al &l oIl | i

LED U@ ST & & 3k 39®! Udidh forg FgaR 81T 2 |

Anode |:??| Cathode

LED SYMBOL

PACHT & 3MIR W LED 1.5 V I 3.3 V Bl Ills W B BT & | TAT 399 Hpers
Il ATSC HB BE TP DIEXUC TR Bl BT T |
o IR BT HH & U9Td W g9 & foly URel wiiRed & e o) far Sirar g1
forgd 9 1% e fUe arex R e 8

LED U% difets e f&arsd & 3fd: Ig 98d dolgd Bidl & | dfa Il PH BRI
UG PHH IO UR FaTferd fham SR Al $9d! ds% 10,000 €9 ¥ 1,00,000 €S TH &
AHN T | By WMl W 1970 & S ¥ 41 LED 1t 4l &1 o= 8 7 | LED 50% fagga
SOl Bl ATlec ol § gacl odl & od b fheimic dcd 5% & 8 95 Ul 2 |

A NMuld or Tricolowr LED

Chatput
Clolour Eed | Crange | Yellow | Green
LED 1 0 Smé | 9.5md | 15mdé
Current
LED 2 10md | 6.5mb | 3.5mé 0
Current
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Epoxy lensfcase
!_,-r praxy

/ Wire bond

Reflective cawity
. 2/ : .
- - Semiconducior die
.-""""
= .
;::’; k) - ::1 L s:::‘! Loadframe
T
) = Flat epot
+ {
—
/inade f] Cathode

LED & %oR d ugrefl —

g

3T 37T BelR & fofY feTT 3T yareil &1 LED 918 el & | |8 999

yeref, S ST 89 dToll holR SAD! Sdeie Tl SHd] dfb T diceyl [ fdd & <9l T

Typical LED Characteristics |

Mlaterial

Sermiconductor

Clalenr -';uTF @ 20md

STETT STERT Jaeiel & YebTeT ¥ o STerT et a) SRie FrergaR § —

Wavelength Color Name LED Dye Matarial
(nm)
240 Infrared GanlasGans -- Gallium &luminum ArsenidefSalliom Arsenide
250 Infrared GahlAasz/Gahs -- Gallium Alurminum Arsenide/Sallium Arzenide
850 Infrared Gadlas/Gads -- Gallium Aluminum Arsenide/Sallium Arsenide
SE0 UHra Red Gaflhs/Gahs -- Sallium Aluminum Arsenide/Gallium Arzenide
£35S High Eff. Red GafsPF5aP - Gallium Arsenic Phosphide / Galliurn Phosphide
633 Super Rad InGaAIP - Indium Sallium &luminum Phosphide
&20 Super Crange InGaAIP - Indium Sallium Aluminum Phosphide
61z Super Orange InSaAlP - Indium Sallium Aluminum Phosphide
05 Orange GaksP/5aP - Sallium Arsenic Phosphide / Salliumn Phosphide
595 Super vellow InSaAlP - Indium Sallium Aluminum Phosphide
592 Super Pure vellow InGaAIP - Indium Sallium &luminum Phosphide
585 “rellow GaksP/SaP - Salliur Arsenic Phosphide / Salliurn Phosphide
574 Super Lime vellow  [InGaAIP - Indiurm Gallium Aluminum Phosphide
570 Super Lime Green InGaAIP - Indium Sallium &luminum Phosphide
565 High Efficiency Green |[GaPfGaP - Galliurn PhosphidefGallium Phosphide
560 Super Pure Green InSaAlP - Indium Sallium Aluminum Phosphide
555 Pure Green GaP/GaP - Gallium Phosphide/ Galliurm Phosphide
525 Agqua Green SicSGaM - Silicon Carbide £ Galliurn Mitride
505 Blue Green SiC/5aM - Silicon Carbide / Gallium Mitride
470 Super Blue SiC/5aM - Silicon Carbide / Gallium Mitride
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LASER

JIoR I% Il Soldgi~eh f$arsd © Sl U 98d 8 dell UraRGel Ul 49
UST AT 2| ook W UK 819 aTell YTl UHhavit (single colour) T dIge &Il & |
LASER 3reg, Light Amplification by Stimulated Emission of Radiation @& ¥I¢ % ¥ 91
2 |

ok J@&Id: f99 IR TR @ 81T 8 —

1 — 9 oo |
2 — forfaas o |
3 — JIfers oo |

4 — T HUSTCR oo |

ok @1 IR Fheodove H. Maiman = 59 1960 # dferdIf~ar # faar o |
IR M w1 oF g | uT U arse 9 @ ruby fEed @ SWR BIST @R wdl fewed
W I YBIRT DI AT Al g T s, ST Ic@Roid garel ISAeE o Aiaa M &
UEIdT 8 9 I AAMASG AT BT T STNGRHS 8 I ¢ |

1 — N9 oIoR — ®fd & U <gd H Seiiad Ud e 19 &1 8707 wRaw, 39 319 s 9
fagd Hrve yarfed fBar S @1 €Y@ & JMScye Rk 4 coherent light IAfS 8171 2 |
IJE TS YHavll Bl 7 |

Laser Cathode Anode
output /— Helium-neon gas reservoir \\\J\k #
| Laser bore tube D8 ?

J

Chetput -
coupler Glass envelope

High
reflector

Schematic diagram of @ helinm-neon laser

2 — forfdgs ook — I8 JoR A1 19 JoR &1 dR8 & BRI XAl & 99 $id & gd 5 19 &
MM TR @RS organic die ¥R St 8 | 54 U powerfull light pulse RT excite far Sar

=

3 — Solid Laser :— S &R & ook # ruby & & Ricivediad foved &I active
medium & TRE SYANT fhar SIar 8 | Rieiver & AT end parallel 819 =@y T=Im 3 metal
I polished fH Y80 B 1 39 SIfold -1 & foTU T flash lamp o1 I8 2 |

4 — Semi Conductor Laser :— 39 UHR @ <ok fd9¥ UHR & semi conductor Tarel |
9 P.N.Junction & 9971 I1d €, 1= ILD Y ®&d g | S e D.C.power supply &
IAURT B0 2| 39 UHR & LASER # modulation §8d &<l BT 2|
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CHARACTERISTICS OF LASER —

foeft *7 laser & fory f51 characteristic &M amawg® & —
1. active TaTl S Eeligd a1 w41 ST fIgd il BT ook dsc § Il 2 |
2. U $oll Bl Id S @O Dl power YTH HRdTl 8 |
3. optical arrangement SiT f& light beam @1 active ¥eRae 3 amplification ¥ W< A
TIT $9®T output narrow cone & w9 H UaT 8T T |
4. LASER & oIWTIAR operation &g feed back arrangement 8T =12 |

9 oo ATgC ®I U dTal oIl Udell beam @ w9 # focus fhar Sirar @ df ga9
e arell beam highly directional Td 9gd SITQT ¥ dTell il © | beam &1 w0
qTeR U 98d & BIC fwg W dfvad 8 9 7 |

WORKING OF LASER :— ook &I construction 1 for # gy g grar 2| foraH
ST UaR 99, U@ VY gBR @ flash tube ¥ ST R8T & | ST Ufded uared &I helix &
w0 H TR @ T

Cut-away View of a Ruby Laser

Cuartz flash tube - ~ Electric circuit wire
— Fully reflecting mirror

Partially reflecting mirror :
I /o — Onfoff switch

Fower supply

Reflecting aluminium
cylinder

Ruby crystal

vfdeq ugrel 59 7o °gg H WRT IEAT ©, SUdT U RART 100 URIRIG mirror
polished 3&dT & | Wid & ERT RIT semi mirror polished I&dT 2 | T T A8S & G
reflection UT<T & T &Y WSS M@ reflection 81 UF Nf¥1h <ige MHcyec & wU A
IR FHa T |
flash tube S=a el &1 ege Ul & & ol trigger circuit ¥ g oIl U &R & |
trigger circuit DC power source ¥ st Xedl =

flash tube ¥ U< 8 dTell flash light active U<l @ atom @I excite & <l
2| oNaR flash light &1 9f¥T A active U<l @ atom ground Soff state i excited Sofl
state § UgH S 2| S A& U AT AU BB FHoll BISHR excited state 3R ground
state @1 FT state § o oA £ | 3R o9 HE ol state H S99 3MIT P WA ground
il state ¥ SITET 81 W € | @9 population inversion & TeAT UR™ 81 ST © |
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9 GeAT H g ol e H Red M U Holl BIeH & ®U H Bled: aad ITS~S
Foll level R AT & 399 laser action UR™T BIAT & | 39 UbR UaT 8U BicH active e
@ atom ¥ <Hd o NS Ue Bl & §gol & Bleld U 8l & 39 "cdl &l
"Stimulated Emission" ®&d 2 |
39 UHR UaT gY foton ¥ W BB active et & atom W <adx H use & W € qAT BB
laser beam @& ¥4 ¥ output & e T 2 |
TE light coherent nature @ Ud T& M0 beam & ®©U # UId &Il 8 | $9 UHR U light &
HICI=T @1 energy dgd high Bifl 2|

INJECTION LASER DIODE

ILD /Semi Conductor Laser —

ILD &7 Aded & Injection Laser Diode I8 Ud YR &I semi conductor laser % |
ILD & <=1 LED SR7 &1 8Kt 7| U (R&d current W1 @ < ILD *Y LED @1 &R &
®1l HRaT & | thersehold current @ $UWR ugas UR ILD oscillate #%- el & Td lasing
gﬁm UR™ 8 Sl 8 3R Sl dge Mdell 8 a8 spontaneous emission @& &R el
I

ILD ¥ e arell oflse &1 T semi conductor material @ energy gap W iR

BT 2 |
o=

p-type

.'h'fr‘

Tq PRV BT ofdd Up FRFd WH R Ugedl @ Al HORS BRI Td BieH
junction @ U% WSS H Udhd 8F oA © | 3R S @] AT HIHl d6 Sl & of I daf
Ugel ¥ HIs@ minority carrier 9 collide 9 @d € | {5999 ionisation energy @ level §¢
SITAT & | 519 U €T Tl 8, 9 majority carrier opposite 39 ¥ collide & oF°Td €, T4
Th & dqel & B SHoll & ¥ H Blsd & | O™ stimulated emission &8d & | $9
photon &1 H&AT # gain 2T 2| 3R Laser light e ol 2|
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Elactrical
Laad
Metal

ELECTRICAL LEAD WIRE

WETALIZED Falished
--\ ELECTRICAL COMTACT End
// CLEAVED END

JUMCTION REGIDN
|

E-feon LASER BUTPLT
/ TREGION 4 |
; . Hiar Sink unation
T ard
SUBSTRATE \ Sk
# ﬂt
HEAT SINK AND ROUGHENEE §IBE Cantact
ELECTRIGAL CONTAET

Output

ILD & S)eAr LED & 9H19 & 8l 8, 99 399 il end, mirror like polished 81 & i
B ®T active region # trap Y& |

Cleaved end faces

| Lasingspot

B, =5-10°

& L =30-50°
Far-field Radiation
panem

[N

NSS!

% HICH 3R WRMEfid 8IBR gelagi™ @I hole & 1T recombine &M &g SWRT
I b | 3R hole o fb IEM=T A SET Hoff level W B &, T BISH Bl JqUINT B
QT I T IRd &Xd & | J81 Ufear lasing dEam ¢ |
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Partially
siiverad

o

\ \ ’/ J abe photoh generate two
\ — ;” phaton this s jasing

ILD % low &Rve level R LED & @RE oisc Ml 21 3R S current SITeT Bl & 9
lasing @ @R laser light @™ & Tel 21 ST f& U narrow beam & &9 # ure 8l &
U4 coherent nature &1 Bl B |

LED & Jo # ILD & BRIe—

1~ ILD @I @T8< single frequency @ Udell beam & ®©U # U<l &Kl & | 37 HufeT
loss & BIT © Td Udell fibre cable ¥ SUANT &I ST |ahell 2 |

2. — ILD @ <ige LED &1 JofAr 3§ I1a] UraRpel 8l & | 31T long distance @& ST |l
2 |

3. — ILD &I LED & Qo1 H higher bit rate ™ SURT fhar 17 Aapell § |

Disadvantages of ILD :—

1. SITGT UIeR 1 ILD S+ |Wa a1 2 |

2. Temperature dependent il & |
3. LED @I e # ILD #& 8ril © |
BTl =R IT Bicl Scaed

$H® <Id 9 photo device 3Td & S UHIRT DI @I B AT A fagd Holl
T et | a1 fagd Refex &1 yvifdd avd €1 F T USR @ B § —
1. 9 photo device ST U&TeT &I fag[d il § daed @ photo voltaic device FEAT & | 39
YHR & device BT & photo voltaic THTT BT UTe R ¢ |
2. 9 photo device @ fIg[@ WRPfeR (G URRIY) USRI & SRV dead @ photo

conductive device BB | S UHR & device UHTI & photo conductive U¥Td &1
Tl B & |
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Photo Voltaic J419 —

fpY uerel R yder SAIE AR R 519 I9H voltage =T & ST ¥ AT
current 89 AT 8, A I8 UHIY &I photo voltaic T9TT Heelar = | g & HUR UbTer
AT & Solae™ UBI $oll & 9Ivd @< valance band &1 BieaR HUSHIT U8 H o
STd € | 3R ueref @ across voltage difference T & STaT B |

Photo Voltaic Cell

BICT diccisd Ad, a8 Bicl fSarsd 8T & S dlse ol &l Jaeid &x
voltage UST &Ral g | WICl dlecls® Hal @ across UGl &M dTel voltage S¥& R kA
Il ATZT BT Intencity @& FTATIURT 81 T |

‘nbmpham voltaie celf

+ I

HIeT dleTigd Hel HI G —
foxft erefarars ueret SN f Sef (SI) a1 Riferata (Si) @1 Ta udel wRa afe
fxfl low resistance #cd wic (O f& RicR ©ie) W TS <€ WY TG Hed ©ic oIl

gaTad U | connecting U S &1 ST T Biel difecd Al GIR & ST & |

B B gl — o9 efarde uered & IR B HUR 98 YR IMufad sl © dl
JeiaTerd et & WA H R doi=AT golag™ UdbeT SHoll dl e B dol<f U8 &l
drsdy ST B8 ofTd 8| 3R Acd ©ic W IMHR Tl 8F ovd = | e sefaras
IR Wl gafdgdell oo ofl 3@ golded &H B WM ¥ gelldgddl uifvifed & Sl g |
Jread H Srefarad # gl 49T 81 Wi 2| ded wie W arse R @ ugd solfdgdell g
REA § IR, AEATAdD oI W AN gelde ded ©fc IR 3MT SfF ¥ AT ©ic H golagi

P AT 98 O ® o ug fAafe arst 8 ol 2
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Characteristics of a typical Photoveltaic Solar Cell.

Current
(A)

B T

075
1000 Lux 0.58v
0.50 l
0.25 10 Lux Single Solar
ﬁ Cell
: = ‘Vollage

o 01 02 03 04 05

39 UPR 9 db JTATid IR TR YHI FRAT Y8dl @ d9 ddb Hed ©ic Ud s o
P T diocol bl TR g1 ¥8dT © |

I8 diecul g9 across connected fUAT & #eg load ST 8IF TR UATE HRUC g8l H Hew
BIaT B |

SUART— Hiel difecd el W U1 89 drell fdgd ol sa+l gaia 981 il f& 9 current
I voltage source @ TRE SUANT fhal ST A | 3 TADT SYANT ST FeANS! Hex a1
Tge feeaer @ avg foar Wirar 2

TR dal

ek Fef BT AR W 1954 H Daryl Chapin,Calvin Souther Fuller = fhaT 1T |
ek ¥l BT construction photo voltic cell § BB 37T BIAT TR BRI B &I RAgla ®ier
qifecd Vel @I A8 & BT 8 | Bl dlfecd Ao § p-n junction 7E Bl o9 & Aok I
p-n junction IMNMRT Wil dfecs fardd grar € |
AR o AR ISR (R & f9gd ol # 9aadl 8| Yo aM diek 9d &1 open
terminal voltage 0.6v T& & Addl & T Ud AR ¥l 04 volt TR 60 MA T& TXUC USH
IR FHAT ¥ Uh I HoEHer YRAT R AR arell ofse A HleRk 9o ¥ 125 fiell e a@
UTaR YTl @1 ST Al 2 |
9 UHR ek Aol BT dlecol AT HRUS source &I dvg SYATT fHar ST Aehar 2 |

AR A & WAl -— Ao dol B G¥e1 Rt p-n junction SRITS @1 a¥8 & 8l § |
P-N type @& Rifer arefamei® &1 fAetd) p-n junction $H Y&R §91=—IT AT & b P-layer
B gRAT fds A 1fde 8 oras & e age P-layer &1 el o | 1T €1 P-layer @
Hierg N-layer @1 gl § HI%l oH I8dl & 5799 $1 A1 junction T Uga Hd 9 RE
AeR ¥ &7 construction 7141 o # AR /@R 8@ 7 |
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e

.q
: anti-reflective coating

+
[E =] 'J ]
external n-type
load front & back contacts

‘ ptype

low resistance #ical 99 & HUR N <T8Y 3efared &1 HIET oRR IR & 9l 21 59
N-layer & $WR P TgU rfAield & Ud gdell ok dIR &34 & | o< P-N junction g9aT
2| P-layer & fhiR W fiR W Acd drede R dels oidl & Ol A & 3Meeye & &
HIAT B |

9 Hed R & 41§ Ud window BRIl @ ORI I[OR&R eTsC junction I Uge!
2| window & HWR oI fihe gar ¥ | R & I8 ool A & uva & R <R |

b —

9 gHTer A @™, fawer @ P-layer @1 R @) junction W UgAdr €
&1 & B P-N junction @ UeH @ #eg &9 co-balant bond & died ® | Ude &
HIeH balance SIdSid & Io1l ¢ Td & T Sdg 309 URUe TeH Bl Bredx N-side |
Fol ST & §9 ®RU A junction & P-side H Bl &I AT 9¢ ol @ a7 N-side ®
gAIdg B AT 98 Ol © | 3R P g N layer & #e Udh favdiaR U1 & oI § |
R P ok &R Bl Ue1 89 ¥ I8 Positive @7 N-Layer W electron d@4 ¥ I8
negative 8 S &1 P @7 N layer 3cd ®lede § &l & J&f 9 out put I B Fbd

=

Ife out put W FHaw ST & af figure § TR AR current flow & &F7dT 2 |
AR Aol IMga: SHHIH (Ge) e Rafere™ (Si) @ 991 SId & | arar efficiency &
ok Aot ¥ forgq siFege a1 sitsaw aiAgs of SuanT 4 fhar Sidr € |

AR A YIH—gad 7 991R strip & w0 H IR B O 2| 99 9gd aR
Aot o H RS vd Rl # I WEd 2|
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, n-ype
silicon
junction
priype

silicon

photons
elactron flow

“hala® flow

HYad WU W @ current capacity Td dlecsl level BT 9@ AT © | By Aol strip Bl
TH A1 STSHR AleR U9el TR fhd O 2 |

100 mw/cm? illumination @I &Te intensity WX AR dol &I short & W 50 mA HRve
YTl 8FTT| open circuit ¥ $H®T out put voltage 0.6 v & THT I8aT 2| 39 Intensity W afe
ek el B 10 Q load & across connect f&aT ST @ $9@ out put voltage fR&x 0.4
v B O g a7 I load BT ARHIA 30 mA current USRI HRAT © 31ATd oTHIT 50 T
qre UraR < AT © |

ek ¥ 1 photo electric cell ¥ &80 & Td wifels e fsagyd g1 s difes we
AR Al BT ITAN B AR AGYd IT Aok U=l IR fHd &1d & | f5794 Integration
TG ARG Tl 3MUT I S & © | AT UGTS UBI Bl AT 99 ool & U
HaeTiie B & | Uarf @1 99 olel agaR e R R ugref maximum fagd St et
IR © | BB T USR] AR ITD] ISR B daei FHHe’ ¥ FERER 8-

1. Silicon — 190 ¥ 1100 SHHIER
2. SAfH — 400 ¥ 1700 SHTHIER
3. 3f0Sy A" RIS — 800 & 2600 HHMHIEX
4. lead Sulfide — 1000 ¥ 3500 HAHEN

Photo Conductive Device

9 Sl 3 91 fSarsd A 7 ST RIS arer a1 NSIe o ywifad s
2| 39 UBR & fSasd U & "photo conductive effect” & AR BRI &) & $9 4@
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@ AR HOB USRI H I8 0T BT © b 919 I HUR BT ol srufad Bt §
gl &1 Uk ®H 8 Siar ® ) 3iid gerf w1 Wldifhe IR udrer @ digar @
BTN BT B |

Jef g9 39 UPR & Bicl fSasd & g il —

LIGHT DEPENDENT RESISTOR (LDR)

LDR T% fI9y YR @& resistor HHIMve BId & e RS 3feR # ud
THTRT H IHT—AET BIaT 8 | F s W= Afdhe # 9gd ITarh 81 2 |
LDR &T symbol f=TaR 81T 2 i

N

LOR SYWBOL

LDR &7 3fER # UftRIT 1 mega ohm @@ & F&HT & | Sl UHT &I 9 digam § R
%8 100 ohm T &I Il & |

el hUsfded IT Hier RMfed 7RI mawyd F8 f& semiconductor & 81 dsfHad
Aehse (CdS) # 1 Ig o1 eI © f o9 39 W oee AR 2 1 g9 uftRe &9 &1
ST B

LDR &I dfd7 — i fhefl 818 IRe~T IHibrsaery R UHe FARar & a3 ueref e &
BIe bl ARG ofd | 3R ugred & valance soidgi 39 HIed W Iul U &R valance
band | ®vsaaT band ¥ Ugd Sd © | [ U<l H free electron @1 W& 48 Wl ©
3R geref BT YR HH 8 9T 2 |

Construction — Light Dependent Resistance ST defigd demss (CdS) dhsfiad
Jelrgs (CdSe) AT Ao Febige A IR O © | SHHI g &F 3 @R Igar
BT ® | PeifadedT fOF &f SO 39 YR &1 oal & b g9 a1fde I o1fdres vRar photo
resistance UeTf & contact W 2| SHA SIH ¢ oAlsc # ool Rve~T IRRT U el 2 |
(CdSe) yaref & 99 ¥ LDR &1 R €89 T 1oms AT & a2 CdS & d91 T
LDR &T RO 88 o1 o9 100 ms Il 2 |

LDR &T SUINT —

1. SoIdSi~Id counter ST H |

2. QIfSA St &1 AeHfed ggead dlid H |

3. light fSeaexr Afe s9M # |
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4. Power supply # feed back @ forv |
5. Automatic on off switch g9 # |
Bl SAS

BIel Sl U I8y YR &1 LDR &1 & | 3R R ¥8 2 fd LDR &I fhil +ff
polarity % ITANT R Fadhdl o | IR BICT SRS Bl o4 R I HUSRM & YA b
T I8 LDR & @8 BRI $Ral & |
®Iel SIS Uh fa9 uerel | €41 PN junction diode 81T & fSIaT forward YR~ ar
A= PN junction STITS @) v &8I © |
g 39HT Radl e FHoded # e~ dge feurs< 8T @ Sf oR # 9gd 88 e
2| WRg oid R argds SRME W dige ARl 2 aF Rad argd IRRE=T 98d B9 &1 SIdn
2 |
PHOTO DIODE & HT®RM — WIel SRIE SHgd el fifaeE § & a9 o &
SRS @ B d[ & THY Uh o= 39 JbR | offs foar oiar © f o= R fiRT arel
@se P-N junction W WHIed & dAT SRS &1 Ufded TRAT ifs & ofde w@ad & U&h
AT Biel STate & forg Ufded TRAT &1 g 2.5 mm b 8IdT © |

e
[ * ¥
— o+ i
p AN
M r ﬂ__ F';

i RYT

Fs |
1] + - -

e Biasing Arrangement and Construction Symbols
Photodiode

Bl SIS BT HxaRM Td symbol SWRIGIFAR BIAT 2 |

qfhT —

®IC! SIS H TEC & UaY Bg o & FUR U [Juel Bl & olfsc 9 fAvs) | U
g8Ih) =T §RT P-N Junction T B4 Bl € |
SHIre Rad a¥/F 8T € 3R # W asc el <&l @ a9 P-N Junction $cicy &1 78
HT HRAT | 3R 980 HH HNUC T 50 pA flow BT Ear 2| R dark current @Ed
2| I current minority &R & HRT 984 dTell leakage current BIdT 2 |
T4 junction IR YHIRT UEAAT @ 9 junction oRIR R Red e U & atom & eI
ReId bond ®IEH @ Holl & BRUT ¢ed oA o AR BIEM A Holl U HR goldg
HUSHAT dIvS H Ugd S ©§ ORI junction @R current carrier electron @1 W1 98 ST
21 3R junction reverse bias § W low resistance offer &1 < TaT 8| T894 reverse
current @1 value ST® HRUC B -l § H3 AT 98 IR 2 |
gepTel I ATFdT 20,000 Lm/M? 81 WR current 300 uA T UEa SIAT & |
LDR & goT # Wil SHle &1 Ry <Isq 98d &4 BT & I8 §{B 41 Adhvs H cut off |
HUETIT H T HUSHIT I cut off H 3 AHT T |

STIT— BRE Bl f$edex 81 & HRUT 3061 STANT 14 BRI H 8Iar 8i—
1. BIIR Ifcad AR H fSATgeICR @l RE |
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2. CD @R # CD &1 read &% & 2 |

3. TV d¢ & Ree g R & =8|

4. @rse feeaex /infrared detector |fde # |
5M&Edhe ATSH H |

BFHR H |

PIN ®cr s/iie

IE TP fI9Y UHR BT three region Rad a4 junction STITS Bral
g I8 SIS vdl st P Ud N yoR & Rifere@ uarl & 7eg gg ffefd @1 te udell wRa
3! defda o dxe Aerex g1 2| o & = o # fegmar = g

S| KNS

anade

——

i regian

cathode

AT SIS # Sad A R | Sige W R arell dige & HRUT UST M arel YRR
&1 transite time ®T®! B9 8 AT 2 |

UT 3feTT BIaT & b ofise & Wic A Sl UTdax gl 89 Tl BRUS heidR Bl |-oldR
UR & # & T TF B B 2| FA1 {5 dvve IR i oRR @ weg # U971 219 ®
3R I-layer 9gd Udell 918 I 2 |

31d: PIN photo SRITS &1 RETH TIgH AMNI il SIS & ol § 98d &H 8l © |

9 SN # ge &1 ARGHAA BT -l R (25 um) Sr@aeifyd el B |

UHI B AFAr I 1T UST BHaTel HC B ARe! PIN SIS H 98d 3ree! gl o |

#le

SYMEOL

PIN Bl SIS @1 ¥Ie 980 BRT B8Rl © Sl -4 APHUs # B 2 | dO Wagd Rearq
AW BIST SIS & ol H BT BNl ¢ |

g SHAIE 98d & HH noise URT HRAT B | 3M: AMell oS deld bl Wl AH PR Fhll o |
31T $HHT SUANT high speed BIEER HRIfFSIA # fhar S7am 2 |
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APD

APD &7 dded & Avlanche Photo Diode I8 T a9y YR &1 IR <R draT PIPN
photo diode BIAT & | 39! HXAAT s AR Bl 7 |

lop medal confact

g dilluson

inkrinsic region
{larger depletion —
ragecn)

n type

n+ contact region — [,
bottom medal conkaci

I8 PIPN Yo ® 99107 ST 2 |
T —

Sl SWRIGd IgdoRk H oflse UdY dRal § df I8 Udel gdl o' N-oRR g

—

e 81 e & 9 Junction ™ U e digdl &1 soifded Bles el 8 WIdl © |

fO"¥ Impact ionisation w&d T §9 AMAARSIYE & HRU current carrier &I HIHT AfRTH
Il U<l 8 Wil & | /99 9 379 bond & electron @ ionised &M & o7 #WqR R <
2| 3R g Ruae™ q9 9% =otar Y&ar § o9 & avlanche &1 3 orar | s Raw ard #
high current 8T 9™ 8l 1A © |

I8 PIN diode @1 g H SATaT sensitive 8 @ | 3a: RIa @1 amplification &4
BT TS B |
PIN PHOTO DIODE @ ga<T # APD & /91 gi{ur &—
1. ST transit time PIN diode @1 =T # SIT&T 21T & |
2. PIN photo diode @ T H noise SATGT BNl 2 |

LIGHT DETECTORS &' CHARACTENISTICS -

1.Responsivity :—3€ photo detecter @& out put HXve Tq g1Yc optical power &1 FUTd
BT § | SHd! ShIs THIRR /dTe Bl ¢ |

2. TP PXUC —BIcl SIS P! Ra¥ I & SR G841 dTell HRUe | OiF fd dArse guierd
81| I8 current dIOHE & HROT UGT BY dTel carrier & ®RU 98d] & | I8 HF F HH 8T
= |
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3. Transit time —d8c & R UST 8 dTel HRUS DRIX B AHIGvSdex &I diplation
RR UR &R § o aTell 99 |

IE 2TSH HA B W hight bit rate TR SUIRT HRAT HHT BT & |

4. orsc RIRIAMGEE — useable 3fag®d MSeye &7 & ol a8 &A 9 &F UdHRT Il oif
U Bial fecaer & o) amasaes gl 2 |

OPTO COUPLER

I HYSR TP VAT Bl fSargd & S Hiel gHIex Td Hhlel JeR il I ety
CERIRS
37eid 398 U LED B & dT Ush Wil Siare eidl & | o b = o & feaman am 82—

IEE]
Rs  ANODE - R,

v, — — \ : =Y
T LED - .. T_
CATH?IE- PHOTO- -

DIODE

LED Td WIcl SAIS Uk AT U & 9 § IR &3 S1d 2| emitter Td detector Ta g

A solfdedall dde = BIax optically d-de I&d ¢ |

LED, opto coupler @T §1Yc &Il & o9 & WICI SIS opto coupler & 3MScyc BT 2 |

opto coupler & YA <1 Soifdgd Wfhe B Th R A golldgdell isolate & # fobar

ST & | WRIaR high voltage dfdhe @1 low voltage Afde | couple @=+ # |

JEf transformer ¥ 31 Wb &I Selfldgdell isolate FIRAT & W] SIABFR HUHT B

e ¥ opto coupler & 7= BRI ¥ |

1. transformer % a.c.®T coupled R |HAT & U] opto coupler A.C.td D.C.3i &I
couple &xaT 2 |

2. opto coupler & RI% one way HUfeiTT Bl ® |

3. Ug T3Sl § 9gd BIT TAT AGT BT 2 |

...... 000.....
d@d — 1. ¥ qaw= RiE uRer
faw ARl &1 e —
1.electnic communications systems — wayno tomasi
2. wikipidia
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