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Code: 23EC4601B  
 

III B.Tech - II Semester - Regular Examinations – APRIL 2026 

 

OPTICAL COMMUNICATIONS 

(ELECTRONICS & COMMUNICATION ENGINEERING) 

 

Duration: 3 hours       Max. Marks: 70 

Note: 1. This question paper contains two Parts A and B. 

 2. Part-A contains 10 short answer questions. Each Question carries 2   

      Marks. 

3. Part-B contains 5 essay questions with an internal choice from each unit.   

    Each Question carries 10 marks. 

  4. All parts of Question paper must be answered in one place. 
BL – Blooms Level       CO – Course Outcome 

 

PART – A 

  BL CO 

1.a) What is Numerical Aperture of an optical fiber? 

Why is it important? 

L2 CO1 

1.b) What are skew rays in an optical fiber? Explain 

briefly. 

L2 CO1 

1.c) List any two advantages of optical fiber 

communication over copper cables. 

L2 CO1 

1.d) Define Material Dispersion in optical fibers. L2 CO2 

1.e) What is meant by bending loss in an optical 

fiber? 

L2 CO2 

1.f) What are fiber splices? Mention any two types. L2 CO3 

1.g) Define Wavelength Division Multiplexing 

(WDM). 

L2 CO3 

1.h) What is the function of a Laser Diode in an 

optical communication system? 

L2 CO4 

PVP 23 
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1.i) What is shot noise? L2 CO5 

1.j) What is modal noise in optical communication 

receivers? 

L2 CO5 

 

 

PART – B 

   BL CO 
Max. 

Marks 
 

 

UNIT-I 

2 a) Define refractive index and Numerical 

aperture. 

L2 CO1 5 M 

b) A silica optical fiber with a core diameter 

large enough to be considered by ray 

theory analysis has a core refractive 

index of 1.50 and a cladding refractive 

index of 1.47. Determine:  

i. the critical angle at the core–

cladding interface        

ii. the NA for the fiber  

iii. the acceptance angle in air for the 

fiber. 

L2 CO1 5 M 

OR 

3 a) Draw the block diagram of optical fiber 

communication and explain each block.  

L2 CO1 5 M 

b) What is Total Internal Reflection and 

how to determine critical angle 

pictorially? 

L2 CO1 5 M 
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UNIT-II 

4 Explain the different types of fiber materials 

used in optical fiber communication. 

L3 CO2 10 M 

OR 

5 a) Discuss about core and cladding losses in 

optical fibers. 

L3 CO2 5 M 

 b) Write a short note on intermodal 

dispersion. 

L2 CO2 5 M 

 

UNIT-III 

6 a) Explain star couplers with a neat 

diagram.  

L3 CO3 5 M 

b) A 32 × 32 port multimode fiber 

transmissive star coupler has 1 mW of 

optical power launched into a single input 

port. The average measured optical 

power at each output port is 14 μW. 

Calculate the total loss incurred by the 

star coupler and the average insertion loss 

through the device. 

L3 CO3 5 M 

OR 

7 Explain the architecture of a WDM in optical 

communication system. 

L4 CO3 10 M 

 

UNIT-IV 

8 Explain the working principle of a Surface-

Emitting LED (Light Emitting Diode) and 

explain any two LED characteristics.  

L4 CO4 10 M 

OR 
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9 a) Explain the laser diode characteristics 

and its operation. 

L4 CO4 5 M 

b) Explain the concept of carrier pair 

multiplication in Avalanche Photodiode.  

L4 CO4 5 M 

UNIT-V 

10 a) Explain about Signal to Noise Ratio. L4 CO5 5 M 

 b) Explain about thermal noise and laser 

noise. 

L4 CO5 5 M 

OR 

11 Explain Analog System Design parameters. L4 CO5 10 M 

 

 

 

 

 

 

 



./ Skew rays are the rays following the heJical path around the 
fiber axis when they travel through the fiber and they would 
not cross the fiber axis at any time. 

Skew Rays : The rays which never intersect the axis of the fibet", giving low optical 
Intensity •t the center and hl9h Intensity 

towards the rim of the fiber • 

b. 

• Value ranges from 0.15 to 0.3 for communication application 
• NA= 0.5 for other application 
• Dimensionless Quantity 
• If NA is large ,then acceptance angle is high then it leads to no 

of modes in the fiber 
• If NA is small then it is advantageous 

• Numerical Aperture: 
• Is defined as Sine of acceptance angle 

NA= sin ea = (n/- n/)1/2 
• It indicates the light collecting efficiency of an optical fiber 

(or) ability of optical fiber to capture light. 
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f. 

• Enormous potential bandwidth 
• Small size and weight 
• Electrical isolation 
• Low EMI 
• Immunity to interference and crosstalk 
• Signal security 
• Low Transmission Loss 
• Ruggedness and flexibility 
• System Reliability and ease of maintenance 
• Potential low cost 

d. Material dispersion occurs because the refractive ind~x of the fiber core varies wit~rl] 
wavelength, causing different spectral components of a light pulse to travel at slightly 
different velocities through the fiber. Since most light sources, such as lasers or LEDs, emit 
light with a range of wavelengths, each component of the pulse arrives at the receiver at 
different times, leading to pulse broadening. This broadening can cause intersymbol 
interference (IS I), where adjacent pulses overlap, potentially resulting in bit errors and 
reduced data integrity. l-- n'l 
e. Bending losses occur when an optical fiber is curved, causing some of the light to escape 
from the core into the cladding or outside the fiber, reducing signal strength and overall 
performance. Optical fibers rely on total internal reflection to confine light within the core, 
and bending can alter the incident angle at the core-cladding interface, leading to leakage. 
Smaller cores are more sensitive to bending losses. Uneven forces can induce micro-bends, 
increasing attenuation. 

c. 
Advantages of Optical Communication 
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1. 

The laser diode plays a crucial role in optical communication by generating the 
optical carrier, which is the light signal that carries data. The laser diode modulates the 
power or intensity of this carrier with the information to be transmitted, a process known as 
Intensity Modulation (IM). This modulation is essential for establishing an optical 
communication link, as it allows for the transmission of data over long distances with 
minimal loss. The coherent and monochromatic nature of laser diodes ensures that the light 
emitted is focused and precise, making them ideal for high-speed data transmission in 
fiber-optic communication systems. 
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fJ .... <.rn-' NA• ,111-• 0.30 
= 17.4" 

Cc) Coo,ltl,•rlng E,1. (2.8) 1hr ~N"<'fHtmci> angte In .,Ir 8. I'> gtvcn hy: 

(bJ From E'I, (2.8) 1111· NA L,. 

NA ... (11f - r,j)I.,. (1.502 - 1.47')1 
= (2.25- 2.16)* 
c0.30 

¢, = Sill 1 17' 
c: ~In I J.47 ' n, J.50 

- 1sts• 

A :.Ille.:,, optkul fiber wuh a oore dh.lnl<'h'r larg1• ,•nough 10 be c ou,idt•n•J hy rny 1111'<:lry 
analy:.l'> ha'> u < ore rt!fro<-liVt.' Index of I .50 oml a c-Jadtlln~ r<•frarliv<• lmll•x of l .47. 

/klt'.V7t//rK•: (.t) rho crltkc1l anglr a, 1h1• core cladding 1n1cna, .. -: (bJ llll' NA for d1r 
fibt!f: (<-) th(• .,, ,·,•p111m't• anglt• in air for 1lw filwr. 

Sotutton: {a) Tm- rrlli<-.il augl,• ~' al dw C'<Jrf'-claddlng lutc•rfaet• 1, gtvcn by 
E<J. 12.2) where: 

2M 

n = c/v 
n = 1 (air) 
n = 1.2 (water) 
n = 1.5 (glass) 
n = 2.419 (diamond) 

• Numerical Aperture: 
• Is defined as Sine of acceptance angle 

NA= sin 8a = (n/- n/)112 

• It indicates the light collecting efficiency of an optical fiber 
(or) ability of optical fiber to capture light. 

• Value ranges from 0.15 to 0.3 for communication application 
• NA= 0.5 for other application 
• Dimensionless Quantity 
• If NA is large ,then acceptance angle is high then it leads to no 

of modes in the fiber 
• If NA is small then it is advantageous 

The refractive index(n) of a medium is defined 
a~ the ratio of velocity of light in a vacuum(c) 
to the velocity of light in the medium(v) 

UNITl 2a. 

2b. 
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,. Al angles of inddence 81 > 8.- the light is totally reflected back into the 

incidence higher refractive index medium. This Is known as total 

internal reflection. 

Total internal reflection 

3b. 

Explanation about each block 

I 
I Amplifier f L ---- _ _J 

detector 
Optical 
amplifier restorer 

Receiver c---------------, 
1Fibcr I 
1flylead I 

Photo- Signal 

transmitter 
Optical 

To other equipment 

Optical coupler or 
beam splitter 

Regenerator Electrical signal 
~ Optical signal 

Connector I I L _J 

source circuit 
Drive Light 

Optical 
splice 

r--------- Fiber! 
I flylead I 

Electrical 
input 
signal 

Transmitter 

3a. BLOCK DIAGRAM 
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reflection 

high index ll1 
(glass) 

low index n, 
(air) 

~ The angle at which total internal reflection occurs is called the critical angle of 
incidence. 

r At any angle of incidence ( O,) greater than the critical angle, light is totally 
reflected back to the glass medium. 

r For n1 > n2, the angle of refraction 92 is always greater than the angle of 
incidence Oi- 

' When the angle of refraction 02 is 900 the refracted ray emerges parallel to the 
interface between the media. The critical angle is determined 

: by using Snell's Law. The critical 
: e, f' . angle is given by : Q 1~e _raction 

Critical Angle ( tJcJ 
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ADVANTAEJE- 
• Low t-hermal expansion 

• (qood chefY)ical dt..{rabi lity 
- H1g h -trans:perancy 

vapor 

D/SADVANTAE,£- 
• High melting bempevatur-e 

by 
4Th;~ i~ avoided when ~ usi~ 

depostion techn·,ques · 

-> Raw material -for .s:ili ca is .sand 

~ C:jlass cornpo~ed of pure ~i'lka is. re(erred -a-1 tiJ,ca glar.s/ 

fu~ed ·91as& sirica / vareous snrca 

. E ~.:?lmpfes o< .fl ber t:om pos;itions ... 
t· (jeO~ _ Si01.- coiP ; s,C\2 .. clc1dclin9 

2. P,i.Os - SiCh. coYe ; Si0.2. clacld1ng 

3. Si O;, co re; B..i 0-3 - Si O.z.. cl add l ng 
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Cha.,l,gef\ide C; t~ {i he,;\d - 
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('3, Se ,Te) and one o+h e-s elemeni s uch Gt6 p, Cl, 81,. 
Cd· 

Uv) .net6e po."ti cuLaA elcrnenW aAe U6ed tdi impYoving 
the theAmol, rn echani col and optical pYopeA i-ie6 
t,f- t-he 9 LaM · 

· the most well - k.norm1 rna:teAiaJ. f~ o. l V) As,_ S3 k1 

cholgen ,de 91.a;j!.S · 
. mo.de tMi n g As 40 Srg Se.i. . o.nd 
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UNIT3 

lntermodal dispersion is the spreading of light pulses in a multimode optical fiber caused by differe 
nt propagation speeds of the fiber's multiple modes.Intermodal dispersion, also called modal <lisper 
sion, occurs in multirnode optical fibers where light can propagate through multiple modes or paths. 
Each mode travels at a slightly different group velocity, so when a pulse of light is launched into th 

e fiber, the components corresponding to different modes arrive at the output at different times, cau 
sing the pulse to broaden over distance. Thefastest mode, usually the fundamental mode, arrives 

first, while higher-order modes arrive later, creating a temporal spread in the signal. 
Mitigation Strategies 

Use of single-mode fibers to completely avoid intcnnodal dispersion. Graded­ 

index multirnodc fibers to minimize differential mode delays. 

Understanding and managing intennodal dispersion is crucial for designing high-speed fiber­ 

optic networks, especially for multimode fiber links used in shortdistance applications like 

campus or building networks 

Sb. 
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nals u-.c: s.~tions 1:<> IUL'k.e c.o::rs:,c,c:::'ti, ... -c. ::cti.cn..s. Ac- 
1~,e .s::..:t.r :s ;a,dd lfile:xibilia;y to :., d.i$tt1iibu.l;io:-;i 
.o.,e~ir.b:. bec-.a:usc of t.h.eiir re;g;,c..::a c.r:a.-:...i.ng ai1a.d co!J­ 
lis:io:11 cc,;,,~n:,;;: P,l:"tOP,erric:.~- 

-.rl;l.::: i:·ee.lecti.o-::• sr~ ccup~c,.s tli_glL,: 1:.:-o.cn. .aay 
or=c :pot""\. ::o .a.ti tlr-...e ·po::-i:s. T"I. i.n'LC:r<:-O'll"I ne,c•:s. -..:cr­ 
:r:n.:itnia.ls~ a..-s $,h.<:>w":n; ·i,n, Fi.a. 9-2;4. B e,c.oa:~.se c: .. --e:.~· 
fi :bc.r con-~ e c c.ecl II.Cl '1:.1"1 e ~ .c::.:ur.:ric..-s bo<t:J:a i:r:-.a r::, s.­ 
:r.:n. :i u:ied .a.:n.d 11neoc.i!,..-d d2.c.a .. .a di..~-a:i.~. ,c:ou:pler. 
:i$ ~e.dl ·L-o ·~;;:u:·:aa:;,c llhc t: ........ o ~.:a.as. a~ ~ 
a:.e.:t."'!lllCL.i. n;a..1. • 

Fu.s.Lon ,o,f sri..::::.11:"C: a:.h,an 1:-.,0 s.'ine.Lc--me>ck:::­ 
fi lt:,,,,ea :S :LO ? r-o,.dl u..c-e C'S L L:J 11::: L-<e IC' l"J:Li, C'l3.J. S :tar c:::..<:>U :p !i! eJl:'S. 
c!!o.e::s. l:'!IOC ......... orlc. --,c:E:! b,,,e..c:-a:u:s.c: <>-t: c.t'-. t:"?:;CCd. c,o, cou.­ 
pJ:-c: lb<:..t'-.·c._"-rl 'the :i:ndiv;ds;ud c-...·~es.::::,er.11: -F.-oel.ds <>f 
tli:.. r::: m 2:1.r1. "!P" t"i ~- F o ::- :s..i ic--..,g.I,e·- m o,de. s :y ;s; C..Ct:lr.l s.... 
s-:::::i.-r c:oup!:e.: s o:1.:nc mad.e by .;:::,,i..s,c::a,d:i=;g !!. :><. 2 
po~ ::u :s.-oc:1. co u,p l c.rs... -rh c: sch c: IITI. c::. :i lfl! L.:J "?,-.1.~ :in 

t(nJIU 
Figur~ '3-2~ l:l-fled,O'I w, coo;,!<!1 "rt"'or',. 

fOVI ~· tllU(1ION 
nu 
COUl'I.£« 

.r.r..::.,c,t.,:1;r-n..i..,.:s,io~, .:srar c;o1Wpl4:'r a.:::id au c:ighll::·pe>.ct 
r.ej'?ecr;on .srar C01Ap£.ar .ar-e Uh:is.ttatcd. i.n Fi.g. 
9-2 3. !"C"ldividuat rnu.a'-i.cn.,oc;!lc: fiibc:,T's ::re: w..:,,uin,d 
ar,oiundl osne .a.Tior::hc:r .und lf°ca.$Cd -·hi:!e u.icu::Lea­ 
c:cn~i.on. 

&.='or l'.11:e 11:n1:i.sffllissi:o.c s'ta::.r. ~"'Csr pa.n i:n.bo 
.any p,on: o-:ni one ~;c!c, o'f t...":>c: cou;;.:.t,._--r C:D'1lC'fiCC:S. 
if"rc>m aJil 11ttllc: ~:s. on che ot:hcr is.i.de. di. ... -id.-ed 
C!qu::ally. 1de.:a.l ry. ports 9n. che sar.rte side or the 
c::or.Jplcr arc ii:s..o]atedl :fc-orn eac:b oUJ..ci:-. n;g.u:re 



Average insertion loss :::: 18.5 dB 

(
1000) . L;11.~ - 10 log10 14 --=- 10 log10(71.43) ~ 10 x 1.854 ~ 18.54 dB 

- 2-M c.; - 10 login ( f:·· ) 
I"owt 

This compares input power to one output port: 

3. Average insertion loss {per port) 

Ltotal -::-- 10 log1o ( ~~~O) = 10logio(2.232) ~ 10 x 0.349 ~ 3.49 dB 

Total loss :::: 3.5 dB - ~ W) 

Ltatal - 10 log]() (RP,., ) 
Jol.ul,out 

This compares input power to sum of all outputs; 

2. Total loss {Excess loss) 

- 1}1 Ptotal,out =- 32 X 14 =- 448 µ W 

1. Total output power 

Input power P;n - l m Vv - 1000 µ W 
Number of output ports ]\T - 32 
Power per output port Pout - 14 µW 

Given data 

Gb. 



fis:;un::: 9-36 iHu..sa-a..tes; j,0.:5,s ,c,,..rve s. for an 
cigt'l "C ci::tal:"LncJ :ricu ... dcii,>!) c:~er ./ ~u11Ci p.Lc:x.e r_ T"?le 
c:igh !; ·C"l.!l.-~ ~:"C'$C:r..C the.: tra..'"?.i."..n:'li'$.$.LOn !~ ::lb.• 
s.oc;iatc-....cl -·:ida. e3.Cb of cl:le- elgt'\.l ch.a.n.ru::l.s. For 
e;,,;.:,.:n-.:;,,t<e-~ the firs,,: ~ho.nnel :i.s cen.1.e:ne>d. .at II 530 
!=1-r:n. -::ihe sec.on-cl ~ l :534 n:rn, and so 1:o:t"1l"l_ up lfJO 
the c:ei! h'L!1:1 ch~ a::: ll.:5S8 .n:n_ The cha...nnc:; 
sp:a.cj ng is 4 r .. rn :and I.he: irx:l:.ividual ch.annc:1 
band.~·v;i,dt.h :::appoea.:rs. [O be .a.batut. 2 :nn.'L. !J:n :chis. 
c:x.arn plc. 't.h:e in.sc::.;n.:oci '°-">~ ·is .'3.boau:~ l dS .a.nd 
i:.hc: :--1oj-.=ccn..1:-..::~eJ i:$01..H 1ion (c:ross.t.:lttk.) iis 
1 o ,...,,_. ( rr. ore. d:l..a.n 3 S dB i-!' llh..c. :.'I. o a.:i rrc e • .....,. .a. ..... e- 

~·a·. r.::lo:::titi!'th d.i....ns-ion ,can be used. IC"O 1, ... odu.c:;c:: 
a :t·1.:. t:!~ du:pLc.xod n.e::wo.rk. ~ ~own i::r~ :Fig:. 
9-38. 

o~ti n.g b-i d:i-re-cc:i,o:noally .. 
::ra l!:!!';1. be:. i=l u,c:;!.t=,d .at. -c::.a~h 

ich.-c: 't:r:a:- .. smiitce.d :::,n.d re- 

cons :::,;-..;;;c.i::ed. ~n 
d i..r,c,cti c.n31 coup:tc:-s. 
ce::-r.:-.i r::3J 10 ~rate 
c.c::i,•c....::! •;s..,1'.a-...~S- 

P're ·iic-c,~l),' j n:s.t.aJl!cd s.y:..::c:nn.~. dc:s.;ig::-i.C>d t,o 
opc~i- ... .:: -..11h .a :si:n,.gJc. ca..-ri.el"- 0&..0 be 'l..:.~g;,-atled 
by ...,,..,_, -0 ~ . O"D !I y the: i:..e::rr.r:a in. aL ,c,q:.;, i. p n:'lC::...;: in.c-c,d 
be. cb.n.::.g,e>d.. -.Fibe ,O'::'i:;3:in..a.l f'ibers .can 'r,c,n:1;.,tin, :in 
pl:::icc. 

~-:... par.z..ico1.a::rly .;;:,_t-clt"ac;:i-..-c::- .co~bin.at:.on '!:o,r 
w.0::,1: op,e.::..l.':)e....;; -·:i11.h one c:~:cin-r:c:l .:.~ I .3 .if..:.::Tn 
.a.:nd. one :e.c l. 5:5 p:.m. "'I"h.e .La..s:ge -..v-aveleo,.gtti."':l 
$ p,a,;; i :-. g s i m pU fies. ch.e dc.s:ig::,. · of c.lhlC n?I o.Lti­ 
p ! e xe.:-. 'T'\he s.i.rn.i ta::'i:C:?,o-' in fi.b,c_-r ch-.,.r..;u;:::i:,c_-ri-stac$ 
(attenu a.don a;od ba.n.d."""":id'l'.h.) ac tl::=:~.e ·i:wo 
-·:"'::<" .:-c-ns;_c.lh:s. rnaik~ lllhe sy~ce.rn p:-..-,cl:Sc.::a.L- .,.,::-:. 

:F.:ig~ 9'-37' iiH JJs:crate.s a th.:r-cc-c:h::11n.nc:l 
·,1,rot:,..1- ~y.sc..e.-n_ J.n it.S s:::nn.pl-=st 'i"'on:n lhi..s 1r1:1e:r­ 
--or.k :i.:s un.id.irccaio1:~L Jan. c~- bo_..e ... ·~r. cpc:r­ 
::iu.e :it:11 both dircci:io..-s: iilf' 'the: -.....a .... --c::Jc;r.;,!J:th-sepa-ra­ 
ri on d cv ic.es a6'c b ii d..ir~c:tiona. l. l....u 1..er !i ::'II t.h.i..s 
~j ~TII Vl.r,e ._-j;iJi see ho--,- such d-e ... ·.i,c-,es; ~ be 

figurt 9·38 fuil-d~,il~io: neh,01k. -:', tra~mlr.e,; 
R. rcotrvcr; MUX/0Mf.:X. t>icfl.'t~•011,1l 
~!tlp!extr. 

TRA11,1.~1ntt1 ,ta,\'fRI 

r1l'Urt 9.37 r.~1te-01ar.nt! ,,1,elcnph-dr,1s•on· 
muhopl(')l~'Ci ri~tworx MUX, m~hipl~ OMUX. 
dtmultip!e~f!. 

7. 



P.o._~.c...-.- c.a.:n. be c-.coupled LO a e"'3.'bc:r h'QII n 
'the pt~n..:111.1:" s,.:unf'a~e o:C .an eirni:u i.tn;a: il:ayer -or 
:f".-ont iL'> edge. T'he D'N>S• ,e.ffic:-ienll $ur.fillcc 
,c::.oup:ter i:c. I.be 'BUX'T'LLS~ ,o,.r a.rchc-d-,..,.al.l, con­ 
:s:1:ru.c-non. .s~.a in Fig.. 6-3. "T"b,e. ~G-a..r"ll.:s 

- 11-C.iN, Sl)ti'R,\ft 
11-£1~ Wll,IOOW 
~IC.W.. il.CTIIII LA'lll 

!------.;;,-- p.Alc....ls. CONflNlML-.) 

"'"''"""'- C<WI.\C'T 
M0,.1N$1.,lATION 
Mf14lUZAtlON 

. - 
r 

IG,... 

T".b.e "' :r·o picn.i::re,d in F'"i.g_ -6-2 ~ly conrn:in.s 
r;,.wo h.~c:J.-.oj.u.a.c'l:ions- a.-...::2 is ffi""1S a d.o.'MbZ.41:'-l"ut!-r­ 
er.c;,-ju..;n:,c.t;.S.O.n c::n::\.~- Th,c a.wo n;11:11_rc:r:i.a'.ls: .ha.~ 
di.~rcnt band~.P cOC;:"tp,IC:$ a.md d:ift'"eren-r. ze­ 
:tr.aci:5.....-c i:,:d,:i.oe:s_ 'Tb.e. ch.a:c.~ iirt ba.ndg.ap ,e,n,e:r­ 
gics. ,:;:::,re.ate. poitcnri,al b.art"icr.s: f'or ber.h .lhokfes- a.r:,;d 
d.e.c:b:"Or:is. '"'O>c. :free c'.baxge'S- -can n.c,c:t and re­ 

,C!C)l.'O:'tb:inc:: oruy in. rhe ;narrC)'Ulf"'. "IN'le.ll-dcfined a,,;:­ 
ti.....-e ~yer_ !B,c,c.arusic the a.c:tive ~ h;a:s a 
h.i;ghe. ::"C'fl!"3C'ti .... c ind~ llhan me n:saccriaa.!s on 
either s.id".e.. an o_pric __ ~"--C~i~e- is- :f'on:aedl . 

• CJ - ... 

8. 
UNIT4 

fl&ute ,..1;4 Tran .. Ml.cvcn &osi 
(In da;. of an •·S,,t...(:ft.4,f'niet 
m"'tuplC11.erlG-en'U,II pl•...-. 

r:rwvvm 
•UD ,,.,... u,» \S',1 ...,,,.. l-.so 1sso111 ._,.._ 

~•vh.l-..:C1•·•~ 



p;:-,o,vi.o.e ~he tiac:.ar irel.::a.t.iio.--::s.h.ip be:"rYo. cc::i. o:;:,tic 
pc-n,,,o.· oe::-:- .u.:r,:td ~L ls"ll this- re:s:1.:1 l.c. 11:be. gap cn­ 
C':I g}( l~ ia jou1-es. l!f i'1. as. in e:~ciro::,. vo,r:-s. ·t.he:n 
'the c,q·n.ati.on :s:rsnpli:fiic:.s c-.-:a 

'll"'ll~ c,p.ti.c po---cr geoe~d by an L.ED .rs. li:ri­ 
oc.n.rl:!--· :P~Or:Ja.l i:o l:l.""aic £orv.-.a.:rd driv:i:ng cu.;r­ 
.-eot... A t:ypiicaJ ~""CX-CurTeDI! ~,c is. dr.a ...... -n 
ii:::: Fl_g. 6-.S. Tlb.c: line.:u:- riel.a.C:oo.s.hip ca.a, be u.n­ 
~=tc,od b:y r..hc:. :f"'Oll.ow:i:ng :;,.r,gua::n.c.us-: "T?,c CLLT­ 
re::·:.:c i i:s the i.nj,cc:tcdl ch.u"Ee pc:- :scc:on,d- "T,.-.c 
~LLTr":QC:IC" o-C ch3re.e !. per ~Gd :s tZ:,en .. "· _, i_/ e. 
_.hc:n.:: 41:' ·i.s. the ~ninid.e. of che charge oo ca.ch 
cl==:::ron. u· Tl" is. l(b.e f.r:aic~ ,o4 the;:s..e c::b.D.:ge.s. 
!L.~;.'I·· ....... iu .-c.corc;nbiinc 2111:n.d paroduca:: p~O$,,. eil,e 
ope:,,;:: :;:><:t...,.,'"C".r ou•pu't -·till be: 

(\,IUHflfM) 

r,g~ni (,..$ r.:: ... tr<Urn'lll «..l~liCMh i;i ior ~n lEO. 

As a sample listed two characteristics. The students can write any two 

LED Characteristics 

d L o,d.c :;:::, :i C'\. ure.d ,:y IP i c::.a.l 1-_.v c:- ICl:"ll.ll ~ at O. 8 2 JJ.z:-;r.,. .. 
-·be.re :g:J.a.ss fibers J:ria...,.·c let_. ~'Ul2"i0,;'II­ 
Ncrt,e 11:h.e i..nsul.a.tin..g. S10~ la,;ye.:r .a.nd llhc: :ruc::cw 
,ooca.ti. o,g a. t !due bc!Jnc,.:n o<f' the:: diiod.e-. 1Fbe .i:nc it.a 1. 
co.c~-i. ·is circ:~ .. ~~cndin,g ir:h:roL..L.g.h a ho.le 
jq ~ :S,i C>:: la~. "Thri.s. c..or.i~t:ru:>C'tiioa c:on5 cae$ 
:inject.ec! charges Ito o. .s:rn.aU! ce:rural por.ti.oo. olf' 
l:he di o c e . Fi. be:r:s a.s .s ll"Da.!11 as :SO p,-nn. ,c..a,.s,. be= 
a:rt.ac:b..e,d wi..t.h :rel.a.crve!Jy eftic-i.ent c:x:,u.P).i:.inqg: be­ 
c:a:usc o.C chLc rcSllric.,.,e.d e:rni.clC.ica..g ..;::u-ea_ ~'°~ o-r 
II.he <.-w·::ai Lte<I :s:-.ad.i:a:ti.'Cl<D "·"•d.tl .at l.c::3Sr :!»,"°trike ·1:.h,e 
fi'bc::-c- core.. ""!(,:.c p~c:r •w111•'ii11 l:IIOC: be: eniti.reLy 
c:o1~c:d by 'the filbc:r bc..--c.:a.u.sc olf" iT.& lli:ra.i-i:ii=d. 
:r .. iJ.~-e,.ri ca 1 .ap<1.::s:"1:'U':Tlle'- 



- 
figu,~ 6-21 l'o---urr~"I rtofatioiuhip fc,r .i la,c:r figvre ~22 T)pial YO!:ai:c,.cumint <:MrKtt'ristie 
cl,oce. f~r a li1$et c:!1odt. 

• ,~ 

"" . {_, 
..j ·~ I. 
ti~ 

I''oo 
! " • '° a 40 i l: ..... -_ ........ .__..._____, 

' -T\ (\ 'T" t , .. 

·, - - .; .. :.V , u~ 

.3 
::: 1 

0 0 '--===::t::::...:_..1.. __ ...J 

9a. 

po·w er-current ll'elation.sb:ip:. :Cllev:iac:iions. -6,o.crn 
lin.ea.:ci,:::,· cti'..sll.On: r£he. $a~l- 'When ·~ 11.o'W' 
d:isto:::rion is ll"Cqllllrcd. !the rlioe.a:ricy of" ltlhe pco­ 
po-Scd .socurcc r:x:LU$1t be c:,,.•al.1.:1.accd.. 

.P::,;,.,. :is ch.a p,e.a.lc. :siigo.al ~. "\:;IIIJe will call it: 
d:i.r: = p(>'\11,orer. Not:e hO'\.IV ibe shape 0€ 'the 
~npu1.-c:urrc::a• vari.a1io:11 iis n::plic:rau:d b-J;;· <the. op­ 
c'ic. p,o~·e;r wa,•·,e:fi:>rm because. ~ d:te 11.i.n.ear 

AuaJog; a::iodul.:a.tio'"n - (.Fig. 6-7) ireqo.i..re-.s .a de: 
'bia:i::.c;. to 11:Jccp llhlC CO'l:.:IIJ c:ocn:eni: in me lfb.rw-a.rd di­ 
:re:cti,o:n :a't ..:ii ti.nac:s·. "''•lli;.'ilhoult cbe c:k:: c.,u::re.n.JL., a 
oc,ga.u ... -e $'\IIVUll,C U'I tb,e 5,.iJ,enal Cll.U'T'e:Dt. ~Id TC­ 
.._'IC1:r.l,;.C: l:>ia..s 'Che: diode. &!n:a,'ttia.g. ii: off". 

The •OCJal diode. c~ is. 



Cl.!LUNl .... I fl.l,jf 

~- 
n"f 

li:r ... -,::~,;,.-=: :irn YO~c 1:,cy,o·ndl :t:J-ae tt!!-1:res:t--.-ol:id. .... -:;;;al uc 
,...,,j l.L bring c:he -eu·r:ren:r c.o iix:s ~r'i3.Jt:Lng point:. 
0 · . ..:. r. p-c: e powe r:s , O':f" oontinu ous l':y l:'"LI r1uru.n g 't.3.sc :"'S 
(C ..... ,-_ c.;r- co.m:r.inu!a,;w,.,. ~-)' .a.re it:>·pi:=il!ly :I. - 1 a 
:S'.!':::..,_"'.':. ?u.1:s..edl !Jr:,.:5e:r;s. O',Per.::!sdinig a.I: l,o-· dt.L.t.t'y C-:.,t'­ 
clc.s can. s.a.:f'cl:,,r ~U'Ce Ia.:rge:.- peak pO"Aoo·cr:s~ 
b<u: C~ .. !1:::a.:s,.e:r.s. 'C.b.:u: can be 1tou111"r1c.d o::,i ;a:-.d -orff ar: 
nii·gh c-.=a.:tc:s- a;r,e rno-::ie a;z:sc:::f"iuiJ for ,co-;:;-:-,::r.n.u:n.Sc::a,­ 
c:: o = ~ _ ""I"".hl c o_pe,ra c:.!:1 :n g cu in:-e:n ii: :i,s; g>ien.c:ir-...s.l l y a.bo-1!. 
2,;:;,-..::..0 ilT.LA .al:»<ove· c:.h,e d'!':u:ic:-..sno,J.d, cu!l."lr'ent. Run­ 
ni.og .a.t c~..o'l::S. high.er ~an th.<:>se sug.s.e.stc.d by 
t..h c r=nu·f"'act.ui::-er wii.11 .s:h.c:nr"'ICc:n t:h_,c:: "t-iof""c:,t.i.1:111oe o1: 
tl:u::: d :i: od c._ 

TT,o~r. ·d.:i.<>dc::s- "".J"l,,e. "'"Olli:a.g;cs ai:-.c: o:f" the- oi.-d.e:r o£ 
.1 _2 - :! -.....r at. tCnxcs.h,o!d . The -t'o~·ard ,cu !!"l!"<:::-n:t i:n­ 
c :r r..: ;:i."l..cs: rapi.::11~· ,.,....-~m vo'Licage f"or .a diod,,c~ a.oc; 
c!:a.u:-n,on.stlr.altcd. £n Fig. 6-22.. s,a, 1.lhaic. orally .a s;rnal:I 

"".l"':?-1 e Cl'l.:lt:pa:J'L optic ~ v.c:r.s ru: s le =---:ard! ii np,u t 
oe::·u~en::: c:har.acteri.sti!c: ii.s. plotted in F.ig.. 6-21 :fbr 
a ~y~;<::-.;:wlE la.51Cr dae>de.. -rthe ua:e:s.boLcl ci:a.r::n.,:n.1: .: s 
7 S 1:-::L~ Cot 'tl':li$ diode. :e.c:eo.......- i::h:i$ te,..·cl tbe::n:: lis 
.0. S ~ QI 1J :i :n C'lll"C:.3:.."l.C: :i :n O p(tic:- ~Cl:" -.ii t.h, d:r.i 'VC ,cu ::r­ 
rc:: &it- "Tlhiiis is ~~ereni:. r.:1tdi.atii:::1>ini c:::aiu.st:::'"d bv 
J:>PQe't r~co.u.s cmi:ssi.on fin 1:.h.e C"C>CO:rn'b.i:u.a.ti.o~ 
T-a.ye:r- s~ ·nri.c:.:as.u:rcc:n'Clnc.."i --.-..o,-uld .s.i.h.ov,.,- a 
:s..h...'i..:rp d,c:,c;rc:.a..soe .Lr.a :r.he cn:.a'lpu"I: line:wi.ctch ._.hen 
c:hor. c-urrc·na; c:Xcc:.cc.ds. 1:f'r.c: d::lrsw=.sh.-ol.cl "V.-.liuc. 
Tb:.resb..otd C..:111"1:'lCCIJUS, c-.un f'll.'"O'm:1 :S r:o 2.SO .en.A :f'OT 



CIJtt(fjf ,_, 

Figure 6-2S Ttmpenturc cirpCll~ of J lise­ 
~;(4e. 

t StU01Jt2CIO 

.... 
t~....a• A.~"s~onol•!.astt~ 

- f +~+~ 
1/ _AAP- g • • 

I..: ... I QMIDlt 

che :.::l,:;.od iif: rtb.e a:n.:a.l.qg s.i.;gJl:uLI tt1C11.n.st.. be rep,:t:'Cl­ 
d1 .. u::ed with~ .h.:u.rmo:aic dasccu:reion. 

Di.g;jJta.1 n:1.0duJation of" a. la.is;.c:r diode: .. 
~r:CJOl'll:s:arated. :in Fi;g_ 6-2:::5- d.i.ff'-e::rs :~ digita:l 
modul:.:a.d,oo ,o;t",at.a:1, 1 ED- A de bi.:.:s currca.cr .Tw,.c. l$ 
«a>ddcdl ~ p~ 'Che ~ :au 1tb..resho!ldl --hc:n 
the. ,:,.iign;ail curric::-.ru . .1,,. i.s. :z::ic:::ro. .A. ibiT,11.alt;!t- J is .e=n­ 
er.--..&.1..cd -·he-n t.h,e :si:g-n:a.J. -cUt1T..cn1: corac:a.i:133 a. po,si:­ 
::::i,....,e pl.3.l.sc. as s!k.et.obed !in. !the fi_gu..re_ ~IC:DI bil­ 
.a.sed :cu:;:a.r ~old. It.he. diode 'lr!r-iiU lbur.o on 
,gTL.:..i.ck.-=- a.nd ~e s.:ign,al. CUJ:"ll:'ent c.an ibe :s.,;nalie:ir 
rt.h :uni w.i e h.cMn:. ~~ lb.ia s-. 

!For ~og ::ccu:::11du..latio:n,. tE-"ii..g_ 6-~ the. de­ 
~ .. .,;,.. ii$ :rnc:n.·ed bc!yond ~nc::shold .. :,.,o, 11:h;;iu: o;pora­ 
!ti..o:r.s --.·UI ,be a1.on.g 'the lin.ea:r ._po-:r.t.iion o£ tb..e 
:po,,,..y,c;r-~.a,c:o-= cb.3t~c ·cu . .a.r:-vc~ '".J"tbc !lincaur­ 
,h~· of: me la..sJ1er di'.od,,e s:b.ou.ld be c:-.airc..f'ulliy 



c h..:..:r~ c,o 3c,c,elc:::nu:,c-~ gaion:iin.s, lo::intti:c en.e.rgy. 
w:~c=-i. :t"3.S't ch=-.:g.es ..::oll:d.c: -..r.it.h. :r:11:::ua:r:a.I .u.1<»n.s., 
Ill,,:;::;· c::-c:aac: ad.dis.ion.al cl~n-bo1.e. pain;; b)' 
eu:s..in c: p,.arc of" ~T lc:inc:cic: e~· 'LO· r.:lk.i.s.«:: 
el-e: c: tro n.s a.c :.o.s.s. rt..h,c: c: n c::rg::y ba.T.I d_g;::a P- C>nc 
~..::e.lcr3::ix:ag c..b..3..rge can geo.c:::raAc: :.S.C'-'«=ic-:al new 
:s..c-cond~ char.gc::s. -r:he second.ar:>" c::it:.:i::rges.., 
11.l:.c::ar:r~:s...eJvcss. can ;.a.c-ecl~3be. aJn>O -crcat.c:: e.v~o 
mor-~ elccuoo -ho:lc p:U:n.. Tb:i:s,.. :t:'bc:n. is t.hc 
s;:-roc..c~ of a ... ·::?.J._.:aun.c::-~e 01::i!lup{hic-..aJL:i,o:r:._- 

l:=:"IOto,el~:os. irnO'\lo"C to l:bc p ir-=-1:~on~ wh:sc:h 
h ":::: be.en dc;:,1ccc:d o~ !!'"~ c:t--a.re;e b>" t"b.ce large 
r-c: -..·c:::rsi::: ,·ol't.aice- In e~-.::- ... t.11.e dc_plc.tio.a r.e­ 
~j o-n .a.1: ll.t::e p-Y.i ju.acuon h'3$ """'n::.3--hcd 
"t.h..rcugar· 1.0 s:.he 7r !layer. ·rhe vol1.ag;e dC"">O? 
i:,; r.x::o~:: L...... :a..-e:roi:..::. th.e p-n"" j'u:nc::tion, 1'N'hclC"e 
th~ Tcs.u'mti:ng ila..rgc el>C>Cl:ric:31 lfo:n=e.s C3u:se 
.:1,-..·;"},.,~"LC :rnfil.ltipl:ic..:st:ion. In 1.'.hi.s. <ic'ViCC:w rcv..:.1!­ 
•ti p:: c~~on _i...:; irut3a1c:>d b_>'_ ~\\ce:~:o.,.- 1-3.'.ole-s gei:_:i- 

A:va.lancibc cur.rc::-n:: :!CWt:ipt.i.c:a.tio.n C<V-YIIC-S 
.abo--.::c ,o :::he f"ol.~·"in:G; -·.::a.y: A ;ph~on :is .a.'b­ 
so~bed i"n tr.c ~:le:~~ ~~n .. c.rc.ac.in,g a :C'"PC>C 
clocc:::io.n :1.nd :a "fi:cc: ti"oJe~ Ttie: !1:a.r,g.e- etw:ca:-.i..c:a.l 

.. .fu~ .i:n the depteuon region c:a.u:o;.oe ii.besc 

figurt 7. U Rcach-t'lroogh "'.al~nche 
pNJ:Odiodt. 

-- v, 

L...As.e:r d.i~e.~ .a:rc r..nu.::-h .r.n..o.-.c t.c:~pc:ral'UL&:'C 
sc-;--si:c:i"-e ~-- Li:.J::::>s • .a.fi Fli.e; .. 6-2.S i.lh•.s,trace,s; Cor 
.a rc:pn:;::scnc..uA::i.,'C d.:iod'c~ .A.s 1t:bc. c:c:n:,.p,e:Z'Zdu:n::: iin.­ 
c·re..a.:sc:s. 1:he di09e-:s. .c,a'i.a ~$ .so t.haa 
rnoric c:~llil:. i.-s ireqia.:i:rcd bc:f'orc e>sci.1Jlo11:io.n ca.m 
:t:><E: g i:r:i. -:r.h·a:1: "i,s.. lthe 't:h:re.s no, ld cur.re: in, t bcc:ior.r.,cs: 
g:-.ca.'t:Cr <i1nCTcasi..n..g abouc 1 . .S'9o/"""C')- ""T'b.i.:s. e>e­ 
,c--;::i:-~ bcc::iiiu"SC o,f t:hcrma .. .L Jii;O:ner.a'l:.iol:1- o~ hole& i.n 
tl"?.e .... m::>,•es and ellec:trc.us in. die p ila_yc:r- -:rh,esc 
:f"r.-.o::. c.h.a.:r:gc:$ ·r,c,co:rn.bmc ._-:i:"t.1-i :f'""l'eC:: clec=:ro.m.s .a..n,c:1 
nole:s. O'Ul:s.i·de 1:he a,ctiJ...,.c J.ayer, o:::::du,c::i:ng ,::be 
s:,·u~bc::r ot" c~:s :rcac:hi n;e 11:.ho.t la:,.'Cr an.d. 
co:.s:co;.e.qu.e.r:tc:1::,,. s,c,d ucine. rt:he .n.a:i11rn"t>c~ of ,c:;ba:rg-,c:s. 
.::.. .... ~ 113 bJle .-o-:r: "the p ::,oc:h:1.e't: i o---:: o'f!' ~ ::ir..:nd. sci:r.n. u­ 
la I L~d c:::-nis.s-f,o.n. I-n. :;a..dd:itlon. ~cru:i.a..l1),' gene.w-­ 

.•. n .. ;;:;.:.! hn l,es. .a..n.d c:SocllrOlr.l:s. itr.i i:bc: :11,.;ti .... .e ila>-.er i:c­ 
sc:: :!'" :c.oom bi. ne- :n ,c::)t::l3~ d..i a ti-..· ~:i :y. i:r ..e,ch.:: c irL g t:.hc: 
:;:>e,p,1,La.t.io::1 j n,.-e.:rs.i on. A._ga5n.~ ~ rcdrc.ct.io:o .i.a 
:g.:::?.;::1. :a.:nd ~ i.o,c..-re:::a.se tr.= t.h...-.esho?d c::ur:rcr.u: 
...,..-.....:r• .. •...:. 

9b. 



P;'"7" - 4-.:CT A.f 

by u ..s :in.,;:: 'Sq . ( J l - .3. > lfiD :r 'the c: ur.r c: nrc. 

We: cn..udc 1..b.e- s1.:1bs.tiiu:.11a:ior.1 i. - "Jl';tCP/.J".f:. bc­ 
c.::s.U-s.c It.be ~1.-•s m.stam.tanc:ou..-s and a.,·cr.age 
..,.·:,,I i.:ic:s. .a,e ch.e sa~ i"o:r 'th.e c:a.:sc: of ~s.c.ani: 
o;µ,ti.::: ~·er. 

'Tb.!!::..l!:hei:-:t:Da.1-nai.&.C ~-er dcl!i,-crcd 't'O the 
:. o.,. d :is. ,f'?.,.-:r-R r.. .. _.hii ch c-.an be:- Vlt.'1ri u.en as 

( I J-6) 

!J :;, cJlc load n:s.:isr.o<.r. 
Ttbc: .o.....,~c:: ~-nois;..c- po-.....-el:' d,;e.lii..,.·11:U"· 

o:::d ll!O ithe- JO(ad 1$ •~.:a.. .. ~ch. UJ.S;ing: E.qs.. 
( l !I .• 3) and (1.. l-4). lbcc:ornes 

p·NS = 2e .:!,;.f ( ~:- +- .l'~) RL 

,.,.. 'tru:::r.c: P i.s. ·di.-:= ;i,n,cfu:;Ce:oll: op;~, pO"CWC:r'- 'li"'l1a.e 
0:.0,dc deli'vcr.s. ......... ll!!e.l:'a.,ge -=-lec:Lrii.eal siig.oi3.l ~ 

(l l-4) 

l;n ithl-s c=se:~ the sign.al .?hOICO~C· ~ 'tbe; 
:-0::::s:1.:uu, val.ue 

- 

s.ig~aJJ-::o-noisc ~o ~ be ~pn-i:cd. fro.:r:n. ~ 
ciTcuit for :a. ,•ariet:y of" c:;;i:rca.:11~s.. 'We ._ Hl 
C:OO'"lp!Ute ~C .S.r-..""'R. lf'o1r Lhae ~c,_.-j_n,g Si!IJU3'1:110n.5,! 

!. - r::::::ons.r,0.rra.r uwcide:.-,:, ~-..c po'ltV.e.r. -rbi:& IC'<M"­ 
~:s;pomds. (l)O ~o.ca. o£ a. JI. .in a ~ 
:i.~:E ~:),"$&.e::rn- -w·e -w,,-lH ~ consider- :u:R::­ 
,ol(' a dctcc:1:or ~ ·cw:,, ~ ~ (s:ufi:b. 
.:c.s. :0. p:t,T, QC' p;u,.:f di.ode.) a.nd 'l:'.b.e:n s~· ~be. 
;;iTl"illpro,-erne.n't ~ u..s.in,s: a ~:t:Or "P>!'l!ch in­ 
ricrna.l gain ,(soich. as an a.·•.,•a'.la.r.u::::!be phO'KJ­ 
di.i.o.:;!lle:) or b:Y -uis:.'i.n,g he1~c ~e,caic,m. 

2_ 5.in.u.sordall.Jp -wa;r:>~ opric .p,D"t,tVt.lC Tb:.is; 
•c-,o,:.-m;e::spoad:$ "tQ, a.rt int:en.-si~:y-~EaltlCd 
~n.a:Jog siig)Ba!L 

UNITS 

lOa. 



7"7-s..:·r,n<:J!,! 'l"'LOJ.·.sr ,(.a.lso ca.lied. Jo.h..n.son. n.oi.s.e .::i.n.d 
/'.:-...·.qMi r, noise) o,rigicta:1:es -.·ill:hin the: phoc:odc.· 

s:-,.rR ·f :..ci:-e-:!.Ses as 'l.h.e ~u.:::i.:r.e of r.he :i.nc:ide-n:t 
opLi c poV1o-"1CX". We concluc!!e cba.t =lati....-.::ly s~ 
ch3n_ge..-<;. :1n ·syscc:n:w ef6.c:i,c.Dey plf"Odu-ce s'iign;iti.­ 
c;: ~.:.-n ,h:;1,a,g-c.:s i a. :the qr..r.ali1:y of' it.he:: :n::ce'h .. -.:d sic­ 
T.l-=;. ~ =-:.i lhen-n.a:t-::-:..O<i sc:-ti:m i, tcd syst c:sns. 

(![-!111) 
S Rc.('Y(Je.P~··.l',t.r-),'=- 
sV = .:tkT.~f 

.::n f'.::,n;un.arely. -·c do l1I01: .a.iJw.a.ys ha-,.·.c u..nl:im­ 
i.ted. ir,.--..«:)1'1,11."e>.:"- '\11w>bco !!:J,e. p>O-"CC' ls IOIY,,·- th~I 
::i.oi:se usua.1.1:,.- don:J:i:naric:: s ovcc- sh,o.,; :::.oi s.c. 
~ e :n., E.q. { 1 I - 8). r,c:,d:ucc: :s. 1.,0 

(l !..-ilO} 

ito:::d :!l>i.f::n.a.l -t.o-noi~ i;-atio · c:a.n \be - rc·, .. ,,:rincn in 
te=-rn:s ol" the s.~gn.:a.1 pb.ot.OCU%TCot by combi.ning 
!E,qs.. (l. l -41) and ( l t -9) to obtai:~ 

'\ 11-9) 

chi:. co .b3J;:tpcn- ·rbe s.ii&na.1-U>-n-oi-sc ['".;l.1:i.o 'then 
:S.1 :-n:pl i.fi.e~ I.O 

C:...C: cs icrve-s:u,ga;,c. some s.pociu c;::.a.$CS- S "'~ 
p-::i<we: ttib:a1 rt.he ;n'V'C r.a;se: s.:ign.at cu:rrcrn: < ~P/ .J.if) 
i:c- n"Luch. l.a:r;s.c::-r- mc.n. 11:~ dark cu.r:rcn-c. ~-1'.l T s» 
ca.a. be dn::,p_p,ed flll."Ol:r.L .Eq. (l.. 1-.S}. r::i"..i.s :s.S1ll.lla­ 
t:.on oc~,r.s :if llhe darl,.. c:urrcn4 .LS !$:r:nal!I la.Rd the 
op~..::: po-·cr is noc 1iOO l:OtN. Su:;:,p.::::,,s,,e a.J.so c.h-aJIC 
t.t-.c :s!?.ot-nol.se po-.,,,.'CX" f".:,,r 11:x,c,c,c,ds I.he 'th.,errna.J. 
po•o1.:e.r_ "'I"ihen d?:e t.crm 4Jl:TAJ- can be lg1Cor-ed_ 

·- (~P/hf"rR?, 
2't!:R.:.. A.f (I.:::.> -+- ~p-~-l·;J,Jf'~") ..... 4..ri::T' A./ .. 

(. lj 1--8) 

-~ 
,V 

-::-1:a.=- Si._g:na.1:_t<>-inoa:s:e lr""....LU.0 m.s. ,:he. a'V'Cera,gie, s.igna.J' 
po-·cr: divl,dc:d iby d:>c ;:svec-agc ~er -o_..in.g t.o 
:a:U n'Olisc ~- ·C.Omb:inii:a.:; Eqs_ '(l 1-5)_ ( J 1- 
6),,. .::i:nd ( I 11-7). _.c ob'!J:l.i.:n 

lOb. 



La:.<.!!'" ~ots.e- ~ ~ 

L,,a.:$,lf!.t" .!JrtOoJ1se • s. :is. a.:r.a u.u.d.cs.it.rrable r:a:r:doJQ. :6ue11:U­ 
a..lio;;-:. :io ::he. ~r:pu-:: o'lf' .a !l...:a..s.es <'Dod,c; d3.a.c: oc~ 
C'·-c::~ v..•hc-.n d:le dri·~ .• Jt.ng ~t Jis. c,c,1C11.Sta.1n.'t. Jc :i.s 

_,heC"e k. ~.s. t.he: B<>:rt:z:.1:x:ua.nn const';:;in.tt (;g,:,.-cn ..r.n 
Tabte l.-2). T .is d-:1e, abs-o.lh:alle ~peraru;r,e: ,( K>~ 
~~d. ~·( ~ llhe ~eii .... :?:r-,.s c:IC:CU'ic::>1 b::Lnd._..idtt.h. 

{21-1) 

Figuz.c l 1-2. :s~.s. the resubs whcin con­ 
s~~.,. r..t. opci,c: pc:N'r"e'r p illl.unun.a.'l;.,CS the pho't'Ode­ 
ce.-...-:oi::-~ In~ of remaiind:ag ~.oc.ed .a~ 
t- .. "" Tl"f!'Pf hf. ¢be: ILoad c.t:..t:nrir;ni: ,-;ari,es 1:i11:n,d;,on:d:y 
.!'.UO:..J.rt.d mis -.la.e... V'iil'hen d:w::: in,;::Sde".:"'l :po~ :is 

~ prte$::nee of' ,t.hcrnlial noi.sc ca:n. be 
:nr.ac.>d.cJcd O'.)J' •he cqwva.?.c:.ai: e.ircui:a: dn,i.-.n :in 
JFj_g;_ l. :1-3.;1 Jin !I.bis c:::uicu:ir,.. Rr... :i.:s al:). ideal no:i~-.o­ 
ic,s..s. r;;::si..s-..o.-. -r.b.e aobc b. p,:,oduecd by a cur­ 
.r,cnT :s,o:urce. ~n.erac.n:g, me.a,n.-,s.q:u-..¢ CUll""ll"IC'no.- 

~~-- 
11Wi 

Figute 11.2 Rca,iwr cunor,: wh~ &:ht o~rc 
pcww is CO!'lSiar.t 1~,ng the signal' degndaiion 
,~·-· m ty tl-e-~l noi£e. 

:O.::<.: l°"" ".:,;. load ~$iS~ R,1:. .... SJC!Q'til:On:s wichin: ~· 
ra,"i-i.sc.oc:- n,ie,..~ 11/Cme:in ~on3'r:!'. .Bec.au,.11.se of 
•ir..cni~ :;-.hcn:na.l ·e:nc~ ... ~ c:oa-lC.ioual.cy \!Cl'DIO".IIC,. 
e.,..-lo::n v.i.·.ith no ""'"'01:ta.ge :aippliiec:L The cl~ 
n:.cti o.n i~ raodD'ltrl,. so l!hc:: nee. flo_. of' c~ 
co-, ... 'ld be ~ ,on.e. ,e~ er z.bet o~ i2IJI! 
any ~Jr- Thus .. a r.antdocrnly .... -a::r:yi1111ig ~ru:. 
e::w;:.j.sts :i..n cbe :c-e~ .. - as. pi.c«urcd in F;i.g~ 11: :I -1 _ 
'":t-i-t.ti:s i:s. -.:he !Che;rn:a.,m.1 n,oi.isc c~l'. i.NT. lr:s ,.,....~­ 
.a._ge -...'a]iue 'is zero. The a~ ~ ;pc::,wcr 
~~~c,ra't>C:d ,....hhln t.he ll"CS.i:s;tor :is RL~~ ~·:bes:te. 
.1§.r- ?is i::.bc :r:cic:.an-~u~ v"al-uc:. ,Qt.f.' -(be ~I 
.noise. -c~ot... <""J["'he bar ;iadicalles ,a.._-e~ 

flMl[ 

~<mz.1 111oise c.J~t. 

P •• 
0 

.. 



(11-117) 

)-::"<: u~:ii~ ar,e (l-h) - 1 - C>:t'~ •he RL..-....:1 is cx­ 
:;,:--e:!..s,e,d 111.n dB/'.l·l'z.~ _.hi;ch. 'i.s: ,jusc.., 

( R.'r.N >4.1:$,,.Ha. - 10 log ( ;~,=) 

(~ l-46) p~~!l; 
p::, L:!,,.J«r 

Co11 win.i.c:g t...~c:::s.c •~'L :."""'o c-.quation.s ::yi,cl,d...s. :z.hc. 
R.L.,_ 

(1 il-4:5) 

The a-...·er:n.ge noil..se ~·ec- ecner.a.t.ed by the: 
b.!:i <= r rirn u. s::t. lb,e 

( 1: 1-44.} -=F" ... ,·,1.. 

"T'bc: ,,..e-J.a-1.l.r.·e-,1·no-ensi.ry .n.o.,·.$4!: ·lR liN) d.:­ 
:sw::ribes me am,(HJ.'DI. of" noise cD'Ulu.C>d lby Che 
1.a...c..e:=- "'v'\,.~ -·ill inr:rodu.oc ic. i:c:11 llbe. 'f"oll.o--.i.ng. 
-·.;i.y-; A l.a.s.er e.,rut.s ,aa:'I .a,'CC'OIJij;C pc:::l>"'Ner p_ A 
pt:.O'tO<ChC:-t.ecLO'.r" h.a .. ·i.:ng rcspon.si,.rity p, c:,on­ 
:r.iccicdi to .a re,c,ejv,c.;r "WhOloC ba.ncl_.idlh ::s. Af • 
. :J.'l:t.: . .a.sL.Zres lhe laser ou,:put- 'The a.,•er3g'C dc­ 
te..::~r.:::J cu:r:renit is. .PP~ hue. th.e: a.,'t'Cc-t11SC .......:Jue o~ 
11:»c :s.q:uace o,.t" d>e no:ise c::ur.rcrn: (i...e .• Lhc: noi s.c 
1f.h.;. c c ,;;.a. uo :n s.) 5 s. ' :: 

a ,c~_a.;---J.CJ:,e.ri.s4;i,c .a.:s..soc::i,~ -~•Ith pc,o-:r. 1..:1.sci:-s but 
ii$. p-::-e.scr..lC '-'° sownc ex1.ien1. j n :al.l o"f: 'th,c:m. C .a,s.e,... 
oo,j s.c rea.---hcs a. peak whcm. .-nooula.ti.n,g.:... di:-0<!!-c. 
::u. i.. r ~ TICS.O ::,.a:n t. .f'm,e.qu en,c::y ( C>':PG<::.al.'ly a iCe.'liW g i..g:a­ 
lhc n. .c). Fo!:' 'tl'\.is n:--s.scall. la:s;.c:,r n,oi.5,.e: .is r.roore: :s.i_g­ 
cifl...:.anr: fo::: hi s:h-'f"~ency li.n..k.:s llha.n £or 
lo ....... ·e~-:n:,e.qucn.cy oRes... Well-coa.s~ l.a.:sel" 



• RL=(21tCdf- 3 dB )-1 
• RL=[21t( 5 x 10-12 )( 6 x I QA6) ]- I =5305 .Q 
Where "f-3dB" is the cut-off frequency, "Cd" is the capacitance of the PIN diode 

Load Resistance: 

System Specifications 
System Specification refers to design a simple point-to-point optical 
communication system. The key aspects are: _.... 3 1'I) 
I.Purpose of the System 

• The system transmits TV signals from a studio to a remote transmitter. 
• It can also be used for security camera feeds or other video transmissions. 

2.Bandwidth Requirement 
• The signals cover a bandwidth of 6 MHz 
• A signal-to-noise ratio (SIN) of 50 dB is required for a clear picture. 

3. Transmission Medium 
• The system uses optical fibers to carry the signals. 
• Fiber length is estimated to be around 500 meters to a few kilometers. 

• Example: Cable TV transmission over fiber networks. 
Key Focus: Clear signal transmission with minimal loss. 

• Analog system design is the process of transmitting continuous 
signals, like TV or radio waves, over optical fiber. It ensures that 
the transmitted signal maintains its shape and quality while 
minimizing noise and distortion. Key factors include power 
budget, bandwidth, and signal-to-noise ratio (SNR). 

Analog System Design 

I 1. 



where , 
!l&= rise time of the light source, 
!§ = rise time of the fiber, 
!f11 = rise time of the photocletector. 

3 f'<) . Rise Time Relationship: 
The total system rise time !.~ is given by the equation: 

t2 =· r2 + t2 + tz S 1.S F .PD 

The bandwidth budget is the allocation of available bandwidth across system 
components to ensure proper signal transmission while minimizing losses and 
distortions. It considers the combined bandwidths of source, fiber, and detector to 
optimize system performance. 

Bandwidth Budget 

optic communication is known as Power Budget. 

Where, 
SIN => Signal-to-Noise Ratio 
RL => Load Resistance [n) 
p => PIN diode Responsivity (AIW] 
P => Received Optical Power [W] 
k => Boltzmann's Constant (l.38x 10"-23 J/K] 
To=> Equivalent Noise Temperature [K] 
Llf=> Bandwidth) (Hz) 

• The amount of light energy required to transmit signals successfully over distance through a ti~ 

Power Budget 
• As we are using P~ diode ,we expect a Thermal-Noise limited System. 
• We will proceed on this assumption and calculate received power, 
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