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Semleoncluejcor diodes.

Semiconductor are a ¢lGs$ of materials whose
electrical cmdu&i’vi’ry lies between that _of o conductor
& of e Mmsulgtor, ‘

@ E“ﬂeray chd |
) The vange of em?afcs possessed by o
electyon in a Solid is Kaown @$ emeraylbmdr
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. The vange cif Emcraics possessed 'Joy
Valence electyons Is kmoWn,as valence band

& Conduction Band : ‘

. _ Therange of emewgies possessed b
Conduetion .*I;ond e\ecirozns IS K?ww?nx QS Cond ZL
band . Bas.co\\7 all electrong fn il
free electror.
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@ Eneréy Bcland shructure in Solid '(’E’amd 7]1601‘7)_
An elec troyv 1S . G¥V isol&‘h‘ld atom caw

hove only certaim disewele  COET, Tes . Now o identiy

atomg Wity Single valence elcc,i'mzvj arc SIOWI)I bmuah.}
cloge to each othew until thefy electrons Shell begin
+s overlap. The electronv —iaw and electrow -elec tray,

intevactiony start to teke place, the atomic orbifal
Start 0U'CT‘|&.PPI"H13- These interactiory Cause Splithing

bl s 5 Ly 4
°.f each individua) encer ¥ 1evel mfo twWo becaube”
according “to pauli’s excﬁusfow pyinciple electrons
'S:'nzlc, System ‘con Twt occupy the Soyme.

;from-' Q.
State . -

An electron moy MW 'Occ';upy. any of the
two levels - one IHtle higher (E+AE) & the other o
iHIe lower (E-AE) thaw that (E) of the ndividintal
jsolated  atorrv,

~NI
&% [ comiduction . Band R AN I R T
1.:5 | T 2LTO1 - Band :‘cqpc‘fucfhan Barid :.":conducfmn'i-j.ﬁand
[ Eg Forbidden e N ST S
| 0P il o AR
Velence Band Valence ®and Velence Bond |
Ingulchy )T e |
Eq >3eV. cemicorduchy  conductors

B Generation @1 Recom bi nationy of Elechons & holes

i . ReawmbingHon 15 Hhe Process jn Which
e ﬁtc elechrons the free electrons iy e conducd

b!rc:nd Jump into The valence pgngd 10 combine With

| o?t,%- The 'r'od-c_ Tecombinatigy, me

fo. t0e product of electngyy toncentration B hsle

concemvhrationy, Jhene |
o 1. he®e 48 o - i1 .
recombination, s Kywwhngcca opposite fo th#s
A 20 Benevation,
_ — Y8 Ve

’ e ]
'S pyoportion?®
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In rccambmahuw;I the mummum cnlraw L
form EM wadi atiory s equa

’a"cleqse& T3V
band 399 E _[jf » 15 the Jca"ccluch7 \)tﬁn?ﬁfﬁé
EM K‘adnai'xoa'v
L a 5
Wheve h plancks COF\Sth']; 0= 3XI0 m/.s Velo«:d’z of
g 2 1% Na\{cicna‘}- f The raolnahow 3
conduchon Bond (C- B)
o 9 © o &0 o @ L J ) )
T [ Genenakiony — yve combinatorv
Ef G‘]C e-bv pair » h

(2] L8] Q o o ©O

1
htly =™ valence Band. (V B).
[ 't o K all eiec’rrozns lies in v.B _But af voom ‘rempcra%ure@ﬂﬂi()

maximum electrons veside gt CB:-[
problexy- '

The. bandgap of & Specimen of gollium avysenide -
phosphide is 1'98 eV. Determine the wWovelengty of the
EM vadigtion that Jjs emitied upow direct vecombin-
otion of clectroms & holes i 3his Sample. what i
'H“nf.’. colowy Oji the emitted vadiation ? |

’.Ijﬁ -3_.15_*’}!6 Wave ltna-h}v;

.Ht Kao 'H\a‘t)

X
0’*6; a - }'IC
Ea .
o -9d 6625 X102 x 3%109
1A = |0 (62204 = .
L '98 x 1'6 x 1619
| = £25 nm. Tnm =10 'm

As 2 is fwv wed Tegiony of the visible !'?[L*
-hhe colouy oj EM TGG!IQ"}"GW 'S red .
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D Inteinsic Sewmiconductor. .

A Semjconductor IS G ex+rem'e‘l'7r
pure form is Knoww as mtwinSic Semi conductoy

T thermal eciu}lfbr?um the rate_
of qencration ¢ yecombinationy of e-h paivs betowm
_equc:;l 4 fm—- aw nteinsic ‘Scmfcondud’or elcc-l—ro?q, |
concentration (m) equals Jo Tae hole concentration s

Te w2 p=mye
where 7! s called ivirindic §emiconductor
n; depends on 'femPCTG-'bﬂ'c. .

@ Extrinsic Semiconductoyp

The charactershe of mbnsic.
semi conderctar o be chcmacd drastically by .
adding - small percentage oJf fmpurity  atoms < Ther
- Tae vesulhing semiconduckyr is  Known aGS
. Extrimsic semi conductow,

‘ This type Of Smiconduéhrs cye )
two  t+ype - 3

Gy m type (AS,SBQ £ B P type (B,AJ)

pentavalen St~ ValonE

 Divect & inélir*ec‘_\' s baml-aap Semi conductor

The eneryy 'oj: G ]Crce, elecirony s

PZ
= e P — Tumentum:

Zma
: "F,'l}’\l mo‘_) Free elechrow
o, E = T ™MASS
Zmo P:t K]

K_— Wave vector:

F = %ﬂ h= Flant*{%
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on the bosis of energy band Fhructures,

b:e"mf conduchry can e classified s direct & .
indiyect .band-a(\L : “

+E | T
c.g/ \ /\/-bg

/\ =k N K
- LB | V.B

1] -—-Inlc:“if‘cd' B.G. MaAs — Divect BG|

@ n-ty Pe Sewconductoy

: . Nhtnismau onvount Oj: pentavalent
mpurity (As, Sb)is added 1o a Pure Sewniconductor

| 15 Knwon as n-type se canductor,

In a »n- +7pt SCW"COMUC‘,‘O?’
electrong are mujori}y Carriey & holes are
’mmwﬁy cormiey ! |

@ p-type SG‘meiomluchyp

“’THCW G dmall amount of Hri-valent
(B,a) is added tora PUYe Semicondiictor 1g
called p-type Sewniconduetoy, ’
| | | '.‘.]W o P‘+7Pf;'§émfc.on&uchr
holes are ma\]wﬂry corriew &

! ‘ : electrons . axre
‘mxmrﬁy cCoryier
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—Z 5 . P oarriet | 090 ‘= o A
.é@w_ '@/fe':emnj-o r ee;e d S
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n-iype holes.

® p-n Junctiow

whew a* p-1ype ‘Semfco:nd‘ucfo‘x‘ i Suitakn
Joined o Type Semnicondudior, +he contact of
Surj:uc,e is called p-m junctiow.

Fovrwmationy of depletiory thfol'v

At the instant of pm junmchior
Jormationy, the Jree electyons mear the junchon
i fhe @ vegion begim to diffuse qevoss the junctiion
into The p vegion Where i‘hq combme Wih holes ngay
the junction. The wesultis that = wesion |oses
Jree electenrs g5 they diﬁu,se. into ¥he junchion .
This creates G loyey of megaHve chovses (Den‘l‘&qe!;-;-c
10!15) Near the junctiosnu. As the eted'z"onsa 'mc;ve. a\w-;‘\;
the junctions, the p wegion 105¢5 holes as 4ig elcchﬁ;
& holes Combing . The vesult is thot thepe
) “eao-f“’e Chﬁ!’a% (trivalent
These tWwo layers aj positive.” & n
the deple fiow Fegion .

s & layey
IOOEFIS.)_. Negyr the jumﬁmh
cacdnvc Chﬁ?gles ; JC?' iy

Yo 5 Barvier potential

00 0o b g, T e e
00 o 0 p iel@:b : =, SI0 '
S ¢
g b e ® 5 :e|@’t o*'.
m,.nm}?r O e o [ | T8 e 0 ° ‘\tm‘no-p{}
CarTEP €3 | o o o (O, D1°® ® 0 8| eayprep holes
( : o '® & 8 9o “—M%"?H _rCG]"I’I‘Ef
mﬂjOi‘H‘ : |(\.1 n - €% ] -
Carvier hsleg. Depletion
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Fl‘/_qxvig‘ffga», of the wid th oj‘ e\cPleﬁon ‘o"eafom.

1) Forword biasing. ;. The forrard biasing voltage v
exewts o force om the holes of p-Side and electrons
i the 1 side of the Junction | dyiving  them fonends
the junchion. As 6 reswlt the width of The depletion
region is weduced. :

12’@3\5?5@ bia":”.ﬂa > The reverse blasing Voltage V
pulls the holes in the pside and electrons in the

n-Side away from the juncton. Thus the width of
the junchion increoge.

W) Doping coneentration/s e value of width of

depletion region decvreases With increase (n dO'pfna
concentration.

@ The boyrier potential con mo}y be measured b

i

Qonme,cﬁn‘gf a wvoltmeter - Explain . "

To show the reading & Swmall amount

o current must flow through the circuit. It causes
Joule heating n the civcuit. Since there is no external
SouvCe U.f CNETAY it must cause Simultoneous coolin
of the p-7 jUﬂCHOB‘L- But according +o 2nd law ?F
}hermodynamics it s not possible to dewjve Wowk_
by cnoling G bod\/ below |18 equilibvium, -},emPCT(l_l_ure’.
Thus Mo %urrent .CRYV PasSsS +h-roua)n the civenit & the
voltrneter ShoauWs Zero rec\clfna/ |

Actually the bapwiey potential
{5 belanced by the metal -10- Semicondwctor
comlact pa’rcn“ri’a\s fov the circuit.
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D M of potemtia)l barrier GCYOSS p-n \junc}\'&(f\;b)

The vequived he,fthr Df the potential

~ bavryiey -
KT N Nd : At Yoom
Vo= g v o SSs)
. K v

Wheye, K Boltzmgwn coanS'l'aﬂ't ' "‘g = 0r0z6ey
T Absolute tempevature | rp Ge, erysiy
€ - Elechronic chmﬁa-e. =25 Xlﬂﬂ/mi
' o ~ ARy
Ng = Doneor fmpum"r)’ concentregtion, 6N =10 o’

? » = i I . Vb = O.3U

Ny = Acceptor umPurn-}?i concentratioay,

& Ni =Inteingic caryier concentrotiory. .
etk Ge &SF—)'mnze, of Vy 0'5V t 07V
D width of Depletion, Tezfo'n,} (N) | 120y

The Value of W, depends oxy the con ¢ enhalion
Qf hrnpurH-?/ Gtoms o0 both Side of J_r'he p’—njﬁnch’am

W | [ze KT ]1/2

1 ok Ng Ny
ez (Na t Nd) In Tiiz
the mtda‘um_.

Heye € s ]Sermi*rY‘ivi’r?r of

b Energy band disgram of p-n JUﬂ;3f1'orL__;_

For an n-iype Semfcbholuch"a‘, Fermi) jeve)
Ep lies mea? the conducHon band t:elaz"E while
fﬁ"’ P -]\fPt. Scmfconulucfni‘ H' C

lies meqy The Velence
band edge. Whew pwv junction o for med
Gihalng " constant  voly e +hroua&

> Ep
out +he _gysj.em/.

. At this < . A
band edge Ecp of p o1y w?ljlmijréon the  con duction

than the' condueton, band ot @ 4y ey level

edjz. ,
S;m;}o\?ly EVP is a-rca_}_c.r, th Eicnf OJC -Sl&ee
v -
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conduction band r 7 side
Et.P o feea

{' \ C;nduc,{';on bohd
E |
B - o %

k :
Valence band T a

—

Electvon eFura)/.

P Side Valence bcmd

— 5 Distance
[Eneray band dia. of an Open ckt pn Jﬂ

@ Sketch the Uama‘ruon of the Space Cha‘(’gx_,)ElCd'T'iC field

& the potential as a {wnction of the distance @cross the
jund\or\/ 05 Q. ope,n Ckt p-n Junchom,

lw\eg, ——-o@o@a:@e@@'@) @e|
aj@oa):@@@@@_@ EB_JEmcl-rons,

Acepto f@o@)@;@o@@: @ @ @+—Donar Ton.

Ton b-type Junefionn o type
|4 chdrge density.
| B e i
27V P - ' \
— =<V A

|
: l
i
I

|
0 l Elechx’;r_ field m{ensﬁy

!
|
€= = 7 ' i ‘
I o ' ‘
i £ Elcg’rm static potential.

' l i T

By
o

- -

Distance f som Juadion.

|
|
1
|
)

A schemGtic o‘l"aar'am Cj(‘ P‘”‘W Juachon,
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B Yerm level.
-“-_'--‘_____—'———_____

The probability thet an elechron occupies
Uh electvonic gtote with emner y E is given by g
Fermi -Divae diste] bution function | Which is G150 cal?e.;.{
the Feymy distei budvorny qunch'm/-

1
1+ e E-E/kT,

Kis Bol{zman constant T absolute tempevature
& Ep is the Fermi energy e vel. '

F(E)=

Wheve

A1 T-:-.'oK’ Ferm enevyy is the hfafwsf

Cnergy level below which ol the states ave jined &
above Which @) the States aye cmpty.

& At T#0K  Feymi enera\/ i$ the energy

Vevel  such thet | 1 the Aantum states at the ferm
level Gre OCCUPfcd &—[2— are t’:’m,P'l-y.

1@ How does Fermi level ¢

homacs With  domgyps @
arephors ave gdded Yo Fhe Semfconduci—op 5
Intrinsic Semicom

The  Ferani leye E
Gt Which the Probabilﬁy of o

Y level

ce
1S Yo . For intrinsic Semicom]uchl;};%?? _Of o electron
middle of the band gop - IT Hes! Spap i

Conduction, Bayd
_-_‘_-—_-___-—‘—---_-______

- e =

Velence Bapd
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/;/
n Hype Scmeamducﬁ)Y‘.(Exf 5(3‘)-

- with  the addition of domar otom, ]Crcc
clecirons from the dongr otoms {fill the States neor
the conduﬁt'iow band also it becomes di{‘ffcul‘{’ ]CO'B"

clectrons in the Valence band o Cwoss fhe band
| gap- Hemce the number holes in V.Bb decreases -
Feymi Jevel maoves fowards ¢.B for n-type SC.

- ;

! ¢-B Ee
B TR cs ~BE, . A ... port
s el i v b T o S = i I jevel
F | c Ef
|
| Ey.
8 ViB ViB . V.B V.

| /o F(E)—
p-type Semiconductor. (EX- SC) ,

With  addihon of aceeptor electrong
meves in The . acceptor level (E¢), hence hsles
increases S V.B., furthey excess holes enhances.
the wate cJC vecombinahions with elechrons  nymber
of frex electror decreases jw ' C-B.. S0 E.W

Ep moves
fowards  the ViB.

CB CB. = S

N [
- _— — - = — = xﬁi - :_]_ L a;_ _A_ECEP}M
V. B ve N\ 2B Y ievel
5 1 V.B Ly

2

But when tempevature yises hoth
n-type & p-1ype Sc.  becomes essentially Intrinsic
due o more wuwre genevation of clectron -hole

pairs. Hemce Ep  moves towords the myddle .
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D Zener diode
A zeney diodec S Special
s desfamd to opergle oV the rczﬂl
Tﬁalo’ﬂ/ A ordinary Jdiode oFeroj 5
W) ‘LLSquly bo dCS‘h‘oycd Jur o €Xces
A Tener d;odc )5 heavily e}oped 1o
voltoe . This Cause
pedlice the weverse breaKdowtV y &
@ Very thin deplefion layc¥: As & yesult, @ zener
diode has @ phorp TCVC"‘SC byeak dowav vol-fagz VZ

fype of divle That
evse breaKdown,
jnv This rcgmn,
ve current.

| ’\/Oljra}e b‘c;ju.la’mr device, .

‘B@%fca'l‘ly a Zener diode GS @ - ks >IS«/] —
Volh?c ‘o‘ﬂaula:]m‘ device . Tov 'hhﬁ, , + ge ! _.'
byreak dowv 'F‘Calo%’b the Vol‘hl?%’_ GLYosS T, V} szZ R Vo
the Zenur dmole,ﬁhnOSlL chLFca‘)dM't ( '
¥

cuyyent through L. The zZener _
diode amaintons o congtamt ouq‘pujc volfa?,& Vo = Vs

mdependent varbtion [w lodd vesistomce R, or the
varraton of Jnjnd' Vo)-}o \% ()V%) S “mJ as The
diode wemains v tHhe brcal’\o,,\m/ Tr;alorv ‘

Héf&"(’_ P
- L=I; +1; . , Lz = f,w
.I . lvi "VZ 4 & l V, o
B R = Y0 i
Rs calculahow ;- Rp  celey)aton
S min JZM/ % _\_/L
% Ks,mc.x = ot _-VE g F\,mcﬁ 'YL
ILqu ILmlr'
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@, Avalan e'he- break dowrn,

| mer}ma_lly, aemr&#eo] Tmfnora“rj CarrIers
floww]a down, the juncHosL bayrier acquire Cnergy

j:‘é“o’:m,. the QPFI;CCJ. POfCa‘]HCL' Th.@]‘ are GJNaas umderaop}ﬁ
jfisol;?:oﬂ,s +;“Jr}v the Q?;ijal. lom8. Whern, The wevewse volto
Clecﬁ;,s ;:Z 60”15'03]/3 Moyt become H0 Violent that
elecrl'r‘aaqs “hele Kno,cke& out Oj the covglent bondﬁ £ el
are genevgied P?JK‘,S axe .ew_rqucd-ﬂ‘f: These corrierg
a fehi n the midst OJC hfg’h f}'ﬁ]d) “ﬁhﬂj TO'PMI)’

et out and  cquse further paiyp Feneration,

, ij_ Col]igi . Thi $
T Q! '@s chsiond . This cumuwlahve proces$

| © Walanche multiplication. T+ results
0 Q IGIF‘;’L Teverge curreat R the diode Js Said
o be Oj}ﬁX’QHﬂa v the avalanche byeakdowav reafow

b Zenex bweakdoww | |

whens both Sides Oj a p-n Junchon
Gre heavily dopcd) the width o:f the dt-pieﬁom.r?fm,
becomes very Small with welahvely Small TeVerse-
-bias volYae the clectric field af the junction ma
be catme very highs The Strony Jovee exevted by Tais
field on @ bound clechron ™S tear Hhy electrmu
out of s covalent bond.

The MewW electron -heole oy
thus crested .;'pc'rﬁeaﬁes +he rEVerAL curvent.:
7}1?5 P‘poc&55 13 Ca)]eo] IZE’nC‘K“ b‘a”C&QONT\A
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