P,
HHOOYD  p-N Janction

When o semiconductor ¢ NOT  unifdnmby okoped , inferesting
Treansport Properties show wup and are of Crucial imporfance
for device applicahons. Here we gt deponstrede. the Simple
p-n gnction by putfirg p-type ard N-type emiconcluciors
Together with Shayp inferféce.

D Qualfative trderstarcling e Consider two pieces of” extrirsic
Aemiconcluctors : p-type and N-type. Aa decussed belre, the

Ne= "y PhNa chemica Y pOfawh‘afe Mn, Mo may not be
_‘? i & i\- the xame. For S/}np@b«‘a‘y, we qasame
s s Cormplete (onization o thal

{ m"'”"’” (N-type ) J)/Q!E”*qgarﬂy
’7////7/1 T [“ ML, (p-type) T hooare

Affer omer migretion, there w gt
—J mﬂmb ONE  chemiaf pofential). Thus, one
'fﬁe barcls are Shiffed....

%(X v )= By
WTHA P(-e0)=0 anol &Eeo)= Sp

m\ P f?am%eﬁaaﬂem%e% I oar
&t that CC;:(OGJ“ECP

for the volerce bard edae, ISV(X) = & (~00) —€;XX) | where §C%)T 4
Simiéary, US ey to see that §,(00)= &y The bard gap &
adumed & be robast 885 &Ex)-&x) and a buikd-cn wliage

eV = é:‘CP— En = Sp € O preent clue o Chrerge mMigration &

/anlLuJLuLu At
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P2
Suppore the inferface & at the 7N X=O. The

t o/,\ holes o~ the p-type migrate cverthe inferfice
/ . 5o

AN AN

2. ard armnihile with electiond. Simikarly, the
PRI %Oﬁm’b in the ﬂ—'/ype m@Mfe ardl amih’ade
depQQNﬁov:x s With holes on the otheraicle. — 1drmadtion of
o< dep&hm zone ! Ihside the ckplietion Zone,
&y

there o aldmest No Mot Ge Sochens andl holes
B genq X —p (VP(X) - {Gﬂd on the n—ﬁpebr'ale

R —en, on the p-fype Dr‘olca

The Shargey give rise To o buiQd-in electnc Ffe(éi

Eb-‘
Ebg ; p@n{vr@ from N-Type To p-fype nd AfOppfrg ferther Qhage
migration fiom both aides.  The buidd-in

06)
electric fielel generfes o pofenkial il .
profle (P&) asahownon the I
Aght. Prsy=0 ap the s e - b L)
the ellchrostatic pofential.

The profs: agrees Lorth
Qe previous guesd

D Ffd(/‘% bl —in \/0-@7‘086 o

o

We arxxeme the exfrinsic S-C. (»
o the regime 2adistying (1) Pp =& fyh, < NNy € s a0

So, 2heurting fom the @) no=ny ny=ny “— fully lonizad !
R SE T -ne S Eop= i+ T log (7))
Makj/gaaa of Ne=ny —® (8cﬁ=/u+"ceo8(ﬂc@)l
Now fenTo the p-type side

= —i ©
P, e MRS 8= -y () - M-l (R )|
M, Sch—- E_'VP = T &8 (rhnv

nd,qa> we eare clrost there &
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P3
From the bancl-bending diagmam, Sp= Qntele

T EpT & En @, - Nk v S S G,

FiraQy, U & airighttarwand To dolve Br the builol-in \olizge.
- Note that €U, > of
lfvb‘: - %- N &8 (ff\dhga ) < & ( the 2ame order of &,
- but Mghtey smaller.
D The foygher part — finding YY) To findl the profile of
the electrodatic Polertial, one needs To dlve the [ixon e .
oAb Condintentdy | d o _ L pd—— PRI depercls
dx> € N (B ... tough D
Agaur, one nee-ld To thyow'f the Qaleclations on fwo dides. ON
the N-fype dide, Pey= e [n-neo]. w/ %(x)=nced[%)%/c

—> - S -t e@x)/c elia) /T deperding
N_(x) lnce < e = n e « ok

NN A A AN

& 2
Now we can wrife down the Foson eq. on the n-type »icle,
Y Medt be relvecl 5ebF
s w EUH e/
axz = [/“G ] < O | Conistently !

— =61
Cn the p-type dide, NEI=n, € fralle W/ €)= §4-02)~ )
Because. &, )= §n= Ep-elle, The helbe Conantrabon becomed

N&x)= ﬁvé_ Qqu"P)/t e"effft’x)ﬂ/&j ~ N, eﬁe[%)"'%d]

e T T .

@:‘m‘@w dfeps, the a2 eq. now hég% the ‘orm,
j_%_% = % [ = e—e[@(x)ﬂéd] :l >o axz }m qq:ao:}‘e/é@.rm
X

Witheedh Compeders, Ut very messy o sclve 'ﬁﬁe abore Guationd
20LF Conpiatently . Thew, we are going to Sinplity them ... &
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py
Avaume the deplotion 2one Fad the slep-Lika charge destritdion.

///kgr(;;) The appreximation ocdually makes dense. Onthe
/4/// = ﬂ-7'—ype dize, PGy = end[,_ee(oéﬂ/t]
P(x),\__: {era,—h;\<x<o )
N L e

Z

eguahon (n the regime —W,<Xx <o e 7 -
4. €y 2.

(Pé(\: {_. 2 = (X"'Wn) ~W<X <O

<

So SmpLe VP i

On the p-type dpde, &)=~y [/
o) = {—% , OTX< W, The Roixeon eguation ollso
;o X>W, Takay o very Simple Bm

‘%)el{xj

(i~ the dep@rzﬁbn ZOoPE O X< Wp ¢ cji% = enq STMPLE @
£ a  p V-
2. o —~ My  OKCW . _—
@(X): { e P) bl p B.C.% -(PEOo) VM\
e % Pul, we are NOT done
- - >WP o yek ...

The deplotion widlth W, W, Gan be pobvec] by Mmestching BC. at=
the infenfEce X=0O,

i

M 7 = W —-lee_f_lﬂvul_

& gV

=d o] g B - 1Steqm59iof\1@v-
R R eyt
(2) OI(&(O) = 28 (0) becawse. there > no &an@c;acf\a{a_a . Sothe
eloctric freld ot the ongin weldl deffned

ahon B
LE(O)“ “og{ip(ov &My = vﬂ*:—— 2% o

n/ P
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16 Compare with the readts cn Kitel, we canrclve EM0) fitst.

L € (€, L Erem,, <N
2eny L) T ram (g hp) T s e

Cne can End the eloctn'c Feld] qffhe inferface X=0-

2e( E(O) = Vo TV |EO™ = ?f‘?‘ffi s

The above resilf o badically the xame as in KiltelS fextbook .
Now yow know the Physical picteue behind the appreximation macle
N the Textbeok. Firding the cAepletion Length Wh, Wp & Nowr

P TV wgy= £ £0) |, W=E 5@1

T shall not bore youto write down the expressions explicitdy .
T heQpRO To plot EG) within this approximation,
E(x)

A The area wder the E(<) Ceerve >
EO=2" ™M~ & " +he buuld-in voHzge

o
zww '91_"%[/\) Vb[

: ay
— Wi We The Cinear afapendenoz of” &(x) explriny
Why the clepltion Congth  Wh Wp X | Viy s dlerivad previuesy .
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