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HHOOL  p-type and N-4ype Semiconcluctorn
The frue wsage of o Aemiconductor ¢ To dope citfrent™ inpurty
atony info the regelar affice. Take S/ e an example —

y+ ——-(i)— Canbe viewed LS
_@"— do*ncf‘_ﬁ‘
h+
T can be wewed ad .“" o7
_acceptor 7
In short, an lonized dbenor Contntudes extra elactions anto the sysbn.
Onthe other hand, an (onized accepter Contribute extra holles.

D Crarge reutrelity & Because the system & charge reutral,
nN=n". The posifive dhugens Cone fromy holens ard ionized
SONoYRD Ln’f': nh_,_ f\+ S/M@f.@y, [h"“__: nﬁf_ ﬂ; ]

d

Tnboouce AN= Ny, Avording T charge redraliy,
M Note that Br infrinsic demiconductozy dn=0 !
From maas ackion Gaw,

Ng: Ny = m(:?_ —> ne( f\e_"Ah)-—-ﬁz-

One Can sove o N, Ny,

1
Ne = _'2%\/(‘4“)2"'4/\52 +1Ldn
In an extrinsic N- 2emi Corclu |
B = —2’—/(4‘/3)"; X - 5
M>0O and N >N ¢ |
[ n=amm, n= N /A[LJ In anextrinsc p-type sendicoroluctes
AIN<O and [8n] = N . The dbctron
: ‘ 9
and hole Concntrationd are [q\,\: (AN 3 nea_ nd//m;
It is impcw’a/\?" lo emphase.
that on= f\d Qn S gy =

<— not adl dorors /roapg,‘ap,b are
torized
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The chemical potenhial can be epresdedd in the " el -gad " form:
= Em Tlog (Nsh) | T RR s a Tl (M)
- &t Tl (yp,) | TPTR Mm S Tie (M)
o At Lower terperateae, the chema

5 D~
oy i umm potertial L= & DSy below
" (ili= ’Oi’” fﬁe C@rdadm barcl.cn N-Hype SC.
g in p-type SC, Je2 €y,

//////////////////// ///////[//// A@ah@y above. the wafence bard
\‘C;Ok S;OK ) (cok ‘Ec;ok

D Iry:wn‘y Govdlyy.  The odbition of imparties To @ Xemicoraluck,
Movey dome Orbitals from the Conduchon or valence bard D
the energy 9ap, where the Shiffed orbitals are Localizad
boend stafes To the donor or acaplzr

LU g T 4e.= sop Letn Cconsider the O(I:upaﬁomo{?a
. F e o7 %75 obror Gwe( frst. WREEcm{—:’

T T es e @ @ @

AdCUIB the foctary b obtain = (&#)/t =(Erta)fe
Qrebg um - Z [+ D e@' &)/ .

Thws, the prbaility To find
oni 7 TR e b

an tonized donor E(D)_ ZG__, prRp oy

The occupation of an oappioryel  more fricky. (he can

follow k:HeO,a argunent: OR, one can make good tae of the
Notion of "holes " "

(83 e RCTD:
Agcur\ %Fe@ _— @_ @ @
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The Tick for holes o To reverae the pigne of & and M. In
Consequence, the Gitbs dam ZG= [+ 2 e(%—/")/t

The pmbab?@‘-/y to Find an

oni acceplor ¢ “\ = &
(onizad cRp D JC‘(A ) G

The Conentrations of (onizes] depants D and A are

+= T\ = e . =

ey 2 Na 5 «
o) - e | e e

. -+
it

Charge newtrality requires N '= e T
To moke Cife eanier, et§ consider the N-type first The
redation simplifies | o= N+ \beaauss N=o=ry .

p Cog scale . 1, One can solve the relation by the
SR n_+(@7la€nd?‘

7 - o + on the @fF.
3 PQD R Straight Gine
= e i o WithMpe /&
r Log phot.

The N’ Cunve Containa two pasts

& M8 &, 3

r} i [ \ .
H = SQU-E))T  «— Sreighf@ne
3 n/\ n\/ c With e —%:
= aotea
(QFO/' sSmalf doror~ mcf mq' j+2€a/‘%)/t 4__5/ a’ﬁ ul - Zhe

Concentrahon N,
he infemection of Ny, N~ Curved haprens on the plataac T

il + + -
N Curve —o N=n,~n, moXt dorord are (oni'zea! .

The chemical pofertial < Eq o that the doror Levels are
almost empty, inclicating wfrong tonizaton
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(2) R @:uaz dornor concentrahion N,  Ny,N. Curves infersedd at
the benal-down Cine. N'= nm"'}: = ﬁ;. Bk, NS > smaller
han Ny, meaning the (opizahon s weaker. In this Gase,
he chemical pofenhial > &y b0 thal the doror Gevels are
partiaQly f20ed .

The p-type Qceplor Gan be wndemtood o a Simiur Way andl
T shalQ Skipthe defails. Going back To the N-type. We Gan
make the calbuwlbhons precise @

fi ~ ey . N chauge neutrelity
e '&C and A T he n= M+n
+ Ny N

n == =
< [+ 2 e(/""%)/t (+2 (N4 )eA&'d/'c Sclve fér R 11

o bit meavy bed
Sy To 2okve s

= N
< N, g 2("54.) &/

In xreng lonizathon Cimit with exininsic deping , Pp ca small andl

f\ezr\d_ A A&,/
= &= N ©
= N T = (12 f e )

Makirg wase of N.=ry, 7he elochon Concentration C»
| @ B B ¢n Sf @ T=3ook
ﬂe&t: f\d (/— énfgd © Q,/t>

A&; = /74T Comparoble!
28,/ STRON
Vx5 Gen nymacine —v Mohy ~ 89
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