n = 02075:'("7 0'9— conalucﬁon [Dr *pfee) e((me_(
Cnd = € /e

For Intriasic S) 7 np=n

Fo,r s}‘;,?)c c:fyn"“/(l (rm)moczf}/,sf”a///ne) Si - 4 COVQ/en‘IL/l/ bonded ats

“T -— bonzﬁ

bro ken

EnéijZEé resultc M Fhe creatine of an e/fzﬁah - bole pc(;\w

- el ed’rmsi, lan  ole an }/ w}'lefe,

=2 holes can on/)/ move about The CV/st'ﬂ{ lattice

Elec‘/’rom an 40 Ao/es @re clmr7e, Czcrfferi
b J
3 g ==l B2 Mib

P = hole dens/‘”f)/ ) [/33 2 holes/en3

For atriasic Sy injzn=p
/l,L;Pn > whenever Theve [ thevinal
e?a,‘),‘bn'um wlo extevnal st)medus
Cuol'hcyc, curvent, light)
Electyical Vcs)SIL/‘ui+y =p= 5, ¢= cww(ucﬁ'uf%y

ms



a. Dttt Correats

chaqeae particles move (dritt) i response. To av appled
Svesults jn a Attt curvent J (/c(ccf//jif}‘e//
0‘: Qv ) EJJ: Alen, &
Q= Cl'\af?t A’ens:“fy) L&) = Clen3
V‘clwryt velocity |n the electric £leld
L%zlw celled  “zarrier drift veloeity ”
P cm /s
pos)ﬁue, charges rmove in Aivection of the E Field

meﬁa‘hvc charye; move  In 0/3P0517Le c/n’a‘/’mn of the E el

For /OW e'e(-/?/\(' 4’0_4 ' 'V"LE T2 of aterest o Fhiy
ﬁn /u _é clas
=, E T

where 3,42 UQIOC[‘TL‘)/ ol electvons
V= velactty o holes
Mo = electron Ma/o,‘/}?Ly) 1350 cwV for Iutringe S
pep = hole mobdlity ) 500 em’/V - for utrhusic S,

1]

9

Notice u,, >y e cun muve —che(}/ ’Hw«)ctylr\ crystal  while
holes can only wove  about the crystal

‘l’hrmﬁl the covalevt bhond stvuctwve
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E)QC'(L"\M and hole ﬂ()f/f'f tarrent 0/6/45/%/(’5) \)’JM_’L al \)JﬁH
Gofl‘;‘f Jn-?* — 2, /)
[ Jdn ) )f) j A/

)’D I/EC'lLt)r/ess eZ’ua’th)»\ verslong -
Jf,o”‘H: QuVn = («Zh)(.ﬂn £ = ghﬂnE

"J,:@w‘;-f: &I’VP :C?‘ZIDX"L/“PE) = zP/MPE

Totul OQMCTL curreat p(enw'f)/ = ’Q”H

‘Qn’;f J/I‘F‘f ﬂrlf
)T Ut m gl tpsy)E S G E

O = e(ec%n‘c«( (ohﬂuc%’/'l//'fy = g(n/&(n flb/();) | C(T] = (JL'Cm)’)
,)2 )/o\ = fejij’f)v,'f‘)'/

M’g () = | }/' fLeomy = V/bﬂ//

dﬁf"f ,q/mz

{

Rz% = Ohm's law

$ /)"plfg_/
Dolmgy )5 the  process od- 4&0143 IM/)W 1Tres to  the m?’/m.(/c,

semlconductor materiel

Donor Tmperlties = one  extre e in outer shell * Aonate & S

Pece tor Tmpurltles — one less e n outer shell I donate  holes

& . /‘, 4
S/ ra Co U mn ﬂ- eWH’M’lL T Uﬂ/PMte_ e s in outer Slze[/
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ELEC 7970 1//8//1

LClass T matecials (such as f, As, Sb) have S valeuce electrons
in outer chell = Donor Wf(t?‘«uf//r/s

Class TL matenals (sach as By M) have 3 valence  electrons
in outer shell = _AIC,Q?,Q'(br Materials

=5 With « donor ;/h,pa//"lL/n/ > )t regm'/m very [34ttle thermal

enerqy Sor the donor atom <o 7?:/@ tp 'ts extra e for
conduction. |
X Results jn a Fixed +q charge which  stays
Fixed n the cr)/n‘a/ lattice

= With an ﬁfCQp{'OV l‘mpur)‘@_‘* )7L IS easy for a nemlo)/ e

To move into this vacancy, creating arother vacancy Clole)
in the hond structuve, This hole can move through the
crystal lattice. When an ¢ moves out and

the hole  moves to  that atom, 1t has a4 *g charge

—

Euch ﬂCCef)‘ILDV atom +hat Aﬂe/oﬁ an e has a 'Z

immobile chavge [n the crystal  lattice,

Intrinsic S)

/ZJ )’,»‘/ each S\ atom has 4 e  [n outer shel/
— ?‘::: T T an;Q 'Fm’rw ‘/’ wl/d/P/ﬂL Lﬂn/’f ‘l"o ac/'//

/ outer e shell,




Donor aton )n S

+ =X
g e | extra e

>O’Neas}/\/ &ree&Q £ onduction

; |
— —

)

Keeptor atom in S)

! ﬁD_—'l o vatancy, eaJ}/y filled by a

_— — = -

A nearby e‘) creating a  hole

Due o d"f’""'ﬂ I\VV'/)UVH'\U Lo n>/3 D material i called n—f)//oe
H’/)>n  matevial s called /?‘+yfe

The carrier with the )”’"ﬁe‘/ PD/)U/A‘HM is called +he Vma}oﬁf/ e

i ; Vo)
The. /1 /t /( SWIa”PV 7 )1t ﬂ/lmﬁfl%}/ carrier

Ny = doner }m/)ur/"‘/}/ concentvation  (atoms fen?)
Np = aceptor 7/ " Latome/ en?)

Mote © the  semionductor material s st fﬁ“rﬂ*" peutral
z(/\/0+p‘/‘/ﬁ*n>:0
M ¢ pn= ni= st

T F quan 2 gl (o) For n-type materil
T qugp £ gy Wy-rh) Hor p-type paateria




2. WNawundbs ,Doﬁﬂé’%‘l—

=) )’(SL(/?LJ ;A ?raaﬂf‘érl'/fs )n "Hle, e- dnéq Ad/e, a)ncen*ﬂ(+/¢m,r

2 resu/‘Hnﬂ Ih diffusion cuvrents

D, = electron ATHL{JFUH'y ! cifs
Dp = hole diffusivrty | cm /s

K )
Ems‘fe)ns re)a'f';onsl,,/o h :(%2 = —;I - :—a-’o—

—g—-[: UT = Thernm/ up/?‘aye,
VT 255V at yoom —{'emloera‘/'ure,

DH"’Y’I(\S Jon CI{)’)’C’h‘{’ p(toh‘s;-l—v/ ! ‘);PIH‘ ﬂhﬁe :)J/‘H’-

e Cb(-50) = -9 S (Ple)
W— (-¢)0n (- %%) - wn W (Dfen?)

3, Total  Cuvrent = dri3t current + di¥tusion curvent

Total| electwn current dens/”ry = JlnT
Tofa( hole  current dens/ty = ) 3
= gunE + g'ﬁma— getan (E + V7 L22)
W= gpE —ghsk = prp (€ -Vipdk)
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3, Ene"ﬂ Bdn&a //L?M/P/ 1Cor o sem;\(on&a{c{?}r
Conﬂu(‘f/‘om Bend ! E. = |puwest e nevgy [euel Yo conductipn hand

Valence Rand ! Ey = h;?hes+‘ enevgy level }i valence band
Energy Bandﬂap A = R e =
8
I Conduction l?anﬂj/ L ee” |
En@i"g\/ f:E&
[Velence - Ed’:ﬁ‘i YT

An eiu‘/rﬂh*}w/ﬁ /)A):f fs crea‘fecq when an e nmoves -an, ‘Hve

valence  hand 4o the conductivn  band
> for Cxample | Aue +o  thermal energy
a. For n- blpe_ sem;‘zonpguc‘fvr

Ey = thor euery)/ level > neav cpmjumLh)n band eoqye,

=N e o6 0o o CRB
S T
Ev VB

£, 15 s0 cose +o E, that  almost all e § at Ep have  moved
+ C8 and  are availshle for nduction

J |
e | el R S ] N N A e .
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b, For p- +Y/)g . 'ge’m;‘cw-: ﬁptfﬁg?‘()/"i

= = aCCQ,)?LoV enerqgy level = neav ualeme band ea@qe

B CR

E «a N

Ev

1N
d 6 4 6

Ev is so clwe to Ea thet alwwost all aceplor sifes ave filled,

Vi

leaumﬁ holes jn the valence band  $or conduction,

c. Compensated Sewtconductors ! both donor and azae/of/)r /\m//)z,(yff‘,‘u

S &5 seek  the lowest eneryy state, aud £ 2l qvatlable

ac(e/an sites,
- remafm'nj -‘F/ee, e' Pp/)u/a'lL/‘l)n =n = Nn—/\/,q

For Ny >N, 7 E. cB ’e_é— available £ conductio,

L
— 2\ = Mote.” e s a2bove

2 2 Ec, [I\V)G.)

-+ Ny

Vi




