//23/67 |/

i® Drt+ Curreats
: A/)p)\/ a Uo)’fuje acvoss a_ ma%e/,‘a/ and CL\l(f}eﬂQ /omr‘[’,'c)m
| will move M response o Hhe electrtc $ield (€D = Y,

U
v 90rf'*}+

Vrr§t Carront DensHy .‘\'):Q\/ ; [)‘-): A/m{

=7 +A I 0,{6”3;4\/ ) '\"1 V‘C"gf’/ﬁh( e -h} e (Crot) '*,S(r"fl',“amr ( ayea
[ = CL\« r7{ Jonsh"y . C&) = C/om3
| vV = ue,[aci'!y ok charge ), an electeie Reld  Lvd: €™/

@ MOIM\/;*\{
-; PAS;'“UC( clmfyes Aridt wm the Airection of the electric $ield E

- neyrf,‘ue, ¢! i o H O)OpMMLe 7t

_A)L'(Lé*" E s« vector Zuqq-/f?t)/

For low At veloeitles Vo= =€ and V= 4,
where . Uy = yelocity of elechons 3 em

7)0 =, “  holes v

Mo = tlectan mabilidy

Mp = hole mla;‘/i'fy

| For datoiasic 07 4, = 1350 e /v
Mp= 500 eV s
m'ﬁe?/un > U, ¥ é/ecﬁw (@n mpVe Qnyca}aere, holes cocm zm/y« move
‘quouyL, the covalent bond structure

JUe(acﬁtv S;a'léufl'{’;‘vh'- al E inc “H]L CAqre larrier Ve/u[/f [nl—,m)‘/’
e ) 7 ? y ¢

Intrease 5 ©, for £ 7 ~ 37(/0‘#1//%) carrier w/oc;{ry-g saturated Dift

|
|
{1 Vel UC['{'Y) Vear + SI Vsat = fVlD7CM/5 = -H;TJ [ aits +he. fﬁr?g ¥ s pi nie ot 1
| sobid state dovices ‘



@ /?ésl“i‘[l'l\)/‘ltl)/ 0¥ lﬂ'?bf/’i«.h‘c.. g)‘

Lec ture | Wezlsp

» Akt

e— Curit’vr‘f" O(G'rEi‘f')' = dn  ~ Qn Vn % }p(;mensfoma‘;) Mvﬂ”ffg
¥ \

Akt = (-zm )=, E)

= 7Ny E
'dﬁf
At L3 = mlem?
Jqo)e,ACuweh‘f‘ a/t’ns}fyi J'P“ﬂ’r’t*: 6?/, Vp % | -0 maJG’E

Bpvp
(+4p)(tpt E)
= GPME

E J'Pdﬁ&-(“:] - A/WL

no’f‘a 4 (9,,,: ‘ng =) e/em‘rvm (),/navr/e,, éﬂfﬁ.“/}// /n c/m;

¥

i\

62,,: 'l‘?)o - )w/e— dmr‘ﬂa %erzs/*y s ¢

At Ft
l\b TD%RI ﬂrl\'F-f' Carr(ﬁ_l' p(ehfl“"'y = \)T

/

= dat Y
= Z (H/Lln*])/(,o)E
= gk

or  electa céhééuf‘{/wf}/ 24 = z(”/{"'* ]’/‘f’/o)

Ced= (a-om)”

A, = 1L . E__ : '
Resistivity ThT e T IR v a e o Ohwms law /{P—IZ

N

[/oj=ﬂ«“m~.




| = DD/))”?} ~ ‘f‘/HZ, ?m’lL/w!uc‘HUn 05—7 Q)h‘f’rﬁ//eﬁ( amounts 0’5" iM/u//+/es

|
| =
|

?

a.

to  the Intrlasic semlconductor material
Dop,%g can ci«atz?t the rfsz‘sf}u;’"fy and He e /lsle
/)ro,oef‘f"cs oF the mn»‘r"-w",'lpc/
For §0 da,oﬁyzj matesals tome Fom columng 2L +~ T
< Show  Table 2.2
Colernn V. In,/)uy‘l“'h\fj

Have S valewce €75 ;,, the outer shell
ex: Py Bs and Sb 3 fommmonly  used
Show Fry,Q,éa
> S aten veplaced w/ | P aton
S Patim 0 Hed jn covalet bonds wi S0 4 toms
le” not o« % T
%re?’mwu very little thermal energy to free +thate

$or conductin,

—

22t poom temp each  “donor ' aton gives up | e

for onductig

= results M oan V?z'xei net tg chage in the crystel attice
Immolole |

Ly
= Fhese ;nq/:um’—(":“‘e.s are ca /[epQ p(pylm/ /‘mfurff/”es "




ﬁ WO eI prry TGN £araray
od qd 1L 3H
. R [ 2 y 3
win ¢ err Sleesor Mesooe ¢
RLI@], ], : CapnipHp o]
3L us \ PO
- «© . 0g . 8
vzl ¢ deoait aevll | lorE i
WRUASS 7o b gy owry
35 . W, B uyz
) ﬁu‘ - B 8 s e i i Nm - i ﬁx o 0s
ses luere Mlesu leego  Flews *
mng e s e al
S
G % -
pooze |86 " l98esT
uSEAYO uadonn BoaIRy w
0 N
. 2 § 18 I Sy
FROG'S T 490071 ST FigOlan o
YA YA YAl Wi

(pepeys) syuswal3 Sﬁnvcouwc_mw Juepodu
1501 343 SWIPN|RU} ‘9]gRL A1POLIdd 3Y} JO UOILIOd
o¢ 114vL



|

b Columy T Zowpuritres

ty

~ have 3 &5 M The oafer shell
ek B s @M»mn/y used
= Show Fig 2.6 b
> | Si atem vepluced w/ 1 B ator
S vesults )a a vacancy ta the  bond  structure
2 ewy for nearby e o moue‘ Mto  Tthis vacanty, creatihg 1
avother vacancy 1n  the bond  structure :
> this wobile vacaucy Js  a hole, that moves Throwghy ‘
the lattice T
> holes  ave ”com;\a@efeafﬂ to  be ,Mm‘fc/e; wtl a ts cﬁwf/ye_,
> each )‘ﬂ.,)ur’i‘l‘?y atom  that azzf/oﬁ an e Ja the hele.
hecomes n‘e?aﬁvcly Yonlzed
D results da oan Jmmobile $ixed nef -g charje, P he crystaf
lattice

= these )mlwfi‘h‘e.r ave called Nacre/y%ar ;‘ﬂv/mw“%/‘zs g

C. e\ e ho[c oncen lLra ffon P aﬂope& Semrconclectors
O in dyped sewic  on Zp
|+ "l>/0 S patersal  called ’(n-t"y/)e ” % Doner fW(TGfI‘R)‘ | 1

i pon o material  called 7 p- Fype ﬁﬂccep‘(’oi’ mwuatenal

)

CL) pvritr A)/ [(Zfﬁel/ /)0/714}/('[’,‘0;4 %(Aj)eéc -qu/ "/Vm,\)\ﬁn\‘fy C/u’n\e/l !

173 4
// el =5 o /e ’m»‘norv“fy cavrier




A/D - ADIADV ;m/)uri’f'y concen‘{'rq—f,'u” J E/uv] = aﬁm:/cm3

a Ng = acceptor £ | Lwpd = ators /em?

‘ CLM(:’?C Neu-ffa /,‘-,Ly - YLAQ Sefhf(dhéotf('(ibr »a 1(”6‘#7‘4( rates t Veraei'n
CLMN"ie MC“'!LVII/
u ‘ O Z C/w, d- neg, CL»N7C) = O

Ion;tcﬁe &[omw vL ;\0/& — fCﬂfﬁ’Sl‘n"{ f)();, c/.,,,/;? e
IOnii‘Pt( a(C\“/J'fl,\r Vl e“&, - }’Cpre&PrﬂL' ne?, CI’WV‘?Q
s g(%+p-/1/ﬁ‘n)=o

also’ p = ne

@ n-‘f‘ype, material = Ny > Ny
n*=(No-Na)n - 0* 20

So)Uu\nJ: n = (ND’M‘}) z V(/U,,—/U,g)l + ‘Fﬂ;?
2.

usaally = (Ny= Mn) >> 2 n;
oo (Me- )
® p-type material © Ng > Np
pE=(Na=Np)p = ni* =0
‘Jb/u.\la For piops (NA'N»)i@ﬂ'”o)Lf LIL”;U

b(Sua”y < (N/.} 'Nn> 7?2 2n;
,‘, P 4% (/\)A- ND)

@ D')/)uhj }rh/)u;//\’{'y pp{nj,‘ ‘{‘/‘g;

/Z,anjef [O“'L 1o [Dzl 2 toms /&uﬁ‘?

[
| -

3 Nn ov /Ub >> S ;u‘h:‘wsi( caviler cpmceh‘}“m“h‘uh at voom +emp,

1
|
|




u
F

Majoff'b' Carriess = ;\/h/mr"/‘w—r”f B Some fr/ﬂﬁ/f‘ff/?‘“mn

V”I}m‘ﬂr«"‘{\/ Cavrites = /! “ pthes 4

© mability 4 Raistivity of Doped  Sewrconductors

(!

Twpurities disvept the Si lethee  and  redt b regron
of locelized  charge

S blectons 7 holes  seatter as they move f/mm/; raterial
£y Jopfmy yeduces the //fqob;/;'f}/) bt 7ym%/y fnerees  4he

denmsity  od majprﬁ‘y carrlevs

For n=type matenal = pn>7up
O R gt = gt (Ny-My)

For P—‘f'ype, ma‘lLé‘n'\a{ ; /M,,/) >>/‘(n”
G =~ z/app = g’Ll)o (A/A '/\/p)

@ DT'H:HS/\Dn Cuf/(’wf‘%

DD/)Mﬁ M/A}I wt be cniforn f'lmvhjl\ a. §€Ml"(m¢&(£{br M‘(?L*QV/&A,I
= (reates 7)’Mf€n+j M e Fhole  foncetration

> free cardiers tend to  Jrttuse  From reqions of hish (oncortamtion

‘f’o rejl\onl o-f' /m wnceﬂ'll‘ra‘f)ons

—D mo/f/ 03’ oh%dl\on qur@n‘(' dem’;htl .

il , P P
i oty (30 = by B

. Drf on M
Jf;f‘f; (_Z)Dn(—m: +ZDn —B—X—‘




Dy = hole di 54
= e Jhc'?asﬁui%y ) [Dn]: /s
mobi//”?"y and Ayffussolty :

Dn D . kT = Ensteins rel&fﬁon,sﬁ,‘/)
| I B ¢

|
}
- yelatim betwees

KT
I e

sloity = [2,0= e /s

= TAfrma/ Vo"/’qyg L= 025V at voon YLCIH/ﬂ.

Wwe wlll  eancounter Vr | ate,

I n Dopa&é Sem;‘(onpouc tory

i@ To'fn’ Cu ff(’“'/’
j
\

~> C()Mﬂ)m\m( 'lL/\M of

&
=
——
4

i Columm A :\M,Mcf;'l'.‘f,x:

|

‘COluMh ar '\MPRI;'}';Gﬁ v

prf’E‘lL and d’f’?’FHS/‘Dm cuvrents ¢

\')Z—:Z//(n“E +gD,,%%‘
= Z/,[nl«(E + U{%)%i’_)

()3

in crystal lattice o callel “Donov I"“/wriﬁuv < Mp

=% n*‘W/n; matenel

B3 velnce €6 Vacancy in bond structoce = e fills
it= fued o charge in crystal lttice - called
"acceptor impurities N

2 p-type material

P Y U‘({n(( e‘i —) 77veg ap le > —C‘.u/ '-62 (lwr}@




