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I[BPDKCHHC € OIMHCEBIBAETCA VPABHCHHEM IITOCKOM BOJIHEI

¥ir)=c*exp(i*k *r)=c*exp[ilka+ ky+ kz)]
nmu W x)=c*e™ - ana naockoit mogemu Kpouura-Tlennn

=1

Y - ponHOBaA QVHKIIHA

€ - const

¢ - BOJIHOBOH BeKTOp (BOIHOBOE 9HCIIO0)

» - PAgHVC BEKTOP

DT0 pemenue HasplBaeTca pvakumei broxa.

(3aeces kx=m1 *2WL; kh=n2*2 L, ke=n3*2 /L - NpoeKIIHH pagHVC BEKTOPa HA OCH X, , Z; L -
JTHHEHHEBIH pasMep AITHKa ).
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dPusuka
NnonynpoBOAHUNKOB.

ANEeKTponpoBOoAHOCTb
NonynpoBOAHUNKOB.

. E [B/cu]

€ — 3JICKTPOH




|_VﬂPJ cm/c  cm®
)= [E] :B/CM:B-C

[ToaRHKHOCTH 37IEKTPOHOE Ly H JBIPOK L, B OCHOBHBIX IIOJIVIIPOBOJHHKAX:

ITogeu:xHOCTE Si Ge GaAs InSb
L, ca?/(Bc) 1400 3800 11000 60000
Ly cx/(Bc) 500 1800 450 700




= -gnVp= gn(-wE)= gnuE= JE‘EP
Jzp — IIIOTHOCTS Apefidororo Toxa [A/cym?]
-g — 3apag anexkTpoHa [Kia]

7 — KOHIEHTPAIIHA 3TeKTPoHOE [1/car’] Lo

1
=g-n- Cl———" ‘
g-n-y, |: O.u-au] VAelIbHad MPOBOJHMOCTE (3IeKTPOHHAA).

P,, =;[0.\4 .M ]

- VASJIBHOE COIIPOTHEJICHHE.
q- }'I-I.l,,

3a MOJIOXHTENBHOE HAIpPaB/IeHHE TOKAa IPHHATO HAIpaBIeHHE ABHKEHHA IT0JI0KH-
TeNBHBIX 2apAaoe; Vp=—u-E<0, -g<0, nostomy jz» =0, T.e. coemagaer ¢ E.

P
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S—s
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ITo Bemuaune VAEIBHOI O COIPOTHEJICHHA BCe TBEPALIE Tejla Je/IATCA Ha 3 TPVIIIIEL.
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CoOBCTBEHHbIE KOHLIEHTPALMW ONPeaensoTCs LUMPUHOM 3anpeLLEeHHOM 30HbI.

[TomynpoBOIHUK
[Tapamerp. T=300K Ge 3 GaAs
Ap,, B 0,67 1,1 1,4
n, cm” 2,5-10" 2-10" 1,5-10°

CobCTBEHHbIE KOHLUEHTPAaLMN CUNBbHO 3aBUCAT OT
TemnepaTtypsbl:

n., cm™ /Ge
1013

Jys

1010 | GaAs
108 //:/ TK




6=606, +Gp =q-n;-\, +q-p; °Hp

jap=0 - E=jngp+
jpap

Oy +0c 20, +00—0y Ag;
p— — -|——:
) ) Oy ) Or

Pe=0Pr=0p =0y, Op=
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n=n; +n, zNZ >>n.=p,=p
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Pr =@z +—-¢r-In(n/p)
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p=p4tp; =N, *>>n=n,

¢.=¢+¢_ In(n/p)=d-~¢_-In(p/n) =
¢ =9, In(N,*/n)



TemnepaTypHbIN Anana3oH paboTbl NPUMECHbIX NONYNPOBOAHUKOB.
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10% _____§ ________________ /
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0 60K 300K 360K 420K T K
2210 °C 27°C  90°C  150°C




YpaBHeHMe HeUTpanbHOCTHU
noslynpoBOAHUNKOB.

+q-p—q-n—q-N 4+q-N ;=q-(+p—n+N ;—N ,)=0

1. CoOcTEenHsIH 2. IToavoporogHHK 3. IToavnporogHHK
IIOJIVIIPOBOJHHK n — THHa p — THIA
53 R 3 A9 B o
QC T L T S R i & oc
Ng* t ¥ ;
Or=0E oz N G
. o | A o
p © ® ® @ ‘ ©00®p =
q-(p:i—1)=0 q-(N7*-n)=0 q-(o—-Na%)=0




TepmoreHepauus. PekomOMHauma. 3aKkOH AeUCTBYHOLUX
mMacc.

1

T, =— [cex]

Q g

R =n/T_=r'n-p

e — Y Rp:p/-rp
TEPMOrEHEpalHd PEKOMOHHAIHA =rn-p
R=R =R R=r-n-p=r- n ) :n
n p I i i .
R p=n



J.IJIX IIOJIVIIDOEOJHHKA NN-THIIA PABHOECECHAA KOHIICHTPAIIHA OCHOBHBIX 33apPAI0E
. »
Np=Nng*.
PaBHOB eCHaA KOHHCHTpaI.IHX HEOCHOBHEIX SaPXLIOB
2 x
Pos=i/Ng*,
I[JDI IIOJIVIIDOEOJHHKA P-THIIA PABHOEBECHAA KOHIICHTPAIIHA OCHOBHBIX 33apAI0E
— »x
ERR:NA 2
Pannoxecnax KOHI.ICHTpaI.IHJI HEOCHOBHEIX 3apx.:103
2/ x
npe=n; " /Na*,



nm=N;*
1016
1010 & L
104 Pzs

Si
=300K

v A

1016
1013

1010

T=300K

v A




Toku B

nonynpoBoAHUKaX.
+ E " .
dnaz .
V. ¢—0) » 2
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@ > Voo 2oz -

Jap= Jnap+jpap = (gn-lhyt gp-Lp)-E

grad($)=dd/dx=E dn/dx



k-
=3
e
s

p(x)

t x n(x)
ap
dn/dx ' e
; Vp me
Vamge—O —
Jnaue
» X [cM] jo.zs X LCM]
Joanp= €D dn/dx=
q-D_- dn/dx,
jpﬂwﬂbz
-q- Dp -dp/dx
KoacppnumeHTsl Andddy3nmn anekTpoHoB D1 AbIPOK D, B OCHOBHbIX
MOy MPOBOaRMKaX: .
Ge Si GaAs InSb
D, [ead/c] 100 36 300 1500
D, [cad/c] 45 13 12 17




=] o =9 N K E+a-p-u -E+q-D -dn/dx

n np pn nnwdo
dx.

—q-D

D =, ¢,

Dpzup'q)T'
an_ag-N"No 1 Giviy )
dt Th

d’n n-n,




[TyCTb Ha rpaHuLe nosnynpoBogHMKA P-TUMa C paBHOBECHbLIMM
KOHLEHTpaUnaMn p, 1 n <<p, NOAEPXKMBAETCH rPaHNYHasA KOHLEeHTpaLmns
n(0)>n, u N30bITOYHas rpaHMYHaga KoHUeHTpaumsa An(0)= n(0)-n,,.

Si p-Tuna %1 p=Na*=10"av”
---------------------------------- o n= =1010Q‘I-3
¢ < dIl."ldx (_@ 4 _g
8: T An(0) |- M) .. :.-_ g ............. e n=10" o’
o> n(0) l_@—> 1o <O
v <




[TepexoguM B VpaBHEHHH OT IOJHOH KOHIEHTPallMH N K H30BITOYHON An=n—n,
vareM, gTo d’n/dx*= d*An/dx?. u BBegem mapamerp

L,=vDy-1,.
d*An An
&* I

JIuHeliHOe OZHOPOJHOE VpaBHEHHE BTOPOro IOpAJKa HMEeT XapaKTepHCTHYEeCKOe
vpaeHenue k°—1/L;=0 c xopuamu x;,=11/L,; u, cregosatensHo, 00IIee pelmeHHe

An=An(x)=Ce**+ C e *L=

W3 rpaHHYHEIX VCIIOBHE onpegenuM Ko3bdHIIHEeHTEI

An()=0 = C=0. An(0)=C,.

Pacnpenenenne H30BITOYHOM KOHIIEHTPALIHH 110 KOOpIHHATE

An(x)= An(0)-e *1=,
Pacnipegenenne nmoIHoH KOHIIEHTPAlHH 10 KOOPAHHATE

n(x)= An(x)tn¢= An(0)-e ¥ *n,.






jnauqb( ) q-D, d_n_qD di[An(O)e Ln +no}— q-D,-An(0) e Ln —]n(O)e Ln
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dx L,
: q-D_-An(0)
In (O) - .
Ln
1(x)
<«—— j=const
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12(0) o> 12(x) «—®
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[Tonoxerne ypoBHEH PepMH B KOHTAKTHPVIOIHEX CI0AX
OEp=0Ep—OT-10(Ppo/1i), )= QEp=0Fp+0T-In(Pro/0i).
OFEx=QEx+0T-10(Ngo/ D)= QE=QE—0T-In(Dno/ 1)
33aKOH JSHCTBVIOMIHX MacC 11 CJIOEE P H N-THIA:
mwmm=m§
Do Poo=04"
BEICOTY MOTEHIHATEHOr0 0aphepa (KOHTAKTHVIO Pa3HOCTh NOTEHIHATIOR) Ompee-
JHM H3 YCIOBHA |

Ppo N )4 n
A0 =05, ~0g,=0rn Pozno =Qr‘m—m=¢r'mﬂ
nf pno npo

AQg Ay

— . Pr = .



IIpumep 1. Si: T=300k, o=25MB. A@:=1_1 B, ni=100%c3
p:ﬁﬂﬂi: DBD:NA*=1016 CM-S, npo= &zo'RBO:l()“m‘s
N-COOH: Ngo=Nz*=10!% ca3, puo= ni?/Mge=10%cn3

ié
Ap, =23MmB-In Y 25MB- 110 =25-12-1n10=300-2,3 =690MB =0,73

S11 Age=0./B
ITpanep 2. Ge: T=300k, er=25MB, A:=0.7 B, ni=10"3cn3
p-caok: ppo=Na*=1017 car3, npo= ni?/ppo=10%cnr3
N-GIOH: Nuo=N1*=1013 cM3, poo= 0i?/Mne=1011cM3
17
Ap o =2515-In 11(())7=25.u3-m106=25.6.m10=150-2,3=350.u3

Ge: Am=033B
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IInoTHOCTE 3apgaa

J’—q-NA*, —lop<x <0

p(x)= (2.13)
l g-Nz* 0<x<ion
OnromeprOe vpaeEerHE [Tvaccora
22 4 N * —lop<x<0
=1 %% (2.14)
2 -4 -NJ*, O<x<lion
L €&
Huterpupyvenm (2.14) B npenenax —/op = +ioy
ST g N *(x+lop),—lop<x <0
e A B (2.13)
ax g -N z*(x—lon) 0<x<ion
[ &€

[IpEpaBHAeM HaNpPIKEHHOCTH MOI4 B Touke X=0, To-

raa

Ny*-lop= Nz*- lon. (2.16)

B cammerprdrOM p-n nepexoae (Mie= N7 TaKke H
lop= lon="2 lo
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OGpaTHoe cmellueHue p-n
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_ Pr — Pr — Pr
Pn(0)=ppo-e ™ =ppo-e =Png-e
B & B A(po +UOEP _UOEP
¢T
n,(0)=npp-e " =nyo-e T =npy-e

Ap,, (0)= py (0)—Pry=—Pn

A (0)=1, (0)~1pp =—1o
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CIpvKTypa TOKOE:

-CI0U

H-C0U







Agr=1.4B

Ag=04B Age=0.7B




TemnepaTtypHas 3aBUCUMOCTb NPSAMOro HanpsXeHus

14 02C 200C  02C

530 600 640

MB MB MB



NMpobowu p-n nepexoaa. MexaHnambl NpoOoOS.
TemnepaTtypHas 3aBMCUMOCTb Hanpsi>keHUs npoodos

Us Umros | 6B
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