1 IlonynpoBOJHUKOBBIN JETEKTOP YACTHIL

AHaJior HOHI3aIMOHHON KaMepbl

Cpennsist sHeprus Ha 00pa30BaHUE STEKTPOH-IBIPOYHON napsl w ~ 3E, < 10
3B.

[IIT]T xapakTepusyercs:

e 3o0na npooaumoctu (3I1) -mouru mycra. Biausuue crarucruku @epmu-Ilaym
MAaJIO.

BastenTHas 30Ha (B3) mourn 3amonmena

kounenTparms " moropos" Ny, ux ypoenb F; mo 311

koHnenTparms "aknenropos" N,, ux yposeub F, or B3

xuMudecknuii norennuan #Ha 1 or B3, £ mo 3II; n + & = E,

(Cp.: Merasur: 311 wactuuano (mo0 yposusi @epmu Er) 3amoHeHa.
Nsonsarop: 311 mycra, E, > kT)

ITpu T~ 300 K B 3II n; ~ 10719N; .
Pacnpenenenne @epmu /11 IJIOTHOCTHU YKC/Ia COCTOSHUN IepexoanT B BosbIi-

MaHOBCKOE€:

f(B) = Ay — P27

J(F) = Befr
e* +1

(p - XuM. OTEHIHAT).

1t KOHIIEHTpaIu HOCUTETIE:

3/2
Np = Qne_g/kTa Qn = 3 (mnkT> ;

h3 27
_ 2 (m,kT 3/2

() - T.H. cTaTucTUYecKuit (paKTOp 30HBI, BbIpazkamoumit 3 deKTuBHOe 9nCIo
YPOBHE! B 30HE.

B Gecipumecrom 1/ n, = ny(=n;) = n—& = len% = 3kTIn L
[TockombKy My, ~ My, 10 — & K n+&=E,, 1e. n~ &~ E,/2. Utak, s
cobecmeentoti KOHIEHTPaIIT

3/2 — =9
n; ~ T%/“e” 26T — oueHb CUJIbHAS 3aBUCUMOCTD!

N.B. HpOI/ICXO}K,[];eHI/Ie 1/2 B ITOKa3aTeJi€ 9KCIIOHEHTBI HATJVIAJIHO: BEPOATHOCTU

Wy (pos. maper) oc e~ Fo/F



Ws(pexomb.) o npn, = ni
B pasuosecun Wy =W, —  n, o« e Fo/(KT),
B siro6om 11/ (noka on neswuposicden: N, < N;, Ny < N;) - "npaBuio pbraa-
ra':

_ &4 _Eg
Ny - Ny = QnQpe ET — QnQpe T — n? .

[IpumecHbIe yPOBHE OY€Hb OJIM3KU K COOTBETCTBYIOIIMM 30HAM:

By (E,) ~ 1072 5B < E,.

[Tostomy mpu Hu3Koi 1’ TPOBOAMMOCTH IMPUMECHAs, OBEEHNE - KaK y II/II ¢
E, ~ E4 (E,), yposern ®epyvnt Ha ~ Ey/2 (E,/2), n ~ e~ Ea/kT),

C pocrom T [T (A) ypOBHH MCTOIIAIOTCH, MOBBIMIACTCA POJIb COOCMEENHOT
nposoauMocTH, yposerb Pepyu omyckaercs (mognuMaercs) K Ey /2.

IIpn By < kT < B, (xomuarHast T') Bce TOHOPBI HOHU30BAHbL, 1 = Ny.

XapaKTepucTuka St Ge puMeHd.

HecIpuMecHoro I/ 1

A 14 32
p, T/cm? 2.33 5.33
JUSJI. TIPOHUII, € 12 16
E,, 5B 1.1 0.67 O TU3KU
w, 3B 3.7 3.0 Ha TOPSAJI0K <, UeM B Tra3e

n;(300 K), em™ | 1.5-10'9 | 2.10% pazmume 3 mopsiKal

IlogBmkHOCTI
(300 K), em?/B-c | 1.6-10° | 3.9-10°
p (77 K), em?/Bc | 5-10* | 4-10%
(300 K), cm?/B-c | 0.48-10% | 1.9- 103
W77 K), en?/Bee | 2-100 | 4-10*

ITouemy B KavecTBe JETEKTOpPA HE MCIOIB3YETCsI OJHOPOIHBII 11/

y,ILG.TII)HOG COIIPOTUBJICHUE

1
e (nap™ +nput)

p:

Hns "6ecnipumectoro”n/m npu 300 K 66110 661

p(Si) =200 -10% Om - cM,



p(Ge) =65 Om - cm —

HEeIIpueMJjeMO HHUS3KO.

g mpumecHoro 1m/m ¢ yaerom "mpasuiia pbraara'n mosarast gt~ p” mosy-
qaeM, ITO MAKCHMAJIBHO JOCTHKIMOE COIPOTHBIIEHHE p = p(n, = n, = n;) -
MOJTHOCTBIO CKOMNEHCUPOSAHHLLT T/ IMeeT COIMPOTUBIIEHIE KakK GecrpumMec-
HBIT. (DTO HE KacaeTcs IPYIUX XapaKTEPUCTUK: BEPOATHOCTH PEKOMOMHAIINI
1 3axXBaTa, IIOJABU2KHOCTHU M BPEMEHU 2KN3HU HOCHTeHeﬁ.)

[Ipumep:

Si(300 K) ¢ Ng = 1.5- 10" em™3 (1 monop ma 3 - 10M atomos) umeer n,, =
1.5-10" n, =n?/n, = 1.5-10° - B 100 pa3 menbIue.

p = py=(en,u )"t =24-10* Om - cm.

N3-3a neycrpannmbix npumeceii B St naxke npu 300 K nomunupyer npumecras
IPOBOAUMOCTD, p ~ 2+ 10% - B 10 p. MeHbIe cOGCTBEHHOTO.

st Ge ouncrka soime (101 em™3), npumecnoe conporusienne npu 77 K
p=1.6-10* Om - cm (zamernm: n;(77K) — 0).

Haxkowery, ipu MakcuMaibHO docmustcumoti Komrercaruu N (HECKOMITIEHC. TPUMECh)
10° em™3 B Ge mpu 77 K p ~ 10° Om - em. Hyzkno Gosbie!

o QyKTyaluu TOKa ITPOBOINMOCTH

u U
[=2 =22
R pd
d d _ d*
K

nn

Bpewms cbopa nocureneit t = ¢ = Bp = Un
3a 910 BpeMs cpesnee anciao "mpoBonsux' HocuTeteit

It Sd
n—=——= ——- s
e pue
a ux llyacconoBckas aucrnepcus

5d
pue

o-n:\/_:

[Tycts Tpebyercst mocturayTh orHomenus "curnar/mym"S/N > « (~ 10 +
1000) mpu perucrparyu SHeproBuiaeieHnst F:

Ns _  Ejw
Tn Sd/(pue)
NN
> o2 (w)2 @
p= E) pe



Jlng m.i.p. B rpekoBouM ("mukcenbHoM") serekTope pazmepom Vo~ 1x 1 x Imm®
(E ~ 0.1 M3B) npu a = 10 Tpebyemoe p = 10° Owm - em. JIns cnexkmpomem-
puueckozo aerektopa Vo~ 1 x 1 x lem® (E ~ 1 MsB) npu a = 10® (a4
JOCTHzKeHns sHepreTudeckoro paspemennsa < 0.3%) p = 101 Owm - cm.

T.o., mpsiMoe mpuIoXKeHue Hampsizkenus K /1 "me paboraer". Heobxomumo
UCKJIIOYUTH CBOOOJIHBIN OOMEH HOCHTEISIMU MEXKJIy COOMPAIOIIMMU JTEKTPO-
JIAMU U T1/T1 yTeM co3anust nepexoda (BMecTe ¢ JOCTUKEHHEM MaKCUMAJbHO
BO3MOKHOI'O CONPOTHBJIEHUH 1111, HAIIPUMED, OXJIAZKJIEHUEM 0.9.T. JIbO KOM-
neHcarnueit).

1.1 Ilepexodw. 6 n/n

[Tepexom Mexk Ly 11/11 p-TUNa U n-TUIA, Win p-n nepexon. Hampumep, nuddy-
3ueil JOHOPOB B P-TUIl WJIN aKIENTOPOB B 7-THII.

Ha p-n nepexone nHocurenu mudpyHIUPYIOT 10 IPaJUEHTY KOHIIEHTPAINN, a
(MOHM30BaHHBIE) ATOMBI TpUMeceit 3akperieHbl. Obpasyercst 06beMHBII 3apsij]
U CKaYoK MOTeHMuasa, npensrerByomuii auddysuomy Toxy, Uy = 0.7 B (S7)
(0.3 B (Ge)).

O6e,[LHeHHbH>i OCHOBHBIMU HOCHUTEJAMHU CJION - T{yBCTBI/ITeJH)HbIIL/'I. S,ILGCI) BEJINKO
COIIpOTUBJIEHUE, €CTH JJIEKTPUIECKOE II0JIE.

[Momamum obpammoe cmerierne U Toit 2Ke mosnsipaoctu, 910 Uy, TOMoraoriee
"BeIMeETATH "HOCUTE .

Mnepexon At TpOXOKI. Yepes3 mepex. <1

N gre nepexona T peKOM6 .

[Iycte (17151 ompeeseHHOCTH) N-00/IaCTb CUIIBHO JIETUPOBaHa (M, > n,), 060~
sunagaercs nt. Torga d, < d, - Bce cMeleHne IPUXOUTCA Ha 00/1aCTh GOIb-
IIIOI0 CONPOTHUBJIEHUsI, P B JaHHOM ciydae. [llupuna obe HeHHON 30HBI

U+ U,
QEQ ~y

5 U—+U,
p )
P eN, en,

Y

s Si pu 300 K, ut = const mw U ~ 10172 B > U,

U
P en = 300 o

d~3-107° ——
Om-cm B

mpu p = 10*Onm - em, U = 100 B. s Ge d na 2 mopsika MeHbIIE, TO3TOMY
(mpu 300 K) B gerekTopax MCIOMB3yeTCs TOIBKO Si pP-N-TIePEXO/I.



Makcnvazbaoe noe B nepexone Epg, ~ 27, Tlpu E ~ (2 +5) - 10* B/cu
BO3MOKEH ITPO0OIi.

pu vy, = Ept ™ Ugeny. ~ 107 eM/c gocruraercs nacwimenne (v — const).

EnmkocTh mepexosia B TpuOIMKEHUN TIJIOCKOTO KOHJIEHCATOPA

eS n® S .
C_E Nla-g(,&m{&).

1.2 Toxu ymeuru

QryKTyalu TOKa YTeUYKHN - HICTOYHUK TIYMA.
[ToBepXHOCTHBIE TOKYU 3aBUCAT OT T€OMETPUU JTEKTPOJIOB U COCTOSHUS TIOBEPX-
HOCTH, JIETKO He OIIeHWBAaIOTCs. PaccMoTpuM 06beMHbIe TOKH.

o 1 y3UOHHBIH 74
- ot mucpdy3un HeocHosHHLT HOCUTE e K MEePEXo/Ly, I/le OHU MOIXBATHIBA-
1oTcs osieM. B eryuae nt — p OCHOBHOIH 44 - OT 9JIEKTPOHOB B p-obsiactu (1x
> 9eM JBIPOK B n-06actn). OmeHKa TIOTHOCTH TOKA:

Ja = eL,nk /7.,

e qymana audby3un U BpeMs KU3HU HocuTeseil (70 peKoMOuHaIMY) CBs-
saubl L, = /D7, D =kTu/e.
Kaxosa nb? nfnb = (nf)?, a p, = (enbu™) ™" = n? /(ept(nf)?). Te.

. L, KT | u?
Ja = (enf) i ppy— = (enf)’pp\| — 1/ =
Ty e Ty

B i npu 300 K u 7, ~ 100 pc (L, ~ 4 - 1072 cm)

Ja=1072L2_ pjen?.
Owm - cm
® TOK IeHepalyu i,

- TemaoBoit mepebpoc Hocuresneit w3 B.3. B 3.II. B obmacTu mepexoga um nx
"BeIMeTaHUe " TPAKTUIECKN 063 PEKOMOUHAIIIH.

Yucso Hocureneir o< V(30mb1) X Beposrhocts mepebpoca "B.3. — npu-
MecHbIiT ypoBerb — 3.I1.".

BepxHsist olleHKa BEpOSITHOCTH - B MTPEJIIOTIOXKEHIH CPEJIHErO TTOJIOXKEHS
MPUMECHOTO YPOBHST MEXK/Iy 30HAMU.

dn;e nze [2¢U  nge
F_ PO _n /2 U +
Jg 27, 27, \ eN, 27, Pkt




B Si mpu 300 K u 7, >~ 100 pc

Up,

i, =13-107%/——2 —
Jg B:-Owm-cMm

Afen?.
Kak npasuio, j, > jq.
HIymbr

[onuplit mym o = />, 02. JacTo BHIpaykaloT B SHEPreTUYECKUX eIMHUIAX:
op = wo, ecin o - be3pasvepHast ("IITYKE"9IeKTPOHOB).

Tak, mym ToKa (yredxn)

o; =w\/N; = wy/Sjt/e (t~d*/pl).
o, ~1+3 KB (Si 300 K).

Ternmosoit mym - u3 ayKTyanmii TeryioBoit ckopoctu Hocuteseit. [Ipnm em-
kocTH Jerektopa (+ycmnurens) C (u conporusnennn nenun R) RC dbunbrp
OrPaHUYUBAET YACTOTHBIN THANA30H IIIYMOB:

o — UVIETC = 1.5 1B (S4,300K)
e n®

N.B.: ayig monockoBoro merekropa (mar 25-50 um) emrocth (~ 1 —1.5 1 /em
JIUTAHBI) OMPEETISIeTCs MEXKIIOIOCKOBOI CBSI3bIO.

SHepI‘eTI/I‘-IeCKaﬂ mMMnprHa JIMHAN MOHU3AIINMOHHOI'O CHUI'HaJIa

e DuykTyanun 9ucaa 00pa306aHHbLE TIap HOCUTe el
[lepBunast HFOHUBUpPYIOINIast YacTula cozaaet (3a ~ 10712 ¢) nepasHOBecHOe
pacnpenenenne nocuteneit. Hocurem 3a ~ 10712 ¢ npuxogar B Temiosoe
paBHOBeCHe, OT/IaBast SHEPTUIO PEIeTKe, U 3aHUMAIOT CBOM SHEPIeTHICCKIEe
MecTa B 30HaX (e - Ha nHe 3.I1., apipku - BBepxy B.3.).

Ilycts coznano N(= E/w) nap. oy = VFN, rae F- daktop ®ano.
I[Ipu (runmoreTHdecKoM) OTCYTCTBUH TEILIOBBIX HOTeph (w = Ey) F — 0.
[Tpu ouens Gosbiux oTEpsix (MaJIoi 1oste BropudaHoil nonunsanuu) - F — 1
- [IyaCCOHOBCKOE pacCIIpe/ieJIeHue.

B 1/u ¢ 30% -oit goneit nonnsannu (w ~ 3E,) F' ~ 0.1.
Cobcersennoe paspemntenne o, = wy/ FE/w = 0.5 k3B (Si, E = 1M»sB).
o QUIyKTyaluu 9uciaa coopartvLr map
Pekombunalys u 3axBarT HOCUTE N B JIOBYIIKHM Ha BpeMs OOJIbIIE BPEeMeHH
cbopa u hopMupoBku B yeuauresie. OneHKa peKOMOMHAIINN
N

~ =1—exp—t/7, ~t/7, (t<T).



[Ipu myaccoHOBCKOM pacipejie/ieHun Iucia peKoMOuHaImii

Ewt
S L)

[pu t/7, < 107! o, < o.. lpu t/7, < 1072 0, npeneGpexuMo.
1.8 p-i-n-cmpyxmypa: 8pemMerHble Taparxmepucmury

AutbrepHaTUBa P-n - TMEPEXOY - T.H. p-i-n-lepexoi: (IpoTsKeHHast) 00JIaCTh
COOCTBEHHOIT P- TIPOBOIMMOCTHU MEZKJIy CUJIBHO JIETUPOBAHHLIMU p+ 1 n' obra-
crsivu. B omiinane ot p-n B p-i-n-niepexoje F(x) = const, aHe < x; V o z, a He
2?. T.e. 3T0 - HOHUBAIMOHHAS KaMepa ¢ (MOUYTH) OJMHAKOBOI MOJBHKHOCTBIO
e~ u "uono". Her unnykimonnoro agexra, curaast ObICTPhIi | XapaKTepHast
[TOCTOSTHHAST BPEMEHNU 2?72U'

Tunuano gng 300 um gerekropa te_ ~ 8 HC, Loy ~ 25 HC.

Huddysus (s "rpekosbix" qerekropos) o ~ 5unm/300um apeiida.



