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(1.28)

PKEHHE
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FrTABA 1

CBOMCTBA p-n IEPEXOJA.
HOJTYNPOBOJIHUKOBBIE THO/BI

ITpy
TEHLHA.
§ 1.1. OcHoBHbIe CBOHCTBA P— T Nepexoaa & w(Ug;
p—n MePExo — 10 KOHTAKT BYX OJMHAKOBBIX [ONYNPOBOJHHKOB C pag. |  Hilt U,
HBIM THITOM IPOBOIHMOCTH. 7-0671aCTb JIETHPOBAHA 1OHOPHO NpHMeckIo ¢ Ua“’”r':
KOHUeHTpaueii 10HopoB Np, @ p-061acTh — AKUCITOPHOH IPHUMECHIO ¢ Kol- .
uenTpauueii akientopos Na. B paBHOBECHH BBICOTA NOTEHIMATLHOTO Gapbepa
MesKIy p- 1 N~ 06macTsIMH onpezessercs Gopmysoit [1] £y
ol e B, ) 1
¢K=Tln n?p. : (l.l) ‘ a TIpH ¢
31€¢h Ny U pp — KOHUEHTPALHH OCHOBHBIX HOCHTEIEH COOTBETCTBEHHO B N
u p- obnactsx, gy g% 31 % (_ AW ) (12)
2kT Bc
— cobcTBeHHAsA KOHIGHTPALHs HOCHTEIeH B JaHHOM MaTepuaie, k — HOCTOsH- MK
Has Bonbumana, 7' — temneparypa, e — 3apsi dnektpona, AW — mupusa 3a- Harps
IPEILEHHOM 30HBI [101yIPOBOAHMKA. [Tpi KOMHATHOI TeMIlepaType B KpeMHHUH,
repMaHHd M apceHuI€ laluTMs BCs MpH-
2 —  MeChb MOHW30BAHA, A KOHUEHTPALMS COG-
CTBEHHBIX HOCHTe/EeH MpeHeOPeKUMO M: 3
/1, [05TOMY KOHUEHTPAUUS OCHOBHBIX HeH
CHTENell PaBHA KOHUSHTPAUWH IpH
nn, ‘= Np} p, =SSN
n Nepexofa B PABHOBECHH, T.e.
CYTCTBHH BHELIHEr0 HANpPSHKEHUS,
dr d, %
", d=dp+dy= 2&%’(1
e Np

Puc. 1.1. Pacnpenenenue noreniu-
ana BO/K3M p—n nepexoxa e dy v dp — cootse

[I€pexo/ia co CTOPOHbI n-
CHHTbIBACMAst OT META/LTyPrHYECKOil FpaHHIIBI (CM. puc. 1

Iockonsky BryTpH p—1 nepexosa o0uuii ot
BAHbIX AKUENTOPOB paBeH OGLIeMy OOk

JIOHOPOB, TO
dnNpS
37ech S — wIowans nonepeyro
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§ 1.1. Ocrosnvie ceolicmea p—n nepexoda i

Hm]pﬂ'ﬁ\'ﬂlﬂOCTb 3JIEKTPUHECKOTIO MMOJIsl B p—n epexoae MakCuMajbHa Ha

“erum'pruqecmﬁ rpaHMlle U paBHa

20
E =
max 5 (16)
HpH Ilpli.‘lo}i\'c‘.‘ﬂlill K p—n [N€PEeXOay BHEUIHEro HanpsKeHus U BBICOTA I10-
TAHLIHQ—“’HON Gapbepa HM3MCHSCTCA Ha BEJIMYUHY MPUIIOKEHHOIO HanpspKeHus :

o(U) =¥k — Y-

" Beamuniia 6apbepa YMEHBIIACTCA IPH MOTOKUTENBLHOM (IPAMOM) Hampsike-
st U, T.€. KOTIA <+ MPIIOKEH K P-00/1acTH, W yBENHYMBACTCA DU OTPH-
jarensHOM (00paTHOM) HanpsukeHuH. COOTBETCTBEHHO H3MEHSETCA W IMPUHA

p—n nepexoia. lel NPAMBIX HAIPSKCHUAX P — N IEPEXOJ] CYXKACTCs:

(T 2eg0 e 1
(Unp > 0) = wr — U —
d(Ugp > 0) \/ 3 (ox — Ugp) (ND + N,\>’ (1.7a)
a npH OOPATHBIX HANPSUKEHHSX — PaCIUMPSAETCS:
— 2eg0 ! 1
d\Loap <0) - _(¢K+|Uo6p|) <—+—> (1.7 6)
€ ND NA

BoasT-amriepHas XapakKTepUCTHKA p—n NEpexoJa BBIPAXKAET 3aBUCHMOCTH
Mty TokOM J (W/IH IUIOTHOCTBIO TOKA j) Yepe3 p— 1 NEPEXO) U NPHIIOKEHHBIM
sanpsokerneM U [1]:

: eDnnp |, €Dppn ( elU ) e ( eU )
=2+ L") |lexp—-—-1)= exp——1). 1.8
J (L" e P Jo\ ¥R (1.8)
3nech j; — IUIOTHOCTH OOPATHOrO TOKA Hackuuenus, Dy, u D), — ko3ddu-
ueHTs! AH(dY3HH, COOTBETCTBEHHO, 3IEKTPOHOB M ABIPOK, Ly, 1 L, — coor-
BeTCTBYHOLIME AU((Y3HOHHBIE JUIMHBL, Ny, Pp — KOHUEHTPALMH HEOCHOBHBIX
HocuTesel. /U1 HEBBIPOK/IEHHBIX MOJIYIPOBOIHHKOB

= n (1.9a)

Na

— KOHUEHTpALKs IEKTPOHOB B p-00/1acTH;
i (1.96)

Pn No

— KOHUEHTpAIMA JBIPOK B N-061ACTH.
Qopmyna (1.8) BeIBOAMTCS B NPENONOKEHHH, YTO BCE BHELIHEE HANPSUKE-

NPIIOKEHO TOTbKO K 0671aCTH p— N Mepexoaa. [TpoBoHMOCTs KBasHHeli-
TPalbHOl p-o6nactu
op = ePpiip: (0
" KBa3unelitpanpHoit n-o6nacTH
RRoL e (L1D)
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8 In. 1. Ceoticmea p—n nepexooa. [lonynposooHuKossle duogy
§ 2 1. ( Ll A T idesins

[POBOAUMOCTH OG€/IHEHHOF obmacTu p—n nepexoyy,

¢ ) DOJIbLLIE
:;Ml'l:;::uuc HanpsokeHHs Ha KBAa3UHEHTPAJIBHBIX 00J1aCTAX nperetyp, o
110, B dpopmyax (1.10) u (1.11) pip ¥ fin — NOABMKHOCTH JILIDOK H 3itejery Boci
COOTBETCTBEHHO. i) !
P — 1 MIePEXOJL CIYIKUT t»crlnuou [10JIYTIPOBOIHUKOBBIX JUO/IOB — PG,
o6naaloMX OJAHOCTOPOHHEH [IPOBOJIMMOCTBIO TOKA.
ol
3A0AYHA 4
3apaua l.1.1. Onpexenurs: Tan
1) KOHTaKTHYIO Pa3HOCTH MOTEHUMAIOB YK, N
2) WHpPHHY p— N HEPEXo/a cO CTOPOHDI 7~ K P- obnacreii d,, u dp, a1z
noHyio wupHuy nepexona d = dy, + dy,
3) MakCHMaJbHYIO BEJHMYMHY HANOPsHKEHHOCTH KOHTAKTHONO mnong B
U3BecTHBl NPOBOAMMOCTH B M- U p- 00MacTax o, = 8O0m~1. gy-1
op=2,4 Om~ ! cMm™!, a Takke IOABUIKHOCTH 3JIEKTPOHOB M ABIPOK. f1,, &
= 500 cM?/B-c; pp = 300 cm? /B-c. Kak H3MEHHUTCS BBICOTA MOTEHUMANBHO
Oapbepa ¢, ecid K p—n [EPeXody NPWIOKUTH BHEIIHEE HaNpsKeH noTS::

a) U =+0,5B?6) U; = —5B? 2 =a8
CobcTBeHHAs! KOHLEHTpaLys IpuMeceii B kpemuun n; = 1,4 - 1010 gy=3 |~ ¢
€0 = 8,85 - 107 ®d/em; e = 12; 3apsn anextpona e = 1,6 - 10~19 Ky: e

nocrosiunas bonbumana k = 1,38 - 10723 hx/rpan; temneparypa T = 3001 5. 8
. =5
Pemwenue. Onpenenum cHayara KOHIEHTPALMHI OCHOBHBIX HOCHTEEH T0- o
Ka B N- U p- 00J1aCTsX, BOCIO/Ib30BABIINCH BHIPAKEHHAMMU JUIS SJIEKTPOHHOM =
M JIbIPOYHOI IPOBOAMMOCTEH
On = € Niplin, 2

Op\=6% Hor

Orcioaa nosry4um £ : MO
g 8 ’ 3
My = = ——— . — ][ oyt
efin 1,6 - 10—19 . 500
1% 2,4 ke
pp:_p-z—_=5.1016(:M3

epp 1,6-10-19 . 300
Bricora noteHuuaabHOro 6apbepa pu OTCYTCTBUM BHELIHETO H
@ onpeaensercs no Gopmyine (1.1): :

YK =k_T..InM:O Ozﬁlnw ='
e n? : (1,4-1010)2

[Inpuny p—n nepexoaa MOXKHO OIPE/E/HTD,
Huem (1.3): ’

2¢ee0 1 i
a= et —_— —_—=
g (ND J NA)
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—10 0
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eJiei To-
'POHHOMR

A/KCHUA

Ipaske-

§ 1.1 Ocnoonme cooliemea P nonepexooa 9

BOCHOLIOBABIIMCH PABEHCTBOM d=dy 4 dy,, nonyum
1 0, 179 mx
dy - 2 % 0,119 MK,
|+ dn/dp 140,65
Jlanee, dn d-dp=0,179 - 0,119 = 0,06 MM,
MakcHMaibHad HAPAKEHHOCTH HIEKTPUIECKOTo 1o/ pasua (1.6)
: 20K 20,803 B
E,="XK = = = 89720 B/cwm.
d 0,179 10~4em
Ecau K p—1 HEPEXOJ1y NPUIOKEHO npamoe Hanpskenue Uy = 0,5 B, 10

norenumanbibii 6apbep ymenbummrea Ha 0,5 B: ¢ = pg — Uy = 0,803-0,5 =
=0,303 B.

Eciu K p—n nepexojy npuioxeno obpartoe nanpsxenue Us = —5 B, 10
noreHumMaibhbiid Gapbep ypenuuures Ha S B: ¢ = o — Uy = 0,803 + 5 =
= 5,803 B.

orser: @i = 0,803B;d = 0,179 mkm; dp, = 0, 119 Mmxm; dy, = 0,06 mkm;
E,, = 89720 B/em; 1 = 0,303 B; @2 = 5,803 B,

3anaya 1.1.2. Onpeaenuts:

1) KOHTAKTHYIO Pa3HOCTb HOTEHUMANOB Yk p—N NEPexoja KPEMHUEBOrO
Jwoja,

2) WMpUHY p— 7 [IEPEXO/A CO CTOPOHBI 1i- U p- obnacteit dy, u dp, a Takke
noyio wupuHy nepexoaa d = dy + dy,

3) MaKCHMaJIbHY0 BEJIMYMHY HANPAKEHHOCTH KOHTAKTHOIO MOJIs ﬁ,. -

Mssectul pemymmss: o, = 3,2 OM~'em™ g, = 4,8 0m™ " -om
fin = 800 cM*/B - ¢; 1, = 250 em*/B-¢; T = 300 K. Kax usvenutcs suoo;
Ta N0TeHUHaIBHOTO Gapbepa (@, eCiiu K P—1 Mepexoy MPUIIOKUTE BHELIHE
Hanpakenne: a) Uy = +0,3 B? 6) Up = —2 B?

3axaya 1.1.3. Onpenemnts:
nuol) KOHTaKTHY 10 pasﬁom [IOTEHLMANIOB YK P— T NEPEXo/a KPEMHHEBOro
1,
2) WpHity p- n nepexoa co CTOpOMHb n- H p- obacteil — dn  dp, A TAKKE
fomnyio wmpuiy nepexosa d = dn + dp, :
3) MakcHmanLHy 10 BeNHUHiy HATIPAKEHHOCTH KOHTAKTHOIO uoon: E ‘“-.cu'l'
Mssectiunr eanyums: on = 3,2 Om~l.em ' u o, = 0,64 wo:
Fn = 800cM?/B - ¢; 1, = 400 em?/B-c; T = 300 K. Kak HIMEHHICA
"3 Hotenuyanpioro Gappepa , ecau K p—n MEPEXORY MPHIOKITS BHtEnes
aprxenne: a) Uy = +0,4 B? 6) Uy = —4 B?

1.
’
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10 I 1. Ceolt e
e o U TD: 1O
3anaual 1.4. Oll}“"”u”“h,'lullln'umu @K p—n NEPEXOia Kpemuy TisomOOTeg
38AAN a2 b 110T€ o
5 . a3HOCTE —19
1) KoHTaKTHy!® P 4 p- obaceliidn MM fo. 2 1,6-10 (
AR yp-"n epexond co c’ro;:{oubl n- s
2) wHpHHY P—° " O o d = dn + 0p» < { . dgis
Lyi0 LIHPHHY nepexona d i [IpSKEHHOCTH KOHTAKTHOIO 1ong B, . 1 OTBET: Js
“U'"li‘,..Kcum"'“’”y'o pesiuuHy Hal (F)’ Om-LcM~! 1 0p = 2,4 Om—Lioy il 3anadd LU
3) Md - — oy e
- o ) 5 43
M3BecTHbI n)emm‘;.mb #11300 B 7 = 300 K. Kak u3menurcy Bﬂ,\ repMaHueBOMZII) :
fn = 1000 cm?/B-¢; él,) #pa o, ecTu K p-n riepexo/ly NPHIOKUTL BHelyeg: Dp = 50 cw; C
n be A 18 oxets
-ora [OTeHIHanpHOro 0ap s BY i =10""cM "
;§:|:H)KCI{HC: a) Uy =+0,1 B26) Uz = —1; 2emsaiil
| g
JIMTh: § 10 TEOMe’
3agaua l.1.5. Onpese . p—n TEpEXoia KpeMHmenopg |  HAKOBY
1) KOHTaKTHYIO pasHOCTh [oTeHLanoB YK P P =R \ KOHIGHTpaLKUH |

i OnpeaenuThb OT
a,
ﬂm);) wmpHHy p—n 1epexoaa co CTOpOHEI T~ U P- obnacteit dn, 1 dp, 2 Taioke HAnpAKSHUA U
= Y D, a TAaKXKe )
J1HyIo HpHHY nepexoza d dp + dp, oy
110! 3))’ Maxcyﬁaaﬂbﬂyw BEJIMUHHY Haﬂpﬂ‘/I(CHHO(H;H Komax‘rﬂgr(())oréo;g E‘i‘ " - .
: ~lem op = M~ -eMmT L eme

M3BeCTHBI BEIHYUHBL Op 8 OM™'cM " H Op s .
fin = 500 cm?/B-c; pip = 500 om2/B-c; T = 300 K. Kak usMeHuTCs Boico-|  POPMY”! (19a

n 3 ‘

Ta MOTEHUMATEHOIO bapbepa , eCit K p—1 NEepexony MPHIOKHUTH BHElllHee

panpwkenue: a) Uy = +0,3 B?0) U; =—-3B?

3anaya 1.1.6. Onpenenutsb: { Otcrona
1) KOHTAKTHYIO Pa3HOCTb NOTEHIMAIOB P P—7t NEPEXOA KPEMHHUEBOro
JHO/1a,
2) WHpHHY p— N IEPEXOJIa CO CTOPOHBI N~ i p- obacteit dp 1 dp, a TaKxKe
noHyo mmpuiy nepexona d = dn + dp,
3) MaKCHMAIbHYIO BETHUIHY HAPSUKEHHOCTH KOHTAKTHOTO roist By
spectbl BenuuumbL: oy = 0,024 OM~lem™! 1 0, = 4,8 Ov~Leom™l; Vi (113

tn = 1500 cm2/B-c; p, = 250 em?/B-c; T = 300 K. Kak u3veHuTcs Bbl-
COTa OTEHLHAILHOTO Bapbepa (o, €CIH K P— 10 ePEXOLy NPHIIOKNTH BHELIHES
nanpskenue: a) Uy = +0,6 B? 6) U = —7B?

3azaya 1.1.7 . Onpeseauts IOTHOCTH TOKA HACKIEHHS js B HICAJIBHO!
KpeMHHeBom nepexoze, ecmd n; = 1,4 - 101° em~3; D, = 40 em?/¢; D,
= 15 em?/c; L, = 100 mxv; L, = 60 mxm; Np = 10% om—3; ;
= 107 cm~3. 3aps anextpona e = 1,6 - 10719 Ku.

Pewenue. Onpexenny cuadana KOHUEHTPAIMH HEOCHOBHBIX
B 1~ U p- obnactsx:




image6.jpeg
QU0

)J1a M\u\nmemm

dn M dy, a Tay
0 nons E,,
2,4 Om~!

CM";
- MIMCHHTCR By
I0KHTH BHCWHee

1a KPCMHHEBOMO

n W dp, 2 TAKOKE

noas S
)8 Om~ oM™l
IMCHHTCH BbICO-
WKHTh BHCIUHEE

a KpeMHHEBOIO
, H dp, 2 TAKKE

nons E,.
80u1-cm 1
H3MEHHTCA Bbl-
VKHTh BHELLHEE

s B HACAIBHO!
em?/c; Dy
cM~3; Ny

IX HOC!

P~-nnepexoso

¢ 11 Ocwosnme cooliemen P n nepexoda 1
e
[L10THOC Th TOKA ), OHPEACINETEN COMBeno Gopmyne (1 8):
/715 1,00 100 101,06 . 10%
6:107" -

A -
6 104 10-1 ),‘:,"7'%'“’ YA el

Neaas 7,96 107" A/em?,
{

jaaava 118 Onpeaeants mioTHOCTE TOKA HaCKIEnHs Js B HACANLHOM
o ;1!!1&"““' p - n nepexone, ecau ng = 2,5 10" ¢y=3. p* o 100 ew? /¢;
P 50 em?/¢; L = 300 nxm; Ly = 200 mxn; Np = 10" cu=3; N, =

10'° e™

3asava 1.1.9. Jlsa anosna ¢ uacansubiMu p-n NEPEXONAAMH HMEIOT OM-
JaxkOBYI0 TCOMETPHIO M CACIaHBI W3 oaHoro Matepuana. Ho » nepsos auone
N\.mc-m;h““l“ npumeceit Ng n AD“B 10 Pa3 MEHbLUIE, HYeM BO BTOPOM JMoze.
OnpeeniTh OTHOLICHHE ILIOTHOCTE/ TOKOB ji/jz NPH O/MHAKOBOM -D-
wanpsoxetii U Tpenonoauts, 4o kosdduuments amddysun nocurenei D,
u Dy, a TAKKE suddy3nonnbie UKL Ly, U L, 01MHAKOBEL UIA 0GOMX AMONOB.

Pewenu e. llepenuwem dpopmyny (1.8), noacrasus B uee ny, u p, w3
dopmya (1.9a) u (1.9 6). Torna

=en? (2o + 22 (B (1.12)
S (L"NA - L,,ND) ( L )
Orcrona
—— TE Dp
il (L,.N,u Ty
Y D, io Dy
ol (LnNAa LoNoz
M3 (1.13) u (1.14) umeem:

Otser: j1/j2 =10. .
3anaya 1.1.10. Konuen





