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OODEKT YCHUJIEHWA ®OTOTOKA

B ®OTOMOJIHON CTPYKTYPE

C [IPAMO- 1 ObPATHOBKJITOYEHHBIMU ITEPEXO/JAMU

Ilpoussedena oyenxa xod¢huyuenma po-
MO2IeKMPUYECKO20 YCUTeHUSL NO MOKY
osyxbapvepHolti Gomoouoonou Ag—
NGaAs—nGalnAs—Ag-cmpykmypol. Taxue
CmMpyKmypul, 001a0as C8OUCMEOM YCUNU-
mens, npedCcmasisgiom unmepec 0is co30a-
HUsL YCMPOUCMS npuema onmudeckux cue-
HAN08.

KauecTBeHHBIN pHEM ONTHYECKUX CUTHAIOB BO3MO-
JKCH TIPH YCIIOBUH BEICOKOH TyBCTBUTEIHHOCTH TIPHEM-
HUKOB CIIA0BIX ONTHYECKHUX CUTHANIOB. OIHAKO HCITONb-
3yeMble B HACTOsIIEE BpeMs JIaBUHHBIE (DOTOAMOABI HE
MOTYT paboTaTh 0e3 cTabMIIn3aIK padouero pexxuMa, 1
B JJABUHHOM PEXHMME B HUX YBEIMIMBAIOTCS ITyMOBEIC
TokH [1, . 143—145]. B cBsi3u ¢ 3TUM, /U151 TOBBIIIICHUS
9yBCTBUTEIHHOCTH MPUEMHHUKOB Pa3pabOTUHKH OIITOICK-
TPOHHBIX YCTPOWUCTB CTAIX 00panaThcs K OUTIOISPHBIM
(n—p—n, p—n—p) ¥ TONEBBIM TPAH3UCTOPAM C YTIPABIISIO-
M p—n-TIEPEX00M, 00JTaTaIOIIIM BHYTPEHHHIM YCHIIe-
HueM. OiHako A3 dekT HakoTUTEHHS 3aps/a B 0a3e U Cpas-
HUTENBHO 60JIbINE ToKK yTeukH (7-107° A/cm?) B Guro-
JSIPHBIX (POTOTPAH3UCTOPAX OTPAHHIHBAIOT UX UCTIOJNb-
30BaHHE MPH HU3KHX YPOBHSIX BXOAHOTO CHTHajA [2,
c. 488—507], T. K. TOJIE3HBIN CUTHAIT JOJKEH OBITH Ha-
MHOTO0 0OJIbIIIe TOKa yTeukH. Kpome Toro, 11 yBenuye-
HUS K03((HLIEHTa UX YCUIIEHHS! HEOOXOAUMO YMEHBILATh
TOJIIMHY 0a3bl, a IS yBeTHMICHHS (DOTOIYBCTBUTEIEHO-
CTH TONIUHY 0a3bl HEOOXOIMMO YBEIHYUBATh. YIHTH OT
3TOTO MPOTUBOPEUHUS CIIOKHO, T. €. OUIOJISIPHBII (OTO-
TPAH3UCTOP MOKET UMETh JTMO0 OOIBIIYIO (HOTOTYBCTBH-
TEBHOCTD, TMOO BEICOKUH KOA(DDHUIIMEHT YCHUIICHHUSL.

[ToneBbie hoTOTPaH3UCTOPHI OOIATAFOT BRICOKAM KO-
3 PUIIEHTOM YCHICHHS, OTHAKO UMEIOT OTPaHIICHHS B
YaCTH MMOBBIIICHHS YaCTOTHOTO [rara3oHa. Heobxommumo
OTMETHTH, YTO B PEKAME OTCCUKH KaHAIA OUTIOIIPHBII
TPAH3UCTOP COJCPIKHUT JIBa OOPATHO- (11—p—1) UM TIPSMO-
(p—n—p) BKIIIOUEHHBIX mepexoaa (puc. 1, a), a moneBoii
TPaH3UCTOP UMEET [1Ba OOPATHOBKIIIOYEHHBIX OTHOCUTEIb-
HO pabodero HampspkeHus (n—p—n) nepexona (puc. 1, 6).

ABTOpHI [3, 4], BOCIIOJIB30BAaBLIMCH STUMHU CBOWCTBA-
MH TI0JIEBOT0 U OUIOJIIPHOTO TPAH3UCTOPOB, pazpado-
TaJu IByX- 1 TpexOapbepHble (POTOAMOIHBIE CTPYKTYPBI
C IPSAMO- U 00PAaTHOBKJIFOUEHHBIMHU IIEPEX0JIaMHU, B KOTO-
PBIX OJTMH U3 MOJYTIPOBOIHUKOBBIX IEPEX0/I0B 3aMEHEH
Ha METaJUIONOIYIIPOBOAHUKOBBIN. [Ipu 3TOM B 3aBUCH-
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Puc. 1. DxBUBasICHTHBIE CXEMbI OUTIOJISIPHOTO (@) W MOJIEBO-
ro (6) TpaH3HCTOPOB B PEIKUME OTCEUKH

MOCTH OT PeKUMa BKITIOUEHHUS METaIJIONOIYTPOBOIHH-
KOBBIW HITH ITOTYIPOBOIHUKOBEIH MEPEXOIbI TOOYEPEI-
HO BEITIOJTHSIIOT POJIb 3aTBOPA, YIIPABIISIONIETO TOJIIIIH-
HOH CJI0SI 0OBEMHOTO 3apsiia, a HAPSHKCHHE 3aTBOPA
3aBHCHUT OT MHTEHCUBHOCTH Najiatoniero ceera. C momo-
HIbIO TaKUX (POTOINOIOB MOKHO CO3/IaBaTh OMTOMJIEKT-
POHHBIE YCTPOHCTBA 1T IPUEMa U ITepeiadu cIIadbIX Oll-
THUYECKUX CUTHAJIOB.

B Hacrosmieit paboTe MpOBOJMIIMCH UCCIICOBAHUS
ONTHUKO-JIEKTPHUYECKUX XaPAKTEPUCTHK JIByXOapbepHOM
¢dotonuonnoit Ag-NGaAs—nGalnAs—Ag-cTpyKTypsI ¢
M30THUITHBIM IeTEPOIIEPEX0A0M, KOTOPas HCIIOIb30BAJIACh
B Ka4eCTBE [IPUEMHHKA OIITUYECKAX CHUTHAJIOB, 8 TAKIKE
ObLTa TPOU3BEICHA OLICHKA KOO PHUIIMEHTA (POTOIIIEKT-
PHUYECKOTO YCHICHHS TaKOTO MPHEMHHKA. TeXHOMOTHS
W3TOTOBJICHHUS U OCHOBHBIE MTApaMeTPhI IBYXOapbepHOii
Ag-NGaAs—nGalnAs—Ag-cTpyKTypbl IPUBEACHBI B pa-
Hee OmyOJIMKOBaHHOM pabote [4].

[puHIMNManbpHAs cXeMa mprueMa 1 IepeIadn ONTHYIe-
CKOTO CHTHAaJIa pUBEieHa Ha puc. 2. B kauecTBe n3myya-
Tenst ucrnonb3oBancs ceeroauon AJI107A. Tlo macropt-
HBIM JIAHHBIM €70 paboyee HaNPsHKEHNE JIEKHUT B MHTEPBa-
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Puc. 2. [MpuHnunuaneHas cxema, WITOCTPUPYIOLIAs PUEM
CBETOBOI'0 M3JIy4eHHUs (POTOIMOI0M
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Puc. 3. BbIXxogHble XapaKTepUCTUKU ABYyXOapbepHOH Ag—
NGaAs—nGalnAs—Ag-cTpyKTyphl

ne ot 0 1o 1,5 B, MakcumanbHas MOLUIHOCTb U3JTy4eHHS
cocraBisier P=6 MBT nipu mymae BostHer A=0,95 MKM [5,
¢. 34—35]. Ontrueckuii curHai Ha (GOTOTUOHYIO IBYX-
OapbepHYIO CTPYKTYpY MOJIABAJICS OT CBETOAMO/IA, BO3-
Oy’K1aeMOro reHepaTopoM CHHYCOUIATBHBIX HMITYJILCOB
¢ yacrotoii 200 I'. be3 moacBeTKH TEMHOBOI TOK, KOTO-
PBI onpenessieTcs 3aupaeMbIM IIEPEXOJOM «MeTalll—
TIOJTYTIPOBO/THUKY, COCTABWII 57 HA Tipy HAPSKSHNH TTH-
tauus 18 B. I[Ipu moxcBeTke ¢ poctoM pabodero Hanpsi-
JKeHUS HaOMFOAaTI0Ch YBEIMYEHHE CBETOBOTO TOKA, & TEM-
HOBOH TOK U3MEHSIICS HE3HAYUTEIBHO, T. €. IIPH 3a]1aH-
HOW MHTEHCHBHOCTH CBETOBOI'O M3JIyUYEHHUS BBIXOIHOMN
CUTHAJ yBeJInuuBaetcs. beuto copMUpoBaHO cemeii-
CTBO BBIXOJHBIX XapaKTCPUCTHK HPH (HHKCHPOBAHHBIX
SHAUYCHUAX UHTCHCUBHOCTU U3JIYyYCHUS 11O MCPC €€ YBC-
nuueHus (puc. 3).

TokoBast HOTOTYBCTBUTEIBLHOCTD Sd) TIPH 3aJaHHON
WHTCHCHUBHOCTU CBETOBOT'O U3JIYUCHUA U COOTBETCTBY1O-
[IMX 3HAYEHUSX HAMPSHKEHUS OMPEAeNsieTcsl OTHOIICHH-
€M BBIXOIHOI'O (I)OTOTOKa |q) K BCJIMYUHE MOIIIHOCTH

BBbIX

CBETOBOTO BO30YX/IAIOIIET0 CUrHAaa!
b — 1P
S - IBbIX /Pn

Kak cirenyet u3 puc. 3, BBIXOIHAS TOKOBast JOTOUYB-
CTBHUTEIHFHOCTH YBEIHMIUBACTCS C POCTOM pabodero Ha-
IPSDKEHHUS, ¥, COOTBETCTBCHHO, BEIXOAHOW CUTHAI OTHO-
CUTETIbHO BXOJHOTO CBETOBOTO CHUTHANA (MCXOJSINETO
OT CBETOJMOA) yBenIuuuBaercs. B nanHoM ciryuae 3a
BXOJIHOW CUTHAJI IPUHUMAETCS IEPBUYHBIN (POTOTOK / ‘g,
co3/1aBaeMblil pU pabodeM HanpsHKEHUH, PABHOM KOH-
TaKTHOM Pa3HOCTH MOTEHINAIOB OCBEIIAEMOTO MEePEX0-
Jla, KOTJia yCUJICHHUE elle He HacTynuiIo. BxonHas Toko-
Basi (POTOUYBCTBUTEIFHOCTH — OTHOLICHUE POTOTOKA K
MTOCTYTAOIIEH MOITHOCTH Sg; = I[‘}; / P — onpenenser-
sl ISl KAKAO0TO (PUKCHPOBAHHOTO 3HAYCHHUSI MHTCHCHUB-
HOCTHU CBETOBOTO U3ITyUEHHSL.

Jl1st mpuBeneHHON AIIEKTPUIECKON CXEMBI BKITFOUE-
Hus poroauonaa (puc. 2) ko3hHUITUEHT YCHIICHUS OyIeT
OMpeIeNAThCS OTHOIICHUEM BBIXOJIHOTO CHTHAJIA K BXOJI-
HOMY, T. €. OTHOIIICHHEM BBIXOJJHOH TOKOBOH (hOTOUYB-
CcTBUTENbHOCTH K BXonHOH M, =S/ §.

3Ha4YeHHUsI CBETOBOTO TOKa U KOA((HUITMECHTa yCHIIe-
HUsI 110 TOKY M), pACYIMTaHHOTO HA OCHOBAHUM SKCIIEPH-
MEHTAJIFHO MOTYYEHHBIX KPUBBIX, IPEICTABICHHBIX Ha
puc. 3, cBeZeHbI B Ta0/IULLY.

Kak BuHO U3 TaOMUIIbl, KOAGGUITMESHT YCHIICHHS 110
TOKY YBEIIMYMBAETCS C POCTOM PadOYero HaNpsKEeHHUs, a
C POCTOM MOIIHOCTH CBETOBOTO CHUTHAJIAa — YMEHbIIIa-
eTcs. ITO TOBOPUT O TOM, uTo ucciemyemast Ag—NGaAs—
nGalnAs—Ag-cTpykTypa 3¢h(hexTHBHA I TpreMa ciia-
OBIX ONTUYECKUX CUTHAIOB (PHC. 4).

Crenyer OTMETHUTb, YTO BBIXOAHOE HAIIPsKEHHE, SABIIS-
SICh TIPOM3BEICHAEM (POTOTYBCTBUTEITHHOCTH 1 COITPOTHB-
JIEHHsI HArpy3KU R, IMEET TeM OoiblIee 3HAYCHHE, YEM
osbLue BBIXOHOE IMHAMUYECKOE CONpoTHBICHHE R :

UE::IX = I:}::.IXR?'
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R+R
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R’:

Rﬂ:

e R, — CONpOTHBIIEHNE SKBUBAJICHTHON HATPY3KH.

’

e ce 7
Ceemosoti mox IS0 u kodghuyuenm ycunenus no moxy M, npu paznuunoi MOWHOCMU C6EMOBO20 U3TYYEHUS.

Upes B 7O \eA I°3.x» MKA, TIPH pa3In4HbIX P, M; ipu pasnuuHbIX Py
2,4 MBT 3,2 MBT 3,6 MBT 2,4 MBT 3,2 MBT 3,6 MBT

1,15 0,007 0,11 0,25 0,36 1,00 1,00 1,00
2 0,015 0,135 0,30 0,42 1,16 1,17 1,14
0,025 0,33 0,60 0,87 2,96 2,36 2,39

6 0,030 0,52 0,90 1,25 4,75 3,58 3,45
0,040 0,60 1,12 1,60 5,43 4,44 4,42

10 0,043 0,78 1,50 2,00 7,15 5,99 5,54
12 0,046 0,87 1,72 2,30 8,00 6,88 6,38
14 0,048 1,00 2,05 2,62 9,24 8,24 7,28
16 0,050 1,10 2,26 2,95 10,19 9,09 8,21
18 0,057 1,24 2,50 3,20 11,48 10,05 8,90
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Puc. 4. 3aBucuMoCTh KO PHUIUCHTA YCUIICHHSI TTO TOKY JBYX-
0OapbepHOIl CTPYKTYpBI OT pabodvero HaNpsHKCHUsS MPH pas3-
JIMYHOH MOIIHOCTH IaJIAI0IIEro CBETOBOTO M3IYUYCHUS

Cralyro 3aBUCHMOCTB 00PaTHOTO TEMHOBOTO TOKA OT
pabodero HanpsHKEHHUS MOKHO OOBSICHUTH T'eHEePAIHOH-
HBIMH MPOIIECCAMH, TPOTEKAIOIINMHE B 007aCTH 00HEM-
HOT0 3apsi/ia 3a[IMPaeMOoro MOTEHIMAIBHOr0 Oapbepa.

Paccmarpuas koapduimenT ycunenus GoToanona,
YIIPaBISIEMOTO ITOJIEM, CIIEYET YUUTHIBATh 3aBHCUMOCTh
TOJIIIMHBI CJI0s1 00BEMHOTO 3apsijia OT pabovero Harpsi-
JKEHUST U TIPOIIECCOB (poTOreHepanuu Hocurened. Kax
BHJIHO U3 BBIXOJTHBIX XapaKTEPUCTHK AByXOaphepHOH (o-
TOJIMOJTHOM CTPYKTYPBI, IPOIIOPLIMOHAILHO paboyeMy Ha-
NPSOKSHUIO YBEINYUBAETCS (POTOTOK, T. €. TEMITBI (POTO-
reHepaun Hocutesnei. CooTBETCTBEHHO, OCHOBHOH Me-
XaHU3M yCHJICHHUS (POTOTOKA CBSI3aH C TEHEepaluei He-
OCHOBHBIX (DOTOHOCHTENECH MPEHMYIIIECTBCHHO B CIIOC
00BEMHOT0 3apsi/ia, a UMEHHO, IPOIIOPIIHOHAIBHO KOJIH-
YeCTBY HOCHTENEH, POTOreHeprpOBaHHBIX B 3aITUPACMOM
nepexojie, NepeHOCATCs TEMHOBBIE HOCHTEIHN Yepes3 Ips-
MOBKJTFOYEHHEIH ITEPEXO]T.

Cps13b K03 (UIIMEHTa YCUIICHHSI ¢ padOunM Harpsi-
JKEHUEM MOKHO BBIPA3UTh Yepe3 TONIIHHY CII0s1 00heM-
HOTO 3apsifa W clenyromyM dMIUPUISCKAM BhIpake-
HHEM:

1©_owee
M = i) 4): uch’
1* =1 0

e I® — oTOTOK NIPH 3a/JaHHOM HATIPSKEHUH;
lnq’ — HEpBUYHBINA (OTOTOK;
WP togrmHa ciost 06bEMHOTO 3apsa Opu 3a1aHHOM Hampsi-
SKEHUU;
WHeX — TommmHa 1051 00BEMHOTO 3apsiia IPU HYJIEBOM CMELICHUH;
1 — OmIpeenseTcs 3aKOHOMEPHOCTHIO 3aBHCUMOCTH TOJIIINHBI
11051 00BEMHOT0 3apsiia OT HATPSKEHHUSI.

L
Takum 00pa3oM, FIKCIIEPUMEHTAIBHO YCTaHOBJICHO,
yro aByx0apbepHas horomuonHas Ag-NGaAs—nGalnAs—
Ag-cTpyKTypa 001aaeT KaueCTBOM YCHIIUTEIIS, B KOTO-
POM Malible M3MEHEHHUSI BXOIHOTO CHI'HAJA BBI3bIBAIOT
OobIIIMe N3MEHEHHSI BBIXOIHOTO CUTHAIA.
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Mexanuueckue cTpyktypbl: CnpaBouHuk (Ha yKpaHckom si3bike.) — Opec-

ca: [loaurexnepuoaunka, 2009.— 548 c.

CrnpaBOUYHUK COJEPIKHUT IHPOKYIO TEXHHUECKYIO MHGPOPMALIUIO,
KOTOpasi MOMOXKeT YyMopsiIouuTh U 0OJEerdyuTh Mpollecc KOHCT-
pyupoBaHus geTanei u cOOPOUHbBIX €AUHUIL MeXaHUUeCKUX CTPYK-
TYp 3JEKTPOHHbBIX CPEACTB. DTO TEXHOJOTHUECKHE TPeOOBAHMUS,
CBeJIeHUS O 1I€POXOBATOCTH W OTKJOHEHUSIX (POPMbl U pacmoJo-
JKeHUsT OBEPXHOCTEeH, 0 MeXaHHYeCKHX pa3beMHbIX U Hepasb-
€MHBIX COeJHHEHUSIX, 0OecreyeHnH B3auM03aMeHsIeMOCTH, KOH-
CTPYKIIMOHHBIX MaTepHuaJaax i MOKPbITUAX. B cnpaBouHuKe Tak-
JKe MMeloTcsl pasd/januyHble ob6liMe cBeaeHHsl, He0OXOAUMble KOH- ey

CrnpaBoYHMK NMpeaHasHaueH /51 MHKeHEePOB 3JeKTPOHHOTO afl-
napaTocTPOEHHsI, BMECTE C TEM OH MOXKET ObITb MOJE3EH CTY-
JIEHTaM COOTBETCTBYIOIMX CMEHaIbHOCTEH TEXHUUECKHX BY30B
NpH KYypCOBOM M AUMNJIOMHOM MPOEKTHPOBAHUU.
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