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BaCIWbesa 3,8., Llo6pecKy K., ¢3HHK3 M,l'''· 13 - 10270 

MHoroueneBhre nonynposonHHKOBhre neTeKTOphr H HX HCnonb30BBHHe 

npHMeHeHHe KnaCCH'IeCKHX nonynpOBOilHHKOBb!X neTeKTOpOB npennona

raeT H3MepeHHe B Ka*llOM 3KCnepHMeHTe 0/lHoro TH!!a 'IaCTHU HnH 0/lHOrO 

KaHana peaKUHH. LlnH nony'IeHHH HH~OpMaUHH OllHOBpeMeHHO 0 HeCKOnbKHX 

THnax 'IaCTHU He06XO/lHMhl HeCKOnbKO neTeKTOpOB HnH *e, !!pH HC!!Onb30Ba

HH H onHoro neTeKTopa, - nocnenoaaTenbHhre H3MepeHHH B pa3HbiX pe*HMax 

3Toro neTeKTOpa, npH o6pa60TKe pe3ynbTaTOB TaKHX H3MepeHHH Tpe6yeT

C~ KOppeKUHH, KOTOpaH CBOilHTCH K peweHHIO CnOJKHb!X MaTeMBTH'IeCKHX 

3BilB'I, TaKHX cno*HOcTeA He B03HHKaeT npH npoaeneHHH SKcnepHMeHTa 

c npennaraeMhiM MHorouenesbiM neTeKTopoM, 

Pa6oTa Bh!l!OnHeHa B na6opaTOpHH HeATpOHHOH ~H3HKH 0!1JU1. 

Coo6~eHHe 06beAHHeHHOro HHCTHTyTa HAepH~X HCC~eAOBaHHI 
,ay6Ha 1976 

(') 1976 OtheOuHeHHWU UHc•u•y• AOepHWX UCC.IIeOoeaHUU,i{y6Ha 

.,. 

Ocuosuaa ~aCTL nonynpoBOAHBKOBoro~eTeKTopa a~ep
uwx ~aCTH. - "o6eAUCBBWH" BOCHTenaMH TOKa /~yBCTBH
TCBLBWH/ CBOH, B KOTOpOM na~aJOIIUie a~epuwe ~aCTH~ 
TepaiOT BCIO CBOIO 3HeprHIO BnB ~aCTL ee, C03~asaa 3BCKT
pOHBO-~PO'IBWe napw. PoJK.Aa.IOUUieca 3apa~ co6BpaiOTca 
3BeKTpH~eCKBM BOBeM, BLI3WBaa BMBy.JiLC, aMBBBTy~a KO
TOporo nponop•aouanLua 3Hepraa, noTepauuoa na~aiOutea 
~acTa•ea /puc. 1/. MolKuo BLI~BCBHTL pa3nB~uwe napa
MeTpw, XapaKTepB3YIOU(He nonynpOBOAUBKOBWH ~eTeKTOp, 
cpe~H KOTopwx uaa6onee BalKBWM aunaeTca 3HepreTB'Iecxoe 
pa3pemeuae AE I puc. 2/, aunaiOuteeca c)yux~ea cne~yiO
U(HX BeBB'IBH: 

- pa36poca Cpe~HBX 3Ha'ICBBH 'IBCna BOaBBBWBXCa 
3BeKTpOBHO-~WPO'IHWX nap, 

- B3Meueuaa 3BeprHB, 

- WYMOB ~eTeKTOpa, OCHOBBOH B3 BPB'IBB KOTOpLIX aB-
naeTca o6paTuwa TOK ~eTeKTopa, 

- WYMOB 3BCKTPOHHKB . 
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Puc. 1. 06JqaJI cxe..wa nepexooo 
e noAynpoeo()HuKoeo..w ()e•et<•ope. 
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Puc. 2. Tunu'IHbiU cneK11rp 
zaMMa- Ay'leu 0111 noAynpo

·eoOHUKoeozo 0e111eKJ10pa. 
J - UIYM; 2 - KOMn1IIOH-
3rfo/JeK111; 3 - ~01110nUK. 

L_______ -
E N 

)J.pyroii napaMeTp, KOTOpbiB xapaKTepH3yeT ,IJ;eTeKTOp, -

nHHeiiHaJI 3aBHCHMOCTb CHrHana ,IJ;eTeKTOpa OT 3HeprHH pe

rHCTpHpyeMbiX qacTH:U. 3Ta 3aBHCHMOCTb MO>KeT 6biTb no

nyqeua TOJibKO npH onpe,IJ;eneHHLIX WHpHHe o6e,IJ;HeHHOrO 

CJIOJI H 34>4JeKTHBHOCTH C06HpaHHJI 3ap.JI,IJ;a. 

3$$eKTHBHOCTb C06HpaHH.JI 3ap.JI,IJ;a MO>KHO onpe,IJ;eJIHTb 

H3 cne,IJ;yromeii $opMynLI: 

Q T t 2 

-· = -[1 - exp(-)], 
N e t 2 r 

r,IJ;e Ne- qucno HOCHTeneii,Q - aenuquua Jap.JI,IJ;a, r 
BpeMJI >KH3HH HOCHTeneii, t2 - BpeM.JI npOJieTa HOCHTeJieii 

.IJ:O JJieKTpo,IJ;a. 

Ilpu nocTO.JIHHOM none E no aceii wupuue o6e,IJ;ueuuoro 

CJIO.JI 

t2 
d 

JLE 

r,IJ;e Jl - no,IJ.BH>KHOCTb uocHTeneii, E - JneKTpuqecKoe 

none, d - wupuua o6e,IJ;ueuuoro cno.JI. 

llepequcneHHLie xapaKTepHCTHKH no,IJ;qepKHBaJOT npeu

Myll.{eCTBa HCnOJib30BaHHJI IIOnynpOBO,IJ;HHKOB ,IJ.n.JI ,IJ;eTeKTH

poBaHH.JI JI,IJ.epHLIX qaCTH:U, o6yCJIOBneHHLie TaKHMH CBOB

CTBaMH, KaK He6onbWaJI 3HeprHB HOHH3a:UHH, BLICOKHB K0-

34>ci>H:UHeHT nornoll.{eHH.JI I puc. 31, 6onbwa.JI no,IJ;BH>KHOCTb 

HOCHTeJieii TOKa. lf3BeCTHLie cerO,IJ;HJI THnLI ,IJ;eTeKTOpOB 

MO>KHO KJiaCCIHPH:UHPOBaTb CJie,IJ;yJOII.{HM o6pa30M. 

4 

4 

.,. 

1. 0,IJ;HOpO,IJ;HLie ,IJ;eTeKTOpLI, Ha3LIBaeMLie ,IJ;eTeKTOpaMH 

C06CTBeHHOB npOBO,II;HMOCTH, npe,IJ;CTaBJUIIOII.{He co6oii O,IJ;HO

pO,IJ;Hble KpHcTannbi luanpHMep, Ge HJIH Si I c .IJ:BYMB 

JneKTpO,IJ;aMH, K KOTOpbiM npHJIO>KeHO nOCTOJIHHOe HanpJI

>KeHHe. qyBCTBHTenbHaJI 06JiaCTb ,IJ;eTeKTopa CO,IJ;ep>KHT paa

HOBeCHLie HOCHTeJIH, BLI3biBaiOII.{He TOK npH KOMHaTHOB 

TeMnepaType. il03TOMY O,IJ;HOpO,II;HLie ,D;eTeKTOpLI He06XO,IJ;HMO 

oxna>K,IJ.aTb. B uacTOJIII.{ee apeMB Ka>KeTCB nepcneKTHBHLIM 

H3roToaneuue H ucnoJib30Bauue ,IJ;eTeKTopoa H3 CdTe , 
GaAs, PbTe. 

2. )J.eTeKTOpbi noaepXHOCTHO- 6apbepHLie H ,IJ;eTeKTOpbl 

C p -n ·nepeXO,IJ;aMH. lllHpHHY HX o6e,IJ;HeHHOrO lqyBCTBH

TeJibHOrol enos MO>KHO onpe,IJ;eJIHTb no 4JopMyne: 

W = [ -~ dV + ¢ l ] ' 
ne 

).l,'t,C5,t( 

10 l--...,----------1t---'~k----t----+--~ 

1 I \\ 1~\\,\"\: I I ft·• I 

'1: Si 

10-1 10"1 1 10 ElM.~J 

Puc. 3. 3aeucuMOC111b pacnpeoeAeHu.R nooeuJKHOC111U uoHoe 
8HY111PU noAynpoeoOHUKoe 0111 3Hepzuu pezuc111pupyeMbiX 'la
C111Uf4. 
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rAC £ • AH3nCKTpH"'CCKaS nOCTOSHHaS MaTepHana ACTCK" 

TOpa, V - o6paTHOC pa6oqee HanpS:lKCHHC, ¢ : BLICOTa 

6apLepa HenonspH30BaHHoro nepexoAa, n - qucno Hocu

TeneH:. 

llapaMeTpLI ACTCKTOpa TCM nyqwe, "'CM MCHLWC D H 

BLIWC V . 
3. )J.eTeKTOpLI p-i-n , B KOTOpLIX "'YBCTBHTCnLHLIM SB" 

nseTCJI i - cnoH:, 3aHHMa10llUIH cyJ:QeCTBCHHYIO qacTL o6'LeMa 

ACTCKTOpa. 06CAHCHHC ero HaCTynaeT npH OTHOCHTCnLHO 

HH3KHX HanpH:lKCHHSX CMCIQCHHS /nopHAKa HCCKOnLKHX AC" 

CSTKOB-COTCH BOnLT/. ToniQHHa 3TOrO enos onpeAenseTCS 

rny6HHOH, Ha KOTOPYIO npOBCACH APCHfil HOHOB. 

CoapeMeHHLie 3KcnepHMCHTLI Tpe6yJOT C03AaHHs H npu

MeHeHHJI TaKHX ACTCKTOpOB, KOTOpLie MoryT perHCTpHpOBaTL 

cpa3y HCCKOnLKO BHAOB HACPHOro H3ny"'CHHS. 

H3 npuaeAeHHOH KnaccufiluKaUHH H acero cKa3aHHoro 

BLIWC BHAHO, 'ITO OAHHO"'HLIH C"'CT"'HK TaKoro MHOroueneaoro 

ACTCKTOpa MO:lKHO npeACTaBHTL KaK CYMMY HCCKOnLKHX AC

TCKTOpOB THna 2 HnH 3 B OAHOM KpHCTanne. TaKOH ACTCKTOp 

- n03BOnSeT perHCTpHpOBaTL HCCKOnLKO BHAOB HACpHLIX 

1.faCTHU B WHpOKOM HHTCpBane 3HCprHH; 

- MCHSCT CBOH napaMCTpLI CO BpCMCHCM cornaCHO 3a· 

AaHHOH 3aKOHOMepHOCTH H B orpaHH"'CHHLIX npeAenax; 

• HMCCT 6onLWyiO noaepXHOCTL ACTCKTHpOBaHHJI H o6ec

ne"'HBaeT nOBTOpSCMOCTL pe3ynLTaTOB; 

• AaCT HHfilopMaUHIO, o6C1.fCT KOTOpOH Ha 3BM Tpe6yeT 

MHHHManLHLIX 3aTpaT MaWHHHOrO BpCMCHH npH MHHHManLHOM 

06'LeMe HCnOnL3YCMOH naMSTH. 

TaKHM o6pa30M, c noMOIULIO OAHOH H3MepHTenLHOH Ka

MCPLI /eM., HanpHMCp, pUC. 4/ MO:lKHO HCCnCAOBaTL OAHO· 

apeMeHHO ABa unu 6onee KaHanoa peaKUHH c perucTpauueH: 

pa.3HLIX 1.faCTHU. llpHMCHCHHC n1060r0 H3 H3BCCTHLIX Knac

CH"'CCKHX ACTCKTOpOB npeAnonaraeT, 'ITO B Ka)KAOM 3KCne" 

pHMCHTC H3MCpSCTCS TOnLKO OAHH KaHan peaKUHH HnH OAHH 

THn 1.faCTHU. 

CpaaHeHHe :lKe 3KcnepHMCHTOB no pa3HLIM KaHanaM 

peaKI.(HH CBS3aHO C 60JILWHMH OWH6KaMH a6coniOTH3aUHH 

He3aBHCHMLIX H3MepeHHH. TaKHX cno:lKHOCTeii He B03HHKaeT 

npTI npOBCACHHH 3KCnepHMCHTa C npeAnaraeMLIM MHOrOUC" 

llCIIhlM nonynpOBOAHHKOBLIM ACTCKTOpOM, KOTOpLIH n03BO· 

n.liCT npH nOCTOSHHOH reOMCTpHH H OAHOBpCMCHHO nony"'aTL 

&· 
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' 

\ 
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2 

Puc. 4. KaMepa c MHOZOIIeAeebiM oemeKmopoM, ycma
HoeAeHHa.R HQ ny'IKe 3ap.RJKeHHbiX 'IQC1/lUij. J - KOH6epmop, 
2,4 - OemeKmOpbl, 3 - OepJKQ6KQ 0/IJI OemeK11lOp06, 5 - KOA· 
AUMQ1flOp. 

HHfilopMaUHIO o pa3HLIX KaHanax H3y1.faeMLIX npoueccoa, npu-

1.feM B HCKOTOpLIX cnyqagx TaKyiO, KOTOpyiO HCnL3S H3BnC1.fL 

C noMOIULIO 06LI"'HLIX ACTCKTOpOB. 

0AH8.KO K8.:lKALIH C"'CT"'HK BO :t.t:HOroueneBOM nonynpOBOA· 

HHKOBOM ACTCKTOpe AOn:>KCH COOTBCTCTBOBaTL HCCnCAYCMO· 

MY npoueccy no AHana3oHy 3HeprHH, no THny H no nnoT

HOCTHM nOTOKOB perHCTpHpyeMLIX 1.f8.CTHU, a T8.K:lKC no xa-
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paKTepy C'LeMa c nero Hn<lJopMaUHH. CooTBeTCTBeuuo, ,!l;on

)l(eu OCy}UeCTBnJITLCH BLI60p THlla nonynpOBO,!l;HHKa ,!l;nH 

,!l;eTeKTOpa, HY)I(HOrO qHcna cqeTqHKOB BO MHOroueneBOM 

,!l;eTeKTOpe H HCUOnLJyeMLIX B cqeTqHKe nepeXO,!l;OB, TaK )l(e 

KaK H BLI6op HCllOnLJyeMOH JneKTpOHHKH, 06'beMa naMHTH 

H 6LICTpO,!J;eHCTBHH 3BM. 
Ha puc. Sa H 56 npe,!J;cTaBneua 6noK- cxeMa, c noMOIULJO 

KOTOpOH H3yqancH nonynpOBO,!l;HHKOBLIH MHOrou;eneBOH ,!l;e

TeKTOp, HCllOnL30BaBillHHCH ,!l;nH O,!l;HOBpeMeHHOH perHCTpa

UHH a -qacTHU, npoToHoB, y -nyqei H ueiTpouoB. Ha puc.6 
npHBe,!l;eHa CXeMa O,!l;HOrO H3 napu;HanLHLIX cqeTqHKOB MHOro

ueneBoro nonynpoBOAHHKOBoro ,!l;eTeKTopa. B JTOM OAHHoq

HOM cqeTqHKe 06LiqHLIH ,!1;H<lJ<lJy3HOHHLIH p-n -nepeXO,!l; lOB 

4 

3 

5 6 

10 7 

9 

12 8 

Puc. Sa. EAoK- cxe..wa MH020t#eAeeozo oemeKmopa. 1 -
oemeKmopbl, 2 - pacnpeOeAumeAb Hanp.RJtCeHUJI, 3 - KOMMy
mamop, 4 - npeoycuAumeAb, 5 - ycuAumeAb, 6 - aHaAu3amop, 
7 - noemopumeAb, 8 - nepec'lemHoe ycmpoilcmeo, 9 - BbJ
'IUCAumeAbHaJI ..wawuHa, 10 - oucnAeil, 11 - X- Y ca..wonu
cet~, 12 - t~u(Jpone'lamb, 13 - naMJ111lb 3BM. 

8 

j 

i 
I 
I .-

Puc. 56.Ko..w..wymamop pacnpeoeAeHUJI Hanp.RJtCeHUJI 011.11 MHo
zot~eAeeozo oemeKmopa. 

6 
~ b ~:==---=--~ 

Puc. 6. OOUHO'IHblil KOMnayHO- oemeKmop /c'le11l'IUK/. a. 1 -
oepxaeKa; 2 - KOMnAeKc oemeKmopoe;3- U30AJ111lOp; 4- 30Ao
moe KO/lbijO. 6. 1 - KOHBepmop; 2 - KpbiWKa; 3 - OellleK11lOpbl; 
4 - U30AJIIIIOp; 5 - oepJICaeKa- U30AJ111lop; 6 - Kopnyc oemeK
mopa; 7 - KOH11laK11lbl 0/IJI noOa'IU HanpJIJtCeHUJI. 
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CO'IeTaeTCJI C UOBepXHOCTB0-6apLepB:WM nepeXO,AOM, a BO 

BpeMJI o6ny'leHHJI 3a C'leT peaK~H 10 B{n,a) C03,AaeTCJI 

a Si{Li) - .AeTeKTop, 'IYBCTBHTem.u:wii Ta.JOI(e K y-nywm.:u:. 

Ceiiqac B cilH3H'IeCKOM 3KcnepaueBTe ylKe npa:u:euJUOT

CJI auanorH'IH:We O,AHHO'IB:We MBKPO.AeTeKTOpW, npe,A
CTaBneHHLie Ha puc. 7, KOTOpLie MOryT HCUOJIL30BaTLCJI 

H ,AJIJI Me,AHI(HHCKHX neneii /2, 3/. 

, 
I 

M~ 
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c~ . T I ~~~----,3_ 
R• "'!!" 

Puc. 7. OouHO'IHt.Jii tcoMnayHo- oemetcmop c npeoycuAumeAeM. 
a. 1 - OeJleKJIOp; 2 - KOpnyc; 3 - 61>JCOKOe HanpJIJiteHue; 
4 - 6600 cuzHa/Ja om zeHepamopa; 5 - 6W600 cuzHaAa. 
6. CxeMa numaHUJI OOUHO'IHOZO lio.MnayHo- oemetcmopa c npe
oycU/JUIIIeAeM. 
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B aacTOJIII(ee BpeMJI aawa uaoronenesble nonynpoBo.n

HHKOBhle MHKPO.LJ.eTeKTOpbi MOryT pa6oTaTL B HeiiTpOHHbiX 

UOTOKaX 107 - 1Ql4 H/CM 2c C pa3peWeHHeM 15-45 K3B. 

HaM npe..u.cTaBnJieTCJI nepcneKTHBHbiM acnonL3oBaHHe 

KaK MHOroneneBbiX nonynpOBO.LJ.HHKOBWX, TaK H O.LJ.HHO'IHhiX 

MHKPO.LJ.eTeKTOpOB B CJie.LJ.YIOUUIX 06JiaCTJIX: 
a/ B 6HOJIOrH'IeCKHX HCCJie.D.OBaHHJIX JI.LJ.epHWMH MeTO.LJ.a-

MH, 

6/ B HeiiTpOHOTepaUHH, 

B/ B HeiiTpOHO.LJ.03HMeTpHH, 
r/ npH o6ecne'leHHH 6e30UaCHOCTH pa60TW B6JIH3H .H.LJ.ep

HO·«i>H3H'IeCKHX yCTaHOBOK H UpH OllTHMH3aiJ,HH pa60'IHX 

, ycnoBHii Ha s..u.epHbiX peaKTopax. 

B JaKJIIO'IeHHe aBTOpbl Bblpa)l(aiOT 6naro..u.apHoCTL 

K.IlocTOJiaKe, M.HerpJIHY /HH3K, liyxapecT/ H A.M.ro

BopoBy /OHJIH/ 3a UOMOII(L H none3Hble o6cy)I(.LJ.eHHJI. 
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