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1. Bne,neuue 
Hay'!Hb!H l1 KOMMep'leCKHH liHTepec K pa3pa60TKe HOBbIX THIIOB naBHHHhIX 

<jJOTO.llll0.110B (JlcD,ll;) Bbl3BaH TeM, '!TO /ITO cpaBHeHH!O C Tpa.lIHUHOHHbWH 

<jJOTOYMHO)!U!TeJIHl\lll (cD3Y) JlcD,ll; HBJIHeTCH 6onee KOMITaKTHbW rrpH60pOM C 

11113KllM ypoBHeM flllTa!O!Uero narrpmKeHHH l1 HMeeT BbfCOKHH KBaHTOBblH BblXO,[( 

(-80 %). Ha 6a3e BblCOKO'IYBCTBHTeJibHblX KpeMHHeBblX JicDLJ:, o6JiaCTb 'JYBCTBH

TeJibHOCTll KOTOpblX cornacoBaHa co cneKTpOM 113JIY'!eHIIH TBep,noTeJibHbIX 

CUilHTilJIJIHTOpOB, MOryT 6b!Tb C03,[(aHbl HOBble MHOroKaHaJibHble ,neTeKTOpbl ,[(JI.SI 

np11MeHeHHH B arrnapaType <pll311Kl1 BblCOKIIX :rnepr11i1. 11 Me,[(HUHHCKOH 

TOMorpac\m11. 

0.11HaKo B HaCTOH1Uee BpeMH eme He, C03,[(aHbl a,neKBaTHble TBep,noTeJibHbie 

aHaJIOfll cD3Y. O'leHb CJIO)l(HO. o6ecrre'll1Tb Bb!COKY!O CTa611JibHOCTh 11 

npocTpaHCTBeHHY!O O,[(HOp0.1lHOCTb xapa1<Tep11CTl1K Tpa.1l11UIIOHHblX JlcD,ll; rrp11 

6oJibllll1X yc11rreHl1HX CllfHaJia. 3To o6ycrrOBJieHo HaJil1'111eM ITOJIO)l{HTeJibHOH 

o6paTHOH CBll311 Me)l(,[(Y JiaBl1HHb!M11 rrpouecCaMH, Bb!3BaHHbWll 3JieKTp0HaMII II 

,[(b!pKaMl1 B rrorryrrpOBO,[(HllKaX. Tipn 6oJibllllIX K03<p<plIUHeHTax yc1meHHH (rrop51,[(Ka 

HeCKOJihKHX coTeH) 3Ha'!HTerrbHO B03pacrneT nepoHTHOCTb 06pa1onamrn rroKaJibHhIX 

neyrrpaBJH!eMblX rrpo6oeB, rrp11B0.1lll!UllX K BblX0.1lY rrpH6opa II3 CTpOH. 

B rrocrre,n:Hne ro,nb1 B OlUIH (r.,ll;y6Ha), IUIH P AH (r.MocKna) II IJ;eHTpe 

cjm311qecK11x · nccrre,nonaHui1. HM. TI.H. Jle6e,nena (r.MocKBa) pa1pa60TaHbI 

<Jm3II'leCKHe OCHOBbI ll Il3fOTOBJieHbl npoMbllllJieHHbie o6pa3Ubl HOBbL'<: rraBHHHhIX 

<J10To,nuo,n:0B c rroKaJibHOH orpuuaTeJI!,HOH o6parnoi1. CBH3h!O (JlcD,ll; JIOOC). 

0CHOBHOH oco6eHHOCTb!O pa1pa60TaHHbIX miBHHHbIX <pOTO,[(llO,[(OB no CpaBHeHH!O C 

113BeCTHblMII aHanoraMII HBJil!eTCH TO, '!TO B HHX ocymecTBJIHeTCll JIOKaJibHllil 

0Tp11uaTerrbHllil o6paTHM CBH3b (JIOOC) Me)l(,ny HHIIU1111py101UHM JiaBHHY TOKOM H 

K03<p<pHUHeHTOM yc11rreHI1H •. JIOOC ,nocT11raeTCH rryTeM co3.11armH crreunanbHOH 

cjiopMbI 3JieKTpH'!eCKoro rrom1 B rrorryrrpoB0.1lH11Ke, 06ecrre'!HBaI01Uei1. neo6xo,n:11My10 

rrpocTpaHCTBeHny10 rro1<an113aUHIO 11 rro,naBrreH11e rran11Hnoro rrpouecca. 3To 

IT03BOJU!eT CO'!eTaTb Bh!COKIIH K03<p<pllUlleHT yc11JieHIIH (,no 107
) c11rnana C HII3KIIM 

rrpocTpaHCTBeHHb!M pa36pocoM rrapaMeTpOB pa3pa6oTaHHblX JlaBIIHHhIX 

cjJOT0,[(110,[(0B [ 1]. 

2. KoncTpyKl!HH u npununn pa60TL1 Jl<l>,ll. JIOOC 
Tiorrepe'IHOe ceqenue pa3pa6oTaHHOf0 naBIIHHOfO <pOTO,[(llO,[(a C ,[(llaMeTpOM 

'IYBCTBHTeJihHOH rrnoma,nu d= 1,2 MM rrpe,ncrnnrreHo Ha p11c. l. B pa6o<JeM pe)l(uMe K 

TIITaHOBOMY 3aTBopy ll oxpaHHOMy KOJlbUY rrpHKJla,[(b!BaIOTCH OTPHUaTeJibHble, 

OTHOCHTeJihHO IlO,[(JIO)KKll, IlOTeHUllaJihl, 06ecrre'!l1BaI01Ulle pa3Bl1Tlle JlaBIIHHOfO 

yMHO)l<eHJrn HOCHTenei1. 3apH,na B p-n-nepexo,ne, r,ne npoH3BO,[(llTCH ycHrrenne 

cjJOTOTOKa. Tiocne ycHJieHHH HOCllTeJill 3apH,na rrepeHOCHTC.ll B,[(OJib rpaHHUhl pa3,nena 

Si-Si02 K OXpaHHOMy (CTOKOBOMY) KOJihUy. Oco6eHHOCTh!O pa60Thl ,na1-11-1oro 

<pOTOrrpneMHHKa .l!BJIHeTCH TO, '!TO xapaKTep JiaBllHHOro npouecca B HeM 

orrpe,neJIHeTCH BeJIH'lllHOH nonepxHOCTHOH npoBO,[(llMOCTll rpaHHUhl pa3,nena Si
SiCh TonmHna II 1<011ueHTpaUHH rrpHMecei1. B rronyrrpono,nnHKOBOM crroe p-THna 

rrpoBO,[(IlMOCTll Bbl6HpaIOTCH TaK, 'IT06bl rrpu pa6o<JeM ITOTeHUHaJie Ha 

cpornrrpueMHHKe 06e,nne1-11-1llil o6nacTu ,nocTurna rpaHHUhI pa3,nerra Si-Si02. 
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Pttc. l. 3cKH3 KOHCTIJYKUHH n<I>,U nooc: 
I - aJIIOMHHtteBbie KOHTaKThI; 2 - rronynp03pa'IHhlH THTaHOBhIH 3J1eKTJ)O)l (3aTBop); 
3 - JlBYOKHCh KpeMHHJI; 4 - CJ10H p-Tttrra npOBO)lHMOCTH, o6ecne'IHB3IOIUHH 
llOBepXHOCTHhlH rrepeHOC yMHO)KeHHb!X HOCHTenefi 3ap»)la; 5 - KpeMHHeBhlll CJ10ll p
Tttrra; 6 - KpeMHHeBh!H CJ10ll n-THIIa C IIOBhIIIIeHHOll no OTHOIIIeHHIO K IIO)lRO)l<Ke 

KOHUeIITpauttei1: IIpttMeCeH; 7 - KpeMHHeBM IIO)lJ10)KKa n-THila; 8 - CTOKOBOe KOJ1hUO 
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B ·no~, cnyiiae 11a rpam1uc Si-5,'i(h o6pa·iyeTcll cnepxTOIIKHH cnoH p-T-Hrra 

11poBOJllll\lOCTII TOJllUHHOII - I() 111\1. conponm.1e1111e KOTOporo onpene.rrneTCll 
11c:111•mH01I mne11u11a.na ·i.rrnopa. Ben11•111m1 nonepx11ocn1oro conponmnemrn 

·rroro cnepxTOIIKOro cno» onpcm:.1l!eT 3<!H!icKnm11ocT1, .lOKU.lhHOH cTa6ttmnaum1 
( 11;111 nonanne1111e Tcl\ma) :1am-rn11oro npouecca. 

npouccc n0Ka.rrb11011 cTa611Junau1111 nanmmoro npouecca npottcxonnT 
C!IC:lylOWml o6pa30I\I. 3a npel\rn pa3RHTl!ll JlUBHIIIIOfO npouecca. HHHUHHpOBUHHOro 
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Pttc.2. 3asHcHMOCTh K03<!Hp11u11enTa yc11nen11» cpoToTOKa M OT noTeHuna.rra I~, 
crnKoBoro :JJleKTpona. I - v'.~=-68,5 B; 2 - l~~=-69,0 B; 
3 - V~=-69,5 B; 4 - V/(=V, (KJIIO'I K, - 3UMKHYT) 
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Pttc.3. AMnnnTyn1we pacnpc,ue;1em1e c11rna.rra n namrn110M <lioTO)lHO)le MK5 nptt 
cpC,!llleM KOJ1ll'ICCTBe <!JOTOIIOB B HMnym,ce Nr11=2 (T= -25°C) 
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e,lHIIH'HlblM 'JJieKTpOHOM (HJIH <l>OTO'J,lJeKTpOIIOM). OCIIOBllaH 'IHCTb Bll013b 

06pa10BaHHbIX ,'lblpOK HaKafl.1HBaeTCll B HCOOJlblllOH 06:iacm rpa1111u1,1 pa·ucna Si
Si01 C xapaKTepHbll\l pa3.'\tepoM, cpaBIIIIMblM C TOJllUHIIOH o6e.l11Cllllll (-3 .'\IK.'\I) p-11-
nepexona. 3ro npH130)1HT K JlOKaJlbHOMY yMellbWemuo '),1CKTPH'IeCKOl'O fJOJJH 13 

COOTl3eTCTl3YIOLUeH 06J1aCTH p-n-nepexona. 13 pe·iy:IbTaTC •1cro orpallll'llIBacTCH Tel\1II 

JiaBHHHOro npouecca 13 .1a11HOM ~IHKpoKaHa:Je )'.'\IIIOiKellHH. T UKIIM o6pa·ioM 

nocniraeTCll pe;1mM ca.'\mCTa611mnau1111 naB1111110ro npouecca no ncdi pa60•1di 

n.10LUan11 np116opa. TTp11 1rn:-.1 <l>oTooTKJlHK cjiopw1pyeTcH KaK TOK c.'\1eme111rn 

e.'\IKOCTH ;:m:rneKTpHKa. 

Ha p11c.2 npencTal3.'lell KO')ljJ<pHUHe!IT )'CHJ]e!Hlll M mrnym,ClllJrO <!JOTOTOKa 

'JKCnepHMCHTa.1bHOro 06pa1ua JlaBllHHOro cjionrnpHt'.'\IIIIIKa B '!aBIICHMOCTII OT 

11anplliKeHHll VJ, npH.lJOil(CHHOro K CTOKOBOI\IY ')JICI<Tpony npH pa·iml'IHblX 

fl(HeHUHaJlaX v~ Ha THTall0130M ·iarnope. ,Q1rnMeTp pa60•1di IIJIOlUanH o6pa·iua 

COCTal3Jil!eT - 1,2 Ml\!. KaK flOKa3bJila!OT pt:1)'JlbTaTI,I HCflblTallHll. npH 

<jHIKCHpOBaHHOM flOTeHilHaJlC Ha THTaHOBOM ·iaTBOpe 3UBIICHMOCTb M OT v" BCerna 

H.'\ICeT 06J1acTb 11acbILUCHHll. '310 CBJ11a110 c ·>c!Hl>eKTOM 01cc•1K11 Ka11ana 

npOBO)lHMOCTH Ha rpam1ue 5,'i-Si(Ji, npHBO,[ll!LUeMy K orpa11w-1e111110 CTOKOBOfO TOKa 

B np116ope. OnuaKo llMllYJlbCIIall JHOKC-aMnep11al! xapa1nepHCTHKa cjJOTOllpHeMHl!Ka 

np11 ')TOM OCTaCTCll Jll1HCHHOH, 6naro;iapll Hl13KOMY HMflCJiaHCY eMKOCTH 

non1a-rBop1rnro n11111eKTp11Ka. 

CyruecTBOBaHHe HaCbllllCHllll B 1aBHCI-IMOCTll M OT vd. yKa'lbIBaeT 11a 

peanbHYIO B03MO)KHOCTb C03)1aHHll Ha OCHOl3e 13b!lllCYKa3al!HOH l:Tpy1nypbl 

MHOro,JleMeHTHbJX Jlal3HIIHblX <jJOTOflpHeMHHKOl3 C BblCOKOH npocTpaHCTBCHHOM 

OJlHOpO)lllOCTb]O K03!p!pHUHeHTa yc11J1eHHll [2]. 

Ha pnc.3 npe)lCTaBJlell aMllJIHTY )lHblM cneKTp npH cpen11eM KOJl!fLJeCTBe 

cjJOTOHOB 13 HMfl)'JlbCe Np1,=2 (npH TCMnepaType T= - 25°C). 8H)1HO, 'ITO JlaBHHHblM 
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Puc.4. AMnJJIITYJlHbJM CIIeKTP cnrnana 0)11103JleMeHTHOro CUHHTHJlJlllUHOIIHOro 

)lCTeKTOpa npu perHCTpaunn raMMa-H3JlY'ICHHll OT H30TOfla Cs
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<IJOTO!lHO!l HMeeT on1101neKTpOHHbIH IIHK c pa3pemeHneM -40% npn )].JlHHe Bon111,1 

ll'lJlY'ICl!Hll -550 HM. CneKTp CHHMaJlCll no cxeMe COBII3)1CHHH c IIIHpHHOM 

CTJ10011J10l3aH11ll -50 HC. Konw1eCTBO <\JOTOHOB B HMIT)'JlbCe onpenenl!JIOCI, C 

IIOMOlllblO <!>3Y-l 30 C ll3BeCTl!OM crreKrpaJlbHOH 4)'BCTBHTCJlbHOCTl,JO !pOTOKaTO)la. 

KaK noKaJbJBaJOT HCflbITaHHll, pa3pa60Tmrn1,1e JI<!>)l JIOOC c nnaMeTpOM 

pa6o•ieil fIJlOIUa)lH d= 1,2 MM HMCIOT Bbl CO KY JO 4YBCTBHTeJlbHOCTI, •. Ha pnc.4 

11pc,1crnnJ1eH aMf!JlHT)')lHblM CfleKTp, fIOJlY,ICHHI,JM npn KOMHaTHOM TeMrreparype C 

IIOMOlllblO 0,[lll03JleMeHTHOf0 JlaBHHHOro <jJOTO)lHO)la. 8H)1HO, 4TO aMITJIHT)')lHOe 

1xnpeme1me neTeKTOpa ( <pOTO)lHO)l+CUHHTHJIJll!TOp) COCTaBJJlleT BeJIH4HHY -40%. 

'bccb 13 Ka 11ecrne CUHHTHJ1J1l!TOpa HCIIOJlb30Bancll KpncTaJIJI LSO (opTocnnHKaT 

11101eu1rn) pa3MepoM 1 x 1 x 10 MM. C6op cBeTa rrpoH3BO)lHJICll c Topua LSO 

1u10LUan1,10 I MM
2

• B ,TOM cnyqae 1uepren1qecKoe p33peIIIe11ne 06p33ua 

CUHJITHJlJll!UllOHHOro )leTCl<TOpa orrpeneJll!JlOCb «reoMeTpnqecKHM» <jlaKTOpOM 

(cjioT03JleKTpOH, co3nauH1,1ii rm.1:Ma-KBaHTOM, BblJleTaeT H3 061,eMa LSO II3-3a 

MaJlblX p33MepOB KpHCTaJlJia). 

3. KoHCTpyKUIIH M0JlYJIH MII0f0K311aJII,II0f0 CUHIITIIJIJIHUH0IUIOf0 

)lCTCKT0pa 3apmt.CIIHhlX •rncTHU II raMMa-H3Jiyqemrn 

Ha OCHOBe IIOJl)'4eHHbIX pe3)'JlbTaTOB rrpe)lJIO)KCH 4-KaHaJll,Hb!M KOMIIa:KTHbIM 

MO)l)'Jlb JlaBHHHbIX !pOTO)lHO)lOB C 60JlbIIIOM 3!p!pCKTI-IBHOH IIJIOIU3)1I,JO (pnc.5). 

KmK)lbltt ,neMeHT JI<!>)l JIOOC c <pOT04)'BCTBHTeJihHOH rrnoruan1,10 2,8x2,8=7,84 

MM
2 

HMeeT orrTnqecKnii KOHTaKT c TopuoM LSO (mm YAP) p33MepoM 4x4xl0 MM. 

TTpn 3TOM 3<p<peKTHBHOCTI, c6opa CBCTa, BbIXO)ll!IUero C rnpua l(a)l(,L\OfO KpHCTaJIJia 

LSO, MO)KeT nocn1raTb - 50%. ITocKon1,Ky KpIICTaJIJihI LSO nMeJOT IIJJOTH)'JO 

ynaKOBKY, TO IIOJ1e3H3.ll (4YBCTBHTeJlbH3.ll) rrrroruanb CUHHTIIJlJll!UHOHHOro )leTeKTOpa 

rrpH perncTpaUHH 3apl!)KCHHI,IX qaCTHU H faMMa-KBaHTOB MO)KeT COCTaBHTI, -95%. 

TaKHM o6p330M, p33pa6ornHHl,JM 4-,JieMeHTHbili KOMIIah'THl,JM MO)l)'Jlb Jlcl>)l 

JIOOC II03BOJ1HT C03)1aTb ( co6paTh) KOOp)lH!IaTHO-'J.YBCTBHTeJibHbili 

CUHHTHJIJll!UHOHHb!M )leTeKTOp, rrpaKTH4eCKH 6e3 «MepTBOH» 30HbI, HMeIOIUHM 

06ruy10 JIJIOIUa)lb )10 1 M 2
. 

4. OcHOBHhIC pe3yJihT3Thl II BhlB0)lhl 

1. P33pa6oTaHbI, H3fOTOBJ1CHI,J H HCIIb!TaHI,I HOBb!e BbICOK04YBCTBIITCJibHhle 

naBHHHbie <pOTO)lHO)lI,J, CIIOCOOHbie perHCTpnpoBaTb crra61,1e CBCTOBbie CHfHaJlbI 

(BIIJIOTI, )10 OT)leJibHblX !pOT03JleKTpOHOB). B CO"leTaHIIII C p33JIH41IbIMH 

CUHHTHJIJll!TOpaMH p33pa6oTaHHl,Ie !pOTO)lHO)lbI )13IOT B03MO)KHOCTI, JI3Mepl!TI, 

3HeprHJO H rrpocrpaHCTBeHHb!e KOOp)lHHaTbI 3apl!)KCHHI,JX "laCTHU H faMMa

H3Jl)'"leHHll. 

2. Ha OCHOBe IIOJI)'4CHHI,IX pe3)'JlbTaTOB p33pa6oTaH 4-KaHaJII,Hblll KOMIIaKTHbIH 

Monyn1, Jl<!>)l JIOOC, K0Top1,1ii II03BOJIHT co3)1aTb KOOpL\HHanrn

"IYBCTBHTeJibHhIH CUHHTI-IJIJIHUHOHHl,IM )leTeKTOp C 60JibllIOM 3q><peKTI-IBHOM 

rrrroruan1,10. I1crron1,30Ba11ne Jlcl>)l JIOOC B 3J1eKrpo11-rroJ1ITpon 11 

peHTreHOBCKHX TOMorpa<pax, BMeCTO <!>3Y, II03BOJ1HT y11pocnn1, o6pa60TKY 

IIH<pOpMaUHH, yMeHbIIIHTb ce6ecTOHMOCTb arrrrapaTyp1,1 H Yl1Y'·lIIIHTh 

KOOp)lHHaTHOe p33peIIIeHIIe TOMorpa<pOB. 
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Kopnyc -10MM*10MM 

nog11o>+<Ka n¢.fl nooc 
(4MM*4MM} 

311eKmpu4ecKue e~eog~ 
d=0,4 MM; 1=10 MM 

(!)omo4yecmf>ume11bHOA • 
nJlOW.09b n¢.fl nOQC(2,8MM*2,8MM) 

Cu.uHmu1111s:imop(LSO u11u YAP) 
4,8MM*4,8MM*10MM 

Pttc.5. 3cKH3 KOMUaKTHOro 4-3JJCMCHTHOro MO)lYJJH CUHHTHJJJJHUHOHHOfO 

)lCTCKTOpa raMMa-H3JJY'ICHHH C qyBCTBHTCJJbHOH TTJIOLUa.Ub!O I 00 MM
2 
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TUKll~I 06pa10M. 1nroTOBJ!Cllbl II IICilbITUllbl npm,tblWJJCHHble o6pa3Ubl 

IIOBblX JJUBIIHl!blX !)JOTO.UHO.UOB. cnoco611b1e penICTpllpOBUTb CBepxcna6bie 

cneTOBble TTOTOKII. no pHllY napaMeTpOB. TUKHX KUK noporoBaH 

'l)'BCTBIITl!JlbHOCTb. OblCTpo::ieiicTBHe. w11p1ma cneKTpaJJbHOH 

'IYBCTBHTCJlbHOCTII. KO")!IH)lUllellT yc11nemrn II ce6eCTOHMOCTb. pa3pa6oTUHHbie 

Jl<l>)l JlOOC npCBOCXOllHT UIIUJJOnl JJUBIIIIHblX !)JOTO)lllO)lOB ll3BeCTl!bIX 

·iupy6e)l(Hb!X 1)mpM. 

Pa6oTa UblTTOJJHCIIU np11 IlOll.D.CP)KKC MIIHHCTCpCTBU HayKH II TCXHOJJOrHH 

Pocc11UcKoii <l>e)lepam111 B paMKax nporpaMMbI « Hay•moe np116opocTpoeu11e». 

KoinpaKT N~ 28/5 OT 24.12.98 11 N~ I 00/ 548 OT 23.02.99. 

ABTOpb! Bbtpa)l<UJOT 6J1aro,'1ap11ocTb B.A. MoH•11111cKtmy. O.vl. EpoBKO. B.l1. 
11,auKoBy II A.A. rloBTOpCHKO ·ia npOHBJJCllllbltt mncpec II no::inep)KKy. 
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