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OBIII.MI XAPAKTEPHCTHKA PA60Tbl 

AKTyaJibHOCTb TCMbl 

C MOMeHTa 3apmK.nemrn B Ha'laJie 1970 roJJ,oB, KsaHTOBaH XpoMo ,U0HaMttKa (KX.U) 

paccMaTpttsaeTCH B Ka'lecrne qJYHJJ.aMeHTaJibHOH TeOpHH CHJlbHbIX B3aHMOJJ,eHCTBHH, 

'ITO IlOJJ.KpenJIHeTCH T04Hb!M COOTBeTCTBHeM npeJJ,cKa3aHHH KOHCTaHTbl CBH3H B3a

HMO.ll.eHCTBHH 3KcnepttMeHTaJibHbIM .naHHbIM, a TaK)Ke ycneXOM Teopm-1 B KOJIH'le

CTBeHHOM OilHCaHHH Ha6mo.naeMbIX HBJleHHH, TaKHX KaK napTOHHaH CTpyKTypa a.n

poHOB HJIH pO,KJJ,eHHe CTPYH H TH)KeJioro KBapKOHHH. OJJ,HaKO, B CBeTe IlOCTOHHHO 

pacTyIUHX 3KCnepttMeHTaJibHblX B03MO,KHOCTeH, npoBepKa 3TOH TeopttH OCTaeTCH 

OJI.HOH H3 Ba,KHeHUJHX 3aJJ,a4 cpH3HKH 3JieMeHTapHbIX qacTHU. KaK npocTeHwaH CBH-

3aHHaH CHCTeMa B CHJlhHOM B3aHMO.ll.eHCTBHH C 6oraTOH BHYTpeHHeH CTPYKTypoH, 

Tl!,KeJiblH KBapKOHHH o6ecne4HBaeT npeKpaCHyJO B03MO,KHOCTb npoBepKH KX.U KaK 

B nepTyp6aTHBHOM, TaK tt B HenepTyp6arnBHOM pe,KHMax. J / 'ljJ Me30H HHTepeceH 

C 3TOH T04KH 3peHHH H3-3a. 3KCnepttMeHTaJibHb!X npettMymecTB, CBH3aHHbIX C Jien

TOHHOH MOJJ.OH ero pacnaJJ,a. 

Ce11eH0e pO,KJJ,eHHH TH)KeJioro KBapKOHHH Ha npoTOH-aHTHilpOTOHHOM KOJIJiaH

.nepe Ha 5 nopH.ll.KOB Bb!Ille no cpaBHeHHIO .c e+e- B cpa6pttKaMH, OJJ,HaKO OHO Ha 

3 nopH.ll.Ka Me!lbille nOJIHOro ce11eHHH pp B3aHMOJJ,eHCTBHH B 100 M6. TTpo6JieMa 

6oJibWOro cpo11a MO,KeT 6b!Tb pewe11a TOJibKO C npHMeHeHHeM YHHKaJibHOfO uep

WHHHOro ,I\CTCKTopa H BbICOK03cpcpeKTHBHOH Tpurrepuoii CHCTCMbl. I1MeHHO 3THM 

o6bHCHHeTCH TO, 'ITO npe,K.ne 11eM npttcTynHTb K Bonpocy 06 03yqe1100 npouec

COB, CBH3aHHbIX C pO,KJJ.eHtteM 4apMOHHH, aBTOp npoJJ,eJiaJI 60JibillYIO MeT<;>JJ.H'leCKYIO 

pa6oTy no C03,n:aHHIO KpeMHHeBoro BepwHHHOro TpeKOBOro ,n:eTeKTOpa svx II (Si
licon Vertex) H tt3y11e11tt10 H onTHMH3aUHH MJOOHHoro Tpttrrepa ycrn110BKH CDF II 
(Collider Detector at Fermilab). 

,UeTeKTop CDF II HBJIHeTCH pe3yJihTaToM pa60Tbl no scecrnpOHHeH MOJJ.epHH-

3aUHH nepBOHa'laJibHOro ,n:eTeKrnpa CDF, C T04KH 3peHHH 4apM cptt3HKH, Hatt6o

Jiee Ba)KHOH 4aCTblO npoBe,n:eHHOH MOJJ.epHH3aUHH HBJIHeTCH HOBaH HHTerpttpoBaHHaH 

TpeKoBaH CHCTeMa H HOBaH TpttrrepHaH CHCTeMa. I1HTerpttpoBaHHaH TpeKoBaH CH

CTeMa cocTOHT H3 KpeM11tteBoH cttcTeMhl H ,n:peHcpOBOH KaMepbI COT (Central Outer 

Tracker) . 

TTptt MaJiblX nonepeqHbIX HMnyJibCax 3cpcpeKTbl Me,n:JieHHblX rJIIOOHOB H uecppar

MeHTaUHOHllbie 3cpcpeKTbl OT JJ.pyrnx OKTeTHblX MaTpH4HbIX 3JieMeHTOB, KOTOpbie 

Tpy,n:HO Bb14HCJIHTb TeopeTH'leCKH, ,n:aJOT cyw.eCTBeHHbIH BKJia,n: H npttBO.D:HT K OTJIH-

4HIO Me,K,n:y TeopeTH'leCKHMH npe,n:cKa3aHHHMH H 3KCnepHMeHTaJibHblMH ,n:aHHbIMH. 

l13MepeHtte ce11e11HH qapMOIIHH nptt MaJibIX nonepe4Hb!X HMilYJibcax HBJIHeTCH OJI.HOH 

H3 OCHOBHblX 3a,n:aq ,n:aHHOH pa6oTbl. 

Uenb pa6oTbI 

0,n:HOH 03 OCHOBHbIX ueJieH pa6oTbl 6b!JIO C03,n:aHHe, ycTaHOBKa H BBO,n: B 3KCnJiya

TaUHIO BepwttHHoro ,n:eTeKrnpa CDF, SVX II. B MeTOJl.tt1IecKy10 11acTb pa6oThI Bxo

JJ.HJIH 0IlTHMH3aUHH, pa3pa60TKa npoue.n:ypbi H H3Mepe11He ::icj:lcpeKTHBHOCTH pa60Tbl 

.D:BYXMIOOHHOfO TpHrrepa CDF, a TaK,Ke pa3pa6oTKa H BHe,n:peHHe Bbl'IHCJIHTeJibHOfO 
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KOMnJieKca AJIH aHaJIH3a qm3w-1ecKHX AaHHblX ycTaHoBKH CDF II. B aHaJIHTH11ecKy10 

qacTb BXOAHT H3y'leHHe peaKU.HH J /'1/J --> µµ npH 3HeprHH B CHCTeMe u.eHTpa Mace 

1,96 T3B, B oco6eHHOCTH npH MaJibIX nonep«.!'!HbIX HMnyJibCax J /'1/J H onpeAeJieHHe 
noJIHoro H AH<pq>epeHu.HaJibHOro ce11eHHH pacnaAa J / 'ljJ. 

Ha}"IHan HOBH3Ha pa60TLI. 

l. BnepBbie 6b1JI pa3pa60TaH H co3AaH q>H3H'!ecKHH npoeKT yHHKaJibHOro sep

IIIHHHoro AeTeKTOpa AJIH npoTOH - aHTHnpOTOHHOro KOJIJiaHAepa, pa60Ta10L11.e

ro npH 3HepmH B CHCTeMe u.eHTpa Mace 1,96 T3B, cnoco6HbIH q>yHKU.HOHH
poBaTb npH MrHOBeHHOH 'cBeTHMOCTH 2 . 1032 CM-2c-1 , BnJIOTb AO HHTerpaJia 

CBeTHMOCTH 4 - 8 qi6 H HMeIOtu.HH 6oJiee 700 TbICll'I KaHaJJOB. ' 

2. 6bIJI pa3pa60TaH H BHeApeH HOBbIH TpHrrep, no3BOJIHIOLlJ.HH MHOroKpaTHO yse

JIH'IHTb BbIXOA qapMOHHH H B Me30HOB. 6bIJia npoBeAeHa OnTHMH3aU.HH H H3-

MepeHHe 3q>q>eKTHBHOCTH AHMIOOHHOro TpHrrepa ycTaHOBKH CDF. 6bIJI npeA

JIO)KeH H BHeApeH B CHCTeMy aHaJIH3a 3KCnepHMeHTaJibHbIX AaHHblX ycTaHOBKH 

CDF II aJiropHTM, MOAeJIHPYIOLlJ.HH pa6oTy TpHrrepa. 

3. BnepBbie H3MepeHO nOJIHOe ~e11eHHe peaKU.HH J /'1/J --> µµ B pp CTOJIKHOBeHHHX 
npH 3HepmH 1,96 T3B. 

4. l13MepeHO AHcpqi'eperiu.miJibHOe ce11eHHe peaKU.HH J/'ljJ --> µµ B 'PP CTOJIKHO

BeHHHX np11 3HepmH 1,96 T3B.· B o6Jiacrn nonepe11HbIx HMnyJibCOB J/'ljJ < 
4 f3B/c nOA06HOe H3MepeHHe CAeJiaHO BnepBble. 

Hayquan H npaKTuqecKan n.eHHOCTL pa60TLI 

Co3AaHHbIH BeplllHHHhlH KpeMHHeBhlH rpeKOBhIH AereKTOp HaXOAHT urnpoKoe npH

MeHeHHe B nporpaMMe q>H3H'leCKHX HCCJieAOBaHHH, npoBOAHMOH C 2001 r. no Ha

CTOlllll.ee speMH Me)KAyHapoAHOH KOJIJia6opau.HeH CDF. 

C03AaHHOe nporpaMMHOe 06ecne11eHHe TpHrrepa no3BOJilleT H3MeHHTh napaMeT

pbl TpHrrepa, KOHTpOJIHpOBaTb ero pa6oTy s XOAe Ha6opa CTaTHCTHKH, o6pa6aTbI

BaTb HHq>opMaU.HIO, BhIAaBaeMyIO TpHrrepoM B pe)KHMe Oq>q>JiaHH, a TaK)Ke npOBO

AHTb MOAeJIHpOBaHHe OTKJIHKa ABYXMIOOHHOro TpHrrepa H H3MepeHHe 3q>q>eKTHBHO

CTH ero pa6oTbI c noMOLlJ.bJO o6meii nporpaMMhI MOAeJIHposaHHli AeTeKTopa CDF. 
Otto MO)KeT 6bITb HCnOJib30BaHo H B ApyrHX aHaJIOfH'!HhIX CHCTeMax. 

l13MepeHHe ce'!eHHH J /'1/J 4 µµ B 'PP CTOJIKHOBeHHHX npH 3HepmH 1,96 T3B 

AaeT u.eHHYIO 3KCnepHMeHTaJihHYIO HHq>OpMaU.HIO AJIH AaJibHeHII1ero pa3BHTHll nOHH

MaHHH AHHaMHKH pO)KAeHHH 11apMOHHH npH BbICOKHX 3HeprHHX, KaK C TO'IKH 3peHHll 

MOAeJIH HePeJIHTHBHCTCKOH KsaHTOBOH XpoMo ,UHHaMHKH (HP KX,U), TaK H qieHo

MeHoJiorH11ecKHx nOAXOAOB, no3B0Jil!eT nposeCTH HOpMHpOBKY TeopHH H cpaBHeHHe 

C pe3yJihTaTaMH ApyrHX 3KCnepHMeHTOB nyTeM Bbl'IHCJieHHH YHHBepcaJibHhlX MaT

pH'!HblX 3JieMeHTOB. l1ccJieAOBaHHll npou.eccoB pacnaAa 11apMOHHll BHeCJIH HCHOCTb 
B noBeAeHHe ce11eHHH npH MaJibIX nonepe'!HblX HMnyJibCaX J /'1/J. 

2 

.. 

Ha 3a111,ury BLIHOCHTCH: 

Pe3yJihTaTbl 3KCnepHMeHTaJibHhIX HCCJieAoBaHHH no C03AaHHIO BepUIHHHoro AeTeK

TOpa, OnTHMH3aU.HH H HCCJieAOBaHHIO xapaKTepHCTHK MIOOHHoro TpHrrepa H H3Me

peHHIO HHKJII03HBHOro ce11eHHH J /'1/J B pp B3aHMOAeHCTBHllX npH 3HeprnH 1,96 T3B. 

l. ¢H3H'leCKHH npoeKT no C03AaHHIO KpeMHHeBoro sepWHHHOro TpeKOBOrO Ae

TeKTOpa ycTaHOBKH CDF II, Ha HacTOHLll.HH MOMeHT - caMoro KpynHoro H 

cosepweHHOro B q>H3HKe 11acTHU.. 

2. Pe3yJihTaTbl pa60Tbl no OnTHMH3aU.HH qacTOTbl cpa6aTb!BaHHH ABYXMIOOHHOro 

TpHrrepa nepsoro ypoBHH ycTaHOBKH CDF II, no3BOJIHmueii yMeHbWHTb 11a

CTOTY cpa6aTh!BaHHH B 3,5 pa3a H o6ecne'!HTh Ha6op AaHHbIX npH npoeKTHOH 

CBeTHMOCTH. Pa3pa6oTKa aJiropHTMa MOAeJIHpoBaHHll pa60Tbl ABYXMIOOHHOro 

TpHrrepa. l13MepeHHe 3q>q>eKTHBHOCTH OAHOMIOOHHOro H ABYXMIOOHHOro TPlff

repa. 

3. l13MepeHHe nOJIHOro HHKJII03HBHOfO ce11eHHll peaKU.HH J j1jj--> /Lµ B 'PP CTOJIK

HOBeHHHX npH 3HeprHH 1,96 T3B. Ha HaCTOHLlJ.HH MOMeHT 3TO eJ].HHCTBeHHOe 

H3MepeHHe HHKJII03HBHOro ce11eHHH J /'1/J Ha aApOHHOM KOJIJiaHAepe B u.eH

TpaJibHOH o6JiaCTH AO 3Ha'leHHH PT = 0 f3B/c. l1ccJieAOBaHHe noBeAeHHH 

AH!pq>epeHU.HaJibHOro ce11eHHll pO)KAeHHll J /'1/J no nonepe'IHhlM HMnyJihCaM. 

Anpo6au.un pa60TL1 

Pa60Tbl, noJIO)KeHHb!e B OCHOBY AHCCepTaU.HH, AOKJiaAbIBaJIHCb H o6cy)KAaJIHCb Ha 

Hay'!Hb!X H MeTOAH'leCKHX ceMHHapax Jia6oparnpHH BhICOKHX 3HeprnH 06beAHHeH

HOfO HHCTHTyTa HAepHbIX HCCJieAOBaHHH (Ol1Hl1) H B Hau.HoHaJihHOH yCKopmeJib

HOH Jia6opaTOpHH HMeHH <l>epMH (r.6aTaBHH, CllIA), c Kornpoii y Ol1Hl1 noAnHcaH 

AOroBop o Hay11Ho-TexHH11ecKOM coTPYAHH11eci-se, a TaK)Ke ny6JIHKOBaJIHCb B se

AYLll.HX Hay'!HhlX nepHOAH'!eCKHX H3AaHHllX H MaTepHaJiax MHOfO'!HCJieHHblX Me)K

AYHapOAHbIX CHMn03HYMOB, cpeAH KOTOpbIx: International Symposium Electronic 

Instrumentation In Physics, npoxoAHBWHH B ,Uy6He B 1991 r.; IEEE Nuclear Sci

ence Symposium, Nov. 2-9, 1991, Santa Fe, New Mexico, USA; International 

Symposium on Development and Application of Semiconductor Tracking Detec

tors, Hiroshima, May 22-24, 1993; IEEE Nuclear Science Symposium and Medical. 

Imaging Conference, November 2-6, 1993, San Francisco, California; IEEE Nu

clear Science Symposium, Lyon, France, October 15-20, 2000; 10th International 

Workshop on Vertex Detectors (Vertex 2001), Brunnen, Switzerland, 23-28 Sep 

2001; 8th International Conference on Advanced Technology and Particle Physics 

(ICATPP 2003): Astroparticle, Particle, Space Physics, Detectors and Medical 

Physics Applications, Como, Italy, 6-10 Oct 2003; 9th International Conference 

on B Physics at Hadron Machines (Beauty 2003), Pittsburgh, PA, October 14-

18, 2003; International Europhysics Conference on High-Energy Physics (HEP 

2003), Aachen, Germany, July 17-23, 2003; 4th International Symposium on LHC 

Physics and Detectors (LHC 2003), Batavia, IL, May 1-3, 2003; 38th Rencontres 
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de Moriond on QCD and High-Energy Hadronic Interactions, Les Arcs, Savoie, 

France, March 22-29, 2003; 17th Les Rencontres de Physique de la Vallee D'Aoste: 

Results and Perspectives in Particle Physic~. La Thuile, Aosta Valley, Italy, March 

9-15, 2003; Me)K,!l.yHapo,!1.H0e C0Bern.aHHe AMepHKaHCKOro <PH3WleCKOfO O6w.ecrna, 

OT.u.eJieHHll lfacrnu H I1oJiett (APS/DPF 2003), npoxo.u.HBlllee B <l>HJia.u.eJibcj}HH, 

CWA; Me)K.U.yHapo.u.HaH KOHcj}epeHUHll no HeynpyroMy paccellHHIO (DIS 2003) B 

C.I1eTep6ypre; Me)K.u.yHapo.u.HOe coBern.aHHe no TH)KeJIOMY KBapK0HHIO (QWG 2003) 

B 6aTaBHH, CWA. KpoMe rnro, roT0BHTCll 6oJiblllaH ny6JIHKaUHll "Measurement of 

the J /1/J Meson and b Quark Production Cross Sections in p-pbar Collisions at 

sqrt(s) = 1960 GeV" B )KypHaJie ,,Phys. Reu. D" B Mae 2004 ro.u.a. 

CTpyKTypa H o6'beM .n;uccepTau.uu: ,!l.HCcepTaUHH C0CTOHT H3 BBe,!l.eHHH, ceMH 

rJiaB, 3aKJIIO'JeHHll H cnHCKa JIHTepaTypbl H3 179 HaHMeHOBaHHH. O6W.HH 06beM 

,!l.HCCepTaUHH 198 CTpaHHU MalllHH0nHCH0ro TeKCTa. 

CO,ll;EPJKAHHE PAliOThl 

Bo BBe,n;eHHH .u.aeTCll KpaTKHH o63op TeopeTH'-JeCKOH H 3KCnepHMeHTaJibHOH CHTya

UHH no H3MepeHHIO Ce'-leHHH '-lapM0HHll npH Bb!C0KHX 3HeprHllX H H3y'-leHHIO pacna.u.a 

J /1/J-+ µµ. CcpopMyJIHpoBaHbl 0CH0BHbie 3a,!l.a'-IH pa60Tbl, 0nHCaHa CTpyKTypa H co

.u.ep)KaHHe ,!l.HCcepTaUHH. 

B nepBOU rnaBe .u.aH KpaTKHH o63op HHKJII03HBH0ro p0)K,!l.eHHll '-lapM0HHll. 

Bo BTOpou rnaBe .u.aH0 onHCaHHe ycK0pHTeJibH0ro K0MnJieKca T3BaTpOHa H .u.eTeK

rnpa CDF, a TaK)Ke npHB0.U.HTCH o6w.ee onHcaHHe TpHrrepHott CHCTeMbI .u.eTeKTopa 

H cHCTeMbI aHaJIH3a cj}H3H'-lecKHX .u.aHHbIX CDF, CAF (Computer Analysis Farm), B 

C03,!l.aHHe KOTOpOH aBTOp BHec onpe.u.eJill!Olll.HH BKJia,!l. . 

TaBaTpOH HBJilleTCll UHKJIH'-leCKHM YCK0pHTeJieM C pa.u.HyC0M 0K0JI0 l KM, B K0-

T0p0M npoHCX0,!l.HT CT0JIKH0BeHHll ripoTOHOB H aHTHnp0T0H0B, ycKopeHHbIX B np0TH

B0n0JI0)KHbIX HanpaBJieHHHX ,!1.0 3HeprHH B CHCTeMe ueHTpa Mace l,96 T3B. I1y'-IKH 

np0TOH0B H aHTHnpoTOH0B np0X0,!l.llT 5 CTa,!l.HH ycKopeHHll: KoKpocj)T-BOJITOH, JIH

HeHHblH ycKopHTeJib LINAC, 6ycTep, OcHOBHOH 11H)KeKTOp H T3BaTpOH . 

CDF II - 3TO YHHBepcaJibHbIH .u.eTeKTOp, no3BOJill!Olll.HH pernCTpHpOBaTb H H3-

MepllTb C Bb!COKOH T0'-IH0CTb!O napaMeTpbl KaK 3apll)KeHHbIX '-laCTHU, TaK H cj}OTOHOB. 

Koop,!1.HHaTbl, YrJibi BbIJieTa H HMnyJibCbl 3apll)KeHHbIX '-laCTHU H3Mepll!OTCll K00p.U.H

HaTHOH CHCTeMOH .u.eTeKT0pa, COCTOlllll.eH H3 KpeMHHeBoro BeplllHHH0ro ,!l.eTeKT0pa H 

.u.pettcj}OBOH KaMepbl, pacn0JI0)KeHHbIX B MarHHTH0M noJie, C03,!l.aBaeM0M CBepxnp0B0-

.ll.lllll.HM C0JieH0H,!l.0M. 3JieKTpoMarHHTHblH H a.u.pOHHbIH KaJI0pHMeTpbI o6ecne'-IHBaIOT 

H3MepeHHe 3HeprHH H yrnoB a.u.poH0B, 3JieKTp0H0B H cj}OTOHOB, a TaK )Ke no3B0Jlll!OT 

pa3,!l.eJillTb 3JieKTp0Hbl H a.u.poHbl. M!OOHHall CHCTeMa, C ueHTpaJibHblM MIO0HHb!M 

.u.eTeKTopoM CMU (Central Muon), cJiy)KHT ,!I.Jill perncTpauHH MIO0H0B. 

Tpurrep HrpaeT Ba)KHYIO p0Jib B 3KCnepHMeHTaX Ha a.u.poHHblX KOJIJiaii.u.epax. 

TaK KaK '-laCT0Ta CTOJIKHOBeHHH 3Ha'-IHTeJibH0 npeBbllllaeT CK0p0CTb 3anHCH co6bI

THH, Heo6XO,!l.HMO o6ecne'-IHTb 6bICTpbIH OT6op HHTepecyIOIUHX co6bITHH. B CeaH

ce II npH npoeKTHOH CBeTHM0CTH '-laCTOTa CTOJIKHOBeHHH 0K0JI0 7,6 Mru, a CK0-

' :~ ,,4 
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poCTb 3anHCH - MeHee 75 ru. 3a.u.a'-la TpHrrepa - 3cpcpeKTHBH0 orn6paTb HHTe

pecyIOW.He co6bITHll cpe,!1.H 60JiblllOf0 '-IHCJia ynpyrnx CTOJIKHOBeHHH. TpHrrepHall 

cHcTeMa Ha CDF HMeeT 3 ypoBHll, Ka)K,!l.bIH H3 K0TOpbIX o6ecne'-IHBaeT .u.ocTaT0'-1-

Hoe CHH)KeHHe '-laCT0Tbl cpa6aTbIBaHHH, '-IT06bI no3B0JIHTb o6pa60TKY co6bITHH Ha 

CJie,!1.yIOrn.eM ypoBHe C MHHHMaJibHbIM MepTBbIM BpeMeHeM. 

CucTeMa auaJitt3a ,n;aHHhIX CDF (CAF) nocTpoeHa Ha ocHoBe 6oJiblllOH (60-

Jiee 1000 npoueccopoB, Bbl'-IHCJIHTeJibHOH cpepMbl, COCTOlllll.eH H3 K0MnbIOTepoB C 

onepaUHOHHOH CHCTeMOH JlHHYKC, HMeIOrn.ett ,!l.0CTyn K CHCTeMe c6opa H o6pa60TKH 

.u.aHHblX H 06ecne'-IHBaIOW.eH o6pa60TKY naKeTHblX 3a,!l.aHHH aHaJIH3a. CHCTeMa TI03-

B0JilleT 3anycK y.u.aJieHHblX 3a,!l.a'-I, K0HTp0Jib H Ha6JIIO,!l.eHHe 3a HX Bbln0JIHeHHeM. 

B TpeTheu rnaBe .u.aH0 onHCaHHe pa60Tbl no C03,!l.aHHIO KpeMHHeBoro BeplllHHH0ro 

.u.eTeKTopa SVX II ,!I.Jill yCTaH0BKH CDF II. I1o.u.po6Ho onHcaHbI 3JieMeHTbI .u.eTeK

rnpa, B C03,!l.aHHe K0T0pb!X aBT0p BHec onpe.u.eJill!Olll.HH BKJia.u.: MHKpoCTpHn0Bbie 

KpeMHHeBbie .u.eTeKT0pbl '-laCTHU H 3JieKTp0HHKa C'-IHTbIBaHHll KpeMHHeBbIX ,!l.eTeKT0-

poB (MHKpocxeMa SVX3 H KoMnaKTHall ITopTKapTa (ITK)). 

B 1991 ro.u.y B pe3yJibTaTe HCCJie,!1.0BaTeJibCKOH pa60Tbl B Jla6opaTOpHH BbICOKHX 

3Heprntt O6be,!l.HHeHHOro 11HCTHTyTa BbICOKHX 3Heprntt B C0TPY.U.HH'-lecrne c npe.u.

npHllTHllMH MHKp03JieKTp0HHKH MoCKBbl H 3eJieHorpa.u.a 6bIJIH C03,!l.aHbl H H3y'-leHbl 

o6pa3Ubl MHKpocTpHn0BbIX .u.eTeKT0p0B, pa3pa60TaHbl 11 HCnbITaHbl H0Bble BbIC0K0-

npo.u.yKTHBHble' TeXH0JI0rHH np0H3B0,!l.CTBa ,!l.eTeKT0p0B, no3B0JIHIOIUHe H3rDTaBJIH

BaTb KaK 0,!1.H0CT0p0HHHe, TaK H .U.BYCT0p0HHHe ,!l.eTeKT0pbl, 06Jia,!1.a10rn.He xop0lllH

MH 3KCnJiyaTaUH0HHbIMH xapaKTepHCTHKaMH. B .u.aJibHettllleM pa6oTa no C03,!l.aHHIO 

MHKp0CTpHn0BbIX .u.eTeKT0p0B ,!I.Jill ycTaH0BKH CDF 6bIJia npo,!1.0JI)KeHa B C0TPY.U.HH

'-leCTBe c HauHoHaJibHbIM 11HCTHTYTOM R.u.epHbIX 11ccJie.u.oBaHHH (INFN) B r. ITa.u.yH, 

11TaJIHll. 
B CeaHce I 6bIJIH Hcn0Jib30BaHbI TaK Ha3bIBaeMbie FOXFET (Field Oxide Field 

Effect Transistor) .u.eTeKT0pbl, B K0T0pb!X no,!l.a'-la Hanpll)KeHHll nHTaHHll ocymecTB

JlllJiaCb npH n0M0lll.H FET TpaH3HCTcipa C 3aTBopoM H CT0K0M, o6W.HMH ,!I.Jill Bcex 

CTpHn0B. TaKaH cxeMa n0,!l.KJIIO'-leHHll 0Ka3aJiaCb no.u.Bep)KeHa HeraTHBH0MY BJIH

llHHIO pa.u.HaUHH, cBottcrneHHOMY BCeM MOTT (MeTaJIJI OKHceJI I1oJiynpoBo.U.HHK) 

npH6opaM, npHB0,!1.HW.eMy K HeCTa6HJibHOCTH B pa6oTe H yxy.u.llleHHIO xapaKTepH

CTHK. )lJill 6oJiee noJIHOH xapaKTepH3aUHH pa.u.HaUHOHHOH CTOHKOCTH pa.u.HaUH0H

Hble 3cpcpeKTbI B FOXFET .u.eTeKTopax H3y'-laJIHCb c npHMeHeHHeM pa3JIH'-IHbIX HC

T0'-IHHK0B H3JIY'-leHHH: npoT0H0B, HettTpOHOB H raMMa KBaHT0B. IToporoBoe Hanpll

)KeHHe FET 0Ka3aJI0Cb CHJibH0 3aBHClllll.HM OT pa.u.HaUH0HHbIX noBpe)K,!l.eHHH H 6bI

JIH BblllBJieHbl 3cpcpeKTbl K0p0TK0ro 3aMbIKaHHll, Bbl3BaHHbie HH3KHM JiernpoBaHHeM 

KpeMHHeBOH n0,!l.JI0)KKH .u.eTeKT0p0B. 113y'-leHO BJIHllHHe HaK0nJieHHH noJI0)KHTeJib

HblX 3apll,!1.0B B 0KHCJie 3aTBopa FET, HHBepCHll THna KpeMHHH H o6pa30BaHHll 

noBepXH0CTHblX 3apll,!1.0B B o6JiaCTH 3aTB0pa Ha xapaKTepHCTHKH TpaH3HCT0pa. 

B pe3yJibTaTe npoBe,!l.eHHbIX o6lllHpHbIX HCCJie,!1.0BaHHH 6bIJIH Bb!pa6oTaHbl pe

K0MeH,!l.aUHH no 3aMeHe MeT0,!l.a nHTaHHll MHKpoCTpHn0BbIX .u.eTeKT0p0B Ha pe3H

CTHBHblH H npoBe,!l.eHbl HCnbITaHHll H0BbIX napTHH .ll.BYCT0p0HHHX .u.eTeKT0p0B ,!l.JIH 

svx II. 6bIJIH pa3pa6oTaHbl H HCnbITaHbl .ll.BYCT0p0HHHe_ MHKp0CTpHn0Bbie .u.eTeK

T0pbl Ha 0CH0Be HOBOH TeXH0JI0rHH C HCn0Jib30BaHHeM 6 ,!1.IOHMOBbIX KpeMHHeBblX 
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PHc. I: BH1t c6oKy Ha 6otJKY KpeMHHesoro 1teTeKropa SVX II 

ITJl3CTHH, lJTO IT03B0JIHJIO cymeCTBeHHO CHH3HTh 33Tp3Thl Ha HX rrpOH3B0)l.CTBO. 3TH 

JJ:eTeKTopbI 6b1J111 H3roTOBJJeHhI Ha rrpeJJ:rrpttHTHH "Micron Semiconductors" B Att

rn1111 Ii 6hIJIH HCITOJ!b30B3Hbl BO BTOpOM Ii '-!ernepTOM CJ!Oe svx II. 
BepwnHHhIU KpeMuneBbIU JJ,eTeKTop (SVX II), pacrroJJO)KeHHhIH Ha pa;J:ttyce 

1,6 CM, cocTOHT 113 Tpex 60'-leK, K3)KJJ.3H JJ.JJHHOH 29 CM (P11c. 1). Bee BMecTe OHH 

OHH ITOKpbIB3IOT 45 CM BAOJ!h OCH z ITO K3)KJJ:YIO CTopoHy OT TO'-IKH B33HMOJJ:eiicTBHH. 

Ka)K)l.3H 60'-!Ka pa3;J:eJJeHa Ha 12 cerMeHTOB ITO ¢, K3)KJJ:bIH cerMeHT BKJIIO'-laeT 5 

CJJOeB ,naycrnpOHHHX KpeMHHeBbIX MHKporrOJJOCKOBbIX )l.eTeKTOpOB Me)KJJ:Y paJJ.Hyca

MH 2,7 i1 10,7 CM OT JJHHHH 'rry'-!Ka, rroKphIBaH o6JJaCTh -2 < 11/I < 2. Tp11 cJJoH 

coe;J:HHHIOT H3MepeHHe B ITJIOCKOCTH r - ¢ Ha CTopoHe, o6pameHHOH K Tpy6orrpoBo

AY rry'-IKa, co cTepeo H3MepeHHHMH ITOJJ. yrnoM 90° Ha o6parnoii crnpotte ;J:eTeKrnpa. 

OcTaJlhl-lhle JJ:Ba CJIOH COe;J:HHHIOT H3MepeHHe B ITJIOCKOCTH T - qJ Ha OJJ:HOH CTOpOHe 

C H3MepeHHHMH ITOJJ: M3JlhIM CTepeo yrnoM B 1, 2° Ha o6paTHOH CTOpOHe . .ll.eTeKTOp 

ITOK333Jl OTJIH'-!Hhle xapaKTepHCTHKH. OTHOWeHHe CHrH3JJa K WYMY - 6oJJee 10:1. 

3cpcpeKTHBHOCTh c6opa 33pH;J:a 6oJJee 99%. Pa3peweHHe KpeMHHeBoro BepWHHHOro 

TpeKepa ITO rrp11ueJ1bHOMY rrapaMeTpy COCTaBJJHeT 35 MKM. 

BepwHHHblH )l.eTeKTOp C'-IHTbIB3eTcH YHH(pHUHp0B3HHOH CHCTeMOH c6opa JJ:3H-
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PHc. 2: Co6paHHaH nopTKapra 

HhlX. CHrnaJJ C BhlXO;J:a MHKpOCTpHITOBhIX )l.eTeKTOpOB ITOCTyrraeT Ha BXOA MHKpo

cxeMbl SVX3, crreuHaJJhHO pa3pa6oTaHHOH AJJH ;J:aHttoro rrpoeKTa. Otta HMeeT 128 

K3HaJJOB Ii 6ycpep 113 46 KOH)l.eHC3TOpOB, IT03BOJIHI0ll_\HH Ha6op ,naHHhlX B T3K H3-

3hIBaeMOM pe)KHMe 6e3 Meprnoro apeMeHH, B KOTOpOM rrpOHCXOAHT OJJ:HOBpeMeHHOe 

HHTerpHp0B3HHe 33pHJJ:3 Ha OJJ:HOM KOH)l.eHCaTope H C'-IHThlB3HHe C JJ:pyroro. MttKpo

cxeMa SVX3D T3K)Ke o6JJa;J:aeT TaKHMH csoiicTaaMH, KaK rro;J:aBJJeHHe HaBOAOK Ha 

CHrHaJJ, crroco6HOCTh C'-IHThIB3Th TOJlhKO CTpHIThl, Ha KOTOpbIX CHfH3Jl BbIWe ycTa

HOBJleHHOro rroporosoro 3Ha'-!eHHH ( crrapcmjJHKaUHH) H rrpo'-IHMH, IT03BOJIHI0ll_\HMH 

orrrnMH3ttposaTh c6op ;J:aHHhIX. Bcero _JJ:eTeKrnp co;J:ep)KHT 5600 MHKpocxeM SVX3. 

M11KpocxeMa 6bIJl3 HCIThlT3Ha Ha pa;J:H3UHOHHYIO CTOHKOCTb Ha rry'-!Ke rrpoTOHOB Ii 

rrpowJJa BCeCTOpOHHHe HCIThIT3HHH 3KCITJJY3T3UHOHHhIX xapaKTepHCTHK. 

IlopTKapTa (IlK) rrpeACTaBJJHeT co6oii MHOroKoMrroHeHTHhIH MOAYJJh, BhIITOJJ

HeHHhIH Ha ITOJJ:JIO)KKe H3 OKCHJJ:3 6epHJJJIHH, MOHTttpyeMhlH cpa3y 33 Hapy)KHbIM 

cJJoeM JJ:eTeKrnpa SVX IL Ott coe;J:HHeH c MHKpocxeMaMH SVX3 c rroMOll.\hIO co

e;J:11H11TeJ1hHhlX JJHHHH rrosh1rneHHoii rrJJornocrn HDI (High Density Interconnect). 

OCHOBHhIMH cpyHKUHHMH TTK HBJIHIOTCH ynpaBJJeHHe, KOH(pHrypau11H Ii C'-IHThlB3HHe 

MHKpocxeM SVX3, a T3K)Ke CT36HJJH33UHH aHaJJOfOBbIX HCTO'-IHHKOB ITHT3HHH. 

MecTOITOJIO)KeHHe Ii 33JJ:3'-IH, B03JIO)KeHHhie Ha rropTK3pTbl, H3J13f3IOT )KeCTKHe 

Tpe60B3HHH Ha HX KOHCTPYKUHIO: M3Jlhle Macca H pa3Mep, BhICOKaH pa;J:H3UHOHH3H 

CTOHKOCTb (rropTKapTa pacrroJJO)KeHa Ha pacCTOHHHH 14 CM OT OCH rry'-IKa), Ha;J:e)K

HOCTh (BhIXOA H3 cTpoH OJJ:Hoii TTK Be;J:eT K rroTepe ueJJoro cerMeHTa SVX II), 
crroco6HOCTh xoporno OTBOAHTh TerrJJO, yJJ:aJJeHHOe yrrpaBJJeHHe Ii rrepe;J:a'-la A3HHhlX 

Ha 60JJhWHe pacCTOHHHH, HH3KHH WYM Ha JIHHHHX CTa6HJIH3HpyeMOfO HarrpH)KeHHH 

Ii o6ecrre'-!eHHe Ha;J:e)KHOfO 3a3eMJJeHHH pa3JIH'-!Hh1X KOMITOHeHT ;J:eTeKTopa. 

Ha P11c. 2 rroKa3aHa cpornrpacp11H co6paHHOH rropTKapThL M11KpocxeMhI SVX3 

C'-IHThIB3IOT HHcpopM3UHIO C KpeMHHeBhIX ;J:eTeKTOpOB Ii rrepe;J:aIOT ee Ha TTK ITO ITJIOC

KOMY Ka6eJJIO HDL TTK rrpeo6pa3yeT 3JJeKTpH'-1eCKHe c11rnaJ1hI B om11'-lecK11e rro

cpeJJ:CTBOM BhICOKOITJJOTHhIX MOJJ:yJJeii orrTtttJecKoro rrpeo6pa3oBaHHH DOIM (Dense 
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Pttc. 3: 3cpcpeKTHBHOCTb CMU TpHrrepa B 3aBHCHMocrn OT PT MIO0Ha 

Optical Interface Module) H nepeJJ,aeT HX Ha MOAYJih FIB (Fiber Interface Board) no 

JIHHHHM BOJIOKOHHOH onTHKH. flK 6bIJIH nposepeHbl Ha paJJ,HaU.HOHHYIO CTOHKOCTb 

nyTeM 06Jiy,-1eHHH JJ,0 JJ,03bl 200 KpaJJ,. flopTKapTbl nocJie o6JiyqeHHH npoJJ,OJI)KaJIH 

6bITb noJIHOCTbIO pa6oTOcnoco6HblMH. O6Jiy4eHHbie flK HCnOJib30BaJIHCb JJ,JIH H3Me

peHHH Jl,OJifOBpeMeHHOH HaJJ,e)KHOCTH H noKa3aJIH xopourne pe3yJibTaTbl. 

B 'leTBepTOH rJiaBe npHBOJJ,HTCH onHCaHHe Jl,BYXMIOOHHOro TpHrrepa H pa60Tbl no 

ero OnTHMH3aU.HH H H3MepeHHIO ::i¢i4>eKTHBHOCTH. flpH H3MepeHHH ceqeHHH 6hIJIH 

HcnOJih30BaHhI co6bITHH, noJiyqeHHble MIOOHHhIM CMU-CMU TpHrrepoM nepsoro 

ypoBHH Ll, KOTOpb!H HIIJ.eT JJ,BYXMIOOHHbie napbl BO Bcex nepeceqeHHHX ny4KOB. 

3TOT TpHrrep Tpe6yeT HaXO)KJJ,eHHH TpHrrepoM L1 JJ,Byx CMU MIOOHOB, Ka)KJJ,hIH c 

HMTIYJibCOM PT > l,5 f::iB/c. BocCTaHOBJieHHe L1 MIOOHOB BKJIIOqaeT BOCCTaHOBJieHHe 

COT TpeKa H npoToTHna CMU MIOoHa. Bee napaMeTpb1 TpHrrepa 6bIJIH noJJ,sepr

HYThl H3y4eHHIO H 6bIJI pa3pa6oTaH nJiaH onTHMH3aU.HH. Ha6op OTITHMH3HpOBaHHbIX 

napaMeTpOB Il03BOJIHJI yMeHblllHTb sepoHTHOCTb COrJiaCOBaHHH TpeKOB C lllYMOBblMH 

npOTOTHnaMH MIOOHOB H TeM caMbIM yMeHblllHTb 4>0H Ha ypoBHe LI. B pe3yJibTaTe 

nposeJJ,eHHOH pa60TbI no onrHMH3aU.HH qacTOTa CMU-CMU TpHrrepa L1 CHH3HJiacb 

c 2500 H6 JJ,O 700 H6, coxpaHHH 6oJiee 91% CHrHaJia J/'ljJ. 
113MepeHHH ::i4>4>eKTHBHOCTH MIOOHHOro TpHrrepa B CeaHCe II C HCTIOJlb30BaHHeM 

co6b!THH J /¢ noKa3aJIH, 'ITO OHa BbICOKa H 6JIH3Ka K npoeKTHOH. 3aBHCHMOCTb ::icp-

4>eKTHBHOCTH CMU TpHrrepa OT PT MIOOHa noKa3aHa Ha PHc. 3. 1-ho6bl yqecTh PT 
3aBHCHMOCTb H KOppeJIHU.HH Me)KJJ,y PT pacnpeJJ,eJieHHHMH Jl,HMIOOHa, Jl,JIH Bbl4HCJie

HHH ::i4>4>eKTHBHOCTH. J /i/J TpHrrepa 6bIJI npHMeHeH MeTOJJ, 83BelllHBaHHH co6bITHH. 

B UHTOH rJiaBe OTIHCbIBaIOTCll xapaKTepHCTHKH 3KCnepHMeHTaJlbHOfO Ha6opa JJ,aH-
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Pttc. 4: J/1/J aKcenTaHC KaK cpyHKUHll B0CCTaH0BJieHH0ro nonepe4H0ro HMTTYJibCa Pr(Jfij,,) 
H 6bICTp0Tbl y( J N) 

HbIX 11 npHBOJJ,HTCH OITHCaHHe npou.eJJ,ypbl onpeJJ,eJieHHll CBeTHMOCTH. 3KcnepHMeH

TaJlbHbie JJ,aHHbie pacnaJJ,a J /i/J -> µ+ µ-' HCnOJib3yeMbie B HaCTOHIIJ.eH pa6oTe, 6hIJIH 

co6paHbI c HcnoJih30BaHHeM JJ,BYXMIOOHHoro CMU-CMU TpHrrepa. AHaJIH3 3KCne

pttMeHTaJibHbIX JJ,aHHbIX, npoBeJJ,eHHblH s JJ,aHHOH pa6oTe, OCHOBaH Ha CTaTHCTHKe, 

Ha6paHHOH JJ,eTeKTOpoM CDF npH 3HeprnH l,96 T::iB c cpespaJIH no oKrn6pb 2002 r. 
CepHH co6bITHH 6b!JIH HCCJieJJ,OBaHbl aBTOHOMHO 4T06bI HCKJII04HTb C06bITHH C npo-

6JieMaMH B MIOOHHOH CHCTeMe, TpHrrepe, COT H CHCTeMe H3MepeHHll CBeTHMOCTH. 

OKOH4aTeJibHblH Ha6op JJ,aHHbIX COOTBeTcTByeT nOJIHOH CBeTHMOCTH 39, 0± 2,3 n6-
1

. 

OCHOBHOH BKJiaJJ, B CHCTeMaTH4eCKYIO norpell!HOCTb H3MepeHHH CBeTHMOCTH JJ,a

IOT HeonpeJJ,eJieHHOCTH B H3MepeHHH neynpyroro pp ceqeHHH (~ 3%), aKcenTanca 

4epeHKOBCKHX C4eT4HKOB CseTHMOCTH (~ 2%), H ero HeJIHHeHHOCTH (::; 2%). floJI

Hall CHCTeMaTH4eCKaH norpell!HOCTb ::; 5%. 

lllecTaH maBa IlOCBllIIJ.eHa H3y4eHHIO aKcenTaHCa. ToJibKO qaCTb J /i/J qacTHU., o6-

pa30BaHHblX B pp CTOJIKHOBeHHHX, BOCCTaHaBJIHBaIOTCH ycTaHOBKOH CDF H3-3a reo

MeTpHH JJ,eTeKTOpa, orpaHH4eHHOro KHHeMaTH4eCKOfO aKcenTaHca H H3-3a He34>-

4>eKTHBHOCTH TpHrrepa 11 peKOHCTPYKU.HH co6bITHH. 4T06bI npaBHJlbHO npoMOJJ,eJIH

poBaTb aKcenTaHC CMU JJ,eTeKTOpa, HaJJ,O T04HO CMOJJ,eJIHpoBaTb cqiepy JJ,eHCTBHH 

JJ,eTeKTOpa, BbIHBHTb H npoMOJJ,eJIHpOBaTb JJ,eHCTBYIOIIJ.He 3JieMeHTbl JJ,eTeKTOpa C H3-

BeCTHblMH annapaTHbIMH npo6JieMaMH HJIH HH3KHMH ::i4>4>eKTHBHOCTHMH. 

fpa4>HKH 3aBHCHMOCTH aKcenTaHCa OT BOCCTaHOBJieHHOro nonepe4HOfO HMilYJib

ca py(J/'ljJ) H 6bICTpOTbl y(J/'ljJ) npeJJ,CTaBJieHbl Ha PHC. 4. 

CeJJ,bMaJI maaa IlOCBHIIJ.eHa H3MepeHHIO HHKJII03HBHOro ceqeHHH J /¢. Asrnp BHeC 

onpeJJ,eJIHIOIIJ.HH BKJiaJJ, B pa3pa60TKY KpHTepHeB OT6opa co6bITHH, C03JJ,aHHe H IlOJJ,-
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Pttc. 5: CetJeHHe npHMoro 06pa3osamrn J /1/J, H3MepeHHoe Ha CDF B CeaHce I. CnJIOll!HaH 

YepHaH JIHHHH - pe3yJibTaT qrnrnposaHHH c noM0ll\blO HP KX)l cjJaKrnptt3al.\HH. TToKa3aH 

TaK)Ke BKJia)l pa3JIH4Hb!X C0CTaBJIH!OlllHX 3T0fO cjJHTHpoBaHHH 

)lep)KaH1-1e Ha6opa .n.aHHhIX, H3Mepemre 3cpcpeKTHBHocrn TpHrrepa, aKcenTaHca, HH

TerpaJJhHoil: CBeTHMOCTH H Bhrxo.n.a J / 'lj; co6hITHH /l,JJH HHTepBaJJOB no nonepe4HOMY 

HMnyJihcy. KaK noKa3aHo Ha PHcyHKe 5, .n.aHHhie CDF no po)K.n.eHHIO J /1/J 6oJiee 

l!eM Ha nopH/l.OK Bblllle npe.n.cKa3aHHH l\BeTO-CHHrJJeTHOH MO/l,eJJH. EoJiee Toro, cpop

Ma KpHBOH T3K)Ke pacXO/l,HTCH C 3KCnepHMeHTaJJbHblMH .n.aHHblMH. O.n.HaKO, MO)KHO 

.n.o6HTbCH y.n.oBJiernopHTeJJbHOro cjJHTHpoBaHHH /l,3HHbIX C nOMO!llblO HP KX,U cpaK

TOpH3al\HH nyTeM HaCTpOHKH l\BeTO-OKTeTHblX M3TpH4HbIX 3JJeMeHTOB. 

,UHcjlcjJepeHl\H3JlbHble cel!emrn /l,JJH o6oHX ceaHCOB H3JlO)KeHbl Ha PHc. 6. MO)KHO 

c.n.eJJ3Tb BbIBO/l, 0 xoporneM COOTBeCTBHH, B npe.n.eJJaX CT3THCTH4eCKOH Heonpe.n.e

JJeHHOCTH, pacnpe.n.eJJeHHH /l.HcpcjlepeHl\HaJJbHOro Ce4eHHH J /1/J no nonepe4HOMY HM

nyJJbCY, H3MepeHHOro Ha OCH0B3HHH .n.aHHbIX, noJJyl!eHHbIX B CeaHce II npH 3Heprntt 

1,96 T3B, pe3yJJhTaTaM, noJJyl!eHHbIM B CeaHce I nptt 3Heprntt 1,8 T3B. Ha6op .n.aH

HhIX, paCCMOTpeHHblH B /l,3HHOH pa6oTe, /l,OCTaT04HO BeJJHK, TaK K3K CTaTHCTH4eCKHe 

Heonpe.n.eJJeHHOCTH ropa3/l,O MeHbllle CHCTeMaTH4eCKHX norpernHOCTeH H3MepeHHH. 

B 3aKJIIO'ICHHH npttBe/l,eHbl OCHOBHble pe3yJJbTaTb[ pa60TbI: 

l. Eb!Jl pa3pa6oTaH H C03/l,3H KpeMHHeBblH BeplllHHHblH TpeKOBblH .n.eTeKTOp ycrn

HOBKH CDF II, HBJJHIO!UHHCH Ha HaCTOH!llHil: MOMeHT caMblM KpynHhIM H co

BeprneHHhIM KpeMHHeBhIM BeprnttHHblM TpeKOBbIM .n.eTeKTOpOM B cpH3HKe 43-

CTHL\. KpeMHHeBaH TpeKoBaH CHCTeMa HaClJHTbIBaeT 6oJJee 700 Tb[CH'-l KaHa

JlOB, o6be/l,HHeHHblX a 704 MO/l.YJJH, 8 CJJOeB .n.eTeKTOpOB c OXB3TOM o6JiaCTH 

nceB.n.06b1cTpOThI .n.o l7JI < 2 H HMeeT ao3MO)KHOCTh BeCTH TpexMepHoe aoccTa-
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Pttc. 6: l1HKJll03HBHOe cetJeHHe J/1/J KaK cjJyHKI.\HH J/¢ JJT . • - JlHcjJcjJepeHI.\HaJibHOe ce'-le

HHe C KOM6HHHpOBaHHb!MH CTaTHCTHlJeCKHMH H CHCTeMaTH'-leCKHMH Oll!H6KaMH .... - )lHcjJ

cjJepeHUHaJJbHOe cetJem1e, H3MepeHHOe Ha CDF B CeaHce I 

HOBJJeHHe TpeKOB 33pH)KeHHbIX 43CTHL\ 33 C4eT npttMeHeHHH /l.ByCTopOHHblX 

.n.eTeKTOpOB. 

• C ueJJblO H3y4eHHH npttro/l,HOCTH 6hIJJH BCeCTOpOHHe H3y4eHbl KpeMHHe

Bbie .n.eTeKTOpbI c nttTaHtteM nocpe.n.crnoM FOXFET (Field Oxide Field 

Effect Transistor). TTpoBe/l,eHbl HCCJJe/l,OBaHml MexaHH3MOB pa.n.ttal\HOH

Hb!X noape)Kll,eHHH B JI.eTeKTOpe C npHMeHeHHeM pa3JJH'IHbIX HCT04HHKOB 

H3JJy4eHHH (npoTOHbl, Heil:TpOHbl H raMM3-KB3HTbI). lfayl!eHo BJJHHHHe 

HaKOnJJeHHH nOJJO)KHTeJJbHbIX 33pH/l,OB B OKHCJJe 3aTBOpa FET, HHBep

CHH Tttna KpeMHHH H o6pa30BaHHH noBepXHOCTHbIX 33pH/l.0B B o6JJaCTH 

33TBOpa Ha xapaKTepHCTHKH TpaH3HCTOpa. Bbipa6oTaHbl peKoMeH/l,3l\HH 

/l,JJH KOJJJJa6opauHH CDF no 3aMeHe MeTo.n.a nHTaHHH MHKpOCTpHnOBblX 

.n.eTeKTOpoB Ha pe3HCTHBHblH H npoBe/l,eHbl HCnbIT3HHH HOBbIX napTHH 

/l.BYCTOpOHHHX .n.eTeKTOpoB /l,JJH svx II. EbIJJH C03/l,aHbl .D.BycrnpOHHHe 

MHKponOJJOCKOBbie KpeMHHeBbie .n.eTeKTOpbl Ha OCHOBe HOBOH rneCTH.11.IOH

MOBOH TeXHOJJOrHH, HCnOJJb3yeMbJe Ha ypoBHHX 2 H 4 BeplllHHHOro Tpe

KOBOro .n.eTeKTopa CDF II, SVX II. EbIJJH npoBe.D.eHbI rny6oKHe H ace

cTopoHHHe HCnbIT3HHH KpeMHHeBbIX .n.eTeKTopoB svx II, B l!aCTHOCTH, 

HCCJJell,OB3HHe 3JJeKTpOcpH3H4eCKHX napaMeTpOB, npoBepKa pall,H3l\HOH

HOH CTOHKOCTH H aHaJJH3 TpeKOB, BOCCT3HOBJJeHHblX C nOM0!llblO 5 CJJOeB 

.n.eTeKTOpOB Ha ny4Ke npOTOHOB . 
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• Pa3pa6oTaHa MH0f0KaHaJJbHaH MHKpocxeMa C'IHTbIBaHHH H oumppoBKH 
.D,aHHblX OT MHKponoJJ0CK0BblX .11,eTeKT0p0B SVX3 H npoBe.D,eHa npoBep
Ka ee 3KCTIJJyaTaUH0HHblX xapa~TepHCTHK H pa.11,HaUHOHHOH Ha.D,e)l{HQ
CTH. MHKpocxeMa co.11,ep)KHT 128 KaHaJioB HH3K0lllYMHlllHX (ENC = 
700e + 53e/nct>) ycHJIHTeneii H cxeMy oumppoBKH; oHa cnoco6Ha pa6o
TaTb npH 'laCT0Te nepece'leHHH ny'IK0B .11,0 132 HC, 06na.11,aeT cnoco6Ho
CTbIO 0.11,H0BpeMeHH0fO Ha6opa J,\ C'IHTbIBaHHH .11,aHHblX, cnapcmpHKaUHH 
H HMeeT CHCTeMy no.11,aBJieHHH HaB0.!1,0K. 

• Pa3pa6oTaH KJIIO'leBOH K0MnoHeHT CHCTeMbl C'IHTbIBaHHH KpeMHHeBbIX 
.11,eTeKT0p0B, KoMnaKTHaH flopTKapTa, npe.11,Ha3HalJeHHaH .ll,JIH ynpaBJie
HHH H C'IHTbIBaHHH (nocpe.D,CTBOM BOJIOKOHHOH OTITH'leCKOH CBH3H) MHK
pocxeM SVX3. flpoBe.11,eHbl .11,eTaJJbHbie HCnbITaHHH, BKJIIO'laH pa.11,HaUH0H
HYIO CTOHKOCTb nyTeM o6JJy'leHHH .D,03aMH npoTOH0B .!1,0 400 Kpa.11,. Ha
Jia)KeH0 npoH3B0.ll,CTB0 H c6opKa nopTKapT. Bb1pa60TaH nJiaH .11,eTaJibHOH 
npoBepKH Ka'leCTBa np0H3Be.D,eHHblX nopTKapT, cnpoeKTHpoBaH H ocy
mecrnJieH TeCTOBbIH CTeH.D, no Bbl)l{HfaHHIO .11,ecpeKTOB, npoBe.D,eHa ycnelll
HaH H CB0eBpeMeHHaH nocTaBKa H ycTaH0BKa 115 cepTHcjiHUHpoBaHHb!X 
nopTKapT. 

• flpoBe.D,eHa ycnellJHaH ycTaH0BKa H BB0.!1, B 3KcnnyaTaUHIO .11,eTeKTopa 
svx II. )leTeKTOp noKa3aJJ 0TJIH'IHbie 3KCnnyaTaUH0HHble Ka'leCTBa, B 
'laCTH0CTH, pa3pel1leHHe Ha npHUeJJbHbIH irnpaMeTp C0CTaBHJI0 35 MKM, 
BHyTpeHHee paapellleHHe .D,eTeKT0p0B - 9 MKM, 0TH0llleHHe CHfHaJJa K 
lllYMY > 10, a 3cpcpeKTHBHOCTb 0.ll,HH0'IHblX cpa6aTbIBaHHH nopH.D,Ka 99%. 

2. flpoee.11,eHa pa6oTa no onTHMH3aUHH 'laCTOTbl cpa6aTbIBaHHH .D,BYXMIO0HH0f0 
TpHrrepa nepeoro ypoeHH ycTaH0BKH CDF II, no3B0JJHBlllaH yMeHblllHTb qa
CT0Ty cpa6aTbIBaHHH B 3,5 pa3a, '!TO o6ecne'IHJIO B03M0)KH0CTb Ha6opa .11,aH
HbIX npH npoeKTHOH CBeTHM0C"(H. flpe.D,JIO)KeHa npoue.11,ypa H C03.D,aH K0MnJieKC 
nporpaMM .ll,JIH M0.D,eJIHp0BaHHH pa60Tbl ABYXMIO0HH0f0 TpHrrepa, BKJIIO'leH
Hbie B naKeT nporpaMM Mo.11,enHpoBaHHH .11,eTeKTopa CDFSIM H naKeT npo
rpaMM aHaJIH3a cpH3H'leCKHX .11,aHHbIX CDFSOFT. flpoee.11,eHo H3MepeHHe 3cp
cpeKTHBHOCTH 0.11,H0MIO0HH0f0 H ABYXMIO0HH0fO TpHrrepa, o6ecne'IHBlllee BbI
noJJHeHHe 3KCnepHMeHTaJibHblX pa6oT C HCn0Jib30BaHHeM .11,aHH0f0 TpHrrepa 
Me)K.11,yHapo.11,Hoii Konna6opauHett CDF. floKa3aHo, '!TO KaK 0.11,HOMIOOHHbIH, 
TaK H ABYXMIOOHHblH TpHrrep HMelOT BblC0KYIO 3cpcpeKTHBHOCTb npH MaJiblX 
nonepe4HblX HMnyJibcax J /'I/J, 'IT0 no3B0JIHJI0 CHH3HTb nopor TpHrrepa H npo
H3BeCTH Ha6op .11,aHHb!X, o6ecne'IHBlllHH pH.!1, Ba)l{Hb!X H3MepeHHH B o6JJaCTH B 
cpH3HKH, TaKHX KaK H3MepeHHe ce'leHHH b KBapKa H B Me30Ha. 

3. 6blJI cnpoeKTHpoBaH H BBe.D,eH B .3KCnnyaTaUHIO Bbl'IHCJIHTeJibHblH K0MnJieKc 
.11,JJH aHaJJH3a cpH3H'leCKHX .11,aHHbIX ycTaHoBKH CDF II. B HaCToHrn.ee epeMH 
K0MnJieKC C0CTOHT H3 6onee lJeM 1000 MHKponpoueccopoB H 100 T3pa6attT 
HaKOnHTeJiett, n03B0JIH!OlllHX BeCTH napaJJJieJlbHYIO o6pa60TKY orpoMH0f0 Ha-
6opa cpH3H'leCKHX .11,aHHbIX c ycTaH0BKH CDF II. O6pa6on<a 3a.11,aHHtt n0JJb30-
eaTeJJH K0MnJieKca np0B0.ll,HTCH e naKeTH0M pe)KHMe, CHCTeMa HMeeT rn6KHH 
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HHTepcpettc, n03BOJIHIOlllHH y.11,aneHHb!H 3anycK, M0HHTOpHpoBaHHe npoX0)K.!1,e
HHH 3a.D,aHHH H a.11,MHHHCTpHp0BaHHe CHCTeMbl H3 JJI06oro HCCJie.D,0BaTeJibCK0ro 
ueHTpa nocpe.11,CTB0M HHTepHeT. 

4. BnepBb!e noJJy'leH0 npaKTH'leCKH 3Ha'IHM0e 3KCnepHMeHTaJibH0e 3Ha'leHHe noJI
H0fO HHKJII03HBH0f0 CelJeHHH peaKUHH J /'I/J -> µ/L B pp CTOJIKH0BeHHHX npH 
3HeprnH 1,96 T3B. )lo HacrnHmero BpeMem1 TeopHH Hecnoco6Ha .11,aTb npe.11,
cKa3aHHtt no 3Ha'leHHIO 3T0f0 ce'leHHH. Ha HaCTOHlllHH M0MeHT 3T0 e.D,HH
CTBeHH0e H3MepeHHe HHKJII03HBH0f0 CelJeHHH J /'I/J B ueHTpaJibHOH o6nacrn .!1,0 
Pr= 0 f3B/c Ha a.11,poHH0M K0JIJJaii.11,epe. 

u(JN) = u(pp-> J/'1/JX,Pr(JN), I y(J/'1/J) I< 0,6) = 
240± 1 (CTaT):::~~ (CHCT) H6 

5. BnepBbie noJiy'leH0 npaKTH'leCKH 3HalJHM0e pacnpe.11,eJieHHe .!1,HcpcpepeHUHaJib
H0fO CelJeHHH peaKUHH J /'I/J-> µµ B pp CTOJJKH0BeHHHX npH 3HeprnH 1,96 T3B. 
B o6nacrn nonepe'IH1,1x HMnynhC0B. J /'I/J < 4 f3B/c no.11,06Hoe H3MepeHHe 
c.11,enaHo BnepBbie. BbITIOJJHeHO cpaBHeHHe C pe3yJJbTaTaMH, noJiy'leHHb!MH Ha 
ycTaH0BKe CDF B CeaHce I npH 3HeprnH 1,8 T3B. Pe3yJibTaTbl no H3MepeH
H0MY ce'leHHIO p0)K.D,eHHH TH)KeJioro KBapK0HHH HMelOT 60JJbllJOe 3HalJeHHe 
.ll,JIH T!llaTeJJbHOH H 6onee nOJIHOH npoBepKH npe.D,CKa3aHHH MexaHH3Ma Teo
PHH HepeJIHTHBHCTCKOH KBaHTOBOH XpOMO.ll,HHaMHKH H n03B0JIHIOT Bbl'IHCJIHTb 
MaTpH4Hbie 3JieMeHTbl, HBJIHIOlllHeCH HOpMHpOBKOH .D,aHHOH TeopHH. Hccne.11,0-
BaHHH npoueccoB pacna.11,a 4apM0HHH BHeCJIH HCH0CTb B TI0Be.D,eHHe celJeHHH 
npH MaJib!X nonepe4HblX HMTIYJJbcax J /'I/J, r.11,e .11,aIOT cymecrneHHbIH BKJia.D, 
3cpcpeKTbl Me.D,JieHHblX fJIIO0H0B H ttecpparMeHTaUHOHHbie 3cpcpeKTbl OT .11,pyrnx 
0KTeTHblX MaTpH'IHbIX 3JJeMeHT0B, K0T0pbie TPYAH0 Bbl'IHCJJHTb TeopeTH'leCKH. 
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