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The data about deposition of electromagnetic and nuc
lear processes of galactic cosmic ray interaction with 
CMOS constructive materials are presented. The experimen
tal results of the investigations of MOS RAM response on 
of about 1 MeV/a.m.u. heavy ion influence are given. In 
particular, the energetic dependence of memory element 
sensitivity and temporary dependence of soft error accu
mulation are described. 

The investigation has been performed at the Nuclear 
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CpenH ¢aKTOpOB, necTa6HnH3HpyPmHx pa6oTy sneKTpOHHUX 

cxeM, oco6o BunenHPT HOHH3HpyPmHe H3nyqeHHH, KOTOpue MoryT 

HMeTb KaK HCKYCCTBeHHOe, TaK H eCTeCTBeHHOe npOHCXO)KneHHe. 

H3 ¢H3HqecKHX 9¢¢eKTOB, BH3HBaeMUX H3nyqeHHeM, npaKTHqec

KH Ba)KHli llHllib nBa: HOHH3aUHH qyBCTBHTellbHOro o6~eMa H Ha

KonneHHe ne¢eKTOB CTPYKTypu B npouecce o6nyqeHHH. rrepBHH 

9¢¢eKT Hcqe3aeT nocne CHHTHH o6nyqeHHH H MO)KeT npHBonHTb 

llHllib K c60HM B npouecce pa60TH, a H3MeHeHHe CTPYKTYPH nony

npoBonHHKa H3-3a HaKonneHHH panHaUHOHHHX ne¢eKTOB npHBonHT 

B KOHeqHoM HTOre K ycToHqHBOMy OTKa3y. Ponb H B3aHMOo6y

CllOBlleHHOCTb panHaUHOHHHX 9¢¢eKTOB MO)KeT 6HTb BUHCHeHa llHllib 

B KOHKpeTHOM cnyqae neHCTBHH panHaUHH onpeneneHHoro npoHC

XO)KneHHH. 

nporpecc MHKposneKTPOHHKH CMeCTHll "ueHTp TH)KeCTH" B 

sneKTpOHHHX CHCTeMax B CTOpoHy HCTIOllb30BaHHH 6onblliHX HHTer

pallbHUX cxeM (BHC) H CBepx6onblliHX HHTerpanbHHX cxeM (CBHC) H 

9Ta TeHneHUHH B nanbHeHweM BpHn ·nH 6yneT HapyrneHa. nnH TaKO

ro pona sneMeHTHOH 6a3U BllHHHHe H3nyqeHHH nononHHeTCH s¢¢eK

TaMH, CBH3aHHliMH C npoxo)KneHHeM qacTHUeH qyBCTBHTellbHoro 

o6~eMa aKTHBHOro sneMeHTa. B OCHOBHOM 9TO xapaKTepHO nnH 

TH)Kenux 3apH)KeHHHX qacTHU, co3naPmHX HOHH3aUHP BHCOKOH IlllOT

HOCTH Bnonb TpeKa. Co3naBaeMoro H36HTQqHoro 3apHna MO)KeT OKa-

3aTbCH nocTaToqHo nnH B03HHKHOB8HHH CTIOHTaHHor6 nepeKnpqeHHH 

sneMeHTa 'B npOTHBOTIOllO)KHOe norHqecKoe COCTOHHHe. BenHqHHa 

H36HTQqHoro 3apHna npH IlOllHOM c6ope ·MO)K8T 6HTb paccqHTaHa no 

¢opMyne: Q = AEion.oq/c, rne AEion. - 9HeprHH, nHccHnHpOBaH

HaH qaCTHUeH B qyBCTBHTellbHOM o6~eMe, C -9HeprHH o6pa3oBaHHH 

napu sneKTpoH-nupKa, q - sneMeHTapHUH 3apHn. 

HccnenoBaHHH pacnpeneneHHH BenHqHHU AE npencTaBnHeT co-

608 HnepHO-¢H3HqecKyP 3anaqy, perneHHe KOTOpOH B03MO)KH0 no

cpencTBOM oueHKH IlOTepb 9HeprHH qacTHU B npenenax qyBCTBH

TellbHUX o6~eMOB 9ll8M8HTOB. Hnpa sneMeHTOB C OTHOCHTellbHO 6onb

lliHMH 3apHnaMH HBllHPTCH qacTHUaMH, KOTOpue npeHMymecTBeHHee 

npyrHx co3naPT c6oH. 

B ecTeCTB8HHUX ycnOBHHX 9TO Hnpa He (allh¢a-qacTHUU), B03HH

KaPmHe B npoueccax CTIOHTaHHUX HnepHUX npeBpameHHH HyKnHnoB 
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pHaa ypaHa H TOpHH, a TaK~e KOCMHqecKHe nyqn 3a rrpeaenaMH 

38MHOA aTMoc¢epu. 

COBOKYITHOCTb HOHH3aUHOHHUX H HaepHUX rrpoueccoB B3aHMO

aeACTBHH rrpHBOaHT K cno~HOA KapTHHe ¢0pMHpOBaHHH pacrrpeaene

HHH 3Heprnn, anccnrrnpoBaHHoA B rrpeaenax qyicTBHTenbHoro o6n-
' eMa. anH BhlHCHeHHH, BKnaaoB pa3nnqeux H3nyqeeHA ecTeCTBeHHOrb 

rrponcxo~aeHHH 6un Burroneee KoMrrneKc eayqeo-nccneaoBaTenbcKHX 

pa6oT COBM8CTHO MH¢H H OHRH. Han6onee Ba~eue pe3ynbTaTU, cyM

MHpyromne OCHOBHUe oco6eHHOCTH KapTHHll ¢opMHpOBaHHH c6oeB, Ka-
. ' 

caroTCH crreKTpa 3HeproBb\l];e.TieHHH B qyBCTBHTenbHUX o6neMaX MHKpO-

cxeM, a TaK~e nccneaoBaHHH OTKnHKa CEHC 03Y Ha aeACTBHe TH~e

nux HOHOB - MoaennpoBaHHe peanbHOro B03aeACTBHH KOCMHqecKHX 

H3nyqeenA. 

CTpyKTypa 3HeproBuaeneHHH B qyBCTBHTenbHOM o6neMe aeanH-

3HpOBanacb B o6merrpHHHTUX arrrrpOKCHMaUHHX ¢opMU o6neMa B BHae 

rrapannenerrnrreaa c pa3nnqeuMH pa3MepaMH B 3aBHCHMOCTH OT cTe

rreHH HHTerpaunn cxeMu [1,2). ~BoaeaH KapTHHa rrpeacTaBneea ea 

pHC. 1, Ha KOTOpOM H306pa~eeu BKnaau 3neKTpoMarHHTHUX H Haep

HUX rrpoueccoB B3aHMoaeACTBHH, a TaK~e OT HHKOprropHpOBaHHUX 

HyKnHaOB ecTeCTBeHHoro rrponcxo~aeHHH B KOHCTPYKUHOHHUX MaTe

pnanax cxeMu. xoa KpHBUX anH 3HeprnA Burne 25 M3B rrpaKTnqecKH 

He rrpeacTaBnHeT HHTepeca H3-3a ee3eaqnTenbHoro qncna cxeM, 

HMeromnx 6onbWYID CTOAKOCTb rro OTHOilleHHID K c60HM. H3 H3BeCTHllX 

aBTOpaM 3TO KMOIT/KHC EHC 03Y. Ha pHC. 1 OTMeqeeu HHT~pBanu 

3HeproBuaeneHHH, xapaKTepHue anH c6oeB orrpeaeneHeux MHKpo

cxeM, H3rOTOBneHHUX ITO pa3HUM TexeonorHHM. 

OCHOBUBaHCb Ha 3TOM pHCYHKe, MO~HO c¢opMynnpoBaTb Tpe6o

BaHHH K MoaennpoBaHHID c6oeB B orrepaTHBHllX 3aITOMHHaromnx yc

TpOACTBax H BU6paTb aaeKBaTHUe MeToau H ycTaHOBKH anH n3yqe

HHH peaKUHH MHKpocxeMU Ha rrpoxo~aeHHe qyBCTBHTenbHOro o6neMa 

3apH~eHeoA qacTHUeA. npe~ae Bcero, eeo6xoanMo, qTo6u 

ITOTepH 3HeprHH HOHOB Ha HOHH3aUHID (~E. ) B o6neMe qyBCTBH-ion. 
TenbHoro 3neMeHTa COCTaBnHnH 5-30 M3B.3TO ycnOBHe

0

MO~eT 6UTb 

BllITOnHeHO rrpH HCITOnb30BaHHH rryqKoB qacTHU TH~enee He C 3Hep

rHHMH 1 M3B/a.e.M. H Bllille, B KaqecTBe rrpHMepa B Ta6nnue 1 

,rrpHBeaeeu rroneue HOHH3aunoeeue ITOTepH H rrpo6erH B KpeMHHH 

2 

~' \'> 

'<'.,{ '~. .,,,.,,.., .J 

' !\ 
I J 

Ta6nnua 1 

THrr HOHa 3HeprHH HOHa, M3B 

11B 13,6 
22Ne 26,7 
40Ar 46,3 
12c 109 
160 145 

(~E. ) ,M3B ion. 

13,5 

26,6 

46,1 

109 

145 

RP, MKM 

16,2 

13, 1 

12,1 

212 

168 
56Fe 400 398 69,8 

__ 84 Kr ___________ 300 ________________ 289 _____________ 23,6 __ 

i::t: 
al 
p. 
Cl) 
E-o 
0 

N" 

::ii 

~ 
~ 

0 
:s: 
ell. 

0 
:,:: 
0 
:s: 
.d 
0 
E-
0 
t:: 

0.1 

0.01 

0.001 

0.0001 

0 

64 KI 16 K 4 K 4 K 

n-Mon In-Mon In-Mon 

5 10 15 20 25 MeV 

PHC.1.PacrrpeaeneHHe 3HepreTHqecKHX ITOTepb B qyBCTBHTenbHOM 

o6neMe MHKpocxeMU C xapaKTepHUM pa3MepoM L=50 MKM; 

1-BKnaa Haepeux B3aHMoaeAcTBHA (crroKoAeoe coneue); 

2-BKnaa Haepeux B3aHMoaeAcTBHA (aKTHBHOe ~oneue); 

3-BKnaa 3neKTpoMarHHTHllX B3aHMoaeACTBHA (CITOKORHoe 

conttue); 

4-Binaa 3neKTpOMarHHTHllX B3aHMoaeACTBHA (aKTHBHOe 

coneue); 

5-BKnaa OT HHKoprropHpoBaHHllX HyKnHaOB. 
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nnn HeKOTopux THnoa HOHOB C 3HeprHHMH E ~ 1 + 10 M3B/a.e.M., 

ycKopHeMUX Ha UHKflOTpoHax RHP OHHH, KOTOpue npHMeHHflHCb B 

3KCnepHMeHTaX no MonenHpOBaHHD B03neficTBHH KOCMHqecKoro 
H3nyqeHHH. 

nnn nccnenoaaHHH npoueccoa HaKonneHHH c6oea ao apeMeHH H 

3HepreTnqecKOll 3aBHCHMOCTH qyaCTBHTenbHOCTH nqeeK naMHTH 6una 

pa3pa60TaHa 3KcnepnMeHTanbHaH ycTaHOBKa, conep~aman pnn KOHCT

PYKTHBHllX oco6eHHOCTefi, nHKTyeMllX xapaKTepoM 3KCnepHMeHTa. TH

~enue HOHll nocne ynpyroro pacceHHHH Ha MeTannnqecKofi ~onbre 

nonanaDT Ha nccnenyeMyD MHKpocxeMy H nonynpoaonHHKOBllfi neTe

KTop, pacnono~eHHlle CHMMeTpnqHo non yrnoM 3o 0nnn 45°no OTHorne

HHD K HanpaaneHHD naneHHH nyqKa. H3MeHeHHe HHTeHCHBHOCTH nyq

Ka, MaTepnana ~onhrH H yrna, non KOTopuM ycTaHaennaaDTCH MHK

pocxeMa H neTeKTOp, TI03B0flHDT eapbHpoeaTb TIOTOK HOHOB Ha MHK-
-2 · 3 -1 pocxeMy OT 10 no 10 c . 3HepreTHqecKne cneKTpu H qncno 

qacTHU onpenennnnch c noMombD aHann3aTopa, pa3pa6oTaHHoro Ha 

6a3e TI3BM •npaaeu-16" n annapaTypu B cTaHnapTe KAMAK. nporpaM

MHllfi naKeT, o6ecneqneaDmHfi c6op H o6pa6oTxy cneKTpoMeTpQqec

Kofi HH~OpMaUHH, onncaH e pa6oTe [3]. 

TeCTHpOBaHHe MHKpocxeM ocymeCTBflHflOCb cneunanbHO pa3pa-

6oTaHHllM npafieepoM nnHaMnqecKoro 03Y, no3aonnDmHM 3anaeaTb 

pa3nnqHue ¢oHoeue 3anonHeHHH nqeeK naMHTH. B 3KcnepnMeHTe 

ncnonb30BanHCb Hyneeoe H ennHHqHoe COCTOHHHH ecex 3neMeHTOB. 

Ha auxone KOHTponnpoaanHCb qncno enHHHqHUX COCTOHHHH nonH 03Y. 

nnn noaurneHHH Hane~HOCTH pa6oTu npaueepa 6un npHMeHeH cnoco6 

auneneHHH perynHpHOH HH¢0pMaUHH ua ¢one noMeX nocpencTBOM 

nocnenoaaTenhuoro necHTHKpaTuoro onpoca MHKpocxeMu 03Y. B 

3TOM cnyqae nauuue cMemaDTCH ua onnu necnTnquufi perncTp, 

KOTOpllll 3anonHHeTCH noMexaMH. TaKOll cnoco6 MaCKHpOBaHHH no

Mex 6onee 9¢¢eKTHBeH, ecnn qncno necHTnquux pa3pnnoe (onpo

coe) 6yneT paauo nayM (cTa). 

B KaqecTBe npnMepa npHeeneM HeKoTopue nauuue, Kacaromne

cn apeMeuuoro xapaKTepa HaKonneHHH c6oee B EHC 03Y (MHKpo

cxeMa 565PY1) B pe~HMe xpaueHHH nauuux H 3aBHCHMOCTH qyecT

BHTenbHOCTH HqeeK naMHTH OT 3HeprHH 6oM6apnnpyromnx HOHOB[4-6]. 
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npoeeneuuue 3KcnepHMeHTll, BKnDqan cneKTpoMeTpnqecKne H3-
MepeHHH, n03BOnHnH ycTaHOBHTb, qTo c6ou He HMeeT npHHUHneanb
HllX OTflHqHfi B xapaKTepe nponeneHHH B 3aBHCHMOCTH OT THna 

qacTHU, Bll3BaBlliHX ero. Ha pnc. 2 npnaeneuu BpeMeHHlle 3aBHCH-

0 !DOU zooo 
t,c 

PHc.2.3aaeceMocTb qncna c6oee OT epeMeun nnn uyneeoro Henn

unquoro ~ouoeoro 3anonueunn ffqeeK naMHTH npH o6nyqeune 
HOHaMH 16o+3 (+) H 22Ne+4 (o). 

MOCTH qecna c6oea B npouecce o6nyqeuen nouaMH 160 a 22Ne c 

3HeprHHMH 19,4 H 26,7 M3B COOTBeTCTBeuuo. KaK BHnuo H3 pHCYH

Ka, nponaneuee 3¢~eKTa HMeeT xapaKTep, 6nH3KHfi K 3Kcnoueuue
anbHoMy, H annpOKCHMHpyeTcH cnenyromHMH Bllpa~eHHHMH: 

l(t) = ~Oo[l-e-~oSot] 

nnn uyneeoro ¢ouoaoro cocTOHHHH n 

l(t) = ¢
0

o[l-e-~oSot + 1] 

B cnyqae ennunquoro ¢ouoaoro cocTOHHHH. B.3THX ~opMynax l(t)

qecno Hqeex, H3MeHHBWHX caoe COCTOHHHe K MOMeHTY apeMeHH t. 

¢ 0 -nonuoe qncno HqeeK ua xpHcTanne cxeMa, ~ - nnoTHOCTb 

noTOKa HOHOB, s- 3$lJeKTHBHBH nnomanb HqefiKH. 3uaqeHHH 3THX 

napaMeTpoa B cnyqae o6nyqeHHH HOHaMH xncnopona H ueoua npnee
neuu a Ta6nnue 2. 
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Ilpe nD60M ,oHOBOM 3arronHeHee qecno qyBCTBeTenbHUX 3ne

MeHTOB Ha KpecTanne MeKpocxeMU COCTaBn.HeT N/2, rae N - eH

,opMaueoHHa.H eMKOCTb cxeMU. ¢OHOBOe COCTO.HHee "O", HarrpHMep, 

B MeKpocxeMe rrpeacTaBneHo 2048 Hyn.HMH H 2048 eaHHHUaMH. 

Ta6nttua 2 

Terr eoHa COCTO.HHHe ,HqeeK .¢0 ~. CM- 2c- 1 S 105 , CM- 2 

22Ne HyneBoe 2048 141 1,3 
22Ne eaeHeqHoe 2048 141 0,9 
160 HyneBoe 2048 352 1,3 
160 eaHHH'IHOe 2048 352 1 

MeHbllia.H qyBCTBeTenbHOCTb eaHHeqHoro ,oHOBoro COCTO.HHH.H (CM. 

pee. 2) COOTBeTCTByeT MeHbllieMy 3HaqeHHD 3,,eKTeBHOH rrnomaaH 

qyBCTBeTenbHOro 3neMeHTa B eaHHHqHoM COCTO.HHee, ITO cpaBHeHHD 

c HyneBUM, rrpeMepHO Ha 307.. 

9HepreTeqecKa.H 3aBeceMOCTb qyBCTBeTenbHOCTe ,HqeeK rra

M.HTe rrpe IlOHH~eHHOM Harrp.H~eHee rreTaHH.H MHKpocxeMU urr e B HO

MHHanbHOM pe~eMe rrpeacTaBneHa Ha pHC. 3. H3 aaHHUX, rrpeBeaeH

HUX Ha 3TOM pecyHKe, ITOMHMO HH,opMaUHe O BeneqeHe 3HepreTe

qecKoro rropora rroHBneHe.H c6oeB, cneayeT TaK~e. qTo MaTpeua 

3aITOMHHaDmHX 3neMeHTOB MO~eT rrpHMeH.HTbC.H an.H KOHTpOn.H ITOTOKOB 

nD6ux eOHOB C 3HeprHeH BUllie 16 M3B B HOMeHanbHOM pe~HMe e C 

3HeprHeH Burne 10 M3B rrpH ITOHe~eHHOM Harrp.H~eHHH ITHTaHH.H. TaKOH 

crroco6 MOHHTOpepoBaHe.H IlOTOKOB eOHOB rrpeacTaBn.HeTC.H rrep

crreKTeBHUM an.H 3aaaq aBTOMaTHqecKOro perynttpoBaHH.H H KOHT

pon.H rrapaMeTpOB rryqKOB HOHOB. 
. . . - ' 

B 3aKnDqeHHe MO~HO OTMeTeTb, qTo 3aaaqa eccneaoBaHH.H 

c6oeB B orrepaTeBHUX iarioMHHaDmHX ycTpOHCTBax .HBn.HeTC.H 

KOM.ITReKCHOH e COCTOeT H3 aByX OCHOBHUX qacTe8: HCCneaoBaHH.H 

OTKneKa' EHC 03Y e e3yqeHHH crreKTpa 3HepreTH~ecKex ITOTepb B 

qyi3cTBHTenbHOM o6'beMe 3neMeHTa. HccneaoBaHH.H rroKa3uBaDT, qTo 

B rrpaKTHqecKe Ba~HUX cnyqa.HX T.H~enue HOHU B aHarra30He 

'6 
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PHC.3.3aBeCHMOCTb rronHoro qHcna c6oeB OT·3HeprHH HOHOB rrpH 

pa3HUX pe~HMax pa6oTU MeKpocxeMu. Harrp.H~eHHe IlHTaHH.H: 

1 - 7,0; 2 - 7,5; 3 - 8,0; 4 - 12 B (HOMHHanbHUH pe~HM). 

3HeprHH (1-20) M3B/a.e.M. MoaenepyDT c6oH B EHC 03Y pa3nHq

HUX TeXHOnorHH e rronHOGTbD rrepeKpu~aDT 3HepreTHqecKHH CITBKTp 

ITOTepb OT ,parMeHTOB, B03HHKaDmHx rrpH 6oM6apaHpOBKe HapaMH 

ranaKTeqecKHX KOCMHqecKHX nyqefi [6]. 

AaeKBaTHOCTb MoaenttpoBaHHH c6oeB rroaTBep~aeHa pacqeTaMH 

e 3KcrrepHMeHTaMH Ha CHHXpo,a30TpoHe OHHH rrpH HccneaoBaHH.HX 

aeHCTBe.H Haep P, He, c 12 , 0 16 c 3HeprHeH 3,65 f3B/a.e.M.,, 

Ha EHC 03Y. 
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