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HUccnenoBamuck cTpykTypsl Al/SiO,/n-Si, obnmyueHubie nonamu renust. Knnetudeckass sHeprus woHa 5 MaB.
®roenc obaydenus Bapbuposaincs ot 101 no 10'2 cm 2. UzMepsch BONBT-(apajHble XapaKTEPUCTUKH, PETUCTPH-
poBamuch criekTpsl DLTS. Iloka3zaHa BO3BMOXXHOCTh peTUCTpallii MeToZoM crekTpockonuu DLTS moBepXHOCTHBIX
cocTosIHUI Ha rpanuie pasaena SiOz/N-Si. YcraHoBIEHO, YTO BapbUPOBAHUE MIEKTPHYESCKOTO HAMPSKEHHUS 3aI10THe-
HUS JIOBYILIEK ITO3BOJISIET BBIAETHUTH clieKTpsl DLTS panuanmonusix nedekros. O0mydeHrne HOHAMU T'eUs IPUBOJUT
KaK K 'eHepaliy JUBAKaHCHH W KOMIUIEKCOB BaKaHCUS-KHCIOPOJ U BaKaHCHsA-POCPOp, TaK U K yBEIWIEHUIO KOH-
HeHTpaluy 1e(eKkToB Ha TpaHuIe pasjesa KpeMHHN/inokeua kpeMuus. [IoMuMo auBakaHCHil, KOMIJIEKCOB BaKaH-
cus-Kucnopos M Bakancusa-pocdop Ha crekrpax DLTS crpykTyp, 06imydeHHbIXx moHamu renust (uroencamu 101 u
10*2 cM™? npucyTCTBYeT LIEHTp C SHeprueii normsamuu Eq — 0.30+0.04 5B.

Knrouegwie cnosa: MOII-cTpyKTypbl; KpeMHUH; paanannonHsie nedexrts; DLTS.
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Al/SiO,/n-Si structures irradiated with helium ions were studied. The Al/SiO2/n-Si structures were fabricated on
(100) wafers of single-crystal n-type silicon grown by the Czochralski method. The resistivity of the wafers was
4.5 Ohm-cm. A layer of silicon dioxide (SiO2) with a thickness of 420 nm was formed by thermal oxidation. On the
planar side, the area of aluminum plating with a thickness of 0.7 pm was 1.85x1.85 mm?. From the Al/SiO; side, the
structures were irradiated with helium ions. The kinetic energy of the ion was 5 MeV. The average projective range
calculated using SRIM program was =24 pm. The irradiation fluence varied from 10° to 102 cm™. Capacitance-
voltage characteristics were measured, and DLTS spectra were recorded. The DLTS spectra were recorded using CE-
7C capacitance spectrometer in the temperature range of 80-300 K. The voltage value of the filling pulse U, was
varied in the range from —0.5 to —10 V. The voltage value of the emission pulse U, was varied in the range from —5
to —15 V. The duration of the filling pulse was t, = 0.75 ms, emission pulse — t. = 20 ms. The possibility of registering
surface states at the SiO2/n-Si interface by DLTS spectroscopy is shown. It is found that varying the filling voltage
makes it possible to isolate the DLTS spectra of irradiation-induced defects. Irradiation with helium ions leads both
to the generation of divacancies and vacancy-oxygen and vacancy-phosphorus complexes and to the increase in the
concentration of defects at the silicon/dioxide interface. In addition to divacancies and vacancy-oxygen and vacancy-
phosphorus complexes, the DLTS spectra of structures irradiated with helium ions with fluences of 10! and 10> cm™2
contain a center with an ionization energy of E; — 0.30+0.04 eV.

Keywords: MOS structures; silicon; irradiation-induced defects; DLTS.

Beenenue Jerpajialiid XapaKTEePUCTUK MOIYIPOBOIHU-
Bo3zneiicTBue HOHU3UPYIOLIETO U3ITyYEHHUS KOBBIX MPUOOPOB U K UX KaTaCTPOPHUECKUM
U TSKEJIBIX 3apSDKEHHBIX YacTHI] IPUBOJUT K oTkazaM. OOmyueHue CTPyKTyp MeTayl-OK-
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cua-nonynpoBoaHuk (MOII) BeI3biBaeT oOpa-
30BaHME TOUYEYHBIX JE(PEKTOB U UX KOMILIECK-
COB B I'TyOMHE KPEMHUS U YBEJIUUYHUBAET IIOT-
HOCTb IIOBEPXHOCTHBIX cocTosiHuM [1]. MOII-
CTPYKTYpbI SBJISIOTCS 0a30BBIMH JIsI COBpe-
MEHHOW MMKpPOIEKTpOHUKH [2]. MccnenoBa-
HUE paJUallMOHHBIX TMOBPEXIEHUH B HHUX
HEo0X0UMO AJisi pa3pabOTKH TEXHOJOrHYe-
CKHUX M TEXHMYECKUX PEIICHUM, HAlpaBJcH-
HBIX Ha MOBBIICHUE PAJUALIMOHHON CTOMKO-
ctu. Llens paboThl — METOJOM CHEKTPOCKO-
iy DLTS u3yuuts paauanonabie 1eGeKThI
B crpykrypax Al/SiO2/n-Si, o0xy4eHHbIX
MOHAMHU Trellusl.

MeToanka 3KcrnepuMeHTa
Crpyktypsl  Al/SiO2/n-Si  u3rorasnuBa-
nuck Ha iactuHax (100) MoOHOKpHUCTAILTHYE-
CKOT'O KpeMHHUS. Y AE€IbHOE COIIPOTUBIECHUE —
4.5 Om-cm. Criolt aMOKCcHAa KPeMHUS TOJIITH-
HOW 420 HM (opmMupoBaICS TEPMHUECKUM
OKHUCJICHHEM B cyxoM kuciopoze. Ilnomane
ATIOMUHMEBOM MeTauIM3aluuu  (TOJIIMHON
0.7 MxkMm)  moBepx Si02  cocraBnsiia
1.85%1.85 mm?. Co ctoporsl Al/SiO2 cTpyk-
Typbl 00Jy4Yanuchb MOHAMHU TeNUs. DHEPrus
MoHOB — 5 M»B. Cpennuil NnpoeKTHUBHBIN
npoOer ~24 mxM. @nroeHc 00ydeHUs Bapb-
upopanca ot 10 g0 10 cm 2 Crextps
DLTS peructpupoBaiuch ¢ MOMOIIBIO €M-
kocTHoro criekrpomerpa CE-7C B auanasone
temriepatyp 80-300 K. 3naueHue Hampsike-
HUI NIpU UMITyJIbCAxX 3alOJHEHUSI U SMHUCCUU
BapbUpoBaiock B uHTepBaie or —0.5 B, 10
—15 B. lnutenbHOCTh UMITYJIbCa 3alI0IHEHUS
coctaBisiia tp = 0.75 mc, smuccun — te =
20 mc. Hopmuposannsiii ciekrp DLTS pac-
CUMTBHIBAJICS COTTIACHO (hopMyIie:
S = [AC(t2) — AC(t1)]/Co, (1)
rae AC(t) — u3MeHeHHe HeCTallMOHAPHOTO
3HaueHusl 0apbePHOI EeMKOCTH, pErHCTpUpYe-
MO€ B TEYE€HHE UMITyJIbca dMUccHH; 1 <12 <te
— HEKOTOpbIe MOMEHTHI BpeMeHu; Co — cra-
IIMOHAPHOE 3HAYEHUE BBICOKOYACTOTHOM €M-
KOCTH TIPH TEKyIIeH Temmneparype. Boibt-da-
panuble xapakrepuctuku (BOX) peructpupo-
BaJIMCh NP KOMHATHOM TeMIlepaType U TeM-

1/C2, a2

Puc. 1. BOX B koopaunarax 1/C?, 3aperucTpupoBaHHbIE
IIpY KOMHATHOM Temrieparype (a) U TeMieparype >KHui-
KOro a3ota (6)

nepaType >KHAKOTO a30Ta B HHTEpPBAJE OT
—15 g0 —0.5 B, ¢ mrarom 0.1 B.

Pe3yabTaTsl 3KCIIEpUMEHTA

Ha puc. 1 B koopaunatax 1/C? npencras-
JIeHbI BOJIbT-(papajiHble XapaKTePUCTUKU 00-
JY4YEeHHBIX CTPYKTYp. BuziHo, uro npu temmne-
patype xuakoro azora (puc.la) MOII-
CTPYKTYpPbI «HE BBIXOAAT» B PEKUM HHBEp-
cun. IIpy KOMHaTHOM TeMIeparype pexum
MHBEpCUU JJIs yKa3zaHHOro nauamazoHa U
HaOJI0MaeTCsl TOJNIBKO B CTPYKTypax, oOIiy-
YeHHBIX HOoHaMu renus dmroercom 1020 cm
[3]. DT0 MO3BOJIAET MPOBECTH PETUCTPALHIO
cnektpoB DLTS npu nanpsoxenusx Up, cooT-
BETCTBYIOIIMX (IIpM KOMHATHOM TeMIiepa-
Type) peKUMY UHBEPCHUH.

Ha puc. 2 mokazansl criektpbl DLTS 061y-
YEHHBIX CTPYKTYp. CeKTpbl 3a(pUKCUPOBAHbI
IIPU pa3IUYHbIX 3HAUYCHUSAX HANPSKEHUN UM-
MYJIbCOB 3aIIOJTHEHUS U SMUCCHH.

Curnaner DLTS ¢ nukamu Ex He ob6manarot
4eTKOi cTpykTypoil. 3aBucumocts S(T) >0
temmnepatyp (80-240 K). [Ipu pocte duroeHca
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Puc. 2. Crextpsl DLTS 00iydeHHBIX MOHAMH TEITHUS
cTpykTyp. Ycnosus peructpamun: Up=—0,5B u Ue =
7B (@); Uy=—5B u Uc=-10B (6); Uy=—10B u
Ue=-15B (s)

duKcupyeTcst B MIMPOKOM WHTEpBase o0ryye-
HUS MHTEHCHUBHOCTH CHTHAla S yBEJIUYHBa-
€TCs, MUK CMEIAeTCsl B CTOPOHY Oojiee HU3-
Kux TemrepaTyp. CUrHaI MOXET HACHTH(H-
IIUPOBATHCS KaK CUTHA OT MOBEPXHOCTHBIX
coctossHui. D¢ (deKTUBHAS SHEPrus HOHH3A-
uu paBHa Ec — 0.35+0.06 3B.

ITuxku E1-Es4 curnamoB DLTS nHaOmona-
IOTCS ISl CTPYKTYp, OOJYYCHHBIX (ITFOCH-
camu 10 u 10%? cm 2 Hambonee 4eTKo MHKH
paspematorcst ipu Up = —10 B u Ue = — 15 B.
Yka3aHHBIC YCIIOBHS PETUCTPAIIIU 00eCIIeyun-
BaIOT HCCIIeIOBaHUE 1e(DEKTOB, PACIIONOKEH-
HBIX B IIyOMHE KpeMHus. [IMKHM CBsI3aHbI C
OMHUCCHEH DIJICKTPOHOB C YPOBHEH paguariu-
onHbix aedekroB. [luky Ei coorBercTByeT
ypoBeHb Ec—0.17+0.02 3B, muky E2 - ypo-
BeHb Ec — 0.22+0.02 5B, nuky Es — ypoBenb

Ec—0.30+0.04 5B, nmuky E4 — ypoBeHb
Ec —0.50+0.05 »B. Duepruu ms nukoB E1 u
E2, nocrarouno 6musku [1, 4] x sHEprusim A-
[IEHTpa U JAUBAKAaHCHH B 3apsSJ0BOM COCTOSI-
Huu (=/—). [luk E4 BeposITHO COOTBETCTBYET
HEpa3pelIeHHOMY CUTHAIy OT JMBAaKaHCHUI B
3apsaoBoM coctostHuM (—/0) 1 OT KOMILIEKca
BakaHcus-pocdop [5]. [Tuxy Ez MmoxeT ObITH
MIOCTAaBJIEH B COOTBETCTBHE KOMILJICKC TPUBa-
KaHCHUSA-KHCIIOPO/I B YHEPIeTUYECKOM COCTOSI-
Huu (=/—). CornacHo pabote [6], ero sHeprus
noHu3amu cocrasisieT Ec — 0.34 »B.

3akiirouenune

Metonom cnektpockornuu DLTS moka-
3aHO, 4TO OOJy4YeHHE MOHAMU Tellusl MPUBO-
JIAT KaK K TCHepaIuy JUBAKAHCUI U KOMIUICK-
COB BaKaHCHUs-KUCIIOPO/I U BakaHCcHs-Pochop,
TaK M K yYBEIIMYCHHUIO KOHIICHTpAIH Je]ek-
TOB Ha rpanuie pasaena SiO2/n-Si. ITo crek-
tpam DLTS cTpykTyp, 00IyueHHBIX HOHAMHU
renus gmoencamu 10 n 102 cm2, ycranos-
JICHO HaJWYME LIEHTPA C YHEPrUe MOHM3AINN
Ec —0.30+0.04 5B.
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