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B pafoTe npoBeaeHbl MCCNeAOBaHNS BIUAHUSA BbICTPbIX HeATPoHOB 100 k3B — 13 Mas ua dnioeHcom 10 nicm? Ha Mukpokpu-
cTannbl v anuTakcuaneHue cnou InAs, InSb, GaAs, nonyyeHHble METOAaMMW ra3oTPaHCNOPTHLIX Peakuuin ¥ XuakodasHon anu-
Takcum. OBHapyweHo, 4TO neruposaHue MWUKPOKPUCTANNOB PeAKO3EMENbHbIMUA U NEPEXOAHBIMU 3NE@MEHTaMu NoBbILWaeT pa-
AWALUMOHHYIO CTOMKOCTb MaTepuanos. B nyyqwwux obpa3yax uaMeHeHwe KOHUEHTPaUWU OCHOBHbIX HOCUTENEeW He npesbllaeT
0.1%. MonyyeHHble pe3ynbTaTbl OGBLACHAIOTCS G TOMKM 3PEHWUSA KOHUENUMM pagvauncHHOR CToikocTv MaTepuanos, 6a3upyio-
LENCA Ha cylLecTBOBaHUWM (DyHAAMEHTANIbHOMO YPOBHA 3NeKTPOHEATPansHOCTH B NONYNpPOBOAHUKAX.

1. BBepeHue

[MonynpoBoAHUKOBLIE MaTepuanbl, KOTOPbIE Bbl-
MycKatoTCA  OTEYECTBEHHOW  MPOMBILLNEHHOCTLIO
Poccun u YkpawHbl, a Takxe psaoM 3apyGexHbix
UpM ABNAKOTCA HEAOCTATOMHO paavauMoOHHOCTON-
kumu. [lapameTpbl U3rOTOBMEHHLIX HA WX OCHOBE
AaTYNKOB M3MEHRAIOTCA B PaavauMOHHBIX YCNOBMAX
KaK MuHUMYM Ha 3-5%. OaHOBpPEMEHHO C poOCTOM
notpebneHus nonynpoBOAHUKOBLIX AaTYMKOB BO3-
pactaoT 1n TpeboBaHUA K ynyyLUEeHUIO X SKCnyaTa-
LUMOHHbIX XapaKTepucTuk, B NEpBY0 odepeab — TOM-
HoCTU u3mepeHuin. [ns npubopos paboTatowux B
paanaumoHHbIX yCNoBuax 370 nopoxaaeT npobnemy
co3faHua Martepuanos ¢ NOBLIWEHHOW paanauuoH-
HOW CTOMKOCTBLIO. MI3BECTHO HECKONbKO METOA0B No-
BbILUEHUS PaaMauMoHHON CTOMKOCTW: MeTannypru-
4Yeckoe nernposaHve, UCNOMb3OBaHWE paauaumoH-
HOCTUMYNUPOBaHHbIX 3h(PEeKTOB Ha rpaHUUe pasae-
na ¢as, co3naHve B obbeme nonynpoBoaHMKa Ae-
dekTHOro cnos, saepHoe neruposaHue. OaHako ans
Kaxaoro ua3 pacCMOTPeHHbIX cnocoboB MOBLIWEHUA
pagnaumoHHOW CTOWKOCTM BcneacTeve hUaNYecKnx
orpaHVYeHNn CyliecTBYET BEpXHWA npefen paaua-
UMOHHOW CTOWKOCTU, KOTOPBIA MOXHO AOCTUUBL Kax-
AblM 13 Hux. AsTopamu [1] nokasaHo, UTO paguauu-
OHHasi CTOMKOCTb MONynpPoBOAHMKOBOTO Martepuana
fyaeT makcumanbHOW, ecnu UcxoaHas KOHUEHTpa-
uus HocuTenew 3apsaaa paBHa HEKOTOPOW NMUMUTHOM
KOHUEHTpauuu Nim. BenuunHa nym MoxeTt 6utb on-
peaeneHa Kak pacyeTHbIM, Tak U SKCnepuMeHTanb-
HbiM nyTem. 3Has ee, MOXHO BbiGpaTb MaTepwan,
KOTOpbIA 6bl MMen MakCUManbHyto paavaLUoHHYo
crovkoctb. OAHako ocHoBHasi npobnema CocTouT B
TOM, 4To ANA HonbWHHCTBA MaTEPWUanos 3HavyeHus
KOHUEHTpaLUuMin, Npu KOTOPbIX AOCTUraeTCs HauBbiC-
Wwasa pagnauMoHHaa CTOMKOCTb U ONTUManbHble Na-
paMeTpbl AATYNKOB, Kak NMpaBWNO, OTNUYAKOTCA Ha
Heckonbko nopsakos. [1oaToMy AnsA Takux matepua-
noB akTyanebHoOW sBnAeTcA paspaboTka U CoBepLLeH-
CTBOBaHME METOAOB MOBLIWEHUS paanaLMOHHOR
cTonkocTn. M3BecTHO, YTO BBeAEHUE Yb B KpeMHUi
MeTofoM auddysun yMeHbLIaeT CKOpoCcTb yaane-
Hua  Hocutenen B8 5~6 pas npu  obnyveHun
y-kKBawtamu B pAmanasoHe moeHcos 1.10" +
510" cm? [2]. Lienbio AaHHoit paboTsl 6bino uccne-
A0BaTb BMMAHWE MEeTannmypru4eckoro NervpoBaHus

peako3eMenbHbIMU U NepexXoAHbIMU 3NeMEHTaMn Ha
paanaumoHHyto ctorkocTte -V maTtepuanos.

2. 3KcnepuMeHT

Mukpokpuctannel InAs, InSb Bbinu nony4eHsi
METOAOM Ta30TPaHCNOPTHLIX peakulili B 3aKpbiTOM
obveme. MeToa nossonsAeT nonyvaTb CTPYKTYPHOCO-
BEPLIEHHbIE KpUCTaNMbl C 3aaHHbIM YPOBHEM neru-
poBaHuA 1 hOpMON, Ha OCHOBE KOTOPbIX U3roToBNSA-
KOTCS MUKPOCEHCOPLI pa3nNUYHOro HasHavyeHus. 3nu-
TakcuanbHble cnion GaAs Hbiny nonyyYeHbl METOAOM
HW3KOTEMNEPATYPHOW  XWAKOA3HOW  anuTakcum
(HK®3) wn3 rannueBoro pacTeopa-pacnnasa Ha
nonyusonupyrowen noanoxke GaAs. Mukpokpu-
cTannbl NerMpoBannce OCHOBHbIMK npuMmecamu (Sn,
Te) koTopble obecneynpany ONTUManbHY!O KOHLEH-
Tpauuio OCHOBHLIX HOcuTened B npeaenax 10"~
510"® cm® OAQHOBpPEMEHHO € OCHOBHbIMU
AOHOPHBIMA ~ MPUMECAMWM  MUKpPOKpUCTannbl
anuTakcuanbHble Crou NnervpoBanmncb OAHOW UMK
HECKONMbKUMU AONOMHUTENBHLIMU npuMmecamu
Yb (0.0005 Bec.%), Cr (0.0075 Bec.%), Mn (0.0035
BeC.%). B xoae npenBapuTenbHbIX 3KCMEPUMEHTOB
Bbln  yCTAHOBNEHbI  AONYCTUMbIE  COOTHOLLEHMSI
MEXAY KOHUEHTPaumamMu HekoTopbix npumecei (Yb u
Al) B LIMXTE, NPYU KOTOPbIX BO3MOXHO nony4uexue [l1-V
MaTepuanoB C ONTUMAalbHbIMW  KOHUEHTPauuamMu
HocuTENnen u cTeneHbto komneHcauun. Kak npasuno,
KOHUeHTpauma Al He  pomkHa  npesbllWaTtb
0.02 Bec.%. Ponb AONOMHUTENbHBLIX NpUMEcen
COCTOAiNa B MOBLIWEHUM paanauMoHHOW CTOWKOCTH
nonynpoBOAHUKOBbIX MaTteprasnos.

[ns wccnepoeaHuss pagMauvoHHOW CTOMKOCTM
nofnyyYyeHHble Matepvansl obnyyanucb 6HbICTPbIMK
HeATpoHamu ¢ aHeprueit 100 keB+13 MaB n droeH-
com 10" nicm? Ha BbicTpOM MMNYNBLCHOM peakTope B
OoUANn, OybHa.

KoHTponb paavaunoHHON CTOWKOCTY NPOBOAUITCA
meTtonom achdbekta Xonna no aHanmady U3MeHeHui
KOHLEHTpauun Kocutenei 3apsaa 4o v nocne obny-
yeHua martepuanos. OTHocuTenbHas owwnbka name-
peHusi XONNOBCKOrO HanpsXeHWA OT €ro cpeaHero
3Ha4YeHns He npesbiwana +0.04%.

3-n mescoynapoomas Kongepenyus « Braumodeiicmeue uanywenuii ¢ meepovirt menomn, 6-8 oxmsbps 1999 2. Muncx, Benapycs
3-d International Conference «Interaction of Radiation with Solids» October 6-8, 1999, Minsk Belarus

This document has been
edited with Infix PDF €ditor
- free for non-commercial use.

To remove this notice, visit:
www.iceni.com/unlock.htm



http://www.iceni.com/unlock.htm

28

3. Pe3ynbTtaTtbl u o6CcyxaeHue

M3meHeHue KoHLEeHTpaLun OCHOBHbIX HOCUTENen
u nogeuxHoctu B -V matepuanax nocne obnyde-
HUS ObICTPLIMKU HENTPOHaMK NpuBeAeHsbl B Tabnuue.

Tabnuua. ismeHeHue KOHUEHTpauuu anekTpodunniecknx
napametpos B |l[-VV maTepuanax nocne oﬁnyquMn BbICT-

pLIMI HEWTPOHaMK ¢ dnioeHcom 10 Hicm?
Nervpyowme WName-
npuMecu Ucx. | HeHune [MameHeHue

Mate| Ton- |OcHos-|[lonon-lkoHueH| noa- | KoHueH-
puan| wuHa, | Hele, HuTens| Tpa- |BWXHO-| Tpauuu
MKM [Bec.%- | Hble, | uus, cTH An/n, %
10? [Bec.% | cm® | Awp,
%
- 1.85 1.0

Sn,
InAs (50-100| 1-5 (1+3)-
Yb.Cr, | .10" | 0.35 0.07
Mn

= (1-3)- | 0.39 0.12
Sn, 10"
InSb {50+100{ 0.7+1
Yb, Cr,f (1+3). | 1.14 0.56

Mn 10'®
- 1.56 0.19
Sn,
GaAs| 3:5 | 6+9 Yb | (1+3)-| 0.70 0.12
10"
Yb, Al 0.44 0.08

Kak BugHO 13 Tabnuupbl, AN BCeX vccrnegoBaH-
HbIX MaTepwanos HabnwaaeTcs ymeHblieHe An/n 1
Ap/p npu BBEAEHUN AONONHUTENbHLIX Nnpumecen Yb,
Cr, Mn, Al. B o6pa3suax InSb ¢ 6onee HM3KOR Ucxoa-
HOW KOHLEeHTpauuen BenuMyuHa An/n B HECKONbKO
pas MeHbwe. IOddEKT Cyw|eCTBEHHOIO CHUXEHWS
An/n v Ap/p Habnopaetca B GaAs, nervposaHHOM
ogrospemeHHo Yb u Al. MNpepenbl uameHeHus Au/p
Heckonobko Oonblie 4Yem An/n, ogHako HawBonee
BaXHbIM NapaMeTpoM, onpeaensiioWuM napameTpol
Jatyukos, sienseTcs An/n. Takvum obpasom, B Hau-
nydwux obpasuax U3MEHEHUS KOHLEHTpaLuu un noa-
BUXKHOCTH, Bbi3BaHHble 06y4eHneM, He npesbIWaT
0.1%, uTO CcBMAETENLCTBYET O CYLIECTBEHHOM NO-
BbilleHWN paauauunoHHon crovkocTu -V maTepua-
0B, NernposaHHbIX peaKo3eMenbHbIMU U Nepexoa-
HbIMW 3NeMeHTaMu.

[ns o6bACHEHWA NOMyYeHHbIX pesynbTaToB Ha-
MW npednaraeTca ofgHa W3 BO3MOXHbIX MoAenew.
M3BecTHO, 4TO KkMcnopoa SBNSETCA OAHOM U3 BaX-
Henwmnx npuMecen, kotopas nonapaet B -V maTe-
puvarnbl U3 KOMNOHEHTOB CUHTE3a U MaTepuanos Oc-
HacTku u co3paeT AOHOPHbIE YPOBHUW. [pu B3aumMo-
DENCTBUN C TOYEYHBbIMU pajuauVOHHbIMU AedekTa-
MU Kucnopog, cosgaeT rnybokve akuenTopHbie ypoB-
HU. 3T ypoBHU 3ChHEKTUBHO 3axXBaTLIBAKOT OCHOB-

Hble HOCUTENX B MOMynNpoOBOAHWKOBLIX MaTepuanax
npy paguvauuoHHoM ob6nyyYeHuW, UYTO U NPUBOAUT K
U3MEHEHUIO 3anNekTpoduandeckmx napameTpos nony-
NpoBOAHUKOB. TakuM obpa3om, NOBLICUTL pagvauu-
OHHyl0 cToikocTb IlI-V matepuanoB MOXHO, yMeHb-
was koHueHTpauuo kucnopoga. C Apyron CTOPOHbI,
CKOpOCTb FeHepauuv rnybokux akLenTOpHbIX ypoB-
Hen 3HAUUTENbHO CHU3WTCH, ECNU B MOSYNPOBOAHMK
BBECTU LIEHTPbI FETTEPUPOBAHUA TOYEYHbIX pagua-
LMOHHBIX AedeKTOB. AMIOMUHUA U peaKo3eMerbHble
3NemMeHTbl ahdeKTUBHO FeTTePUPYIOT Kucrnopoa, v
Npu 3TOM, €Cnu UX KOHLUEeHTpauus He npesbiliaert
HEKOTOPOW  KPUTUYECKOW  BENUYUHBI 0.48.10°*
aT.jonei B ucxogHon wwuxrte [3], He co3paloT MUK-
poBkntoveHun. Vimes Apyroin, 4yem aToMbl mMaTpuilbl
BonbwurcTea -V mMatepuanos, KOBaneHTHbIW pa-
OVyc, pegko3emesibHbie 3NeMeHTbl CO34alT none
ynpyrux aedopmauuii B kpucranne, To eCTb ABMS-
I0TCH OQHOBPEMEHHO CTOKamMu AN\ TOYEuHbIX pa-
AvaunoHHbix AedekTos. Mone ynpyrux aedopmauunn
MOFYT CO37aBaTb HE TONbKO peAKo3eMellbHble dne-
MEHTbI, HO W ApYI1e 3NEKTPUYECKN aKTUBHbIE U HEW-
TpanbHblE aTOMbl, KOBANEHTHbIA paauyc KOTOPbIX
oTnuyaeTcs oT aTtomoB peuweTk. Ana InAs, InSb,
GaAs Takumu npumecsimu sensiotes Yb, Cr, Mn, Ge,
Sn, Gd. Ux pacteopumocTs B |lI-V matepuanax Ha-
XOAUTCA B npepenax (1+6)-1O18 cM”, a pasHuLa me-
XAy FreoMeTpuveckMmu pasmepamu ux aToMOB U
atomos llI-V maTepuanos poctaTodHa ANA BO3HUK-
HOBEHWA ynpyrux gecdopmauui peweTku u nmeHe-
HWs npoueccos gedekToobpasosaHus.

MeTannypruyeckoe nerupoBaHwe BblillieyKa3aH-
HbIMX NPUMECAMU NO3BONAET COpMUPOBaTL NOMY-
NPOBOAHWKOBLIA MaTepuan, B KOTOPOM noa OencT-
BMEM UWOHU3UpYylowero obny4yeHus reHepupyeTcs
OAWHAKoBOE  KOMUYECTBO  [JOHOPHO-aKLEeNTOPHLIX
nap, To eCTb B LI€/IOM COXPaHAETCSH ero 3NeKTPpOoHeN-
TpPanbHOCTb.

4. BbiBoab!

Mcnonb3oBaHne CNoXHOFO MeTanmnypruieckoro
NernpoBaHUs C UCNOSb30BaHWEM PenKO3eMENbHbIX
3nemeHTOoB B npoliecce nonyvenus lll-V maTtepnanos
Mo3BONsAeT CYWeEeCTBEHHO NOBLICUTb WX pagvaLuoH-
HYl0 CTOMKoCTb. lNokasaHo, 4To B ny4wmx obpasuax
InAs, InSb, GaAs n3meHeHne KOHLEeHTpauun OCHOB-
HbIX HOcUTenel nocne obnydYeHns GbICTPbIMU HERr-
TpoHamu ¢ crioeHcom 10 Hicm? He npeBsILAIOT
0.1%.
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MODIFICATION OF lll-V MATERIAL PROPERTIES WITH THE USE OF COMPLEX DOPING

. I.A.Bolshakova®, S.1.Krukovsky?, I.A Mrykhin?
) State University "Lviv Polytechnics"; Tel ffax: 380322, 970393, e-mail: inessa@mail.lviv.ua
? Scientific Research Company "Carat" Tel./fax: 380322, 652244

Semiconductor materials which are produced by the domestic industries of Russia and Ukraine, and by a number of for-
eign companies, are featured by insufficient radiation resistance. Parameters of sensors based on the semiconductor materials
are subject to change by 3-5% minimum under hard radiation conditions. For devices intended for use under radiation condi-
tions, this defines the problem of semiconductor material generation with improved radiation resistance. Aim of this work is to
investigate the influence of metallurgical doping by rare-earth and transitional glements upon radiation resistance of lll-V materi-
als.

InSb and InAs microcrystals were obtained by means of vapor-transport reactions in closed volume, GaAs epitaxial lay-
ers were obtained by means of low-temperature LPE from gallium melt. To study radiation resistance of investigated materials
they were exposed to fast neutrons with the energy of 100 keV+13 MeV and fluence of 10" n.cm’ in the pulsed neutron reactor
at the Joint Institute for Nuclear Research (Moscow region, Dubna). An/n value (n - initial carrier concentration in samples, An -
concentration change under irradiation) served as a measure of radiation resistance of a material.

For all investigated materials one can observe that An/n decreases when Yb, Cr, Mn, Al doping is used. For InSb sam-
ples with concentration of (1+3)-10" cm™ An/n value does not exceed 0.12%. One can notice a significant decrease of An/n in
GaAs doped by Yb and Al simultaneously. Carrier concentration changes caused by irradiation do not exceed 0.1% for the best
samples.

In order to explain the obtained results we propose one of the possible models. it is known that oxygen is one of essen-
tial impurities which is induced to the IlI-V materials from the synthesis components and the accessory materials, and which
generates donor levels. It interacts with primary radiation defects and generate complexes with deep acceptor levels. These
levels efficiently bond main carriers in semiconductor materials under radiation exposure, which leads to changes of electro-
physical parameters of semiconductors. From the other side, generation rate of deep acceptor levels would decrease much if
one induces gettering centers of point radiation defects into a semiconductor. Featuring by covalent radius which differs from
lattice atom radiuses for most of 1lI-V materials, rare-earth elements (REE) form an elastic field in the crystal, that means in the
same time they are drains for primary radiation defects.

The use of complex metallurgical doping by rare-earth elements for obtaining of Ill-VV material allows one to improve radiation
resistance significantly. It is found out that changes of main carrier concentration caused by fast neutron irradiation with the
fluence of 10" n.cm™, do not exceed 0.1% for the best InAs, InSb and GaAs samples.
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