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CpaBHeHMe pagnauMoOHHOW CTOMKOCTHU reTepOCTPYKTYP C KBAHTOBbLIMU
AMamm InGaAs 1 Toukamu InAs npyM MOHHOM UMNNaHTaLMm
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Huoicecopoockuii cocydapcmeennviii ynusepcumem um. H.H.Jlobauesckoeo
npocnexm I azapuna 23, Huoscnuii Hoezopoo 603950, Poccus

H.A.Co6oneB
Yuusepcumem Aseiipo, 3810-193 Aeetipo, Ilopmyeanus

HccnenoBaHo BIMSHHE HOHHOM MMIUIAHTAIMH HA (HOTOIIOMHHECIEHIHIO U DJIEK-
TPUYECKHE CBOMCTBA reTepocTpyKTyp ¢ KBaHTOBbIMH siMamu (KSI) InGaAs u xBaHTO-
BbiMU Toukamu (KT) InAs, BeipameHHbIMH MeTooM MOC-THAPHIHON SIUTAKCHU.
BrepBrle ycTaHOBIICHO, YTO dNeKTpudeckue cBoiictBa cioeB ¢ KT sBusiorcs Gonee
CTOHKMMH K BBEICHHIO PaJHalMOHHBIX IedexroB mo cpaBHenuio ¢ KSI. IokasaHo
BiusHue 3(QeKTa KaHaTUPOBAHHUS HA PAJHALHOHHOE MOBPEKICHHUE CTPYKTYp, COAEp-
sxamux KA u KT. Jlns ucenenoBaHHOTO Cirydas HIMIDIAHTAI[HK JIETKUX HOHOB Jerpaja-
st uHTeHCHMBHOCTH PJI 3aBHCUT OT Macchl HOHOB TOJBKO Yepe3 IIOTHOCTh CO3/1aBac-
MBIX HOHAMHU aTOMHBIX CMEIICHHUIL.

Beeoenue

OfHUM W3 BOXHBIX HANpaBlICHUH NPUMEHEHUS HMOHHOW O0MOapIMpOBKHU SBISETCA
n3ydeHHe PaJNUalIOHHON CTOHKOCTH TeTepocTpyKTyp. COrmacHo IuTepaTypHBIM JaHHBIM
[1-4], pexoMOMHALIMOHHBIE CBOWCTBAa KBAHTOBO-Pa3MEPHBIX T€TEPOCTPYKTYP U MPHOOPOB
Ha MX OCHOBE MEHEEe UyBCTBHUTEIBHEI K Ae(heKT000pa3yIomuM 00TyIeHUSIM B CPABHCHUH
¢ 00BeMHBIMHU cTpyKTypamu. Kak mpenmonaraercs, 3ToT 3¢ ¢dexr cBs3aH ¢ Oombiei jo-
Kanu3anuen skcuToHa B kBaHTOBBIX Toukax (KT) miu kBanToBoit ssme (KSI) n ycunuBaer-
Csl ¢ TIOHIKEHHEM Pa3MEpPHOCTH. BeposATHO, oIpeieIeHHYI0 POJIb HTPAIOT TAKXKE 0COOEH-
HOCTH Iiepepacrpe/eneHust Je)eKToB B MOJSX yNPYIHX HANpsDKEHUH, CO3IaHHBIMM Ha-
HOPa3MEPHBIMH 00JACTSIMU MAaTEpPHANOB, 00IafAIONIMX MOCTOSHHON PELIeTKH, OTIUYal0-
meiics OT 00beMHOIA.

HampskeHHbIe KBAHTOBO-pPa3MEepHBIE CIION CaMH MOTYT OKa3bIBaTh CUIIBHOE BIMSHHE
Ha TPOIECCH MHUTPAIHM U KOMIUIEKCOOOpa30BaHMs Ie(eKTOB, CO3MAaHHBIX MOHHOH HM-
ia"ranueid. HanpuMep, oHU NMPOSIBISIOT CIIOCOOHOCTD TE€TTEPHPOBATH OIHU AE(EKTHI, I
OTTaJIKMBATh JPYIHUe, SBISTHCS OapbepoM, 3a/IepKUBAIOIIUM MUTPALMIO Ae(EKTOB B 00b-
eMe TIOJTyIPOBOJHUKA.

B pesynbrare pagnanuoHHbIx Bo3aelicTBuil Ha cTpykTyphl ¢ KT u KA npoucxonur
HM3MEHEHHUE CIEeKTPalbHBIX 3aBUcuMocTeil DJI. DneKTpOHHO-IBIPOYHEIE MApPhl, TEHEPUPO-
BaHHBIE JIA3EPHBIM BO30YKICHUEM, PEKOMOMHUPYIOT Ha JeeKTax, He YCIeB 3aXBaTUTHCS
Ha KT (KA). B KT (K5) popmupyroTcst TONBKO CBSI3aHHBIE SKCHUTOHBI, KOTOPBIE Oolee
JIOKQJIN30BaHbl U CTaOMIBHBI B CPAaBHEHHU C PEKOMOMHAIMOHHBIMH IIpoLieccaMu Ha Oe-
3p13y4aTensHbix neHTpax BHe KT (KA). Pasmane mexxmy K5 n KT o6wsicHstercs pa3Hoit
CTENEHBIO JIOKAIU3ALK IKCUTOHOB. B cityqae K5 okCHTOHBI JIOKaNIN30BaHbI TOJBKO 110
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HaIpaBJICHUIO POCTa, HO HE B INIOCKOCTH XY. B 3TOM cilyuae BEpOSTHOCTH Oe3bI3iyda-
TENbHOI PEKOMOMHALMK CHIIbHEE 3aBUCHT OT HAIMYMS OE3bI3NIy4aTeNIbHBIX LIEHTPOB, TaK
KaK 3KCHTOHBI MOTYT CBOOOJHO AU YHIUPOBATH B IIOCKOCTH XY M peKOMOUHHPOBATH
Ha ne(eKTax.

Memoouka sxchepumenma

B pabote nccnenoBaauch rerepocTpyKTypsl Ha ocHoBe GaAs, BBIpalIeHHBIE METO-
oM MOC-runpuaHO SHUTaKCHUH MU aTMoc(epHOM JaBieHuH, cofepskanme ciaon KT
InAs mm K5 InGaAs. Ctpykryps! 061yuanuce Ha yckopurene VJIY-200 npu koMHaTHOI
TeMIepaType MHUIICHH. MUHHMAIBHO BO3MOXKHAS 703a 0Omyuenns Obima 310" cm™
KBaHTOBO-pa3MepHbIe 0OBEKTHI TOMELIATINCH Ha PA3HOM IITyOHHE OT MOBEPXHOCTH. DHEp-
rus oOaydeHust BeIOMpanack ¢ yuyeToMm TiryouHsl 3aneranus ciosg KT wmm KA. O6srano
9HEprusl MOHOB moabupanachk Takoi, 4roosl cion K5 (KT) ObuM pacmonoskeHbl MexIy
MaKCUMyMOM TIpoQuiIsl pacmpeneneHus Ae(eKToB U MOBEpXHOCTHI0. st co3maHus ne-
(heKTOB HCIIOIB30BATIMCH IPOTOHBI, HOHKI T'eIMs WM a30Ta. PacueTsl mpoduis pactperne-
JICHUsI IMIUIAaHTHPOBAHHBIX HOHOB M 00pa30BaHHBIX paJHAllMOHHBIX Je()EeKTOB MPOBOIH-
Jch ¢ noMolsio nporpammsl TRIM. TIpumMepsl pacculTaHHBIX pacHpeneIeHU KOHIeH-
Tpanuii 1eeKToB 1 MOJI0KEeHNEe KBAHTOBO-PAa3MEPHOT0 CJIOsI IPUBEAEHBI Ha puc. 1.

O0yueHHbIe 00pa3Ibl HCCISIOBAIICh METOAAMH CIEKTPOCKOMHK (OTONOMHHEC-
ueniuu npu 77 K u u3mepennii apdexra Xomra no meroauke Ban-nep-Ilay npu xom-
HaTHOM TemIieparype.

Pezynomamot u o6cyscoenue

Ha puc.2 noxaszansl Tunngnslie cnektpsl @JI K InGaAs u KT InAs, a Takxe ux mo-
JubUKaIys B pe3ynpTare oomydyenns pasueivu nonamu (H', He', N) ¢ pasasivu gosamu.
JleeKThl, co3naHHBIE HOHHBIM OOIy4YeHHEM, CO3/1AI0T T TyOOKHe YHEPreTHIECKUE IIEHTPHI
B 3alIPEICHHON 30HE MOJYNPOBOJHHKA, YTO YBEIMIUBACT OE3bI3IIydaTelNbHyI0 PeKOMOu-
HAIMIO0 HOCUTENEH U YMEHbIIAeT UHTCHCUBHOCTD DJIL.

Bauanue oonyuenusn uonamu zenua na unmencugnocmov @JI KT u KA. Ilonyuenst
3aBucuUMocTU oTHocuTenbHON MHTeHcuBHOCTH PJI KA n KT oT paccuntaHHOM KOHILEH-
Tpauuu NeeKTOB, CO3JAHHBIX HOHHOI HMMIUIaHTaLMeil Teilus ¢ Pa3IMYHBIMU J03aMH
(puc.3). Monnoe obmyyeHue MpOBOAMIM B IIBYX PEKHMax. B mepBoM ciiyyae HMKAaKHUX
CHEIHANBHBIX MEp A MPEeIOTBPANICHNS KaHATNPOBAHNS HE IPEANPUHIMAIH, a 00pa3Ibl
(c opuentanueir (100)) pacmonaramuchk MEpIEHIUKYISIPHO HOHHOMY Iydky. Ha pmc.3
(xpuBble 1 ¥ 2) mMoKa3aHa 3aBHCHMOCTb OTHOCHTEJIBHOTO YMEHBIIEHHS WHTEHCHBHOCTH
@®JI KT u K41 ot pacueTHO# KOHIEHTpanuy 1edeKToB, CO3JaHHbBIX IIPH 00IyIeHHH HOHA-
MH Tenusi B IIockoctH, rae pacnonaraercs cioit KT wmu KSI. Mer Habmronaem naneHue
nnteHcuBHocTH OJI ¢ yBemMUeHNEM KOHIEHTPAIMU 1e(EeKTOB, TPUYEM TaKOe N3MEHEHUE
Ha NOpsoK BennuuHb! Oosbire st KA B cpaBuennu ¢ KT.
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Paccunranuslii npoduias pacnpeneneHus
KOHIIGHTpaluu  J1e(EeKTOB, CO3JaHHBIX
HOHAMHU C dHepruel, k9B: 1 — azora, 100,
2 — renus, 30, 3 — Bomopoaa, 20. Jlo3a
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Crnexrper @JI rerepoctpykryp ¢ Ki u
KT, noaBeprHyThIX HMILIAHTALUU pa3-
HBIX HOHOB C Hepruel, kaB: 1 — HeoOiy-
YeHHBIE 00pa3iel, 2 — H™-20, 3 — He™-30,

nouos 3-10'%m2,

4 —N"-100. To3a noHos 310 cm.

Kak ObU10 cka3aHO BbIlIE, KaHAJMPOBAHHE HMOHOB MPUBOAUT K OoJbliel TiryOHHE
MIPOHUKHOBEHHSI MOHOB M M3MEHEHHIO mpoduis pacnpeneneHus nedexros. [Iporpamma
TRIM mo3BOJISIeT PacCUUTHIBATE pacrpefesieHne NeeKTOB b B aMOp(HHONH MHIIEHH,
T.e. OHA HE MO3BOJISIET YYECTh €T0 M3MEHEHHE NIPH HAJIWYNY KaHAJIUpoBaHUA. J{iis uckimo-
YeHHsT KaHAIUPOBAHUS OBUIN NPOBEIEHB! KOHTPOJIBHBIC OIBITH, B KOTOPBIX 00paser yc-
TAHABIMBANM HA IIAT(GOPMy MOJ YIJOM 7° K HANPABNCHHIO PACIPOCTPAHEHMS IydKa
noHOB. [lonmydyeHHBIE pe3yNbTaThl MPEICTaBICHBI Ha prc.3 (kpuBbie 1” u 27). B ciyuae
MEPIEHIUKYIIPHOTO MaJeHusl HOHOB MHTeHCHBHOCTh DJI Bcerna Oonblie AA BCEX 103
o0JTydyeHHs, YeM MpH MaJeHUU 10 YIJIOM, YTO COOTBETCTBYET OoJblIeil peanbHOH KOH-
uenTpauun aedpexro B oonactu cnos KT (KS1). OueBnaHo, py HATMYUK KaHATMPOBAHUS
KOHIICHTpanust e()eKTOB B KBAHTOBO-PA3MEPHOM CIIO€ yMEHBIIACTCSL.

Crnenyer 3aMeTHTh, YTO BiusHHE KaHaimupoBaHus Ha PJI rerepoctpykryper ¢ K5
3HaYUTENbHO cuiibHee, yeM Jutst KT.

Bauanue maccot uonos

Ha puc.4 mpencrasieHsl 3aBHCHMOCTH OTHOCHTENIBHOTO TalIeHHs! (DOTOIIOMHHEC-
LEHIUN OT pacdeTHOH KOHIeHTparuK aedexro B obmactu cnoeB K5 u KT. IIpu paBHBIX
J103axX TsDKeJIble MOHbI CHIIbHEE BIMAOT Ha Aerpaganuio ®JI, yem nerkue. OnHako eciu
NPUHAMATh BO BHUMaHUE HE BUJ MOHOB, a CO3[jaBacMyl0 MU KOHLICHTPAIUIO aTOMHBIX
CMEIIEHHH, TO 3aKOHOMEPHOCTHU BIUSHUS Ae(eKTOB HAa UHTeHCHMBHOCTD PJI moadnHsIoT-
cs paHee yCTaHOBJICHHBIM 3aKOHOMEpHOCTAM i1 noHOB renus. Crou ¢ KT Gonee croiiku
K paJualMOHHBIM BO3/eicTBUAM, yeM ciou ¢ K5I, uTo nmposiBisieTcst B MEHbIIEH CTENEHH
ramenns uHTeHcuBHOCTH PJI KT mpwm Toit e KoHIeHTpamu 1e(eKkToB B 00JacTH KBaH-
TOBO-Pa3MEPHOTO CJI0s IO cpaBHeHHIO ¢ K1
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Puc. 3. 3aBucumocts unTeHCHBHOCTH DJI | Puc. 4. 3aBUCHMOCTH HMHTEHCUBHOCTH
u3 cnoeB KT u KS ot xonuenrpamuu ne- | ®JI or koHuentpauuu nedexToB B 00-
dexroB, cosznannbix nonamu He': 1 — mpu | mactu KA u KT npu o6i1yuennn pasHel-
HAJIMYMW KaHAIMPOBAHUS MOHOB, 2 — KaHa- | MU HOHaMH (cM. puc.1,2).

JHMPOBAHME HCKIIOYEHO.

Ha ymenbiienne unreHcuBHocTH PJI KT mpu ManbiX KOHLEHTpaLUSX CO3AaHHBIX
ne(exToB BIMSIOT HE TOJIBKO NedeKThl B 00IacCTH KBaHTOBO-PAa3MEPHOIO CJIOS, HO M Ha-
Xozsiuecs: Ha paccrosHur qu(Gy3MOHHOW [UTHHBI HOCHTENICH 3apsa WM MepBHYHBIX
nedexToB, kotopbie B GaAs MOABMKHBI NPU KOMHATHOW Temreparype. O6 3ToM cBHIeC-
TENbCTBYET 0OHapy»)eHHOe yMeHblIeHne HHTeHcuBHOCTH DJI kak ot ciost KT, Tak u ot
ciost KA make B TOM ciyyae, eciii KBaHTOBO-Pa3MEpPHBIN CIIOW HaXOIWTCS Ha TIyOWHE,
IJle pacyeTHas] KOHIEHTPAIMS CO3AaHHBIX OOJTydeHHeM JIedeKToB HHYTOXHO Mana. On-
HaKO M B 3TOM cilydae HalOmrofaeTcs Ooiee CHibHOE ramenne nuteHcuBHocTH DJI oT
cinost KA no cpasuenuto ¢ KT.

Bausanue uonnozo oﬁzzyuemm HA KOHyenmpauuio u HOOBUIHCHOCHIb IJ1eKMPOHO6

W3yuenne BIUSHUS pagvalMOHHBIX Ne(EeKTOB HA KOHLEHTPAIMIO M IOABIKHOCTH
HOCHMTENEeH 3apsia B KBAaHTOBO-Pa3sMEPHOM CJIO€ TPOBOAMIIOCH HA TETEPOCTPYKTypax,
CoZepXKAIINX JeIbTa-CJIOW JOHOPHOW NMpUMecH (KPEeMHHI) Ha TYHHEIBHOM DPacCTOSHUH
ot crost K umun KT. Ecnu koHUIEHTpanus nmpuMecH B JEIbTa—CIOE MEHbIIE YeM ILIOT-
HOCTb COCTOSIHUH B KBaHTOBO-Pa3MEPHOM CJIO€, TO B TaKUX 00paslax JOMKHA HaOIo-
JIaThCs MPOBOAUMOCTH 110 ci1ot0 K5 miu npeikkoBas npoBogumocTs 1o cioro KT.

IloBepxHOCTHAs KOHIEHTpaUs 311eKTpoHOB B rerepocnosx ¢ KT u KA no u nocne
00JIydeHHs] HOHAMH TeIIHsT

K KT KT

HeoGOmyuennsie o6pa3- | ng 5,9-10"! 4,1-10" 2,1-10"
1Bl n 3831 1673 1504

He, E = 60 3B, ng 5,9-10"° 1,6:10" 1,4-10"
JI=3-10"cm n 436 431 1012
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ITocie UMIIaHTALlMKd HOHOB Tefus HAaOMI0aeTCsl YMEHBIICHHE TIOJBHXHOCTH U KOH-
LICHTPAIMK OCHOBHBIX HOCHTEJIell 3apsi/ia BCICICTBHE HX 3aXBara Ha INIyOOKHE DHEpPreTH-
YeCKHe YPOBHH, CO3JaHHbIe paananioHHbIMH Aedexramu. OqHako B ciaydae cios ¢ K5
KOHIICHTPALUsI OCHOBHBIX HOCHTEJICH 3apsi/ia yMEHBIIAeTCsl Ha MOPSIOK BEIHIHHBI, a IS
rerepocTpykTypsl co cioeM KT Bcero B 2-3 paza.

IMpu nanpHelIeM yBEIMYESHUH J103bI HOHOB Tenus u3mepenue sddekra Xomna cra-
HOBHJIOCH HEBO3MOXHBIM M3-32 3HAYHUTENIBHOIO YBEIMYCHHUsS CONPOTUBICHHS 00pasia,
xoTst criekTpsl DJI yAaBanoch H3MEpHTh A0 MAKCHMANbHOH 10351 J1 = 5,1:10'% cm ™2,

TakuM 00pa3oM, pe3yJIbTaThl BIMSHUS PaJHallOHHbIX 1e(eKTOB Ha KOHICHTPALHUIO
HOCUTENIeH 3apsiia B KBAaHTOBO-PAa3MEPHOM CIIO€ TaKKe CBHACTENILCTBYIOT O OOJbIueil
paauanmoHHOM croiikoctu cios ¢ KT.

3axknrwuenue

YcTaHOBNICHO, YTO AIIEKTpUUECcKHe cBoiicTBa cnoeB ¢ KT sBistorcst Oonee cToRKuMH
K BBEJCHHIO paJHallMOHHBIX Ne(eKToB B cpaBHeHHMH ¢ K5I, uro mposBisercs B 3HAYH-
TEJIbHO MEHBIIEM BIIMSIHUM MOHHOTO OOJIydeHHs Ha KOHIIEHTPAIMIO M HOJABIKHOCTH HO-
cureneii 3apsaa. Ha MHTEHCHBHOCTH (DOTOIIOMUHECIIEHIINH BIHSIOT HE TOJIBKO e(EeKTHI,
HaxoAsIuecs: B 00J1aCTH KBAHTOBO-PAa3MEPHOT0 CJIOS, HO U HAXOJUSIIMECs HAa PACCTOSHUH
JUTMHBL Anddy3un HOCUTENeH 3apsia WK MEePBUYHBIX Ne()EKTOB.

IIpu 6ombapauposke nosepxHocTH (100) GaAs nonamu HabIIOIAeTCS 3HAYUTEIBHOE
BIIMSIHUE KaHAJIMPOBAHUS MOHOB HA 3aBHCHMOCTb OTHOCHTENbHOrO ramenus ®JI ot pac-
CUHTAHHOTO pacrpeaesicHus AehekToB st aMopdHOil MulIeHH. BnusHue maccsl s
HCCIIEOBAHHBIX JITKMX HOHOB IOJHOCTBIO OOBSICHSETCS NIPU Y4eTe CO3JaHHOH NMH KOH-
LEHTPalUl aTOMHBIX CMEIICHHH.

Pabora Obuta BeIMonHeHa npu puHaHCOBOH Noxnepxkke HATO (SfP-973799 “Semi-
conductors”), PODU (01-02-16441).
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Comparative study of radioactive hardness into InGaAs quantum well and
quantum dot heterostructures by ion implantation

N.V.Baidus'’, V.K.Vasilev, Yu.A.Danilov, B.N.Zvonkov', P.B.Mokeeva',
N.A.Sobolev?

! Nizhni Novgorod State University, Gagarin Avenue 23, Nizhni Novgorod 603950, Russia
2Universidade de Aveiro, 3810-193 Aveiro, Portugal

In the recent years, an enhanced radiation hardness of the quantum dot (QD) epitaxial
structures and fully processed laser diodes as compared to the quantum well (QW) ones
has been shown [1-4]. Still open questions are the influence on the radiation-induced
degradation process (i) of the diffusion of the irradiation-induced mobile primary defects
(vacancies and interstitials) in the strain fields created by the QWs and QDs with their
possible subsequent capture at interfaces and (ii) of the nature of the primary damage, i.e.
either isolated point defects or defect clusters produced by collision cascades. The former
type of damage is typical of the electron irradiation and the latter of the ion bombardment
and neutron irradiation. Nothing is known about the irradiation-induced modification of
the electrical properties of the QD structures.

Influence of the implantation of the different mass ions on the luminescent and elec-
trical properties of heterostructures containing InGaAs QWs and InAs QDs grown by
MOCVD at atmospheric pressure has been investigated. Helium and nitrogen ions were
implanted under channeling and non-channeling conditions. QWs and QDs were placed at
various distances from the surface. The defect profiles were calculated by TRIM. The
photoluminescence (PL) was measured upon above-bandgap excitation. The carrier con-
centration and mobility were measured by means of the Hall effect.

The enhanced radiation hardness of the QDs as compared to the QWs has been
shown for the first time by the electrical measurements. The study of the influence of the
radiation damage on the concentration and mobility of the charge carriers was carried out
on heterostructures containing a silicon delta-layer placed within a tunneling distance
from the QW or QD layer. In this kind of samples, the carriers supplied by the delta-layer
are captured by the QW or QDs. Thus, either the conductivity in the QW plane or the
hopping conductivity among the QDs is observed. After helium ion bombardment, a de-
crease of the concentration and mobility of the charge carriers was observed as a conse-
quence of the carrier capture by irradiation-induced deep levels. Remarkably, the carrier
concentration decrease in these samples is slower for the QDs than for the QWs.

The influence of the ion channeling on the radiation damage of QD and QW struc-
tures was investigated. It has been shown that the influence of the channeling is much
stronger in the case of the QW structures than in that of the QDs.

We interpret the observed effects in terms of the above-mentioned diffusion and cap-
ture of the irradiation-induced mobile primary defects in the strain fields created by the
QWs and QDs.
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