CnuH-opOuTaibHOe B3auMoelicTBHe 3/IeKTPOHOB
C aTOMapHO pPe3Koii rereporpaHuieii.
Teopuss u 3xkcnepumMeHT

BA. Boaxos', U. B. Kykymkun?

! P mv. B.A. Koressrnkosa PAH, Mocksa
2 ®TT PAH, Yepuorososka, Poccus

UccnenoBaHo BMsSHIE aTOMapHO PE3KOro M HEMpOHHIIaeMoro maTepdeiica Ha
CIMHOBOE pacIIeIUIcHuEe creKTpa 2D 3JeKTpOHOB B aCHMMETPHYHON KBaHTOBOM
sme Ha ocHoBe rerepomnepexona (001) GaAs/AlGaAs. Iloctpoena momydeHoMe-
Hostorn4ueckasi Teopus [1,2] nHTEpEiiCHOro CMH-OpOUTATIEHOTO B3aUMOICHCTBHS,
OIKCHIBAIOIIAST SKCIIEPUMEHTAJIbHBIC TaHHbE [2,3] MO 3JIeKTPOHHOMY IapaMarHuT-
HOMY PE30HaHCYy B 1moio0HO# cucteme. CyIiecTBYIONIMI B JIUTEPAType aHOMAaJIBHO
GosbIoit pa3dpoc MaHHBIX MO CIMHOBBIM KOHCTaHTaM PamOsl n [Ipeccespxaysa B
KBaHTOBBIX fIMaX CBA3bIBAETCS ¢ UHTep(ElCHON IepeHOPMUPOBKOIL
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TpﬂHCl’IOpT N CTUMYJIHPOBAHHBIE U3TYYEHUAA B MPOCTHIX
cBepxpemieTkax: 0moxosckue konedanus, O/II,
0/10X0BCKHii reHepaTop U BaHbC€—IITAPKOBCKHE J1a3€pPbl
A.A. Anoponos
Nucturyt ¢pusuku mukpoctpyktyp PAH, Huwxuauit HoBropon, Poccust
BeegeHue (obLyee)

1. DyeKTpOHBI B IEPUOIMYECKUX CTPYKTYpax B oTcyTcTBuM nois: Pynkuuun bioxa
u pynxmmu Banbe

2. DeKTpOoHBI B IEPHOAMIECKUX CTPYKTYPax B IOJIE: OJIOXOBCKHE KOJICOaHMS, MEK-
30HHOE TyHHeNMpoBaHue, ypoBHN Banbe-IllTapka.
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3. CBepxpelleTka — OTHOMEPHBIIl IePUOANYECKIN TOTSHINAI

Jlekumna nepsBas
OnNEeKTPOHbI B OAHOI (MUHK) 30HE

1. IIporekanne Toka u OIIL

2. 3asucumocts OJIT oT yacToThI, 6JI0XOBCKHMIT reHepaTop, Kak «J1asep 0e3 nHBep-
CHHW», HHTEPIIPETALH, FPYIITIPOBKA B MIMITYJIbCHOM IIPOCTPAHCTBE, HHBEPCHUS TIPH
HenpaMbIx nepexonax. Kak 1-d pacuer «xymaer» mpo uHBepcuio?

3. KonebaHus NPOCTPaHCTBEHHOIO 3apsifla M CBEPXPELICTOYHBIN OCLUIUIATOP
(SLED) — navanu (Wrnaros, ITasesnweB, Kombes, IlomOypr, Penk) u mocsen-
Hue pabotsl Fisele et al.

IMuonepsr. Kpomep, fAxosnes, Kennem, Ocakn u Tey, Kruropos, Cumun, Canpa-
JIOBCKHUI.

4. MoxHo s cuenath 610xoBckuil reneparop? [lapagurmMa HEBOZMOXKHOCTH.

5. JIBa mongxona K 2JIEKTPOAMHAMUYECKIM CHUCTEMaM M THIIaM BOJIH, Ha KOTOPBIX
paboTaTb.

6. MoxeT MOKHO criesnath 0s10XoBckuit reneparop? Ilpobsemsl

Jlekuua BTopas
ONeKTPOHbI B CBEPXPELLETKE BO MHOMMX (MUHI) 30HaX

1. Kaptuna Ha s13pIke MUHH30H 1 Ha ypoBHsX Banbe—IllTapka

2. Mpennoxenns (nBa) Kasapunosa u Cypuca — Kak 3Ta uaest BO3HHUKIIA, IyCTb
Cypuc pacckaxer — MHoro OJIIT nHa BAX. Ilepeceuerne ypoBHEil 1 pacTaIKnBa-
HHE.

3a. TlostBIUICST KacKagHBIN J1aszep Ha OCHOBe mepBoil maen KaszapmHoBa m Cypuca.
Chavasta Toxe 6oposics ¢ mapagurmoit. He Oymy o KacKamgHBIX TOBOPHTE.

3b. DkcnepuMeHTaIbHbIe paboTHL, HampuMep (panityssl, 1o BAX npu BxmodeHnn
MHOTuX MuHHM30H. MHoro nukoB Ha BAX. Hukakux kosebanuil.

3c. Mbl Hayaymu ¢ GJIOXOBCKOM MapagurmMbl U uckaiau auHammdeckyio OJIT ms3-3a
TPYNIIUPOBKH B CBEPXPEIICTKE C Y3KUMH 3alpPEICHHBIMA MUHH30HaMH. PacyeTs
KJIaccuKa, MoaTBepauim quHammaeckyio O/IIT: cratmdeckoit HeT, a Ha GJIOXOBCKON
4acToTe — eCTb.

4. B nepBbIX ke SKCIIEpHIMEHTaX Ha CBepXpelIeTKax M3 rpynmsl Mapmaioka —
wicyn (a He MUKU ciabbie Oapbeps) Ha BAX — kBaHTOBBHE 3(¢dexts. BAXu
IUTA HECKOJIBKUX CBEPXPEHICTOK. A 3TO K€ TYHHEJMPOBAaHWE MEKIY YPOBHSIMH
Banpe-IllTapka, kak y Kasapunosa u Cypuca, Ho uyepe3 aBa-Tpu 1 Oosiee TepHo-
noB. MaBepcus!! MHOXecTBeHHas! CHCTEMa OMHAKOBBEIX 2-X YPOBHEBBIX CHCTEM.
5. JluanexkTpuueckas MPOHULAEMOCTb ABYXYpoBHeBoi#l cuctemsl. Popmyssl. Ilpo-
OJieMa IIpY IIepeceueHut YpOBHEN — KaKue HaceJICHHOCTHU?
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6a. BBIpacTH/IM «TOJICTYIO» CBEPXPEIICTKY — 9YTOOBI MPEONOJIETh MOTEpH B n'
beperax (konrtaktax). 1000 mepuomos! PacueTl ypoBHeit: ¢ IByMS—TpeMs ypoB-
HsAMU Basbe B siMaX. Pe3ynbTaThl Ha Hell, BKJTIOYasi ONTHYECKYIO HACHTH(DUKALUIO.
[TonTBepknenne pacderamy ypoBHell. Hukakmx m3sydeHmit m KosjeOaHWMiA, KpoMe
kak B obsiactu OMII Ocaxku u Tey. Bes kapruna crana sicHa — BO3MOXKHA YHU-
BepcaJibHas, aBTOMaTnieckas nHBepcust, 6e3 crarmueckoit OIIl — mapagurmall!
Cxema MHBEpCHH.

6b. Hago ObIJIO yMEHBIINTH NMOTEPH B KOHTAKTaX CHEIaTb PE30HATOP—MeTayll—
MeTaJll, KaK B KacKamHbIX J1a3epax. Cxema usrorosiieHuss MIT.

7. beuta BeIpamena B rpynmne Mapmamoka miactuaa co 1000 mepuomamu u cTon
CJIOEM U YHIBI C BOJIHOBOJOM MeTaji-MeTasl u3 Hee (6osiee 30) 1o opHruHaIbHON
TexHosioruu, He kak B MIT.

8. DKCIIepUMEeHTHL: HaOJIIoeHbl MHOKECTBEHHBIE 00J1acTH KosIeOaHuil ToKa U MHO-
’KECTBEHHBIEC 30Hbl CTUMY/IMPOBAHHOIO U3JTyueHus Ha I'Tiax npu pesoHaHcax Mex-
ny ypoBHsiMu Banpe-IllTapka. Ho T He HaOmoganu, Kak XOTeI0Ch.

9. PacyeTsl ypoBHE#, MaTPHUYHBIX 3JIEMEHTOB M OTPHLATESIbHOM MPOBOIUMOCTH.
Cornocrasienue ¢ obsactsamu I'Tn u3styuennit. BisHue cTUMYIMPOBAaHHOIO U3JTy-
YeHUs! Ha TOK. 3aKpBITHE MapaurmMbl?.

10. CtumynupoBaHHOE U3JTy4eHHe Ha dyactoTax okosio 10 I'Ti mo 150 KM

11. Pe3yspTaThl — MHOTO, CKOJIBKO XBAaTHUT BPEMEHIL.

12. Tlouemy Hetr TI'u — motepu B Oeperax mpu BHIOPAHHOM CIOCOOE CO3TAHMSL.
O6cyxnenue Texaonorun. Hamo ee MeHATH!

13. Yro pmampme? TI'm m Bemme. Ot I'To mo TI'm m Bemme. [lpyrue matepuassl.
Kpemnnii??

14. Tlomaiite Xpucra pagu Ha nponosnkeHne padotsi!!!
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Kinetics and statistics of nanowire growth
F Glas

CNRS - Laboratoire de Photonique et de Nanostructures Route de Nozay, Marcoussis,
France

The formation of nanowires (NWs) of semiconductors and of their heterostruc-
tures offers several choice examples of crystal growth in a confined medium of
nanometric size. I shall discuss different studies carried out recently at LPN in
the domain of III-V nanowires, concentrating on the intimate coupling between
the modeling of epitaxial growth and its experimental study. This will give me the
opportunity to recall how nanowires grow, without hiding that the understanding
of the growth mechanisms, and sometimes even their very identification, are far
from being stabilized yet.

First recall that NWsfrequently grow in the vapor-liquid-solid (VLS) mode,
from a liquid (L) catalyst droplet whose volume is of the order of a zeptoliter. The
droplet is fed by the vapour (V) fluxes set up in the growth chamber and growth
produces the solid (S) NW.

1. Self-catalyzed growth

Modeling VLS growth of III-V NWs mediated by a foreign catalyst (such as Au)
is made tricky by the complex composition of the droplet and the multiplicity of
material pathways involved. Modeling self-catalyzed growth, where the catalyst
consists of the group III element of the solid NW, is potentially simpler. In par-
ticular, the thermodynamics of the (IILV) liquid that constitutes the droplet are
known. And for GaAs at least, a striking feature of this method is that the NW
growth rate is governed by the group V (As) flux supplied to the sample and
varies linearly with it. At the same time, As diffusion is negligible. We have thus
developed an “As-only” fully quantitative model of the self-catalyzedmolecular
beam epitaxy (MBE) growth of GaAsNWs, that depends on only a few a pri-
ori unknown physical parameters [1]. The model relies on As material balance
between the three VLS phases and includes nucleation, evaporation and capture
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