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AnHoTanus. V3yueHo nepepacnpeieneHly 3JIEMEHTOB 10 TIIyOHHe B anuTakcHanbHbeIX GeSi ciosx npu obiy-
YEHNHM HAHOCEKYHJHBIMHU UMITyJIbCaMU pyOHHOBOTO nasepa. [Ipoananu3upoBaHo BIMSIHUE cerperanuu Ha (Gop-
MHPOBaHHE SUEUCTHIX CTPYKTYP B HEPABHOBECHBIX YCIOBUAX UMITYJIbCHOTO BO3ACHCTBHSL.
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Abstract. The redistribution of elements in epitaxial GeSi layers under irradiation with nanosecond pulses of a
ruby laser has been studied. The effect of segregation on the formation of cellular structures under nonequilibri-
um conditions of impulse influence is discussed.
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OpmHa w3 aKkTyalbHBIX HPOOIEeM MOIYyIpPOBOIHHU-
KOBOH OITORJIEKTPOHUKH — CO3/1aHHe d(PPEKTUBHBIX
HCTOYHHMKOB CBETAa Ha OCHOBE I'€pPMaHMsI, U3ITydyaro-
IUX TPH KOMHATHOM Temmeparype. B wacTHOCTH,
rerepocTpykTypbl GeSi/Si ObLIH HCIOTB30BAHEI TIPU
pa3pabotke (OTOAETEKTOPOB MH(PPAKPACHOTO Jana-

ma3oHa [ 1] u mazepHBIX cTpyKTYp [2]. [lepcriekTuBhI
ucrionbp3oBaHus Ge/Si rerepocTpyKTyp HpHIAIOT
aKTyaJbHOCTb MOMCKY aJbTEPHATUBHBIX METOOB UX
co3nanus u Moaudukanuu. B HemaBHuX padoTax [3]
OBUIO TIOKa3aHO, YTO TAKUM METOJOM MOXET OBITh
uMIyJbcHas JazepHas obpaborka (MJ10). B wacr-
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HOCTH YycTaHoBIeHo, 4To mpu WJIO mpoumcxomsr
MOpQoIOrHYecKre U3MEHEHNsI IOBEPXHOCTH BILIOTh
0 00pa3oBaHMs STYEHUCTHIX CTPYKTYp [3—4]. Mexa-
HU3MBI TOSBJICHUS 3THX MOPQOIOTHYECKHX H3Me-
HEHMH 10 KOHIIa He BBICHEHHI. B HacTosmelt pabo-
T€ HCCIE0BAaHbI NIPOLECCHl MAacCOMEepeHoca B yCIIo-
Busix MJIO B GeSi rerepoctpykrypax (I'C),
MOJTyYEHHBIX METOJOM MOJEKYISIPHO-JIy4eBOH 3ITH-
Takcuu. M3ydaemble CTPYKTYpbl, 0OIydaliuchk HaHO-
CEKyHIHBIMH HMITyJIbCAMH H3ITydEeHHS PyOHHOBOTO
nazepa. JlnarHocTrka (azoBOrO COCTOSIHUS MOBEPX-
Hoct 30HBI MJIO mpoBoamiack METOAOM OIITHYE-
CKOTO 30HIMPOBaHMA in situ. Pacnipenenenne >nmemeH-
TOB B 00pa3uax no riryoune 1o u nocie UJIO ananu-
3UPOBAJIOCH METOJOM  BTOPUYHO-HOHHOM  Macc-
crnekrpockornu (BUMC). [lnst onpeneneHust TiyouH
MPOMJIABICHUS NPOBOJMIOCH YUCICHHOE MOJAEIHPO-
BaHue Teruopusndeckux npoueccos NJIO.

B mpouecce coznmanusi rerepoctpykTyp GexSii-
«/S1 METOIOM MOJEKYJISIPHO-IIy4eBOIl SNMUTaKCHU Ha
momrokkax Si (100) ¢opmupoBanuce yetbipe Oy-
(GepHBIX CcHos C TONIWHOW MNPHOIH3UTEIHHO
0,25 mMxm. Copepxanne Ge yBEIHYMBAIOCH C KaX-
IbIM cioeM Ha 15 %. 3arem BblpaluBaics cioi
Ge7Si3p ¢ HU3KOH KOHIIEHTpaIeld NeeKTOB TUC-
nokaronHoro tuna. TommuHa GesoSiz cioeB co-
crasisia 1,4 Mxum (puc. 1).

HUccnenyemble 00pasibl 00Iy4Yaiuch My4KoM py-
OWHOBOTO J1a3epa (JUIUTENLHOCTh UMITyJIbca 80 HC MO
ypoBHio 0,5) ¢ 3aJaHHBIMU TJIOTHOCTSIMH dHEPTUU W
IIPY HEOJHOPOAHOCTH €€ pacIipesieNieHusI o 00JIyda-
eMoii 30He auameTpoM 3—4 MM He BbIe +5%. OqHo-
BPEMEHHO TNPOBOAMIOCH ONTHYECKOE 30HIUPOBAHHUC
3086l MJIO Ha mmmHax BoaH 0,53 w/mmm 1,06 MKM
IyTeM JETEKTUPOBAHUS OTPa’KeHHOTO OT Hee IMpo0-
HOTO Iy4Ka. MICTOUHMKOM 30HIMPYIOIIETO H3ITyYSHUS
SIBJBUICS JIa3ep Ha CTEKNe, aKTUBHPOBAaHHOM HEOMU-
MOM, PabOTarOIIUK B pekuMe CBOOOTHOM TeHEepaIun
(mmurenbHOCTRIO 0,5 Mc). OGa nazepa paboTanu B
pEeXUME B3aUMHO CHHXPOHM3UPOBAHHBIX OJMHOYHBIX
BCHBIIEK. 30HIUPOBAHHE IOBEPXHOCTH IO3BOJIIIO
10 JWHAMHKE OTPAXaTEeIbHOH CHOCOOHOCTH 30HBI
WJIO omnpenenuts BpeMs CYLIECTBOBaHMS MKHUJKOM
¢azpl. [InoTHOCTE SHEPrHM B JIa3€pHOM HMITYJIbCE
W = 1,6-2,4 Jlx/cM? BapbUpOBaIach KaIHOPOBaHHEI-
MU HEHTpaIbHBIMU (PHIIBTPaMHL.

BUMC-u3mepenust npoBOJMINCH Ha YCTaHOBKE
TOF.SIMS-5 ¢ BpeMsnpoieTHBIM Macc- aHaJIu3aTo-
POM M ABYMS MOHHBIMHU ITyIIKaMHU — JUIS paclblie-
HUS 1 30HAupoBaHus [5]. Panee 3TuM MeTo10M BBI-
MOJTHSUTUCh MCCIIEIOBAHUS TIOJOOHBIX TepMaHUN -
KpeMHHEBBIX cTpyKkTyp. Jdannsie BUMC Opimm mmo-
JMy4eHbl mocnoiHbM aHamm3oM ['C Ha ymoMsHyTO#
YCTAQHOBKE IIPH PaclbUIEHUH TECTHPYEMOI o0iacTu
06pasuos (~1 mxm?) momamu Cs* ¢ sneprueii 1 k2B
(Tox myuka 70 HA) u 30HOMpOBaHMK HOHamu Bi'
(25 3B, 1 HA).

[NonydeHHsle 3aBUCHMOCTH Tapamerpa X(z), xa-
paktepusyromme pacnpenesnieHuss Ge mo riyOuHe,
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MIPUBEICHHBIC HA PUCYHKE 1, B OCHOBHOM COBMaja-
10T C UCXOJHOM 3aBUCHMOCTBIO; CTYNEHBKH Ha Ipa-
(¢UKax OTpaXaloT HaIW4YMe NEPEXOIHBIX CIIOEB
MeXay BHEIHUM cioeM GeSi n 6a30BBIM KpHCTal-
oM Si. Bmecte ¢ Tem HabmOAAIOTCS OCOOCHHOCTH
3aBucuMocTeid X(z) B MomudunupoBanusix MJIO
cioax GeSi (z < | MKM), CBHIETENBCTBYIOIIUE O
TIOBBIIIEHHOM cozaepxkaHun Ge B  yJIBTPaTOHKHX
(< 50 BHM) TOBEpXHOCTHBIX OONACTSIX O00pasloB U
JIOKJIBHBIX MHUHHMYMaX, IOJIOKCHHE KaKAOTO W3
KkoTopbIx 1o riryoune (0,48 mxmM, 0,66 u 0,86 MKM)
ompenensercs sHepreruaeckuM pexxumom WJIO I'C.

%, arb.un.
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Pucynok 1 — Pacnpeneneane Ge B SIUTaKCHATIBHOM
rerepocTpykrype GexSii«/Si no rirybune no u nmocie MJIO
C YKa3aHHBIMH IUIOTHOCTSIMH SHEPTHH 00TydeHHUS

Pesyneratel BUMC ananu3upoBaluch ¢ Ipu-
BJIEYCHUEM JIaHHBIX DEIICHHs TEIUIOBOH 3amadu 00
HMMITYJIbCHOM MOBEPXHOCTHOM Harpese 30Hbl MJIO.
CooTBeTcTByIOIIEE MOACIUPOBAHUE JIA3EPHO-HHY-
LUPOBAHHBIX (A30BBIX IEPEXOJ0B (IUIABICHHE <>
OTBEpZEBaHNE) B UCCIeqyeMbIX oOpasmax GexSii/Si
MIPOBOAMIIOCH HA OCHOBE YHCIIEHHOTO PEIICHHS 3a-
nauu Credana.

Jis  paccMaTpuBaeMBIX  AKCIHEPUMEHTAIBHBIX
YCIIOBUI IJTMHA TeTutoBoit nuddysun 3a Bpems um-
MyJbca CYIIECTBEHHO MEHbIIIEe THaMEeTpa J1a3epHOro
nsaTHA (4 MM), YTO MO3BOJIMJIO OTPAHUYHUTHCS OJIHO-
MEpPHBIM IPUOIIIKEHHEM.

IIpu anropuT™MHM3anuM 3ada4vdl HCIOJB30BAJIACh
HEsIBHAS Pa3HOCTHAS CXEMa, PA3HOCTHBIC YPaBHEHHUS
pemanucy MerosoM nporoHku. [Ipm pacdere yunm-
TBIBAJIUCH TEMIIEPATYPHBbIE 3aBUCHMOCTH TEIUIO(PH-
3WYECHX IapaMeTpoB, a TAKXKE MX 3aBUCHMOCTbH OT
(ha30BOr0 COCTOSIHUS U COCTaBa CIIOEB.

W3 pe3ynbTaToB YHCICHHOTO MOJIEIMPOBAHUSA
CIIE/TyeT, YTO B UCCIICIOBAHHBIX YHEPIETUUECKHX pe-
skumax WMJIO nmocturaercsi TOJBKO YacTUYHOE MPO-
miaBneHue cioeB GerSizo, OTBepneBaHre OMHAPHOMN
KHUIKON (ha3sl B 3TOM CIIydae MPOUCXOIHUT HE OT MOJ-
JIOXKKH KPEeMHHS, a OT CaMoro TBepIoro pactBopa. Ha
pHC. 2 TIpUBENICHBI pacyueTHbIE 3HAUCHUS TIIyOMHBI
MIPOMJIABIEHUS] 1 HAHECEHBbl KOOPJUHATHI JIOKAIBHBIX
MUHUMYMOB. IlepBasi koopanHata (puc. 2) cOOTBeT-
CTBYET JIOKaJlbHOMY MHHHMYyMy KoOHIeHTpauuu Ge
(puc. 1), a BTOpas KoopauHATA SIBIAETCS KOOpIMHA-
TOH Hayanga oOpa3oBaHMS JIOKAJILHOIO MHHHMYMA.



Cexyus 1. Hzmepumenvuvie cucmemul u npubopul, mexuuieckue cpeocmea 6e30nacnocmu

Pe3ynbTaTel pacdera BpPEeMEHH CyLIECTBOBAHMS JKUJI-
KOU (ha3bl XOPOIIO KOPPEIUPYIOT C IKCIIEPUMEHTAITb-
HBIMU JIaHHBIMH, HOJIy4YeHHBIMH METOJIOM ONTHYe-
cKoro 3oHaupoBanHus. OOpa3oBaHUE JIOKAIBHBIX MH-
HHMYMOB B pactipesiesienun Ge 1o TiryOrHe CBsI3aHO ¢
SIBJICHUSIMH Cerperanuu. X0oTs KpeMHUH U repMaHuit
00pa3yroT HeNpephIBHBIN PsJl TBEPIbIX PacTBOPOB, B
CYIIECTBEHHO HEPABHOBECHBIX YCIIOBUSIX HAHOWM-
mynbcHoro HarpeBa ['C, mHUIMUpYOMEro OBICTpBIC
(ha3oBBIC TIPEBPAIICHUS TBEPAOE COCTOSHHE <> Ou-
HApHBIN pacIuiaB, TPH OBICTPOM OTBEPACBAHUH PAC-
IUTIABJIEHHOTO cJiosi mpoucxoauT cerperanust Ge. Ee
crnencTBue — (OpMHpPOBAaHHME SUCHCTBIX CTPYKTYP
[3, 4] B pe3ynbTaTe BBITECHEHUS T€pMaHUS B JiaTe-
paJbHBIX HAaNpaBJCHUSX, a TaKkKe K IOBEPXHOCTH.
[onoxeHne Kaka0ro M3 JIOKAJIbHBIX MUHHMYMOB B
pacnpenenennn Ge (puc. 1) npuOnM3UTENHHO Ha
0,1 MKM HH>KE JOCTHIaeMOil TTyOHHBI IIPOIIaBICHHUSI.
OTO paznuyue CBSA3aHO C TeM, YTO MOJETHPOBaHHE
BBITIOJTHEHO B MIPUOJIMKCHUH IIOCKOTO (ppoHTa (hazo-
BOTO IIEpexo/ia.

B pesymbprare JaHHOTO MCCIICAOBAHUS TIOJTyYCHBI
JaHHBIC O TEepepacIpeaeIeHNH 3JIEMEHTOB MO TIIy-
OMHEe B SMHUTAKCHATBHBIX closix (GexSii/Si(100) B
ycnoBuax MJIO MOHOMMIYJBCHBIM —H3ITydeHHEM
pyOHHOBOrO Ja3epa. Y CTaHOBIICHO, UYTO IMOJIOXKEHHE
JIOKaJbHBIX MUHUMYMOB B pacnpezeneHun Ge coort-
BETCTBYET IiiyOuHam nporuiasienus ['C npu 3a1aH-
HbIX 3HauyeHusx W. IlpoucxoskneHue yka3aHHBIX
MHHAMYMOB KOHICHTpAIlMd TEPMaHHs CBS3aHO C
HavyallbHOM cTaguel OoTBepAeBaHHs OMHApHOTO pac-
IUIaBa M 3apOXKICHWEM CErperanuy, MPHUBOIAIICH K
(hOpMHPOBAHUIO TIEUCTOH CTPYKTYPHI B pe3yJbTaTe
WJIO snurakcuanbHOTO cnost GexSijx.

Astopsl npusHatenbhbl 1M Taiinyky 3a npeno-
CTaBICHHBIN oOpaserny rerepocTpykTypel GeSi/Si
(100) u M.H. [Ipo3noBy 3a nanasie BUMC.

PacueT
B KoopgwWHaTA 1
¥ HKoopgWHaTa 2
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Pucynok 2 — Paccuntannasi 3aBUCMIMOCTh MaKCUMaJIbHOM
IITyOMHBI MPOTUIABIICHNUS (CIUTONTHAS JINHHS)

OT IJIOTHOCTH SHEPTHH JIa3epPHOTO O0ITydeHS.
Koopaunara 1 cooTBETCTBYET JTOKAIBHOMY MHHUMYMY,
KoOpauHaTa 2 — Hayainy (popMUpOBaHHS JOKATEHOTO
MHUHHMYMa (TIOSICHEHUS B TEKCTE)
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