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1. MeToabl uccneaooBaHug

dnnurncomempus
JIloMuHecuyeHmMHasi cnekKmpocKonus
IlP-cnekmpockonusi
UK-cnekpockonusi

PenmezeHoz2paghuyeckue Memoosi: peHmM2eHo8cKasl
dughbpakyus, Mmasioyas1080e paccesiHue

KomnsromepHoe modeniupogaHue amoMHOU cmpyKmypbl
eeujecmea



SJ'IJ'II/II'ICOMeTpVIFl TOHKUX MJITEHOK

Hynb-annuncometp
Nnae-3M

OINNUNCOMETPUYECKMIA METO NO3BONSET NosnyyaTb MHOPMaLMIO O CBOMCTBAX U
CTPYKTYpE NOBEPXHOCTU Uccregyembix 06bekToB. BaXXHbIM OOCTOMHCTBOM MeToda
ABMNSAETCS ero HepaspyLuarLwmn xapakrep. iccnegosaHmna MoryT npoBoAUTLCA B
LLIMPOKOM MHTEepBare TeMmnepartyp, B yCII0BUAX arpeCccuBHOU cpeabl, BbICOKOTrO
OaBreHnsa U HEMOCPEACTBEHHO B Xo04e MoanduKaummn noBepxHOCTN 0ObeKTa.

C nomMoLLbL0 JaHHOro MeToda MOXHO ONpeaennTb C BbICOKOW CTEMNEHbIO
TOYHOCTM TOMLWMHY M NOKa3aTtesib NPenoMIIEHUS CI0S MOPUCTOrO KPEMHUSA Ha
KpeMHNEBOW NOASIOXKKE U B AanbHEWLLEM onpeaennuTb Takme napamMmeTpbl, Kak

NOPUCTOCTb N KOHLIEHTPALMA OKUCHOWN UM MHOM U3BECTHOW (pasbl.



ABTOMaTM3NPOBaHHbIN JIIOMWHECLIEHTHbIN CNeKTparibHbIA KOMNJieKc
Aana nccneposaHna poTopmanyecKMx NpoLeccoB B LULMPOKOM
TeMmnepaTypHOM guana3oHe

| OCHOBHbIE XapaKTeEPUCTUKN.

3mepeHne CnekTpoB U KNHETUK
donyopecueHumn B uanasoHe
350-800 HM nof ynpasneHnem
KOMMblOTEpPA.
| HeTtekTop: PpOTONMEKTPOHHbLIN
1| ymMHOXUTEnNb, paboTaloLwmn B

| pexume cyeta POTOHOB.
®oTOBO3bOYXKAEHME OOBLEKTOB:
~ He-Cd nasep, anvHa BOnHbl 325 HM.
& | YcraHoBKa cHabXeHa renmesbiM
KpnocTaTOM 3aMKHYTOro LMKIa,
NO3BONSALWNM BapbUpoOBaTh
Temnepatypy obbekTa B npegenax
14-300 K.




ABTOMaTM3NPOBaHHbLIN KOMIMMEKC ANA nccrnenoBaHus
pernakcauMoHHbIX MPoLUeccoB NPy UMMNYJIbCHOM fla3epHOM
BO3O0EeUCTBUM

1 YcTaHOBKa COCTOMT U3:

YAG:Nd nasepa ¢ 4nutenbHOCTbLIO

— uMmnynbca 20 Hc,
s wae e w | ANTMHA BOMHbI U3NyYeHUs nasepa

i LLULUT T T
i SRR T

‘N 1064 HM MOXeT ObITb Npeobpa3oBaHa
BO BTOPYH (532 HM) Unu 4YeTBEpTYyHO
(266 HM) rapMOHMKY;

oxnaxpaaemoro poTtonpuemMHMKa Ha
InGaAs ¢ ycunutenem (Mmogenb
G6126, Hamamatsu);

BOJibTMEeTpa NMKOBbIX 3|-|aquv||7|;

uudpoBOro sanoMmHalroLLero
ocuunnorpada.

BpemeHHOe paspeLueHue npu

AEeTeKTUpPOBaHUN cUrHana coctaBnser
\ 0.1-1000 mKc.




OlP cnektpomeTtp Bruker ES500 CW (LLIKIT MIY)

1 3000/1

OlNP-cnekTpockonus crnoeB NOPUCTOrO KPEMHUS NO3BONSET onpeaennTb
HanM4ymMe napamarHuMTHbIX AedeKToB TUNa 0OOpPBaAHHLIX CBA3EN, OTBETCTBEHHbIX
3a 6esbl3nyyaTenbHy0 penakcauuo Bo30Yy>XAeHHONo COCTOSHUA SNEKTPOHHOM
CUCTEMbI B HAHOKpUCTannmrax.




UK cnektpometp Bruker IFS 66v/S (LUKl MIY)

OcHoOBHbIe
XapaKTePUCTUKMN:

[nana3oH ckaHnpoBaHUS:
7500 — 370 cm-1

R i
E‘h@- abn bmae
W

- : PaspewieHue: 0.25 cm-1

BakyymunpoBaHue
N3MepPUTESIbHON KaMepbl:
ao 3 mbap

MeTopn VIK-crnekTpockonuu WMPOKO UCMOSb3yeTca Ans onpeneneHnsa gasoBoro
COCTaBa CJiI0€eB NMOPUCTOro KPEMHUS NPU PasnmUYHbIX BO3OENCTBUSIX.



Komnnekc anga peHtreHorpaduyekoro aHanusa

OCHOBHbIE XapaKTEPUCTUKM:

[nana3oH yrnoBoro
CKaHMPOBaHWS:
0..-100; 0..+168 rpag.

MuvHMManbHbIW yron noBopoTa
| AETEKTUPYIOLLEN FONOBKM:
0.002 rpag.

Yrnosas TOYHOCTb:
+ 0.015 rpag.

CkopocTb ckaHnpoBaHus: 500
rpag/MuH.

PeHTreHoBckun gudppaktometp JPOH-6

YnpaBnaeTca KOMNbOTEPOM.




CoTpyaAHNYECTBO B pamMKax UCCreaoBaHui

Poccuuckuu Hay4HbIlU yeHmp «Kypyamoeckuii uHcmumym»
(Mockea)

Mockoeckul 2ocydapcmeeHHbIl yHusepcumem um. M.B. JlomoHocoea
(UeHmp kosinnekmueHO20 noJsib308aHuUsl)

Cankm-llemep6ypackul
20cydapcmeeHHbIlU
YHUeepcumem
(HUU cpu3uku)

MexxyHueepcumemckuu yeHmp
MUKPO3JIEKMPOHUKU
(IMEC, JléeeH, benbaus)

Koponeeckuu mexHosnoa2u4deckuu
yHUsepcumem
(Cmokeonbm, Llleeyus)




10

MexxayHapoaHble CTaXXMPOBKKU MO TEMAaTUKE HaHOMaTepanos
npenogasaTenemn, acnMpaHToB U CTYAEHTOB

e [lukynee B.b., doueHm, dokmopaHm - ¢hespasib-dekabpb 20072.
IMEC, JléeeH, benbaus. NMo3uyusi — nocmook e Ljenmpe
HaHomexHoJsio2udU.

 Knekayee A.B., acnupaHm — mau 2007-okmsibpb 20082. IMEC,
JleeeH, benbaus. lNo3uyusi — acnupaHm o rpo2pamMme
«Sandwich PhD students» e LjeHmpe HaHOmMexHoJsio2uu.

 Ky3Heuoe A.C., macucmp — agaycm 2007-mau 20092.
Koponeeckuli mexHosnoa2u4deckuu yHugepcumem, CmoK20J1bM,
Llleeyusi. Maczucmepckasi npo2pamMma rno HaripaesieHUro
«HaHomexHos102UU».
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2. OObeKTbl UccneaoBaHUN

HaHokomMno3umHbie MamepuaJsibl Ha OCHO8€ MopPuUCMo20
KpeMHusi

dynnepeH-codepkaujue UCKyccmeeHHbIe U NpuUpooHbLIe
Mamepuarbi

YanepooHbie HaHOMPYy6KU U HaHOMOJ/IOMHa



HaHOCTpPYKTYpMPOBaAHHbLIN KPEMHUN - MEePCNEeKTUBHbLIN MaTepMan12

C WNPOKUM CMNMEKTPOM NoTeHUUNAalNbHbIX anIMeHeHVIﬁ

[TopuCTbIN KPpEMHUN NpeacTaBnaeT cobon peakun cnyvdam HaHOCTPYKTYpU-
pOBaHHOro MaTtepuarna, nofly4aemMoro nNpocTbiM U AeleBbiM CNocobom
SNIEKTPOXMMMNYECKOro TPaBfeHNA LLMPOKO LOCTYMHOrO MOHOKPUCTANIN4YecKoro
KPEMHUS B ANIEKTPOSNINTE HA OCHOBE NSTAaBUKOBOM KUCMOTbI.

YHuKarnbHble CBOMCTBA HAHOCTPYKTYPUPOBAHHOIO KPEMHUS NOPOXKAEHDI
adPHEKTOM KBAHTOBO-Pa3MepHOro CBA3bIBAHWSA B HaHOKpucTannax'.

CBoncTBa HAHOCTPYKTYPUPOBAHHOIO KPEMHUS:

- 3HauMTeNnbHaa BenMuMHa yaensHon nosepxHocTtu (4o 1000 m?/rpamm)

- CNOCOOHOCTb K BUOANMOW JNTIOMUHECLIEHLIMM NPU (POTO- 1 SNEKTPOBO3BYKAEHNN,
a Takxke npu agcopbumnm o3oHa

- reHepauusi CUHITIETHOIO Kncropoaa

Bo3mMoxHble cpepbl MPUMEHEHUA NOPUCTOIO KPEMHUS:
- ra30Bble CeHCOopbI

- B3pblBYaTbIE BeLlecTBa

- B Ka4ecTBe MaTpuLbl 419 HAHOKOMMO3UTOB

L. T. Canham. Appl. Phys. Lett. 57 (1990) 1046
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Mopdonorma HaHOCTPYKTYPUPOBAHHOIO KpeMHUS

MaTtpuua HaHONMOPUCTOro KPeMHUSA, MNOJSTY4YEeHHOro Ha NoAJI0XKKe C YMepeHHOMU
KOHLUEeHTpaLuueun akLenTopHON NpMMecu, UMeeT KOpannonoaooHYyH CTPYKTYpPY,
cCocCTaBJIeHHY 13 pa3 amopdPuU3npoBaHHOIO KPEMHUA U HAHOKPUCTAasNMoOB
KpeMHUS.

BHYyTpeHHAA NOBEPXHOCTb NOP CBEXEeNnpUroToBlieHHOro matepuana
naccusupoBaHa BogopoAom B Buae komnnekcos Si-H (n=1-3), obecneunBarowmnx
3alWmUTy OT OKUCIIEHUA KUCNOPOAOM U ruapopoOHOCTDL.

Boaopopa HenTpanuasyeT arneKTpoHHble aedeKkTbl (TUna o6opBaHHbIX CBA3eM) Ha
NOBEPXHOCTU HAHOKPMUCTANMOB, MUHUMU3NPYA Oe3bi3nyyaTeribHble noTepu
3Heprum B BO30YXXAEeHHbIX HAHOKpUCTannax.

B HaHo™
* [" |kpucTannel
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CI'IeKTp BO3MOXHbIX rnpoueccoB B HAHOKPEMHUN

hv

Photo- Surface State
luminescence T"apl_” ng{
ecombination

J
4 A 2
! j Interfacial

‘ Energy
/' Transfer
2ulk Trapping, '
Wotrradiative
Recon®gdilaaating
Red Interfacial
Charge
Ox Transfer

Kpuctannuyeckne pparmeHTbl MOPUCTOrO KPEMHUS 06naaatoT LUMPOKUM
CNEeKTPOM MonepeYvHbIX pa3mMepoB HAaHOMETPOBOIO Anana3oHa, MPUYeM cpeaHui
pasmep pparMeEHTOB MOHOTOHHO YMEHbLLAETCS C POCTOM NMOPUCTOCTH.



Caosur cnekTpa ooTONOMUHECLIEHLIUN MOPUCTOrO KPEMHUS 15
npu Bapuaumm NopucTocTu

s
= e
T
o 10 -« Nopucrocte _ -~
3 \
& s ; N i . CnekTpbl
g s L ¢ 70% \ i 80% NIOMUHECUEHUMN
y /
2 : ' -2 2 4 Y NOPUCTOrO KPpEMHUS
£ o6 - 2 \), \ [OEeMOHCTPUPYIOT CABUT
& ! 5% \ B roflydyto obnacTtb
- \ \
8 ” ' g \ NPy yBENUYEHNN
& - )
5 ) 7 e S NopucTOCTM obpasLa.
.~ ¥ /, 7 \
= 5 . "
3 021 4 - o
T / ~
m ™ = -~
[ =
g- 00 1 | 1 | 1 | \ | Il | 1 | [ e |
- 15 16 17 418 18 20 21 22 23
Q.
:?: JHeprus KBaHToe, 3B

YBenu4yeHne NnopucToCTn NPUBOAMUT K YMEHbLUEHUIO pa3MepoB KPUCTannnToB, U,
crnenoBaTeribHO, K YBENMUYEHUIO LUMPUHBI 3arpeLLeHHON 30HbI, PABHOW 3HEpPrm
N3Ny4yaeMbIX KBAHTOB.



1.0

0.8

0.6

0.4

MHTEHCUBHOCTbL NMIOMUHECLIEHLUMUMN

JTloMMHecUeHUMS NOPUCTOro KPEMHUSA NpU agcopounm o30Ha 16
13 rasoson assbl

HopmunpoBaHHble
CMNEeKTPbl O30H-
NHOYUMPOBaHHOM
(CnNNoLHbIE NUHUK) U
dooTontoMUHecLEeHLUN
(MYHKTUPHbIE NUHUN)
ansa obpasuos
NOPUCTOro KPEMHUSA Ha
P-NoANOXKe C pasHOWn
nopuctocTbto: a — 70%,
6 — 80%.

1.5 1.6 1.7 1.8 1.9 20 2.1 2.2 2.3

JHeprua KeBaHToBs, 3B

OGHapy»xeH 1 usy4yeH HoBbIN 3dhheKT B NOPUCTOM KPpEeMHUU — BO3OYKaeHne NNIoMUHec-
LleHLMU Npu agcopoumm MmoneKkyn o3oHa U3 rasoBow c¢pasbl. MonekynsipHoe Bo3gencTeume
ABNSieTCA NPUHLUNUANIBHO HOBbLIM CNOCOO0M BO30YXXAEHUS1 INEeKTPOHHOW NoAcUcTeMbl
HaHOKPUCTaNNMUTOB B pe3ysibTaTe 3K30TePMMUYECKON XMMMUYECKOWN peaKkuuu, naylien Ha
UX noBepxHocTU. OTKPbITbIN 3hpeKT AenaeT BO3MOXHbIM CO3AaHue AaTYuKa O30Ha.
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HaHOKOMMNO3UTHbLIE MaTepuarbl Ha OCHOBE

nonynpoBoOoAHNKOBbIX COe,EI,I/IHeHI/IIZ

Pa3paboTka HOBOro noKosrieHUi CEHCOpOB N MUKPOPEaKTOPOB (TO eCTb
YCTPOMNCTB, OCYLLECTBIALWUX 3aAaHHbIN (PU3NKO-XMMUYECKUUN NpoLiecc B
MUKPOOOBbEMe Ha CYOMUKPOHHOM YPOBHE) HyXXAaeTcsl B MOUCKe
HAaHOKOMMNO3UTHbLIX MaTepuarioB ¢ HeooxoaMMbiMU cBoucTBamMu. O6LNM
aTpubyToM AnsA 060MX TUNOB YCTPOMUCTB SABMSAETCA Hanuume
BbICOKOPa3BMTON NOBEPXHOCTU, AOCTYNHOMU AnAa Andhy3MoHHOro
NPOHUKHOBEHUS MOSIEKYN U3 BHELUHEN cpeabl. 9TO TpeboBaHUE MOXET ObITb
YAOBJIETBOPEHO Ha 6a3e HAHOMOPUCTbIX MaTepuanos.

HaHokoMno3uTHbIe MaTepuranbl HA OCHOBE NONyNnpPOBOAHUKOB UMEIOT
AONonHUTeNbLHOe NoTeHUManbLHO BaXHoe 4OCTOMHCTBO. MccnegoBaHus AByX
nocnegHux AecATUNEeTUN TBepaAo YCTaHOBUIU, YTO doparmMeHThbI ckeneTa
HaHOCTPYKTYPUPOBAHHOIO NOJyNPOBOAHMKOBOIO CJI0Sl MPOSIBNSAIOT
KBaHTOBO-pa3MepHoe noBeaeHue, BbipaXeHHOe TeM fip4ye, YeM MeHbLle
XapaKkTepucTmyeckue pasmepbl oparmeHTOB.



18
[MpenmyLLiecTBa HAHOKPEMHUSA Kak MaTpuULbl Ans pa3pabdboTku

MUKpOpeaKkTopa AN reHepauum CUHITIETHOrO Kucropoaa

-YHUKanbHas BenuuuHa yaensHomn nosepxHoctv (4o 1000 m?/rpamm)
-LLINPOKMIN CAEKTP 3HEPreTUYECKON CTPYKTYPbl C BO3MOXHOCTbIO YNpaBreHus
-HU3KMN YPOBEHb COOCTBEHHbLIX MOTEPL SHEPTUM NMPU BO3OYXOEHNN

-yCTaHOBMIEHa cOBCTBEHHAsI aKTUBHOCTbL MaTepuana B NpoayumMpoBaHnm
BO36YX/EHHbIX COCTOSIHMI MONEKYNAPHOro kucnopoaa', addekTusHas
npu HU3Kom TemnepaTtype (<100°K)

-6MOCOBMECTUMOCTb C TKaHSAMM OpraHM3mMa Hapsiay cCoO CBOMCTBOM ObICTPOro
BbIBEEHMUS U3 OpraHn3mMa? no3BOossSeT UCMOMb30BaThb JaHHbI MaTtepuan B
KayecTBe dooToceHcnbunuaartopa anga doToanHaMnUYeCcKon Tepanum paka

1 Japanese Patent 20020176515, 18.06.2002
2 US Patent 6666214, 28.09.2001
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OcHoBaHua ons Bbl60pa B Ka4eCTBeé UMIpPerHaHTa

¢ynnepeHos C,, m C_,

Monekyna C, UMeeT TpUnneTHoe COCTOsHNE C OOSbLUMM BPEMEHEM XKN3HU
(1,~40 ps), aHepreTnyeckoe NoroXxeHne KOToporo GrIM3KO K IHEPTMN COCTOSHUS
'S + monekynspHoro kucropoaa.

oaTomy C,, UMEEeT BbICOKMIA KBAHTOBbLIN BbIxof, okono 100% reHepauum
CUHITIETHOrO Kucropoga. dynnepeH CTOEK K CUHINETHOMY KUCHOpOoAY, N He
BbI3blBAE€T CUIbHOMO TYLLIEHUS NOCeaHEro.

JW. Arbogast, A.P. Darmanyan, C.S. Foote, Y. Rubin, F.N. Diederich,
M.M. Alvarez, S.J. Anz, R.L. Whetten, J. Phys. Chem., 95, 11 (1991)
1,=16 ns >> 1y =0.6 ns
L.W. Tutt and T. F. Boggess, Prog. Quantum Electron. 17, 299 (1993)

S
2.00eV To
1.63eV
So or
Y




QHeprus

Cxema 3HepreTuyeckmnx npespawieHunin npu potoBo3byxaeHnu
A HaHOKOMMo3uTa B K1Ucnopoacoaepxallen atmocgepe.

HaHo-Si ®dynnepeH Ceo = MonekynsapHbin
Kucnopopg

20




PeaynsraTbl OoMegnunMHCKOro TeCTUPOBaHUA HAHOKOMMO3nTa 21
NOPUCTLIN KPEMHUN - (PYINEPEHDI

100 +

] :::‘ﬁ'?“l - o = m m H R
90 - o ™S NMpoBeaeHo
- K \\. 1 p A
- ~a N buotecTnpoBaHue
] \ S npeanoXeHHoro
< 70 RN HaHOKOMMO3WUTa in vitro Ha
B . \ \.\ PaKoOBbIX KNeTKax NIMHUU
E =5 ““\ * HT-1080 yenoseka.
o =
£ 50 "\ \ Mo pe3ynbraTam UCNbITaHUN
8 ) \ . 2 nopaHa 3asiBKa Ha NaTeHT
2 1 \. P® (perncrpaumMoOHHbIN
3 30 Al L Ne2006137542).
a) ¢
1 "
20 - T—a 3
d A,
10 -
0 T T T T T | T I ' | ' | L
0 20 40 60 80 100 120

Bpems nocne BO3AenCTBms, Hac.

CpaBHUTENBLHOE NOBEAEHNE YNCITIEHHOCTM NONYNALMN PAKOBbIX KNETOK B Cryvae:
1)oTcyTCcTBUSA (poTOCEHCMBUNM3aTOpa; 2) NpUCyTCTBUA 1M YacTuy, NOPUCTOro
KPpeEMHMSA; 3)NPUCYTCTBUSA KPEMHUN-PYNIIEPEHOBOrO HAHOKOMMO3uTa (Macca
YyacTuL, MOPUCTOro KpemHuns 1mMr, pynnepeHoB 3 MKr).



ViccrienoBaHue aTOMHOM CTPYKTYPbl HAHOPa3MEpPHbIX MaTepuanos 22
MeTodaMun peHTreHorpadonm n MmaTeMaTM4eCKoro MoaenMpoBaHUS.

OndpakunoHHble MeTobl ABMATCA €MHCTBEHHBIMU NPSAMbIMU MeToaaMu
aHanm3a CTPYKTYPHOIrO COCTOSIHUSA HAaHOpPa3MepHbIX MaTepunanoB. CoyeTaHune
3TUX METO0B C METOAAMN MaTeMaTUYECKOro MOAENMPOBaHUS NO3BONSET
NOCTPOUTb aTOMHbIE MOAENWN UCCeAyEMbIX MaTepmnanoB U KOPPEKTHO
paccunTaTtb Ux pusndeckme ceonctea. Pellaemble Takum nyTem 3agayu
OTHOCATCS K Yncny pyHaaMeHTanbHbIX Npobrnem dusnkn KOHAEHCUPOBaHHOIO
cocTosiHUSA. Kpome Toro, ncnosnb3oBaHne AndpakLMoHHbIX METOO0B Ans
KOHTPONS 3a BIIUSAHUEM YCIOBUI NOMyYeHUs Ha CTPYKTYPHOE COCTOsIHME
uccrieayeMblx MaTepuanoB No3BofnT BblOpaTb Hanbornee ontTuMarnbHble
PEXUMbI MPUrOTOBIIEHUS.

MeTtooamm nccnegoBaHus ABMNSAETCA PEHTreHOBCKas ANdPaKTOMETPUS,
no3BongoLas nonyYnTb AUPpPakLMoHHbIE KapTUHbLI MaTepunanos,
COMpoBOXAaemasi COBpEMEHHbLIMU MeToAnKaMmu obpadoTkm
9KCNEPUMEHTASIbHbIX PEHTIEHOrPaMM, Kak NPUOBpPETEHHBLIMU, TaK K
pa3pabotaHHbiMn Ha KOTT lNeTtplY. MeTogbl MawWMHHOIO MOAENUPOBAHUSA
aTOMHOWM CTPYKTYpPbl MaTepmnanosB: METOAbl MOSIEKYNAPHOWN AUHAMUKK K
CTaTUKW, METOL HEeYNnopsao4YeHHOW CETKN, METOLbI KOHCTPYMPOBaAHUA
YIIIEPOAHLIX HAHOTPYOOK N «CLUMBKUY» UX B HAHOMOSOTHA, METOAbI MOCTPOEHUS
CTPYKTYPbl OOLEKTOB HA MOSIEKYNAPHOM U HAAMOJSIEKYNAPHOM YPOBHE.



KomnbloTepHoe MmoaennpoBaHMe aTOMHOWN CTPYKTYPbI

23
HaHopa3MepHbIX MaTepuanoB

PasnnyHble Mmoandukauum yrnepoaa
®ynnepeH C

Schwarzite (Mmogenb)
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JKcnepuMeHTanbHOe peHTreHorpaduyeckoe nccriegoBaHne U
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KOMMbIOTEPHOE MOJENUPOBaHNE CTPYKTYPbl HAHOPa3MepPHbIX MaTepuarnos

OnpepeneHve aToMHOMN CTPYKTYpbI dynneputa C_
MEeTOoAO0M NMOopPOoLLKOBOU Ancpakumm

YnakoBka monekyn C70

B 3fIeMeHTapHOM AYenkKe . -
‘\j AN
f | a1
bt il ! =X v, 4
‘lq o V;wrmaw
1 | '|| /
| // FEOPETIenCs S
h U [ e
S
j \ | N
| A \ ) ,/ 3
S| b I,

SKCNepuMEeHT AN WyHrnTa nocrie oopadboTku B ayre

“I ey, MKcnepinent
1 —— pac¥er A mojesmt HaHoTpyGEM

pamrycon 2.09, mmoaoit S00 A

dparment Mogemt HAHOTPYORH
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JKcnepuMeHTanbHOe peHTreHorpaduyeckoe uccrnegosaHne - 25
KOMMbIOTEPHOE MOJENUPOBaHNE CTPYKTYPbl HAHOPa3MEpPHbIX MaTepuarnoB

OnpeneneHne atToMHOU CTPYKTYpbI N-okcuaa Zn meToAoOM NOPOLLUKOBOU
andpakuum

3000 imp/s %7

) &)
-ld' -

d
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CTpyKTypa yrnepoaHbiX HaHOTPYOOK

08300030 003000
0002820002000 00
'0’0&0’0’0:0:
e0a95%02500%00G
A
I A
0.0\3@0.0.0.0 ®
3 NI

c = |C| = av/(n? + nm + m?)

a=laj| = |aa] = acc'\/g dee = 0.144nm
D=c/m C — 8ekmop xupasibHocmu

MopgenbHoe npeacTtasrieHne npouecca opMrUpoBaHNS HAHOTPYOKU N3
rpadpeHoOBOro nucra.
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OnTnyeckne CBOUCTBA YrrepoaHbiX HaHOTPYOOK

OHepreTUYecKnin CnekTp aNeKTPOHHbIX
COCTOSIHUI NS YrnepoaHblX HAHOTPYOOK
XapaKkTepusyeTcsl HanMinem ToNbKO OfHOM
BO3MOXHOW aHepruen nepexoaa arekTpoHa ¢
N3ny4eHneM KBaHTa cBeTa, 3aBUCALLEN OT
reoMeTPUYECKNX NapameTpoB HAHOTPYOKN.

OTO 03Ha4aeT, 4To (poTontoMUHecUeHUMSA (Ha
puc. «dJ1 ammnccusa») HabnogaeTcsa Ans
nepexonoB € 3Hepruen E. ., B To Bpems kak Ans
BO30Yy>XaeHnst poTontoMUHECLEHLUN
(mornoLueHre poToHOB) NOOXOOAUT U3ryYyeHne B
LLINPOKOM CMNeKTparnibHOM guanasoHe.

Takum obpasom, crnekTpanbHOe pacnonoXxXeHue
MakucumymoB @J1 curHana gaet nHdopmaumio
06 sHepreTnyeckux 3asopax E 11 BNs TecTu-

pyemMoro Ha6opa HaHOpr6OK N, crnnegoBaTtesibHo,

06 nx guameTpax u reometpun’.

3SHeprusa

A
CB
kc,
Ey E,,
eI nornoweHue
aMmccus

MNOTHOCTL COCTOAHM

>
7

1s. Jespersen, Raman Scattering in Carbon Nanotubes, Ms.sc. Thes., University of Copenhagen,

2003
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DOTONOMUHECLEHTHBbIE CreKTpbl yrnepoaHbIX HaHOpr6OK, MNOoJ1y4eHHbIE

ANs1 pa3HbIX AJMH BOMH BO30Y>KAaloLEro n3ny4eHns

i 75 o Ar-laser (488 nm) @ 5 mW Ha cnekTpax otyeTnuBo
—— o HeNe - laser (32.8 nm) @ 5 mW BUWAHbl MAKCUMYMbI,
X ]
1 g’ coorTBeTCcTBYlOLLlUNE

pa3snUyHbIM 3Ha4YeHUueM
napameTpa XMpanbHOCT!.

MHTEHCUBHOCTb
MaKCMMYMOB 3aBUCUT OT
OJNIVUHbI BOSHbI
BO30yXXaaroLero narnyyeHus,
KaK 3TO npeAcKa3biBaeTcs
Teopueun.

Detector output, Volts

HJaHHble nony4yeHbl Ha
obopyaoBaHun
I ! | ! | ! | y I Y I y I

. — v
800 950 1000 1050 1100 1150 1200 1250 1300 JlabopaTopuu
Wavelength, nm IMEC, JléeeH, benbaus.
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Cnncok BbINOMHEHHbIX MPOEKTOB MO HaHOMaTepaliamMm

HaunmeHoBaHue BbinosiHeHHOU HUP

HauMeHoBaHMe NporpaMmbli

3aKa3uuk

HepaBHOBeCHbIe npoLecchl B
nepcrneKTUMBHbIX MaTepuanax
3J/IEKTPOHHOW TEXHUKMU

Temnnad HUP MNetply

MuHo6pasoBaHue PO
2001-2004 rr.

HaHonopucTblie MaTepuarnbl,
TEXHOJIOFMU U HAHOCTPYKTYPbI Ha
OCHOBE NoJ1yNnpoBOAHUKOBbIX U
OKCUAHbIX COeANHEHUMN

HaydyHaa nporpamMma «Pa3Butue
Hay4HOro NOTeHLMasia BbIiCLUEN LWKOJIbl>»
HanpassieHue: «HoBble MaTepuasbl U
XUMUYECKUE TEXHOJIONMU, B TOM Uucne
HaHOMaTepuasibl U HAHOTEXHOJIOrMn>

Poco6pa3oBaHue
2004- 2005 r.

Pa3paboTka HaHOMOPMUCTbIX
KOMMO3MLMOHHbIX MaTepuasos,
coaepxawmx pynnepeHosyto dasy,
ONS CO3AaHNUSA HOBOIO NOKOJIEHUNA
CEHCOpPOB U MUKPOPEaKTOpPOB
(wndp 2005-MH-12.5/005)

OLHTN «WUccnepoBaHus u pa3paboTku
No NPUOPUTETHbLIM HanpaBJ/IEeHUAM
pPa3BUTUSA HAYKU U TEXHUKWN> HA
2002-2006 roabl,

HanpassieHue «MHAYyCTpus HAHOCUCTEM U
HaHoMaTepuanbi»

PocHayka
2005-2006 r.r.
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HanmeHoBaHue npeacrasneHHon HUP

HauvMeHoOBaHMue nporpamMmbl

3aKa3umK, KOHKYpC

Pa3paborka 6M0COBMECTUMbIX
HaHOKOMIMO3UTOB Ha OCHOBE
HaHOMOPMUCTbIX MOJTYNPOBOAHUKOBbIX
coeanHeHun u pynnepeHoBoU ¢pasbl
AN HanpasBJ/IEeHHOW AOCTaBKU U
BO3AENCTBUA Ha OHKOJIOrMYyeckue
HOBOO6Gpa3oBaHus
(not 2, wndcp 2007-3-1.3-22-03)
KoHcopuunyM n3 3-x opraHusaumi:

- MeTply,
- MI'YumMm. M.B.JloMOHOCOBaQ,
- b KapHL, PAH.

®LUHTN «UccnepoBaHusa u pa3paboTku no
NPUOPUTETHbIM HanpaBJ/IEeHUSIM pa3BUTUSA
Hay4YHO-TE€XHOJIOrMYeCKOro KoMriekca
Poccun Ha 2007-2012 roabi»,
MeponpusTtue 1.3 "lMpoBegeHue
npo6/1IeMHO-0pPUEeHTUPOBAHHbIX NMOUCKOBbIX
nccnenaoBaHUM U CO3AaHNE Hay4HO-
TexXHU4YecKoro 3agena B obnacrtu
MHAYCTPUM HAHOCUCTEM U MaTepuanoB"

PocHayka

2 nobegurena us
10 3a9BOK

He npowen KOHKypC

Pa3paboTrka MeToa0B NOBbILUEHUS
3¢pPpeKTUBHOCTU reHe-payum
CUHIJIETHOr 0 Kucnopopaa
HaHOKOMMO3UTaMM Ha OCHOBE
HaHOKPUCTAJJI0B NOJZIyNPOBOAHUKOB
rpynn A2B6, A4 n pynnepeHoBOMn
¢asbl, a Takke 6uorecTupo-BaHue
HaHOpeaKTopoB
(not 1, wndp 2007-3-1.3-07-01-157)

OLHTN «UccnepnoBaHusa u pa3paboTkm no
NPUOPUTETHBIM HaNpaBJ/IEHUAM pa3BUTUA
Hay4YHO-TEXHOJIOrM4YeCKOro KOMrJiekca
Poccumn Ha 2007-2012 roabi»,
MeponpusTtue 1.3 "lpoBegeHue
npo6/1eMHO-OPUEHTUPOBAHHbIX MOUCKOBbIX
nccneaoBaHUM U CO3AAaHNE HAay4HO-
TexXHU4YecKoro 3agena B obsacrtu
MHAYCTPUM HAHOCUCTEM U MaTepuanoB”

PocHayka

46 nobeauteneu u3
230 3a9BOK

He npowen KOHKypC
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Cnuncok npeacTtaBrieHHbIX Ha KoHKypce 2007 roga NnpoekToB

No HaHoMaTepanam

HammeHoBaHue npeacrasneHHon HUP

HaunMeHOoBaHue nporpaMmmbl

3aKa3uuK, KOHKYpC

MexaHu3Mbl pe30HaHCHOM
MUIrpaLum SHEpPrum
BO36Yy>XA€HHbIX COCTOSIHUMA B
CUCTeMe HaHOKpucCTas-
aacopbupoBaHHas MoJieKkya B
HaHOCTPYKTYPUPOBAHHOM
KpeMHUMU
(N2 07-02-00511)

POOU,
MHVII.IVIaTVI BHbl€ NMPOEKTbI

POOU

1 nobeguTtennb n3
3 3aABOK

He npowien KOHKypC

Cross-point back end nonvolatile
memories based on nano-scale
effects
KoHcopuuyMm u3s 7-mm
opranusaumun: CEA, IMEC, NTUA,
SILVACO, ST, TOWER, WRUT

Cepgbmas PamouyHas lNMporpaMmma
EBponeickoro Coto3a - FP7,

Cekuus 4 «Nanosciences,

Nanotechnologies, Materials and new|

Production Technologies>»

EC

1 nobeguTtennb n3
10 3a89BOK

He npowen KOHKypC
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HaumeHoBaHue npeacrasnsemon HAP HaumeHOoBaHMe nporpamMmbl 3aKa3umk
p 6 6 OLHTN «UccnepoBaHusa u pa3paboTkm no
a3paboTka bOCOBMECTUMbIX MPUOPUTETHLIM HanpaB/IEeHUAM pa3BUTUA
HaHOKOMMO3WUTOE Ha ocHoBe Hay4YHO-TEeXHOJI0rM4ecKoro KoMrnJsiekca
HaHOMOPWCTBIX NOJyNPpOBOAHNKOBLIX Poccumn Ha 2007-2012 roabi», PocHayka

coeauHeHui u pynnepeHoBon ¢asbli
ANA HanpaBJ/IEHHOW AOCTaBKU N
BO31€ACTBUS HA OHKOJIOrM4YecKkune
HOBOOGpa3oBaHus

Meponpustue 1.3 "lMpoBeaeHne
npo6,s1eMHO-0pPUEHTUPOBAHHbBIX
NOMCKOBbIX UCC/IeA0BaHUM U co3faHune
Hay4YHO-TeXHUYEeCKOoro 3agena B obnacrtu
MHAYCTPUM HAHOCUCTEM U MaTepuanoB”




