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BeepneHue

«HaHoTexHonoruy Npou3sBeAyT TaKyro Xe peBoSIFoLUro B
MAHUM Y IMPOBAHUU MaTepueld, Kakyro npou3ssesiv KOMMbFOTepbI B
MAHUNyIPOBAHUU UH OpMaLiueis»

Panb¢ Mepkne

OcobeHHOCTb HAHOTEXHOMOr UM 3aKFo4aeTcs B TOM, YTO pacCMATpUBAEMbIE NPOLIeCChI
W cosepluaemble AeCTBUS NPOUCXOAAT B HAHOMETPOBOM AMANG30He
NPOCTPAHCTBEHHBIX MACLITAOOB. XApPAKTEpHbLIN pasmep aToMa COCTABIISET HECKOMbKO
AecATbIX HaHoMeTpa. B aTom amnanasoHe pasmepos «cbIpbem» SBAAHOTCS OTAesbHbIe
ATOMbI, MOJSIeKy IbI, MOJeKynspHbIe CUCTEeMbI, @ He NPUBLIYHbIE B TPAAULIMOHHOM
TeXHOMOrUU MUKPOHHbIE UK

MAKpOCKOoMnUuYyeckme obbembl matepuarna, coaepxalume, No KpamHem mepe, MUNIUapabl
ATOMOB U MOEKyJ.

HaHonexHonorueii HasbiBaenta mexaucyunnuHapHaa obnacm Hayku, B Konopou
U3y4aronts 3aKOHOMePHOCHN PU3UKO -XUMUYECKUX NPoyeccos B rpochpaHchBeHHbI X
obnacmx HaHoMenpoBbl X pasmepos C YeJsibFo yrnpassieHUs onfiesibHbl MU anomamm, 2
MOJIEKYSIAMU, MOJIEKYSISPHBIMU CUCTBMAMMU MPU CO3AAHUN HOBbIX MOJIEKYJI,
HaHochpyKnyp, HaHoycCHpouchnB U Mamepuasios Co CreyuasibHblMm PUINHECKUMM,
Xmrmudeckmmm u 61os10 rMHecKUMImM CBOUCTBAMMU.



HanpasneHua HaHoTexHONorum

I. MonekynapHeiu ausauH. TTpenapypoBaHUe MONeKy U CUHTES
HOBLIX MOJIeKy1 B CUSIbHO HEOAHOPOAHBIX 311eKTPOMArHUTHBIX
nons;

IT. HaHomaTtepuanoseaeHue. Co3aaHUe «be3neeKTHbIX»
BbICOKOMPOYHBLIX MATEpUAnNoB, MATEPUASIOB C BbICOKOU
NPOBOAUMOCTbHO;

ITI. HaHonpubopocTtpoeHue. Co3aaHUe CKAHUPYHOWMUX TYHHEbHbIX
MUKPOCKOMNOB, ATOMHO-CUSTOBLIX MUKPOCKOMNOB, MArHUTHLIX
CUNOBLIX MUKPOCKOMOB, MHOFOOCTPUMHBIX CUCTEM ANS
MOJIEKYSIPHOTO AUN3AUHA, MUHUATHOPHBIX CBEPXUYBCTBUTESbHBIX
AATYUKOB, HQAHOPOHOTOB;

IV. HaHo3anekTpoHUKa. KoHCcTpympoBaHue HaHOMeTpOBOM
3nieMeHTHOM basbl anga IBM cnepyrowero nokoneHus,
HaHOMpPOBOAOB, NOSEBbIX TPAH3UCTOPOB, BLIMpPAMUTENEWN,
AUCNeeB, AKyCTUYECKUX CUCTEM;



V. HaHoonTtuka. Co3aaHne HaHOMNa3epoB, CUHTE3
MHOFOOCTPUNHbIX CUCTEM C HaHOJ/1Ia3epaMu;

VI. HaHokaTtanuns. Pa3paboTka KaTtasn3aTopos C
HAHOCTPYKTYpaMu A1 KNacCoB peaKunn CeNeKTUBHOro
KaTanuns3a,;

VII. HaHoMeaunuumHa. lpoektnpoBaHue
HaHOUHCTPYMEHTapua 419 YHUUTOXEHNUA BUPYCOB, JTIOKAJIbHOIo
.PEMOHTA. OpraHoB, BbICOKOTOYHOM AOCTAaBKW A03 /1IeKapCTB B
onpeaeneHHble MecTa XXMUBOIro OpraHn3ma;

VIII. HaHoTpubonorua. OnpeaeneHne CBA3n
HAHOCTPYKTYpPbl MaTepmanoB U CU TPEHUSA N NCNONb30BaHME
35TUX 3HAHUW AN N3rOTOBJIEHNA NEPCMNEKTUBHbLIX Nap TPEHUS;

IX. YnpaBnseMblie saepHbie peakuyum. HaHoyckopuTenu
4acTuL, HEe CTaTUCTUYECKME aaepHble peakuun.



Kparkas ucropuyeckas CrpaBkKa

= 1931 r. — KHonn u Pycka co3ganu afieKTPOHHbIN
MMKPOCKOTI, KOTOPbIN B NepBble NO3BOSNI
“ccrnenoBatb HAHOOOBLEKTDI; ~a

= 1939 r. — P. PenHmaH Hay4HO gokasarsi, YTo C
TOYKN 3peHnda oyHOaMeHTanbHbIX 3aKOHOB
PM3UKM HET HUKAKMX NPENATCTBUIA K TOMY, YTOObI
co3gasaTb BeLM MPssMO U3 aTOMOB;

= 1968 r. — A. Yo, 1. Aptyp 13 komnaHum BELL,
pa3paboTann TeopeTnvecKkme OCHOBDI
HaHOOOPAabOTKN MNOBEPXHOCTM;

= 1974 r. — H. TaHury4mn BBen B Hay4HbI 060pPOT
CNOBO «HAHOTEXHMKa», NPeaSsIoXKNB Ha3blBaTb TaK
00BbEKTLI pasamMepoM MeHee 1 MUKPOHA;

= 1981 r. —I. BuHHWH, I'. Popep cospanu
CKaHMpPYOLLNIA TYHENbHbIM MUKpOCKoMn — Npubop,
NO3BOSIAOLLMIA OCYLLIECTBNSALLNA BO3OEUCTBUE Hi»
BELLeCTBO Ha aTOMapHOM YpOBHe.




e1986 r. - I, BuHHuHr, K. Kyartr, K.

[epbep co3aann CKaHUPYOLWMA aTOMHO-
CUJI0BOU MUKPOCKOM;

=
C)

LT o AR A I R e T

1989 r. - . 2nrnep us doupmbl IBM,
BbIJIOXXWUJT Ha3BaHUE CBOeU (pUpMblI
aTOMaMWy KCEHOHAa;




dynepeHbl 1 HAHOTPYOKH

Yactb I



Dys1epeHbI

dynnepeHbl, Kak HoBad oopMa CyLLeCTBOBaAHUS
yrrepoga B npupoae Hapaay ¢ 4aBHO
N3BECTHbIMM ariMasoM 1 rpacuTom, buinn
OTKpbITbI B 1985 I. npu nonbiTkax
acTpoU3nNKoB OOBLACHUTL CMEKTPDI
Mex3BesgHon nbinu. Okasanock, YTO HOBas
monekyna C60 coctont n3 60 atTomoB
yrrepoaa, pacrosioXXeHHbIX Ha cdpepe
(anameTp = 1 NmM) C BLICOKOW CTENEHBLIO
CUMMETPUM N HarlOMUHaeT PyTOONbHbIN MAY

AToMbI yrnepoaa obpasyoT 12 npaBuIibHbIX
NATNYroNbHUKOB U 20 NnpaBUsbHbIX
LLIECTUYTONbHUKOB B COOTBETCTBUM C
Teopemou J1. dnnepa. Monekyna HasBaHa B
4yeCTb apxutektopa P. dynnepa,
NOCTPOMUBLLEIO AOM N3 NATUYTONMbHUKOB Y
LLecTUyronbHuKoB. lNepBoHadansHo, C60
nonyyanu B HEDOSbLUNX KONMYeCcTBax, a
3atreMm, B 1990 r., 6bina oTKpbITa TEXHOMNOMS
KpynHOMacLuTabHOro nponsBoacTBa.




CTpyKTypa Monekynbl @yniepeHa MHTeEpecHa TeM, YTO BHYTPU Hero
obpa3yeTcs NosioCTb, B KOTOPYHO 6narogaps KanuinsipHbIM CBOMCTBAM
MO>XHO BBECTW aTOMbl U MOJIEKY/ bl APYIrMX BELLECTB, YTO AQET,
BO3MOXHOCTb MX 6€30MacHOM TPaHCNOPTUPOBKM.

Mo Mmepe uccnenoBaHnsa PynnepeHoB ObISIM CUHTE3UPOBAHbI U N3YYEHbI

MX MONEKYNbl, coaepXxawme pas3ninyHoe 4Ymcsao atomMoB yriaepoaa — ot 36
Ao 540.



HaHoTpyOKH

B 1991 roay npodeccop C. nasmma obHapyxun AnUHHbIE
yrnepogHble LnuHApbl, NoSyyYnBLLIME HA3BaHNE
HaHOTPYOOK.

HaHoTpy6ka — 9To Monekyna 13 6onee MUMNIMoOHa aToMOB
yrrnepoga, npeacrasnstowas coboi Tpyoky ¢
ANaMETPOM OKOJTO HaHOMETpPAa U AJIMHOW HECKOMbKO
[ECATKOB MUKPOH.

Onun B 50-100 pa3 npo4yHee cTtanu n UMeoT B 6 pas
MeEHbLUYO nnoTHocTb! Moaynb KOHra — ypoBeHb
COMPOTMBIEHUA MaTepuana geopmaunm —y
HaHOTPYOOK B ABOE BbillE, YEM Y OObIYHbIX YrnepoaHbIX
BONMOKOH. TO €CTb TPYOKM HE TOSbKO NPOYHbIE, HO U
rmokue. lNog gencTtBMeM MeXaHUYEeCKNX HanpsikKeHun,
NpeBbIlLIaoLLnE KpUTUYECKME, TPYOKN HE NToMatoTCs U He
PBYTCH, a NepecTpanBaloTCS.

B 3aBMCUMOCTM OT KOHKPETHOM CXEMbl CBOpayYMBaHUS
rpachnToBOM NNOCKOCTU (XMPanbHOCTN), HAHOTPYOKM
MOryT ObITb Kak MPOBOAHUKAMU, TaK U
NonynpoBOAHNKAMM.




HaHo31eKTpOHHKA

YacTtb I



Ha gaHHbIN MOMEHT Nosly4YeHbl Y—-TpPaH3nCTop Ha 6ase
HaAHOTPYOKM N HaHoAMOA. UCTOK
Ha ocHoBe HaHOTPY6KU yuyeHbIMN N3 KannpopHUNCKOro |
yHusepcuteta UCSD n yHmnBepcuteta KnemcoHa 6bin 3aTBop -
NOCTPOEH Yy—-TpaH3ncTop. nsa 3Toro 6bina paspaboTtaHa

crneumanbHasa TEXHOMOMMS BblpallMBaHNA HAHOTPYOOK: CTOK
CHa4ana y4yeHble BblpacTuan 0bblYHYO HAHOTPYOKY,

3aTeM Ha ee NOBEPXHOCTb 6blIM HAHECEHbl HAHOYaCTULbI f,«//"’—
TuTaHa. OHU NMOCNYXWUNN KaTannsaTopoMm, U B pe3yibTaTe I/[_{ e —
Ha y>e chopMupoBaHHOM TpybKe bblna BbipalleHa eLlle '

oAHa BeTBb. [Mpn nccnenoBaHn CBOUCTB TakKomn

HaHOTPYOKWM BbISCHMAOCH, YTO Npu nogadve HaHoTpy6Ka-TpaH3ncTop
oTpuUUaTeNbHOro NOTEHUMANa Ha CTBOJT HAHOTPYOKMU
NpoTeKaHue 31eKTPOHOB MeXay BETBSAMMU
npuocTtaHaenneaeTcs. N HaobopoT, Npu nogaye
NOJSIOXXUTENBbHOIro NOTEHLMANa Ha CTBOJT NpOTEKAHME
BO306HOBMISAETCA. B C/lydae y—HAHOTPYOKU Mbl UMeeM
TPaH3UCTOP, @ B HEM CYLLECTBYIOT ABa p—n nepexoaa,
chopMMUpoBaHHble ABYMS BETBAMU. lnoa UMeEEeT OoAMH p—n
nepexon. Ecnu ypactca cdopMnupoBaTb OTAEbHYIO

Ele_t_:h'ode

TPYbKYy C XapakTepucTMkamum p—n nepexoaa, To NoayyYmm -l om Oxide
HaHoauo4. JDTa npobsieMa 6bi1a pewweHa B KOMMaHMm
General Electric. YueHble BO3aencTBOBas v Ha
HaHOTPYOKYy creunanbHbIM 3/IEKTPUYECKUM MOSIEM, B
pe3ynbTaTe Yyero nNoay4yunncs p—n rnepexoga.

Anoa Ha oCHOBE HAHOTPY6KMK



I Ipumenenune
HAHOTEXHOJIOTUH B
pa3IUYHBIX cepax

Yactb IV



MonekynspHble WwecTepHU N Hacocbl. Moaenn HaHOYCTPOUCTB npeasioxeHol K. E.
Drexler n R. Merkle na IMM (Institute for Molecular Manufactoring, Palo Alto).
Banamu wectepeHoK B HAHOKOPOOKe nepenad ABnsTCsa yrnepoaHble
HaHOTPYBKKM, a 3ybuamm crnyxaTt Mmonekysnbl 6eH3ona. XapakTepHble 4acToThl
BpaLLEHUS LLECTEPEHOK COCTaBMAKT HECKOSIbKO AECATKOB rurarepl,. YCTpoucTea
paboTtatoT nmbo B rmybokom Bakyyme, Mbo B UHEPTHOM cpede npu KOMHaTHOM
Temnepatype. VIHepTHbIE rasbl UCMOMNb3YTCA AN OXNaXa4eHUs1 yCTPOMUCTBA.

AnmasHas namMAaTb Ang KomnbloTepoB. Moaenb BbICOKOMMOTHOM NaMATH
paspabotaHa Ch. Bauschlicher u R. Merkle na NASA. Cxema ycTtponcTtea
NpocTa U COCTOUT U3 30HAa U arlMa3HOW NOBEPXHOCTU. 30HA, NpeacTaBnsaeT
cobown yrrnepoaHyo HaHOTPYOKY, 3akaHunBatoLytocs nonycdpepon C60, K
KoTopou Kpenutcs monekyna C5HS5N. AnmasHas noBepXHOCTbL MOKpbIBAETCH
MOHOCIOeM aToMOB Bogopoaa. HekoTopble aTombl Bogopoaa 3ameLlatoTces
aTtomamu gotopa. [Npu ckaHnpoBaHWUK 30HAA BAOSIb ariMa3HON NOBEPXHOCTH,
NOKPbITON MOHOCNOEM aacopbara, monekyna C5H5N, cornacHo KBaHTOBbIM
MoAensaM, .CnocobHa. OTNMYMTL aacopOmnpoBaHHbI aToM doTopa OT
agcopbupoBaHHOro atoma Bogopoaa. l'lockonbky Ha 0gHOM KBagpaTHOM
CaHTUMETPE noBepxHoCTn nomeltaetrca = 1015 atomoB, TO NSOTHOCTb 3anucu
pocturaet = 1075 GB/cm2.

Novel Data Storage System

Diamond or silicon < B R Potential Storage:
(111) surface o - b R 10*° bytes/cm?
L e (vs. 10°%, state of the art)




= CycneH3un Mmetannmyeckmux HaHo4acTuu
(0DOBbIYHO Xenesa nunu ero crnyaBoB) pa3MepPOM OT
30 HM MCNOMb3YIOT Kak Npucagky K MOTOPHbLIM
Macnam gns BOCCTaHOBNEHUA U3HOLLEHHbIX
netanen aBToMOOUNbHLIX U APYrMX ABuUratenemn
HenocpeacTBEHHO B rpoLecce paboThbl.

= KBAHTOBblE€ TOYKN U HAHOMPOBOJTIOKA

SEI 10.0kV X200,000 100nm WD 7.3mm
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