TUNNEL- EFFECT DEVI CE AND A METHOD FOR PREPARATI ON SAVE

~ Technical Field The present invention relates in general to nethods
for producing functional elenents of nanoel ectroni cs and conputer
facilities, nore specifically it concerns tunnel-effect devices and can

find applicqjydspshfr Produci ng single-electron |ogic gates, pefRgbfHgedsCt r ON
menory circuits and sensors operable at roomtenperature.

Background Art Fundanment al s of nodern theory of correlated el ectronic

tunnel i ng have
TYHHENBHBIA NPUBOP U CITOCOB U3TOTOBIEHUA
TYHHEJBHOTI'O [TIPUBOPA

_ QObnacTb TeXHUKH
W3obperenne OTHOCHTCSH K cnocobaM H3TOTOBJICHUA
¢$yHKLUAOHANBHBIX 3JIEMEHTOB HAHO3ZMEKTPOHUKM U BBIYUCAUTEIHHOHN
TEXHWKH, a MMEHHO K TYHHEAbHbIM npubopaM, ¥ MOXeT ObiTb
5 M“Cnonb3loBaHO IS UIrOTORIEHUS OAHOINEKTPOHHBIX JOTHUYECKUX CXEM,
CXEM OIHO3MEeKTPOHHOW InaMsTM WU CeHcopoB, pabotajouux Inipu
KOMHATHON TeMnepartype.

10 MpeauiecTByOMMH YPOBEHD TEXHUKN
OcHoBbl COBPEMEHHON TEOPHH KOPPENUPOBAHHOIO 3NEKTPOHHOIO
TYHHENUPOBAHUA OblY pa3paboTaHbl yXe HEeCKONAbLKO JieT Hasan. UHTepec
B MHApe X 3TOit HOBOI OONAcTM (PU3MKK U TEXHMKM CBS3aH C LUMPOKMMH
NepcrneKTHBaMH, KOTOPHIE OTKPLIBAIOTCS NPH AajibHeN1eM MccaefoBaHUH
1S OmHO3NEeKTPOHHBLIX NBAEHMH M CO30aHMM Ha MX OCHOBE HOBLIX
NEpPCreKTHBHbIX TEXHOMOIHH. |
C ¢usuvecko TOYKW 3pEHMsA CMbICA SBJIEHHUS COCTOMT B
3NEKTPOHHBIX KOPPENAUUAX, BbI3SBAHHBIX KYJIOHOBCKMM B3aUMOZECTBHEM
3JIEKTPOHOB B PasiavYHBIX CTIPYKTYpax MHMKPO - M HaHomacwrtaboB. C
20 npyro#i CTOpPOHbBI OZHONEKTPOHMKA - 3TO NyTh K peanu3auuu
SNEKTPOHHLIX YCTPONCTB, NPHHUMN REACTBMS KOTOPBLIX. OCHOBAH Ha
KOAHpOBaHKN HHGOPMAalLlN ONUHOMHBIMK 3EKTPOHAMH. ~
U3eecTHO TpexBbIBOZHOE  (TPEXINEKTPOLHOE)  NOAYNPOBOEHUKOBOE
yerpoitctBo -(US, Ne 4 286 275, 357/12, 198Ir.) cocroswnm u3
25 xomOuHauun oGnactH 6a3bl ¢ PU3MUECKHM pasMepoM TNOPAIKA ATHHBI
csobogHoro npofera OCHOBHOIO HOCHUTENs, OOnacT 3SMHUTTEpa,
obpasyioliieit nepBbifi 0apbep OTHOCHTENBHO obaacTH 6a3bl M MMEIOLIMM
WY PUHY bapbepa, Mo3BOAAIOUIYIO KBaHTOBO-MeXaHHYeCcKoe
TYHHENUpOBaHHE, obaacTtb KOJIIEKTOpa, o6pasyiowas Gapbep



been el aborated as early as several years ago. A worldw de interest

~di spl ayed in this new domai n of physics and technology is concerned with

t he broadest potentialities and prospects offered by further research in
.single- electron phenonmena and devel opnent of new prom sing technol ogi es
based there on. From t he standpoi nt of physics the neaning of that
phenonmenon tweivdgsssin el ectronic correl ati ons due to Coul oersvetbdogst ati c
interaction of electrons in dirverse mcro- and nano-scale structures. On
the other hand, single-electronics is agoute towards devel opnent of such
el ectronic device that the operating concept of which is based on

i nf ormation couHecHIsIbEAe 0BRATHr §a3bl, Gosnee WHAKKH ot eMoflIaPHELia GaPbeR cké- | ead

(three-electr ' t |l§&1£ e Skpaiioea2 /12,
1981) is knoﬁ%@%@p@?ggﬂg écygrlv’gﬁria |onH§¥}Pyﬁfe %dsiéﬁoég?’én avi ng 8§
physi cal si ze mekanireecxode TyKiieAHPOBAENGt H OMMHCEKIIE KOHTAKTT Ct NaXaefoMBt v
carrier, the epgitter, reaqi [ e i es a first barrier relative to
t he base regi 851”%?:{8&9 ‘?U%Bﬁ’\égélﬁ’g"bg@ﬁggﬁ “dth sufficient for

quant um meghani cal Tpexmgbom@e and (lpexsmékTposipoehase NONFITPOBEIHINIBOE
barrier with respect to the base reg‘_iifon than the first barr

Ler_and
featuring theYBEHIHCEPOKRRAKTERUIYIQIUB T BREYIGHTM DFRERIRHT IR rrgl(?han‘feé(a’fl

nposBasiollee ZHMHAMMYecKoe HETaTHBHOE COMPOTHBIICHHE, CO3MaHO U3
TOHKOIt OGapeeproit obsacTi B OSMMUTTEPHOM CeKUUM, UMEIOLIEH -
GapbepHyI0 BLICOTY, KOTOpas Bbilie, yeM y Gonee mupokoit GapbepHoii

10 obnacti B KOMEKTOPHOI cexuuM, oOTaeleHHoH obnacTeio 6a3bl,
HMEIOWEH 1IKMPHHY, CpPaBHHMYI0O C IUIMHOH cBobBogHoro npobera
OCHOBHOrO HOCHTENsi. B ocHoBe paboThl YCTPOHCTBA JIEXHUT KBaHTOBO-
MEXaHUYEeCKOoe TYHHENWpOBaHue, KaK OCHOBHOI! MEXaHU3M
NpoBOAKMOCTH OT SMUTTEPHOI obnacty K o6nacTd 6asbl ¥ NeEpeHoC

15 ropsayMx OCHOBHBIX HOCHMTENEH KaK OCHOBHOM MeXaHMW3M MPOBOAMMOCTHU
yepes obnacth 6a3bl K 061aCTH KOJUIEKTOPA.

O6nacthb HpHMCHCHMﬂ.: ans ycuneﬂmi,'nepexmoqenm, CO3JaHusA
IMHaAMUYECKOro CONMpPOTUBICHHUA.
OcobeHHOCTH: IIMpHUHA KoOJIeKTOpHOro Gapeepa TakoBa, 4YTO

20 TYHHeIbHBINI TOK 4Yepe3 Hero HesHauuteneH. [lepexoa smuTrep - Gasa:
OCHOBHAS NPOBOAMMOCTb - KBAHTOBO-MEXaHHYECKOe TYHHEINPOBaHUE.
Pasmepsl : 6a3a 100 A; |

mupuHa Gapbepa amutTepa 80 A;
wupHHa Gapwepa Kojutekropa 120- 150 A;

25 910  ycTpOHCTBO, OCHOBaHHOE Ha KBaHTOBO-MEXaHHYECKOM
TYHHEJIMPOBAaHMH KaK OCHOBHOM MEXaHHM3Me FNpPOBOAHMOCTH  OT
3MUTTepHOI obnacth K obnacTH 0asbl M TEPEHOCE TOpSYUX OCHOBHBIX
HocuTenei yepes obnacTh 623kl K obnacT KosiekTopa.

W3BecTHO TpeXBHIBOAHOE (TPEXINEKTPOKHOE) YCTPOMCTBO Ha

30 ocHoBe kBanToBbix sM (US, Ne 4 912 531, 357/12, 1990r.)
dbyHknuonupyer nopobHo MOII - TpaHsucropy. Do O3Ha4aeT, 4yTo 3
BoiBOfa TmpHGopa Moryr B oOulieM CMBICNE pacCMaTpHBaTbcsl Kak
MCTOYHMK, NPOXOX M CTOK. BbIXONHOM KOHTAaKT coolliaeTcs mnyTeM



tunneling and ohmic contact with each of the emtter, base, and collector
*r egi ons. The three-lead (three-el ectrode) sem conduct or

devi ce under discussion featuring a changeover tine of about 10[err] s and
offering a negative dynami c resistance, is created froma thin barrier

region in thg‘,&;g'ﬂt‘gﬁr section having a barrier. hei ght excee%{@at i 252

w der barrier-region of the collector section which separat
section having a width conparable with thg length of the Iength of a free
path of the majority carrier. The operatidn of the device is based on

quant um nechanityakehpoREEagc 38UIONE NAPLNRIBALX NReE K3k ToBRt GM, ' kbdas
conduction thr OauMqahnEJQ'Fangag M | %‘mt 'lQor:[or,]eq'r% lbxl Sﬁtc&rer{as e YPOBHU B AMe
KBaHTOBAIMCh QWCKPETHO. B Kaxmoi M3 TakMxX UeEModeK siM BTOpas fMa
COMpsAXeHa ¢ OOLINM BTOPHIM MPOBOJHHUKOM, a TNEpBas M 3/EKTPOHHO

5 compsxeHa ¢ OGLIMM NMEPBBLIM TIPOBOJHUKOM.

Crocob co3faHus 3NEKTPUYECKUX INEMEHTOB HAHOMIEKTPOHMKH K
BLIMHCJIMTENBHOH TEXHMKM Ha ocHoBe Apcenuna-laanus (GaAs) c
H3O0JINPYIOIMM MONEKYAAPHLIM ciloeM JleHrMiopa-Braomxerr (US Ne §

10 079 179, 37-141, 1992r.), 3akmouaowmiics B ¢GopMHpPOBaHHH Mexny
MOLJIOXKKOA, BLINOMHEHHON H.3 GaAs, ¥ npPOBOOSIIUUM KOHTAKTOM
- M30JINPYIOLUETO CJI0R B BUAE MUIeHKHU JieHrmiopa-Baoxxerr /J1B/.

TonuuHa cnos peryaupyercs, YToGH 3anaBaTh (DYHKLUHOHAMbHBIC
XapaxkTepucTuky npubopa. [onoBHas nonspHas rpynna Monekyns JIB

15 nnenku BbiGpaHa Tax, 4TO OHa naccHBHpYeT TIOBEPXHOCTHBIE COCTOSIHHSA
MCIONIL3YEMOTO B Ka4yecTBE MNOMIOXKH HMeHHO GaAs. O6HapyxeHb!
onpeneneHHble INPEANIOYTHTE/IbHbIE KUCAOTHHE M aMWHOIPYRNL! s
NOASPHOI ronoBH Monexyn. Beuto  ycraHomneHo, uto JIB choit
YBEJIMUKBACT BBICOTY ynpabasioulero 6aphepa s IOMEBOro TpaH3UCTOpa

20 ¥ naccuBMpyeT pasOpBaHHBIE CBA3M M TOBEPXHOCTHBIE RedeKTbl B
nomwnoxke u3 GaAs, YTo JaeT BO3IMOXHOCTh paboTaTs B MHBepCHO#N Moxe
(inversion mode operation). 3tor crnoco6 MoOXeT 6bITL MCIOAb3OBAH
TOJIBKO NPU M3TCTOBJIEHMM MaKPOCKOMUYECKMX IIPUGOPOB - mnoNeBbIX
TPaH3UCTOPOB ¥ NHOLOB.

25 H3 Bcex cnoco6os usrm‘onnénna (OYHKUMOHANBHEIX 3/IEMEHTOB
HaHO3JIEKTPOHMKH ONHKM M3 HauboJiee NMepcrneKTUBHBIX SABASETCSH cnoce6
W3roTOBNCHHA JEKTPOHHOrO NMpHOOpa ¢ OpPraHWYECKHMM MaTepHaiaMy
(EIT Ne 0 469 243 HOIL2/5, 1992r.), koTophlit o6ecreunpaer
$OPMUPOBAHNE BMEKTPOHHBIX MPUGOPOB, B KOTOPHIX 3NEKTPOHHBIA TOK

30 mpoTekaet yepe3 3NEKTPONPOBOAALLYI0 MOHOMONEKYAAPHYIO MIH MYNbTH-
MOHOMOJIEKY/IIPHYIO ILIEHKY.

JTOT cnoco®  M3rOTOBAEHHA  3NAEKTPOHHOro mnpubopa ¢
OpPraHU4YeCKHMM MaTepHajaMu 3aKIioYaeTcs B (PODMHPOBAHHWH Ha



Field of application: anplification, changing-over, and establishing

"dynam c resi stance. Specific features: the collector barrier has such
a wdth that tunneling current flowi ng therethrough is but negligible.

Emmi t er - base junction: main conductance due to quantum nechani cal

tunnel i ng. D nensions: base - 100 A width of emtter barrier -
80 A w0 9736333 dt h of collector barrier - 120 to 150 ACT/RU97/0008he

devi ce di scussed before is based on quantum nmechani cal tunneling as the
princi pal mechani sm of electrical conduggion fromthe enmitter region to the
base region, and of transferring hot nmajor carriers through the base region

to the col | eclOBIXKS,opMeIOLICH ecm NQBEPEHOATH; [ISOANPYIPHIYIQ - RREHKY, _
(three-el ectrgd m-gsxbﬁembﬁmuﬁahmﬁew%u& fAémbaLent #

gn‘;or% ' A, i
4,912,531, NPC 357/12, 1990) 1s known to function as a transistor. This
means that i nHANQGELEEBAHUENENEEPRATE tHhrBTOPPER (HICKTPRARB (R \KAUSCTBE MRCKH, ’

consi dered as §|9f}5% i N h ] r "
comuni cat es, ¢E’§’ v r? %%mgf B?ﬁgﬁoagggﬁxﬂéﬁef %%-t %%ﬂ%xﬁ‘%o%ﬁm&%@gg P Eg'r' allel |
circuits of quaemkun wedldep)apserh oficKIpoANTHYECKIEUQNBMEPEINEMEIG OFPYIIEELener gy
level s therei g ta,aualh ZEe ! iphfibe! Y%a ' RoB&Mhoctu nommoxxu, xoropas

$YHKUHOHHUPYET KaK TPeTUH 3INeXTPol; NPUIOKEHHUS BaNpAXKSHKS MeXny

MEPBLIM ¥ BTOPHIM 3MEKTPOAAMM Asl NONUMEPH3IALIMK BNEKTPOAUTHYECKH
NMOAUMEPH3YEeMBIX I'PYIIIl, ¥ OTBEACHHS TPETLETO JIEKTPOIA OT TOAJOXKH.
10 B 3ToM cnocobe H3roTOBIEHHA OPraHUYECKOro 3JeKTPOHHOro
nprHbopa MOXHO OCYLIECTBAATL GOPMHPOBAHME MOHOMOJIEKYASIPHOMU WIK
MYJILTH-MOHOMOJIEKYJISIDHOM TUIEHKH, COAEPXAIleH SNeKTPOJUTHUECKH
nosuMepuayeMele rpynnel, MerogoM Jlenrmiopa-baomkerr. Kpome Toro,
MMEETCS!  BO3MOXHOCTE  CO3LAaHWsl  3JMEKTPOHHOIOo  mpubopa ¢
15 | OpraHMYdecKuM MaTepuHajioM, korna GopMHUpoBaHHE MOHOMONEKYISPHOIH
HIIH MYJIbTH-MOHOMOJEKYASPHOH MJaeHKH, CoAcpXaluei
ToNMMepH3yeMbie TPYIbI, BKIIOYAaeT npoueaypy <$opMHpOBaHMS IO
KpafiHe# Mepe ofHoOro cinof Moi{omonexynﬂpnoﬁ IVIEHKU MIyTeM
XMMHYecKol ancopbLNH NOBEPXHOCTHO-aKTHBHOIO BELLECTBA Ha OCHOBE
20 cunaHa, coaepXKaulero MNOJAWMEPU3YEMBbIE HEHACbIUICHHbIC TPYNNbI, H3
HEBOAHOro OPraHVMYecKoro pacTBOPHUTE/ISl Ha IOBEPXHOCTh [OMLJIOXKH, H
NOCAEAYIOWYIO [TOIMMEPH3ALIHIO TIIEHKH.
Mpu 3TOM 5TOT cCHoco® co3maHMs NEeKTpoHHoro npubopa
BKJlouyaeT B cebs  TaKke nocne ¢dopMHPOBAHHA Ha MNOBEPXHOCTH
25 NOMIOXKY TO KpaiiHeit Mepe OIHOro CJiof MOHOMOJEKYNIAPHOH MJEHKH,
comepXaleit 3NeKTPOJIMTHYECKH TNOAHMEPH3yeMble  HEeHaCblLEHHbIE
IPynnbl, 3EKTPOAWTHYECKYIO TNOMHMEPH3AUUNIO 3THX HEHACBILUCHHBIX
Tpynn InyTeM NPUAOXEHUS DJEKTPUUECKOro HANPSDKEHUs MEXIY NepBbiM
3AEKTPOLOM M BTOPHIM 3NEKTPONOM IS OCYLUECTBIEHUS COCHUHEHMS
30 nmepBoro X  BTOPOr0  3JIEKTPONOB  4epe3  3JIEKTPONPOBOASIUHE
CONPSXXEHHLIE TPYMNbI, NPUYEM [IOBEPXHOCTHO-AaKTHBHOE BELICCTBO Ha
OCHOBE CHJaHA SABASETCS XUMMUECKHMM MaTepUanoM, CcoAepXalliM

xnopocununsHyio (chlorosilyl) rpymnmy Ha kKoHue.



of such pit circuits the second pit is connected to a second common
« conductor, while the first pit is electronically connected to a first

comon conduct or . A nmet hod for maki ng GaAs-based el ectric el enents of
nanoel ectroni.cs and conmputer facilities with an insulating nol ecul ar
Langnui r - Bl q@petssssayer (US Patent # 5,079,179, NPGGMUsrbo0s2992)

Is known to conprise formation of an insulating | ayer appearing as
Langnui r- Bl odgett- (LB) filminterposed bgt ween a (AaAs substrate and the
conducting term nal. The thickness~of said layer is variable so as to

set the functional Tipanecies cabcate ofsiareniaw yenodinM eodacylretgsp of a
nol ecul e of LB-filmis so_sel ected ass to passivate the surface iltyat'?u of

GaAs used as t’FPé”‘g'Eﬁ%t FQF@OBaHHC b MOHOMOJCKYJADHEIE WIAH
MOHOMOJEKYNAPHLIC MNEeHKH CORCPXKAIN JICKTPONpOBOAALLIMC

CONpSXEHHbLIE TPYNNbl, TaKMe Kak noautveHuneHosast (polythienylene)
5 rpynna - yroGhl CBfA3bL {COSAMHEHME) MeXNy nNepBbLIM M BTOPHIM
3AEKTPOAAMHM OCYLUECTBASIACH MONUTHEHKWJICHOBLIMM IPYIIIaMHu.
WsBectHbiit cnoco® M3roToBleHHWst opraHuyeckoro mnpubopa
XapakTepu3yerci (POpPMMPOBaBUEM Ha TBEPROTENbLHON! NOMIOXKKE NEPBOro
M BTOPOrO  3JCKTPONOB, 3JCKTPOIMTHYECKU  INOJUMEPHU3OBAHHLIM
10 MOHOMOJEKYAAPHLIM WAK MYILTH-MOHOMOJCKYMAPDHBIM CHOEM MEXZY
BbILICYNIOMSHYTHIMU 3AEKTPOAAMM; a Takke (GOPMUPOBAHUEM TPETHETO
YNPaBIAIOMWEro 3ACKTPONa, COCAMHCHHOrG NPAMO MAM KOCBEHHO C
MOHOMONEKYAAPHBIM WIH MYALTU-MOHOMOJNEKYNAPHEIM CHOEM TaK Xe
KaK C TepBbiM M BTOphIM 3sekTpodamu. [IpuioxeHHe HanpsxeHus
15 Mexay TpeTbMM OSJIEKTPOAOM H BTOPbIM 2JEKTPOLOM obecneyuBaeT
ynpaBieHWe OSJeKTPUYECKUM TOKOM, IPpOTEKAIOWMM MeXI1y MepBbIM
SJCKTPOAOM M BTOPBIM 3AEKTPOIOM, 3aBUCSIUHM OT HW3MEHEHMWs
TIPHIIOKEHHOTO HAIIPSKEHHA.
Hcxoas M3 BILUEM3TOKEHHOTO, MOXHO CHENATh BHIBOL O TOM, YTO
20 M3BeCTHBHIM CNOCOOOM MOXHO CO31aBaTh JJIEKTPOHHBIC NPHOOPH C
OpraHMYeCKMMH MAaTEpuaiaMHi, HCIIONB3YIOMIME TOK  3JIEKTPOHOB,
NPOTEKAWILUK Yepe3 3EKTPONPOBOAALIYI0O MOHOMOJIEKYASPDHYIO MiaH
MYJABTH-MOHOMOJIEKYISPHYIO OPraHHYECKYIO IIIEHKY.
O6nacth, Yepe3  KOTOpPYI0  Te4eT  JJIEKTPHYECKH#  TOK,
25 cjopmHpoBaHa CONPAXEHHbIMH CBA3SMA B OPraHUYECKOM MaTepuane,
KOHKPETHO B OpraHMYeCKO# MOHOMOJIEKYJISIDHOH WIH  MYJbTH-
MOHOMONEKYIpHON TUIEHKE, 0Opa30BaHHLIMHN B HERt JICKTPOSHTHYECKOMH
NMONMMEpH3aLMeil TUIEHKM, TMOCPEICTBOM 3TOF0 IOCTUIraeTcsi BbICOKas
(GyHKUVOHANbHOCTE ¥ YMEHbIIIEHHE pa3Mepos fpubopa.
30 Ucnonnsys cnocob6 xumuuecko#t ancopbuum wim JIB-crniocob
BMECTE C  3JMEKTPOAUTMUECKOH  nonuMepusasueid, Moryr OBITH
BbICOKO3(]¢hEeKTUBHO  CO3JaHBI Ha  NPUHUHIAX  caMoopraHU3audu

TTOJIUMEDPDLI, HUMEIOWHE INCKTPONPOBOAALIKE CONMPANXKCHHBIE CBA3M, A



there are found sone preferable acid- and am no-groups for the polar head
~of nolecules. It has been established that the LB-l1ayer increases the

hei ght of the control barrier for a field-effect transistor and passivates
br oken bounds and surface flaws in the GaAs substrate, which makes possible
I nversi on- node operation. The nethod is applicable only for preparing

macr oscopi Cweoysass |.e., field-effect transistor and di odssTRuU9T/o0es20ne of
t he nost prom sing nethods for making functional el enents of

nanoel ectl onics is a nethod for making ag%el ectroni c device involving
organic materials (EP # 0469243 HO1lL 29/28, 1992), which provides for

est abl i shi ng OPNEKTPHMECKOINO GOCARHEHHUAMABYYX BIGKTPOAORN TEKIr Y ENtE pdagmsrarhr ough

Sai 0 ot hoa. 1 0P ngHh° cRRRFRBRK, 2, pREoRiCcepTRAREY " BhRinhier b

consi sts in esycipoiemsag a first and a second el ectrodes on a substrate -

provided with an insulating filmon its surface; etching out the insulating

filmusing the first and second el ectrodes as a mask, formng a

mononol ecul&r or mnul ti- nononol ecul Packpsimme asoBperewmy el ectrolytically

pol ymeri zabl e groups di rgctlé or Lndi rect_lg on the substrat’ﬁ surface which
e,"33§B HES: a e

functions as a third el et?43y QAL o QNEKTROMEHIH, o IPNOOP, oRd ¢ he
second el ectrogefopoM peagnsbRl helkwM GRHOYNORIPOROré P8P OREHIQ npu

pol yneri ze, anﬂogmmtrggrrlgvgmré%xtoge(xomnamoﬁ) "remiepa'rype.
H3BecTHO, UTO B TYHHERbHOM TNEpexoie B3aUMHasl €EMKOCTD
10 3nexkrponoB Mana (MHOTro MEHbIlE, YEM €MKOCTb TYHHEJAbHOIC Nnepexona).
Tlocne TYHHENKPOBAHMA OIAHOIO 3IJIEKTPOHaZ Ppa3sHOCTh [OTEHUMANOB
H3MeHuTCs Ha BeauuuHy e / C (e = 1.6*10-19 @, C - emxocThb nepexona).
CoOTBETCTBEHHO, XapaKTepHbIi Macirab H3MEHEHHS
3NEKTPOCTATHYECKOM SHEPTMM CHCTEMbI TOC/E TYHHENIUPOBAHMS OLHOIG
15 anekTtpoHa e’ / 2C.

DIeKTPOCTATHUECKAS SHEPrHsA TaKoH CHCTEMBI :
E=Q*/2C; Q=Q, +ne(e>0), (1.1

rae Q, - KOHCTaHTa, 3aBUcsAlNas OT pa3HOCTH paboT BbIXOAA 3/IEKTPOACB

L)
Q=Cle, -9p,)/¢ (1.2)
20 n - yucnO 3NEKTPOHOB, NPOLLIEKIIUX YEPE3 NEPEXOL,.
Hna  nHaGniogeHMs  3@dgexra  TYHHEJIMPOBAHHMS  OTAC/AbHbLIX
3JIEKTPOHOB HEOOXOAMMO BbITIOIHEHHE ABYX OCHOBHBIX YCJIOBHH :

1. Yenosue wManocT TEIUIOBBIX QIIYKTyalUMH MO OTHOLUEHHIO K
3JIEKTPOCTATHYECKON IHEPTUM Nepexona :

e / 2C >> KT, (1.3)
25 «k - nocrosiHHas boabumana, T - TeMneparypa.

2. YcnoBue NOYTH MNONHON H30JIMPOBAHHOCTH O6OBEKTAa OT BHELIHETO
Mupa. Cnabnit 0OMEH 3JIEKTpOHAMH B 3TOM CJiyydae BO3MOXEH 4depe3
TYHHeNbHBI# Oapbep. YciaoBHE H30JUPOBAHHOCTH MMEET MNpOCTOH
KOJ/IMYECTBEHHbIH CMBIC] : TyHHeNbHOe CONpPOTUBJIEHHE



third electrode fromthe substrate. The af oredi scussed net hod for
~ maki ng an organic electronic device is instrunental in formng a

nononol ecul ar

or a multi- nononol ecular filmconprising electrolytically
pol ymeri zabl e groups, using the Langnuir-Bl odgett technique. In addition,
possi bil ity woopsayy ded for devel oping an el ectroni c devi cepcTvirOb¥écage an

organic material, wherein formation of a nononol ecular or a
mul ti - mononol ecul ar fil m contai ni ng pol yn:?ri zabl e groups, involves the
0

procedure of form ng at | east one | ayer
3 adsor pt | monysaoasickanBefEXORA08 ur kaKamt Ouitent MROrag Goiyner itaxbl e

unsat ur at ed
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Ha3biBaeMOro KBaHTOBOIO CONPOTUBIICHUSN:

| R, = h / de?= 6,5 kOm, (1.4)

h - nocrosHHas IlnaHka.

BemonueHue ycnosus (1.4) obecneunsaer cnaboe BAUSIHHE
(noaapacHue) KBaHTOBOTO IIYMa, TpPOABIAIOWIEIOCS B XaOTUYECKOM
ABHXEHHH IEKTPOHOB Yepe3 Mepexol Jaxe Npu HykeBoil TeMnepartype,
KOrAAa MOJHOCTHIO NOZaBicH TemioBo# wyM. IIpu sToM anexTpoHsl GyayT
JIOKanu30BaHbl Ha OOBEKTE M, COOTBETCTBEHHO, €rc 3apsn 6Gyaer
OAHO3HAYHO OTIpenesicH.

TakuM obpasom  HabmioneHue 3pdeKTa  TYHHEIUPOBAHHSA

CAMHOYHOrO 3J/IEKTPOHA BO3MOXHO, eciin TerioBele (1.3) M KBaHTOBHIE

(1.4). baykryalny 3apaaa Maibl 110 CPaBHEHHMIO C SHEprHel nepesapaaxy

CUCTEMBI NPH TYHHEJMPOBRHUH.

MoxHo nokasatb, YTO €c/IM 3JeKTpuuecKMil 3apan nepexona Q
HaxoauTcs B aAvanasoHe - / 2 < Q < e / 2, TO TYHHENHpPOBaHHE
HEBBITOMHO /11 CHMCTEMbI, TaK KaK NpPH 3TOM YBEAUUMBAETCS €€
csoboaHas sHeprusa. TakuM o6pa3oM, eClM K Mepexody He IpWIOoXKeHa
pa3HOCTb NOTEHLMAJIOB MIY OHAa Maja, aKTa TYHHENIUPOBaHHWA He
npoucxogut. 3rot adpdexr HOCHT Ha3BaHue KYJIOHOBCKOH GsioKanbl.

Ilycts Tenepy Q MEHsieTcst, HanpuMep MOA AcHCTBHEM Kakoro -

nn6o MCTOYHMKA TOKaA, MTOLCOEMHHEHHOro K nepexoay : Q = [ (t). [ycts
Q BLIXOZMT 33 OOMH M3 KpaeB Juana3oHa OJOKansl, Harnpumep
CTAHOBUTCH 4yTh Gonbiie e / 2. Torga oxaspiBaeTCs IHEPreTHYECKH
BLITOAHEIM aKT TYHHENMPOBAHUA 3MEKTPOHA, B DE3YALTATE KOTOPOTO
3apsf Ha Tepexole MEHSIETCS M CTAHOBUTCA YyTh Goabiue - e / 2, T. e.
CHOBa nonajaeT B AuanasoH ©Onoxane. Tlo3ToMy TyHHenupoBaHMe
CIEAYIOWIETO 3JIEKTPOHAa OKAa3bIBAeTCH HEBBIOOHBIM N0 TeX TIOp, NOKa
BHEIIHSS Tiepe3apsiika Nepexoja He co34acT BHOBb  YCJAOBHA
3HEPreTHUECKOH BLIFONHOCTH AJ1si HOBOTO aKTa TYHHEJIHWpPOBAHMSA , T. €. A0
MOMEHTa YBEJMYEHHA IOJHOro 3apsna mnepexona Ha e. TakuMm .o0pa3oMm
OynyT rpoucxoAuTh ONHOJJIEKTPOHHEIE KonebaHus 3apana Q Ha mepexone

a

a nmononol ecul ar filmby chem cal



groups, from a nonaqueous organi c solvent onto the substrate surface.

~foll owed by polynerization of the resultant film Furt her nor e,
according to said nmethod for making an el ectronic device, formation on the
substrate surface of at |east one |ayer of a nononol ecul ar film containing
el ectrolytically polynerizable unsaturated groups is followed by

el ectrol ytiwomehkgsd®ri zati on of said unsaturated groups by apphRusT008N

el ectric voltage across the first electrode and the second el ectrode in
order to establish connection between thg first and second el ectrodes

t hrough electrically conducting conjugated groups, while said silane-based

surfactant sy Rargfkerfisha Mesty éwgyter@@a&a@aﬁifru 19/@, ¢hé 4" 0%pkihufil OUP

at its end. spensabl e pferequisite for carryling said netho
into effect isokhatepehe mapesanl eblprar 35eM MUIWHHSAPROPAHKS uPACKTROHAB sBoul d

contain el ect rhﬁgl g%( Q@%ém&gm%ygféﬁ ,!9@3 a]aﬁbl%g %%N%Hglol yt hi enyl ene
group, so t haP2BER %ﬁ e en the“rirst second el ectrodes be effected
by said pol ythi enyBeGengpr onm&HbIX CHCTEMAR, koleMKAHKGECKONLKBKISPGXARORI gani C |
o s e ael e b SRRk o' AAraBRGR] ' eohoces
mononol ecul ar ToRueiUposaRmRON®| pasmipnbay eepexogax. Ecnau mbl umeeM 1Ba
TOC/IENOBATE/IbHO COCAMHEHHBIX MEPEXoAa, TYHHEJIMPOBaHHE 3JIEKTPOHA
yepe3 OAMH M3 HHX YBEIMYMBACT HanpsXeHue, a CjIefoBaTeNbHO K
BEpOSTHOCTb TYHHENWpOBaHUA uepe3 Apyroil. Takas npocTpaHcTBeHHas
10 xoppensiuus HauGosiee CWILHO BHIpaXCHa, €CAH BENUKO pasinuMe
COMpOTUBNEHHH! IOByX NEpexofoB, M, COOTBETCTBEHHO, BpeMeHa
TyHHenupoBaHus B HuX [1]. CpenHUA TYHHEALHLIA TOK 4Yepe3 CUCTEMY
6yneT onpeneisThCA NEpPeXonoM C MEHbUWMM COnpoTURIcHUeM. Mamenssn
V3BHE, Hanpﬁmep “HAyLUMpoBaHMeM (MM “BIpLICKUBAHMEM” uepe3
15 Goabwoe (60abllie KBAHTOBOTO) COMPOTHBIEHHUE), 3apsill HA LICHTPaILHOM
3JIEKTPOAE, MOXHO MEHATb YCNOBUSt A TYHHEAHPOBAHMA 3/EKTPOHOB B
oboux mepexosax, T. €. Mbl MONy4aeM ONHO3AEKTPOHHLIA TPAH3KCTOD.
3aBucUMOCTh TOKa I; OT ynpaBnsiollero HanpskeHUs V,; 0PH
(PUKCHPOBAHHOM 3HaueHMM V Ha3blBAETCS CHIHANBHOH XapaKTepHCTUKON
20 cucTeMbl. DTa 3aBUCHMMOCTb OKa3bIBAETCH IEPHOJUYECKOH, C MEPHOAOM,
paBHBIM 3J1eMeHTapHOMY 3apsaay : I (Q+e) = I(Q).

Teopuss KOppPEeNKPOBAHHOTO ONHO3/IEKTPOHHOTO TYHHEJIWPOBAaHHUS
cripase;jivBa IS TNEpPeXoNOB C 3JMEKTpoNaMH He CIMIUKOM MalblX
pa3mMepoB, 3HEpreTHUYEeCKMii CMEKTp KOTOphIX, B YAaCTHOCTH, MOXHO

25 CcYMTaTL HenpepbiBHbIM. BecbMa HHTEpPeceH BOMNPOC © TOM, Kak
U3MEHSIOTCS XapaKTEPUCTHKY TYHHEABHLIX INEPEXOAOB NpH YMEHBIEHUH
MX pasMepoB 0O BENMYUH, MPKH KOTOPHIX CTAHOBHTCH CYLUECTBEHHBLIM
POCTPAHCTBEHHOE KBaHTOBAHUE 3JHEpreTHyecKoro cnekrpa. CTporoi
TEOPHM, OMMCHIBAIOWICH BAMAHHE HJHCKPETHOCTH SHEPreTHYECKOro
30 cnextpa Ha npouecc KOpPEJUPOBAHHOIG OXHO3JIEKTPOHHOTO
TYHHENMPOBaHUs  4epe3 OueHb  Maiblii  MeTalinyecKuit obBeKT
(HanpuMep, 4epe3 METAUIMYECKYI0 [paHyly) WIM uepes MOJIEKYTTY
(xnacrep) noka net. OnHaKo, coefaHHble OHEeHKY [4] nokasbiBaloOT, YTO B



I nt er posed between said el ectrodes, and by establishing a third control

~ el ectrode connected directly or indirectly to said nononol ecular or nulti-
nononol ecul ar layer, as well as to the first and second el ectrodes. :

Applying a voltage between the third and second el ectrodes all ows of

control ovekyd Bas8isectric current flow ng between the firstpergusnsosnd

el ectrodes and depending on a change in the applied voltage. In view
of the foregoing, an inference can be macga that the known nethod is

i nstrumental in making el ectronic devices involving organic materials and
utilizing the ehyuier iocraraysiot GONbIKONG KRAWUCATEAN SBEITPOHOBal | ja cOPBRIEI ng

T i ch S g RPERA R e S RRRE By cnlBmncl
present in an sogghivroraiacrBAX, mpaemdi oalHbynaxTPeaHEIX0OGaheBROTIR D IPAUl ar
a2 - monomgL e Rl b Yeioblid"  B83oxdiB*S Hafiudht' "Yuldg¥rpykryph,
) 5 obycnoBaecHHOe pasMepHbEIM 3¢dexToM npH  MPOCTPAaHCTBEHHOM
KBaHTOBaHWUU SHEPIHH JIEKTPOHA.
B ocHoBe 3asBASIEMOro H300pEeTEHMA JIEXMT MCIMOJIb30BAHME .
ABNEHUA KOPPEIMPOBAHHOIO TYHHENHPOBAHHS NEKTPOHOB.
Bnarogaps paspaGoranHOMy cnocofy Moxer ObiTh C€O33aH
10  yHUMKanbHBIA 3NEKTPOHHBIA npudop, peannayroumﬁ OIHONEKTPOHHBIH
PeXUM TYHHEIMPOBAaHMA NP KOMHATHOM TeMhepaTrype B MCKYCCTBEHHO
CO3naHHO cTabUNBHONK MONEKYNAPHON CTPYKTYpE.

. Kpartkoe onucaHue puUryp ueprexeit

15 Ha owur. 1 cxemamqecku u3obpaxeHa CTPYKTYpHas cxeMa
TYHHeAbHOro npubopa, (pur. 1A - Bun csepxy, ¢ur. 1B - Bua cboky)
M3rOTOBNIEHHOTO 3aABSEMBIM CIIOCOGOM, raie -

I - noanoxka o

2 - BCTPOEHHBIE B MOHO- MWIM MYJLTH-MOHOMOJIEKYNAPHYIO
20 MaTPHLY KNacTepbl ¥ MOJNEKY/bl '

3 - BXoaHO 3aeKTPOR

4 - BLIXOIHOM 3;€KTpON

5 - N ynpasasiomnx éne)crponon

®ur. 2 - BAX TyHHeasHOTO nprbopa;

25 ®ur. 3 - CurHanpHas (ynpasisiowlasi) XapakTepucTKa
TYHHENBLHOTO Npubopa ¢ OAHUM YNPaBNAIOLUNM JEKTPOLOM
(MoNeKynsapHblil OAHOANEKTPOHHBIH TPaH3UCTOP) NpH TeMneparype 300
K. Knacrep nHaxoantca 63U ynpaﬁnmomero 3JIeKTpOJa.

| CaeneHus, MOATBEPXIAIOU(HE BOIMOXHOCTD OCYLIECTBIEHHS
30 n3obpereHud.
B 3agsnsemMoM crnocobe co3maHMA TYHHeEnbHOro mnpubopa B
CHCTEME TUIaHapHBIX METAUIMYECKMX (MAM NOAYNPOBOAHKHKOBBIX)
3/IEKTPOOOB Ha TNOLIOXKE (POPMUDYETCS YNODPSAOYSCHHAsA MOJEKYAApHasn



el ectrolytic polynerization of said film whereby high functional
~capabilities and reduced overall dinmensions of the device are attained.

It is due to the use of the chem cal adsorption or LB- technique along with
el ectrolytic polynerization that polyners having electrically conducting
conj ugat ed bonds may very efficiently be nade on the concepts of self-
organi zat i owo 36338l ectrical ly connecting two el ectrodes, ‘Weirkdohgeogesul t
that highly perfect electronic organic devices may be obtai ned.

Di scl osure of the Invention Theref gge the principal object of the
present invention is to provide an el ectronic device operating on the
princi pl e of £TBYKENDPA- dIFEMr oRHKEAIHES | 6HCBMAEPHBES hMONRKYh #r OKIACTEpOB,

CFTEE" ager; n ogecnebipluRRITBoBABh R, 1o S NGS, ! o,
t he conduct an®&HOPNEKEPOHHOE KOPPEJMPOBAHHOE TYHHENIHPOBAHME 3NEKTPOHOB B
npubope, a He NPOCTO MOHOCNON MHEPTHBIX MONEKyn, GOpMUPYIOLIH

5  DM3NEKTPHYECKYIO MPOCNOHKY - TYHHeAbHBIN 6apbep.

CooTBETCTBEHHO, B Cllydae (PHUKCALMK TAKMX MOJIEKYA M KJIACTEPOB
C MOMOLULIO M3BECTHOW JIEHTMIOPOBCKOW TEXHOMNOTHH, Ha MOBEPXHOCTH
BOAK CO3NAIOT MYJBTHKOMIIOHEHTHBHIA CMEWaHHBI# MOHOMONEKYAAPHBIH
cioit, oOpa3’oBaHHBIA MHEPTHHIMH amMOHGWIBHBMY MONEKYIaMU Wik

10 xnacrepamu, obpasylolMMu ONHOICKTPOHHBIE TYHHEAbHBIE ITEPEXOMbI,
nocie 4Yero MeEpeHocAT CHPOPMHUPOBAHHBIN  MYJILTHKOMMIOHEHTHHIH
MOHOMOJIEKYJIAPHBIA CAOM C NOBEPXHOCTM BOLbLI Ha TNOBEPXHOCTb
MOATOXKH. _

Cnoco6 co3naHuss MONEKYNAPHOH YNOPSAOYEHHOIM CTPYKTYDHI,

15 ynosnersopsiouieif yCAOBUSM ORHO3AEKTPOHHOIO KOPPENUPOBAHHOIO
TYHHE/IKPOBAHMsA 3aKMOYAeTCA B CACAYIOWIEM @ Ha TNOWIOXKY | ¢
NOATOTOBNICHHBIMH METAUIMYECKUMH 3eKTpomaMu 3,4,5 HaHOCHTCH
METONOM XMMMYecKoit amcopbuuu umum mertonom Jlenrmiopa-Baomxxkerr
CMeuIaHHbI} caoH Mohexyn M KJaacTtepos 2.

20 MertautoopraHuyeckie kiactepbl 006sanal0T HabopoM CBGIHCTB,
YHUKQIBHBIX /IS CO3HaHUA MOJNEKYAAPHLIX ORHO3JEKTPOHHBIX LEMnei
KOpPEeNHPOBaHHOIO TYHHENbHOIO TPAHCNOPTa : H4pPO  KaacTepa,
CcoCTOsllliEe BCEro M3 HECKOJBKMX aTOMOB MeTaqsa, o6namnaer
3AEKTPOHHON CTPYKTYpOil, JOnycKaiowe HalIMYHE NEepeMEHHOro 4Hcha

25 L[OMOJHATENBHBIX 3MEKTPOHOB, IIPM 3TOM HE MCKAXKAIOUIMX aTOMHYIO
CTPYKTYpPY Knacrepa. g agpa Knacrepa XapakTepHO Haiudue
Oau3Konexalwux CcBOOGOAHBIX 3ne'xrponﬂmx YPOBHEH, HYTO MO3BOJASIET
TYHHEJALHOMY 3N€KTPOHY MPU OTHOCHTENILHO BBLICOKOH TeMmmeparype
OLICTPO NEpPEXORUTL C YPOBHA HA YPOBEHB (32 BpeMsi, MEHbiliee CPEOHEro

30 BpeMeHH TYHHENHPOBRHHS 3JIEKTPOHa Ha siIpO Kiacrepa). B pesynabrarte
OTCYTCTBYIOT KBaHTOBHIE OIpaHUYEHHUS Ha pasMeulleHHEe CHAeaYIOLIero
TYHHENBHOTG 3JIeKTPOHa. 3TO TMNpPHHUMIMAIBHO OTJIMYaeT JaHHYIO
CUTyallMi0 OT PEe30HAHCHOro TYHHEJIMPOBAHMA W CBOMCTBEHHO HMEHHO



tunneling junction itself. After tunneling of one electron the potenti al
~di fference changes by the value e/C (where e = 1.6x10[err] of Coul onb, C
bei ng the capacitance of the junction). Accordingly, a characteristic scale
of change in the electrostatic energy of the systemafter tunneling of one

el ectron is %37%5333 El ectrostatic energy of such a systeilSe-RSess

fol | ows: = Jerr]/2C Q= Jerr]+ nferr] (e >0),

(1.0 wher e Q[err] is a constant depﬁgdent upon the difference
[err]i. bet ween work function®*of the el ectrodes, _

QO = C([err] - [cactdmdre,  paccMarpuBacMbIM TEOPHH (lo&){oane olrotot he.
nunber of el ectrons that asseﬂ ‘B& ou h the juncti on. ol | owi ng
two principal CJMH{"F'?W Hul P%ang‘q%é’ Mﬁﬁﬁqﬂaﬁgmf Ect

of | one el ectroRgckonbkuMut - aﬁmmpmmw 8f aapé Ol‘!ﬁ&rieﬁéw Emt hesTopbit

fluctuations with respect to electrostatic energy of the junction:
e2/ 2C >> kT, CTAHOBATCA CVIIECTBEHHb! 3(PdheKTht Knamoréaﬁ»gx) SNEKTPOMOBr TR | s

the Boat smanscoRpbafim anextponHo# crpykryphiCHREA,2LMiRcTBento Huxe paBoueit
TEMIEPATYPH! OXHOINEKTPOHHOTO YCTPOHCTBA.

Oprasnueckas  ofonouka . Kiacrepa  mpeacrasiaser  coboit
(buKCHUPOBaHHbIN TYHHENBHBIA Gapbep, CBOMCTBA KOTOPOro He 3aBUCST OT
npncchTBnﬂ TYHHEJILHOTO 3JIEKTPOHA. XapaKTepHBLIK pa3Mep o6OoNouKHU

10 xnacrepa obecneuMBaeT BLICOKYIO TYHHEJIBHYIO NPOHHMUAEMOCTb M,
COOTBETCTBEHHO, Maibie BpeMeHa TyHHeauposanus. Ilpu 3ToM
TYHHENbHOE COMpOTHRIEHUE Oaphepa CyWeCTBEHHO Gonbllle KBAaHTOBOIO
(T 6.5 kOM), uTo gaBnsercd NPUHUMNHANLHLIM TpeboBaHHEM TeopHM
ORHO3JIEKTPOHHOIO KOPPEIUPOBAaHHOIO TYHHEINPOBaHMUS.

15 Cywectsyer Oonbiioit BboIGOP BHIOB METAICOPTaHHUYECKHUX
KacTepoB C pa3jiHYHbIMH KOMOHHALUAMY THIIOB ODONOYKK U AApa. DTO
MO3BONSAET BapLUPOBATb KAK NApaMeTPhl TYHHENBHON  CTPYKTYpbI
(3ddexTUBHAR €MKOCTh W TNPOBOAMMOCTB), TaK M YUCTO XHMUYECKHE
CBOJiCTBa OGONIOYKM KJIacTepa, BaXHbIE M €ro (DU3MKO-XMMMHYECKOro

20 3axpenneHust B KOHKpeTHol cucreme-ycrpoitctse. Ilpu atoM peanusaius
PEXyMa  OQHO3MEKTPOHHOTO  KOPPENMPOBAHHOTO  TYHHEAHPOBaHMS
BO3MOXHA TaKXe B CHCTEMe APYrUX aKTHBHBIX MOJIEKYN M KiaacTepos (He
TONBKO  METalloOpraHudeckux), obnazalolMX  COOTBETCTBYIOLUMMH
(PH3NKO-XHMUYECKHMHU CBOACcTBaMM (HampuMep KapbopaH, ¢yiepeH M

25  T.8.), KOTOphIE TAKXKE MOTYT MCNONAL30BATHCH U1 CO3NAHMS npubopa.

' Ilp# cosmanuy npubopa ¢ OQHO3MNEKTPOHHBIM TYHHETMPOBAHMEM
HEeoOXOAMMO DELINTDL ABE OCHOBHbIC 3aJa4H :

- Buifpath ROCTaTOYHO YCTONUUBLIE AKTHBHBIE MOJEKYNBI WM
KJIaCTEDSH, obnanalourye CBOWCTBaMU, obecneynBalOLIUMU

30 OOHO3NMEXTPOHHBINA TPAHCIIOPT ANEKTPOHOB.

- CdopMHpPOBaTb Ha IOMLIOXKE ynopsmoqeuﬂyxo' CTPYKTYPY M3
TaK1X MOJIEKY]1 U KIacTepoB.



5 2. The condition of alnobst conplete isolation of the object
fromthe outside world. In this case a weak electron interchange is
possi bl e through the tunneling barrier. The condition of such an isolation
has a sinple quantitative sense, i.e., the value of tunneling resistance of
the resultant junctions should be nmuch higher than the so-called quantum

resi stance: wo 9736333 Rq = h/4e[err] - 6.5 kChm PCT/RU97/00082
(1.4 where h is the Planck constant. Meeting the conditions of

the Eqn. 1.4 provides for an inhibitory eH ect

M3 scero MHOrooGpasusi H3BECTHBIX B HACTOsLIEE BPEMSI KJIACTEPOB

HaMy Obln BbIOpaH kapOopaHOBBI KJIAacTep B OCHOBHOM M3 - 3a €ro
crabmwipHocTd. KapOGopaHOBHIfI KiacTep MMeeT XxapaKTepHbi#i pasmep
okono 15 A, clenoBaTeNbHO MOMANOXKA, HA KOTOPOl OH 6yaeT HaXOAUTHCH

5 NOMXHa WMETb XapaKTEPHYIO HEPOBHOCTbL ITOBEPXHOCTH MHOTO MeHblie 15
A. Heofxoanmo, urobpl KjacTep YCTOMUMBO HepXaicsd Ha IIOLIOXKE.
Kpome atoro, nomnoxka noskHa 6biTh nposonsmeit. rum TpebGosaHnaM
YAOBAETBOPSAIOT MOMLIOXKH U3 BHICOKOOPHEHTHPOBAHHOTO
nupondTHdeckoro rpagura. OuHM MMEIOT JoctatouHo  Goaburyio

10 npoBONMMOCTh U MMEIOT XapakTepHYI0 HEPOBHOCTh NMOBEPXHOCTH =~ 1 A
(nepuon rpaduTOBOM peleTky - 2.46 A).

Ona  HamexHOro  3axperuieHMst  MOJISKYN Ha  [IOLIOXKe

¥cnonb3opanach TexHonorus Jlenrmiopa - BaomxeTr. Fhienku Jlenrmiopa

- baoaxerr - 93TO OOHO - WM MHoOTOCJIONHbIE TIOKPBLITHSL H3

I5 aMbuOUNBHBIX MONEKYN Ha- TBEPAOH TNOLNOXKE, MOAYYAIOMIKECS NyTeM

' fiepeHoca ORHOTO CTPOTO MOHomo_nexynapHdro CJIOS MOJIEKYN 33 APYTHM

NpH  NpPOXOXZSHWM TNOLJIOXKKM  CKBO3b - NTOKPHITYIO  MOHOCJIOEM
TNIOBEPXHOCTb BOAHOM ¢asbl. _

CrpoeHMe MOJIEKYISPHOIO KOMIIOHEHTa npubopa 6bL10

20 cneayiolWlMM : Ha aToMapHO maxixyro NOBEPXHOCTh TNHPONUTHYECKOTO
rpaduta metoaoM JIB Opina HaHeceHa CMeWaHHas MJIEHKA CTEapKHOBOM
KMCNIOTBI ¢ BKTIOYEHHHIMM B Hee KapOOpaHOBBHIMM KjacTepaMM, B
KOTOpPOM MaTpHlia CTEapuHOBOH KHMCAOTH (GHUKCHpOBaNa MOJEKYJIbI
KJIacTEPOB Ha IOMIOXKKE.

25 C ToYXM 3peHHs WCNonb3oBaHUA 3ddekra KoppenupoBaHHOTO
TYHHENMPOBAaHUSA 3IEKTPOHOB WA TMOCTPOCHHR CXEM HAHO3IEKTPOHHKH
OUYeHb BaXXEH BOMNPOC O BO3MOXHOCTH YIIpaB/leHUs TYHHEJIbHBIM TOKOM B
TaKOM ABYXITepPEXORHOM CTPYKTYpE C NOMOLUBIO HE32aBHCHMOIO CUTHana.

Ing peanusaluy OXHO3JEKTPOHHOIO TpaH3ucropa Obuta BbiGpaHa

30 cneayiomasi cxema : KJIacTep Ha IOUIOXKKE pacrnonaraercs BOAM3W OT
M30IHPOBRHHOTO OT TOMUIOXKH YNpaBASIOWIEro 3AEKTPOAa, KOTODBIH
nofesbiM 06pa3’oM coO3gaeT Ha kiactepe 3apsan. UMCICHHBE OUEHKH

B3aUMHOI €MKOCTH TaKoro B3JieKTpoAa M KilacTepa mnoKas3bpiBalwT, 4HTO



on quantum noi se which manifests itself in random notion of electrons

= through the junction even at zero tenperature when thermal noise is

i nhibited conpletely. In this case electrons will- be |ocated on the object
so that its charge will be determ ned, accordingly. Thus, the effect
of a lone elwgpdgiat unneling can be observed when thernmal (per@usgaébsguant um
(1.4) charge fluctuations are relatively |ow conpared with the energy of
system rechargi ng during tunneling. 3t i s denonstrabl e that when the
junction electric charge Qis in the range of -e/2 < Q< e/2, tunneling is
di. sadvant ageowsobzommee s ywitse mpeandiaLings ' OBHOYIRKTYPHHOTO e JdsHeTOpA”'S

oAt feronce. 1 9aniind Bl Syt bt FHEUEE P BltcrBilubg ek WRGRRRGR, "

cal | ed Coul ontu Knacteipogt Gyner HeNdondeel0DmhaHge smulerta engkrpamyossaioce of

current connected to the junction, i.e. = so as to extend beyond
one of the Iirﬂqﬂénﬁ?’ctqﬂéa%em %?W%PH&QF%QQ%%MQTH sonewhat in excess
of e/ 2. As 5 resul tPealibgo elragds obrpykinsd | npefrhenieTdrubut t gepreodryiocal |y
advant ageous, whereby the function charge .changes to get a little higher

than - e/ 2, t hdAMPBCKTPHK; 2 TIROBIGHAR) [SHEEFHI EORKAE IHOCBE, HATBIMIIA . That

is why tunnel iggrmRxigxt Bl RetdcdBe Prionasxka beciibiaasyaiicigensgmomibn | 1
external recharging of the function
BbICOKOOPMEHTUPOBAaHHOIO  ITMPOJUTHuYEcKOoro rpadura, I[AagKoCTh
MIOBEPXHOCTH Yy KOTOpPOro Ha Maciutabax mnopsaoxa COTHM HM paBHa
10 pasMepy onHo#it sueiiku Kkpucraana rpabura ( 2.46 A ). B kayectse
IU31eXTpHKa BuiOpaH Al,Oj, npoBogHMKa ~ Au.
CucTeMa TakMX DSJIEKTPOAOB MIrOTaRIMBANACh C MCMOAB3IOBAHMEM
METOROB cCOBpeMeHHoit HaHonurtorpaduu. KoHdurypauma snekTpomos
Bol6paHa B ¢opme “rpeGEHKM” M3 HECKONbKUX (MOpSAKA COTHH)
15 JUIMHHBIX, Y3KHX MOJIOCOK. Paccrosnue MEXAY TIOJIOCKAMM HOJIXHO ObITh
IOCTaTOYHO MasblM, YTOOHI BEPOSTHOCTH KiacTepa oOKa3aThCsd BOJIH3HM
nonocku Gnuna Benuxka. C  ApYroif CTOPOHBI, PacCTOSHHE MEXIY
NONOCKAaMH AOJLKHO OBITh AOCTATOMHO BENMKO (MOPAAKAa HECKOABKHX
coTeH HM), utobnl Mraa CTM w™Morna ckaHMpoBaTh NOBEPXHOCTH. B
20 pesynsTaTte KOMMPOMHCCR MEXLY STUMH W DPSAOM TEXHOJNOTUYECKHMX
YCIOBUI  yZalOCh PpEaU30BaTh PACCTOSHHE MeXOY COCEOAHHMU
anextpoXaMi ~ 400 HM NpH Takoil Xe WKHPUHE 3NEXTpoAa.
B  npepnaraemMoM  crnocobe  co3jgaHMs — OZHOBJIEKTPOHHOTO
TYHHEILHOTO NpHGopa  HCToNb3yeTcs  pa3paGoTaHHas — TeXHONOTHUS
25 HagexHo#t (¢GHMKcauMy KIacTepoB M MOJIEKYJ Ha TIOBEPXHOCTH
TBEPAOTEAbHOM mnomnoxku. CyTh TEXHONOTMM COCTOMT BO BKJIIOYEHWM
TYHHENIbHO-aKTHMBHBIX KJIacTepoB U MOJIEKY B MaTpHLy JICHIMIOPOBCKOM
MIEHKY Ha OcHOBe aM(PupMALHLIX BelllecTB (HaNMpUMeEp, CTEaPUHOBOM
. kucaornl). Ilpemnaraemas TexHoNOrHs  oDecrnieyMBaeT  NOJyYeHHE
30 MoHocnoitHOM CTPYKTYPHI KJAaCTEPHBLIX MOJEKYN. TexHoNorHs OCHOBaHa
Ha MPOBENEHHBIX UCCACNOBAHHAX  (UBHKO-XMMHWYECKHX  CBOMCTB
MHOTOKOMITOHEHTHbIX JIEHIMIOPOBCKUX IIEHOK, coepXalinx
HaHOYaCTHLIHI. Marpuua JIEHIMIOPOBCKOTO MOHOCJION H3



est abli shes the conditions of energetic advantage of a new tunneling

~action, i.e., till an increase in a conplete junction charge on e. Thus,
single-electron variations of the charge Q at the junction and those of the
voltage V= QC thereon will occur at a frequency f = 1/e, where | denotes

an average current passing through the junction. In this case electron

tunnel i ng | webNEB®- €l ectron tunneling junction is tine-corrcaiedeos:

6 o In nmore conplicated systens conprising a nunber of
junctions, a strict space correlation ofjjunneling action in various
junctions is possible. In case of two series-connected junctions, electron
tunnel i ng t hr ClgivMapusosaHHRIOe aMpuHILHOrO BellecTBa HaxexHo dukcupyer

aKTHBHBLIE KNacTePHl ¥ MOJIEKYABI, YTO MCKIAIOYAET HX ABHXEHME Noxa
IEeHCTBUEM 3NEKTPHYECKOro Mo aekrponos. Jinsa HaxexHo# dukcaumn
AKTUBHEBIX KJaCTEepOB M MOJEeKY/i HeoOXOAMMO HMX CMCIIHBaTh C
5 amduduabHBIMM BellECTBAMM, HANpPUMEDP, CTEapMHOBOH Kucaoroit B
“Tako¥ NPOTMOPLMHK, HTOOR KaXAbl Kkinactep X MoJekyna Owunu
MIONHOCTBIO OKPYXKEHbI MOJIEKY/1IaMM CTCapPHHOBOM KHCIIOTH.
B HacTofluee BpeMs MNPaKTUYECKH EOMHCTBEHHBIM METOAOM -
perucTpauuy 97eKTPHYECKMX XapaKTePUCTUK ONMHOYHBEIX CTPYKTYP CTONb
10 Manbix pasmMepoB SBASETCS HMCMNOJAB3OBAHWE METOJA CKaHMDYIOW(EH
TYHHENIbHOM MUKPOCKOIKH M CTNIEKTPOCKOMHK, KOTOPLIH NO3BOANET BECTH
HaboneH)e ¥ UcCaeNOBaHHE OOBEKTOB C ATOMapHLIM pa3pelieHUEM.
Ona  meMoHcTpanum BO3MOXHOCTEH GYHKUHOHHPOBAHHUSA
3asiBNISIEMOro TYHHENBHOro Npréopa MCNoIB30BaNca METOM CKaHupylomei
15 TyHHesnbHO# MuKpockonuu u crnexrpockonuu (CTC). McnoansopaHue
" TEXHMKM CKaHWPYIOLIEro TYHHEJbHOIO MHKPOCKOA NO3BOJISET M3MEDPATH
XapaKTePUCTHKM ONHONEKTPOHHLIX CHCTEM C TIIPOM3BONBHO MAIBIMH
(ﬁrmon D0 aTOMHBbIX) paamMepami.
YcrpoiicrBo 'cxa}mpyxomero TyHHeabHOro Muxkpockona (CTM)
20 nosBonfer TMoOJyyaThb TPEXMEPHYIO KapTHHY, OTpaxawowyio peiabed
MOBEPXHOCTH, a TaKXe BKIOYarb B Uenb HMMa - MOMIOXKZ
HHTEepecylouue o6ObeKThI.
JUia M3MepeHHil HCTNOABL3OBAICT PeXHM NOCTOSHHOro ToKa. B 3ToM
peXHME  INONIEPXMBAETCd  MOCTOAHHHN  TYHHEJIBHBIA TOK, a
25 CcOOTBETCTBYIOLUEE €My TOJOXEHHe HMIMIBI Hal  NOBEPXHOCTHIO
nonacpxusaeTcs ¥ PUKCHpyeTcs ¢ NMOMOLIbIO KOHTYpa 06paTHOM CBA3H.
Ins  peanusauuu TyHHenbHoro npubopa OwUIM  BBIOpaHBI
MeTaUl0cofepXKallMe KapGopaHoBble KiacTephl, pasMepoM nopsaka 20 A.
Ucnonp3oBaHHe KIacTEpoB B KauyeCTBE aKTUBHOIO 3J/IEMEHTa NO3BOJSAET
30 HabmonaTh B Takoil CHCTEME OOHO3JIEKTPOHHEIC ABJICHUSA MPH a30THOW (
=~ 77 K) v xomHarHo#t Temneparype T =~ 300 K (dur. 2.).
TyHHEAbHBIMHM TEPEXONaMM B PEaTM30BAHHOM ONHO3JIEKTPOHHOM
TpaH3ucrope Ha ocHoBe CTM sBasiorcss mnepexoab! “Mria - AApo



adds to the voltage and hence probability of tunneling through the other
“unction. Such a space correlation is nost markedly pronounced hen both of
the junctions differ in resistance and hence in tunneling tinme nost wdely
[1] Thus, an average tunneling current flow ng through the systemis

determ ned bxﬁigﬁk#ﬁmer-resistance junction. The conditionsﬁkqhuﬁy on
tunneling in nctions can be varied by changing the charge on the
central electrode externally, e.g., by inducing (or "injecting"” through a
hi gh resistance (exceeding the quantumone) with the result that a

si ngl e- el ect roﬁda&?dﬁf’ﬁho*sdp% Rid@epsd. ndmekahl oBagyal QaerHaBaNERAbIH Haand
control voltage Vg with a fixed value of Vis called the signal

charact eri sti c KfacTeps ONeBHM RORR3PM| HPY JiPHaYe Hankeis, Ha Wqﬂé‘&muﬁﬁe
having a perio 0, Erhfﬁﬁ&e é?(ng &) roxd 09 eme u1N€

t heory of corrg?"%%nsg ge g‘:éctron tanne |nrglp ol gmt I’TJGerOI’ f%crfcrfons
havi ng adequat eirpatmpges pliparnesdds whose energy spectrum may part icularly
be assuned conti st P aéé;ﬁ.m{st ics
of tunneli ngsj unct i gﬁg%iﬂ’% %nﬁ%ﬁﬁ | r'rwedn‘%xgﬁg o(?'l sal Eﬁj unctio are so
reduced that spareaHgusoKRHxz Kt moprma‘n%nnmgwwmﬂrmmben'oneansnbﬂm mal . No
ri gorous theory descrl b| the effect of di screten s of l\Jlenercgé(pﬂsq%(ca:ctﬁum on

correl ati on profia R4% &EP3 F t%EP?WO JIHBKO

cnmacrpneﬁ, OKPYXEHHOTO JMraHAHOH OOONIOYKON M3 JIETKMX aTOMOB

wiu  npocreftiinx Monexyl. OcoGeHHOCTH 3JEKTPOHHOrO CTPOCHUSA

10 KjaacTepHBIX MOJEKYJ - HalWyMe TYCTOH ceTH GNM3KO PacroNOXeHHBIX

BEPXHUX 3aNOJTHEHHBIX MOJIEKYISPHBIX OpOMTane# M COOTBETCTBYIOLUMX

MM HMXHHX BaKaHTHBIX MOJEKYJAAPHLIX opbuTaneidl (M Te M ApyrHe Kak

mpaBwio ciabo cBs3biBaOUKE) OOYCNTOBAMBAET C ONHOA CTOPOHHI

MOSBAEHHE B K/IaCTePax MHOXECTBEHHLIX OQHO3NIEKTPOHHBIX OOpaTHMBIX

15 nepexosoB #, ¢ JApyro# c"ropoum, ofecrieyuBaEeT JOCTATOYHYIO

YCTOMYMBOCTh OCTOBA KJIACTEPHLIX MOJIEKYA Iocne nAobaBleHUS WIH
YOaJIEHKA 31€KTPOHA. '

Hacrosiiee M300peTeHMe npenjaraeT UCIONb3OBAaHME B KayecTBe

aKTUBHBIX 3JIEMEHTOB TYHHENbHOro mnpubopa, (GOpPMHpPYIOLUHX B HEM

20 TynHennHbie Gapbepbl ¥ MexGapbepHOe NpocTpaHcTBO (oGnactu, roe

JIOKAIU3YIOTCA TYHHENAUPYIOUKE ANEKTPOKBI), COOTBETCTBYIOLINX MOJEKYN

M KaactepoB (B YacTHOCTH, MONEKYASPHBIX  METAILIOCONEPXALLMX

KJIacTepoOB), UMEIOUIMX TpebyeMbie XapaKTepHule pasmepnl (Menee 100 A)

U obecrieyHpaloIiX TMposABidcHHe a3ddexra KyIOHOBCKOK 6aoKamnl

25 TYHHEJHMPOBAHMS 3NEKTPOHOB B YMOPAJOYCHHOW CTPYKTYPE H3 TaKHX

MOReKYl M KiacTepoB (NP 3TOM He HakIaAblBalOTCa Kakue - aubo

onpeAc/ieHHbBlEe OrpaHMUEHMS Ha CTPYKTYPY SHEPreTMYEcKOro crexkrpa

3/IEKTPOHOB Ha TaKUX MOJIEKYNax ¥ KjaacTepax. OTH aKTUBHBIE MONEKYJb

¥ Kknactepsl (B 4acTHOM ciyyae, H OJHa MOJEKyla), Ha KOTOpPBIX

30 rnokannsyloTes TYHHEJAHpYIOLINE SNIEKTPOHHI, PacnoJIoXeHbl

COOTBETCTBYIOLUMM YIIOPSHOYEHHHM 00pa3’oM B TIPOCTPaHCTBE MeEXAY

METAINNYECKUMH (WIH TIONYNPOBORHMKOBBIMU) BXOHHBIMHM, BBIXOXHBIMH

¥ ynpaBasiomMMu anekrpoaamn (obur. 1.). [IpH 3TOM TyHHEAbHBIN TOK



through a very small netallic object (e.g., through a netal granule) or
-~ through nol ecule (cluster) has so far been devel oped. However, the
assessnments nade [4] denonstrate that when an adequately high quantity of
el ectrons are present on the object, the effect of discreteness of energy
spectrum boils down to that under certain conditions the voltage-current
char act eri swon7meassexhi bit, apart from singl e-el ectron feabpergte7adosp t he
presence of "a m crostructure accounted for by a dinmensional effect in space
quantization of electron energy. ~ Ifgis due to the nethod that a
uni que el ectronic device may be provided, operating on the single-electron
tunnel i ng NDJETEATEKBENTIO BXOGHAMYT kb Hi BLIXOXROMY RiwieXrpyuaM,catyapasisioline
r7m lecular str Lb(iltewrﬁozm 3 obecnieynBaloT 3QQEKTHBHOE YyNpaBieHHe TYHHEJbHBIM
TOKOM 3AeKTpoHOB (¢dur. 3.) : npu MOHOTOHHOM W3IMEHEHUH
HanpsKeHWA Ha  ynpapasiowieM  3MeKTpoAe 3 perncTpupyercs
5 HeMOHOTOHHOE, NEPUORAMYECKOE HM3MEHEHMe TYHHeEJNbHOro Toka. IlpH
WCMONb30BAHUM NaHHOTO MNpubopa WA CO3XAHMA Pa3IHYHBIX CESHCOPOB
TYHHEJbHBIH TOK MU3MEHACTCA NOX ACHCTBMEM BHEWIHMX BO3ACHCTBUM
(31eKTPOMarHUTHbIE TONA, B3aUMOACHCTBME KOMIIOHEHTOB BHEILUHEI!
cpeabl ¢ aKTMBHOW  obnacTeio npubopa  (OAHONEKTPOHHBIMH
10 TYHHEABHBIMM  TIEpEXOJaMH). TlpocTpaHcTBeHHass  ynopsgo4yeHHas
cTabuan3auMs aKTHBHbIX MOJEKYA, HA KOTOPbHIX JIOKAaJHA3YIOTCa
TYHHENUDYIOIUME 2NEKTPOHb, obecneyuBaeTcss HX YNOPAOOYEHHDBIM
pacrnofioXXeHeM B MAaTpHLE MHEpPTHOroO BELIECTBa MAU XUMHYECKHMH
CBSI3SIMW C KOMMOHEHTamMy npubopa.
15 3agsngeMbiit crioco6 peaTu3oBalicsl CASAYIOLIMM 06pasoM :
Jns noayueHHss MOHOMOJIEKY/ISIDHOTO CROSL OAMHOUYHBIX KJIacTepoB,
(UKCHUPOBaHHBIX B  MHEpPTHOH  MoJexynsapHoit  Matpuue, Oblna
UCIOJNb30BaHA TeXHOJOINs Jlenrmiopa-brogxerr. Texnonorus
Jlenrmiopa-BromxeTr NO3BOAAET CO3AaBaTh HA TOBEPXHOCTH XUAKOMR
20  ¢daszbl MOHOMOJAEKYASPHBIE TUIEHKH ONPEACACHHOIO KMacca BEIUECTB U
3aTeEM NEPEHOCHTb MX Ha TBEPAYIO NOWIOXKY.
- Ansa  nonyuyeHMss CMELAHHBIX JIGHTMIODOBCKMX  MOHOCJIOEB,
coaepXatux KapOopaHOBRIE KIacTephl M CTCApUHOBYIO KMCIOTY, ObUIM
[IPDUTOTOBMEHB!  PAacTBOPH!  KjacTepa M CTEapHHOBOK  KMCJIOTHI
25 koHuentpauuu 10-3 M B Terparuapodypare. M3 3THX AByX pacTBOPOB
NPUTOTOBNSUIMCh PACTBOPHI, COAEpXalIMEe CTEaPHHOBYIO KMUCIOTY M
KapGopaHoBhLIe KacTepbl B creayioliMx npomopumsx @ [ : 32,1 : 20, 1:
16,1:12,1:8,1:4,1:1,2:1,4:1,8:1,12:1,16:1,20:1,32:1
(cooTBercTBeHHO). JMlns ¢opMHpOBaHMA MOHOCIOS Ha MOBEPXHOCTH
30 BonHoit cybdasnl (pH = 5.6) HaHOCWICA pacTBOpP CTEapHHOBOH KHCJIOTH
U/unun ' KapbopaHOBOrO Khactepa B TeTparwapodypare KOHUEHTPaLUH
4*10-4 M (43 pacuera Ha CyMMapHOE KOJIMYECTBO MOJEKYN CTeapHHOBOM

"KACNOTH M KniacTepoB). Uepes 5 MHHYT, HEOOXONMMBIX IIA HCIIAPEHHA



Brief Description of the Draw ngs FIGla is a plan view of a
functional diagramof the tunnel-effect device, according to the nethod of

t he i nventi on; FIGIb is a side view of FIGI|a, wherein:

1 - substrate; 2 - clusters and nol ecules built into a nono-
or milti-  <woo736333 nmononol ecul ar matri x; PCRRUIT/0BSA

el ect r ode; - 4 - output electrode; 5 - N control
el ectrodes; FI G 2 shows a voltage-cygrent characteristic of the
tunnel -ef fect device; and FIG 3 presents a signal (control)

charact eri st i cspasfreopumeati, afifi LRNYHEHIE P v-HIOTIM MAHQCHOHCNBBKIYABCS CO
the ol uster | ocRureipB A7 FRTeREY b fhfyl TR hefichebbrutlld oSt
" C TIOBEPXHOCTH BOAbI Ha IpaPMTOBYIO MOMIOKKY MOHOCIOR NMOMKMMAICH
NoABUXHEIM OaprepoM no gaBneHmnst 25 MH / cM ¥ nepeHocwics Ha
5 IIOBEPXHOCTh CBEXCIIPUIOTOBNIEHHOTO CKola rpagura co ckopoctbio 0.5
MM / MHHYTY METOLOM ].Hed)q)épa. TloBepxHocTHOe apasieHHe 25 mMH/M
NONNEPXHUBANOCh IOCTOSSHHBIM I[IPM  NEpeHEeCeHWM MOHOCHAOS Ha
TOLIOXKY. s Noay4yeHns MOHOCIOS, OPMEHTUPOBAHHOTO
rMapopoCHEIMH XBOCTAMM HapyXy, MOMIOXKa 'norpyxa.nach B BOAY IO
10 HaHeceHMS Ha TNOBEpPXHOCTb BOAbl MoHochos. llpouecc HaHeceuus
MOHOCNOS, ODUEHTHPOBAHHOIC I'IpOodUABHBIMU (parMeHTaMH Hapyxy,
npoxonun no apyro# cxeme. Ilocne IOAHOro NOrpyXeHHS ITOMAOXKKH B
BOOYy MOHOCJOM MaKCHMATBHO nojKuMasicd A0 Kojnanca ¢
nocnenyiowuM  OTcachlBaHHEM  MOHOCNOS  BOIASIHBIM ~ HAacocoM M
15 yBenuuenueMm IUIOLIAXM BAHHBI A0 MaKCHMAJIbHOI, NMOCHE Yero TNMOMNOoXKa
H3BJIEKANIACh U3 BOABI.
' Ans BbIACHEHHA BO3IMOXHOCTEH M 0cOoGeHHoCTel BCTpauBaHMA
KapOOpaHOBRIX KJIACTEPOB B JICHIMIOPOBCKHI MOHOCHOK cCTeapuHOBO#
KHCJIOTBI HaMKM  MCCJIEROBAINCL  M3OTEPMbI  CXAaTHS  CMEUIaHHBIX
20 MOHOCTIOEB CTeapMHOBas KHCAOTa + KapBGOpaHOBBIE KiacTepbl Ha
HOBEPXHOCTH ACHOHU3UpoBaHHOI Boasl (pH §,6).
Kap6opanopbie Knactephi ©e3 nobapnenus K HHUM MOJIeKyI
CTEapHHOBOA KHCJOTHI He 00pasyioT CTaOMIbHBIX JICHTMIOPOBCKHX
MOHOC/IOEB Ha [TOBEPXHOCTH BOABl @ [IOBEPXHOCTHOE [OaBJieHHEe He
25 nopHuMaercs Bbhuue 3 MH/M  npu  nomxatuun KapGopaHOBOro
"MoHocaos”. Tipu noGaBneHUM Xe K KapOOpaHOBHIM KIacTepaM MOJIEKY
CTEapUHOBOM KMCNOThI (COOTHOLUEHHE k = cTeapuHOBas KucmoTa /
Kjiacrep B npeneiax
- 0,6 < k < 12) nonyyawTtca crabuiapHbie amMpUPHIbHBIE MOHOCIOH C
30 spxoBbipaXKeHHBIMM  KOOIEpaTUBHLIMM  CBOMCTBAMM .  3HaYeHHE
NOBEPXHOCTHOIO HaBleHHA Ppa, B Koanance 70 MH/M, B To Bpems Kak
Ppax LI CTEADHHOBOM KHUCIOTHI M KapBOpaHOBBIX KIacTepoB IO
otoensHocTH paBHo 55 MH /M u 3 MH/M, cooTBeTCTBEHHO.



~Best Method of Carrying Qut the Invention According to the proposed
“met hod for producing a tunnel-effect device, an ordered nol ecul ar structure
is formed in a systemof planar netal (or sem conductor) electrodes on a
substrate, by fixing special nolecules and clusters which provide fornmation
of tunneling junctions and single-electron correlated electron tunneling in
the devi ce waiiss33sshan a si npl e nonol ayer of inert nol ecul PETRIDPTHOEOr NE a
dielectric interlayer, i.e., a tunneling barrier. Accordi ngly, when
such nol ecul es and clusters are fixed usigg the known Langnuir technique, a
conbi ned mul ti conponpent |ayer is established on a water surface, said |ayer

bei ng constituted BT i T AP ETACKIBHPIC (P PRFHBIE A HIMICPO KIS _
si ngl e- el ect r ofofitdtR! | APk Ultkigaisnoter Rodifipatiddres Ukipikrepa!! triyrepponent

nmononol ecul ar |l ayer is transferred fromthe water_surface onto the
substrate sur fRgHOMCH!S HeaMEGHMMIHHRIX MOBEIRH i-s KARAPPAHOBHIN cKBRFTAROR Cu IBar

et SoncPlBbeRisOl SIS BER ek hBR GedpASoA chEiEl o

8 5 Ilpn 3TOM caMM aKTHMBHLIE MOJNEKYAbi M KJIAcTephl MOIYT M He
obpaszoBuiBath JIb NACHKH. TMosToMy * MCNIOABL3OBAIUCH CMELIAHHBIE
JIB nneHxu xopolo M3y4eHHLIX ¥ YROOHBIX IS HAHECEHHS XHUPHBIX
KMCIOT € BCTPOEHHBIMH B HHX KJaCTEPHBIMM MOJEKynaMH. 3To
NO3BONUAO pasfenuTbh W pelnTh npobiaemy BHIGOpa BuAa KAacTepoB IUid

10 uene#t onHO3NEKTPOHWKK W npobseMy 3aKpermaeHUs BuIGPaHHbIX
K1acTepoB Ha TmNoMIoXKe. B naHHOM ciayyae HOBBIM 4 sABAseTCA
NPUroToB/eHUe CMEILMAHHON MNNCHKY XHPHOW KUCIOTHI M KJxaC'repoa Ha
MIOBEPXHOCTH BOAbLI C MOCACAYIOLUMM MEPEHOCOM Ha MOMIOXKy. [Ipu
onpeneieHHON KOHUEHTpaUMM KiaactepHbIX Mojekyn B JIB mieHke oHu

15 o6pa3yloT cOOCTBEHHYIO YNOPANOYCHHYIO CTPYKTYDY.

- Mpyn usmepeHun BAX W cmextpa (aHajorosas nmpousBogHas BAX
NC HaNpAXEHHIO) MOHOMOJIEKYJISPHOrO CHOSi CTEapMHOBOM KHCIOTHI €
BKJIOUYEHHBIMH B Hero kiacrepaMmu ¢ nosoulbio CTM npu Temneparype
300 K o6napyxeHnl ocobeHHocTH Ha BAX, Kxorophle coriacyioTcsi €

20  BhIBOZAaMH CYLISCTBYIOWMIE TCOPUM OLHO3NEKTPOHHOIO TYHHENHPOBaHHS.
TeMm caMBIM NONYYEHO IKCIIEPMMEHTAJIBHOE CBHIETENLCTBO YCTONYMBOI,
BOCIIPOU3BOIMMOIA peaM3aunHn ONHO3JIEKTPOHHOTO pexuma
TYHHEJIUpDOBaHUS INpM KOMHaTHoOif TeMneparype B MCKYCCTBEHHO
CO3JaHHOM cTabuIbHOI MONEKYNAPHOW CTPYKTYpeE.

25 WU3Mmepenus, nNpoBeNcHHBIE JIpM KOMHAaTHOH  TeMmnepaType
ToKa3alM, YTO TOK Y€pe3 M3Yy4aeMyl0 TDPaH3KCTOPHYIO MOJEKYAAPHYIO
TYHHENBHYIO CTpyKTYpy “umna CTM - «xnacrep - mnomnoxka” B -
¢puKkcupoBaHHoli paboyeil Touke HEeMOHOTOHHO, Oonee TOro -
repuonuyecKy, 3aBUCHT OT MOHOTOHHOIOC M3MEHEHMS! HaNpsSXeHMA Ha

30 ynpasnswoowleM snekrpoge. TakuM  ofpasoM,  3aperucTpupoBaHO
COOTBETCTBHE 3IKCMEPHUMCHTAILHON 3aBUCUMOCTH TYHHENABHOrO TOKa OT
HanpsXeHMs  YNpaBlcHUA,  T.C. CHTHANLHOM  XapaKTEpUCTHKH

MONEKYJASPHOTO  ONHOINEKTPOHHOIO  TPAaH3MCTOpPa  TEOPETHYECKOM



conbi ned | ayer of nolecules and clusters 2 is deposited on a substrate 1

-wWth prepared netal

el ectrodes 3, 4, and 5, using a chem cal adsorption or

Langnui r - Bl odgett techni que. Organo-netallic clusters posses a set of
properties unique for establishing nolecular single-electron circuits for

correl ated twpgq
a few netal atons

vari abl e nunber

ansport, that is, the cluster nucleus caRFhEdidegs0f but
as an electronic structure allow ng of the presence of a

of additional electrons i ch, however, do not affect the

atom c structure of the cluster. Typical of the nucleus is the presence of
cl osel y positi capdciMesTHe | mOayHeHHOR HA Sase\TeoRHYY ORHORAEKIPIOMIIKM %@mﬁ
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“OpTONOKCAJILHOK” TeopHeH OIHO3MEKTPOHUKM H3MEHEHMeM 3apsfa

KjacTepa Ha OAMH 3JEKTPOH.

CHMMETPHYHOCTb CUTHANBHONI XapaKTePUCTUKKM ¢ OIHON CTOPOHHI,
H HaauyHe cTyneHek Ha BAX ¢ Opyroit obBbAcHsAeTCA TeM, YTO B
AByxTiepexonHoi crucreMe “urna CTM - KiracTep - NOMIOXKA” TEepeEXOHbl
“urma CTM - wnactep” # “Kiactep - TIOWIOKKA”  HMEIOT
NpUOAM3UTENBHO OXMHAKOBHIE €MKOCTH, HO CYILIECTBEHHO pa3sHbie
CONPOTUBICHUA.

B criocobe coapauua TyHHeNbHOro NpuGopa B CHCTEME ILIAHAPHLIX
METALIMYECKUX {WIM MOJYNPOBOZHMKOBBIX) UIEKTPOOOB Ha IMOIJIOXKE
bopMupyeTcs  YNOPSONOYECHHAs  MOJIEKYAfApHas  CTPYKTyYpa = IyTeM
uxkcalMK aKTHBHBLIX MOJIEKyJl H  KilactepoB, obecrieyuBaiommx
¢dopMupoBaHUE  TYHHENBHBIX  MEPEXOXOB ¥ ORHOINEKTPOHHOE
KOppeJHpOBaHHOe TyHHenﬂ;ioﬁa'Hne 3/IEKTPOHOB B npubope, a He npocTo
MOHOCNO/ HMHEPTHBIX MOJEKYJ, (OPMUPYIOLMI IAUSNEKTPHYECKYIO
NPOCRONKY - TYHHeNbHbI# Gapbep.

CooTBeTcTBEHHO, B Ciiydae (PMKCallMU TaKMX MOJEKYJ M KJIacTEpOB
C IOMOMIbI0 H3BECTHOM JICHIMIOPDOBCKONM TEXHOJNIOrHY Ha IOBEPXHOCTH
BOIbI CO3HRI0T MYJbTHKOMIIOHEHTHHI CMEIIaHHBI MOHOMOJICKYJISIPHbIHA
cho#, o6pa3oBaHHBI# MWHEPTHHIMH aMOUGHIBHBIMH MOJIEKYJIaMU U
aKTUBHBIMH MoJieKyjlaMH H KnacrepaMH, o6pa3yoLMMy
OMHOJJICKTPOHHLIE TYHHEJbHBIE IIEPEXOnbl, HOCJHEe YEro IepeHOoCHT
cHOpMHUPOBAHHEI Mynbmxdmnouemﬂmﬁ MOHOMOJIEKYJIAPHBIA CHIOH C
TIOBEPXHOCTH BOAbI Ha NOBEPXHOCTb CPOPMUPOBAHHON NOMLIOXKKH.

B cnyyae wcnonb3oBaHHMR NS (OPMMPOBAHHS  CMCTEMBI
ORHO3NEKTPOHHBIX  TYHHENbHLIX TIEPEXOAOB METOAa  XMMM4ECKOM
agcopbuvy MOJEKYN Ha MOBEPXHOCTh NOILIOXKKH, aKTKBHLIE MOJEKYJIbi U
KNacTepH AOMKHB COAEPXATh COOTBETCTBYIOIUME XKMUUYECKHME TIpPyUIIbi,
obecreqyuBaiOIUNE KX CBA3bIBAHWE C IIOBEPXHOCTHIO MNMOANOXKHU. [lanee
NPOBOAMTCA XMMHYECKass peakuMa CBA3bIBAHMS COOTBETCTBYIOLLMX
MOJNEKYN W KNacTepoB C MOLAOXKOH. BO3MOXHO TakXe BcTpauBaHHE

i's
her



average tinme of electron tunneling onto the cluster nucleus. As a result,
“there is no quantumlimtati ons of arrangenent of a next tunneling

el ectron, a feature that basically distinguishes the situation from
resonance tunneling and is inherent just in systens considered in the
theory of single-electron tunneling. It is worth enphasizing that the

t enper at ur ewiop736383t ers having but a few netal el ectrons | RCTAREBT0008C| eus,
at which the effects of electron quantizing as to the levels of electron

structure of the nucl eus becone substantR@l, is nuch [ower than the working
tenperature of a si n&fe el ectron device. am&,PsheII of ﬁ
cluster is in FXIUPHEIX; | MOTEKYL, o W o KAAGTEPRP \Aﬁoseﬁbgopﬁ PMUPQpHHBL

i ndependent ofmémnpaam@dﬁfnﬁeﬂmnehbnex}ei ectron. Characteristic
di nensi ons of the cllr‘uster shel | ovide high tunneli ng glee‘net rability and
i Ba‘ﬁﬂf H

hence short tunnel iMgeRs ROPMUROBAHIE MOHO- i, My bIcAa MVERYPIRHY X, 1 er
i s substanti aldrpykighee themombR dMmefdasm mﬁn(m?a%.‘f@@ﬂ Wi h Méroka
0

f undanent al reqU|renent i nposed by the theory singl e-el ectron correl ated
tunneling. 3 XUMWYHRSKEHex ABERPOIMK (dTPABOAAT | OHOTHIMEDASALMISF  JTQURMBHHBXAI | i c

LT L WAARAHALSE SRR Ol STkl ety 4 0>
structure (i.esTaGUABHOCTH K ycmﬁqunocm K BHELIHHUM BO3AEHCTBHSIM.
HUcnonsszopanue B KayecTBe MOJICKY, obpa3yiouux
YOPSAOUEHHYIO  MOJEKYNAPHYI0O  CTDYKTYPY Ha  IIOBEPXHOCTH
10  TBepAOTENBHOR NMONAOXKKH B CUCTEME NJAaHapPHLIX 3JMEKTPOAOB, aKTHBHBIX
MOJIEKYT M KiacTepos, (POPMUPYIOIINX OAHOANEKTPOHHbLIE TYHHENbHbIE
nepexoinl, rMo3BoaseT obecrneyWTh HOBOE TIOAE3HOE  CBOHCTBO
W3roTasnuBaeMoro npudopa - ero (QYHKUHOHHpPOBaHHWE HA OCHOBE
ONHO3JIEKTPOHHOIO KOPPEeJUPOBaHHOrO TYHHEIMPOBAHUSA 3N1EKTPOHOB.
15 IpenMyliecTBaMK NpejiaraeMoro TyHHeIbHOro rnpuGopa sBasercs
clieflyoniee : axKTHBHBIE 3/IeMEHTH IMpeliaraeMoro Hamu npubopa
(MOJIeXynsl M KJIACTEPH) MMEIOT CTPOro (hMKCHPOBAHHBIE ¥ ONWHAKOBHIE
CTpOEHHE (ATOMapHHA COCTaB), CTPYKTYPY M, COOTBETCTBEHHO, pa3Mephl.
3tuM obecreynBaeTcs ORMHAKOBOCTh aKTUBHEIX 3/IEMEHTOB NPHOOPOB H,
20 COOTBETCTBEHHO, BOCMPOH3BOAMMOCTb MX GYHKUWOHAIBHBIX MapaMeTpos
} ONMHAKOBOCTh OTKIMKA Ha onpeleJeHHOE BO3JeiCTBIE.

TIpoMbInieHHas TPHKMEHHMOCTD
IMpennaraempiit TyHHeAbHBbIH 1npuGop obecreyusaeTr Cco3naHHe
25 undpoBLIX ¥ aHANOrOBbIX YCTPONCTB, OCHOBAHHbLIX KaK Ha TpaAMIIHOHHBIX
NPUHUKNAX TIOCTPOEHUS CXEM, TaK M Ha COBEPUICHHO HOBLIX MPHHLHKNAX
KOOMPOBaHMA HHGpOpMauuM, rae HocHreneM MHGOODMalUMK SBIAIOTCA

OT/ENBHbIE NEKTPOHBI.
AKTHBHBIE 3MIEMEHTH NpUOOpa (aKTHBHBIE MOJEKYAbl W KJIACTEPhI)

30 xapaxTepu3yloTCs Ype3BblYafiHO MaibIMU pa3MepaMyu (Hanpumep, = 20 A
Ons  Monekynnl  KapGopaHOBOro  xjnacrepa), 4ro  obecneyusacT
BO3MOXHOCTH CYLUECTBEHHOM MMHMATIODU3AUMK CO3MaBa€MBIX C KX
WCNOAL30BAaHUEM OMHONEKTPOHHBIX YCTPOHCTB.



effective capacitance and conductance) and nerely chem cal properties of

- cluster shell which are inportant for its physicochemcal fixing in a

specific system that is, the tunnel-effect device. Besides, operation in
t he node of

9 si ngb®1séxastron correl ated tunneling is al so possi ECERUITABISZYSt em
of other active nol ecules and clusters (other than organo-netallic)
possessi ng the appreciate physicochemn calgiproperties, e.g. carboran
fulleren, etc. which can al so be used for naking the devi ce.

princi pal probl ens &f@"%ﬂ’ﬂe RANOFEIPBAHEN pP o KIEETTFCa ATHBHRIX éﬂ"&h‘FFE?P

tunnel -ef fect 4@ Pa  monexyn IF! G6lachépcid e aueiBlavorfiik abkiSomerpoBriMu
actlve nol ecul e cl uster ‘possessi ng
paamepamn, XapaKTepHbie pa3Mepsl axKTUBHBEIX obOnacred npudopa
(ODHOBNEKTPOHHLIX TYHHENILHbIX TIEPEXOROB) CTAHOBATCA ROCTATOMHO

5 wMmansl oas Toro, YToOLl OBecneuynTh YNpPARISEMOE ONHO3NEKTPOHHOE

KOppeJsMpoOBaHHOE TYHHEAMpPOBaHHE u OCHUTENILHO  BBLICOKMX
{KOMHATHEIX) TeMIIepaTypax a TakKe MO3BOMAIOT Pealu30BaTh TPH 3THX

TeMrnepaTypax upe3BbIdaifHO BHICOKYIO 4yBCTBHTEJIbHOCTb K H3MEHEHHAM
3apsifia Ha aKTHBHBIX 3/eMeHTax npubopa ( ~ 10-5 ¢/Tu!/2).

10 B OTANYUE oT W3BECTHOro TYHHEJILHOro npubopa,
¢$YHKIMOKNPYIOUIEFO HAa OCHOBE PEe30HAHCHOTO TYHHEAWPOBaHMA, B
OCHOBe (DYHKLUMOHMPOBAHMA NPEMIaraeMoro TYHHEABHOTOo npuGopa
JIEXUT HE  PE3CHaAHCHOE  TYHHE/IMpOBaHHE | MeXAYy  KBaHTOBO-
MEXaHWYECKUMM SIMAMM C QUCKPETHBIMH SHEPreTHYSCKUMM YPOBHSIMH, a

15 ynpaBiseMoe ORHO3NEKTPOHHOE KOPPEJMPOBAHHOE TYHHEIHPOBAHHE
3NEKTPOHOB B CHCTEME MONEKYN WM KJIacTepoB C NPOU3IBONbLHEIM
JHEPreTHYECKUM CHEKTPOM 2JeKTpoHOB. Ilo3TOoMy, B npenjiaracMoMm
HaM¥ npubope He HaKIaAHLBAlOTCA Kakve - Jubo onpeneneHHbe
OrpaHHYEHHSA Ha CTDYKTYDY SHEPreTHUYECKOrO CIIEKTPa 3JEKTPOHOB B

20 wMonmexynax ¥ Kijacrepax, (OPMHUpDYIOIUMX B HEM OHHO3/MEKTPOHHbIC

'~ TyHHenbHble Tnepexofbl. DbuicTpozelicTBue npemaiaraeMoro npubopa He
XyXe, 4yeM Yy npoToTHHa - npubopa Ha 3¢dexre pe3oHaHCHOro
TYHHENUPOBAaHUA. DHEDPrOBBIACNEHUE B  [IpOLIECCE  3ANEKTPOHHOIO
TYHHEIMPOBaHUA B TIpUbope HMXE, YeM B M3BECTHBIX TYHHEJbHBIX

25 npubopax. B npemnaraeMoM HaMH  TIpHOOpE  perncTpHpYyeTcs
HEeNoCPeACTBEHHO TYHHENbHBIH TOK (B OTAMYME OT MpOTOTHMNA, Iie HeT
NpsAMOR CBS3K TYHHEBbHBIX MPOLECCOB U U3MEPSIEMOTO TOKA B BHIXOZHOM

anexTpone).
B xauectBe aKTHUBHBIX JIEMEHTOB NpeanaraeMoro Hamm npubopa
30 wncnonu3yloTcs  MOJEKYARI  MAM  KaacTepel (B TOM  YHMCHE

MeTA/IOCOAEPXalllie), a He OCTPOBKM TNOMYNPOBOAHMKA, Kak B
NPOTOTHIIE.



~such properties that provide a single-electron transport of electrons;

- Forming on a substrate an ordered structure from such nol ecul es and

cl usters. It is miinly due to its stability that a carboran cluster
has been sel ected anong a wide variety of the heretofore-known clusters.
The carboran cluster having a characteristic size of about 15 A hence a
substrate wwereasssssai d cluster is to be arranged shoul d f eREL/REIZP00S2
characteristic surface irregularity much less than 15 A It is necessary
that the cluster is held to the substrat@2stably; besides, the substrate

e S ael S Bep A s B PARE, ACHrER B ” ™

havi ng adequat giyodleRPpSIishec LidpRARPSsaHHIIO aghiaeinpomtsr fR@RTPOHOB.

irregularity of about 1 A vvlththe raphite lattice spacmg ual to 2.46
A. To at flaneiue re%*éfb?”é“mﬂ‘ﬂ‘?‘?fg ofKOPREEIRARMIHOTO L IYE Wh%aé‘"ﬁse i s
made of the Lageuipihbubh treoPefiniediif - nﬁaﬁ:xlaaﬂwnu rorﬁhmﬂ»eta darbispare in

ef fects single- rTLI|tI ayer coatl ngs ConStltUtié’ by anphi ph| |l i c nol ecul es
on a solid ub%&&W@MeﬁﬂéM%oﬂlmﬂW@%aﬁg OMO3MPIHOCTY, REHBIPEHERUI ar

llayer of nol e&g&@er E rﬁﬁkﬁwe%ﬁwfﬂuuw %RSW%&WS sdamesalbdrite

surface of a ase coat ed nonol ayer .
nocrpoeuml pa3snuYHbIX 3nexrpoum>tx cxXeM Ha OCHOBE

OOHO3JIEKTPOHHBIX TYHHENbHBIX MEPEXOnOB M, TAKWM obpa3oM, CO3NaHMA
OBHOJIEKTPOHHBIX aHANIOTOBbIX ¥ UMGPOBLIX YCTpoicTB. Co3nanHne Takux
10 ycTpoiicTB fABAsIETCS BecbMa NMEPCNEKTUBHBIM M BAXHBIM I Pa3sBUTHA
MHKDO3/EKTPOHHOM TEXHMKH, TMOCKOJBKY B TaKHX YCTpoHCTBax
peanu3yeTcs HOBbIf MPUHUMUM KOZUPOBAHHA HHGpOPMaUMM - HOCHTENEM
MHpOpPMalLIY ABAAIOTCS OTAEAbHBIC 3JEKTPOHBI. TakHe ycCTpoiicTBa
XapaKTepH3yIoTcsl 10BOJILHO GonbiuuM GhicTponeicTBHeM. TeopeTHuecKHe
15 OlEHKHW, COOTBETCTBYIOIME pa3MEpHBIM TNapaMeTpaM npejIaraeMoro
' npubopa, nmaloT BeAMUYMHY ~ 3*10-14 cex, a Takke BENVYMHY
SHEproBHIE/NCHUSA B Npouecce OXHO3JIEKTPOHHOIO nepeHoca ~ 10-24 I1x.
OcHOBHblE TNPHHLMWNL T[OCTPOEHMS CXEM aHAIOTOBLIX M LU(POBLIX
YCTPOWCTB Ha OCHOBE YNPAaBAAEMOTO ONHOJIEKTPOHHOIO TYHHENTHPOBAHHA
20 B HacTrosiee BpeMs pa3paboTaHbi Teopem‘{ecxn, OIHAKO NpaKTHYECKH
cO3maBaeMble B paMKax TpanWLUMOHHOK TBEpAOTE/NBHON! TUIaHAPHOIA
TEXHONOTHY OOHO3NCKTPOHHBE YCTPONCTBAa pEaIN30OBaHbl JIHIUbL TIpH
cBepxHHakux teMnepatypax < 1 K. M3 Teopuu cnenyer, uTo Mis TOro,
Y106l  ONHOANEKTPOHHOE  YCTPOMCTBO  YHKUHOHUPOBUIO  NpHU
25 KOMHATHBIX TeMMepaTypax, HeoOOXOAMMO YMEHBIUHThL XapaKTepHbIC
pasMephl ero aKTHBHBIX oBjacTeit (OIHO3JIEKTPOHHOIO TYHHEJLHOTO.
nepexoza) HUXe 100 A. H3BecTHhie TBEPOOTEJbHBIC
MMKDO3/IEKTPOHHbIE TEXHOJIOTHM B HacTosiee Bpems (M, BOIMOXHO, B
ofo3puMoM OynylieM) HE B COCTOSHMH BOCHIPOM3BOAMMO DPEaNH30BaTh

30 Takue ycTpoicTBa.
Crniocob M3roTOBIEHHUA TYHHENbHBIX NPUOOPOB, HMEIOLIMX pa3sMep
aKTHBHOM o6nacTu meHee 100 HM, MONOXKUA HAYaJO CO3XAHUIO NPHGOPOB

HOBOTI'O KJlacca - Kjiacca HaHOINECKTPOHHKU.



~The structure of the nol ecul ar conponent of the present device is as
“follows: a conbined filmof stearic acid with carboran clusters

i ncorporated thereinto is applied to an atom cally snooth surface of
pyrolytic graphite, using the LB technique, said filmfeaturing the

mol'ecul es of widwseisgsters fixed on the substrate with the npggirboRdoes
stearic acid.- As far as the use of the effect of correlated el ectron

tunneling for constructing nanoel ectroni C93 circuitry is concerned, of nuch

| mportance is
10 Peanuayemblit B TyHHelbHOM nipubope 3¢ddexT auckperHoro

TYHHEJHPOBAaHWS ONWHOYHBIX HOCHUTERE TOKa CKBO3b TYHHENbHbIE
Gapbepbl NMPU KOMHATHOM TEMIiepaType MOXeT ObITh UCMOSb30BaH KaK B
ORHO3MEKTPOHHOM TPAH3UCTOPE, TaK M HCMONL3OBAH I MOCTPOCHHSA
S ONHO3NEXTPOHHLIX JIOTHYECKUX CXEM, B KOTODBIX NOrHueckue “1” u “0”
OTOXIECTBAKIOTCA C OTCYTCTBHEM WM NMPUCYTCTBHEM OLHOIO 3/EKTPOHA.

BbdexTt amucKpeTHOro o.uﬁoénelcrponnoro TYHHEJIUPOBAHHS,
peUIM3yeMbIi B TYHHENbHLIX NpuGOpax, M3TOTABIMBAEMBIX 3aSBISEMBIM
clmocoboM NO3BOASET CO3AaTh UEABIA PARX aHAIOTOBHIX M  LUPPOBBIX

10  ycrpoitcTB pasHOit CTemeHH HHTETPALMM - C OYeHb  BbICOKMMH
XapaKTepuCTHKaMH.

OcobeHHo GonbluMe NEPCIEKTHBLI OTKPBIBAIOTCS B 06NacTH
cosnanus ceepx-BUC, rne 3t ycrpoiictBa MoryT ofecneuuparth
COYETAHKE HCKIIOYHTENbHO MAJIOTO PACcCCESiHUS 3HEPIMM M OuYeHb MAaJIOTo

15 pasmepa camux 3/7€MEHTOB. NPU BHICOKOM OLICTPONEHICTBMHM, a Taxxke B
obnacT co3naHusl HOBBIX BBICOKOUYBCTBUTENLHEIX CEHCOPOB.



_the problemof a possibility of controlling the tunneling current in such a
“doubl e-junction structure, using an independent signal. The follow ng .
pattern is selected for constructing a single-electron transistor: a
substrat e-supported cluster is positioned near a control el ectrode
I nsul ated fromthe substrate, said el ectrode establishing a charge on the

cluster by wobumsxnf the field effect. Nunerical assessnengceRubhisessut ual
capaci tance of such el ectrode and cluster denonstrates that its val ue
necessary for constructing said single-eRgctron transistor can be attained

when the spaci ng between t C r.is not in excess of.
100 nm A voltage of the oﬁ@ebmjﬁmﬁ}gdgkmﬂﬁppl led to the )
electrode in this case. Actual Iy, such a structure appears as a
evapor at | o deposi {5 bt G iBiabep! SeRbhRarustt ByShOK Shxmoi g et e
pyrol ytic grap¥ipagnaguiiiy anekwpoate franligieHHMea wrateabatiMihe Gapstpamyd, one
larti ce (2 46 TgirpSiiti forn, rd w2 aSEH BTN WibaRtR i Shelktociate: - A
The system of HurHensline Gapses! ivs Mp6ppiepaoni ipoctpaHABO BieMBuiiotidiigues of
moder n nan%l | tr? ogﬂrﬁghyy[“;li)%o%gg;*ég urc{.irtpiyg'xr']yp%} tur:]se (naalo?l(e:ltqrm()dens KJ1acTepos,
dbopmupyomnx TYHHENbHbIC NepexXonbl, obecneuyusamlme
ONHO3NCKTPOHHOE KOPPENIMPOBAHHOE TYHHEJMPOBAHME 3JIEKTPOHOB B
npubope, nNpUYeM KaxObiil YIPaBAFIOWMIE 3/IEKTPOA pacrloNiOXeH B
obnacTH yNopsanouYeHHO# CTPYKTYPH U3 MONEKYN ¥ KJIacTepOB.

10 n. 2. TyHHenbHsllt npubop no n.l, oTanvalowmitics TeM, YTo
BXOOHO#, BBIXOOHOH ¥ Wpaanmoumﬁ 37ICKTPOAbl DACIOJOXEHH Ha
NOBEPXHOCTH TBEPAOTENBHOMK NOAIOXKH.

n. 3. TyHHenbHblt npuGop no n.i, omMyamwWMics TeM, 4YTO
BxoAHO# M K ynpaenaiomux snekrponos, rae K < N, pacnonoxeHnl Ha

15 nosepxHoCTM TBepHOTeAbHOH momioxkH, a N - K ynpasnsioumx
SNCKTPOROB M  BHIXOOHOM  3JEKTPOA  pacnojioXeHol B  obnactu
YIOPAAOYEHHO! CTPYKTYDhl M3 MOJEKYN M KJIACTEPOB BHE [TIOBEPXHOCTH
TBEPAOCTENABHON NOMTOXKHK.

n. 4. TyHHenoHbi# npubop no n. 1,2 OTAHYAIOWIMIICH TeM, YTO

20 noanoxxa BbLIMOMHEHA U3 rpaduTa.

n. 5. TyHHeAbHLIR npuGop no NyHKTY 1,2, oTAMualolMitcs TeM,
YTO BXORHOM, BBIXOZHOK W YIPaBASIOIMKA JCKTPOAbI H3rOTaBAHBAIOT K3
3010Ta | _
n. 6. Cnocob M3roTOBIACHHSA TYHHEJILHOro npubopa,

25 saxmovaiomuiics B GOpPMHPOBaHHWM HAa NMOBEPXHOCTH aTOMAapHO IMaRKOM
TBEPAOTEJNILHOH TMOJIOXKKM BXOIHOIO, BLIXOAHOIO W YMPaBJsAIOLUETO
3JIEKTPOAOB C MNoCeaylolndM GOopMUPOBaHHEM MOHOMONEKYISPHOW MU
Mynbrn-monomonexynﬁpﬁoﬂ TJIEHKH, OTIHYAIOUWIMHCA  TeM, YTO
MOHOMOJIEKYAAPHYIO HIIH MYAbTH-MOHOMOJIEKYASIPHYIO TeHKy

30  K3roTaBAMBAOT B BHMAE WHEPTHON AMINEKTPUYECKON MONEKYISIPHOIA
MaTpulbl ¢ GUKCUPOBAHO BCTPOCHHBIMH B Hee aKTHBHLIMH MOJIEKYIaMH

[



appears as a "conb" of a nunber (of the order of a hundred) of |ong narrow
stripes. The interstripe spacing should be small enough so that the
probability of a cluster to be near a stripe be adequately high. On the

ot her hand, said spacing should be so large (of the order of a few hundreds
of nanomet eg Pheilat the needl e of a scanning tunnel m cr eeeRES7H982 SCan
the surface.- As a result of a conprom se between these and ot her

t echnol ogi cal conditions the spacing betggen t he nei ghboring el ectrodes is
selected to be about 400 nm the el ectrode w dth measuring alike. The
her ei n- pr oposew KmACTEPAMI rARISTEREKMACA ACHTPANIE JIOIKANIAUNH THHEEAMAdIBRK

ol eoul o5 on + MEREPYERE GpBRABADK Pindsitlcifuy Halfietelfid hipbERa. "
adopt ed t echnofipgproMns SOBEPXHOCTIE @TPMARBHO MIAAKS TREpIITeREHON aoshakkrr S and
nol ecules into the matrix qQf Langnuiy,' s.film based on _anphiphilic
subst ances (e.‘b‘?“,o’g*t”é‘ﬁ*"i’qp %@pwpg}?g %Fgﬁ%@@ﬁﬁ(w@&."%ﬂ&i des for
obt ai ni ng a monol ayer7.dnocof M3roTORNEHUA TyHHeNbHOro npuGopa No M. 6
OTAMUAIOLIKICT TeM, uTo HHEPTHYI0 AHOAEKTPHYCCKYIO MONEKYNAPHYIO
MaTPHLY C BCTPOEHHBIMM B HEe aKTHBHLIMU MOJCKyJaMH W Kaacrepamu
dopumupyoT cnocobom JleHrMiopa-bnomxerr.
n. 8. Cnoco6 M3roTORACHUS TYHHEJNBHOro npubopa no n.a.. 6, 7,

10  ornnvaomuicsa TEM, 4yTo  WIK dopMrpoBaRng HHEpTHO
JANEKTPHYECKON MONEKYAAPHON MaTpULbl MCNONL3YIOT MOAEKYIHL,
colepXauue NoJMMepU3yeMbie XMMUIECKHE TDYIbL.

n. 9. Cnoco6 u3rotoBIeHuUs TyHHEJAbHOro npudopa no n.o. 6, 7, 8,
OTIMYAIOIIMIACA TeM, Y70 Tnoce  (POpPMUPOBAaHMA  MHEPTHOM

15 mwmanexTpuueckoRr - MonexymsipHok MaTpHLibl c UKCHpOBaHO
BCTPOEHHEIMM B Hee aKTUBHBIMM MOJEKYIaMH M  KJIacTepaMH,
SBASIOMUMHICS LIEHTPaMU noxannaaﬁnu TYHHEAUDYIOUIHX 3NCKTPOHOB M
($OpPMUDYIOLINX OHO3NEKTPOHHbBIE TYHHENbHLIE NEPeXObI,
JOTIONHATENBHO  OCYLUECTBJSIIOT  TMONMMEPU3ALMIO  MOJEKYJISpHOM

20  CTpYKTYpRL

1. 10. Cnoco® M3roToBieHUS TYHHeAbHOro npubopa no mn. 6,
OTJIMYAIOIHHACA TEM, YTO HMHEPTHYKO AUSEKTPUUECKYIO MOJIEKYASIPHYIO
MaTpMIy C BCTPOEHHLIMU B HEe aKTUBHBIMM MOJEKYNaMM H KJAacTepaMH
GopMUpPYIOT CrIocODOM XHMHYECKOH# aXcopOLMM.

25 . 11. Crniocob naroroBneHns TyHHenbHoro npubopa mo n.o. 6, 10,
oTMyalomuica - TeM, 4yTo WA ¢popMHpoOBaHus HMHEPTHOM
OHSNEKTPUYECKOH MONEKYNIPHON MaTpUllk! MCHONB3YIOT MOJEKYJbI,
COACPXALIMUE TIONNMEPU3YEMBIC XUMUYECKHE IPYIITTHL.

. 12. Crioco6 M3roTOBNEHHS TYHHENbHOTO npubopa no m.I. 6, 10,

30 11, oraumuaowMiica TEeM, 4YTO nocne GOPMUPOBAHMA HHEPTHOMN
IU3EKTpUUECKOHR MONEKYNApHOH MaTpHUILBLl c ¢uxcupopaHo
BCTPOCHHBIMKM B HEe AdKTHUBHBLIMKH MOJEKYflaMW U Knactepami,
SIBAKIOWIMMUCS LEHTPaMM JIOKaAH3aUUK TYHHETUDYIOUUX 3JIEKTPOHOB H

L



~cluster nolecules. The technology is based on research of the

"physi cochem cal properties nulticonponent Langrmuir's filns containing
nanoparticles. The matrix of the Langnmuir's nonol ayer of a polynerized
anphi philic substance fixes reliably active clusters and nol ecul es, thus
preventing themfromnotion under the effect of an electric field of

el ectrodes. wop7/303x reliable fixing of active clusters an®CrRUIT0008E t hey
are to be mxed with anphiphilic substances, e.g., stearic acid in such a
ratio that each cluster and nol ecul e be s26rrounded conpletely with the

stearic acid , A j L 1S i ng tunnel :
m cr oscopy anﬂ"g’g‘ﬂﬁﬁﬂﬁy teghﬁgélﬁﬂ‘z(?ﬁé%?h%r ove%é'ﬁ’gﬂ‘{]%e s ITPEni que.
of registeringagohenahdemeioer i stylaecmisioone sbtxmmaépisanuiayi MpaRweMprdit e

di mensi ons, said techni que naki ng possi bl e observation and studying the

obj ects with atSPXYPEsol ution. For the purpose of denonstrating the
functional capabilities of the proposed tunnel-effect device use is nade of
t he scanni ng tunnel m croscopy
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and spectroscopy (STS) technique. Use of a scanning tunnel mcroscope (STM
enabl es one to neasure the characteristics of single-electron systens
having arbitrarily small (down to the atoms) dinensions. The
construction of a scanning tunnel mcroscope is instrunental in obtaining a
t hree- di mensjglaheppt ter representing the surface relief, gppbeeedgke it
possi ble to connect the desired objects to the needl e-substrate circuit.
The direct-current node is used for neasurenents. In said node a direct
tunneling current is maintained, while tHéflrespective position of the
needl e over the surface is nmmintained and fixed with the aid of a feedback
circuit. For constructiggsy t he proposed tunnel -effect device use is
made of netal -containi ng carfggtan clusters nmeasuring about 20 A Use of
such clusters as an active nt sepabl es one to observe single-electron
tdnoperature of liquid nitrogen (about 77 K)

1 300 ) K) (FIGZ)/Z .
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12 The "needle - cluster nucleus" and "cluste
- substrate" junctions serve as the tunneling junctions in the
singl e-el ectron STM based transi stor under construction. The
i nduced onto the cluster, using the field effect upon applyi
the control electrode 3 (FIG 1), nodifies the conditions for

r nucl eus -

charge err]
ng a voltage to
current

{1 ow Ny +ORNIBNEFHE Y BEYICOANDAUETHOBF ORPREPAFOLTION SAME! uster's and

cl uster om ot organi ¢ and inorganic
t hey conS|st of a dense heavy nucleus featuring a symetry,
approxi mating the spherical on unded with a

PP g P Ef‘ecﬁmca?l%lelg

ecul es in that
as a rul e,

The present invention relates in general to methods for producing
functional elements of nanoelectronics and computer facilities, more
specifically it concerns tunnel-effect devices and can find application for
producing single-electron logic gates, single-electron memory circuits and

sensors operable at room temperature.

Background Art

Fundamentals of modern theory of correlated electronic tunneling have
been elaborated as early as several years ago. A worldwide interest
displayed in this new domain of physics and technology is concerned with the
broadest potentialities and prospects offered by further research in single-
electron phenorﬁen_a and development of new promising technologies based
there on.

From the standpoint of physics the meaning of that phenomenon
resides in electronic correlations due to Coulomb electrostatic interaction of
electrons in diverse micro- and nano-scale structures. On the other hand,
single-electronics is a route towards development of such electronic device
that the operating concept of which is based on information coding by one
electrons. -

One state-of-the-art three-lead (three-electrode) semiconductor device
(US Patent # 4,286,275, NPC 357/12, 1981) is known to comprise a
combination of the base region having a physical size of the order of the
length of a free path of the majority carrier, the emitter region which
establishes a first barrier relative to the base region and featuring the barrier
width sufficient for quantum-mechanical tunneling, and the collector base
forming a lower barrier with respectts the base region than the first barrier
and featuring the barrier width high enough to inhibit quantum-mechanical
tunneling and ohmic contact with each of the emitter, base, and collector
regions.



Iigand shel | of light atoms or elenentary nolecules. A specific feature of

.- the electronic structure of cluster nolecules, i.e., the presence of a

dense network of closely spaced hi ghest occupi ed nol ecul ar orbitals and the
respective | owest unoccupi ed nol ecul ar orbitals (both of them being as a

rule weakly iTpedi ttgke-leadr egineesélbticod®n sbmicoraiuvtord, deviceappageance in
clusters multiple single-electron reversible junctjons and, on the other

hand, i disckissions feafudae qasthangesyer itijetef eheutdt® ‘o andseiégringl@cul es

rvent | DroatheE R AEE. 3B fidhred drom 4B Barilel B0 B BLIRGC, cc
“whi ch eghpitbi SBCRMRIVInG WNHRINI&Y BRI EXcbediMy itREETMa iger afier ( the

regions where tunneling electrons are |localized) are the apgro_prl ate
mol ecul éggiandfdhe sodiestorisectiam which aepanatedibydbetase sectian bavingra cl ust er s)

havi h ' h | St i ' ' I 0 d bl f
cxcni byt Wi FRMRRERIE Wi BsUehalh of RATHRGo R & Bee R lRe PG G an
or der ed cgirfdtCl ThE Speratioh B’ﬁhﬁéU'd@%ic%n% ChaSdPrdn JhdritQr-meERaRicay any

definite Iimtations upon the structure of the energy spectrum of el ectrons
i n suchtunnealingl as thedprhcipale mechzhisge afiodlectnicas canducliers ttbrougha tise ngl e
nol ecul a particula casggg,j?on whi ch tunneling electrons are |ocalized,

are arrgﬁgé(ﬂegiﬂnéﬂﬁpﬁﬁpﬂﬁ?@r Bered manner in the space

Field of application: amplification, changing-over, and establishing
dynamic resistance.

Specific features: the collector barrier has such a width that tunneling
current flowing therethrough is but negligible. Emmiter-base junction: main
conductance due to quantum-mechanical tunneling.

Dimensions: base - 100 A;
width of emitter barrier - 80 A,
width of collector barrier - 120 to 150 A.

The device discussed before is based on gquantum-mechanical
tunneling as the principal méchanism of electrical conduction from the emitter
region to the base region, and of transferring hot major carriers through the
base region to the collector region.

One more state-of-the-art three-lead (three-electrode) semiconductor
device based on quantum wells (US Patent # 4,912,531, NPC 357/12, 1990)
is known to function as a MOS transistor. This means that in a general sense
the three leads of the device may be considered as a source, a pass, and a
drain. The output terminal communicates, by virtue of the tunneling effect.
with a number of parallel circuits of quantum wells, each of which is
adequately small for the energy levels therein to quantize discretely. In each
of such pit circuits the second pit is connected to a second common
conductor, while the first pit is electronically connected to a first corn-mon
conductor. |

A method for making GaAs-based electric elements of nanoelectronics

and computer facilities with an insulating molecular Langmuir-Blodgett layer
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confined between the netal (or sem conductor) input, output, and control
electrodes FIG 1). In this case tunnel current flows on the input el ectrode
1 and the output electrode 2, while the control electrodes 3 provide for an
efficien ntrol over the nnel current of electrons (FIG 3), with.the
esul t -t S HaeRt # RGlainy 8 NS St o e newtr bR iRrliatareadi |y, a
peri odic : : ; ire im i

i3 of a)opdiating layer appearing as LanamyirRiodgett (LBY, iy intgpposed, o

pr oposedpgeita GaAs Stbdteite Rireithbi ddddditlisg ssmsraisor s, tunnel ing current
vari es under sone external effects, such as el ectromagnetic fields,

interaction béh@elbicknesseal Baichiayer ds vaigliaesn fsatrl sehdhactunetionalyi on of
the devi gg Cltdtistics FBE device. The polar head group of a molecule of LB-film is

so selected as to passivate the surface state of GaAs used as the substrate.
there are found some preferable acid- and amino-groups for the polar head of
molecules. It has been established that the LB-layer increases the height of
the control barrier for a field-effect transistor and passivates broken bounds
and surface flaws in the GaAs substrate, which makes possible inversion-
mode operation. The method is applicable only for preparing macroscopic
devices, i.e., field-effect transistor and diodes.

One of the most promising methods for making 'functionél elements of
nanoelectlonics is a method for making an electronic device involving organic
materials (EP # 0469243 HO1L 29/28, 1992), which provides for establishing
of electronic devices, wherein electron currents flows through an electrically
conducting monomolecular or multi-monomolecular film.

Said method for making an electronic device involving organic material
consists in establishing a first and a second electrodes on a substrate
provided with an insulating film on its surface; etching out the insulating film
using the first and second electrodes as a mask, forming a monomolecular or
multi- monomolecular film, containing electrolytically polymerizable groups
directly or indirectly on the substrate surface which functions as a third
electrode, applying a voltage across the first and the second electrodes for
the electrolytically polimerizable groups to polymerize, and withdrawing the
third electrode from the substrate.

The aforediscussed method for making an organic electronic device is
instrumental in forming a monomolecular or a multi- monomolecular film
comprising electrolytically polymerizable groups, using the Langmuir-Blodgett
technique. In addition, a possibility is provided for developing an electronic
device involving an organic material, wherein formation of a monomolecular
or a multi-monomolecular film containing polymerizable groups, involves the

procedure of forming at least one layer of a monomolecular film by chemical



el ectron tunneling junctions). Spatial ordered stabilization of active
.- ol ecul es on which tunneting electrons are |localized, is provided due to an
ordered arrangenent of said nolecules in the matrix of chemcally inert

subst aréb%orﬂiorbbsf HidilaHe-sechiataciant, RORtHninGt follericapRONesktaratbdt he
devi ce. The proposed method is carried into effect as follows.

Use i s gradps.ofrothea er@wepusl ongGeia aoécaml quie fhe gubsiate nguréace,
nononol_ecul ar r_of. one tlL_’uste ed in an inert nolecular matri x.
Theont dp it by e metzat e B TRt R o i " et bl | ohi g on tho 11 aui d

phase Surfaqﬂqrfﬁé?ﬁiﬂ?éecdﬂcéfdlﬁg| 5 @id SMBﬂ'ﬁcﬁﬁ%r %aﬂln@e‘cdrﬂ'éléct%lﬁés and in

transferring said filns onto solid substrate. I'n order to produce
conbi neﬂaw;:mgfmmat@nmnoltla@'eswsmr@he asurface «fr bbrleastlamne: dageramd atearic

id, th d | ut fth of stearic acid in
£ 6t ahy BeOPTO IR o CanAHEan BlatabICENY 1 BPIST HROIS RS HOASET ¢ he

sol uti stearic
ool i niiiouBt s HiRShod by REIBERGITD JolIHEHEABIP Of dallAsatiiited gigis®! 2ar © )
1:8; 1l:by applying ah etectric &oltagéd 2acrosd &hé; fird0:electBadel ,ande hpeceicontly. To
establish a rmnol%eg a solutjon of stearic acid and/or carboran cluster

pin tet rlBGHeds UPa! i gstabiish ccennediion: Revean dhqalitst anthHegeed(pH =
fofél té]S t?855§e’%ﬁfd'i‘}g'h°félé§tné£\hﬂ coRbYER QHjshtdd 1 8ksidsl Whitd Nsdigr s of a
snlane-based surfactant is in fact a chemical substance containing a
chlorosilyl group at its end. |

An indispensable prerequisite for carrying said method into effect is
that the monomolecular on multi-monomolecular films should contain
electrically conducting conjugated groups, such as a polythienylene group, so
that bonding between the first and second electrodes be effected by said
polythienylene groups.

The known method for making an organic electronic device is featured
by forming said first and second electrodes on a solid-state substrate, by an
electrolytically polymerized monomolecular or multi-monomolecular layer
interposed between said electrodes, and by establishing a third control
electrode connected diréctly or indirectly to said monomolecular or muilti-
monomolecular layer, as well as to the first and second electrodes. Applying
a voltage between the third and second electrodes allows of control over the
electric current flowing between the first and second electrodes and
depending on a change in the applied voltage.

In view of the foregoing, an inference can be made that the known
method is instrumental in making electronic devices involving organic
materials and utilizing the electron current flowing through an electrically
conducting monomolecular or muiti- monomolecular organic film. R

The region through which electric current flows is established by
conjugated links present in an organic material, specifically in said organic

monomolecular or multi-monomolecular organic film, said links resulting from



the stearic acid nolecules and of clusters). In 5 mnutes required for the

. solvent to evaporate the nonol ayer is conpressed at a rate of 3 Alerr] per

nol ecul e per mnute. Before transferring the nonolayer fromthe water

f to Lh hi t trate th I | S,. .With
movabl SIBEFTYEF RAVTBH- el &1, 8 b5 WAG'BRY HIHE LR A PR my or i s
L ranst eI bR ke &P EIMEnABARTSY b dALL ofle GttaRfid.e surface at a rate of

0.5 mimn, using the Scheffer te I que, en transferring the nonol ayer
onto the subsis due ta thenisacef theatwmmicabad@irptitihoon LB- teshmiguenatbngonst ant .

In order,_to prepare a nonol ayer oriented with the hydrophobic tails

out war o¥ith ter‘éct‘é‘:ﬁlf)%‘i Pﬂﬂn?rgﬁm&ﬂyfﬁeﬁﬁif@m%ﬂﬁ% '%&!& CPPGHEIMS nonol ayer

52 the conjugated bonds may very efficiently be made on the concepts of self-
organization, for electrically connecting two electrodes, with the result that

highly perfect electronic organic devices may be obtained.

Disclosure of the Invention

Therefore the principal object of the present invention is to provide an
electronic device operating on the principle of a single-electron tunneling at a
rather high (room) temperature.

It is common knowledge that mutual conductance of electrodes in a
tunneling junction is rather low, i.e., much lower than the conductance of the
tunneling junction itself. After tunneling of one electron the potential
difference changes by the value e/C (where e = 1.6x10™"° of Coulomb, C
being the capacitance of the junction). Accordingly, a characteristic scale of
change in the electrostatic energy of the system after tunneling of one
electron is e%/2C.

Electrostatic energy of such a system is as follows:

E=Q%2C; Q=Qo+ne (e>0), (1.1)

where Qis a constant dependent upon the difference o..

between work function of the electrodes,
Q0 = C(ps - p)fe, (1.2)

n is the number of electrons that passed through the junction.

The following two principal conditions should be met for attaining the
tunneling effect of lone electrons:

1. The condition of a lowest value of thermal fluctuations with respect
to electrostatic energy of the junction:

e’/2C >> kT, R (1.3)
where k is the Boatsman constant;
T is temperature.



wat er surf ace.
tails outwards,

When preparing a nonol ayer oriented with the hydrophilic
once the substrate has been subnerged in water conpletely,

t he nonol ayer is conpressed to a maxi mum degree until a coll apse occurs,
wher eupon the nonol ayer is sucked out with a water punp, and the bath area
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on quantum noise which manifests itself in random motion of electrons
through the junction even at zero temperature when thermal noise is inhibited
completely. In this case electrons will- be located on the object so that its
charge will be determined, accordingly. |

Thus, the effect of a lone electron tunneling can be bbsewed when
thermal (1.3) and quantum (1.4) charge fluctuations are relatively low
compared with the energy of system recharging during tunneling.

It is demonstrable that when the junction electric charge Q is in the
range of -e/2 < Q < /2, tunneling is disadvantageous for the system since its
free energy increases in this case. Thus, when no potential difference is
applied to the junction or such a difference is too low, no tunneling effect
occurs. The phenomenon is called Coulomb biocking.

Now let Q change under, e.g., any source of current connected to the
junction, i.e., Q =/ (t), so as to extend beyond one of the limits of the
Coulomb blocking range and get somewhat in excess of /2. As a result, the
electron tunneling effect proves to energetically advantageous, whereby the
function charge changes to get a little higher than -e/2, that is, it falls again
into the range of Coulomb blocking. That is why tunneling a next electron
proves to be disadvantageous until an external recharging of the function
establishes the conditions of energetic advantage of a new tunneling action,
i.e,, till an increase in a complete junction charge on e. Thus, single-electron
variations of the charge Q at the junction and fhose of the voltage V = Q/C
thereon will occur at a frequency f = l/e, where |/ denotes an average current
passing through the junction. In this case electron tunneling in single-electron

tunneling junction is time-correlated.

ayer oped wth stearic acid nolecules (wth
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mMVmand 3 nWm respectively. Thus, stable conbi ned Langnuir
“monol ayers of a pronounced cooperative nature have been prepared by
i ncor porati ng nonanphi philic nolecules, i.e., carboran clusters into

e
ol scul es anclelE EPURYRERARGRAS BT 2 gumbes ikt BREEE, * Thae
i s why usgade comertioh sfaliBhemsy bEidn imvambud Ririctionsiisl possible. dhusdsey

mol ecul es built thereinto, since said acids are well studied and are
conveni eaf tworsesigsteanected junations: Blegioshiunmeling dbraugh rget plethgsse of

o ust o1 > 48Rl A el BEbLSbBhBHH AL ToohaM T BRE B SR Lo et
cormbi med o o B o et o oo ace.
wher eupothespindgtibing wiiffer inrresistancecgndence is dbsneling:timei mostiwirsly f1l e
15 Thus, an average tunneling current flowing through the system is determined
by the lower-resistance junction. The conditions for electron tunneling in both
# junctions can be varied by changing the charge on the central electrode
externally, e.g., by inducing (or "injecting" through a high resistance
(exceeding the quantum one) with the result that a single-electron transistor
is obtained. A relation between current /t and control voltage Vg with a fixed
value of V is called the signal characteristic of a system. Said relation is
essentially a periodic one having a period equal to an elementary charge: /(Q
+e) =1(Q).

The theory of correlated single-electron tunneling holds true for
junctions having adequately large electrodes whose energy spectrum may
particularly be assumed as continuous. Of much interest is the point how
characteristics of tunneling junctions change when the dimensions of said

b | junctions are so reduced that space quantizations of energy spectrum
becomes substantial. No rigorous theory describing the effect of discreteness
of energy spectrum on correlation process of single-electron tunneling
through a very small metallic object (e.g., through a metal granule) or through
molecule (cluster) has so far been developed.

However, the assessments made [4] demonstrate that when an
adequately high quantity of electrons are present on the object, the effect of
discreteness of energy spectrum boils down to that under certain conditions
the voltage-current characteristic may exhibit, apart from single-electron
features, also the presence of a microstructure accounted for by a
dimensional effect in space quantization of electron energy.

It is due to the method that a unique electronic device may be
provided, operating on the single-electron tunneling mode at room

temperature in an artificially created stable molecular structure.



concentration of cluster nolecules in LB filmthey formtheir own ordered
structure. When neasuring vol tage-current characteristics and
spectrum (i.e., the analog derivative of voltage-current characteristic-
Wth respect to voltage) of a nononol ecul ar | ayer of stearic acid with

. clusters incorporated thereinto, .usin TM.at .a tenperature of 300 K, sone
peculiarities of vol tage-%@@r b@ﬁ?”@t‘\%ﬁ gﬁ&@%ﬁwlegshave been found, which

agree wel | V"ilil&.té‘efsdé‘t aff vite ofd ?&ﬁd&ﬁ:ﬁh%ﬁg@ﬁ ot 1M urh&det

tunnel ing. Theréby an experinental evidence en obtained of a stable
r epr oduciehioe, meebidiag totheofmethad ofthe-inedmtidm; on tunnel ing at room
tenperature in an artificially established stable nolecular structure.
Measur ement s RIGkER i@ sidpmiemedifdal arwhe@idnst rate that current

1 - substrate;
2 - clusters and molecules built into a mono- or multi-
monomolecular matrix;
Py 3 - input electrode;
4 - output electrode;
5 - N control electrodes; _
FIG.2 shows a voltage-curreht characteristic of the tunnel-effect
device; and _
FIG.3 presents a signal (control) characteristics of tunnel-effect device
with one confrol electrode (molecular single-electron transistor) at a
temperature of 300 K showing the cluster located close to the control
electrode.

Best Method of Carrying Out the Invention

According to the proposed method for producing a tunnel-effect
device, an ordered molecular structure is formed in a system of planar metal
(or semiconductor) electrodes on a substrate, by fixing special molecules and
clusters which provide formation of tunneling junctions and single-electron
correlated electron tunneling in the device rather than a simple monolayer of
inert molecules which forms a dielectric interlayer, i.e., a tunneling barrier.

Accordinglly, when such molecules and clusters are fixed using the
known Langmuir technique, a combined multicomponent layer is established
on a water surface, said layer being constituted by amphiphilic molecules or
clusters establishing single-electron tunneling junctions, whereupon the
resultant multicomponent monomolecular layer is transferrt?i jfg_m the water
surface onto the substrate surface.

A method for establishing an ordered molecular structure satisfying the

conditions of a single-electron correlated tunneling consists in the following: a

8



flowi ng through the transistor nol ecular tunneling structure "STM needl e -
. cluster - substrate" at a fixed working point, depends unsteadily, and
noreover, periodically on a steady voltage variation on the control

el ectrode. Thus, there is found conpliance of an experinental relationship
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vol t agetblishiiy nmoledast Singtd-electioh diRRiitetfr colrensted susméll amgsbrby the fact
that in the double-junction system"STM needle - cluster - substrate" the
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substrate in a systemof planar neta or sem conductor) el ectrodes, by
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' unne'eilencgrcinu{é%te. s?%hc—?rre]gy% tsuinrrlm%lliﬁ_g electron is enabled to rapidly pass, at a
high temperature, from one level to another for a time shorter than an
average time of electron tunneling onto the cluster nucleus. As a result, there
is no quantum limitations of arrangement of a next tunneling electron, a
feature that basically distinguishes the situation from resonance tunneling
and is inherent just in systems considered in the theory of single-electron
tunneling. It is worth emphasizing that the temperature in clusters having but
a few metal electrons in their nucleus, at which the effects of electron
quantizing as to the levels of electron structure of the nucleus become
substantial, is much lower than the working temperature of a single-electron
device.

An organic shell of a cluster is in fact a fixed tunneling barrier whose
properties are independent of the presence of a tunneling electron.
Characteristic dimensions of the cluster shell provide high tunneling
penetrability and hence short tunneling time. In addition, tunneling resistance
of a barrier is substantially higher than the quantum one (~6.5 kOhm), which
is a fundamental requirement imposed by the theory of single-electron
correlated tunneling.

There exists a wide selection of fypes of organo-metallic clusters
featuring diverse combinations of types of the shell and nucleus, which
makes it possible to vary both the parameters of the tunneling structure (i.e.,
effective capacitance and conductance) and merely chemical properties of
cluster shell which are important for its physicochemical fixing in a specific

system, that is, the tunnel-effect device. Besides, operation in the mode of



el ectron correlated el ectron tunneling in the device rather than a nere
16 nonol ayer of inert nolecules formng a dielectric interlayer,
i.e., tunneling barrier. Accordi ngly, when fixing such nol ecul es and

e Salidb Hedln O Flnd 5 8 ool S STBRRERE, S6EF
ik s EYBmonSHonerl dbtrt (Th HALoAAMLURIPLIS W6,
t hus- f or @P@recigig physiepehemical properties, e.g., carboran, fulleren, etc. which
' can also be used for making the device.
Two principal problems are to be solved when producing a single-
electron tunnel-effect device:
- Selecting adequately sizable active-molecules or cluster possessing
such properties that provide a single-electron transport of electrons;
0 - Forming on a substrate an ordered structure from such molecules
and clusters.

It is mainly due to its stability that a carboran cluster has been selected
among a wide variety of the heretofore-known clusters. The carboran cluster_
having a characteristic size of about 15 A, hence a substrate whereon said
cluster is to be arranged should feature a characteristic surface irregularity
much less than 15 A. It is necessary that the cluster is held to the substrate
stably; besides, the substrate should be electrically conducting. The
aforementioned requirements are met by substrates made of highly oriented
pyrolytic graphite due to their having adequately high conductance and a
characteristic surface irregularity of about 1 A, with the graphite lattice
spacing equal to 2.46 A

To attain a reliable holding of molecules to the substrate use is made
of the Langmuir-Blodgett technique. The Langmuir-Blodgett films are in
effects single- or mulfilayer coatings constituted by amphiphilic molecules on
a solid substrate, prepared by transferring one strictly monomolecular layer of
molecules after another when the substrate passes through the surface of a
water phase coated with a monolayer.

The structure of the molecular component of the present device is as
follows: a combined film of stearic acid with carboran clusters incorporated
thereinto is applied to an atomically smooth surface of pyrolytic graphite,
using the LB technique, said film featuring the molecules of the clusters fixed
on the substrate with the matrix of the stearic acid.

As far as the use of the effect of correlated electron tunneling for
constructing nanoelectronics circuitry is concerned, of much importance is
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l‘qevi ce i svitBrsthengpacihgbdtaeehithe electrode and the cluster is not in excess of
100 nm. A voltage of the order of a few volts should be applied to the
electrode in this case.

Actually, such a structure appears as a double-layer (dielectric -
conductor) system of fine stripes evaporation-deposited upon the substrate
which is made of a highly oriented pyrblytic graphite having a surface finish in
a scale of the order of one hundred nanometers equaling the size of one cell
of the graphite crystal lattice (2.46 A). USed as the dielectric is Al,O; and as
the conductor, Au.

The system of such electrodes is prepared with the aid of the
techniques of modern nanolithography. The configuration at the electrodes
appears as a "comb" of a number (of the order of a hundred) of long narrow
stripes. The interstripe spacing should be small enough so that the probability
of a cluster to be near a stripe be adequately high. On the other hand, said
spacing should be so large (of the order of a few hundreds of nanometers of
that the needle of a scanning tunnel microscope may scan the surface. As a
result of a compromise between these and other technological conditions the
spacing between the neighboring electrodes is selected to be about 400 nm,
the electrode width measuring alike.

The herein-proposed method for preparing a single-electron tunnel-
effect device uses the developed technology of reliable fixing the clusters and
molecules on the surface of a solid-state substréte. The gist of the adopted
technology consists in incorporating the tunnel-active clusters and molecules
into the matrix of Langmuir's film based on amphiphilic substances (e.g.,

stearic acid) The proposed technology provides for obtaining a monolayer of
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foll owi ng advant ages: the active elenents of the device (nol ecul es and
Clusters) have strictly fixed and identical structure (atom c conposition)
and hence di nensions. This provides for identity of the active el enents of

and the GHMEN CORGRUES o Tiese SSoBk: if niesert don research™ ot e 7 1S

llgdus”iﬂjryﬁ@éﬂﬂe%%’ | Srbperties multicomponent Langmuir's films containing
nanoparticles. The matrix of the Langmuir's monolayer of a polymerized
amphiphilic substance fixes reliably active clusters and molecules, thus
preventing them from motion under the effect of an electric field of electrodes.
For more reliable fixing of active clusters and molecules they are to be mixed
with amphiphilic substances, e.g., stearic acid in such a ratio that each
cluster and molecule be surrounded completely with the stearic acid

y molecules.

At present, it is the scanning tunnel microscopy and spectroscopy
‘technique that proves to be the sole technique of registering the
characteristics of Ioné structures having such minute dimensions, said
technique making possible observation and studying the objects with atomic
resolution. _

For the purpose of demonstrating the functional capabilities of the
proposed tunnel-effect device use is made of the scanning tunnel microscopy
and spectroscopy (STS) technique. Use of a scanning tunnel microscope
(STM) enables one to measure the characteristics of single-electron systems
having arbitrarily small (down to the atom's) dimensions.

The construction of a scanning tunnel microscope is instrumental in
obtaining a three-dimensional patter representing the surface relief, and also
make it possible to connect the desired objects to the needle-substrate
circuit. | _

The direct-current mode is used for measurements. In said mode a
direct tunneling current is maintained, while the respective position of the
needle over the surface is maintained and fixed with the aid of a feedback
circuit.

For constructing the proposed tunnel-effect device use is made of
metal-containing carboran clusters measuring about 20 A. Use of such
clusters as an active element enables one to observe single-electron
phenomena in such a system at a temperature of liquid nitrogen (about 77 K)
and at room temperature (about 300 K) (FIG.2). |
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symmetry, as a rule, approximati_ng the spherical one, and surrounded with a
ligand shell of light atoms or elementary molecules. A specific feature of the
electronic structure of cluster molecules, i.e., the presence of a dense
network of closely spaced highést occupied molecular orbitals and the
respective lowest unoccupied molecular orbitals (both of them being as a rule
weakly bonding), is responsible, on the one hand, for appearance in clusters
multiple single-electron reversible junctions and, on the other hand, it imparis
an adequate stability to the core of cluster molecules after adding or
removing an electron. |

According to the present invention, used as the active elements of
proposed tunnel-effect device which establish therein tunneling barriers and
interbarrier space ( the regions where tunneling electrons are localized) are
the appropriate molecules and clusters (in particular, metal-containing
molecular clusters) having the required characteristic dimensions (below 100
A) and capable of exhibiting the effect of Coulomb blocking of electron
tunneling on an ordered structure of such molecules and clusters, without
imposing any definite limitations upon the structure of the energy spectrum of
electrons in such molecules and clusters. These molecules and clusters (a
single molecule as a particular case), on which tunneling electrons are
localized, are arranged in appropriately ordered manner in the space
confined between the metal (or semiconductor) input, output, and control
electrodes FIG.1). In this case tunnel current flows on the input electrode 1
and the output electrode 2, while the control electrodes 3 provide for an
efficient control over the tunnel current of electrons (FIG.3), with the result

that when the voltage on the control electrode 3 changes steadily, a periodic
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arrangement of said molecules in the matrix of chemically inert substance, or
by virtue of chemical bonds with the components of the device.

The proposed method is carried into effect as follows.

Use is made of the Langmuir-Blodgett technique for preparing a
monomolecular layer of lone clusters fixed in an inert molecular matrix. The
aforementioned technique is instrumental in establjshing on the liquid phase
surface monomolecular films of substance of é definite class, and in
transferring said films onto a solid substrate.

In order to produce combined Langmuir's monolayers containing
carboran clusters and stearic acid, there are prepared solutions of the cluster
and of stearic acid in tetrahydrofuran, having a concentration of 10° M. Then
both of the solutions are used for preparing therefrom solutions, containing
stearic acid and carboran clusters in the following ratios: 1:32; 1:20; 1:16;
1:12; 1:8; 1:4, 1:1, 2:1; 4:1; 8:1; 12:1, 16:l; 20:1; 32:1, respectively. To
establish a monolayer, a solution of stearic acid and/or carboran cluster in
tetrahydrofuran is applied to the surface of a water subphase (pH = 5.6), the
concentration of said solution being 4x10™ M (in terms of a total number of
the stearic acid molecules and of clusters). In 5 minutes required for the
solvent to evaporate the monolayer is compressed at a rate of 3 A” per
molecule per minute. Before transferring the monolayer from the water
surface onto the graphite substrate the monolayer is compressed with a
movable barrier till a pressure of 25 mN/cm, whereupon said monolayer is
transferred onto a freshly prepared spalled graphite surface at a rate of 0.5
mm/min, using the Scheffer technique, when transferring the monolayer onto
the substrate a surface pressure of 25 mN/cm is maintained constant. In
order to prepare a monolayer oriented with the hydrophobic tails outwards,
the substrate is submerged in water before applying the monolayer to the
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Used as active elenents in the proposed device are nol ecul es or clusters
(-met al - cont ai ni ng ones inclusive) rather than sem conductor islands as in
t he prototype. The herei n-proposed tunnel -effect device functions on
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water.

With a view to elucidating the possibilities and specific feature of
building carboran clusters into a Langmuir monolayer based on stearic acid,

X there have been studied the isotherms of compression of combined
monolayers made of stearic acid and carboran clusters on the surface of
deionized water (pH = 5.6). Carboran. clusters free from stearic acid
molecules do not form stable Langmuir monolayers on water surface, and the
surface pressure is not in excess of 3 mN/m in response to compression of
the carboran "monolayei'". When doped with stearic acid molecules (with
stearic acid/cluster ratio k being within 0.6 and 12) carboran clusters
establish stable amphiphilic monolayers displaying pronounced cooperative
properties, i.e., the value Pmax of surface pressure equals 70 mN/m,
whereas that of Pmax for stearic acid and carboran clusters per se equals 55
mN/m and 3 mN/m, respectively.

Thus, stable combined Langmuir monolayers of a pronounced
cooperative nature have been prepared by incorporating nonamphiphilic
molecules, i.e., carboran clusters into classic Langmuir monolayers of stearic
acid.

In this case the active molecules and clusters themselves might not
form LB films altogether. That is why use is made of combined LB films of
fatty acids with cluster molecules built thereinto, since said acids are well
studied and are convenient for application. Thus, the problem of selecting the
type of clusters usable in single-electron electronics has been separated from
that of fixing the selected clusters on substrate, and both of the problems
have been solved. The novelty of the proposed invention resides in that a
combined film of a fatty acid and clusters is prepared on water surface,

whereupon said film is transferred onto a substrate. With a definite
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electron tunneling at room temperature in an artificially established stable
molecular structure. '

Measurements taken at room temperature demonstrate that current
flowing through the transistor molecular tunneling structure."STM needle -
cluster - substrate" at 'a fixed working point, depends unsteadily, and
moreover, periodically on a steady voltage variation on the control electrode.
Thus, there is found compliance of an experimental relationship between
tunnel current and control voltage, that is, signal characteristic of a molecular
single-electronic transistor, with a theoretical relationship derived from the
theory of single-electron electronics. Each period on signal characteristic is
explained, in accordance with the "orthodox" theory of single-electron
electronics, by a change of the cluster charge by one electron.

Symmetry of the signal characteristic, one the one hand, and the
presence of steps in the voltage-current characteristic, on the other hand is
explained by the fact that in the double-junction system "STM needle - cluster
- substrate” the junctions "STM needle - cluster" and "cluster - substrate"
have approximately the same capacitance values but differ widely in the
values of their resistance. |

According to the method for preparing a tunnel-effect device, an
ordered molecular structure is established on a substrate in a system of
planar metal (or semiconductor) electrodes, by fixing activé_r';'l_c;ecules and
clusters which provide for formation of tunneling junciions and a single-

electron correlated electron tunneling in the device rather than a mere
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carriers through tunneling barriers at roomtenperature used in the tunnel-
effect device may al so be applied in a single-electron transistor and used

f or
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established on water surface, said layer being constituted by inért amphiphilic
molecules and active molecules and clusters forming single-electron
tunneling  junctions, whereupon the thus-formed multicomponent
monomolecular layer from water surface onto the surface of the formed
substrate.

When using chemical adsorption of molecules on the substrate
surface for forming a system of single-electron tunneling junctions, active
molecules and clusters should contain the corresponding chemical groups
which bond said molecules and clusters with the substrate surface. Further
on a chemical reaction of bonding the corresponding molecules and clusters
with the substrate. Building of active molecules and clusters into the
preformed molecular layer of inert molecules is also possible.

Once the mono- or multilayer molecular structures have been
established, using the Langmuir-Blodgett technique or chemical adsorption
procedure, the resultant molecular structures are made to polymerize with a
view to increasing their stability and resistance to external effects.

Use of active molecules and clusters forming single-electron tunneling
junctions, as the molecules establishing an ordered molecular structure on
the surface of a solid-state substrate in a system of planar electrodes makes
it possible to provide a novel useful property of the proposed device, that is,
its functioning on the base of an single-electron correlated electron tunneling.

The herein-proposed tunnel-effect device is distinguished for the
following advantages: the active elements of the device (molecules and
clusters) have strictly fixed and identical structure (atomic composition) and
hence dimensions. This provides for identity of the active elements of the
device and accordingly, reproducibility of their functional parameters and the
same response to a definite external effect.

Industrial Applicability
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miniaturization of single-electron devices developed W|th the use of said

b elements.

It is due to the use of molecules and clusters having nanometer
dimensions as the active elements of the device that the characteristic
dimensions of the active regions (single-electron tunneling junctions) of the
device become ‘small enough to provide a controlled single-electron
correlated tunneling at relatively high (rgorh) temperatures, and that an

extremely high sensitivity of the device is attained at those temperatures
towards changes in the charge on the active elements of the device (~10°
e/Hz"?).

As distinct from the known tuhnel-effect device functioning on the base
of resonance tunneling, the proposed tunnel-effect device operates on the
base of controlled single-electron correlated electron tunneling in a system of
molecules or clusters having an arbitrary energy spectrum of electrons rather
than resonance tunneling between quantum-mechanical wells with discrete
energy levels. That is why no definite restrictions are imposed in the
proposed device upon the structure of energy spectrum of electrons in
molecules and clusters which establish single-electron tunnel junctions
therein. As to the speed of response the proposed device is not inferior to the
prototype, i.e., the device functioning on the effect of resonance tunneling.
Energy release durmg electron tunnelmg in the proposed device is lower than
in the known tunnel-eﬁect—devnces As distinct from the prototype, wherein no
direct assomatlon is" provided between the tunneling processes and the
current measured on the outputs electrode, the tunneling current is directly
registered in the proposed device. |
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“nol ecul es and clusters off the surface of the solid-state substrate.

4. A tunnel -effect device as set forth in clainms 1, 2, CHARACTERI ZED i n
that the substrate is de of graphit.e. . JA .tunnel -effect device as
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as in the prototype.

The herein-proposed tunnel-effect device functions on the base of
controlled single-electron correlated electron tunneling. The phenomenon of
single-electron correlated electron tunneling was theoretically predicted and

described, and afterwards demonstrated experimentally. Possibility of

controlling such tunneling current opens the way to constructing various -

electronic circuits on the base of single-electron tunneling junctions and
hence to preparing single-electron analog and digital devices. Preparing such
devices is very promising and important for further development of
microelectronics engineering, since they operate on a new principle of
information coding, consisting in that individual, electrons perform the
function of information carriers. Thus, such devices are featured by rather
high speed characteristics. Theoretical assessment of the speed response
corresponding to the dimensional parameters of the proposed device gives
the value of ~ 3x10™ s, as well as the value of energy release during the
process of a single-electron transfer equal to ~ 10 J. The principal concepts
of constructing the circuitry analog and digital devices on the bass of
controlled single-electron tunneling are at present developed theoretically,
though single-electron devices developed on the principle of the traditional
solid-state planar technology are operable only at extremely low
temperatures (< 1 K) It follows from theo{’y that in order that a single-electron
device functions at room temperature, the characteristic dimensions of its
active regions (that is, single-electron tunneling junction) should be below
100 A. However, the heretofore-known solid-state microelectronics
teéhnologies cannot at present (and probably in the nearest future) develop
such devices reproducibly.

The method for making tunnel-effect devices having its active region
measuring below 100 A initiated the development of devices of a new class,
i.e., nanoelectronics. The effect of discrete tunneling of individual current
carriers through tunneling barriers at room temperature used in the tunnel-

effect device may also be applied in a single-electron transistor and used for
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constructing single-electron gate circuits, wherein logical "1" and "0" are

ddentified with the presence or absence of an el ectron. The effect of
" discrete single-electron tunneling used in tunnel -effect devices prepared
by the proposed nethod allows of creating a quite nunber of anal og and
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extremely low energy dissipation, very low dimensions of the devices
themselves, and high speed characteristics, as well as in the development of

new high-sensitivity sensors.

CLAIMS

1. A tunnel-effect device, comprising an input, an output, and a control
electrode separated with tunnel barriers, CHARACTERIZED in that N control
electrodes are therein incorporated, the tunnel barriers and the interbarrier
space appear as an ordered structure of molecules and clusters forming
tunneling junctions which provide for single-electron correlated electron
tunneling in the device, each of the control electrodes being located in the
region of the ordered structure of molecules and clusters.

2. A tunnel-effect device as set forth in claim 1, CHARACTERIZED in
that the input, output, and control electrodes are located on the surface of a
solid-state substrate.

3. A tunnel-effect device as set forth in claim 1, CHARACTERIZED in
that the input electrode and K control electrodes, where K < N, are located on
the surface of the solid-state substrate, and N - K control electrodes and the
output electrode are situated in the region of the ordered structure of
molecules and clusters off the surface of the solid-state substrate.

4. A tunnel-effect device as set forth in claims 1, 2, CHARACTERIZED
in that the substrate is made of graphite. T

5. A tunnel-effect device as set forth in claims 1, 2, CHARACTERIZED
in that the input, output, and control electrodes are made of gold.
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tunneling in the device, each of the control electrodes being |ocated in
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The greatest prospects are offered in the development of very large-

scale integrated circuits, wherein said devices can provide a combination of

extremely low energy dissipation, very low dimensions of the devices

themselves, and high speed characteristics, as well as in the development of

new high-sensitivity sensors.

CLAIMS

1. A tunnel-effect device, comprising an input, an output, and a control
electrode separated with tunnel barriers, CHARACTERIZED in that N control
electrodes are therein incorporated, the tunnel barriers and the interbarrier
space appear as an ordered structure of molecules and clusters forming
tunneling junctions which provide for single-electron correlated electron
tunneling in the device, each of the control electrodes being located in the
region of the ordered structure of molecules and clusters.

2. A tunnel-effect device as set forth in claim 1, CHARACTERIZED in
that the input, output, and control electrodes are located on the s‘urface of a
solid-state substrate.

3. A tunnel-effect device as set forth in claim 1, CHARACTERIZED in
that the input electrode and K control electrodes, where K < N, are located on
the surface of the solid-state substrate, and N - K control electrodes and the
output electrode are situated in the region of the ordered structure of
molecules and clusters off the surface of the solid-state substrate.

4. A tunnel-effect device as set forth in claims 1, 2, CHARACTERIZED
in that the substrate is made of graphite. N

5. A tunnel-effect device as set forth in claims 1, 2, CHARACTERIZED

in that the input, output, and control electrodes are made of gold.
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6. A nethod for preparing the tunnel-effect device as set forth in clains 1
through 5, consisting in establishing an input, an output, and a control
el ectrode on the surface of atomcally snmooth solid-state substrate
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3 electrodes being additionally formed on.the surface of the atomically smooth
solid-state substrate.
7. A method for preparing the tunnel-effect device as set forth in claim
6, CHARACTERIZED in that the inert dielectric molecular matrix with the
active molecules and clusters built therein is established using the Langmuir-
Blodgett technique. |

8. A method for preparing the tunnel-effect device as set forth in claims
6, 7, CHARACTERIZED in that used for establishing inert dielectric molecular
matrix are molecules containing polymerizable chemical groups.

9. A method for preparing the tunnel-effect device as set forth in claim
6, 7, 8, CHARACTERIZED in that formation of the inert dielectric molecular
matrix with fixedly built-in active molecules and clusters which are the
localization centers of the tunneling electrons and establish single-electron
tunneling junctions is followed by additional polymerization of the molecular
structure.

10. A method for preparing the tunnel-effect device as set forth in
claim 6, CHARACTERIZED in that the inert dielectric molecular matrix with
fixedly built-in active molecules and clusters is established by the chemical

' adsorption technique. |

11. A method for preparing the tunnel-effect device as set forth in
claim 6, 10, CHARACTERIZED in that used for establishing the inert
dielectric molecular matrix are molecules containing polymerizable chemical
groups.

12. A method for preparing the tunnel-effect device as set forth in
claim 6, 10, 11, CHARACTER!ZED in that formation of the inert dielecric
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9. A method for preparing the: fect device as set forth in claimé®,
7; 8, CHARACTERIZED in that formation of the inert dielectric nolecular
matrix with fixedly built-in active nolecul es and clusters which.are the

| ocalization centers of the tunneling el ectrons and establish

single-elecgtron tunneling junctions .is foll Idiea@! whi
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nol ecul ar matrix are nol ecul es containing pol ynerizabl e chem cal groups.
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Abstract '

The tunnel-effect device comprises an input electrode 3, an output

1' electrode 4, and N control electrodes 5 separated with tunneling barriers, the

latter barriers and the interbarrier space therein appear as an ordered

structure of molecules and clusters establishing tunneling junctions; each

control electrode 5 is located in the region of the ordered structure of

molecules and cluster 2. The dimensions and properties of the molecules and

clusters provide for single-electron correlated electron tunneling at a

relatively high (room) temperature.

The tunnel-effect device functions on the base of controlled correlated
electron tunneling. Possibility of controlling the tunneling current opens the
way to constructing various electronic gate circuits on the base of single-
electron tunneling junctions and hence to preparing single-electron analog

: and digital devices, in particular, high-sensitivity sensors.

The method for preparing the tunnel-effect device consist in
establishing on the surface of a solid-state substrate an input electrode, an
output electrode, and control electrodes, followed by formation of an inert
dielectric molecular matrix with orderly built-in active molecules and clusters
which are the localization centers of the tunneling electrons and thus
establish single-electron tunneling junctions. .

The effect of discrete tunneling of individual current carriers through
tunneling barriers at room temperature used in the tunnel-effect device may
also be applied in a single-electron transistor and used for constructing
single-electron gate circuits, wherein logical "1" and "0" are identified with the

presence or absence of an electron.
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TUNNEL-EFFECT DEVICE AND A METHOD FOR PREPARING SAME
Abstract

The tunnel-effect device comprises an input electrode 3, an output
electrode 4, and N control electrodes 5 separated with tunneling barriers, the
latter barriers and the interbarrier space therein appear as an ordered
structure of molecules and clusters establishing tunneling junctions; _each.
control electrode 5 is located in the region of the ordered structure of
molecules and cluster 2. The dimensions and properties of the molecules and
clusters provide for sing!é-electron correlated electron tunneling at a
relatively high (room) temperature.

The tunnel-effect device functions on the base of controlled correlated
electron tunneling. Possibility of controlling the tunneling current opens the
way to constructing various electronic gate circuits on the base of single-
electron tunneling junctions and hence to preparing single-electron analog
and digital devices, in particular, high-sensitivity sensors.

The method for preparing the tuhnel-effect device consist in
establishing on the surface of a solid-state substrate an input electrode, an
output electrode, and control electrodes, followed by formation of an inert
dielectric molecular matrix with orderly built-in active molecules and clusters
which are the localization centers of the tunneling electrons and thus
establish single-electron tunneling junctions. . _

The effect of discrete tunneling of individual current carriers through
tunneling barriers at room temperature used in the tunnel-effect device may
aiso be applied in a single-electron transistor and used for constructing
single-electron gate circuits, wherein logical "1" and "0" are identified with the

presence or absence of an electron.
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(57) Abstract

The tunnelling device comprises input (3), output (4} and control (N) electrodes separated by tunnel barriers; the tunnel
barriers and inter-barrier spaces take the form of a sequenced structure of molecules and clusters forming tunnel junctions,
and each control electrode (5) is disposed in the region of the sequenced structure of molecules and clusters (2). The dimensions
and characteristics of these molecules and clusters ensure single-electron correlated tunnelling of electrons in the device at
relatively high (room) temperatures. The tunnelling device is based on the principle of controllable correlated electron
tunnelling. The ability to control tunnsl current opens up the possibility of constructing different electronic logical circuits
based on single-electron tunnelling junctions and creating single-electron analogue and digital davices, in particular highly
sensitive sensors, The method for manufacturing the tunnelling device is as follows: input, output and control electrodes are
formed on the surface of a solid-state substrate, an inert dielectric molecular matrix is then formed incorporating sequences of
active molecules and clusters which act as localisation centres for tunnelling electrons and thus form single-electron tunnel
junctions. The discrete tunnelling effect of single current carriers through the tunnel barriers at room temperature achieved
in this tunnelling device can be used in a single-electron transistor and in the construction of single-electron logical circuits in
which logical *1" and "0" is identified with the absence or presence of a single electron.




TyrueabHblA TipBGOP W CNIOCCE HIFOTORNCHNA TYHHCIBHOrO Npubopa

TyHreasubli npnéop conepxnT BxoaHolt 3, BuixonHoh 4 ¥ N ynpasnmowmnx
INCKTPOAOB 5. PAIRENCHHBIMIE TYHHCNBHLIME GapvepaMy, TYHHEnLHME Gapbepul H
MexbaphepHOe NPOCTPAKCTEO B HEM BHIROIHEHB 8 BMAC ynopaao'ieHHol cTpyKryps!
M3 MONCKYA ¥ KAGCTEPOB, POPMHPYIOLUNX TYHHEALHLIC NEPEXOIbY, MPHUYEM KAKALIA
YNpagroLMit anekTpoa 5 pacnonoxeH B o6nacTit YNOPAROUCHHOHR CTPYKTYPH W3
MOfTeXyl M Xcrepos 2. PasMepsl ¥ cBOMCTBA YKOIOHHBIX MOJIEKYS M KJacTepos
oGecneYMBRAIT ONKONCXTPOHHOS KOPPCAHPOBAHHOE TYHHEIHPOBRHHE 3/IEKTPOHOS B
npHGope NPY OTHOCHTEALHO BHICOKMX (KOMBATHBIX) TEMTICPATYDAX.

Tyunensuniii  npnbop  GYHKIUOHMPYET HQ  OCHOBE  ynpasnseMoro
KOPPEAKPOBOHHOTO TYHHENHMPOBAHMA 3INCKTPOHOB. DBoamoxwocTs peanmsaumn
YNpoRICHUS TYHHEALHLIM TOKOM OTKPBIBOCT BOIMOXHOCTY NOCTPOCHHA PONTHHRBIX
NEKTPOHHLIX /IOTHUESCKHMX CXEM HA OCHOBE ONHOINCKTPOHHEIX TYHHCABHBLIX
NEPEXONOB M COMNHKA OAHODNCKTPORHHIX THANOTOBLIX W UWDPOBMIX ycTpoiicTB, B
YACTHOCTH, BHICOKOYYBCTBHTCALHBIX CCHCOPOB.

Cnocob #3roToBNCHAR TYHHEABHOro npubopa 3axniouaercs B GoOpMHUPOBAHBR
H2 NOBEPXHOCTH TBEPROTENLHON NOLNOXKKN BXOAHOTO, BLIXORHOIO M YNPAENNIoWINX
MEKTPOROB ¢  nocacaylommm  (JOopMHPOBAHHEM HHEPTHON  AM3NCKTPUYCCKOR
MONEKYASPROIT MATPUUBL C YNOPHAOMEHHO BCTPOCHHLIMK B Het OKTHBHLIMH
MOAEKYAAMH Il KNACTEPaMi,  HAMASIOIMMMUCH  UCHTPAME  JIOKQTHIAUNA
TYHHGAMPYIOWMKX  HNEKTPOHOB B, Takum'  obpasom, dopmHpyOnIX
OAHOICKTPOHHBIC TYHHIbHbIC fIEPEX0abl.

BddexT DHCKPETHOTO TYHHRCANPOBOHUN CAMHONHLIX HOCHTCNCH TOKA CKBO3b
TYHHenbHLIE Gapbepnl NP KOMHATHOW TEMNEPATYPE, PECANUIYEMBIK B TYHHCALHOM
npuGope, MOXET ObiTH MCNIONLIOBAH KAK B ORHOYICKTPOHHOM TPAH3HCTOpE, TaX M
IS NOCTPOCKYUH ORNCINCKTPOHHLIX JIOTHYUECKHX CXCM, B KOTOPHIX jsorpyeckue “17
K “0" OTONIECTBRSIOTCA C OTCYTCTBUEM YUIM NMPUCYTCTBHEM ONHOTO 3ACKTPOHa.
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