, €3e, : 1 6JT~G SPECI FI CATI ON I nformation ProcesgifigeStructures 5 Techni cal
‘Field Th “\\\m vention relates to an informati on processing strum %ﬁ
for procg\% \&% R0

g\ ﬁ\m \ tion by neans of an ' tructure of A7
nanonetef™(nm seale, for exanple from 1%@@@@“\%&\“&\ and in particular to
‘an information processing structure for d i'ng simlarity of 10 one
pattern to another by way of single el ectron operations. Background Art The
progress of mcroel ectronics techniques for sem conductors in recent years
has conme to nmake it possible to manufacture a structure of the 15 so-called
nanoneter (nm) scale, for exanple BSRBCAHCAEEAN Utilizing such a

m croel ectronics technique to fabricate a structure extrenely small in

el ectrostati c capacitance makes the so-call ed Coul onb bl ockade phenonenon

observable that a single el Bifokaihtion tF1® cebfinGg! Siiciased t S el ectrostatic
energy so increased that no other electron can come 1nto the 20 structure.
And it al so makes novenent of an individual electron controllable by

Coul onb rep:isilgnc ﬁilgﬁgn them It is thus possible to make a small
conduct of'5 ( r or small sem conductor (m crosem conductor))
domai n in which an FlecpreaBntaihvRation ardlafedensi nal tiafofed€6hePprobesiing

"quantum dot") by cqonbining an 25 energy barrier that the electron can
directly turft@icturefel pegaespingeimdprmation b means afnmn e|agtranisptyucinge of
coupling wt i e clr e npel (th i :
herei nafter a:]erwéroﬁge&%{]o(ng'g)eastc'agé;pg@{]%ﬂ:lgugﬂr}{ng&?, Hgln E)t ﬁéir)\a{'%l ?E)lpml%n

el ectroni c gtartictilareoban aofshmatiog prooiessjingndtowetdos $or dsteicsingesimikadaimofsuch

gquantum dots can be fornmed by the 30 self assenbling formation in which
T contfammsap el t anpprerdhy Byl vhs pmaks Sttt e BBatRIg rono- 511 ane (see
Mat. Res. Soc. Synp. Proc. 452 (1997) 243 "Self-Assenbling Formation of

Silicon Quantum Dots by Low -1 17 MAR ?0C3 Pressure Chem cal Vapor

Deposi ti on")ﬂﬁ&ﬁ&k&h&@ni c device when formed of such an el ectronic

structure becomesgq Qx%rﬁ%gg{ 3P iRy 1%‘81’:%%‘%&{ té’quﬂ‘ @éé‘%xes&kﬁ&éﬁd’d‘c&o%? an
0 nly ca 88 a gle e ea and a

electronic device'is sin ron devi ce,
variety 5 ofresemgyenrelhmstacone ¢o meakd i posséblecenmpnofurserct bysttwdtungof the

advant age of single el ectron, devices. .For exanple, it [s p i.ble to,form
o ot ¢ sania R o nE el ety el Cprigr lessb W NiRieget Sna
singl e el ectpiiRRoble@trontdd Q¥thnidgtieNPo SEAbR AtE ONPILABT T ¥xtr EMRSY S§MAIINAS

al ready been proposed (See J. Appl. Phys., Vol. 72, No. 9, 1992, pp. 43 99
- 4413, J. pheqtrostatiRer capasstancememakey Dityi t ap-eallpd Bedemin thieckads onb
Bl ockade”) . ﬁ'éﬁbn{é%ﬂo%ﬁkérm@% frat 2 s'irxgl?e' Q16LE6H T AN thOILGuEIUrEUhhs its
however, have so far not gone beyond on Its circult nmakeup by conbining a
tunnel junctelentrestdtia erepgyiscinanasdietivatr naiiotheli atpcarni eerlcomedntmshe

scarcel y.as et been, i npl gnent S ctical. for Ly a n
act ual %9r uc?g‘%rcgu%f t ned cm)cﬁf?. ’Eﬂsﬁ sol,%ogé%regbaggs 23 ﬁéﬁgvraig?la\%,\hffeeﬁﬁon
" quant um dotcoht@dlablg bgaC eulEm® rypslsiaic betweeniheh. it is designed to form
by mcro structuring the conventional floatir’i? gate structure has been
pr oposed and madeI‘b§/s ys dossible to make a small conductor (microconductor or
small semiconductor (microsemiconductor)) domain in which an electron
can be extant (hereinafter referred to as a “quantum dot”) by combining an
25 energy barrier that the electron can directly tunnel (hereinafter referred to
as a “tunnel junction”) and a coupling with which the electron cannot
directly tunnel the barrier hereinafter referred to as a “capacitive
coupling”), and then to form an electronic structure by combining such
quantum dots. As is well known, such quantum dots can be formed by the
30 self-assembling formation in which silicon quantum dots are formed by low

pressure CVD using mono-silane (see Mat. Res. Soc. Symp. Proc. 452
(1997) 243 “Self-Assembling Formation of Silicon Quantum Dots by Low
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20 trial, no practical formof inplenentation or no actual structure of the
circuit has as yet been proposed that effectuates |logics for information
processing. By the way, there is one inportant form of informationy F%R?UGS
processi ng operations that detects simlarity of one pattern to another.
This is a basic 25 processing operation that can be utilized in a w de
range of information processing including pattern recognition for

associ ative nenory, vector quantization and prediction of a novenent and
data conpression. In such processing operations, use may be nade of a
"Hammi ng di Pressere Ghemical Napornt Depnditeant’s. sim larity between digital

tt . This is 30 fined .th f, t bits differi f
Each ot her of -t he R §lSCAToTE dRHE WhRR OB of Pl AnnSlcctHARE TYSHRE he
difference ipRchhRsNewbRE cﬂﬁer%g}"é"' ngllfif?%rvl\/%ﬂ{enl@' BF1at§]§gW1E€€rohheS\'raﬂmx{‘9

di stance and the higher the - R 2003 simlarity between the
patterns, viekectnomie devoseis/commqrdytealhl 2 singlblebecdneh devinsy, anides wariete

Harmi i st b t le. by finding th | usi ve ORs
(XORs) of o6 U8 Th R RR PeEs phile FOUHhRTongPe: bt Hidph, FerAmaR oF
summi ng t hogmgletdleéthen HeQUddRUF.orSexAm pIRE iVRYpo Rible teUfdrnR 8 s 2RO cirBnfd 0.

14(A) bhavi ng a, capacitor Co conbined with a single electron transistor
(her ei naf t eflevifeepr sampdementayTtyansgferupkisl ta paCfMQ@SFETqnendj ardngbns 1

and 2 exhi bi - e, & rj sk e :

af orenment i oﬁle%t@orpulqgﬁgo gﬁgg[}agglrﬁ%g%%ﬁednghh(cpé%ge%ap% Q%ﬁg}ﬁ?lés(rl télgg[%{rﬁaéi anese
journal ], Veken @bopd&ed\(See2].108p). Plpys. 100). 2ndNbher 692 epp.i 43 8Up@dilegdIwi t h
vol tages Va an?r vi a,gapagitors at n,intgim,digge int bgtwe n.the two
tunnel 1Unc®: orfuckeRd 2,°R‘é’§r€!"§“5"lr3’it igide) ahedicnodased epnithe; Loplembhge
with tinme depepeedeg of its output voltage Vco as shown in Fig. 14(B)
dependi ng on a conbi'nation in Hor L level of the input voltages Va and Vb.
Utilizing such a $8ckipacsdsi mede, farharsénglgselsstnonpragiosedcuitsihoyterer,

el ectron | ogi Lreuit igned t ovi de an. X xcl usive. o]

b bi ¢ excltigs 58 By g8Her S o RO s ey RS WY e Bp Bl e hpe o,
(See "A Stophasidic aAdsDchphciver dMamdieycivsuligdidgnghdekbEcindhabasdaeedyadsd 1ts
Application to, Digit Pattern Associ at.i op", T. Yanpnaka et al, in Ext. fAbs.
of I nt 1foonyet BReBamelimanted. 18 RARCLEE! SHEMARIBE MRS Sngpetighatrictise o

Hi roshi ma, §ePtircal98). Fig. 15 shows a further single electron |ogic

circuit in which a pair of SETs is connected parallel to each other between
a power supply Vd&lsmdas regpeds fomeamomndwhilenhi cqugnivar tded floptingesalst Va

and Vb are ﬂJe?x?or?pgirh‘éﬂue*’WEi r‘?é’iigidkgigne%’?@'f%%”wr%ﬁriTgEJs'dﬁ}d!{xﬁngs&
single electron 25 Togic circurts nmay be’ prepared i1 n"nunber equal to the
nunber of bocosvaitichdifledtipaighes sutudechasobgear prbpaised swichmadetsr wagdfray

be connected.t.0 a co n_capacitor. to make up a hit,c r at or, (BC)
For Ctnet otk Dadnarns o O8Rcah impTemghladS prafe chetval SERRELEHGE %)
vol tage of eneuili Bad als ped been propitedOrHar &ffe Adtedd 16 €iRE efRNifodmatibn
voltage of the other 30 digital pattern to conpare with) Then in the SETS

ifn which t hRIecasgédiBecti ve bits coincide with each other (Va = Vb), the
el ectron noves fr PAR | Sl he
potential at the % ptglgﬁvgf’ ?}ﬁg%qgt&% W&B%SQ?%a@%m\%’%Pgdég?s .t
fol | ows t heopémtiorshidtat diece s samélaritiyeo hunbertiein BotanatbencT bisnts abakiceach
other, the nore rapidly the acitaqr ential Vco,rises. Therefore,
excam i aPRIASn P st SR Ehe BroBEREe) M Ao gb RIS UindhOrDaton | ne
rel ative HaprddadsifigSimd168id® paetedriOWtoghilbh P rCRRRIAIPE hemotyJivedlor
patterns of” such a construction has al ready been )
quantization and prediction of a movement and data compression.
In such processing operations, use may be made of a “Hamming
distance” as an index to indicate similarity between digital patterns. This is
30 defined by the number of those bits differing from each other of the digital
patterns. Thus, it follows that the smaller the difference in the number of

such different bits, the smaller the Hamming distance and the higher the
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proposed. Also, given the fact that a circuit forned of single electron
"devi ces operates stochastically, it has previously been known that
conversely utilizing this stochastic nature makes it possible to P EMAR 23 an
intelligent ( 10 processing operation which it has been hard to realize in
an existing CMOS circuit (See Yamanaka et al, 1998 supra; and | El CE Tram.
El ectron., Vol. E81-C. No. 1, pp. 30-35, 1998, M Saen et al, "A Stochastic
Associ ative Menory Using Single Electron Devices"). No such single electron
| ogic circuit has_as yet been proposed, 15 however, as to in what structure
it may actuatimilasity hptweemttbe. paiteras, e praskl elaskbs theipattarns heasepddguse

as the tine gl ap t |l gctyic poteptial Veco of the capaciiaor begones
constant i (FESTEO R FiRr ot b febiler sk lon € Recs inEME S ByeiblpoRoe
cannot be nefadingdtHeesec18sia @RSUAGRsPOS EUfleBpbndifEKpdigs af DingbLtIRd BFHr on
l ogic circuit, by applying the existing architecture of a CMOS logic circuit
Eﬂer](cat Oti ?\éd:l\%:atﬁl PRESFRY Pﬁélsmwmm&ath%FoWlt?rﬁéleah Oyhléwﬂ‘:c-oneq bel ow. First,

e 1ac a e 0 . .nasil ] e
el ectr on5ci rcuit oﬁp‘g?@ﬁeg}s@?saogﬁggﬁg%t %&?%dﬂﬁlgsﬁiﬁﬁoh%k%% g?’?e}é}gc}rog@ 25

before its opafibinedn wish est sihgishddctrandtramkidsot hGeopiat filer orefekr i tohuys,
the single el ectron logic circuit nmade by applying the architecture of a
CMOS | ogi ¢ ciYELX ‘Hﬂgﬁ B2 8f ohePairn obp &y nfglohuReianns ahdapdnde ekBiYits oape

super i or to,n&ﬁ%&@?é‘ﬁé‘%gpﬁtgﬁ%@g Jljsgﬁie%eﬁg%?yktthesﬁ%‘i’é‘ﬂen%néaa@&&lo”h‘x@?' €

el ectron operation can be o ess e electrostatic energy o
one el ectrorbloskadophbndémegen (SleenAppked Pdrysids Endapanesehiosrnalduiias 6i6hat

an extr |y . snay paci ce, shoul.d be.realj.zed for singhe elgctron

fogt o cEPourio; BSST30Ry S0ahE8e Heiastis 16 sSPRliad eh yodoHelnrar Y & Mihus,
in order forcapa¥Rbys hBifenteededidtRt Rhtbetvedd Ehd twdithAneSRlnctibh 1Galdes, t o
be operated without fajl at the roomtenperature over 10 years, there nust

be real i zed MRy Atiitaitolated nade 3 sephipitie qhanewithytimecdeppndenge ofoiss
Phys., Vol. 4 : - - Shij : I hi
“Ro abi i 1y ApuEYRftpgPR e By shodiivin Fig AEN GopihailfB bh 3 kbaih fhasig p

Error Rate Ghapaclerles¢li o )theCinpetjuesitiges pVvaovaddny sudftibzeml fuch a
capaci tapce requires,.a structure,of a size smaller .than the atom c.scale
bur ' DR starantreiufy haHo sy plen; piisedat: oielp ek EF HEGh
tends to be desafeadtdpranidemaur KINORNEx@Mudift ENDI g iriiBltgyx e Risele IR)

unavoi dably are present in the circunference of a dot., and the tragped
charge gi vedats &y combintig gesingle mETWithay qapacitor 9 £3ee oy StPchadige

or "backgr ound oehAaleeMerh b1 IR"ix?é%?h%f@EHlﬁrcﬂ{ mﬁ@agt ﬂﬁ‘{l gg@ﬁﬁlflﬁ!tﬁ)n to

el ectron operation cannot be effected ideally. 15 W f oregoi ng points
taken into dgduRattexmAspecigtion”| dvafamanakasetadlypda Bxs. grbsyiofdnt.n€onfrean on

P oreseh00. SOIHE SHIBDIALEE "V B bb! ¥ off S0I0ArSLAGI Auifl 164

f_si
each of “Wwhi ch operates rapi sta V\Taf} of "a"sin ectron
operation at a robig.t tSrphoatsua éurtRer Eingté edeoteovflogivecikowigrihi whidinagraier to

achi eve the qgbject .nenti oned, above,, there is, provided in accordance_wth
the present of ¥t it§ Fonngeted PREAIIs! i 76l OFBAT 5%7% acROV R SRR SHd
processi ng fhgugsticd Ecili‘@ﬁ"d"&ga@d VESKEiGh ﬁi%r?e@bH[t%kb&%fOVaWW”agé’ta?so

di sposed i medi at e above a gate electrode of the MOSFET 25 and each of
whi ch i s nmadepbeda thierpsovididgee ovoroplem entore mtomidist duchisinglearteetrer

le i i . Wher ej h is f d b d d
The. gat 8 ol EbICoRCRIS SR p Blsd fisl Py BTERE e oClnd ARnBARBETIGENE, *"

ei ther an eldegitibDpatRérn3oni bé conprediwithapehl ethet adidrmeaybe tomnedtedgo and
the total nunber of such charge carriers npved between the 30 quantum dots
and the gat €08MBRR FPaciter ($adl toomaks ik dnbiti ¢emparatrs B (ah&eithe Wagital

structure c [ : unGe: : [ iR i t he
sai d quant u%%@s?%gn OW%afgg' é%géfbhﬂgkﬁﬁgo&hg%?}?\g-a gltc‘%ﬁggé oft e
digital pattern to be compared and Vb represents a bit voltage of the other
30 digital pattern to compare with. Then in the SETs in which their respective
bits coincide with each other (Va = Vb), the electron moves from the

capacitor Cq to the power supply Vdd, raising the potential at the capacitor
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Z 7 MAR TOO3 el ectrodes di sposed across the said quantum dot in contact
therewith for having electric potentials applied thereto, representing data
of information, wherein there is forned between each of the saidquMAR 1663
dots and the said power source electrode a potential barrier that a said
charge carrier is 5 capable of tunneling, a capacitive coupling is provided
bet ween each of the said information electrodes in each of the said pairs
and a said quantum dot between themto prevent novenent of a said charge
carrier between the said _quantum dot and each of the said information

el ectrodes, Carts shayndndiigr §EBLdt ApHpwssthegeipse dhatnthgAreat et heunzber 6fb

bl ockade th gh.t id d -Ihe i r

el ectrode ahglét E%lnggﬁl%‘ﬁggv?{eh g%@tngrtgglé’ I?l]é]e ﬁ%ﬁﬁ@é%&@%@fﬁ?%é chrqégffallc
potential datgrfilseed Taleréfoge s @k@minfngy ABtiaRiedl ecan@éetn thBepofineial rise
menti oned above_ is also achieved in, accordance with the present invention
in a secondPeURs: the ishre tafethsofrelniiven Hamaving: distencs (o deedaiownsth Ritur e
havi ng , |l yuir-al n o] £ st f d
e acsl y Capas At Rl a2t phuBhn e HohGn B Rioh [Rls BT BEEET o
of a m crocpneipieseat. or m crosem conductor of a nanoneter scale in size,

wherein there is foqrned, betyee ezi]gh of .t he ?uant m.dots of the first group
and the gate el ecty8%e8ndREr1ggt BRsYL § Siropet foraed oE fHgge &daptrpardevices

consi Sting ghefitbhestothaclicAly O qraspgﬁiebLa{ﬁéM@ed rRARR0lG: O ER61 Y
tunneling, anhd the total nunber of such charge carriers noved between the
quant um dot stibifzingehis ss¢chpstiopnatmde trhekemite pebsbie dolaerbzeasad intelligenesent
informatjon, wherein the structure conprises: |l yrality of.line f
quaint um%iot BrE§eS3 I OBRER L I AT Dees BRTd Fodealikindn cxigins EMOS. ¢
quant um dot gjrefiitt {FeeSTaaiahalh @R121998GePraNakP NERCE THahth FERetUIHIUM
dot of the first gréé)ui associ ated therew th but in contact with the

- an

not ¢ n -t
sai d gate eF&dt¥o @Pa 3939l PPY. M. SapnLtosl, (e Stashasic Asseciadies,
the said in | OFL; 2 [ :paik being disposed in contact with
t hose quant%%rgg{ys@c}fﬁé%gﬁ%%g%%(gk&rg%%gﬁc% are formed at opposite ends 30
of each of the saNo siiokessingbspbadttror|lpgi¢ arirhisyilmg eb ecttr beepopmrpoisalls

applie heyet o, representi.n ata of .infornmatign, wherein apacitive
coupl rig 1 <bepayehots LR Wit SRR LB ERLART nBE BreletT et o oup
and the said - 6 Also,thérctl0d Haaekistedahat becir seehadige @lppids efch of
the said lines, .and between tl 5e sgi d quantum dots of the second group in

each such |fletragdPesentidl Yare ehithei APRRGIARS ion RAMGSoFOnst Nt RN r
cor r espondi igh ¢NBHE! Bnt Phe EEHRRin FOURIER e, Ofhe? EBthAifH A ¥ farfd 'dafhof A5
between them" and wherein a 5 change caused in position distribution of a
sai d char gemeasuiesk irj a stigdesdpte.quant um dots of the second group in each
such lijne in respgn o] el at i e i.C.pptanti. et.ern t e
said i r‘?‘ or mat i onplg égflr"oggasmﬁ% %héeﬁﬁg‘ii req%é{rrggsgotﬁq]gi %‘3@%?’& gbﬁrlg'grelg %lﬁégai d
char ge car réxdstinmgvadzhét deainvesha (M OsSal apiquanduititidaet®invdiees itheéregically and
the said gate electrode. 10 In a said i nformati on processing structure

accordi ng tiFtthRrohlegsgs anWERPiW?W'he_ sai d quantum dots of the first
group are preferapjryt heafdeehdtthd findefinigt ¥h&ohERGS ofl tHAUSINI S BFARR R 1O
the first group. In a said information processing structure according to
t he presenta singdatdlestron cduhudt ppeatenis oo ciasticmegeires iptetakeafiiglyf kmged by

carrior® adefbbe dUEPReORistcls ShaRutd, Rl BiRas TR sboao R grBip e

used to repdiaghnieldditon M@gicodirchin Madaiby applginpithoariioecast pg £ OMOSr e
according to the present invention, preferably a second power source,

el ectrode il9giechic@it mussheadowzo injoperetienithinr sad hercefaidte ftesuFsioed by
the said quantym dat n?fod-fah?:l{dl@jg goércocqpc fthere is formed between the said
i nformation él ectrode an tlhe sal gcond” power source el ectrode an energy
barrier that a safecaiifirme scebieisenglieselrotrarnppbiationf cai becdbyaibedinalleng,
and a voltage or light energy applied to the said energy barrier kes, a
sai d cRAr geheatlectiostphiamnsTay QepheEheaiRen & ehaugholaraeT dhoeift therBaknd
the said se p e trqd bj i a 1 | so
achi eved i n&ggggg'r ggﬁg:sest@m%ﬁ%tshgﬁ%r gge‘r%if{tr}%eelgt isgfr:]df” :’Erai‘rbtaalcﬁlgglg?dp@%ﬁg rsoue(;;lti on
t hereof by mealizeiofontd asingleoctsstirog Rigioctircaitt hat be onperiaseds: ata al iroenof
guantum dots each of which 30 is made of a m croconductor or

m crosem conductor and in which line there is fornmed between adj acent
quantum dots an energy barrier that a charge carrier is capable of directly
tunneling; a pair of information el ectrodes



1 7 MAR ?.003 di sposed across the said line of quantumdots arid in contact
with those quantum dots which are | ocated at opposite ends of the 53@& h{ne
of quantum dots, respectively, wherein there is provided a capaciii 2003
coupling between each of the said informati on el ectrodes and the said
guantum dot 5 |ocated in contact therewith to prevent novenent of a charge
carrier between them and a power source electrode fornmed in contact with

t hat quantum dot which is located at a center of the said |ine of quantum
dots, wherein there is provided a capacitive coupling between the_ said
power sour celeBIREERiwge TSM tineorglar doEénvesy larggntashe datesratedr eirenit Wothenent
of a 10 char no i ek t i C

ol cotrode | Sluas editss o lE SRR HELE AL f2 R FoB P Rl e Chver 1g

quant um dot sydais ! fieerk inhesttasreal pedentipdcithinvlerdsbiryamatel 10Nt F grapogseet i al
valley is formed about the said central quantum dot, and wherein a charge

carrier plackd dnAnpd- Py, ek 38, 1§88nPamiddt— #AS+ ﬁeShifﬁ%ﬂ?:sKeiMhﬁi and
| mobi | eg OrKmﬂ?m}gcﬂi‘r’“ﬁgﬁgﬁgg&?of §ieré§g?ﬁe|§txunuﬁmtiét%?n(?i?gl?ﬂgiﬁ) sdd'6n.

i nformation el ectrode i n upon a pote stribution
determ ned IB,/NelBiti BEerotdkirRg€hanictétistissll)d i nformation el ectrodes.
According to an i gor mat i on procesai ng structure ﬁf the first construction

menti oned above, Mragasently, oPTeYIAH% %‘f“e}bt?oﬁmé r_(ﬁi’iptag‘t_é%?l RAYSRE afni ng
a plural ity of, QUadidm dqhe 1& P 2hé tatoRlic B AN bRfin @ﬁ@rm&m}}f ;s

el ectrode fornmed on the gate el ectrode of a MOSFET, and a power sup
el ect rode t hepessibderdfarealipatiahl el i nf ornmati on processing. Wth each of the

single ectron cif,cuits takin ut i,ts _processing result as a.drain .

cur Pent 1Bt e vosHER. § chatd Gofl v eltrBREEERE B 4 R iSkéredcial
Macr 0Scopi C ¢nkt gy Mekd1ahapaae6idably apepoddead iR YhodircuhFei 3aRt bs doieand
processing results of these single electron cjrcuits on the MOSFET. It can

thus acconpltherranpad shpige gbipsuist tor Fhares inuthe det.raspitiisetatiwh “phiset
si ngl e NDSFEJIar%@f r F‘Bﬁéﬁ%xza'd;x@'h%h &2t rmsc;)wéma PERET b XA4EHRL Y

| ow power 30 consunption a i gh dedree of integration permts a
super - par al Isgglpredeetgsnnup arptioat ¢ammot b ebeffacisdt iddatlp. achi eve a hi gh

i d. t . | | el ti b I Ljt f.
uantomtaor g Wb R FEERairo Aint s aOF ' 0BeRY, B it iluHrion, &
stochastic gpaimedan pohvide€ iefolr matddinCcprddessingaitegctubes Sormied vfa pheatby e

even at a rogmtenperature. Furthernore, .parallel operations by a plurality
of quantum adsinsle RRELTR N, GEEHIE ARSD eémh*g@%&eﬁmsaap y&mﬁﬁ%l&gbww be

utilized tooF LORpIOkIddtlEn io'ﬁ%&ét%k?%t erdlfxﬁstehp%hﬁh%.s over the entire
circuit systemas nmuch as practicable. Also, as plural quantum dots may be

supplied commonly with an identical input signal, tile power source

el ect rogg awsglg(guwfogrtﬂgtlli ggn{%gct rodes may be larger in size than the
guant um dot

[ In order to achieve the object mentioned above, there is provided in
- accordance with the present invention, in a first construction thereof an
information processing structure having a MOSFET, and a plurality of

quantum dots disposed immediately above a gate electrode of the MOSFET

25 and each of which is made of a microconductor or microsemiconductor of a
nanometer scale in size, wherein there is formed between each of the

quantum dots and the gate electrode an energy barrier that a charge carrier
consisting of either an electron or positive hole is capable of directly
tunneling, and the total number of such charge carriers moved between the

30 quantum dots and the gate electrode is used to represent information,
wherein the structure comprises: a power source electrode disposed in

contact with the said quantum dots; and at least a pair of information
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~ 10 nmade up of a wiring pattern by the conventional |ithographic nethod.
An information processing structure of the second construction nenti oned
above is not only operable well as of the first construction, but &I7sMAR{SE
t he advantage that it can quantify the simlarity (in terns of Hamm ng

di stance) nore clearly as the nunber of electrons in a stable 15 state. An
i nformati on processing structure according to the third construction

menti oned above has the advantage chat it is operable in a w der
tenperature range and operable even at a roomtenperature. If a second
power sour celesiteadesodispiosed araresls ithe csalhd aptanti mhdohén 20nk adtothesewoth for

el ectrodes forned by the uantumd uch that there i et ween
each i nf or mBRYHHE elegtyis ge%@lst foEPTE SOt g iﬂté frrgg%nﬁﬁ“@ﬁergy

barrier tha%lﬁﬁ@ﬂﬁf}&?e‘}@"féhﬁéd ibetWekn %aeaquhefsam fE&hdun fdw%a @He syl a

vol tage or light energy applied to said energy barrier malces a charge
carrier novabverbsiwneenelektroidef orpnaitem@nl eharctarothrtandsaiheclGge ecmderpmwer

source ectro .0ws t hat e carrier | aced a | d on
The tnt of bt le et ndaliRg: areipetdye SarpRe TS o Tl SRR ep bR hus
facilitati ngalarhwfunﬁauaﬂtée&froues P BRER OF tABIRId PBirk rahararrﬁélquaqxlt@ﬁi geges.
30 Brief Description of the Drawings The present invention better be

under st ood betmeehéhem| tonrereiemaviests rdeet @i %ﬁlﬁo%h%(ﬁé ctaﬁélearwm the

attached heret,0 n ert r

Sbod ment e, RR el Uk el efen of the sdig il FomAbisn debiibldy X0 PRIR O
that such fehafgeota) o mereﬂlmsvalalteeﬂyltﬂetmeulaﬁ@mrm&f%cregtlﬁro@\ghna&

her eof are |ntended in no way to |limt the present invention

facilitidte $HIKpAMRR dohbetweambis saidRawef sowsreé%@trodmapﬂégersaef gate
Fig. 1 showg rc%dﬁﬁhlé’%gg?lsé'?o'e{‘fﬁ'émre' él@cﬂ'i@?a%%@dtm @étwﬁwdeata%h@smst

form of enbodi nent according to the present invention, h (A
and (B) ar euéOdmagpamiat:tr@dper spectl ve and a cross sectional 10 VI ew

thereof; Fig. 2 i Lagram | ratin i val.ent i asmgle
el ectron circuit fﬂ%l ?Hﬁ‘% gf’rggc?fboéfﬁalntagsrﬁ’ %g#levggrmmar?go %a(Leh g’ét S on

processi ng pidseént Uim@ei‘ahl@\ﬂnm naFsgconkd dﬁr@tn&tmowﬁeidw bpkenpiforMation
i nformation processing structure as eco ﬁ){{n} rrbodi mané t hey eof
accor dify t BrRIFES e ERELUrABNINS 3, 'cﬁng ‘(B}’ AUEnLuRy; ¢QtSathat i ¢

perspective, Et‘ﬂfita% ?Sﬁ)rﬁf‘éﬁt hﬁﬂ?édﬁ{ée‘?x’ éHWeeﬁ’fgatE'egecﬁoélé of t%%a]@fDSFET

illustrating a onshi p between t word I'ength and the capacitor's
capaci t anceandgarch @tfsmhlcihnstmed¢ of ar migriosengrotdses micreeewi ¢antuater Shcawn in

Fig. 3; Fi n i val Kk

t he infor rrg?a[gonm%tr%cggésigngrﬁss? ?éuct% u}{e(eigis é%pﬁg 9?““ ?S of ?‘%&g éars&%a%gcﬁjerratl o
di agram i | | qrsdntaim niptopdr the figsipgrowp pimlsthm\grate/edjeatmdd”uem ﬂfeﬁglyabanrmer
proces tructuyre shown in Fi

T T el el afaad arnet Bt o sigh & ahcERloun B PORTE s s

which (A) agupdt A @réctly A0hASNRE] Gn@QhERBEAI MEMBEH oR sGERThaPEE ChPials Vi ew
thereof; Fig. 8 is an equivalent circuit di agramillustrating the makeup of

the i nf or melicyRdhreswessithy aantiemdats SHoha finst greup and3be gage ekpctreodmis
cauL vl o, LS e GBI AT AR B ORI SRR BSEESL ML v ©

of lines of quantum dots of a second group each of which lines has at least

25 three quantum dots of the second group arranged in contact with a said

quantum dot of the first group associated therewith but not in contact with

the said gate electrode; and a plurality of pairs of information electrodes,

the said information electrodes in each pair being disposed in contact with

those quantum dots of the second group which are formed at opposite ends

30 of each of the said lines, respectively, for having electric potentials applied

thereto, representing data of information, wherein a capacitive coupling is

provided each between the said quantum dot of the first group and the said

__6_



- 10 17 MAR ?.003 Fig. 10 is a schematic diagramillustrating on
schemati zation the informati on processing structure showmn in Fig. 9; Fig

11 is a schematic diagramillustrating operating principles |nv0I'K/E(MARﬂ](]§ he
i nformation processing structure shown in Fig. 9; 5 Fig. 12 is a graph
illustrating a potential barrier in the information processing structure
showmn in Fig. 9; Fig. 13 is a graph illustrating an operational sinulation
for the informati on processing structure shown in Fig. 9; Fig. 14 shows the

makeup of %JLfa'n'i‘ﬁhed@t's%?ttﬂl‘érkekbﬁﬂsg'r%ﬁﬁ”in ehBh WIKES sHY (1A, 5 dBb Givf et the
diagramand (B) is a graph illustrating an operation théreof; Fig. 15 shows

t he makeup sefd arlmnmrgrlned@ﬂse@f tot secembigsowp ipadach wclm,hmcrmv(dA):wls od dier CU| t

di d | | ustrat t f d Fi
<78 Sehomelq o TR FISRTO S Hy eACRiRAG) GOBEBRLTURE R oL BFPER

formed by %Wé@wg & B! wial 'ch%rl %Oef cﬁrrrral Qathk M hekar trpérﬁr%naswsfresam hn Fig.

15. Best Modes Carrving he Invention Now, a detailed explanation
is giveh i rchraegpe@tuseﬂ 1arpcmt10mrrdutsmbu12®n rmrfmcesxsir plyargger caotier énatdeosdidng t o
t he present invent afirs ref err c&Ijnpof enbodi nent thereof with

ref erence tiy2pHM oal\ﬁn Ee secep §r Yp Hhaa RNAESRANSeLON Flative

enmbodi ment e@éctmepbfbfn@ramt&nnﬁreta%smenﬁ:atlrawtem%mﬁ%d& nOtHehgaipr esent
i nvention. Referri ng to Fi g. 1, the information processi n? structure
g

desi gnat ed c@5rdsponding dhexetohmelies ar said ebangei sersicr plavedld betweeyudat um
dots 13 having a_sjze n tly above a gate
el ectrode fﬁ“grq 3“1\‘&%#%1’ %qrher?é”gﬁgfp E’le{gg sg1dd§fx¢]epalgcﬁr2%]e0¥ned abovegt he

quant umpdots 13 g9 Asaildoinfermatioanrobessibgveruchie geddrdtig thehewrtdentand a
like pluraliity of pairs of information electrodes 15 assqciated with the

quant um dotlqulsﬂosotlreegqjécqwrépyﬂ detcff Drendest S oRp 416 RIGHY 2Pk 8bi#nE€EE with
the quanturrh%%ﬁj V\%];%E)L'b?mnte ﬂﬂaﬁr Elftssdidt‘?r% fifs? %95' Ve'y Each of these

guant um dot s are Inaline along t -
In a said mformatlon processing structure accordmg to the present

invention, a said information electrode is preferably formed by at least one

15 quantum dot of a third group, and the number of charge carriers as
aforesaid stored on such quantum dots of the third group is used to
represent information.

In a said information processing structure according to the present
invention, preferably a second power source electrode is formed in contact

20  with the information electrodes formed by the said quantum dots of the
third group, there is formed between the said information electrode and the
said second power source electrode an energy barrier that a said charge
carrier is not capable of directly tunneling, and a voltage or light energy
applied to the said energy barrier makes a said charge carrier movable

25 between the said information electrode and the said second power source
electrode.

The object mentioned above is also achieved in accordance with the
present invention, in a third construction thereof by an information
processing structure that comprises: a line of quantum dots each of which

30 is made of a microconductor or microsemiconductor and in which line there
is formed between adjacent quantum dots an energy barrier that a charge

carrier is capable of directly tunneling; a pair of information electrodes

._7_



1 7 MAR 2,003 gate electrode 12 is constituted froma m cro-conductor or
-sem conductor forned, e.g., by a nethod of self-assenbling formation and
corresponds to an isolated node of a SET. Further, each quantum dpy MA:R?DM
makes a tunnel junction with the gate 5 electrode 12. And, the gate '
~capaci tance of the MOSFET 11 corresponds to the aforenentioned capacitance
Co. The power source electrode 14 as illustrated is nade in the formof a
pl ate such as to conme in contact with all the quantumdots 13 fromthe
above and to nmake a tunnel junction with each of them Further, the power
10 source edispbiedlactdss sheuapd iladk wift quantpowdotsapdl in cohtagewtathdie

i nformation el ectrodes 131_are mage of a first set of ingorma el ect ode

iR shis

tip
15a (Va) ea®YPHPMMAUR W peatedt abRPRASHE sPdano O‘jhgcéﬁ’cydél’é?lt% dot
13 and provj i L t L oL t i
el ectrodes Q‘g%gtl@l 9Qtesggﬁk%@%@gh%ﬁgp%@gﬁeﬁ%?‘ig@dggg gitphdg?&%r%yggﬂl& t he
adj acent quisettweendedchldfahd said\nftediatidm ebeated daseand thatshed quaancin dbt t he

i nformation el ecfrodes 15a &nd 15?‘i bei n‘c_/;%coupl ed with the antum dot, 13
bet ween 3t hefPCAHEh 18afaBtAGtVERTEWHN AG. PIANINE TR SIS Rht? STIABECEPIMRS 15
in the for I’ [ '?N r [ fRIOnPE ctawMH |
pattern foﬂnﬁ?%&bﬁﬁrﬂggpg% , Zéora%ﬁgfgngfegg%ﬁaf}éhﬁég.by cqugn('ftu‘n)‘imdljg)ttIswt
stored wi t hqudmotr dot ehachds. loFatadhatr 2 ceater of dhe qaintiom afogeantimadothe
supplied co nl. ith .an identical input signal., the informatio

ol 66t r odes WBETRY THEGE BrRrMRPhGt SAPEEFIYnEaLr ihE REP S LTS oih ap e
quant um dotgyykde ePéctib®e dHARhE FalPEENE SN HESNARNUBOLS PréventiMbosmBhL OF a

el ectrodes 15 may be nmade 25 greater. In this nmanner, a pair of quantum
dot's 130t ogghange’ edrriert by wesinr them, wileseimathofaid pemesdrapreselgatrodspisi s
designed to ajr i i [ 4N
g 2. i AL I8 IRk otlaed oINSl SERNGE N shitghabfui WA 10
and descri thd léae |hasra ipoteahaledistdbuBonvsudh thmtFa got&itidtovatl eyids b reed
menti oned akove, the.information, processi tructure 10 accordin o _the
resent | it der Bidntaagn s Bty an oy hetel o EBarke GRFZE B1RRhd Bt on
processing ¢ s#idt BentehNGuanBlBCESOM |t881 Gn€iik Calkhers MAWDYile, Fof. mdPabl

havi ng, for each pair of SETS, one pair of information electrodes 15a and

15b suppl i exfcarding tptiermal Hyewationaig ogp afghedadarmatioprelegigode gnt thie
atterns t G r j eqc 6] 0t h b fri NEQL ion 5
gl ect rodescbl gf a%g;é?ggtg%\a%%)??e \?ﬁo?‘%}ﬂﬁﬂvgggﬁnﬁéﬁbﬁftgégtgglﬂl\i/%ed;n%y\}laa%

result is avolisgesiat theesaiddoformatpon eh¢dtadbdes. t he capacitor Vco, which
further can be taken 3ut ag a drain CU{.rent 8f tshe I\/@F(I:Et'{'l Tg S Silf'}rc as
with the single dFechiabE B0 cRTRORoRROTSFSiNE, SRR o Of, the ofif§ihe
simlarity dmiserrpidhmdnbriidabate patgleraiikybef Bingle decpanecirchiie «chl | er
t he Hanmi ng disfance and the quicker the rise in the electri otenti of
the capfci tORtERInghHa ity af sausRE M ofotsndpfedt PUY ‘téief’gr i R&Y GﬁJ

conpari son i‘a?om@tisﬁltaeenfroaecﬂ%lrmﬁﬂeonItmet pite SReErodensf SENPSFET, eafd 20f

which requires only an extrenely | ow power consunption and which can be

i nt egr at ed pwen seppheckéstrodeithes ofepeifoymnpiesdlal hinformation ppesessing.as a

oper at i on. Eim Rer of tBE sifer Sesh, A el btab i BPSESBME Rt

13 permits 4 ldeaihs eutfent i thé SMOBEETY theonthayisd iorapableref aohiyvin@gac to
limt the influence of qffset charges to possihle mininmumin the circuit as
a 20 wR8l e MARICASCOPife iBEQRMatinlr PEOCAISEINE ARSTAUORARY pBUHARR tREeihes (thgg by

the, convent}gaglsiTE! 108l o o8 sibienGEARRYeir ARs Whl haBHOSEET, RORALD! €

to forma para undancy configuration nore sinply and at a reduced
cost. thus accomplish similarity computation for a multi-bit pattern on the single
MOSFET.

Here, these single electron circuits permitting extremely low power
30 consumption and a high degree of integration permits a super-parallel
processing operation to be adopted to achieve a high processing speed.

Furthermore, parallel operations by a plurality of quantum dots
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25 Further, the ability of the information el ectrodes 15 if nade by quantum
dots to hold electrons and hence thenselves to store information nakes it
unnecessary to provide themwith any additional information storind 7n¥AR7803
An explanation is next given in respect of an information 30 processing
structure according to the present invention as a second form of enbodi nent
thereof. Figs. 3 to 6 show the second form of enbodi nent of the information

- 13 ~ 7 MAR ?003 processing structure according to the present
i nvention. e . t r i.ng:
desi gnat ed nglsgeré SQAEQOE%]%F§§ %ﬁﬁgﬁ)ésgé%WsAeg{béﬁa ﬁg%ﬁ’ieggﬂ&i Eﬁ‘lﬁ%&néﬁtm dots

13 made upwlhich thusengltestigatieueleetopedshid 2veh @ d\mﬁﬂeﬁaﬁpzraufﬂ ke
plurality of rows 21 of quantumdots 5 21 a _of a second group, each row 21
havi ng three sucﬁuqtlbﬁﬁmmﬁdmagaléi &Peh@@@n%rb}’a@oi?@ltaﬁéy quaﬂpaMU@bt%oiis S0

each row of, a 0 of
t he gquant um% S g]eggggﬁ%ﬁg gﬁﬁ?\}géjra't ra10\(/)\/%; S te/e Elgc?cr)glge%igr% gr Egd
above the rcowsro?lthef ioflaer demodod fIodt thag&@wﬁ 'Qfd)kmtu?él. cdr cudt 8gstbm @onme

into contact with thereto fromthe above, 10 and a |ike plurality of pairs
of quant umMiisapPrachicaldeas information el ectrodes for the rows 21 of the

quant um dot s of g0 s8¢ dlaankGPRRRL N e ANhIG! TEhAGISHIM g0 10

contact with those quant'um he SécC cat d at t
opposi te endentdfalt eput sipymlf rtan powier swpposidlectsbdesand edpeimtfomeityon 15 I t
shoul d be nopted here that the sane.reference characters as,in Fi are

used to deSTYiaRees MeYs Brd2ERsHs iR i ihal) ehe et sEotscthimay Hils BRat i on
i's herpoomlﬁat&dup%ftélmahgj}m@éﬂn%stmécgmtn%aw%ogaﬁhna%aﬁsat pair of

quant’um dots 2l1a of the second group in each of the rows 21, and
capacitive 20 codpl unﬁonnsatmmpmasbegvvetencweh06fthph@@@@u&nnm@r@@ls of

the second, 181"(9115%[1%1) S 34 %g Sl Ioéjc roozl ‘-L*Zlg a%n o £if &C&%ﬂsﬁrucp%n o 21

and its cou orrralon SO 1's" be 'SRV 6f the
guant um dohkg&ha@ftltdwadseﬁmgi ghaupe aag qmmﬁy\/\ﬂﬁe $®Mﬁ]®€lt§| @atreoe 4. Each

pair of in mat i on_.el ect fodes 2 provi ded ch 25, correspondi ng
row 21 of E"fi’é“’t“ﬁ?%edlatﬁé}?ﬁgjrﬁlabﬁ oY ?ﬁl?ﬁl BHHﬂtﬁ‘ téonsr B gestalie v,

and eardh ofsidihe information el ectrodes 22 is itself forned froma quantum
dot. Fig. 4 shows a range of values of capacitance Co required for a single
el ectron | ogi c ciAncuinformatigins prefcessingi gnrysteteesstsnyding ute uthe t Bigd

oper oL, MEHREESpRARSREIHAH, SUEPU IR bRILSHION B SREIO L o o0

par anet er. uSdaneemperatare:W fadhopefablofevin'ata ﬁmkemPEMum.r cuit -14

If a second power source electrode is formed in contact with the

20 information electrodes formed by the quantum dots such that there is

| formed between each information electrode and the second power source
electrode an energy barrier that a charge carrier isnot capable of directly

tunneling, and a voltage or light energy applied to said energy barrier

makes a charge carrier movable between the information electrode and the

25 second power source electrode, it follows that the charge carrier is placed

and held on the information electrode with the aid of the voltage or light

energy, thus facilitating entry of data of information onto the information

electrodes.

30 Brief Description of the Drawings

The present invention will better be understood from the following

detailed description and the drawings attached hereto showing certain

_9_



1 7 MAR 20D3 operable as shown in Fig. 4, it will be seen that for the
MOSFT 11 use may possibly be made of a fine MOSFET having a gate length in
the order of 10 nm In the information processing structure 20 COTZtMMfmﬁd
as nentioned 5 above, a single quantumdot 13 in conbination with set as
‘a row 21 of quantumdots of the second group 21 a and a pair of information
el ectrodes 22 nmakes up a single electron circuit whose equivalent circuit
is showmn in Fig. 5. Thus, an electron eMis placed on a quantum dot of the
second class 10 21 a (the central quantum dot 21 a as shown) in the row 21
as shown i nilkisgratéve Tharsn<aof bemdodimeatd bf appl piesgna mvghtiod.t dge this t he
power source electrode 14 to supply the quaptumdot 21 a with an el ectron,
for exanpl ec,owqatqn,iltisﬁeuk%e poa . thaicreetormR e ﬁ&”ﬁﬁéﬁg\%ﬁéﬁt_ed in

Al ternativelpy, awgmtbg}qlggnggr gfé%%l?%g{ LHEEQ@F SrdBh R 215 hd Sngrtetgi ﬁh?nﬁ

second power source’'e shown) capacitively cou ereto to
whi ch a hi ghredeht agevengionbeappdi Eacitivatzupy yexipienapiemt and dohd2dstanding an
el ectron likewi se by utilizing the Fow er-Nordhei mtunneling phenonenon. In
this case, ¥ éﬁoéorti on of the second electrode nay also be irradiated with

a light to cause yhg £ rgn.to tunnel with the aid of Iight energy. 20
This elimnates t%eﬂlnegﬁlg%?éad a wring pattern about to separately place

the el ectron and Fig: dosterw sikemakieupasfsab i for masitonr gradessiggattuctudets a
directly wifh a.digital pattern such i mage data, It shoul.d be noted here
that i a paiY BT iofmEedbrent dberenloac sy Bing dosthe 2Pl 21VP gdarum
dots have &Dhﬁﬂﬁﬂl&)eil?&t(B')Caxﬁoﬁed"ihg?dmnia'ﬂﬁﬁlgbl’@e%ﬁv@oﬂﬁ@@cf@sfsc%ct@@ﬁélng on
the el ectron eM beCone symetrical, thus naking the el ectron eM standstill

at 't he 18entyvigw thegeefim dot 21 a as shown in Fig. 6(B). Conversely, if the

two information g}.ect e j elect i .p i aks, &
electron eMw || q&:%r‘rei ggfétdﬁég%ﬁﬁrlg*sftéaggﬁh% é‘@?ﬁ’%&glggﬁﬂﬁog?nag Sglgfltehe
quant um dotel2dtrah eirthigrinehdliof 4 pair ol quantwhodets firning thef infhamdtisinde

end) to stabilize there. Thig makes_it possible to find if or not the data
at the two RIPSessngztipetuseFBoms Bt Fifli bn el ectrodes 22 are equal to each

ot her by determ r#igg 3i §ho¥s {1 makuf!sTCdd BiFoeMatic@SpRiceldlggGenidiate ayant um
dot 2la. To wit, the row 21 of quantum dots does serve to effectuate an

excl usile GReopdrfarnpef ynbedimantdheseqfiaesrrdingide thepresenthipyention, Ha r ow
21 of quant 0 t CtI,ONSy; s e t I '

ot ent 1 ai s e (R, ify R THEPH sl diatic BelgROATE ald o DO FRHIME

el ectrons eRepl dowdofin t he quantum dot 13. To wit, as shown in Fig. 5 if

the central seco guantum dqt . 21 .a i.n the.row 2L qf quantum dots, has,an
olectron on sti i Figad BibREEP HEFulnie  Eb e B BRR BN SHE LAY G o
13 is causefhd thd dapetitdéOstdapacrnact requiremeyit i GhieVinfigrh oo proesbsing

repul sion fromthe el ectyon. eM Accordingly, the information processing
struct @Pe BATYHYGE $BS™N I Fikohparator, nanely an excl usive OR (XOR). Thus,

as in the infor ”ﬁii'gg’“j ¥ QRCSGEiNE1 t! BirbiiftCdih rérﬂoM’[hd'tf‘atfﬁgthé Rabey Y LY

of bit such conparators can be connected 15 Together fo he capacitor Co
in common tthesnfommation lprocegsng tsoructorashewban Bifg. 8l;ect rons dependi ng on a

case, ‘the tamm nd st aifcd SShoRRYEx gFableBl ufihiiMg Pac ol Brinkinieded s
a nunber ofinebRe&dd ANsheOhfbPMation processing structure shown in Fig. 3;

25 Fig. 7 shows the makeup of a modification of the information
processing structure shown in Fig. 3, in which (A) and (B) are a
diagrammatic perspective and a cross sectional view thereof;

Fig. 8 is an equivalent circuit diagram illustrating the makeup of
the information processing structure shown in Fig. 7;

30 Fig. 9 is an equivalent circuit diagram illustrating an information

processing structure as a third form of embodiment thereof according to the

present invention,



capacitor Co in its stable state. 20 It should be noted here that the
quantum dot 13 on which the electrons eR noved to the capacitor Co were
initially positioned can be initialized by applying a bias voltagé 7 MAR 2003
adjustably to the quantum dot 13 to return those el ectrons eR thereto.
"While in the information processing structure 20 shown in Fig. 3 a 25
single quantum dot 13 is disposed in opposition to the central second
guantum dot 2la in the row 21 of quantum dots, as shown in Fig. 7 two
quantum dots 13 nmay be disposed in opposition respectively to the second
quantum dots at tHegbdPhisendshemathe dizgyam idasigatinguen dsthe matizgtiooh thee

central seconﬂ(Jr ugntum dot 21 & hai el gctrons .eM g,l aced thereon. In this 30
case, two su® al? HLRT Yot3§ I SR Ol et Fb%v 1 of quantum dots and a

pair of informatigipgeligciyg _Chd%%hg%_aftagﬂﬁé“gi’famlq_ﬁst&ﬁtﬁgsio?@'r@tiﬁé egxtiﬁ@ﬂgles
circuit whose equivalent circuit is shown in Fig. 8 - 16 ~ 7 MAR 2003
In such a cémselvadtindhednfqmnation propessingysiruceregsowarinddss % he el ectron

nf ormmtTon o cct F el 30 4caftpho T AN Ad: o lRL BRbRL T e MR on 1.

quant um dot prddesstngl 8trtfictureashehava Fig. Bt g. 8 if the central quantum dot of
the second class 21 a_in the row 21 has no el ectron eM yet positioned

t.hereon, an el ect Foh dR thn2eBTaRdt 1HusHRENGWAN RReTAtioNabtsdmudatign ctarsthe t o
tunnel to tﬁ":‘?f ﬁ,%icdnt foc%asmg Ecﬁ}‘é!s‘ﬁmgfﬁpf’ﬁi on caused between the
on

J 2
el ectron eR ang the efectron e%}] posi tione e ’second quantum dot 21la

opposi ng to that Eig.qidnhomsdtite didkedpoaf disimgly, elebroinnfransmtomrinpwhodssi ng

structu 2 ere agai.n ,provi des i.t conparator, nanely an inhipit _
excl usi VE oA et aBsT e AR Ttk O RrDheRtp e B BneERISE ShePSe or
can be connected rpgel Beyhovdd thO®an&RABS ofOs s leNelcRITHNN tiaAsFstOF Hadf) fdhe
capacitor Co a nunber of electrons depending on a Hanm ng di stance and to

draw t hem a®hish {Adrigi & ctiguiteAtagspm ped (BIAER grepheilbrsifating n eperekionyi ven
in respect %e:‘%@ﬁi md&)r mati on processing structure according to the present
invention as a third form of enbodi nent thereof. Figs. 9 to 13 show the
third form of enbBii.nk6tis af sthematitodiegtdmnil2Gtmtnpeassingleseiemtton dogic

di to.th i ti . Ref. i t Fig.. 9, the inf ti
Drocess g Sireiith (rBatoby G maine gyPnErufent Sthalf urtustosPairs pEsBoPTom
the informaid gpg.processing structure 20 shown in Fig. 3 in that the second

guantum dots 21 a that nmake up the row 21 of quantumdots are increased in
nunber to, e.g., eleven (11), that 25 one quantumdot 13 is replaced by a

row 31 of twwi&m& central second quantum dot
21 ain theTow of quantumdots IS connected via a capacitive coupling
to the ground. ThNew;omstetaited expdinatimn infgovemtin orespeoic e€ sinntnformationr e 30
the d AancBto Bl hEvE AP ARe A Bietbratet AV PG R adfisl RELRE
quant um dot foran@feingied diarkas .thepgoft Wethi tdfesdncattedtheodsiwingtsi on of the
|t ormati on pr ocegal g S YCHe RO MR AR SEAN SPHY ol
processing structure according to the present invention.
Referring to Fig. 1, the information processing structure designated
25 by reference character 10 comprises a plurality of quantum dots 13 having
a size of 10 nm to 0.3 nm and made up directly above a gate electrode 12 of
a MOSFET 11, a power source electrode 14 formed above the quantum dots
13 so as to come from the above into contact therewith, and a like plurality
of pairs of information electrodes 15 associated with the quantum dots 13,
30 respectively, and formed so as to come in contact with the quantum dots 13
from their opposite sides, respectively.

Each of these quantum dots 13 which are formed in a line along the



1 7 MAR ?003 el ectrodes 22 gives rise to a configuration thereof as shown
in Fig. 11 (A in which the row 21 of the quantumdots in electri¢?7 MAR?003
potential is lowto sone extent at its center and the lowest at its

opposite ends, providing a pair of potential barriers. 5 Consequently, if
‘the two information electrodes 22 are identical to each other in electric
potential, then these potential barriers cause an el ectron placed at the
center to stay there and nake it unable to nove. However, as tenperatures

rise and tinme el apses, such an electron at the center is aided by the
thermal eneS#hf ¢iRatrods klnir FREStHuLEd JER N Gh MHEr 1ELBABCIDS UapHil e BSOS ng

over the po | al. haryg, er, t t i mig i t he
guant um dot E&%&éads’laet'gt’ hHe‘} g[??)%@%’tde&ﬁ%’gg %Fékrﬁgﬁlrgogv. p‘%(%gﬂ})ﬁt‘{wkg—rréﬁ’aéﬁ?scl t he
i nf or mat i onaglisdateablrsd®dfdi SEAT from each other in electric potential,

then a change in patfern of potenti gl rriers devel ops as sho in Fig.
11(B) that the poﬁo theheagh GIRaT i 08F 43 BAEE S dGhe J@agt@rvow\;'lvln thfeBAtGht

hand si de) goff r (o} i i fRkstd he
potenti g3|e bglre rc ?%(raeugﬂt‘%&?h{e}}ﬂggﬁg%ﬁ}{ar%eér?gegflﬂﬁegh{?g?glqgg% racr(yrillr€%’cat edt&at

t he center tepafioiremehtioned mgproiteseelCd he quantum dot 21 a at the right
hand side end of the row. The results, of sinmy]ating,the apount f energy
over the whole sy I?%HPWefﬁoPé%?)gEetth%det hé %Hgihsit@ﬁgd & ”M%)Hbtﬁﬁgﬂf’&n‘? ots
in which the BhRCHEM ab S0 VEROtindESh1aBOWIth 1L Biee quartum@iddisd13 Fom IS,
when observed in a give tine range near the roomtenperature, it is found
that if theaboweoprndtoomkd advnoekinxriamwitp eaele of dbemi dairther, dhepoorérer in
el ectri,c, po tial l,ect id4l.he. | e ntral quantum
dot' in lEbhe groggf}vcg?ela%%ﬁ%m4dl§ts{su%§’rll§c/¥4 k'é{i] flfp%t(iﬂéers%lﬂ)tr% g’?’rlr{a eog}%é'l ectrodes

di ffer from each Thdaiformatioactlectrodes st amd mhle ofl £fitstosetvaf infoemhdioat ed
at the quantum daqt jther end, of .the row, of antum dqts. _ Thus, here
agai n as inelﬁﬁH°3ﬁf’gl5ran§'Fbﬁaﬁli‘dge‘§’i‘i‘ﬂb‘%tPPGHE‘EH 2honA s6eiof mnpdiscent
plurality ofusigh dotiIUGhHT SrdRBed 'WHRhEHn 32paN PRtdrR fild-a Fe&SHU BBt of |
connected together for the capacitor Co in common to store on the capacitor
Co a nunberindprmutéenrelastrddeeidibn(Vah eackafmivhichliis tpasitdéoned atithe other MAR
2003 tqdr S i e ik thi e..1h

i nfor rrgtsi o?ﬁ%?&?ﬁggiar?gag{n?u@a&?{elﬁﬁgsﬁgéi%Jgpg%ﬁgvggfw%ﬂén@ufr%hr%g%sp Q%elrerrzla?de up
of a | argereavhnbérthefinfoamationdelestitdea pS4 mnids 14bsbeinlgasdbupleapaviah i thie

t aki ng advant age of thernal fluctuation and.5 is thus operable enough at a
room ?enper%Had’rqB?n 538"5Eﬁihrr%‘,”efﬁrtﬁg%}ﬂ)ﬁé:,aptaﬁg“beaﬁﬁ‘d? %ﬁrcg of the capgci t or

Co to be 100 aF agdillehthd imftRinididon esibefranes 10 ikethe Fbrar oRRnMSEmMEH on |
of the structure in a tinme range_ in the order of 10'6 second has found that
it is operdblusttased@re grasheainsihissfonm of|a yipngmattexorfosmedaby dithagrarhbom 10
t enper atyur . i i i pf i I si ng
stract afe Sy EEpEmbe by QBRI SORd BRI ERIE BPEERS R
operation, it is otk ehplurdtqumityncdots h? neage be aopplifdopenatandn voith
i nproved by fi.nding an electric potential averaged oyer suitaple tine
o1 od buc & daenfieal o pidng; Pisothtsmatich, SHECtaBHER % it 0
makes it pogkiifg epdteerdeifademiitkent & Isigethapr ORegRaRthiAPEb e 1) vhitaR an
existing CMOS circuit has been_unable to effectuate. Although in the"forns
of embodi netitamivmed eftsefasFes ponding tattdg; informetion gdetsedsed 3 May ds made
accor diRg ':%)regkeerqri c potentials of information 20 el ectrodes are descri bed
o

as electro t ' is obvious that they are not limted so but may be
posi tive hol es adnwhid manner, a pair of quantum dots 13 together with two pairs of

information electrodes 15a and 15b is designed to make up a pair of SETs
whose equivalent circuit is shown in Fig. 2. This takes a makeup of the
single electron logic circuit as shown and described earlier in connection

30 with in Fig.15.
Constructed as mentioned above, the information processing

structure 10 according to the present invention is made operable to perform



Al t hough the present invention has herei nbefore been set forth with respect
to certain illustrative forns of enbodi nents thereof, it will readily be
appreci ated to be obvious to a person skilled in the art that nan972éARﬂm3
alternations thereof, om ssions therefromand additions thereto can be nade
‘Wi t hout departing fromthe essences of scope of the present invention.
Accordingly, it should be understood that the invention is not intended to
be limted to the specific forms of enbodi nent thereof set forth above, but
to include all possible fornms of enbodi ment thereof that can be nmade 30

wi thin the Sobpanation preegssing @e is hbefsingler dectrpacioigic ainoyitsshownrinFign t he
appended cl aj nd. enconpasses .al | equi val ent.s ;theregof. - 19 MAR
2003 | ndust r1apY RBSITBaTRRER Dair i SE B SRR R anLarepoAR kit aten g

descripti 0n1antdh!3515)rs§§§|fl%divVMﬁrlhb]QB vwlgedesa afdi vf PMfBE&QBitpépﬁx%Sdi Gtal
p

structure in which a urality of singl’e electron circuits each containing

a plural ity pittejoaieurs dompased aritketagh qther gadethe! eiber gadr of infavpsrEom and

Win each oftibyodsndPd 4 troBRbRd SRRCRYiRing Nl 93 B TERE

result as a rdgaltis QUFiEENh 168 d1BetrMPoEIntidinGe sHe UspAlitor Vcsawhbie fefther
achi eving a macroscopic informati on processing operation by putting

t oget her t h&apriycbakemeuy as gl draiprur iy ofithes BE&} ectron circuits on the
MOSFET. It can th c | ] S L ar:i tatl : : | = Dbid:
pattern on the sing ug’ %/%E#‘?m&?\h irprllliggs?né%l g%%g&orgieéé?n%%s‘fl?us%%delé)u?clérdi ng
to the presdrdt thwenreamn descsimibdifs Heteebnr sie ftavon digitabbpattemist behgr eof
has the_advantage that it gan coppare.patterns with, each other as to their
orvi 1 ar iy amhrgds e smafigheis BT GARe diseRse AR he Aurktcbe e &1 FRRt ur o

accor di ng t @[édificPp&atial 0FMEBIdaDR cHBP A, RAE S IMB g SHSAM el AnMrfirectly
enbodi nent thereof has the advantage that though |eSs sinple than the first

it can quantiefdetepmingdiby gomperijon péithe rafe ¢hpengisgi st ance) nore clearly

as the numpber of ¢l ‘?ﬁfir&’l% tHk §E§I§1£}1|r$ eﬁEﬁlto?-v&}ﬁ‘éh.tﬁégbireﬁ%dl faﬂrermtérggl
processi ng structure 20 actording tTo the présent invention describe ds the
third form ddwepbwer mensumpeioacindashichecadbanhtgpratdiabt ah dxirapelyabigh i n a

i or csaf - ORESST eS| (ForftIcahe (ARTRPIngoah HPRRErRD JrPbusptr mation

consunpt i onrapid1PeyMdvihgdhsiruperdemiagel ebefdti@grati on pernmts a 25
massi vel y-paral | el processing operation to be adopted to achieve a high
processi ng speed. Fritherethomaraiiel sipesrtioperfaei pnsabity #fpgesnnm oss 1

quant um dot .t @1 e UNARIE Y ABALL LY A8 B THalRBCId e R

utilized to contr the inf nce o et clrtarges over the entire circuit
system as nilighitdbe pnfoehcabf effs€d vdaqgentd possable mi pimmami ionther dcesisiang 30
struct ac%oordi ng to the present invention is applicable to a device that
execut €5 i mworrjrﬁti on processing by utilizing pattern's simlarity, to an

intelligent proceHerggthepdwar 8o enElebirnde bRsss bermhgeiagla whiingrdystheand

2 M e A o8 ) PRI, P SRS kel IF e 1o
form a parallel or redundancy configuration more simply and at a reduced
cost.

25 Further, the ability of the information electrodes 15 if made by
quantum dots to hold electrons and hence themselves to store information
makes it unnecessary to provide them with any additional information
storing means.

An explanation is next given in respect of an information

30 processing structure according to the present invention as a second form of
embodiment thereof.

Figs. 3 to 6 show the second form of embodiment of the information



It has thus far been shown that an information processing structure forned
of highly inproved single electron circuits each operating rapidlﬁ.fgﬁ 2003
stably by way of a single electron operation at a roomtenperature f %'
provi ded in accordance with the present invention. -21 17 MAR 7003
‘Clains: What is clainmed is: 1. An information processing structure having a
MOSFET, and a 5 plurality of quantum dots di sposed i medi ately above a gate
el ectrode of the MOSFET and each of whi.-ch is nade of a m croconductor or

m crosem conduct or of a nanoneter, scale, wherein there is fornmed hetween
each of thePTFERBIM TEYLURHACEHIIBRLR tgp@éﬁse&aénw%@-rﬁyfmmg@thqa&, a

o i P t oith | ry . bl
charge car rﬂh] ;*nt%mhf“f"hggf°§ﬁéﬁk'ﬁeﬁ[‘%§‘§ﬁfgn‘ﬁe% r?ﬂe rbgﬁgﬁferghl‘(@e QRhfadisr GRPabl e

of 10 direct unne i 0 arge carrirers
nmoved bet wesymphisesuapiurlitgt sf anainthm date 16| eddeodp is ausmd ba nepitresent
information, characterized in that the structyre conprises: a power source
el ectrode lepteds i5ofs FEIL L salikeqpisselity agtre?vsa%ld of gugntym@adetsy

pai v of g NPT £ De CARF B OGS S £U1P PORES AGVASS 1Rr A LI AR HI 415! 1,
contact theremth tror having’electric potentials applied thereto,
represent i ngadatup dfovenflor gaintam dohed 2iso d¢advhrow offqrambambddtsctia eamle of

sai d quantum dots and said Wer sourc | ectrode ofential . barrier that
a- sai g char'§to Contas, Wit %E&BFE”EP“? %"?‘Grﬂ’r@l“it‘r‘@‘, &)t%alt%g ithe \APo¥6udl i ng

i's provi de%&@&%@&&%l@cir@ﬂ@rlmﬁfdx%bcﬁhﬁf&&é oRke oWl M36f ARt uinD @ oY AT dot
between themto prevent novenent of a said charge carrier between said

quant um do:jse&nddsgiodngi Al osoeas tmcenm'tMﬁdmtaatnwiﬂstlaersm d‘rQﬁnanhgezb,(aw,i er
S render P yaRke Bh6, BUboTY O 45ARHR, §0U95 ARHRNSTLATLER)

bet'wee e and sai d gate“électrod respoﬁge to
a relative gbegbdes fuat ehei pdwsle2 brof nhd guasaim dotoramtthensedant rongs. 30

2. An information processjing structure having a MOSFET, and a plurality of
quant um dotT§SBectavelyy @pdg‘ioawdfm RBAO iR RCOMACIHER thogs b aat e ¢de of

the MOSFET gngh£aeboid ngi"ﬁhﬁ@fasl@@ﬂ@doit hebppOHPO WAL tRAr rots MRfmZ003

or mcrosem conductor of a nanoneter scale in size, wherein there is forned
bet ween eadhebfoppesitriaidesnreipestively.ne first group and the gate el ectrode

o enege bar ! <y Lo RGRPAGRL 1A SpBle ilteels S AR Sy Rl T, O
such chargd caerussds toodesighetemehe sdiee qoantitneniotedembntshevhose repeated
explanation is here omitted.
A tunnel junctions is made between each adjacent pair of quantum
dots 21a of the second group in each of the rows 21, and a capacitive
20 coupling is provided between each of those quantum dots of the second
group 21a located at the opposite ends of each if the rows 21 and its
counterpart information electrode 22 and so is between each of the
quantum dots 21 of the second group and the power source electrode 14.
Each pair of information electrodes 22 is provided across each
25 corresponding row 21 of the three quantum dots of the second group 21a,
respectively, and each of the information electrodes 22 is itself formed
from a quantum dot.
Fig. 4 shows a range of values of capacitance Co required for a
single electron logic circuit in this information processing structure to
30 operate, which values are computed according to the Monte Carlo

simulation method using a parasitic capacitance between the quantum dots

as a parameter. Since even a capacitance Co of 10""° F makes the circuit



first group and the gate electrode is used to represent information,
characterized in that the structure conprises: a plurality of l“ﬁ@ gﬁ)}
guantum dots of a second group each of which |ines has at | east % r
nore quantum dots of the second group arranged 10 in contact with a said
‘quantum dot of the first group associated therewith but not in contact with
said gate el ectrode and each of which quantum dots is made of a

m croconductor or mcro sem conductor; and a plurality of pairs of

informati on el ectrodes, said information el ectrodes in each pair being

di sposed i n aaTeble asshewnHaskiggdant willdut seerpthoft fonshe MOSE Tyl bmsevimerh
are fornmed | t ds, of.. e |.4:l1ne r cl] 0 Vi ng
electric po'(tggeonst(:g ﬂﬁ?:dea%&%l%eo ?ﬁler}e:ﬁ(p%%??sag’ﬁbkrnldgé%tgtlgﬁg& %Anpgér éﬁ(%f}:roér;lf,‘ ?6
wherein a capacitive coupling is provided each between said quantum dot of

the first group and said quantum dots of the second group in each of said
20 lines, and bet WBdhedaformation pre ersstHFtrupriredoernsgrunipd jas rmaptiosedn

i ne andcea al.d i nf or Lon_ ehectr | [.+C e [
thereto 2 ¢ absies a0 aeRFireo 185y EREBLAMAE RS Lo L ERRITAY BE
and a changeatsaddets ¢fothet s cvdndi gioupotd aRdof pairsed thfehaegenceeciredesn
sai d quant u%otﬂi of the,second group, i n each such line in response to a 25
rel ative el & Makepdpeptsingleqelesiomneigc it whose paviyakenti GRcWl 48 Sheaws 1t i
the pair corpigjsgpndi ng thereto nmakes a said charge carrier novabl e between
sai d quantumdot of the first group and said gate electrode. 3. An

i nformati on proceddiusg agtelactroneerass phcefiant b guanchmidotnf 8@ sdramactlass zed

in that._ sai t f . the, first : i | ity of
| ies of Dquanthadetal fusrnimcoqtt P pfafoBad g R abpaet s bt dhvttise Y
each of sai &.|Th@Scal beRNgERIkvearty Qrplpmag 8 Kighdvehag@eo-thd3powér soée 2003

carrier is capable of directly tunneling. 4. An jinfornmation processing
structure as$ledfodelrto supply dgeqwantum dot 21a with an electron, for example,

by utilizing the Fowler-Nordheim tunneling phenomenon.
Alternatively, the row 21 of quantum dots may have at its outside a

15 second power source electrode (not shown) capacitively coupled thereto to
which a high voltage can be applied to supply the quantum dot 21a with an
electron likewise by utilizing the Fowler-Nordheim tunneling phenomenon.
In this case, that portion of the second electrode may also be irradiated
with a light to cause the electron to tunnel with the aid of light energy.

20 This eliminates the need to lead a wiring pattern about to separately
place the electron and moreover makes it possible to store the quantum dot
directly with a digital pattern such as image data.

It should be noted here that if a pair of information electrodes 22
across the row 21 of quantum dots have an equal electric potential, then the

25 Coulomb forces acting on the electron ey become symmetrical, thus making
the electron ey standstill at the central quantum dot 21a as shown in Fig.
6(B).

Conversely, if the two information electrodes 22 have different
electric potentials, the electron ey will come off the central quantum dot

30 2la, moving to the quantum dot Zi at either end of the row (as shown, at its
left hand side end) to stabilize there.

This makes it possible to find if or not the data at the two



claiml to 3, characterized in that a said information el ectrode is forned
by 5 at least one quantumdot of a third group nmade of a m crocppgusghms or
m crosem conduct or, and the nunmber of charge carriers as aforesald stored
on such quantumdots of the third group is used to represent information.
‘5. An information processing structure as set forth in any one of ~ 10
claiml1l to 4, characterized in that in contact wish the information

el ectrodes forned by said quantum dots of the third group a second power
source electrode is forned, tlaere is forned between a said information

el ectrode dnfommitiosedectdogend? arewqunldioceichodthearbyedetregmibing ifortdudt a

id ch ' [ t bl f, di tly, t i ng,. d
Tont ‘15 it jesim SuTtes ST efe) Ahariin ol A 1o ot fover ] R
movabl e betdgﬁ%@uﬁa&&s' dE &Y §BVE QD FFEGUR0EEnaRE1ISVE R ?aﬁBWJI ﬁ@Hhﬁ:t »

el ectrode. 6. An information processing structure, characterized int

20 conpri ses:a judgmenedof rgwant um dots of a first group each of which is

made of _a m crocqnduct.or .or m crosem conductqr and in which line there is

f or med B_et ween ag]ﬂﬁ’cserff‘_ thEanp So?gnqé‘r?n Wy §9tsbgl?er ieg UMY M ChAYYe 1
carrier is rggpsideetdtnéleleRetit potemiglsl Mihe2Byvdiinforamtioh PRickrddesi 24 @pfaL i ON
el ectrodes of a first group disposed across said |ine of quantum dots of

the first deodgteatrr fioredhe sdectipen erplseedganthgrurstsmmothlare |ocated at
opposi te ends of .Isoabvqt,lisn%ro%%qﬁgﬂ%@ H‘qth%’cern?isa[fes%éhxglqu’a%%rlﬁgcﬁég?i%%e IS

provi ded a capaci'tlive’cou én"each of saird I nfor ectrodes

in each paithe @abth 3aisF guatuindded h39 anoelzcadni ¢y Goinlt positidnedesidrboh Oan
prevent novenent of a charge carr,ier _hetween themmg power source el ectrode
formediPn CHFALERR eRi¥hthaVarfughdamldds capsed ta tyn Ftoeggsca@facmé Ga Pyt

group, whi QBcéigixgé’CtWeeéoﬁlonﬁ‘b% LBioRT frodh Ahk! 18cQby AN WHTLL @RIy MIGEE! N

there is provided a capacitive cCoupling between said power source”electrode
and sai d cénformatipmpracesong tsorysterecdd povedents Wt comprartyy, ceamélyr an

made of a WERBERQRTGRORY ATl ibcuRt bl ReSR BB B p Bkl e or

quant um dotskoiva @ SPiased & nploealiactofwbith saah deaxgpirasbrsqeant bien ¢ixineafted he
first group; and a formati.on ?rjtoectrode of a second oug forned at the
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there is fQuRfkr of electrons depending on a Hamming distance and to draw them as
a drain current of the MOSFET. In this case, the Hamming distance can be
expressed accurately as it is detected as a number of electrons on the
capacitor Cp in its stable state.

20 It should be noted here that the quantum dot 13 on which the
electrons er moved to the capacitor Co were initially positioned can be
initialized by applying a bias voltage adjustably to the quantum dot 13 to
return those electrons er thereto.

While in the information processing structure 20 shown in Fig. 3 a

25 single quantum dot 13 is disposed in opposition to the central second
quantum dot 21a in the row 21 of quantum dots, as shown in Fig. 7 two
quantum dots 13 may be disposed in opposition respectively to the second
quantum dots at the both ends of the row 21 of quantum dots of which the
central second quantum dot 21a has electrons ey placed thereon. In this

30 case, two such quantum dots 13, a set as the row 21 of quantum dots and a
pair of information electrodes 22 together make up a single electron circuit

whose equivalent circuit is shown in Fig. 8.



each between adjacent quantum dots of the second group, and between said
‘l'ine of quantum dots of the second group and said information elec@K of
t he second group an energy barrier that a charge carrier is cap

directly tunneling, and there is provided a capacitive coupling between
'said 15 central quantumdot of the first group and the quantum dot of the
second group | ocated at said one end to prevent novenent of a charge
carrier each between them wherein said power source el ectrode is adapted
to have a voltage applied thereto so that said quantumdots in the |ine of
the first group hds schOa ponetruictiondas wdlhuin tre sowh2t meftqwarﬁunerdbitalthe

valley is forned about sai,d central qugn dot of the first oup, and
Wher o n & cHFgEoR Zmerepiadamporesth fecditerant Elesticaiettinf folie FHE o

the first gpifiuistid efirdduiodt|can 0¥ @rpe@@ag@,ﬁcaa Bdls te) m%@m%n the

fluctuation to one e |nformat|on el ectrode in the pair, depending upon
25 a pot ent iqulantimtdatisutd.on determi ned by rel ative voltages at said
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Referring to Fig. 9, the information processing structure designated
by reference character 30 differs from the information processing structure
20 shown in Fig. 3 in that the second quantum dots 21a that make up the
row 21 of quantum dots are increased in number to, e.g., eleven (11), that
25 one quantum dot 13 is replaced by a row 31 of three quantum dots 31a, and
that the central second quantum dot 21a in the row 21 of quantum dots is
connected via a capacitive coupling to the ground. This construction of the
information processing structure 30 is diagrammatically illustrated as in
Fig. 10 indicating the quantum dots, the distances between the quantum

30 dots and the distances between the quantum dots and electrodes.
For the illustrated construction of the information processing

structure 30, suitably setting electric potentials at the information
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potential barriers.

5 Consequently, if the two information electrodes 22 are identical to
each other in electric potential, then these potential barriers cause an
electron placed at the center to stay there and make it unable to move.
However, as temperatures rise and time elapses, such an electron at the
center is aided by the thermal energy that is thermal fluctuation to become

10 capable of crossing over the potential barriers at the both sides, thereby
moving to reach the quantum dots 21a at the opposite ends of the row.

On the other hand, if the information electrodes 22 differ from each
other in electric potential, then a change in pattern of potential barriers
develops as shown in Fig. 11(B) that the potential barrier towards one side

15 (as shown, the right hand side) of the row 21 of quantum dots lowers in
height and so does the potential barrier up to there, thereby rendering the
electron located at the center capable of moving to reach the quantum dot
21a at the right hand side end of the row. The results of simulating the
amounts of energy over the whole system with respeét to the positions of

20 the quantum dots in which the electron is extant are shown in the graph of

, Fig. 12,

Thus, when observed in a give time range near the room
temperature, it is found that if the information electrodes 22 and 22 are
identical to each other in electric potential, the electron will be located at

25 the central quantum dot in the row of quantum dots and that if these
information electrodes differ from each other in electric potential the
electron will be located at the quantum dot at either end of the row of
quantum dots.

Thus, here again as in the information processing structure shown

30 in Fig. 3 a plurality of such a structure constructed as shown in Fig. 9 can

be connected together for the capacitor Co in common to store on the

capacitor Cq a number of electrons depending on a Hamming distance and
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operable to perform a substantlally proper XOR operation at a room
( 10 temperature of 300 K.

In this case, while the information processing structure .30
operating stochastically does not yield a strict XOR operation, it is noted
that not only can the accuracy of operation be improved by finding an
electric potential averaged over a suitable time period but also an active

15 utilization of the stochastic operability makes it possible to perform an
intelligent processing operation which an existing CMOS circuit has been
unable to effectuate.

Although in the forms of embodiment hereinbefore illustrated; the
charge carriers movable according to electric potentials of information

20 electrodes are described as electrons, it is obvious that they are not limited
so but may be positive holes as well.

Although the present invention has hereinbefore been set forth with
respect to certain illustrative forms of embodiments thereof, it will readily
be appreciated to be obvious to a person skilled in the art that many

25 alternations thereof, omissions therefrom and additions thereto can be
made without departing from the essences of scope of the present invention.
Accordingly, it should be understood that the invention is not intended to
be limited to the specific forms of embodiment thereof set forth above, but
to include all possible forms of embodiment thereof that can be made

30 within the scope with respect to the features specifically set forth in the

appended claims and encompasses all the equivalents thereof.
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5 formed on the gate electrode of a MOSFET and each of 10 nm to 0.3 nm in

size perform parallel information processing. With each of the single

electron circuits taking out its processing result as a drain current on the

MOSFET, the structure is capable of achieving a macroscopic information

processing operation by putting together the processing results of these

( 10 single electron circuits on the MOSFET. It can thus accomplish similarity
computation for a multi-bit pattern on the single MOSFET.

An information processing structure according to the present
invention described as the first form of embodiment thereof has the
advantage that it can compare patterns with each other as to their similarity

15 in a simple construction. An information processing structure according to
the present invention described as the second form of embodiment thereof
has the advantage that though less simple than the first it can quantify the
similarity (in terms of Hamming distance) more clearly as the number of
electrons in a stable state. Further, an information processing structure

20 according to the present invention described as the third form of
embodiment thereof has the advantage that it is operable in a wider
temperature range and operable even at a room temperature.

As aforesaid, the present invention requiring an extremely low
power consumption and permitting a high degree of integration permits a

25 massively-parallel processing operation to be adopted to achieve a high
processing speed. Furthermore, parallel operations by a plurality of
quantum dots allows a redundancy configuration or majority logic to be
utilized to control the influence of offset charges over the entire circuit
system as much as practicable. Consequently, an information processing

30 structure according to the present invention is applicable to a device that
executes information processing by utilizing pattern’s similarity, to an

intelligent processing or learning machines based on neural networks, and
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Claims:

What is claimed is:

1. An information processing structure having a MOSFET, and a

5 plurality of quantum dots disposed immediately above a gate electrode of

the MOSFET and each of which is made of a microconductor or

microsemiconductor of a nanometer scale, wherein there is formed between

each of the quantum dots and the gate electrode an energy barrier that a

charge carrier consisting of either an electron or positive hole is capable of

{10 directly tunneling, and the total number of such charge carriers moved

between the quantum dots and the gate electrode is used to represent
information, characterized in that the structure comprises:

a power source electrode disposed in contact with said quantum

dots; and
15 at least a pair of information electrodes disposed across a said
quantum dot in contact therewith for having electric potentials applied
thereto, representing data of information, wherein
there is formed between each of said quantum dots and said power
source electrode a potential barrier that a said charge carrier is capable of

20 tunneling,

( a capacitive coupling is provided between said information
electrodes in pair and the quantum dot between them to prevent movement
of a said charge carrier between said quantum dot and said information
electrodes, and

25 a said charge carrier is rendered movable by the Coulomb blockade
through said quantum dot between said power source electrode and said
gate electrode in response to a relative electric potential determined at said

information electrodes.
30 2. An information processing structure having a MOSFET, and a
plurality of quantum dots of a first group formed immediately above a gate

electrode of the MOSFET and each of which is made of a microconductor
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electrode an energy barrier that a charge carrier consisting of either an
electron or positive hole is capable of directly tunneling, and the total

5 number of such charge carriers moved between the quantum dots of the
first group and the gate electrode is used to represent information,
characterized in that the structure comprises:

a plurality of lines of quantum dots of a second group each of which
lines has at least three or more quantum dots of the second group arranged
. 10 in contact with a said quantum dot of the first group associated therewith
but not in contact with said gate electrode and each of which quantum dots
is made of a microconductor or microsemiconductor; and
a plurality of pairs of information electrodes, said information
electrodes in each pair being disposed in contact with those quantum dots
15 of the second group which are formed at opposite ends of each of said lines,

respectively, for having electric potentials applied thereto representing

data of information, wherein

a capacitive coupling is provided each between said quantum dot of
the first group and said quantum dots of the second group in each of said
20 lines, and between said quantum dots of the second group in each such line
and each of said information electrodes in each pair corresponding thereto
to prevent movement of a said charge carrier each between them, and
a change caused in position distribution of a said charge carrier in
said quantum dots of the second group in each such line in response to a
25 relative electric potential determined at said information electrodes in the
pair corresponding thereto makes a said charge carrier movable between

said quantum dot of the first group and said gate electrode.

3. An information processing structure as set forth in claim 2,
30 characterized in that said quantum dots of the first group are arranged in a
plurality of lines of quantum dots, and there is formed between adjacent

quantum dots in each of said lines an energy barrier that a said charge
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claim 1 to 3, characterized in that a said information electrode is formed by
5 at least one quantum dot of a third group made of a microconductor or
microsemiconductor, and the number of charge carriers as aforesaid stored

on such quantum dots of the third group is used to represent information.

5. An information processing structure as set forth in any one of
10 claim 1 to 4, characterized in that in contact with the information
electrodes formed by said quantum dots of the third group a second power
source electrode is formed, there is formed between a said information
electrode and said second power source electrode an energy barrier that a

said charge carrier is not capable of directly tunneling, and a voltage or light
15 energy applied to said energy barrier makes the charge carrier movable
between said information electrode and said second power source

electrode.

6. An information processing structure, characterized in that it

20 comprises:

a line of quantum dots of a first group each of which is made of a
microconductor or microsemiconductor and in which line there is formed
between adjacent quantum dots an energy barrier that a charge carrier is
capable of directly tunneling;

25 at least a pair of information electrodes of a first group disposed
across said line of quantum dots of the first group and in contact with those
quantum dots which are located at opposite ends of said line of quantum
dots, respectively, wherein there is provided a capacitive coupling between
each of said information electrodes in each pair and said quantum dot

30 located in contact therewith to prevent movement of a charge carrier
between them;

a power source electrode formed in contact with that quantum dot
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carrier between them;

5 a line of quantum dots of a second group each of which is made of a
microconductor or microsemiconductor and one end of which line of
quantum dots is disposed in contact with said central quantum dot of the
first group; and

an information electrode of a second group formed at the other end

10 of said line of quantum dots of the second group, wherein there is formed

each between adjacent quantum dots of the second group, and between said

line of quantum dots of the second group and said information electrode of

the second group an energy barrier that a charge carrier is capable of

directly tunneling, and there is provided a capacitive coupling between said

15 central quantum dot of the first group and the quantum dot of the second

group located at said one end to prevent movement of a charge carrier each
between them,

wherein said power source electrode is adapted to have a voltage

applied thereto so that said quantum dots in the line of the first group has a

20 potential distribution such that a potential valley is formed about said

! central quantum dot of the first group, and

wherein a charge carrier placed on said central quantum dot in the

line of the first group is either immobile, or movable according to thermal

fluctuation to one of the information electrode in the pair, depending upon

25 a potential distribution determined by relative voltages at said information

electrodes of the first class.

7. An information processing structure as set forth in claim 6,
characterized in that said second information electrode comprises the gate

30 electrode of a MOSFET.



