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micro-fabrication, as represented by semiconductor integrated
circuits. Especially regarding semiconductor devices, huge
semiconductor electronics industry has been established, via
inventions of transistors by Bardeen, et al. and inventions of
semiconductor integrated circuits by Noyce et.al and/or Kilby,
et al.

On the other hand, the top-down approach begins to see
delimitation in various points. As a technique that breaks the
limit, a bottom-up approach by self-organization, etc. has been
remarked and studied actively.

Both cell systems and neuron systems have been reported
to continuously expand and grow by autonomous dispersion at
individual sites (R.R. Llinas, The Biology of the Brain, p.94,
W.H. Freeman & Company, NY, 1989). This is classified to

AR

* *
1 159159

bottom-up systems.

D

*G00002*



random) with respect to tinme (S. Wlfram A New Kind
of Science, pp. 51-81, Wl fram Media-Inc., IL, USA
2002). Also with respect to tinme, especially, based
upon the concept of time projection the Inventor, et
al. reported an inprovenent of a tinme projection
chanmber (TPC) as an elenentary particle detector
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The Inventor, et al. has also reported that resolution of
a one-atomic layer in the growth direction is obtained in growth
of a semiconductor using metal organic chemical vapor
deposition (MOCVD) (A. Ishibashi, MOCVD-grown Atomic Layer
Superlattices, Spectroscopy of Semiconductor Microstructures,
eds. G. Fasol, A. Fasolino, P. Lugli, Plenum Press, NY, 1989).

In electrochemical growth as well, details of the growth
mechanismhave been known (Shiro Haruyama, Electrochemistry for
Surface Engineers, p. 112, Maruzen, Tokyo, 2001).

In the field of electrochemistry, it has been known that
macromolecular electrolyte can be deposited on a work by

immersing the work and a counter electrode into water containing



el ement at a crossing point of approximately 40 nm
wi de netal wres put crosswise (Y. Chen, D A A

Chl berg, X Li, DR Stewart, RS WIllians, J.O
Jeppesen, K. A N elsen, J.F. Stoddart, D L. dynick,
and E. Anderson, Nanoscale Ml ecular Sw tch Devices
Fabricated by Inprint Lithography Appl . Phys. Lett.
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(for example, Takeshi Yoro, "Yuinoron", Seidosha, 1989).

Also, known is nano-bridge structures making use of
nano-metal-bridges based upon the migration of metal—atoms
in solid-state-electrites (Internet <URL:
http://www.nec.co.jp/press/ja/0402/1801-01.htm> [as of 18 Feb.
200471 ).

Reports are made on frequency-dependence of magnetic

impedance in spin tunnel junctions (Jpn. J. Appl. Phys. Vol.42
(2003)pp.1246-1249) .

Also, reported was magnetic memory device that utilizes
magnetic sensor as the magnetic head (Jpn Pat. 3557442). A spin

—tunnel—junction device is connected to a part of the feedback



for exanple, D. J. Friedman, J. F. CGeisz, S. R Kurtz,
and J. M dson, July 1998NREL/CP-520-23874). If we
could integrate those top-down systens and bottom up
systens can be integrated, united, or unified it would
have been possible to make the best use of both
advant ages and realize new functional devices not

exi s heretofore. However, no effective techniques
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Another object of the present invention is, in general, to
provide new functional devices, including aforementioned
memory device, magnetic memory device, solar cell,
photoelectric conversion devices, light-emitting devices, and
catalytic systems.

Further objects of the present Invention are to provide a
clean unit system and a clean unit which can avoid using
conventional clean rooms that, being huge and bulky, needs huge
investments to build and large expense to maintain. The clean
unit system and clean unit are preferably used to manufacture
the aforementioned various functional devices. The clean unit
system and clean unit make it possible to solve poor efficiency

in space exploitation of the convention clean unit which can



present Invention are to be clearly shown using
figures and further descriptions in the bell ow.
DI SCLOSURE OF THE | NVENTI ON The | nventor has been
engaged in earnest studies to solve the above
probl ens involved in the conventional techniques.
Summary of the studies is shown below. As w dely
known, two-di nensional patterning by photolithography
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surface of the sem conductor substrates. That is, one

of large characteristics of two-dinensional patterning
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and sporadically. In two-dimensional patterning, for

exanmpl e, configuration of a structure is determ ned
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under no exchange of information in spatially lateral direction
in the surface of the semiconductor substrates. That is, one
of large characteristics of two-dimensional patterning is to
weave the time into structures discontinuocusly and
sporadically.

In two-dimensional patterning, for example,
configuration of a structure is determined by photo-lithography
through batch exposure of a photoresist using a photo mask.
Therefore, upon building a structure, there is no exchange of
information in lateral directions among the iﬁ—plane

structures. More specifically, causality mainly exists in



just real-spatial expression of a circuit design
generated in hunman-brain. In addition, structural
changes on the substrate becone a series of pulses in
formof a S function relative to the time. Thus, the
top-down systens are characterized as an anisotropic
(directional) structures which tinme is projected. Let
: system be expressed by T when having time continuous
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On the other hand, another stream whose importance has been
remarked recently is so-called bottom-up systems. The systems
include self—organized systems, for example, composed of
inorganic substances, such as those represented by
semiconductor quantum dots. Growth of cells and neuron systems
as shown in Fig. 2A is another example of bottom-up systems in
culture of cells of biosystems. 1In Fig. 2A, reference numeral
11 refers to a living tissue, 12 to a neuron, and 13 to a cell.
It has already been well-known that both cell systems and neuron
systems continuously enlarge and grow at the each position with

time by autonomous dispersion (R.R. Llinas, The Biology of the



As S. Wl fram has shown by using a cellular autonaton,
there are four different types | to IV (constant,
periodically |amnated (nested), functionally
structured and randon) as formation of structures (S.
Wl fram A New Kind of Science, pp. 51-81, Wlfram
Media Inc., IL, USA, 2002). In the bottomup systens,
si,nce formation of structures follows |ocal
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inWethemghe range isotropic (undirectional) structures to

which time is projected continuously. Therefore, according to
: theabovenotation,theycanbeempressedas(timeprojectivity,
spatial directionality) = (T,T).

In general, living organism or life forms adequately
combine the bottom-up property based upon the body systemizing
property governed by genes and the top-down property based upon
governability by brains to realize their integration as a whole.
More specifically, the living organism integrate the bottom-up
capability in formation of body tissues and the top-down
capability by brains by attaching neuron system to cells in the
growth of individuals from fertilized eggs through the long

course of evolution.



smal l er "volunmes” than controlled systens. Bi osystens

can be regarded to attach neuron systens, which are

| +a (where l<a<l ) fractal-dinmensional strings, to

t hree- di nensi onal cell systens. The di nensi on of

transfer and control systens nust be always smaller

than the di nension of cell systens. The neuron

systens are distributed in a three-dinmensi ona
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neliGen PR BERNESS ORI Eron Gppudiats eEnone
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théﬁénémnanylosaéabpltéloelsum sysaems wa-ldiatemsildnadystems by
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at a constant drift velocity I1n the axial
lO&PFeéﬂrnsﬁSl?ﬁénle?fo?LéctW FROAST HERFRN gYFAPMS to which the

la@lséeICtllﬁl@ firom @eneirtlibe 2 fdifle@@liilAte ARYKNAMYAJQBLed
%psed time to arrival at the sectors 26 fromthe
cop lnuof‘ls%gl lision. Fig. 4 is an enlarged view of the
secflor a6 arRéffecérde sysremalot2@ar thefrerthd @fRarsentioned

llWlBESorga@tplér{? Qﬁu‘e@% gGaCTID@ s&ﬁgqsn gﬂdFj[z(gd 3t Qsl g’ter%fusing

el ectritc force. Rown' TR ctrons
CogranafERer BRI Q%@%Ptfl e éﬁ%@ﬁ%@lw rOéSSE@‘alaémpordlnates

detBeneBY ngPPb¥tial address in three dimensions in the minimum
setup including a drum-like container and a gas filling the
container, although it is not a rigid solid system. Its
development and excellent performance have been reported by the
Inventor, et al. (P. Nemethy, P. Oddone, N. Toge, and A.
Ishibashi, Nuclear Instruments and Methods 212 (1983)273-280).
This TPC is explained here in greater detail. As shown
in Fig. 3, electron beam 22 and positron beam 23 entering from
opposite ends of a gas-contained cylindrical TPC 21 collide with
each other and generate a jet of new elementary particles 24.

Electrons 25 generated along trajectories of the elementary



electric signals to the sense wires 26a and the

underlying pads 26c¢c. Thus, the positions in the x and

y directions are determ ned. As for the

t hree- di nensi onal position thus determned, in the

position in the z direction projects tine information

to the space as expl ained before due to the drift

velocity of electrons being constant. Because of this
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oun evite s T
pr§U@|¢t|J4qn tition spawear future 9 Bottom up schenes are

bei ng, rgaBLkedoasyéhesantdd hesd g af thteoeeﬁg\é“@?%”?é? and

but their nost serious difficulty Is | npossi

therPadver ot @5 Feaftgut n iTAvilguad Haf é’§s%ﬁ§0rl{ﬂﬁtlon read
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nizgdg g BVPA§TrAEEEEER, fqnmcﬁhéynse w1res 20a. The use of thin

sense wires 26a 1s desirable to generate intensive electric
field. Thus, TPC has two important features, projection of time
to space and concentration of electric field (and accompanied
signal amplification) at crossing points of thin structures.
Silicon LSI demonstrating a development along a road map
represented by the Moore's law is one of representative of
so-called top-down devices and systems, and its limits in size, -
operation power (environmental temperature) and investment to
manufacturing facilities are being talked about. However,
while no fundamental solutions are found, the device is

anticipated to encounter such limits in a near future.



have not yet been brought into full-scale practica
uni fication or union. Mnufacturing nethods of
m crostructures on the extension of conventional
techni ques include those using EUV or electron beam
l'ithography and so-called bottom up schenes using
nmol ecul es, for exanple. However, there are no devices
and systens that can couple themand try to find out
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i_.ndi vi dual _ addressing in such nanoscale /
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uced

of oil and water.

Coupling of the nanoscale world and the macroscopic world
is the barrier that engineers must break through to couple new
effects or functions that will be obtained in future in the field
of nanotechnologies to existing silicon-based IT
infrastructures and educing synergies. However, it is
believed that no one could make satisfactory success in coupling
them. '

Bottom-up material systems expected to exhibit high
potency through nanotechnologies have no scheme enabling
individual addressing in such nanoscale, and they have not been

brought into systematic practical use.
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and maki ng access. It has two inportant features,
namely, continuous tine projectivity based upon a
constant drift velocity of electrons and
t hree- di nensi onal accéess to the entire system based
on signal anplification at crossing points of thin
conductive structures. However, since this TPC
contains gas inside, it has not been nade up as a
congife & t3dliicd a ldbpitdem-Ap slyséathy exypl anretdadéosutbess in
AERNG enalodraniif actiy ; clgrem
pstruc?%#es such as_seni?g%gﬁﬁ%ﬁyln egr%gg r%ﬁ?d i?% a
DRI s SHEREFY WBIFR eI TFoRIRAY o F e orgpcdamact ing the

brsyist en®l, boatyt erining: Hy Q‘h@tsonﬂiighfﬂ;o%ra@@"')hatdﬁr Qughyibatich ) +
IS case,

re as sho in.Fig. 1A is used. In t
he esésfluétrieoﬁo icsouwcre}L uintr edgci(??_b%‘%"ﬁl P%‘gob?/t%‘?ri“é%ﬁ i Dfgtems.
The Taecabavy-espabaned TRCnim ians y heemedid s titionghe neuron
n I Lo the | at or chanpi on dat a
o o the acg of JPRa Eut Pont Py heod fink TRRGT Y gitously
PO H SR @ Patrily aeeus Beindds snbeabera oft gedwieny wiiah time

td 8esehiblite UK seira@tuldr iher rnugetyl @Hgibﬁgfnﬁ§Jéfgbment
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a KL% RiratSarent tePRECE By IpPRSTSAL Eecituaeispnnamely,

comlh[sLelllumdsl it me Imlem&%eﬁa@&ﬂ FerQa Cﬂd@tseirﬁﬁléﬁrift
an aq r obe utamata, et al.,

v s i A P A R S (i the
ernzog? Sp3teny, babes Forssfgreit anbl M crasdopiat ¥Yirbsat hg@points
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syst.enms arrangi ng nanostructures capabl e of ta |ﬁg
Cogharge 8t siich Yhysitciars nefteheferieade upuk s isptgmplete solid
depdical.l el throughout the bulk size of mmcm That is,

t here aje subst ance forn1%% nano-di screte 11

n

bulffé?z%%a§¥fﬁ%% HEHal Phg- e FER VA Hied: Hrrefagture of
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ex@pRdpiresa oidnAnd iwat ey . 1RBMLPEY! T crpreperiyl. Olrefsqlution
. _neuron_systemthat couples a cell systemand a brain
lss§§98fﬁ:e md ﬁaiapijcmd&fqe}p’tlb%ps(mkﬂﬁ& accu'racy is about
70cunfingureanbon fentuiiel Bewol badipySyst af idndhad laboratory

ch%@%}%ﬁ?@aﬁ%ﬁ%ﬁght%é;g%%ﬁgg%% %% %%é“éﬁﬁ}éﬁéfy maximum
resolution. Furthermore, this accuracy has not been attained
for the entire bulk size.

Further, useful and interesting physical phenomena have
been observed, such as surface enhancement effect by plasmon
excitation observed in a local space between a two-dimensional
sample plane and an opposed probe (Futamata, et al.,
SpectroscopicalSocietyofJapan,LectureSymposiumZOOZSpring
"The Forefront of Microscopic Vibration Spectroscopy" Lecture
Papers, pp.20-23). There are no systems arranging
nanostructures capable of taking charge of such physical
phenomena in multiply parallel throughout the bulk size of

mm~cm. That is, there are no substances forming nano-discrete
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More specifically, the problens can be sol ved by
inserting a system having the nature of (tine
projectivity, spatial directionality) = (T,J') as the
third structure between a bottomup systemof (tine
projectivity, spatial directionality) = (T,T) and a
top-down systemof (time projectivity, spatial
irectionality) = . For this purpose, an acconpanying
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PIOAGHE 1d 1&pePatdiade diites t3pnmlddessed ( (om 1 Fer this
puapesei, "ensi arahp supetd atihieC€odtespbfdihg tsh@Wse@ron system

S i.ce piece 33 pracessed  f
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di.rection. However, access tine ( sual S

ntS 0 HE &% in tgﬁé?w&rrb\&fh diecdigpnsio
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s a uantum cann  be accesséd From
prOJected contlnuously to the spatial structure along the

growth direction. By using a controlled growth rate, or more
preferably, a constant growth rate, the spatial structure is
controlled continuously by time (coordinate). In addition,
the spatial structure is anisotropic in that there are
alternating hetero-layers along the growth direction.

The one-dimensional superlattice 31 grown in this manner
is processed into thin pieces. Its significance lies in the
following points. Fig. 6A shows the one-dimensional
superlattice 31. Fig. 6B shows a superlattice wire 32 processed
from the one-dimensional superlattice 31. Fig. 6C shows a

superlattice thin piece 33 processed from the one-dimensional
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points (Fig. 6B). In contrast, in the case where the

one-di nensi onal superlattice 31 is processed into a

thin piece, the position can be determ ned

definitely, and another point (spot) distant by r is

determi ned definitely and can be accessed fromthere

through the lateral line (Fig. 6C). Thus, by

processi ng the one-di nensional superlattice 31 into a
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addresses an entirely continuous arbitrary(2-dimensional)
bottom-up system can be made artificially.

While the bottom-up system shown in Figs. 2A and 2B has
an isotropic (non-directional) structure on which time is
continuously projected (let it be a first structure) and the
top-down system shown in Figs. 1A and 1B has an anisotropic
(directional) structure on which time is projected
discontinuously (let it be a second structure), the structure
shown in Fig. 7 has their in-between nature, and exhibits an
anisotropic configuration on which time is projected
continuously (let it be a third structure). That is, the third
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Mor eover, as shown in Fig. 7, the third structure by
piling/overlaying two thin superlattice pieces can
recover discrete isotropy (quasi-isotropy) and can
fully access to a bottomup systemin a two
di mensi onal node. Furthernore, as already expl ai ned,
al though two-di nensional structures in the category
of the top-down systens, such as sem conductor
S G gt égaéﬁﬁc@@*@ §imghicohtialy t yoni phtttles biogobyup system

arRAtHY: PG espa%\flealr S £ 8949, S\«@‘fi’:ﬁf&’h@ Q@ﬁddown system.

resolution in both x and y directions,
T EieaithS TS SHEHAT AR SpenTPACt RE faBitento both the

b atEdnALT rﬁ&fﬂsﬂr}qla’n’dtt{qﬁ'@ W-ltdkﬂih é)fsﬁé}ﬁ t%"rhcﬁdcan couple or
u re _can_have the, reso atoni c
4 %g%hﬁég %FDStrP8r§§§Sby YhEDt ‘ﬁ%FEﬁ@ R&F %9%F§f¥%coupled
hetrigte flag egpacee ds2wnang feiste doomt Maceusn eyapecat v ofly and
| re o e, . ey mhen t ott u rtion
sek SN QU8 BT €100 £ S0 T, LS HOLLATP 0B B0
tlinf?dldwséF@élftl@@@é@sPtr@Jteﬁ?émVlserpQQSil Bpatipl &héspresemt i.e.

t HRIHU QN .o FAS A Jiechni que for overconming the limt of
resg%atlon |n th conventi onal_1ithograph t he use
¢%rs

GO FaniZati e st ety exdrhedhL exagipree by
pumrtgo/cn}vchnlmj,&lmyadwcamﬁmrry Qﬁpé@lam t@i@@é§|@é‘1@ ﬁecover
. es nmade sel f-organi zati on, ayou
oS T sos? mae by aelLgpennicalion 10, 1
basd=gihire. SYHO'—Wétvelrn g here @rrmrrfolcwmﬂs nodé ndependent | y

access-+ HGrldese sel |%§ﬁ st Tri al
to ext (;Cr nal acceazsg Jl%ﬁ%ﬂ re Cgr %i;gtlrirﬁ%? whi ch

EWos e By gt rﬁ&nges vl IthotCcam@dary ehethe top-down

syrs&:@ﬁdsf esabh £f szeﬁﬁ@lowdu@ioﬁslﬁlté@@gyed%ﬂ&h@, whidh rely
tgonventlon I|t og gﬁ used in top-down systens

Onlﬁacaﬁ'ﬁ%tmgtkf% 585 f fﬁ%gegfldéledﬁoosr?et]a‘:t%cgoool
relsplert,icandn bcmtepzeadéru daceessons,i apostidbechyatheremains

se%‘::‘raqf Roéx;&mlhqptggséﬁﬁenéb%}%@%%soq%%%on the portlon

resol uti on e accept a
ofsthedhire prepatkese warf bavie ﬁ@earetﬁ@bktsw@cﬁt@m@tomlc layer

beGRide0t + € f@rrgé@‘Myhtlrl@tt%c@lfnl‘a&% G JBRSI PR s time to space
superlattice .an ojecting time to Space, then
5%?%5@5% thrﬁﬁéﬁq#r?YﬂRﬂﬁﬁ$lQﬂuF?ﬁQﬁ%ﬁ%ﬁngTﬁﬁéeforer

evkmeammm(ﬂhgﬂbdﬂﬁdmﬂuﬁ|§qmtﬂdﬂ«1§f&bﬁﬁd&éﬂﬁﬁﬁlﬁﬂﬁﬁk of a

mé%@%ﬂ'a%tﬁ%Sgthler'%%faéﬁdu 1 acS %?:ﬁg Eﬁﬁflﬁgt98ﬁ§bsle in

ementarily coUp town Sy
thggaygr@%ant invention.

As a technique for overcoming the limit of resolution in
the conventional lithography, the use of self-organization is
being examined. For example, in two-dimensional memory using
quantum dots and simple molecules made by self-organization,
layout with accuracy in the order of several angstroms is
possible. However, there are no ways to independently access
to these self-organized microstructures. Trial to external
access by metal wire, for example, which is made by 1ithography,
will not satisfy the requirement of resolution as already
explained.

That is, conventional lithography used in top-down systems
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and thereby acconplish both resolution in the order of

i nter-atom c spaci ng and i ndependent one-to-one

access. As already reviewed, the Inventor formerly

reported that resolution of one atom c |ayer can be

obtained in the growmth direction in growh of

Al As/ GaAs two-atom c Iayer superl attice by MOCVD

net hod as shown in Figs. 8A through 8C (A. |shibashi,
CappevDA g Bwh %@%ﬁ%etkayeirn SisePEEEE] eENSpEOmisséapyr, and

1n@fepe$@@n610@6@§§ Q rl s'\/llﬁ}b OS5 IHTE l}abryi‘ﬁhe eds obp oFE%%QJ—aupAs ystems
Fasol i no f%enum Pr 989

1R R Ehat eaahor so TUSTE FIAG HiengEo<Pachies - | nigever
byarnu ighiof far aedimmthaet trerapdned thryanfsas\:irrsmgma abesdk ot ructure

co'HtCirOQ§%%p§R(% rle%%: %8 Mdlﬁ%&%llo%aqy g?%%gs%glte and

owt h ne essen y corrp
Prwﬁcéé@gdtﬂﬂ@sténshﬁ@eklLrﬂ@IgmdeSSkaeg it into thin pieces
ar® eatieehemL£aln Iravdy e s 1 01i Qe the

(Shlro Har uyana, EI ectrochem stry or Sur ‘ace
afpgreadion e;?yswfr ArirEefh lT‘oIPyl@C@Zéél) itTherepsseble to

cdntpllemepﬁwﬂﬂye chpgl'eOM\bpgcﬂl@wﬂl SpnséNan SBBet bALLpCeystems
el ectr.ochem cal

f f h

L et ahein P PR il e e of
rmmeﬁltatmccespmmergla}ncbmmc@mndﬁmt cotd +trodrse dd@ysDf As
altrleré%lya%em%% n éﬂ In%nccaork J:q{c%[\%{ b)}/? SI ne%t |'h

el ectrochém cal’ techni que, and spatil FUCt Ut e~ ¢ah
rese Luddmiy oifl eachptedsici haves chmebeoobdrhnedsinAshe growth

diGRpaiedi Wdbwihe rCAMAE pbaRE SRALd @lm st 'i%lg/%&”&lﬁérlattlce

oy YL e PRel e SRt ARdFEe5h, o st AC Ehgslshibashi,
MOV LB ownmartonere ma yofr g itd o dys or@p@étm&py of
Segal@oa%ufatsomg%r%'s oLagrefore, the aEbOV%t "g} had_can o

| 5 86

ne, discrete and 15 dense repeat’e
Lugtlyiyc Pdeaums Rele Sgs AYrepédided stFugbur @Aof 8heamd 8@rshow a

da0ikher aendyuigy, SltafﬂtFlsc@&% (el B1d rdffﬁa%@mé pﬂé&n by

atom.c .| ayer. accurac the case of formng t
Cramsig SSEAT (SHSE 5P llﬁrtﬁscﬁ}%ﬂ} (BEN e'peré?%%ﬁ%ttlr‘%lmfe

of @endileteridystdii qas: dlga:icﬁﬂiﬂlrﬁeclﬂreimﬂﬂtkﬁy NGCVIS
es% |raq|l that rths% condgctor strips 4 tersec
to

s §sS £ TE5ER bt ﬁsﬁzﬁhaﬂnmwtla like

et
el\@evrtyogmmualemraiwukheneqnmmtsmwr( edgeFig- edlgesShiro

Hagwoggﬁraﬁhe@@roa&em%y T GudfRI AN IDAN 5. 112,
Marelzen gl“okyo, 2001) Therefore, it is possible to grow

one-dimensional superlattice as a function of time by using the
electrochemical technique as well. That is, the
one-dimensional superlattice directly expressing a continuous
flow of time as shown in Fig. 6A can be grown by using the
electrochemical technique, and spatial structure can be
controlled by continuous time coordinates. As compared with
the control of spatial structure at discrete points on a time
axis, such as batch exposure, development and etching shown in
Figs. 1A and 1B, improvement of resolution by one or more digits
is possible.

Therefore, the above method can form a fine, discrete and
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pl anes to each other to make a large area at the

intersection (face-to-face configuration) as shown in

Fig. 10C. In case of Fig. 10B, thickness of the

conductor strips 41, 42 is in the order of 1-10 nm

for exanple. In this case, thickness of the

dielectric elenent isolating the conductor strips 41

or conductor strips 42 is in the order of 10-100 nm
demgie sgpApked strudiyre 16BChy @66y erpeanedesatudSure of metal

ord8RALeSc EnBSELHP stBaHr Qhﬁeﬂf'éi’é‘ £r§88§leer§é1+%urmtﬁl atomic

cross) in the order of 1-1 or exanpl e
laySt idGinHaSh of Fig. 10B |s deS|rabIe is explalned

bel aw tﬁegcaé@/&ﬁh@mlagl elyeWh ifq SRMutsurtace #49be s such
n1cro %ﬁllgrove :g exhi bi t surface st rengt heni ng
B BT (eGP WA CHOLEF b b

eI@H}:ﬁIIthﬁe 43 iiss piesd tnadried thed tosend ocdmeusts a@terﬂﬁs 41, 42
l%ﬁ%ﬂ éﬁﬁw%Q§'gEQ%epkﬁ%§% % 1%eS% e% tosg%ch other and make

uti1 on pot en anospac
& GEUITRE. TR T fie it e of o pddOA aretide g.

cdﬂying%ﬁﬁQﬁi|&%lyho&ﬂ:ﬁ?%@gOfIBBgragﬂgﬁ tHAN Qggaslng their
cal cul at ed b rdi th probes are oppo

PlEA&? &Onepc WHFP t’é%we?narﬁ@m%gaéﬂaeét h@tpntersection
(fmxm&mi .fdde tbngigatup.iodi) Séér&@omtﬂvﬁ?ﬂ profes egiabse of

t nce het wee e conductor s s
P on&uEf I S 54 f% ﬁgﬁlﬁon 8F £ éﬁg gie gc%?ohn the
orfdarr ocﬁn‘bal@smm, flotr paaepl eASSIAI figi Hetasd, gwhﬁ@kness of the
t he
R S Pl o SRR AT s 4 or
CQﬂ@§¢t§ﬂaS¢aup§Ié2t1$(1n:haegerdsrzefci0iﬁﬂﬂ nhe Porssgample.

Inecm} i amg,0 hersened hgte-45 & mlidied-1 0,48,

| ace equatlon 16 (a2/ax2+a2/ay2+a2/az ~(x,y,2) =
Zeef %ﬂlwqw SPAEE |SURRYREE A% ndshieke Quidamagel #)Onm,
feeneexqrlessed by a difference equation, for the

fp8|t %\tké@}lle Q%Hfjl’i%f/atl%%l %H(Ea OES)Qr ogcﬁ%sslsg%f?? AS explained
bedow- j, k)/ay = (~(i,j,k)- 4(I,j 1,k))IA O(i,j,k)laz =
(A irilg klOﬁXéhbwgEﬂlb&éu%oéfQ%ﬁHRE o £ %Q@ﬁgb %1%%cr?scope)
pr%%l%'”taqt)le%{]}} FiirO(‘:];s;:"l.}%:s%SCeasst‘]crengthem_ng efafxec_t by a local
electric field, in which the tip of a probe 43 is positioned
close to the surface 44 (two-dimensional plane) of a sample.
Spatial distributions of potential in a nanospace is calculated
for different cases of Fig. 10A and Fig. 10B, respectively.
In case of Fig. 10A, can be calculated by regarding that
probes are opposed to each other, while taking mirroring effect
into account. 1In this setup, distance between probes equals
the distance between the conductor strips 41 and the conductor
strip 42 in Fig. 10B at their intersection for comparison
purposes. Assuming here that a metallic structure exists in
a vacuum and the potential of the metal portion is set from
outside, then spatial electric charge is zero, and the Poisson
equation to be solved here is simplified to the Laplace

eguation,
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((=Ci+l,j, k)y-0(i,j,k))/A-(OCi,j,k)--0(Ci-1, j, k) )
IA TA (Qi+,j,k)+ 0(i-l,j,k)-2d(i,j,k))/A2
Simlarly, when a24 /ay2 and ago/az2 are cal cul ated
and introduced for substitution into Equation (1), it
is rewitten to: 0= (0 (i+l, j, k) +0(i-1, j, k) -20
(i, j, k) /A2 + (0(i,j+,k)+ 0(i,j-I,k)-20(i,j,k) )
| A2+ é4§i,j,k+|)+ O(i,j,k-1)-20(i,j,k))/ A2 Fromthe
above) /eef+#’V on*al /6he) daplace eguation i s obtained

eVOoL Vi 1.0l i,.ng rence formyl.a.
it ,tfef%kf R ieg (See e iB)] anckgypressed
PY0(d ,%‘lflfk’}e'“@( ISJUaAEI 9 O(eT jthe yotenti@) ¢BY, 3, k),
cﬂ@mmmm@ﬁm%ﬁéﬁlﬁiwlmvgg& n@J]c EQU?LI on (2) and
i ntrgduci.ng .t he boundary conditions for e
conﬁﬁﬁdrdﬂ%ﬁﬂgéf= #9@?'1®K?‘gé%éhtﬂak>dfétributipns
shovid (iin jFikgyoyl% t(hﬂ?ughklﬁwar -@gkm pad. | nt Figs.
11 thr.Qugh ~_humerals.1 rougl resen
spatléﬁ’%égﬁgpﬁafg§¢gét%eé&‘?ﬁé’@f%élbg?ghe pr obes,
FomsrgmWiHicoh 1@ 9ardlin® anecpésiilasasnoprobeepsebeati fsllows.
In F2 2_g 40f, 1Eihgs. A1 throug A the z-axis is -
fi x?ﬁ?ﬂﬂﬂé’ f%ﬁ%@ééﬁ%ed’ gd(ﬁé’_?&_}gﬁrary unit) . In
Fi @5\, Jute vér{ti-dalk)dxids (0 idbakn - By icenduddind) /A
= s@a(lii+1g jd@@anQJ(&glg@qu)g_tz?(ggtjﬁrkt) hala2l e;/eIF_. Si mllogrl Y,
calculation is yict e case of Fig. (
S4ere Tt FEBd58L06! SPAC BOAHUBEBIChaH e o angziey eoduced
fapposst 1t isachirndtchetquaot@nt (B, ditstid eréxszﬂStlééﬂﬂOw:
in Fgs., 15t hr h 8 -ar.e ,qQbtai ned. .| n Fi.gs.
thrétghNTéggg wgﬁgzqﬁéhénggs %@6?é§eﬁe)§ 2tia
coortdi (taties Hethieed Knijfd-edge9 (of jt ke ) /adnduct or
strips ¢k, ¥%+130d gnymer gl )Qz%qgﬁ ggzggAp03|t|ons 17

of the tips of the knife-edges. rtion, like the
FrBovd® &0 anat o PRe®f GRPsTPRLFFReRITATLAR F8I9btained
by o 18000 ey idYlarwinmitdcunrdrigs.farmil£i gs. 15

A A5 E sl e vt ea s 1 e o

C Sca g pon the potentia
* | @viél, J By koomedri, Soit , ethwedn , Fi, gs1) 214t hy oygh114/and
Figs. 15 through 18, anal ogous potential changss,

I.e._sharp changes in electric field, are recognized
neaF”fﬁF@ﬁﬁ@&?&%Q'EBFn?%l%%%ﬁtl@%kbh@sé@§eE§H@%ﬁODn(2) and

irfimpdudiAq@nthe bouhelaggseostowions Fbg. tAOBronfiguration of
Fig. 10A, potential distributions shown in Figs. 11 through 14
are obtained. In Figs. 11 through 14, numerals 1 through 12
represent spatial coordinates between the tips of the probes,
among which 0 and 12 are positions of the probe tips. 1In Figs.
a of Figs. 11 through 14, the z-axis is fixed in the full scale
1000 (arbitrary unit). 1In Figs. b, the vertical axis is drawn
by conducting scaling depending upon the potential level.
Similarly, calculation is conducted for the case of Fig.
10B where knife edges of the conductor strips 41, 42 are opposed
toeachother,potentialdistributionsshownjleigs.15through
18 are obtained. In Figs. 15 through 18 as well, numerals
represent spatial coordinates between knife-edges of the

conductor strips 41, 42, and numerals 0 and 12 are positions
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reflecting that the cross-sectional area of the
intersection is zero dinension. However, through
conpari son between the anount of change from No. 5 of
Fig. 12 to No. 7 of Fig. 13 and the anmount of change
fromNo. 5 of Fig. 16 to. No. 7 of Fig. 17, it is
suggested that the change in electric field per unit
length is larger and nore quantum effect can be

ofi hlackdreveh bliye kppfécadgen- oflm axhiﬁrtoirprp,otleirkei dlhd mbove

exbmsnse%hgue%l onawheres knibe edges ofr e Landuatwy

strips 41, 42 are opposed to _and crossvvl se
aFHt'LEFéébftP%tw th Bt &t vdr Figsn s EReough 18, In Figs.

b, conélwamamn awhier qSt Beaphobg dbmsudt en§PRasethd ARG ing
%é g i s. 11 through 14, the potenti al
upBQt Snpf’ﬁsn Eﬁo &4 probes is symetrical along the

axi 8yconnmpetingnt betwieps Fcnt;st.hélprc@hremqh n4 ked Figs. 15

th¥8&§h@f§ (%ﬂ5¥5 dﬁ% Btgpglg 3¥ﬂ$%§%ak S Isharﬁtchanges in

r ot tlona |ca n co
elpptrhe feebésv\ﬁé@ m@@@rsemdrfgea::ormtgﬁmmqimt@qumts both

inkihd %a%@@ﬁowhhfn FAQf.eMbhadn X Ph%sca?‘sé”g% ihalpfg 10B,
ar to a saddl e point at, around | e point as

re%ﬁsw%lpﬁ EPgt. ths % sq7seqhhpnak, a]f% o%oﬁtk@ntmen%ectwn
isagpmBeHimen¥ebhi. callbyevand hﬁﬁo@@hhc@m weikehdbetween the

d t t t | t
amgpity Wﬁﬁﬁﬂ%%”ﬁﬂ%ﬁﬂWMMWw
thﬂoaldsuntlrd gpeingret ifabmhiEs . I:E@bfsylmget W tdhese 7f eAtIes 17,
1tQQQSQSgH§€ d4§uﬂ9eﬁ iﬁﬁﬁ g?@ﬁﬂ#@ﬂﬁggﬁength

functi Yy contro con |gura | On
lSwélaée@rreénfin@@rr?eauaptelrnogme% Cafe Psediridneed Svent ey

apgmq&gwgnsasmt&amm&dd;b@t&miéy,m ftﬁebecdrm e{lﬁ%cé i where
nah is sh fted from90 degrees, break
S %1189?? |<§ PR ucrfffﬁtsgi‘errlpﬁ i hézs?Fﬁc?%?%s%ﬂo% and
crpﬁswllge 6CtersEcging, wiith #8chhethre- dihmendinorale
e S i,cal I L.a tru I
coEEL At L phyuirrEor e DRl KreaPhBabed o8 Al Wiher
suf AScsleer ™ Iy Edfieedl } Ahgwiugknkdés W@fe PrEécasAdddee¢vecen the

opb@%@ﬁspr&haes 1§t§ﬁﬂéﬁlel§élowoh? tﬁiéaxlg%&%&cﬂrﬁfﬁhéltlps
distri tIOBS shown in Flf 5 throuygh 18 can be

°Lobb&i afehtFyversl At dpact iqp tllﬁletlflﬁﬁl%awmgs , and
roshmuohaﬂ&ynﬁpmméﬂedcaboyﬁouthﬂma%mh%s tmathmt£a$ﬂﬂuﬁethe

nhan nt effect can be al
Cr§% ﬁggeiﬁsg?yg%gﬁapﬁefona U5FCHRB %#gg&fees]in%erle(%g%sf the
p0¢hm§lad0ﬂ$hglux‘as|a)m1duq&@ phapsi signnbanvvalkl eagdieiprsnt at
ar@Q§@|M§§&¥e point as shown in Figs. 16 and 17. That is, the

potential is asymmetric vertically, and has both a two-fold
symmetry and constancy against symmetrical operation of m/4
revolution plus up and down reversal. In other words, the
potential has Dy symmetry. These features can be used as good
tools for inducing new quantum functions by controlling the
configuration of molecules inserted at crosswise intersections
and the charging symmetry. Additionally, if the intersection
angle is shifted from 90 degrees, breakdowh to D, symmetry is
possible.

Further, in the structure shown in Fig. 6C or Fig. 7, if
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unli ke a configuration with densely parallel surface

probes making a structure with an array of a nunber

of heads of surface probe nicroscopes. In addition,

by using thin superlattice pieces as thin as 1100 m

it is possible to make the conductor strips 41, 42

extrenely narrow and to maintain both high

conductivity of the conductor strips 41, 42 and
thewiacdireenhessl sufperfietithiae Pl dees pekrdioddxamlyel amfnated
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| r at,-0 { SucC as

St%? u%gt’l cl)lr%a:%xgcr 633“ S araerrcoc‘)”nsa} qvlsr? ligh
copfiugtiaige ¢ hakte; @nm%or lss;uralplsyéllt Her andl suaface evenness

ofdichtergnce Ry c.ane or nore orders of magnitudes (in
general, by several orders of nagnitudes) between the
speéds SXItRbEe ol Pl aFfe PEF P BLOMTYPIHHPaRe UFeTovided

atshh?npsﬁuﬂbgzekﬁ deeﬂEHdhaﬂ1ép§ﬁHﬂ45réﬁ“ﬂﬁ@'Hhtéﬂgéctlon
i.g tign concept n Fig..7 usji n o
be%%%ﬁn gkgsggncestor grﬁﬁ%k g §5888-%Pn€¥%ys}%§1 it 1s

alépsp@S§edlEntOnah©scaleewaﬁdncamodeabymm$hn@utnﬁ;dﬁnhuctor
stQQb%C@hes4§QHQMiHEeghéux éﬂg %?%%%9%%(g& FQﬁ'VédHﬁe third

conductive |1 nes as wel | ectrons
SYMGHIES PF talﬁ]eallitﬁefslqlﬁ awrﬁmqwlwﬁmumu@n and

co&@h&lﬁi@ aT%hleeSmtltdh%lStsrlllqthrﬁ 16T Hybt ek i1H2@ example,
nbi nati on of two sugerlattlce thin pieces conposed

LogRteg| Sa THes g e oF f A O S8R dI % Rat BPRretsyRs tance

(forat exbalpd e, Japanese Patent Laid-open Publication No.
JP2000-216499 and Pamphlet of International Publication No.
W002/35616) .

Conductor strips/ribbons 41, 42, and conductor lines in
general, use electrons as the medium. Therefore, interaction
is transmitted very quickly. On the other hand, the speed of
changes in the bottom-up region, and more particularly, the
speed of the change in configuration of atoms (such as changes
in position of functional groups) are considerably slow because
of a large inertial mass. Usually, there is a difference by
one or more orders of magnitudes (in general, by several orders

of magnitudes) between the speeds of those both. Therefore,
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The two pieces/slices are stacked together to be
different in orientation by 90 degrees, and a
bottom up systemis provided in pseudo
zer o- denensi onal space 45 at the intersection of the
conductor strips 41, 42 of netals. The conductor
strips 41, 42 are isolated by dielectric |ayers 46,
and the conductor strips 42 are isolated by
thit dtesatiurd gpowrdin Fig. 19, shioieh iexempkaeypiiezesadfizing

t HE SRAGA I e POr A %c%ﬂﬂ@aswdém& qrﬁtgqrggge/ pehsityY real

1Tb/in2 1n case the systemis used as ne
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out throug fie orga |zed chi
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%gg ‘and epbodi nents of the invention expl al ned
lrr%fr ?%%%OU%%OF%?WQ Ot R R ecPRAUEt HEPeting$  tWeth a good
appnuxﬁmaﬁmoﬁberffns;péﬁanﬂﬁﬂlatéua@than&h:@Q%t@%ce Since

g%lng gsgllge ha¥£r%he réggodlcﬁgﬁruc ﬁ g FQ§eFYStem

InNg a conduc ayer a
"Hra:rvg:'er everhi okatesshe tedt t heheosgsicerorof Fig. 19 may be

appreciated as a new substance akin to the "critical state"
unlike conventional substances (such as, for example, cellular
automaton that is a discrete system in contrast to a(:ontihuous
system (see, for example, S. Wolfram, A New Kind of Science,
pp. 51-81, Wolfram Media Inc., IL, USA, 2002). Thus, new
aspects of nanostructural physics can be brought out through
modified self-organized critical phenomena and break of
spontaneous symmetry, which are expected to appear in this
system. That is, it would be possible not only to couple the
microscopic world and the macroscopic world but also to create

new quantum functions as well as critical phenomena by
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| ayer, and upon which light is incident froma
direction intersecting the slice. Said functiona
device is one exanple of functional devices in which
access is made froma vertical direction to the
direction in which the tine is continuously woven
into. In the above, preferably, the photons are
injected from a perpendicular direction to said
aifrresean orPhied Whildtr stired neBostsucontriesucapbpleovernocal and

iidt i g Sl da&@f@é@fﬂg?/elrh aa%ul}% prgierably made of

netal s, and are of formof strip or ribbon. Wen
sai M TURAS A deNARE 9%, N Droesanpide Bhsokah tee| study

em]ledlrimi abovkayefidiix @@Oﬂ@plﬁbf«‘@écﬂ Qﬁetﬁé E@fé@@fng study and

non-metalic is mad
sen1co gﬁct%?%&ﬁxﬂ?ﬁ?ﬂ;%?Pt?%?%%%% d %%ﬁ%%?t%¥ t he
[ nvemqanrdlrtd}eice tihge pﬁmtdea:ls;ﬂec_fwrmﬁ i ol 1 gheavth €8on,

ho | c.structure
PR e O G Rt Mo e SERPRSEES
hawgimgera mnw%um@wma h@fﬁmdmg @r tapdnctoandater and
a alor-gasta Pard l(gyé’@'Hchéleqr{ omlé(r?eéﬁ %I?dtlllg &onductor

directiop intersect.i he slice
LaXAT c A1, URMe "HHrGie HEL T iguis aleifene Wemha direction
1thﬁﬁﬁ¢tﬂhgﬁtn§ugﬂi&&@uct|ve | ayer. Said conductive

| ayer, refeQPny made of netals, and are of

t he (?rlr% 0 ncttrll B 5% oS AordiaiP 1o Thel Wi ripnal
degsipeast igf whhiehi @m@@ﬁsons mbdeefKSmpaovededcal dlrectlon to

tk{é"rkﬁtﬂéwt,alorgel\ﬂ G fcﬁ{ 1\@ contl 1§ous

a periodic structure inc udlng a conductor °th %Qv%ﬁdlnto
a nodmEhgl fPeveayr¥efergelyi rhahinbiatess lahr&nltlblected from

a @@&@@%ﬁﬁbuﬂ%&eﬁﬂr@ﬁ@ﬁ%hntéh§aIdWHf§éé%%%n§ %1%%E%Epgﬁgdklme

% other so that the |ayers iIntersect ea
Re mgﬁa%we Bt 1PRE- %%JrﬂjﬁEPsPCFéysrl%Y%r dFposs ferably
méth-Z‘ ea‘i:hnecttaliesr, ainich axepoédeher fibpRdo£f soet posal ribbon. When

t es. In_the bo ve,
S%Eﬁgﬁﬁg%éggéggggﬁég%ggf2ﬁﬁgs%gﬁpgggraSPla ﬁﬁﬁ% pfatdmetal
lawanlis annfeared ssftndne for masfhasts iglert rédbomnand said

ndﬁﬂﬁﬁﬂﬁﬂﬁl:tQaya% E@Uhb@ea%ge%EmQEoE%%ckQﬁent'On
t her .ovid unctional device conprising a
str u?{ ép ﬁ%zf FSGRRY BAPRSIC te Gvd ddiori nvgparion,

i Nt ercdeate 136@2]’!)\()1&@:& avftihcthehk1edigescdRIdpidlithg a slice
hé%%ﬁ%?ltgekgogﬁghs £Hg£ure including a conductor layer and a
non-metallic layer larger in thickness than the conductor layer,
and to at least part of which electrons are supplied in a
direction intersecting the slice.

In the above, typically, the current flows along the width
direction of said conductive layer. Said conductive layer is
most preferably made of metals, and are of the form of strip
or ribbon.

According to the third aspect of the invention,

there is provided a functional device formed from two
slices each having a periodic structure including a conductor
layer and a non-metallic layer larger in thickness than the

conductor layer, wherein the two slices are superposed on each
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with a predeterm ned functional material being laid

between them In the aspects of the first through the

fourth invention, said conductive |ayer is nost

preferably made of metals, and are of the form of

strip or ribbon. The thickness of said conductive

| ayer is, typically, nore than 0.2 nmand | ess than

100nm or nore than Inmand | ess than 100nm or nore
OtPRENSQ. Dk thedlpESEStiHie 6TREE cavd prbeer abld edges of the
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n-. met typically, nore
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stgpcéEseaid YDpehpaseiubAL bhEho bt trirdeot e hatayerws |iayerssect

eabﬁt6Eﬁé§tw§@§htﬁ%iﬁﬂedgﬁgjb%qgﬁﬁl%ﬁdtBSpBQQggcﬁgreA@WQ§ther
? EgOSIttethC Other W _t apre etermn

REPHRETErea HEiaTg P&t M5 5 nged@ési befween

thehe above sai d conductive layer is nost prefer?bly ;
of t ¥o) tr' I rlbb The thickpess of sa
condggﬁ{f%g% af%’ %gt: Y pi-E ? SFI YT TR RahOY AR drfention,
safidssophaatioendpyer wermost hane fePaipl pndadesst tdwels, and
ar@06$1tﬁ@deEﬁ{%&a%E%lgp ot tP?Eanzn@heagq1E§§§ EhSQ said

Onm The_wi dth of diéelectric layer
CoﬁgPétﬂﬁﬁnlﬁyﬁﬁn%%wu?ﬂﬂ%ﬁ?lﬂhanmggguﬁ$aﬁyb#%am1yndnk¢$§ than

100R&N0 0. e t&%rarldnd 868 1898 SQUM1 o, %Q%Qké‘gtr%ﬁ'oa 2nm

for exa sul | ayer or havin

tin
anﬁlaln%s%rl 5’ge S Ucﬁﬁ@reggfagﬂrﬁ 5° TGEev %ez rgand less than
30nypi Blag Iwi dten péadenﬁmytathncyle(m/pls, theicaloypaid 0 than

t 0 acr qs
0GR Ak, SLOnCEndh O00uR! OFR POty il SO %l ana
legps 6Bl @88Ter ki nked di agonal [ines), parallel and

si nuhtapeausby tbeade0t rrANdsBeceSSr WREChLBANS RO
fas tEEead out. According to the sixth aspect of thé

i nvehPFOR, 1T REPY 108 %7 GHdEP adfugRet f TR LagE %i‘é“?/lséé-ces

eacbnpevsnpga periodic structure including a conductor layer
of over 0.2 nm and under 100 nm in thickness and a dielectric
layer larger in thickness than the conductor layer, wherein the
two slices are superposed on each other so that the layers
intersect each other; and

edges of the conductor layer are opposite to each other with
- a predetermined functional material being laid between the
edges.

In the above, said conductive layer is most preferably
of the form of strip or ribbon. The thickness of said conductive
layer is, typically, more than 1nm and less than 100nm, or more
than 0.2nm and less than 60nm, and preferably more than 0.2nm
andlessthanBOnm.Thewidthofcﬁelectriclayeris,ingeneral,

more than 0.2nm and less than 200um, typically, more than 0.2nm
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at least two slices having a periodic structure forned
froman insulator |ayer and ferromagnetic |ayer,
wherein the two slices are superposed on each other
so that the |ayers intersect each other; and edges of
the conductor |ayer are opposite to each other wwth a
tunnel insulator [ayer of over 0.2 nmand under 10 nm
in thickness being |aid between them I|n the above,
artdiniesdd nthamsilat i rithe axy@xoaﬂlﬂngfreédiﬂﬂagﬁlfi‘t ferl ayemple,
L fan e Yanl t d nne
s ﬁ’ i ?%f;re?? ﬁg*or enxag{]O béﬂ%%f%ructduge Said memory
def‘é]rq’%éﬁed'{ml@qldwar a@@afd-IQﬂlysaneincm;el( BOMI i CHeayefoamdt ion
cfaﬁcﬂn@as‘%%tﬂe'dcakaﬁ’@é dr%sstl}fﬁj oI ﬁgfr@acﬁ %rdpo%f%%t 85 Bgonal

rj bbon. According to sevent

l%rfﬁ/emc?forfmlﬁf Hele %@ﬁ%u%@%@ Linecppt cahpei Ephged or

kmk@@ii%ga:m:ﬁl thrﬂé@de @B@ﬁ@;deﬂoah@Vglﬁu§EhﬁébuE9§m:éQQ out
bet ween t hem and whi ch has

sem condu I [
angd gaecnceer Ay pJI la%lao#%ntcf e HHIVeCUkaid
sem donductiorg |taydrhd $1o<3:;habisg>eaft qsmott}malnﬁcxlterﬂtmon,
CONver -1 e.v ials as._lang
o ey B pE et LN s FOLERERSE By P SeoBrising
atsilegstubee sTgredawing g pgritﬁditgasﬁzcumzeas ifarenesli¢lrom an

irds et ANDEPBOUSHd %leh:'r%ﬁﬁgﬁ@t@kgﬁ{ﬂy&r %rrjealnsthé%lv% slices
solar cell can be of n%% ypically,
)

aL§ PORPAPOSEMA GRS &rtf}%xéﬁ pt %&éy%ﬁdléﬁﬁﬁééét each

otdfersaiahdlevi ce are of a formof strip or ribbon.

j t th [ hth aspect of the_invention, _
ec{%ﬁegs(r)(reoqi: s@%& %v e&%a cafaélleyltolafedggpt‘félESnﬁPl %f‘ﬁg qther with
a |terwtel drsiulegt draviayea perews o0 s2 ructane drode®dl§ rom in
t}'ﬁ_(ﬂg{@élé 'kfell %.radl@fbeoc\ﬁ%erp T%éé]’i{naand Under 10 nmin

t hi ckness an ielectric er. In the above,
sai d Miet&e Iaz%?’é’refl $UPRGe 16Y9 A@S@cﬁtlé?g Payerarmhdai d
A e e A ot ST p
refer 0 e for
e A e R S e A A b v
f ey rer ol G nienesas €€o thielnar ea it dmemm_sﬁd I®yer and
fér%lé%%&%lgpgr % egpg%gﬁi'{} ai nf%tfaoym o) %rjt%gr ribbon.

characteristic: Acco aspec
pr eseACCPAGERBI &R, thtehére@emhp@@me@@d of phet delvecttrion,

convemhsiren ideyire® i eePhi Shdr cell comprising an anode and
cathode shaped to have a spiral form and a semiconductor layer
laid between them and which has a generally plate form.

In the above, said semiconductor layer is capable of
photoeléctric conversion, and can be various materials as long
as it is possible to be rolled up to have a spiral structure.
Typically, it is inorganic materials such as an amorphous
siliconorcmganicnaterials.Saidsolarcellcankxaofanyform,
but typically, it is circular, triangle, or hexagonal. Anode
and cathode of said device are of a form of strip or ribbon.

According to the eighth aspect of the invention,

there is provided a catalytic device comprising at least
aslicehavingeaperiodicstructureformedfromeametalliclayer

of over 0.5 nm and under 10 nm in thickness and a dielectric
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a photoel ectric conversion |ayer fornmed spiral or
concentric to have the general formof a plate and
upon which light is incident froma direction
intersecting the plate, wherein the incident |ight
that can be photoelectrically converted by the
photoel ectric conversion layer varies in wavel ength
stepwi se and/or continuously in the direction of the
laplest-e t hi ckness. Typically, first and second

el ectzlhoeﬁé & &vd ordmdy shidal 1a%109§0ﬁ58é'&f %{]hp@ or Pt,
§81 @aérlc conversion layer "laid_ between t
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first second electrodes is forned froma
a BpﬁFﬁe%@§t6ﬂ eFeEYFEaeS prEvVirded O rMRdpBRi FRONGT concentric
t oC Oraves povedigem dra It e 18t eps anpl/mﬁ/@eﬁ{tgtﬁpcbrﬂCWI@@éI@ light is

t f th t he di f plat

e o TR He A S S T dorves & on
Iayewhﬁgeanptheywwmﬂdant-l@bha phaypﬂnsbanmmmﬂ@@1@¢tr1cally

cdriddPaRd gy torRe ﬁ%ﬂ%% 55111 r51$}? P%@Pdvgr{

sem conductor filns m e|t rgani c
wagiedaRiat isehPRBhaa st orryenéanwusﬂmn she dipeaieton of the
pﬂdﬁynﬁnldmmgﬁganlc or organi c sem conductor whose

conpqsltloql raded ip the direction of plate
t hi ckA&ss? 'YypichJéFFya,nc[]ﬁ?cﬁ&ﬁd@%@c?é?%%rf‘”cenéoﬁmegnﬂplral
omdwm@mnmmi@cteo@o&beﬂmmwa:m\emmm angly o lald

be%%érp%%% Fg@et?ﬁ? Qﬂ 'n%]dleeﬁ]st ol‘le ao%ngf :Lrst and

in t nes ckness 0
: Sequﬂéi eéﬁ@%@@@ﬁd e Y odeati seaet ddreednadeapips éprrmatiefrom

a gllhraﬂtltlysofyepl&@&i‘ddé@p%\?ﬁé@ ts@prér%treqlgg?rg}ﬁeéaghzother

nm and 0.nm he thickness “of

Inhpe &aré?&%oc? egrwérts% BthkaﬁéF i sA]a?%'otyéllé‘é‘tléd’ akncident
1 iapyrr apratatoanb e Iﬁhdt&dl}é{nu}&ldaﬂlﬁ&icﬁﬁteﬁﬂ:w thY nc1de

1 der 100 ol hot oel ectri
B G 2y A7 Ry st oA RICaRry e Lenath
frggntb@n@ughbrlph@deete@mrﬁdes @féﬂkf@ﬂwme iayehe direction

of plate thickness and at least one of the first and second
electrodes is formed from a plurality of electrodes provided
in positions corresponding to the steps of wavelength increase
separately from each other in the direction of plate thickness.
Typically, the photoelectric conversion layer is a p-n junction
of a p-type semiconductor film and n-type semiconductor film.
The p- and n-type semiconductor films may be of either an
inorganic or organic semiconductor. Typically, they are
formed from an inorganic or organic semiconductor whose
composition is graded in the direction of plate thickness.

Typically, the bandgap between the p- and n-type semiconductors
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being in contact with the sem conductor photoel ectrode

and a counter-electrode being in contact with the

el ectrolyte layer simlarly to the well-known dye

sensitizing wet solar cell. The electrolyte |ayer

shoul d preferably be a solid electrolyte Ilayer. The

solid electrolyte |layer may be formed by printing,

coating or the like. The seniconductor photoel ectrode
deHAASES EYBPYARRAHY FloLrBd 1Nuomsa YT el thhe Heght-incident

srandase- ’EN@%}ltdﬂ@anmqeop(léj@e {11 cBX88P! €)The thickness of
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| a th t
6] P oA LD CHRCER LRSS E LGSR coverton
laysaciifg OEBJISW selectiy® warapedohylate bsenicohducypically
sl qoldade 4 syl adh s engt%ﬁcﬁ”ﬂr@dgﬁ{elgﬁhhrﬁh

absorbs |ight of a short wave to a dye
PRHRFIRC T Ii G Htoroie 58 1 h gl dike | eyt e | Foxmed df remt & on

dyftf ¢ a8l driseness dddtp bﬂ%tb'egmcﬂr@)@'ede@&e%‘ﬂ&%@?@e(’iayer
ctri.c conversion device may

t.he plate. Th phot 0 | e be

DB GRSt Co° CBCANY PR cllar ool FEARGUFaRNT 2
caorn teecegiona rodke beridign gnt oot bec t antih &Shréeétle@fcrbh@te layer
oASELERG e LB RAG g, LU TS S S L e
elsrgtuca ltee o'lraxﬁr coreeld rpre téradh g . bSak de>lgdiltelectrolyte
18/ i Rgdeyicg @pécéi@ﬂ&@fla@eqt g ty@l%ﬂéfq by" 5§anting,

shape of circular, triangular,
CORNT OFi Enaek ke’ erfite ﬁ@ﬂé&?@@#ﬂtpg P gﬁpelectrode should

tylpagmlle,mbret ffﬁgmafat gﬁbﬂlda idtatl E@éd%' mghsteaedtgeett&amum
he I ma device e

o, (3 e | Wi TN Er i Sar e By s

Samﬂﬂqnﬁuqimmaﬂg@@eﬁamu}Qd&udlVecie@mxpéwmenduwabaﬂohofrom

eild meigrpail%l%mplgp@f@éé SR thd B Lo CONLIUOYELY Ll on of
|tallé step by step. Typi cal

ple%fé%tihéa ngfg tt%ét%b’éﬁ@ lace’aars(ﬁjé%eg@rvmqmtﬁgoéaqh@ light

abd e ® Byt ﬁhé‘@i’ﬁeayeMoB@Vﬁ)@ciﬂi@éPiy,s Q‘hreahy@rcarrled by the
once(%rlc Ci cal east onpe of

G0 ARG B S 1 TIa 5 b S gt | 2o @ ave
whel dcbbeded sf ot gietd ol mrsgdoﬁmeameﬂiéhgdhrmhl d)yle @hildheabsorbs

L 155 o0 B9 0 18 (60, LLTELPA: BLADE Bl)ciness

flfqlbrﬁfs%lldquifgmn@ﬁiﬂﬁ nPu Y Baes @f]atfg%splga‘a@ualﬂ@e or
PRSI RSt AP RIrRRG dihe, didact AR yPEE PN GHlR)rrf Ophkher s
ty%ilcnaclllpyalcircular, triangular or hexagonal.
According to the tenth aspect of the invention,
there is provided a luminous device in which said light

emitting layer is of spiral structure or of concentric circles.

Said light emitting device has shape of plate, typically,
has shape of circular, triangular, or hexagonal plate. To make
said device emit monochromatic light, light-emitting-material
that has single band gap is used. On the other hand, to make
said device emit white light or multi-color light, band gap of
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pl ane of) said plate, where at | east one of said first
or second electrode being made of split el ectrodes
corresponds to said light-emtting-layer having

di fferent band-gap along the width direction or the
direction perpendicular to (the principal plane of)
said plate. Typically, said light-emtting-layer is
made of pn junction conposed of p-type and n-type
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lﬁ”@d@?érﬁ%‘é@gﬁ%aﬁyﬂﬂc@ll&’ndSalfihhah*ér?metmaeg layer is

maltiave f @naiueet 564 rc@mp@s@@rtﬁf gu&@be%@&dt%%péérﬁlﬂc&liductors .
qutln the first an 4: d structur 26 Accordin
to

Pispe He Ghvett i, elttrhee’? g fgrganic or

e tTwel'ft aspec
ongremdicd dar ahmmmsofdmmﬁm wrfl nohea pﬁlmtost,l ored Ogvicelly,

ha'v'l?ﬁgu‘al@gfe%é‘dtr Sﬁarﬂ—rglég & ﬁl ! a%%h&d}g St luJH or the

are coupl e unite ird struc
dlé&?&r%%“i %@rpelfl%%ﬁvh@rttl?esfilw Pd ager- u“ém*@alb.\/héaedd@ﬁnd gap

ofaBiagat pepi andcantiyger Qéﬂnﬂ@oncﬁ@f:ﬂbBgcﬁgﬁg§§c@@r§jtlnuously or
ISR 49 hRre e Siaol ol o e Quaian L Lo
ditrieestfiiorspespeudtianéabyt é dcdle patardptiloplande@r dhegplate.
Thteothtﬂgkkgisgtgfrgaﬁoa%@?gt Qﬁdtékecéﬁal%ﬂteic%r}’ode is determined
with respect to the needs, and typically, it is more than 0.2nm
and less than 100nm. The thickness of said light-emitting-layer
1s determined with respect to needs, also, and the thickness
is typically, more than 10nm and less than 100nm.

Problems described above can be solved, in general, in
the way shown bellow.

According to the eleventh aspect of the invention,

there is provided a functional device comprising: a first
structure formed by local interaction; a second structure
formed by a predetermined global rule; and a third structure
having an anisotropic configuration and coupling or uniting the

first and second structures.
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there is provided a functional systemusing a
functional device which includes: a first structure
formed by local interaction with in-plane causality;
an ani sotropi c second structure forned by a
predeterm ned gl obal rule with out-of-plane
causality; and a third structure having an

ani sotropi c confi uratlon and coupling the first and
secHFEFOISHingcttyr ésie Itvalfd el asmatth,oft visld timvemd dhe

t hi rtheent Hsa§P§§§§e8fa rrtehc%ddf“é%nfn QﬂfaE@SrEhﬁDL functional

structure, for exanple, is formed by autono
deyisFet BT HHC t?ﬁéﬂﬁﬁFéFa%?t%ﬁtutﬁé”§%édﬁﬁxeﬁi@éruﬁeurﬁswhlch

arkocmRg 1ace erirdivig deal & ikl edelierra ned @abal, desibni sing:
ruI%. and the t@{rd structure conprises a flat plane
or ACLPHES CA° Sitadd % qwtdlrae pet il T N )Fqla?ﬁtnraftlebc

coafilgetnadgion ; conflguratlon i.e. having alternating

net eralayer snderal el e  Sisle shructurg e,

onormus I sper sion type nt er aCtI
CogddeNd aStlarc AR N o rite @ az:rceo:redqengmtrmda global rule; and

pr edeflrarivigned glfahal @%S.dt&rtdﬂé Gy aﬂ&télhe_trh!w tipn.

str cture . conprises a plurality of planes stac
%&5& I N9t ithe tAIESREH: tao'saert‘et fourttl"éer%tWentlon,
asp&@br@fﬁegﬁrbﬁy@éﬁléﬂfuddﬁﬂdhal.%y@&@mlQSQn@ a functional
t eviice conmpr n n_isotro
degdRE B LR R e T ofteettat e, At R
ingemeicriious Wit har ramilsoter apiws ssleicond ast rarntwt&dpld/\lrsesznd
[ ' A ]£E§ t t ontlnuou
Stghg%grt%hfw egﬂb ct u:EDe \}leen{;nﬁ%eqlr eql%é) calrl ﬁ arﬁ t ed
ougnirdoPrepicc CadERliiguraBingh aortfetllt%ra‘fatuCttglrWetl“@r\Ulrayens

anaB@teopRld RGnMGuitish and SRENG 3t MY Wig%t 204 second

StAcc%rdlng to the fifteenth aspect of” the invention,
tHere s provi ded a nethod of manufacturing a
f undti chel edeveoghi ntivadlifnyg, aaﬁdremesﬁmimﬂeeﬁtﬁﬂubﬁeCts of

th%egﬂggn§EBHCtHﬁ§ f!¥§%]s€yﬁ%éﬁ3 ’he txlaaggﬁehggﬁrgp de by

structure, corrpr|S| ng. formn
auk RO SaAil SBEr6pPE TEBAS irgUeaacbnonf ot Iné ree tdred seoonTture

1sSféﬂﬁéér£bé&k@@M§t%naQQfé&Efé¥ﬁ£ne§Qﬂ&ﬂﬂﬂfQEEQBn'Pule .and
which tinme is projected in the configuratio

thEi SRbRe iSTtEIYFEe ﬁﬁ@pfr&lsﬁtsn@j Lled plpee f ﬁu%@}m?él‘t:@l plane
hakrdawe anpe&dbﬁdmadly laminated anisotropic configuration,

i.e. having alternating heterolayers. Alternatively, the
first structure is made of autonomous dispersion type
interaction, the second structure is formed according to a
predetermined global design rule, and the third structure
comprises a plurality of planes stacked in a crossing relation.
According to the fourteenth aspect of the invention, there
is provided a functional device comprising: an isotropic first
structure in which time is projected in the structure
continuously; an anisotropic second structure in which time is
projected in the structure discontinuously; and a third
structure having a periodically laminated anisotropic
configuration or alternating heterolayers and coupling the

first and second structures.
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configuration in which tine is projected in the
configuration continuously. According to the

si xteenth aspect of the invention, there is provided
a functional systemusing a functional device which
includes: an isotropic first structure in which tine
i's projected continuously; an anisotropic second
structure in which time is projected discontinuously;
and PA R @9 $Or ddeurfd Haand @spadtodifcdiny inrgmatay

ani $of@pii 6 pg@ma@@r@&de&m&f o2l hshnakbpd-hetes OEL?IYLelff‘onal
cou first and second structures. In the

and
AoF G CBREHOTRT R S4RER S SFet SaAehe SSFeeics SoF upREE which
arienvenplen, vilke at hihid dstetatdtire ,f @onganley: conpri ses
a yral ity of .pl.anes stacked in crossing relation,
eacﬁloh )éhe Eglr. éjglsctaﬁﬁ Y & Frat arﬁ%&g}ﬁpcftcmplc
CQﬂﬁﬂ@QﬁﬂﬁﬂﬂﬂGn and prOJectlng time continuously in the

| N A Gl 1sQRor AL GANAING, A0 dNG SAVEM BBMdbe ropic

as )ect of the invention, there is provi
AGITGAOTd &0 Wél%rfsplrm%ulrﬁg prafdecitest £vptlee chrrsfflguratlon

dﬁgddﬂﬂﬂﬂu@dglyMndaa time is projected in the structure
cont nuaqusl anlsotrgflc second structure in

FHING T0prar et & EetR IUGERIS rhrid it opic
camﬂxgunanman 1hhwhﬂthﬁimﬁIiEEpmbjwhtéﬁ.thnﬁhéS:onflguration

r.Qj ontinuously and coupling the first and
C%%é%&h% Q‘;?l'rylcmtures. According to the eighteenth aspect

of Hssondiaet iton thet Isdmd sentpr @spded @ firstHeodirofention,
mnl{fr@%teuagnlgr@via@&té et idgviice 'sfe%knuggﬂﬂ Jrgétlonal

structure and a second structure are ou§¢
deyilgea WPRIChd 1BELHEREF eaNcHRPEFSPRE: f285¥o$h¥%©t@h% in which

t it 16 p&bﬁ@@:ﬁ:@ﬁ&:dr@titQY@ gyﬂﬁh%l{iﬁﬁﬁopf@@feb%lﬁaéﬁﬂfbture
|n mhlch tlne |s gfte in the confi_guration

Ire SRy o HESHT EMAE e A avd e

c SRt RuoddlS v fé?n1ng
SQQWQ§@KEO@@Nlnaowhgyymmﬂumahhy\Mamﬂmaﬂauaamiqmtndnﬂaw

cdrﬁltzﬂﬁ“aciqrg Qur %tllt%r}nacyl %O%ét%%ti% co%d‘ %Jﬂgh%&$%he

first structure to have an i sotropi i gurati
figste G ReGoa D SETEEeFSSh the confi guration

contimuBEst SurACGoIrd) 19 firecrt® Ahaed Beddh @S R&He@fs of the
1A¥g%€fg%sn%%%nth h%{structure, for example, comprises a
plurality of planes stacked in a crossing relation, each having
a periodically laminated anisotropic configuration and
projecting time continuously in the in-plane direction.
According to the seventeenth aspect of the invention,
there is provided a functional device comprising: an
isotropic first structure in which time is projected in the
structure continuously; an anisotropic second structure in
which time is projected discontinuously; and an anisotropic
third structure in which time is projected continuously and
coupling the first and second structures.
According to the eighteenth aspect of the invention,
there is provided a method of manufacturing a functional
device including a first structure and a second structure which

are coupled via a third structure, comprising:
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is provided a functional systemusing a functiona
device which includes: an isotropic first structure
in which tine is projected in the structure

conti nuously; an anisotropic second structure in
which tine is projected in the structure

di scontinuously; and an anisotropic third structure in
which time is projected in the structure

contiqiing yche duplaigsthect die sto anavsesonanisotropic
cHFURIHESN iR bh@cﬁeyﬁﬂéeﬁtﬂoﬁ&g&% hpand nfiguration
ni net eenth aspects of the invention, the 'hi ra
CAHITHWME Y or exanple, is conposed of at |east two

ani sodrmapicc #ive- ﬁmlﬁhﬁhcﬁﬁf@%@rﬁévé NaMhhgisct+8Bic
nr o ed .con in the in- i rection,

t 0 ane
S e Teebubhet Fed i Bttt Yocbearngr tguration
dl&ﬂpnmwnuquaﬂyvagpett of t he invention there i's

provi ded & rretdflb %@L%&teufé)r@cg ! ﬁé{)@ %%%%ﬁ%plc |

structure om'up process;
coitfitnpte o éﬁnﬁalﬁi} blmépl%mmm@ceaign ahd eonfiguration
cdﬁﬁﬂdubdgyyly | am nated anisotropic third structure

cou he flnéé%and second structures. According

P NIBFEEENLP %%Eée?h\?én*f]il%ﬁnvetnﬁép@q ghere

lsppm)lvddddaa mhhado@falrms:faatuﬁllmgaaflﬁm@@i;wmldemce which
a SecC

[ f|r it structure and
lngfl\rﬂuageiesur%%v\ﬁdé iS2 gjre coupt ed® Vi BB i +1 %@?%t%%‘%e is
P rsurgsttiesi _mg.tl"t@rsmnmgtm@ thntdnebnsﬁ:yura& b@ll&@\teoplc second
st@ldcecrtﬂ@ Il\f’le %}'Pr&r[?é/efss é:ogtr cture
structure to have an ani sot ownn
di UO3Fd Y9 ario B ﬁglﬁﬁérpprlg:t t@tlmctsurecbyra in which

tlhﬁih@npﬁ@j@é@éésﬁn th%uﬁﬁﬂﬂdﬂir%pcb%%1%ﬂ%%%ﬂyseeeﬂgllng the

ect the jnvention, there is provided
]Tﬁ%btf5§a€K§V§ SIS Y S f unct i onal deV|ce whi ch

|nCUUUébeaséVeBteshtthQthﬁemmENehﬁi@ﬂﬂﬁ&ﬁ%ﬁﬁpaspects of
n S | st tur rmed by a

tﬂgwyﬁyﬁﬁt%gﬁocegs Qh R EtESEQBQe, %g%ogég?g rn:L?h%omposed

ofspf d&ante wmqtmﬁmsq ywo- émeastl@méwwqtures in which

t ined @@obwﬁé@aea%éﬁtﬁﬁw@éweﬁ%@ R HhAGe ?hEéEu’a‘B , and
c ecg nd structures. t he tmentleth tmenty Irst an

X TEEOTTE Sa M GO HIRPY nvent i on, the first
strmmldgomcemlmentslémf NBtbect of the invention,

there is provided a functional device comprising: a first
structure formed by a bottom-up process; a second structure
formed by a top-down process; and a periodically laminated
anisotropic third structure coupling the first and.second
Structures.

According to the twenty-first aspect of the invention,

there is provided a method of manufacturing a functional
device including a first structure and a second structure which
are coupled via a third structure, comprising:

forming the third structure to have alternative
heterolayers;

forming the second structure to have an anisotropic by a

top-down process; and
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by a bottom up process relying on self-organization,

the second structure is an integrated circuit (such

as seniconductor integrated circuits or the |ike)

formed by a top-down process, and the third structure

is conposed of a plurality of anisotropic

t wo- di nensi onal structures in which tine is projected

in the structure continuously in the in-plane

di r stimomg ane thierebys teoovers pgeadoot somropyprocess.

Acc .0t t Riry L N vention

the?gQ#gg%¥g%fgiéjgﬁgbﬁg%ygng¥ﬁgﬁg% con%?lgﬂe +nyention,
thenssis iR @ FanFhyosel fswitam asing @rfvaldtrlamadl device

wisitdHigehdladed a %@Q@%dsﬁt:ﬁéﬁﬁyéefdﬂné@w O AR om- up process;
| nt e%r ated circuit t op- down process; and

o TS 5HE \ﬂtﬁgm&r%éar i rﬁwgi Py ﬁef-@Poﬁay@r@aocess
Jramhsmﬂrmpme aenbmggeatednlandhéoaﬁkuagutéedig&@ﬁtlﬁﬁgusly,

A d t.he t f
R e e e Vel S vt 8 FatRadny the
fkﬁsqnﬂnﬁzﬁﬂqnndmﬁtiuqnume$nal device including a
f|r%§1%5%u€%@ﬁ€1@@g Ekﬁ%ﬁ¥§mk§f§ygﬁﬂi%w%g%& s%c%nd agpects

coupl ed via a thi structure, conp
of ﬁpredl§YFBEt18Pe FBeh%%S% S&err%wé%u |fyor |easﬁtm@éped1s formed

byaaiaitaapip pebteguradl pitig bar $& ng-4P§a8£99on, the second
ure to have an |nH§grated circuit by a top-down

Stﬁ:rué:cl{élss Fhd 't orhi T AHE £ TSTUSE r (R Gh €2 o> Pabeonductor
irgeldragian karicty ter oa the ddtal) sbrhetiuse.a A@pefi@wagpi@cess,

1o Wi f nventi on reis
antg;gcvhi \é\Bﬂ(]’flrci u%%%%ﬁ%e syé;tcecgrrr&ﬁ%%en% a£ n%Jth]E) %tys?)f
and@Ata@nit dhvaTiingiestora f i ssrustures uie Waimgtime is
prEfldetddnilpily sy fFrad@le SLEe déi’)?eln 8 L CONC l%ne

structure in formaof an integrate rcuit or

At §Gp-Fows 5t t&’ées’éebyan‘i:FCé"f?ﬁSr‘ PSFuct RN ng an
al t evavatridigly thetero| ayared- @i sotd apt et &pnﬁflﬁeguir@r&é@@lon,

fi t d d. st t
o SR IDE I ocend second strustyeseoin She ..
stgluativerd ﬁ\ﬁé@m%rﬁeltﬁremtlmlradrlstty uct ur efrdorakexanpieture; a
s QY 's%%c%uﬁjeurlﬁl EbYmOb s @@Q%egﬁé%eod 0.3 6T 9%%{1%% by a

rel ati on, each having an alter eterolayere
EORCRBTY HFOCESSF GG At FBhrdTﬁErPﬁFégiﬁa e¥ieg reliermayingly

hdMEﬁbﬁﬂyéﬁ&mdﬂibatroplcconflguratlonandcoupllngthefﬁrst
and second structures.

According to the twenty-fourth aspect of the invention,

there is provided a method of manufacturing a functional
device including a first structure and a second structure that
are coupled via a third structure, comprising:

_ forming the third structure to have a periodically

laminated anisotropic configuration;

forming the second structure to have an integrated circuit
by a top-down process; and

forming the first structure to have self-similarity or a
fractal structure.

According to the twenty-fifth aspect of the invention,

there is provided a functional system using a functional
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integrated circuit, for exanple. In the eleventh to

twenty-fifth aspects of the invention, the third

structure nay have a configuration |lam nating at | east

two thin pieces each having an alternatingly

het er ol ayered configuration of conductive |ayers,

each having a thickness in the range from0.2 nmto

60 nm nore preferably in the range from0.2 nmto 30
deimcanBieppingdiudes ina tie sor seruetute @ wimg sehf-similarity

oﬂ“éﬂﬁﬁgdﬂél|§B%ﬁétu@@0hah@yé@ﬂdasEPu@%@?éslhnfSPﬁ of an

. typically in the range
“?tr eéyrﬁﬁlicd“éogg = é’g’d A5P® OPYRc RIEPFSiS§ it R8d a third

stordsrud HOA1Hy rem amu&rﬁi&dnghﬁ h@w@f§la9é@§§ EﬁQBotroplc
nj sot s Structu ma
CO%ﬂgura ar? Ar?é)fcﬁoe Uency tléjr% a]’::b}f%? %/??ys%?ogéaﬁﬁ\‘cwres
fr eqﬁJErrdeestweIFtwﬂHend,eaWEIaWSManm casd r teént p-f£$fah
aspEtemof substanas: 16§C|$ﬁgn8h9f%ara tgfggs ?£ example,

carriers that are different in erls
CORRT thagat Peml bEY oft e ageFoitanked ineasrossiaadiglation,

eédH Hﬁﬁﬂﬁ&(%niﬁmkéﬁﬂgtiﬂ@qgeh@{efbféyﬁf@&t%n?éotro ic

ractions or gsn cal g enonena fferent in nature
O Pt nGFE ARESSER PAgCaECR hd&tY S6néefAmAgoRductor
1rrtmmral¢es£ﬁ dint@ract i tor cExqiysé cal phenomsnon in V\,hl ch

%ﬁpQﬂea?féve§HQ§;a@%%n%ggg1 p%%g%?f Eﬁ s%Bantlon'

as or ol ecul
thmtbnadtam@uqﬂweymve @I@mﬁmmms:rdlsxpensedng at least

ol S8l & e fddst HK@En@S?ﬁC f&@rnggfﬁigyoﬁg{ngigyered

carrlrers (SUCh as el ectron aracteri z
CAHEFHAT AP CitneCBFUPhY ¥R cel Y phenSashohaYing 3 ﬁhtlhtémess in

tHy deingeff rorm. 120 nk0@ onwos eal, embier pexaaphpi yf EAMAe2range
nmto 600 n IS case, Feast one portl on

Ery (e A% &t r?&spnguﬁ‘ggaﬁé’é’lcafl&ﬁ’ éRahpPeCre§hpPédird0 nm,
arghdaebetrtaiy bogits orachsiaeinhe Entckeess)ist €he exdrstest rom

o.%ﬂnﬁl%%egg ﬂ?n§§&ﬂ§kﬂj@pﬁ_th%uEggg? E;%ﬁldn?rm1%o 600 nm,

r‘%st em case
aneperettived dadnihan |tcblr¢ ofdevrdub®+@0 nmayiemb ahdt the layers

crisd egddh codyers as the third structure, dielectric
in contact, wth conductive |ayers at opposite

e Ty P LR Gy T ORI T CA® O i 196 o Lo i B 691
sdatial ypiealerexampt e @lsecbitty séf ugbatt £a 1 nf f &g 0& i @s.
Fdfgﬁggfuégtﬁn ﬂ%g&fﬁgﬂfga5%fﬂ%yu%0ndUCtor sgtegr?tggbstance
1nclud1ng different kinds of carriers that are different in
characteristic time for propagation of interaction by at least
one digit, for example, and take charge of a plurality of
interactions or physical phenomena different in nature from
each other, and serving as a host concerning a remarked
interaction or physical phenomenon, in which a second host
substance corresponding to carriers (such as atoms or
molecules) characterized in slow interaction or physical
phenomenon is dispersed discrete by a first host substance
corresponding to carriers (such as electrons) characterized in
quick interaction time or physical phenomenon time in the order

of 1 nm to 100 nm scale (for example, from 0.2 nm to 600 nm).
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manuf actured by a top-down process couples to a
conbination of a first structure and a third
structure with a linear or curved one-dinensiona
structure existing along an edge of the conbination as
an interface region. According to the twenty-sixth
aspect of the invention, there is provided a
functional material made by stacking at |east three
In shesscare t bitr desst untaipes tdefni nédtha fiilvst Bbeventdstance,
£ oML EREDL N REVIEN 88N Ao }%%rgfgoéﬁglgﬁ%%&eh%@ entire

asp ects Of the 1 nvention.
SYﬁE@ﬁt 9Xé%t/%rﬂrhaa@§féc@%¢n%%nah\lémeu oh,cunvfepacigscling the

syrevi, ded atf q&c@x@aﬁgemterl al made by stacking at

| east two Iayers of | am nations each including a first

Str Uk GFE%ant H5AI% ¢ SRR HeATHat §4PR HE conductive

1 agleansean d dlefl(eata:lttreﬂnlhyessw}tﬁérﬁl’(h,rd %!ﬂhbthlﬁeanﬂlelectrlc
ty-t e entlon Accor

LT Yo SRR e e e P SEBPRAFE $8ds may

bepﬁd¢m@édl§QMMmgﬂhnﬂﬂ dﬂiﬁaﬁﬁnﬂNHN|maUqr&Lstructure

made Py Stty‘i‘)(ilf:'arlg Aarfast 4w I &ach, biec!fllrg oaf an

periodical . lam nation or alternating heterolayers
Wrﬁ%ﬁéa%éﬁd&éﬂ#@em %@@%@o%@ca@m Jefé‘ﬁ?@léat%@'ecrlsrcult)

masida dthated be 4 &W—Sjovﬁf pesceBENCOtPeEs and 1648881 Rfition of
duct.ive layers are o%posed t o, each ot her.

2 ROEaF T e TR i o1 SR Bt Tof hrhd SPenpF Gprved
oneherigeins Jonavi et ua thutrec taxaned 1 npteArda) 0 rqdesidy thhe

ot %belngaga%% qxgzzﬁﬁhl an1jih$a3t two thin pieces

each a perio ati‘on of strip-shaped
cond@SArgd Ndayer & hend wiirdlyectinith BPddyerfs W hirtveattion,

t he thayer $sCp 9591 888N q.’td}ﬁftl%leg@%%r‘?_ lt Hgdicc% sd:acklng

gnductl e l'ayers are opposed to each ot er
aY g (HEES eanSp&ft 11 & SIS Soh A fHeresd s the
lmv@\ﬂtduedfaufueehtbnaée@mmmmnmwe&ltﬁ@t& bagithvadritOn-third

aﬁéed% Jreast quéggh_égieces_each having a

erlodlcally ['am nat'e configuration of conductive
| ay s oredely having QWQHﬁxj@ﬂXﬁﬁﬁh1aﬂpa§traﬁgEhérknndhﬂion,

nm t: 6Q ﬂg] p?@@lgéﬁlfcﬂdd&: oeh\éqr fate ‘:‘nglhﬂgijggb %tacking
t hi ckness arger t han the thickness of eac &

atedfded iWe e, %fuéﬁr%%t%% leAfdY snGloxkingaeh first
statrefrandnedges hafrd ha ricontiectde day erns e ORRRSAG,,

fJﬂ%f%%%%ﬁngg%enteenth twentieth and twenty-third aspects of
the invention.

According to the twenty-eighth aspect of the invention,
there is provided a functional device comprising a structure
made by stacking at least twé thin pieces each being a periodical
lamination or alternating heterolayers of strip-shaped
conductive layers and dielectric layers such that the layers
cross each other and edges of the conductive layers are opposed
to each other.

According to the twenty-ninth aspect of the invention,
there is provided a functional material comprising a structure
made by stacking at least two thin pieces each being a periodical

lamination of strip-shaped conductive layers and dielectric
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According to the thirty-first aspect of the invention,

there is provided a functional material conprising a

| am nation of at |least two thin pieces each having a

periodically lamnated configuration of conductive

| ayers, each having a thickness in the range fromOo.?2

nmto 60 nm and dielectric |ayers, each having a

t hi ckness larger than the thickness of each said
lao@mumsuk:hethlaay*ehe bagdrs hatodheddyershenr angl edghs of the
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ferent 1n aracteristic t propagat r on
COngusTtacts &@w%taneea?sqpom i gach f@tirheezs(anm e, and
t ak@%d‘d’&&’fcgﬁlgmtca el rd i ey, -Of ;i r d Nt LI AL WS e invention,
S|ca different in nature from each
*get ?EG&E rﬁn}fstlao PatBRiBHFMP A § EMhfkknination
ofi at e'lre@cstu onoarhiphpsecak qenbaenag,a b rwbeiibad 1 yecanthated
.t S telzedlnso jnteraction or .
&hofsl uxsall{li L%enorr%ﬁ%ﬁg&sv% SHSFSedarscraY 2 gy %égf‘F%QFSS 10
tﬂﬁosmg@ﬁgloa\%é ngihear &6trer,i zed diie lquitok d hapeast each having
a Ehﬁ%kﬁ%s@h¥§k§@E PH&HQHRQQ%ﬁdeééé %ftggxgrggfdcgo%dﬁngve

"nmscale to nake a b
Lavfd t BuFly FPRFEr BREshREFT HICEHE iISRRhGTHST at'lﬁe?@g% of the
coprandwded a ayeifod af d}ﬁj’ﬁﬁeﬁ)twld’l&gﬂ'a dwmet | onal devi ce

i ncl.udi.n a tro t.r ich is a system

of f;nuk}sr%aﬁtgle i nlcqcudlagé]cdﬁ}lf urﬁr ﬁvﬂo%s%?c%saror ahe
inpsirdhi car,e thdickhesent £ |eracrl'haoadt1etuse| tayene o preferably in
tHY QQﬁsétfP&n @f 2I Hﬁecroagb'rgﬁl ﬁ]tx Eﬁ‘égs %ggggecheofectrlc

magni udes, for exan'p e,
Lavamn als tgﬁrtﬁralrﬂmrlacmfmwsramgqorﬁmmaﬂ Zimemdmar%oo um and

fdarenti n idhdatdife fAQM each ot het ,s@ng, serving as a
fhﬁolst c%clnr n| n hje%gar ked i nteracti onrlgt} physi cal
i'ch

pheASHEHSH, L& ¥GRACORGF SBaBSt Ghoele invention,
chartactrer IJEE(’bndeS:lemNa nheracitdrdl ale s i &@prising an

anisotropic structure which is a system of substance including
different kinds of carriers which are different in
characteristic time for propagation of interaction by at least
one digit, for example, and take charge of a plurality of
interactions or physical phenomena different in nature from
each other, and serving as a host concerning a remarked
interaction or physical phenomenon, in whcih a second host
substance characterized in slow interaction or physical
phenomenon is dispersed discrete by a first host substance
characterized in quick interaction time or physical phenomenon

time in the order of 1 nm to 100 nm scale to make a bulk size.
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phenonenon is dispersed discrete by a first host
substance characterized in quick interaction tinme or
physi cal phenonmenon tinme in the order of 1 nmto 100
nm scal e to make a bul k size. According to the
thirty-fourth aspect of the invention, there is

provi ded a functional systemusing a functional device

i ncl uding an ani sotropic structure which is a system
of AAAsstdimee Thdhalitig Wi fidrierd &$prist off clre | Bngention,

wWhi etheatee 1 s0pEE91 8BE & MO AT e hiaslira ey 0L fun?tlonal
d pr.o agatlon of interaction by at |east one order o

08 91Pgr 2R &M & T WeF SR hdigehigh &S a system of
sulsttraaldet Vi rafl dditrey aﬁIfiICiQﬁSerﬂi lpiWc?:éC@f @éﬁgﬁp@wawmch are
n nature from each other, and. sery
S e B ARG i icE e BECP B bf pifet Eaptact don
waéd@maummemwdﬁn@ﬁnagae@mdéshﬁstexﬂmﬁhymsndtakecharge
ofcg%ﬂﬂiﬁi‘gf%f En*ﬁggycggéﬁga&} s%r %é fﬁ%hlenfa different

henomenon di sper sed” di scr et e by a
lf’s@%ﬂl&ﬁcéro@ha@ﬁbt@Fh@éd and pe ki itas achpeh tpneeoning a

m&ﬁhn@e@a@mag%r@w@ﬂd&ﬂ Fﬁe%&%%ogf %nramlt& 109ccona
a bu size n the twenty-sixth to

| e to make
nqH B A CAepAEEETGF e FAGHNEPORTAERaOR OF Physical
phéﬁnmequn(ﬂslﬁmkpéﬂsdﬁﬂdﬂﬂuﬁétﬁ1thilﬁi&%tfﬁ@W@n§@b§@ance

aspects.of the.invepntion is,al
e ] SRR o Bl S e ERPOt Rrfafal phenomenon
tlﬁﬁiumetheFQrdﬁerof|Mwnnheoel90enmrs¢aﬂ¢tqumﬁkkoarbhlk size.

aspez@c%rqflﬁcp%o Ltméeeme -tf%%rcé%sg%be@toe § Jflﬁvention,

conjunctlon |rs to tent aspec
th%?ehwarp‘flsd%ﬂl §of Lé%ﬂ%%l esyts@etnheslegt%rﬁpn@@ngmtle@emce

i ta ireian RAti RS opAGE Mg (e tmlémvje@ta o), hdth NGt
sté%‘%gg' ratlrl ‘f quﬁP ossible to
easily S nt dni % %?&ﬂh %ﬁ%ﬁ%ﬁf Dot ok upre
dxﬁﬁﬂnantmhmmhﬂamnsﬂmaalqnimedwnpromagmme@nmmanteractlon
oy'§E QLI Gne RELOUPE FAGNS Lides, SLEUCLUES LOLIBAHY charge

| ocal I nteraction an secon structur
ofaacot e wbl v ofalpredaceiAnfeer glotsdicalubbenpnang dhf ferent

1r}Shralt¢.1tr'ér € rBAvEAGhadthah) Se@ﬁcﬂ o /6 GRNTAOWr ﬁbbgncogégrnlng a
e varlous devi ces produced with a high
re}‘/‘}ae‘ﬁ 4 dBFRGAGHIY" Oiﬁé&%‘&skqaéaﬁ hgRPMegPNe| Sar il @ second

km&ySBHMS&GmmEdbngrabme&heeﬂr&&eBHOWHYﬁﬂérQBthhCBerﬁys1cal
p%%aéﬁicrhg?géﬁéﬁg%%%%gﬁ |ona SZQQQZT Od%géﬂm$tance
Chﬂﬂﬂﬁﬁﬂrkﬁﬁﬂmxuqwﬁq$wla¢g@a@apxtat1mavsspheﬁucal.phenomenon
time in the order of 1 nm to 100 nm scale to make a bulk size.

In the twenty-sixth to thirty-fourth aspects of the
invention, the description made in conjunction with the
eleventh to twenty-fifth aspects of the invention is also
applicable to the extent consistent with their natures.

Further, in the eleventh to thirty-fourth aspects of the
invention, the description made in conjunction with the first
to tenth aspects of the invention is also applicable to the
extent consistent with their natures.

According to the invention having the configuratiocn

summarized above, it is possible to easily integrate a top-down
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Al so, according to the thirty-fifth aspect of the

present invention, there is provided a clean unit

i ncludi ng: a work chanber that can be kept as a cl ean

envi ronnent; and connectors provided at at |east the

back, top and bottom of the work chanber and at at

| east one of opposite lateral sides of the work

chanber, respectively. \Were the connectors of the
Smwﬁﬁmo@@@b@rb@meomoupeSpsbvmdedhlcathhhe baek, diggienlt to

f | at | ;s

ipatd om and Al e 0 é)éwg glgq‘%g ffif"sc’ JiLh fure formed by

appropriately select upon
Lot sinfrerattol o w%@omqnﬁbst@mqtmr@efmm@@mﬁdyng to

a ofe @x@dh fhed rlgl&ﬂasle e Gl gD Hninis A %r%'c%’?l gﬁ‘\f‘lng an
a. horlzontal%g% the connectors should preferably
ATHES RHIRR Hed® %%%rﬁgkﬁnand both |ateral S|des of the

wor k mmgbGVetvmnmrseaselths cfa[rﬁl@élfpmo‘aifuce@@ﬂ@l@ta' ¥19h yield
X|b|I|t of a.clean unit s

%#ﬁ%rns case Jtotaéubﬁn¥%?é§~€ﬁggﬁ HHFFssgéﬁeﬂeaccordlng
t%@hﬁm@mtomwaetbaowram w0l h Heaatlesat isédes lafw .oNHamely,

tifd EaRnUN broAl3Rd Wfth&@?%stll?ﬁ[ %h?ac%n%n 5 HP hagpg-scale

di'sposed in a verti cal ane connec ors s
c it e?%lﬂg/elber%quw %u lapget 6ppdFabotrvAstaadtbot h

| at eridlscs) desortiespeesd ibvel yni of Lhﬁfﬂ\ﬁralépﬁa’lacr@grtﬁé)present
. increase the freedom of connectlon for an inproved

Y BTity of a clean unit system In this case, a
t ot altlofre hrseepmdwiaied unidse@mnuber coOMPREd By 0 t he
top b I eral S|des of ne cl ea
un|tqgégﬁhg%ﬂkgggfhghcongéctor]ﬁé% gﬁﬁﬁgePXFﬁﬁament
arih the wall of the work chamber and a shleld plate 35

pr 0V'&ﬁ%é&&°§5r@@@d@'d°§@ $FQe%%ecn'tHg bggﬁ %Cpela%d Bottom

basi cal e any one as long
*‘gﬁg e Ys nﬁﬁ%cf‘ﬁ@%ﬁe?ﬁ%@t %‘atleaatSH %n?ﬁﬁ %@pwl*aesuatcﬁrr@gl Sides
ofadre o,vo:hk ngteshiskoor . rdéeeshieéty. pl ate may be adapt ed
for r n.Qr_taor autona oper a
atter %ggg% 4 Sensor gﬁ%%oﬁg aBRSf&?@ﬁ%B?*EHﬁ9Vlded
atbethensbta&}qredopngrdbothemv\@mdat zhanieroft cwdellateradcesdes is
aprog hea QPEY Qsteqrect%d"@%g)e‘?lrdl@lg‘gﬂégﬁ' 556G %ﬂed &f 5?%%' Gl gts are

plate operdting nechanism al € provi
ER AR G RASKS $HRATe Rt A T Ssafd e sieniedilece Eomeexshpie, in

cdderaid clidarpuins tshe rehidelsg oleat @n QPSBQRhBHtHECB§Qh§”‘the
colr1nr¥eocta<§:rt‘sI osrl]wt qdo%%gfoerra%ll Sget Bgoélcl:{eeddat the back and both
lateral sides of the work chamber to increase the freedom of
connection for an improved flexibility of a clean unit system.
In this case, a total of three clean units can be connected to
the back and both lateral sides of one clean unit. Also, in
case the clean units are disposed in a vertical plane, the

connectors should preferably be provided at the top or bottom
and both lateral sides, respectively, of the work chamber to
increase the freedom of connection for an improved flexibility
of a clean unit system. In this case, a total of three clean
units can be connected to the top or bottom and both lateral
sides of one clean unit. Generally, the connector has an

opening formed in the wall of the work chamber and a shield plate
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plate. Also in this case, a conveyance nechani sm such
as a belt conveyor may further be provided inside the
wor k chanber to carry a workpiece between the
entrance and exit of the work chanber. Wen the
sensor detects when the workpiece is carried by the
conveyance nechanismto near the exit, it puts the
shield plate operating nmechanisminto action to
pPrspardfice ticheprshi ehd cpbaeeth@lamgnimsealliheg shekéd plate may

baSé!Lthl@%f Be%ﬂ!‘%ﬁer@é’ l%%goégv'tdggntcﬁ%ﬁ ne Shigld Bl a&?enlng

or workK chanber wal to 1 ncrease alrtlg t ness
b%étmktmmle%yméﬁléimna dearpyr tthienged elapr .pl Fhe. shield

pﬂa’tém aaeChﬁ:[Hpﬁ@éd PfOEatsnuL NP LAl t 1 8CHE 0o r CLYBERAtic
r\%¥o ? pg Cﬁf 3 etc. are to be carried out in a
éb Penvit Pohe t e GRotIe GhaRBEPTi $UEY ik al Pyotosensor
mayr e d@@t\mltlledannsaﬁeamsﬁe dgock ahdmﬂemaSSI detdust access of

tﬁ&b%gEa%Ehsnﬁa}?&%‘@g m JE CQ%V\%Vgrs éjleé]‘ﬁgF%e operating

Focess i s e done |n
meHmian afise eshpusvidadt dienuste fsdntsarr @e¢ects when the

hatﬁépb%‘a,lréﬁ’kpié@é aldnfds b@o@@ Mt&o ' Bﬂtgftﬁg@lh%rllﬁ plate

anber. In this case, th | ean unlt I'S nornma

OWW%MQWW oL Rk C&H:Jq’\]dWévté? OR ¢ ‘b?e%—b%@e the shield
plianeent RoBol sn Iﬁ@tls| taképd c@‘ivé?gnebhﬂcmmﬂSm IsRchCAS@ belt

h hys _ t th the
- QulVsE G Pl e sze SABlcal, pomsurarent W N Lhe
caas&erablwcnggplfeme kmdarqﬁre)ths el rareck Oalrhdldﬁlxi’rlfleoﬂ\ﬂ)ttﬁie work
H%Hﬁfg%er Whgﬁ éﬁ% %rnéosr d&¥8!:€§ l'yerpngglvgoe k%\nl S(feflsl %arrled

pressure- contr ventil ator an active
PYMERR @PIBTNAICY MEPRAFILISTeF0 e a0 Phcfa tior it pwts the shield

pl@‘lﬂi‘fm;@ratﬁ}fﬂj Q@é&ﬁ’anié}ﬁ st Jétl. tc% ﬁé %@i’é@@dﬂ‘l@ shield

porti n of the work chanb

p]\)aetrﬁ i | E‘?SP |asSF’ﬁ 38 f et ﬁBFPlaoSnacﬂ‘aStkf?et Bpy&aRFpvided
oroft teheshierlld giantteror lwpthichanisse,wd he €b ebictd de i She

< DT B0 OREDLNPR LR b1 BERLES L8| SFcnc

pkﬁﬁ@ﬂw however the present invention is not limted. In

addi tioRal@ Ehéhgfr@%%lir 1608550l cN@H&bE@t 9&ac£t‘8£e HPstal
_ﬁﬁ?VldgﬁVbln t he work chanber nore than one or

WIPSHTTh SeF e@F§ ENiRRCHFL1ore wtkelrar@ ¢pean

erbel Haathdrt ,ort luitwask tdteargase i srayyheca The peski Gb@nhefh an
ap to gui de _a.gas ng, out on1th reto

exﬁ$é% 4 é%‘agfg N e ﬁsﬁﬁﬁgagf?SQFeHl£ r B8P ?wefo which

hQKﬂWﬁI‘dﬁ@emwénuponthhatrWka(ﬂi phecasti ¥ve duste Holnketin the

work chamber. The exhaust duct and dust filter are typically
installed in an upper portion of the work chamber. 1Inthis case,
the clean unit is normally of an enclosed type to which however
the present invention is not limited. On the other hand, in
case a non-chemical process (physical measurement with the use
of a surface probe microscope, inspection or assembling, for
example) is carried out in the work chamber, the latter is

typically provided with a pressure-control ventilator and an
active dust filter with a blower (HEPA filter or ULPA filter,
for example). Typically, the dust filter is provided in the

upper portion of the work chamber, while the ventilator is in
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Furt her, an exhaust duct communicating wth the

out si de atnosphere should preferably be connected to

t he adsorber and/or renover to adsorb harnful

particles or to renove harnful gas included in the

at nosphere, and then rel ease the atnosphere thus

cl eaned to outside. Thus, the work chanber can be used

for a bio process (cell culture, cell fusion, gene
a fewenbpeation,of pllantsibleeedilhgeoft tlansfarkmehiaebeer. the this

icke c 0 h e 0 ni ed

oot aT1 on of ParRril DA o B bt AT 07 Cas, WAEY he
PIERE WS K Tham&e wapk saaabest b op@tgmld@d bmhgaeentllator,

tof WOMICRY hokke vidh Gu@h ﬁﬂ%%e\fﬁntl'ﬂ\?érﬁlcgrp thedilgtyafed he 1
d%&ﬁlve dust filter, whereby the sane dust filter can

3°4er Ak 9?&ﬁ?ﬂ£§t?@ﬁ%¥%%ﬂppﬁéé§ﬁﬂr4?%@&%@%3prOVlded
1nchaﬁb@brkoEbmpreﬁeEabtyaﬁ06néh@rIﬂﬁbow@ﬂe§|@ﬁﬁﬁm S@hlch

f chanber ,- . the work cha . 1's adapted
e%%fl%ﬁ%gwg Fst enggs iSRG 58tg g%%@énfngﬁl h@Ss the case
mayehei | dioy wofrkt hbambek thadzartdd ttohguwéei gak fibeing out

£ roft EMErEUSE @i%ﬁ%brb@@'gggmﬁﬁﬁéﬁ déﬁ %EW@¥%d carbon or

required. ~Th | eanl i nes anb er

toe@Pé@vlﬁépyt@@ﬁ R GWAed 1 f@vﬁhcﬁ§1@@%|%ﬁﬁ#ﬁﬁtdﬁ§ﬁ%ﬁﬂdter
FuC‘rftaﬂétiﬁr aln0 eGiades thafuc tofodnfifn ifd L g -ty %?e tchttJl%le

f th t filter. Typically,
atPEEnERE Shor I ra TR abay d1S GATTRTREd e o, adsorber
an@M@ubeemamdraksadBOrtWEErmﬁmﬂ pm%thhﬁfﬁﬁbtWﬂaﬂéﬁbve harmful
.CJ I e S Ssure
gaasl ﬁlﬂg‘ﬁ{j{%%slg{ %Eg Eﬂén?o I_gea 8 ddtgf?ureb eassstgﬁjatmGlSrPeh
thW§rE1@ﬁ@ﬁ§eﬂol§U§ﬁ@¢ﬁdedTmp$h mbekwogkowksmbem can be used
fo@p@b‘i@%%@ess-m%ewr&ﬂéW@sc@rlg éeﬂé@écdo%lﬂapclon,

the front portion of the work chanber. e clean
plagt ?B?GQ%EM %ra%SE%ﬁ*BaPe%rﬂfr SOV préeessCherigml tPxcess

orbibtethkel agyomsaciss bmlgbnawtﬁjbmbe Héﬁl!ﬂf@lfpﬁrtlcles or
r4 Qu ro es. Al so e clean unit is

haé%ﬁ#glé,sg d$g$?( EPgain® En%%ambﬁfo@%yb%i %ﬁaQWﬁglﬁqqgulde

theogahi thohonevart tthe opiobsehe vavehtavor s thet inlet of the

adtiiRiet %‘ijjstﬂf%l"t\.’%rrk QJT*%'F%%V Qf, A s“én?éara&g]d te MRy, be

any one sel ecte fromvarious forns as appropri ate. '
CopsrEespRdivt HBRF PYS Hifect o td 1RaFS I Bhe e@rdnghamper. Most
pr}%ffl’e&|a|bﬂ|y0ribﬁeﬂh@r ifgbevedDdi LT hESEABIUEIRE work chamber,
- aral%elo ed .or §“b§ sj;ohere hen]sEEere eII| .

By P RSBt hd 3 FRED S CalPiy-d Peat htidih R Svbt Sifeha ou
(100%) from the ventilator of the work chamber to the inlet of
the active dust filter, which however is not always required.
The cleanliness of the work chamber can effectively be improved
even by designing the work chamber to guide part of the
flowing-out gas to the inlet of the active dust filter.
Typically, an airtight tube is connected directly to the work
chamber and also to the inlet of the active dust filter to
circulate the gas and assure the airtightness of the work
chamber (turbo system). The work chamber is provided with work
gloves as appropriate. The work gloves are normally provided
in the front portion of the work chamber.

The clean unit is, for example, a nano-technology process
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of the work chanber is appropriately designed to neet

an intended purpose. For the operator to be able to

effect various kinds of work (carrying out a process,

maki ng mai nt enance such as cleaning, etc. ) inside

the work chanber with a pair of gloves on, for

exanpl e, the work-chanber internal volunme shoul d

desirably be such that the operator’' s hand inserted
unfiitop Biosieganotioe wiordcosh udesi, rabl gh reacksad Imsoratdrious
proeeReks of the entire working space in the work

chanber. Generally, a dinmension of |ess than 1 m and

| ar g@ilsphé}b%gl€ﬁ?lu§lste+%ctf@d ¥R ¢, BHE &t Blean bench,

glb&bgbbxa@ﬂ tleptin lof, thewnack sbraber. tNOrg®lddnt & nvention
sel ec ed ize of the work chanber, if too small, wll

p8§5| éjVent the operator from meki ng any vvork
sm)otl“hby«qoztk} ctas®ewos K acale e urd(lrn&ayvikiehﬁ)lhltarﬁadhagsdl%cted

frioﬂlsxﬁéxf $1§§ f%%@ gxé %gpglé&} 1%ec ! he ? s&eccglafnbcally, %he form

exanple, 1N case &an ‘be' 8
mayusmat |r@§|t|ay1gué|ar| Pagade ed apuiday ege dubecamddad iwtd | e

reQQlaﬁ@u l%(in tp%'r%qq e'lrd)ptl Clogan gy t S pth%er eWO rh'%nﬁ@gﬂﬁéerre ,

er. The work

Sl
elﬂ&%ﬁﬁd FYo hgaeﬁl% éh§h3ab]é%| ha%SlCr?altJe\m aheotnbernal volume
ofbahleomrsdwam@dlbmf hsﬁ&b@rﬁo@rla@%ﬂ%ﬂ@é&gﬂw t} meet an

t d d :
ol BN, PUPSC ccd ERTRARL, SPRRLAVIS L TR DE e eions
kinkie appmlalt d$a1rsry1fn@r oekanpreceasy, makioh walmoeSance such
SpéPé:gﬁ]?lil%mett% \A’iﬂhgbd&"éﬂe Qgrﬁe&%d@e(erdw d?etp%lllr of gloves

ppi ng ‘apparatus, anal yzer

Onp;j cfloés@é}ﬁ@Pl@oaﬁﬁhengfoﬁ#dﬁélamb@rom@én(aSPwplmhsl”azsllai
de%@%ﬁ'b'l@/ﬁb@|s@%hr%mﬁé%&ls@vhaﬁa QG d ?Egﬁ outside
enM Cr o%cog 8(5 I\Q%% react rat lis m crochem ca

Sy&Pe 3 or 2LéxpBERrES a‘bﬁa’?%ﬁ fitire
wogtkdnigngpappatat tise wqm\mhnmar aGaserwme Ng dimension of
le@@, Qﬁ YSm, a%tdejééjlréélert’hapnagé' gfelllet e’d 9” I f ! Cjcﬁ‘!e width,

g sour ce, bi o apparatus proce
hellﬁ 56219 SR PADTRF AhEsWO Tk F\f/lém@ﬁrt heNPIIR@llFora bebediagd size

fateel bor@r cRbABL tb@ B6bidh&l 8l i ghtpsaunce, gﬂgé&l
° prefera%l Cbe r ht-em tting di ode "'or sem™con uét%otr the

OPRZ&EPTof TR R H‘Q ggﬁet’PFﬁwﬁﬁaPFh%mué%Qﬁf‘rﬁ i"TlesEmn be

dohl@awﬁﬁonm hEspeei abl ynsart ptllhéeh&jrﬁcii Vb8 30 ORI work
Ch _aser |% used as .the.artifici

h
SCC5FAi 5§ t & PRE i Py ST ﬁ%e?sﬁ’é)f : SO rc;e?vféél&j&ed

automatically, or in case a workpiece is carrled while being
contained in the clean unit, the work chamber may be designed
smaller.

The work chamber may be formed from a plate-shaped hard
material or a balloon-shaped soft.matérial.

Depending upon an intended purpose, a compact apparatus
may be accommodated inside the clean unit. More particularly,
the apparatus is, for example, any one of various process units
which will be described in detail later, lapping apparatus,
analyzer (optical microscope, scanning probe microscope (SPM)
such as a scanning electron microscope (SEM) or atomic force

microscope (AFM)), reactor apparatus, microchemical system,
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i nvention, there is provided a clean unit system

formed froma plurality of clean units each having a
wor k chanber that can be kept as a cl ean environnment
and which are connected to each other, at |east one

of the plurality of clean units including: a work

chanber that can be kept as a clean environnent; and
connectors provided at at |east one of the back, top

migr@chEBECEmh B2 ¢ her waHe SHEb ePPana tas  aet Fasy apramdtus,

grbh@h|@b@h&btu%ld%%r&ﬁnbh%ﬁﬂyﬂéﬂﬂgﬂﬂgﬁérﬂf¥%g¥“'@5¥ﬁ&cle

0 cle nit s ste each of the plurality
fl@reraae% A ﬁﬁ B R R = CHBAPRATAIDE? £RAE RERFIROT,
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f b
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sp@fct‘iluﬁla‘ﬂali@'—tv%l%yw'l'ai‘%lhuq% gfele! g,t helanf Rg %?aft g&lfaslly, a

of the above-nentioned type and conventi ona
Pu&ﬁrﬂt—@l\mﬁlcﬁe@aﬁ%@u@é@ﬁeé@é@romw Wed zacﬁqtténq yalft’folflClal
1l@aehs@hﬁeb The clean unit systemis connected, for

exa ong .a line that ,is a non-single |

o1 B SPr R T 5P T RS Ca o P B95GEIq ehe gresent
inleandlon,of | oop, and/or m x of aforenentloned

conf i tign 0 lean. unit . .s 0
mho|29§§§t%§1 5?9 & %o%gggﬁtﬁgnedsgoﬁ gur %ﬁ;éiﬂ? a
pluge laboveft ﬁéeébnf—lng’gﬁa@th bavingzagioiheclmsbat that can

be'ﬁéﬁE £0e beadn eﬁ@grgﬁﬁgﬁfa§ﬁavﬂﬂk§1%Q%ncggﬂ E@@g g gach

gf has one bend not only L-shape

ot eEen@Itn]cﬁa%ltt oniegRf ERGIRLUTRILY 5 Fé?aéx%bt% 1rmemmg
it haswbwe dendser ithLardiaye Rephape & ikeean Unvihment;
%escrlptlon on the zigzag configuration stated above

olds for the zigzag configuration described bel ow.
The egphararrerpvdvidedciteat Uarttacworal nget batke top and

bolthibkt ¥rf thE hy@spestatfe t N PESERt 1 Qggnghgnof 5&(}% SQteral

true with the above clean unit including a
Sléﬁénﬁértpﬁaﬁ°6§ncﬁémpéﬁv r&SPLCEidgd Yenvi r onnment  and

conngat ofis qPond dedaat ualit! epste@N@ad oithenbaskurd PPy of
1ERE PRebPaToY HE BRor An b KR AENBert 7 bopRRhT OfgRE a5 3
al <& €t fie r SPRE RS fSP
clAksoenadcondeny todt henhbctbysspventiledaspecit ofeddte one of
the back, top and bottom of the work chamber and at at least
one of the lateral sides of the work chamber, respectively, or
the plurality of clean units may include together the clean
units of the above-mentioned type and conventional clean units
which can be connected only horizontally to each other.
The clean unit system is connected, for example, along
a line that is a non-single line, zigzag line, vertical or
horizontal zigzag line, of branch, of loop, and/or mix of
aforementioned configuration. A part of the clean unit system
or the whole system has the aforementioned configuration. In
the above the configuration of zigzag line has at least one bend,
and preferably more than two bends. If it has one bend, it is

not only L-shaped, but also a bend not at right angle. Thus,
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present invention, there is provided a clean unit
systemfornmed froma plurality of clean units each

havi ng a work chanmber that can be kept as a cl ean

envi ronment and which are connected to each other,

the plurality of clean units being connected in the
configuration of such line that is a non-single line,
zigzag line, or in the configuration of zigzag |line.

forc exeairdg tMhﬁmelﬁhm@ﬁytwpghehdaspe¢tcah hheepaeskape like

“UNVeRki Q8scERBESohSoRMAYd %‘?}ﬁ%@; c%%rfllérﬁ'rta Siﬁask‘xl’]g%ted above

formed froma  plurality of n unit's eac avin
arfder 24aa ¢ PN bl wet L o @e%q:éaknecénwl@went

and mleC@x@)ll%r@Qﬁl’c\ﬁptcﬁd e eatdhn ather . a &oteasd &peche
clean units havin pluralit

af .the., ralit , _
th&mégtl?rtgl t—"ﬁgfac(?oﬂﬁe%?es PL&ISEH éﬁh’%}%ﬂf@ b¥ %ﬁ%%rue with
theorkpivecesego umianchclonkiayta abra chghbeangler @ambe kept
t hundr ed elghty
asagg%g%ggE%hchg%ndg%%S¥ﬁggghlrFérﬁlﬁfﬁvégSg & tRast one
Ofpltggebﬂ‘ch maaheinehbothemeof §h oirdedhambeeaandinitt at least
orl%ygfemﬁeorl'%Jarlorgl%eﬁldjf alid yw@fk Ctl:}?e%bé‘f” tr_s?%@&ptlvely.

havi a wor er that can ept as a ¢
envi ﬁgﬁﬁenta%%gcﬁoarté‘ecﬁﬂé&}é‘CPQ‘@%rﬁsRﬁ%rOf dthe

pdedasit dngreoft idig plurallty of clean units including:
at | east one adj ac%ﬁﬁkpal units of which s qples 0

.
in andS¢ome® &It &1 hidTey DEYre om a
phmnyhatmh@ﬁ'téem@tu@qmaleato hervangor @n@khuhdmbdr that can

Eg ttyageégrcq%}r A‘Pl%qrrglnﬂl%nttoa}lg wltx {:llll ez_Ig] c%%%eeCtte%f to each
e pr esent 61 I nvent &
0Qﬂ%ﬁm1ﬁhﬁtpkﬂkﬁkﬂﬁﬁ(ﬁﬁnﬁﬂqannﬂQ%ﬁﬁLb%ﬂmQyCanQ¢¥§ﬁ11n the

cotfilgrRachhhad RGch Wahk %H%%bgg thabncannqbe kept a3 gzag
a clean environment. and which are connecteg to each

L8 HerPt e Yurd™ J;ﬂhb?atcﬂoé'hrf’%n?]t%z%%llr@n%onnect ed in
Zi gzagcotrdnhggljtroattll”@n t3 rithate ildre i e sy dferacap Resent
%h cted in a certain finite small area. According
Yot ‘orty-first aspect of the present invention,
t her éhiegepievirded iglad @arrligsint Wyigt ey < toemmefcb rfiregim from a

plurality.of clean units each having a work chamber that can
be kept as a clean environment and which are connected to each
other, at least one of the plurality of clean units having:
plurality of connectors that connects said clean units of which
workpieces go in and come out at a right angle or an angle not
equal to zero nor one-hundred eighty degrees.

According to the thirty-ninth aspect of the present
invention,

there is provided a clean unit system formed from a
plurality of clean units each having a work chamber that can
be kept as a clean environment and which are connected to each
other, at least one of the plurality of clean units including:
at least one adjacent pair units of which samples go in and come
out at angle of ninety degree or at an angle that is not equal
to zero nor one-hundred eighty degrees.

According to the fortieth aspect of the present
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plurality of clean units each having a work chanber
that can be kept as a clean environnent and which are
connected to each other, at |east one part of the
plurality of clean units being connected in a | oop.
According to the forty-second aspect of the present
invention, there is provided a clean unit system
formed froma plurality of clean units each having a
injeniEiSManber that can be kept as a clean environnent

and whiceh qrsepma%tde@ (0 RAChin Ot N8fst Il JU R d o 2

|.ean s havi ng pl ural kinds of units being
é&ﬂé& &aﬁo§§| cSﬁFPgGFHﬂPSna Tﬂéka%?%P?¥yt%?t can
beclkept'l amlat < lieag] l&d@i,‘rohménexaﬁw whiéh dialdonnelead to each

ch n.attention is . .
Otg%qﬁsg ﬁysrgroc sgffgﬁ% é?% éiZﬁﬂjﬁ%SOBPSFQFEt§no?lgzag
coplfd g nartiitog SKn@h@degha ghefiecalyspemcess baitonstructed in

aIyy}ggyﬁnf¥ﬁl&g(gﬁgﬁilggé bi o process unit and the
ke. Some of the plurality of clean wunits included

in t ReCOreamautiot topstfemtyamyf iy tdiasresed afo ther mresent
inveeR.idr exanple. According to the forty-third aspect
of thgﬁpresen |nvent|on there is provided a c|]ean

uni t “O§<Eerh’t BTG o £LSANMRYT Y6 g1 darmad (from a
phmamﬂlh@vwﬁgcaewmrMndhanbebhthablagna b@rke@haﬁﬁeﬁ that can

c V. n h ar e ected to ea
beo%gg?,gg Aleagﬁlgﬁg ar e of ?ﬂe p|dgélﬁﬁy08Pn8F§§H to each
Otmrtrsabelﬁgstc@rmemrédmfntlael}obtprc‘sbltha:tf cépeat edits being
cINRERSS i & i@l . process flow can be handled in the

| oop repeatedl’y. 41 Accordlng to the forty-fourth

aspefCCOrdiRg preddift forivermtcsmd wimesct g deeent
indewitger,abricati on nethod using clean wunit system

forn%g fron1a Iur |Ité of. clean units each havin
e

wor k "CRARDES FRETICET Be REFH & G¥EHFermA om a
pland ubivclef aleacomnetisedatb baahngtheWthtcm@msérom@at can

pbePREL 0k s e 1RIY @In'v'%MonﬂEn%l éﬁ ’axjkg\éloﬂge%%%agg each

equl pnent s/ machi nes insid enBe ves

Oté@ﬁne‘eb%@%wraz%lgtzh@ aﬁﬁdaadr quFéd‘pﬁvallg‘ﬁlaét}ild?ﬁ%@f units
betihaf dcﬁﬁ%'ﬁtfédj pIrocesfoddl A dsi @l gurpecess. fl ow can be

hanle% urael 1|t%/o%fe %lalnn%nrgacl sn 1n6}:rltudoers ,\mf%lre egfargphlee, a
draft, clean.bench, glove box and the like. When attention is
focused on a process to be effected, the plurality of clean units
includes a chemical process unit, non-chemical process unit,
bio process unit and the like. Some of the plurality of clean
units included in the clean unit system may be disposed to form
a loop, for example.

According to the forty-third aspect of the present
invention,

there is provided a clean unit system formed from a
plurality of clean units each having a work chamber that can
be kept as a clean environment and which are connected to each
other, at least one part of the plurality of clean units being
connected in a loop so that repeated process in a total process

flow can be handled in the loop repeatedly.
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process flow to be done in a self-contained manner. In

t he above, the devices are, for exanple, sem conductor

devi ces, bio-devices, bio-electronics devices, and

af orementi oned various devices. In the thirty-seventh

through the forty-fourth aspect of the invention, as

for the plurality of clean units each having a work

chanber that can be kept as a clean environnment and

whi chccgreliggnirectde e rdactf ottidr aspedteast tdre mfesent
irtvk@tplgrality of clean units is, preferably, provided

with connectors at, at |east, one of the back, top

and BEEEEN DPTONE ARk & datadsef 2RKdcaki ongte thed psisgeclean
undft thetkat oahesifies of plheaM@tk ehanhein units each having

t I of th lurality of clean units
2 bR PR thgd St K BRRBGY bPS” GF= R dRETnangrvnicn
arttheobhaektetiopo @adh bbhtzoma)tf ltehes twonk p:itﬂﬁTbﬁl’tEﬁCbMIallty
I . I e! f. the r D
oAt 8 ey hple UL PRI snsion
t heiserlyrersi f thelaﬁomnr@ctterﬁe iimvargdam drsd/appld claddre for
cdn@glﬁlaﬂﬂrbdlgbtthao@%@p@apfgad rol@ S0t £ Vs ki ft(%\li 3??8955 flow

th S i.nvention, ere i s provi
Cau“nPF E?Efiiﬁgf OF elf FrWR aeqﬁhelalﬁlg Fiit" Pa¥itngrawietr of the
profarszert idatt car kivrkefn as ffxﬂ4ﬁﬂﬁﬁﬁmﬂédﬂﬂgﬂﬁerla
exha t and ssive dust filter n the oV
o P B P B b oW 197 BE2PERouton onductor
decfcmqa@ot @rls@—aievmesl,eésxo edreetoforties bieoki,cd0p sardl

a FRAURIRQ oﬁé&av‘MyHﬁS Qﬁﬂg_ el.and at, at |east, one of
t

the | ateral es of wor 'k chanber respectlvely
In t H&t“&%@lrttl&’e'sﬁé’@”rﬁfp?héﬁuaﬁd@he A2 ity -donjamiceEpact of

thel tAveheibhi rdy-fdf theagpaehi ot t@? dl%\é%nhh@ﬂs L§calbSing
%ﬁthﬁgble t the ext en econS|s t with its nature.

sarf—jember P& FBF PChEPoITS 2T R AOFddC g tthend which
anenvennegmeddesceabkdotméxwvaanmasﬁ bye thetmorilurality of

cl"‘e%mlt@a%sc:h%@e%%lrak%c}p %g%xﬁ%am‘{ﬁnct 'cQ)%mde tc%bli,]ust at, at

not restricted to it ng tot orty Si
lezsiecPr6f O f He D asdnt topnseath@nt om v &hieswprvilember and

atGl ean llé’éalstt S)b?ntee@ff aneed fiamia sy 4 tohdfuhieadhamper,
SHBeS T g o por ke charber (et ean, be Kbt & e
provided w1th connectors at, at least, one of the back, top and
bottom of the work chamber and at, at least, one of the lateral
sides of the work chamber, respectively. What is described for
the thirty-fifth aspect of the invention is applicable for the
clean unit.

According to the forty-fifth aspect of the present
invention,

there is provided a clean unit system formed from a clean
unit having a work chamber that can be kept as a clean environment,
exhaust duct, and a passive dust filter.

In the above the clean unit may be provided with or without
connectors at, at least, one of the back, top and bottom of the
work chamber and at, at least, one of the lateral sides of the

work chamber, respectively. In that case, the description made
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ot her, at least one unit of the plurality of clean

units, having a work chanber that can be kept as a

cl ean environment, exhaust duct connected to said

wor k chanber, and a passive dust filter. The clean

unit systemaccording to the thirty-sixth through the

forty-third aspect and the forty-sixth aspect of the

present invention is usable for various applications.
inwcphJuachans- véchnbhegyhprogessfuni éspechi of ectmal roggnt ion
1sp%Q%%S§p5thablEOEoe§ﬁ@pé§teﬁ@ec&ﬁ§§gﬁgﬁftw§¥§tf%% nature.

rovi des various process systens suc
Thﬁaﬁémﬁe&ﬁnBFB@nyFoEﬁgsf%?EYeﬁ%xbm0%%@%%%I@@yth?wknﬂﬁﬁilon

desystiemd beowFUmMﬁﬂbaBMﬁfWﬁhé“NHﬁH“ﬂHdﬂbéﬁ Iths chemical
nano- technolo%§ proce g}lt and blotechnology process
PIONTS She PO Ean Wi Emofds g ted O
nanoACeohd@hggybbmhbedbmmbegyxtuna%p@&&l@ﬁ plihat foateBent
1n£%h§1'% also true with a clean unit systemwhich wll
e explained below. Mre particularly, the clean unit
systégﬁF§ asnereviigdled( iciergaming tosystganiformed from a

pl@&QQQ%§|6§ eYshamundevi e§cRr RIWELL 0D Sy St &M ﬁf%i that can
stem plant breeding System or th

edi n
DerkEBE AT NG £y SeRoE AR BoFABCL R YLL B o APBNGRCFRGto cach
otheirt,y afto Urtals taspec turdnd dthe Heo rptlyrz%ll &ttfy aspedte Hf U@ s,

present |nvent| | ea ne o lurality of
cleaﬁ UAlPs 2 h4ST ﬁBF@gﬁFy%é?g 88deh§F% aSf&rClean
en@xamp@enta conpact process unit, analyzer, reactor,

m cr gghgqgeaduicv%ﬁ%c%a@&ES%%%}I 8%‘8&8 eXrPdogugaesswe

appar at us, i Ng appar at us, _gr owt
dusitodddsdiesg apparatus, sterilizer, artlcle fllter 43

art'&h@'@hebhgUhl%0§&%%embb%c%98§ﬁg:Féetggog 1rty 51xth

crRroces nspecti on appar at us
SR SFT D5 HaEEr Fhoa bBaF sl THEE thTeokss URih aspect of
th&n@tqzem;1nea@toxu1n$mM@mﬂemf@ﬁharawabem@pl1catlons With

a HLHBQEQSH%82F8239958éSSQﬁﬂg§%&ebfgpg£$£8f0g§g§{$%%éﬁ unit,

appar at us, processi ng apparat u _
Oﬁaﬁ%@@Féeﬁ ﬁ@@rCl@@ﬂ'ﬂnataﬁﬂsﬁghtpg@Wﬂ@@S biagious process

sy@RR#saE WSh a%@ﬂanBLﬁﬁﬁﬁﬁgiog?'}M§§Q¥§ B! Hi%technology
drive or the like to_be _inS he cl ean unit

PLORESISd SYseF8r afity -beFEERPSEL BhBOgR cPBPpeation of a
naacetrmhtal ed yepences saut it ingleadt abthiol &9y e €.unit,

the clean unit system provides a nano-technology/biotechnology
unification platform. This is also true with a clean unit
system which will be explained below. More particularly, the
clean unit system is a material (inorganic or organic)
processing system, device production system, cell breeding
system, plant breeding system or the like.

According to the above the thirty-sixth through the
forty-fourth aspect and the forty-sixth aspect of the present
invention, at least one of the plurality of clean units has
typically provided therein, for example, a compact process unit,
analyzer, reactor, microchemical system, microchemical
reactor, exposure apparatus, etching apparatus, growth

apparatus, processing apparatus, sterilizer, particle filter,
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in case a total series of processes including from
putting a workpiece into the clean unit up to out put
of ‘a product is to be effected in the clean unit
systemor in case a series of processes formng a
main part of the total series of processes is to be
effected in the clean unit system a group of conpact
process units that can be accommpbdated in the clean
anidifil dig lusdghtf growrard ,ousl plapsiarad twnd Thedri madcessor,
1 RRRASSASapbRSREGL VBl Y ok NEALAadd Pnt B PIOCEISoscribed
fl'ow. These process units nay pr ovi rrenova ?
P&lew-he clean unit or integrally with the latter. For

exanphe, phiogllsy et i emall 3w, Ca% Ut asitd¥&chemical
e-nmenti oned devi ces, seni conduct or devi ces, etc.

Syaqemfpm&&@&&%%}gﬁmrst TP BT e sTIR T3 ks, etching
applraragiusy @fl eeedarpt ricede s i it d, astpé@ﬂllilier,
pa%‘itz:l%r ggl_’ﬂ%g onaP?%fggfgl lafrmle\és}ewodprlrcgedlt %8ﬁgppar¥tus, food

passing a su étra Ween

ProsisasRiius 69 saestt i |apdsogtaphy dipipee atms;he et iche ngp be
irRRRaAnalusy 8l c1dhsnesed s'h%uQLJ ﬁ 8fer bgg Y ggﬂb%%ltlt %gough

cl ean room as havi ng previ ousl i een
LY PEs erCOMIRFei o VS Rowey 8r SMadwnsil2aa apaar ateesexample,

1rﬂe\aeleoaedoba$ege@mest be 1!?1?@@@5seBnﬂﬂéiﬁglhﬁchﬂ&hoﬁuwgﬁlng a
ar e ad tead of t conventi onal ar at uses

v9 gloeg °5 ﬁ?n%?l%%ﬁoe outPyje %ptaoBrOduCt is to

bescﬁrfradt@d umedhemcdrezsc ope t( ShYtemtam in fodse a series of
prc%fs%%%OESr&Aggbw qut[aslrﬂu? ttug% gncm % ele%%te%ﬁgﬁ] REQERSSes

mcroseﬁg In place 0
iseltecke ﬁﬁ%ﬁf@%clépéhe( TERRYD, urbhvayrttiemala gecanpi 0f compact

r%cf‘e%tsr 9R1 FL AHOSCORe kgeSgMonlfnoH%%edl tkend Bl%gﬁ unlt 1s used
hotol.it ho%ﬁphy appar at us [ nc ud In the

VTN, ik Jheghtcato FAQe4RAS o redpectively,
irsamideendurc ttore Ip&smes(ssefeldme d‘héum&@trol:@,ssf @hleéamalyebe

& BSer. weh of thin filns,
pr'oQ;Sir oﬁerﬁg{:oglta%el ea Ef} (seleeatqhe cumenjtntlel Lqhry W WItH the
lagytampl e) is used in pI ace of the lar ge scal e

equi pERNL x3HEh <aS h@g‘fﬁquecfl’&ln%rtlg%%m ’as the
nmet al ogani c cheni cal vapor depositi oné§l
abgyraments Bred KeviGed. S/ﬁnslcs:or}%i%qrz S Gre Sy eertfcect@ae

pmﬂmoaumtoaigkplcainsrﬁgteaﬁp@"@d&s@&%dnorbﬁaﬁﬁwr&f a
qsition_app s pr_the l%e Furt her,

EneR £ SOEBBY oEerersIn: ap PR BEOUURF (PG Rge been
ac(m@azcad Ve itdre egiacshj g) regEEAmal Ws,subati @ty eaeiden
high-precision apparatuses such as lithography apparatus,
etching apparatus, etc. disposed in a large, highly-controlled
clean room as having previously been described. 1In the present
invention, however, downsized apparatuses developed based on
the recent innovated technologies are adopted instead of the
conventional apparatuses in such a clean room. For example,
a desk—tQp scanning tunnel microscope (STM), atomic force
microecope (AFM) or miniature scanning electfon microscope
(SEM) is used in place of the transmission electron microscope
(TEM), conventional scanning electron microscope (SEM) or the

like. 1In the photolithography apparatus included in the
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coater, miniature baking apparatus and the like are
used. Wth the use of the snmller apparatus, the |arge
cl ean room becones unnecessary. That is, a series of
all or main ones of the processes fron1charg|ng of a
substrate to output of a product lot with
phot ol i t hography, form ng of el ectrodes, surface
observation, etc. in a process of producing
pnﬂaﬁn¢oddunﬂﬁﬁswoamhﬁNﬂXHﬂsﬂgekﬁﬁgﬁﬁeﬁmwmbéruses a

s R Mo r TRBRE ( éé‘e act‘nceeab%ﬁm%fntc?ﬁcaﬂoerngkgﬁlpcil Zafnstead

units placed in an dinary room not in any
ofc [t&&n IRSo R S&Ad |ﬁ@FuaFﬁ§t5 Péchhincfedms c| deicEpelemical

reldlctpircakky @ﬁe@@@%ﬁ@ﬂlSp&%% ékéﬁble Nag®lded 191V\bfﬂgce of
to, the conggctness attalne acenent wtht

e e B S ERE Pk & o SE i g PR Axy (MBE) ,

maﬂa&mgamudcmsmmbhlennmghdb@daiﬂmmiaMbedDQmppdﬁHﬁ&scn:the
avi ng connector.s

119%“5 T’ggn }ng%ag %g[ﬂloﬂmltss e%%cecttedoﬁle 50 tahéneltgtlerpg.latlng

provi At “the Back “&nd I"ea
apﬂadfélé'—l—‘(ﬁr daeknbeR H@ﬁamrr%depdsspose@pmra&ua gz agpe like.

FurthR o, W'a”‘i'dﬂﬂ:d 'Cﬁﬁ) (thénﬁc?al O&Pa&»of rkﬁ ea}ratus,

uni t sten1mn| -occupy. only a sma area ur
miGre 6’1 nf EQAGL Ve gign ﬁmng)cl%?&?ﬁ%‘%usarnd“¥w¢mk% spin

cd&ftldkﬂ) hﬂ\tﬁa{lﬁ% :U’deﬁ@el’ﬁ%%ll%tli@rarﬁd]etl%)elﬂiérare used.
WOor I n e Cle oom ome unnecessary.
Ther@ﬁgpethglﬁﬁgt SIFRﬁlﬁﬂgngrmBPRaEﬁﬁuBe %??e%?%@eiﬂlean

roend beabmesuﬂmqémrrﬁt wﬂ&ralltete W sbrfesentbiness mhOn ones

o184, che hummh hads, coRdens pangeDlsRESELILIn. 8l oot «

prioghaaE- diokt Wl&épéﬁtowlum@qﬁm fcmemq ol etl’@Ctrodes,
S&Q%'&CWs%rv%rﬁdH ovwded jgach @toatsd east ﬁ%% : raI

top and bottom _and .at Ieast one of
SRR BT ok CRIERE B B9 &1 TR A DaHT th onaestent
mainn&tr dme oClsean amidf camdes @omnstt k40 @n:cﬁshegslaced in an

i || ck t | it
rléﬁ@%%é&éﬁ?&:ﬂgangs %?ég'on1o ognng%ﬁg %%?%%bﬁocal
clteﬁ@ el esed smqu(tmﬁeca:llemfmdtegkcanptmmelze . Namely,
owqw%t qthd Loy éadldalrgééweldeﬁfh@en?é%%h’éﬂ Nhe

in aloop to forma clean unit system In

dQﬂW%%?ﬁﬂuﬁﬁ?%%@?ﬂﬁﬁﬁftFGné& BSﬁﬁﬁ&ﬂﬁytPofoémpFBQeg%ean “anit
sngailngnbaghet efdecired aanckd bat 2 0eghipe €S ™hyB,NivAEM 8h83c1ean

oo i0pachthfy 108 SRREEISLS LS 101 Y. M 26N 81 2L 1cas
ongnefofthehéaltatrelakidiedesfofhet herwockambanbare ofii$hesed in
a £1§2RguUNite and nyenti | atoy o@ngnaé:tlio%‘f), the entire clean unit
systemwill occupy only a small area. Further, the clean suits,
air shower, clean mat and the like which have been indispensable
for the operator w'orking in the clean room become unnecessary.
Therefore, almost all kinds of work can be effected in a local,
very clean atmosphere with friendliness to both the human body
and environment.

According to the aforementioned the thirty—fi_fth through
the forty-sixth aspect of the present invention, the connectors
are provided each at at least one of the back, top and bottom

and at least one of the lateral sides of the work chamber of
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dust filter being provided in the work chanber, the

freedom of connection between the clean units is not

only inproved considerably but the inner space of the

wor k chanber can be kept as a clean environnent.

Al so, the clean units connected to each other and

di sposed in a non-single line, zigzag |line, branching

pattern, loop or in a conbination of two or nore of
thiehebeapantér ree bhatonfd gheaniwni tcaan er cornet ead tmmother
hoR¥$emNay G LA cleant WHd $008i1d4 Q{% 0@%}11{)@ wth a

an C

for, a praocess gO|ng to be effected cupi es
cog sfdfirRlhYatBRY Ok O bF e e Aem 1 camneF tgfore besiegni t8e clean

un&&%h haMél’tgl@arV\@ﬁ'ﬂitsCBQﬁbtﬁ'ﬁué ht c6ARcbeckePd A% rAother and
ean envi ronnent .and whi.ch gre con ected to each

dl&ﬂ?&ed P EctibAf oF TeomBELibA AERPN HRdt system
inophiobnmiconfieguration aate pbelsﬁahbesdsp*atrealbﬁ(mmsa process

I b
gOBQI%ItB Se gff@égé(ﬁl%ﬁ& t%ra CeSC‘tSCeu}nfﬁo g]fnlﬁllﬂlg{ﬂygagar egﬁlso,

I'hand come ou
wigh ‘abea@orarmgct@omélemsg movneimaleat:b aerat deast one of the

ba@ke- Q%Bdéﬁg sbohty segraes alsd east 'fntH@ela9£r5m651des of
Iura It clean units. Also, a clean uni t syst

thﬁoWﬁé& F%SWPFHeOéIEBﬁ GhFRE u@bﬁn@%@é@ﬁ@%ﬂbﬁﬁﬁro%%@raCtlve

duaitd fﬁmsa@sma@lm@ HUeh ez i@z afel wdex tdhan‘h%rac %ngé‘éﬁgm of
pred rn1ne i m.ted ar is optimumfor

e R e L e B A f S e sy
coalrseaiemlbétof bat dheannuoairtspayst e flos med kf cbamBer can be kept

Splu%@éaéy ofri¢lg@nuni ts connected. to each other and
isposed in a nosaic pattern is optinmumfor a process

f | owAiLgel U §laawni el vaccangcsed pr seebsesheendl digposed

SENES sggg of mipdur fifd e ed
lnto ea%h ot er zn%? |{?%é§9(1lda ggggehaaﬁ gggesgh Loop or

lnplaoc,cé’@eléla&flont §é€’r?e By e ety i T o T ot i n
coa ftigtalatsen esnoffopmocess edr awsit oy stthen nwmefg afhe clean

unq_I +&286 ‘é”‘tg%ngg‘%ﬁ%&i?r cgpe %ta;reoefsycfgean ugl tCESS ii',]ected

can uce FoF &
a%wwmmle%@pmmm@s agfeadi fferent types

pr OV?-\@e@o‘i:hﬁﬁg' ﬁ1u9£1%y08f88!ﬂ§an al g1 CONDLLH qga&fn?% Nvork

ot her and Bose in azigzag line or 1In

h@&\?ﬁ%?@ﬁﬂ 9a Pt of tR'alqS & Cr&PR BRFETEPMERE and "unicn are

copheeetPsoidadh behak, stréesomibMEoresst {bOWaN BaNincreased

ef f : gllxﬁgxtnlc%nfiguration at the smallest area becomes possible

an
according to processes to be done, by making samples go in and
come out at angle of ninety degree or at an angle that is not
equal to zero nor one-hundred eighty degrees at least in one
of the plurality of clean units. |
Also, a clean unit system formed from the clean units
connected to each other and disposed in such a zigzag line to
be accommodated in a predetermined limited area is optimum for
a process going to be effected and occupies a minimum area.
Also, a clean unit system formed from a plurality of clean
units connected to each other and disposed in a mosaic pattern
is optimum for a process flow including a wide variety of

processes.
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perform processes such as materi al processing, device
production, cell breeding, plant breeding, etc. Also,
t he exhaust duct and passive dust filter provided in
the work chanber of the clean unit can keep the. work
chanber inside as a clean environnent w thout use of
any blower. Here, consideration will be nade of a

clean unit having a box-shaped work chanber of which

t he PaAsibdesisc&epimeasfaa @il@&@ll&j’yslbffocﬂhl@&\ﬁ d|#ﬁ|tr§3 @aré%eActed
I st filter with a ower

oV%QEh 8£H ?da§%$g%? he 15 RE R0 a8k &St ProRgsses of

h@l %‘:ﬂﬁe GNP? W%Jawm@rreh@m rotecionpecitiSsekietiSprocess

fl@@%@ sbhehe Qﬂth%&)e‘}eB%'é]Yeéh (utr*)lﬂspngla%s\é%rrs/ Coanbner sia%ﬁ type

given as the f | owm ng expression on th nsu

W&Pcﬁﬁé &é@'HQMﬁQQHQ?Qﬁ the dust filter is "V,

volukésof hh@lWQ%KlQ@aEHEbHé&ﬁﬁhnﬂﬂgEgggﬂ P g 'ébﬁ%act
esalk f dust_ particles per area and tlne
ap% % ensf% A the ORAS BRREAEeRhEReT e B c‘?%a’ﬁlCh some

ar@nﬁPnP§Ctﬁdst@|Ee@hlstNeradedd$Ep0©bHthlQn21gzag line or
f t S Y. Vo fi

lnefaf I)l%IO%n% %(ontsll t%lhscg_t \ﬁﬂ ref’o allde<?1|“ n%%lre h%ellrt géf Jkpe

prg~655ﬁs iy 3 ¢¢ta sepxps)Qf7pa@@e©stﬁéOWastcdeneffyclently

feql | n:
PegOen ke L0 LT P SSON Adey B il

proﬁié”g&?f’ déﬁs}i;‘P LR HNS -afHedPhdreedivied i$t¢he tine
passéisoThahelexhi@etaﬁ&ﬁ:d@ﬁﬁpﬁ%§&dé dg%%aELYteg%M%%ﬁded
t the ¢l ean
0090418, MO ML LR LD 5 eriapanser
ingddeoRsi decdgan lenviis cagmumtediératt hate anf adrg | ghbwer .
tUbeH@Q@ne§$§glgéE§EE5M &Pl UHe ok gﬁ ngﬁFFPt%?l¥(pav1ng

conn cted he inl et of e active

a ReF el é’ogd%caﬁﬂlbﬁﬁe# m%&hsyg?elrﬁslsd%qst kght .ag A clean

environment using a ventilator and active dust filter with a
blower (HEPA filter, ULPA filter or the like, for‘example). The
clean unit may have or have not connectors. . In this case, the
dust density'n(t) in the work chamber is given as the following
exXpression on the consumption that the gas flow rate of the dust
filter is V, volume of the work chamber is Vg, internal area
is S, desorption rate of dust particles per area and time is
o, dust density in the environment where the clean unit is
install@iisNoanddustcollectionefficiencycﬁfthedustfilter
is y:

d”(t) =So-n(tWV + N,V (1-y)*
dt
When it 1is defined that:

So , V.
=] - _—
7 HA=7) 5N,

o o
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this case, the dust density n(t) is given by the
follow ng expression: Vdn(t) =Sa-n(t)Vv+n(t)V(-y) dt
= Sa - yvn(t) Wen it is defined that: S6 a"= Vo
and 7 )6, 'o 48 the dust particle density is given by
the follow ng expression: n(t) _ +(No -a ")e-A, Since
the second term of the expression rapidly approxi mates
to zero as the tine passes, only the first term that
ang, an/(3n = (So /Vo) / (yVI Vo) = So /yV, wll
remain. Since this first term includes no dust
density of the atnoﬁphere it wll be apparent that
an ultinmate clegnlimess can be assured, not dependi ng
upon the envirbbamepgt where the clean unit is
installed. The featufe of a clean unit using no turbo
systemis the cleanliness of the work chanber depends
thpahdgt ydensityg pswetvéd-yyncnbi Ee11BRingl eapkbagssnoef
the work chanmber of a clean unit using the turbo.
syst em depends pon l/y. Also, it is inportant to
mnimze Sq% )& ]¢0,f§qﬁpﬁd|ng to a forty-seventh
aspect of sent |ﬂvent| on, there is provided a
clean unit in mhlch an active dust filter is used to
keep a work chanmber as a clean environnent, wherein

Iﬂh@l@hﬁﬁﬁhhﬂﬁﬁﬁ:Qﬁn&h@oﬂQﬂ*tH@@N@ﬁ!dgﬁgfggi qg%?a%&%sphere
I t he dust col ] ection efficiency F
HIPLE tha P r St e ho Mtk LPr| TBF U FAbERAC B lULPATeat Ly
dépdrtcémp@rmdtheoersv:ncmeelnt oheatd thkecgasnfbow NG 9HLtaf 1e4.
t he c nl et of t h ctiv
dust - fl){%t er %Oegéé%er 1 cu eé Furb Odr BT ﬁ%%%ﬁ@nﬁ*&gered
Ithd ScoRRBEEEdher e ety atﬂoa@hélwbtkt@lharmmnecaumﬂ alisectly to
thDﬁﬂﬁ@l%%ah%e&hgs'ebﬁheeteﬁhgodyﬁé fﬂié@ﬁn?%h%‘%%%&%%edust

Q as and assure the airtightness the cleanunit
fil to circulate a gas and the turbo system is airtight. 1In

this case, the dust density n(t) is given by the following

expression:

dn -~
v, % =80 ~n(t)V +n(®)V (1 -y)

= So - wn(r) .

When it is defined that:

So
a, = :
Vs
and -
N4
ﬂn—' Vo
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Preferably for execution of a chemical process in the
work chanber, use of a dust filter suitable for use
with the chemi cal process and connecting an adsor bent
source or adsorption tower to the tube permt to
provi de a cl osed systemthat can renove a harnfu
substance and al so conti nuously provide a cl ean

envi ronnent w t hout having to connect “the clean unit

theodostspalet ivia derducly 96.d¢heeh ikernd O dH i i ion:
em ssion of dust or powder dusfﬁfron1the inﬁgﬁeXPreSSlon'
surface of the work chanber, at |east part 49 of the

i nner surf agg g;ghhg kab@@ﬁher may preferably be
covered mﬁthe%n ¢uhegP@e Peet and re-covered with a
fresh adhesive sheet after” the work chamber having

been used for a predeterm ned period, for exanple. In

Sicase themdddordayern @@heﬁévéxé%%ibﬁi %éﬁgg%@sﬁégggximates

S t rface_may be exposed b ee
tcig%gp %%f£ﬁﬁetﬂﬁ%é%?%%? hE&R L httheadh reltapsem, othatichs acn/ By
= yﬁﬁ@d/é\foér/rﬁvﬁ’e(dV@)eFim./y}%d,s‘miél fleenildmﬁ{] suhfacen ot 4het tern
i (O Ry, thed not to have any Fourier
thoéggﬁgﬁggﬁ%? a §§$ﬁ§g§%rodﬁﬁﬂﬁﬁ%§p 1vel8dhel bifepPRETENT
thateqi Whetett o lekaligess pantichesuaehe nemonedddion upon
tHehenworknfbBaih@ferd @nk i.ni gize the adsorptian

of dust 1Bar,ti cles havi Egif%é usrfyzegké!)]fﬁstthageleg' The 2eature
© t%-%t‘??’éﬁwéauaagﬁ BT $ Vst ethé si e rc learflace 96 of the

wotrtke chamtte e hipards tirafionennt i oned,constyuctd qp fhe .
stem according to the

I it or_clean., unit_s
Cl%ﬁ?l?{lﬁé;yisf oB Ty SigH Ehamop rey -5 CAERNASHEE (U5 g9 tthe turbo
SYst&FeAerendentpon ahd edplsanatitons ingse-44h€eNREHEAA 26 S0
/yw.th the construction are also true with, or
applicable to, the forty-seventh aspect of the present
inveﬁﬁ?8n ANFRESIRAE T 6r f9rsBveaTAnEb peetedts ofi therpnésent
inventdlar,acter fromthe thirty-fifth through the
fortypsixth_  aspects. Al two or nore of the

af or ementi oned” gﬁgsgsaogf?ﬂ@ upi sttt " hgknn orclye dust
figéegpﬁﬁineﬁda@odgpnmgrh@k&;cBEbb%rDﬁgCéiéﬁé&%‘éﬁvlf@hment,
erBE PR tani ygad 15 0 SEDRRLLGC St SR S 1/
Wh§EﬁeﬁaiFd%HFébﬁ§h§°ﬂéﬁQ?@ﬂ“abﬁﬁﬁ@iphey pteskatdust filter.

I NVelyp@Bally, the dust filter is a HEPA or ULPA filter and
constructed for all the gas flowing out of the work chamber to
enter the inlet of the active dust. filter. More particularly,
an airtight tube may be connected directly to the work chamber
and also connected to the inlet of the dust filter to circulate
the gas and assure the airtightness of the clean unit.
‘Prefe;ably'for execution of a chemical proceSS'in'ﬁhe:woik
chamber, use of a dust filter suitable for use with the éhemiéal
process and connecting an adsorbent source or adsofption tower
to the tube permit. to provide a closed system that can remove
a harmful'substance and also continuously provide a clean
environment without having to connect the clean unit to outside
via a duct or.the like. To minimize emission of dust or powder

dust from the inner surface of the work chamber, at least part
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Figs. 3 and 4 are schematic diagranms for explaining

TPC, Fig. 5is a schematic diagram for explaining the

i nvention; Figs. 6A, 6B and 6C are schematic di agrams

for explaining the invention; Fig. 7 is a schematic

di agram for explaining the invention; Figs. 8A 8B

and 8C are photographs of a dark-field 50 imge,

| attice inmage and diffraction pattern of (Al As) 2
off Gs)imesuperiand ick thkeroby chamaesnmhsgipneferably be
cRI S Ot dH COSEARS TR el ALy npe%@%?%&f wifh. a gresn

/ GaAs atom c- resolutlon superl attice;

a@ﬂﬁﬁ%ﬁﬁ|%?Qﬁta§¢%ﬁﬁﬁ(§heeW§K5iﬁpﬁ@bﬁﬁehaﬁﬂé@tb@@ﬁenﬁedlfor a

pﬁ@@&n@@@@&ﬂof' Uor 1amd OB and %Fearae Ml%r@dy%r
| gs

4hﬁ%hj for explalnln ghe I nvention :

It fegréssgﬁgﬁat Fﬁ&r§ﬁ§e§h5%Fﬁ§CPe§éVt?eo?XPosed

by:pleeﬂlh.atjlcﬁrne eheélnelaeizer:tdﬂfctﬁeeicﬂqé:la St ishelkeitogmt @tadlh@lapse
' tact pun i N F| 1OA, Figs. 15 t

<I§§hg %@%d%%er%& Srans shgﬁnng ré?h??§e6fsur£ach”fthe

wagr @@Iaarblea;nmw hﬁ@moémard cofti ebchak stnyi Fotirae ratompenent

of Bt shsegti %Mbé rc‘mF{:He 4B F@r 19 i5e cﬁ_amﬁ:ter of the

schemati c |agram or ex [ ai nin t e I nventio
dugjaparsggler§o be r%%veés@f% @Odrke CEERBREYL | £O thereby

mldilangmrfeohds@ﬁfﬁitdldﬁ e et bast ienkadhaeAh ot hthgize of

|nvengﬁgn Fi cf 396 nd 24C re schemat’i ¢

LSy G BREATGad \ Cawt D6r 1PRET SHELRGRAPT the

wqhknqnamhamardlng to the first enbodlnent of the

I nvertio > | for

expl A Bt e e e e S ORI R L E o AR A im0 cleam
Unjiffersy siemracse iinguaim e d‘dtsrt)&@afmlw ‘clhlecaluglm ghe 26
fdrstﬁ-ﬁmts c‘i‘:'sa%rfa%feobregéﬁltahﬂbgﬂtﬁBg Eggrgx?lanatlon

aodi nent of the invention; Figs
Shea 0 "G4 PRME -8r “BRpFRPRIFAYCERET 8GFL A1SO true with,
orerﬂmdhmnle afo,t hehd mymmrmmﬁmtﬂhwﬁe%nt

1%&%1&9%‘%&475 é%er ui% )ﬁ-lséifeqnt 28 slg’%% ?ﬁ%*%%?r?%% in

diragram for explal ni'ng €
charagiieorfram gae mmmmr@r@mnm cf ol gt sirsth
adp¥cexpl ai ning the flfth enbodi nent of the invention
concernlng anot her way gromnng spiral structure,
&18ogs TWg0Rr 39BE Qéct e39BPreWENERANSIFagpects of the

pmtatlrﬁz@tagﬁﬂrﬁayfw Soxd Bt Nl tdep Sbpthate. -
enmbodiment. Fig. 31 is a schematic agran1to expl ai n
t he seventh enbodi nent of the invention. Figs. 32A
32B and 32C schematically illustrate the eighth

Bﬁ@%é@l’tlptlon of the Drawings

' Figs.-lA;and lB-arefschematic diagfamS'fdr'explaining the
present invention; o ‘
Figs. 2A and 2B are schematic diagrams for explaining fhe
present invention; _

Figs. 3 and 4 are schematic diagrams for explaining TPC;

Fig. 5 is a schematic diagram for explaining the invention; Figs.
6A, 6B and 6C are schematic diagrams for explaining the
invention; Fig. 7 is a schematic diagram for explaining the

invention; Figs. 8A, 8B and 8C are photographs of a dark-field
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of the present invention. Figs. 33A, 33B and 33C

schematically illustrate the ninth enbodi nent of the

present invention. Figs. 34A, 34B and 34C are

schemati c diagrans for explaining howto produce an

organi c solar cell according to the ninth enbodi nent

of the present invention. Figs. 35A, 35B and 35C

schematically 51 illustrate the tenth enbodi nent of
imtalqe,pl@‘semeim BoM. dFf §sact 86n grat t3¥rraneg $EITRSBL (Gals)

{0 ni d t ani c

R Sa R Bl ent R Sl P R U P Eor £OF BLERF ope sor
eXPR@éRingn ITPHEh 3 @éhé*#&ﬁ/c%ﬂw aﬂqnusrrraﬁt%slmon

su@é&fﬂah:%lb@yOPlgow tike 2 05 GREh &t SO filfa &l Sfoésekﬁfaiﬁfﬁg the
resent invention. Figs. 39,

0
elgrﬁrgrﬁ’ﬁgee%ﬁé&aﬂré’éﬂﬁ@y MmNt e the twel fth
FigsbodOApnl0Bf ahtel preseatschwrat i Ondiadt@ss AdA e?)&ﬂlalnlng
thé1§n%%g%”% ically illustrate how to use the catalytic
reaction platformof the twelfth enbodi nent of the
FlgﬁvehﬂlberGm@sl4¢Zm s4PBma4dC, d4ddgramd 4hoateg results of
cai%lﬂlqg%tl'o?l oF Q:gllrja'&et&rq)&plﬂerlcf I?J%.sté']:ll’__tlglfcelrl)t 45_71At tﬁfB point

enbodi nent of resent 1invention
Coﬁﬁacﬁs%:s s?él%ﬁ’atlpcﬁw y 104 uddest elﬁﬁélrcmﬂh fleard schematic

dl@@’&@dﬂsngﬁbwﬂﬁgt Respresedt daneNtdtGon Birdendbelectric field
dlg% Eaglcall illustrates a sol ar cell systen1u5|ng

&PPsat o rdt iy SR £EQMPedRt Fl @ntdd imERe - oF 9 1is
a BbbemaEsendlag‘ramt lfon explgsnidd and ABveshesm) iciaddy 204,
Il ystrate fifie odlnent of 1t he,.present
ZOFﬁvnglg% %%% ZE %Qﬁpg& Sierst 1oAY i g £or
exppeigangr that ﬁéF?ts§@beﬁhlm§nthf hehe sphaentidh; asidhe 244,
248l ¥haepih §£‘Qogblﬁ@lﬂét9& &D@gf’érﬁ§e@]:ﬁowf?{gntt_}llﬁnenleﬁl@sd view

51 schematjcally |ustrates the sevent
°TehBBdf Ment 1 OBF L t %Vb?%%ﬂori%ttuooﬁhel:ﬁ@?tsezwbo%leﬁnt of
thandnb2€tabpea; aFﬁﬂ;anZBl ew, a sﬁd&l@élﬁaﬁ/i@vﬂﬁé@r&hdﬁ)r explalnlng
I f l t di
er BB LERREGK! XF b OB EL RN p2ESE D% B
dOFe'»ngs}S SaAdWEi@Beaind FS:@C e im pl acherew,id rdirtg narevicand
exaugqma ViRl It@ﬁror 8RB6AL UG Yo 9& %ﬁ@féﬁ%i%%’i 27A and
attached to the <clean unit as-the ei ent h .
27 BrveRl SRBRTMadE Ot b2 PF @8R d f¥RAR i BANT uiqméoustm empdiment

of54Beafigvensiide Go&Vﬁﬁrﬁ&gﬂlﬂl@v{ rtQﬁtmaVk'ee\M multi-sandwich
res ectlv? é gﬁ the co nect etmeen he cl ean unit
gHt eérit

SERSCTRES e B b FERT L of Jt"r‘fér%‘F St ARMANT R the
foamdht kebbdamshér ofhdhe Fiing@.nt&@h ;artd g55B 2872 an S iI2B are

0 o} V] a1 tivel of . a
scﬁ%gl\ré%gkzdlaé%ﬁg?gé 01):( él)ﬁy\it aJIrFlerg&)q:% E?f)é embodlment of the
J.nventlon concernlng another way of growing splral structure;

. .and Flgs 30A, 30B, -30C, 30D, 30E and 30F are schematic dlagrams

for explalnlng the sixth embodiment. Fig. 31 is a schematic
diagramto explain the seventh embodiment of the invention.. Figs.
3’2A, 32B and 32C schematically illustrate the eighth embodiment
of the present invention. Figs. 33A, 33Band 33C schematically
illustrate the ninth embodiment of the present invention. Figs.
34A, 34B and 34C are schematic diagrams for explaining how to
produce an organic solar cell according to the ninth embodiment

of the present invention. Figs. 35A, 35B and 35C schematically
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unit as the eighteenth enbodi nent of the present
invention. Figs. 56A and 56B. are a side elevation
and front view, respectively, for explaining howto
shield an unused connector opening of the clean unit
as.the ei ghteenth enbodi nent of the present invention.
Figs. 57A, 57B and 57C are a plan view, front view and
side 52 elevation, respectively, of a clean unit
ildecemditegthe tamth aibbéeneht etbedemRidsaft &heelat%ﬁnt Figs.
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d t.of t sent invention.
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reference to t First exp?aln
frontsviewbsarnehde. el?ﬁathenfuretspequdehnntofaa clean unit

acsepelingt to it éb@lﬁ‘t@éﬁ@l@ Bbcilnfedit be dry H?gsg%gt invention.

elec% ch cal % Fi g. .20A shows a growt

F1g5pa e’\i?‘u ﬁun‘aﬁﬁsé‘ PASTS Hovar /i i 00T VAGA, ariek side
elgvatibn, ampapatMSVbay apfetret tohysFerwdR Sltached to the
cl%%ﬂtlﬁ{:m 18 &k eighteenth embodiment of the present invention.
'Figs. 54A and 54B are a side elevation: and front_v1ew,
_ respectively, of the connection between the clean unit as the
eighteenth embodiment of the present invention and the transfer
box. Figs. 55A and 55B are a side elevation and front view,
respectively, of a charge/discharge box installed to the clean
unit as the eighteenth embodiment of the present invention. Figs.
56A and 56B.are a side elevation and front view, respectivély,
for explaining how to shield an unused connector opening of the
clean unit as the eighteenth embodiment of the present invention.

Figs. 57A, 57B and 57C are a plan view, front view and side
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electrolytic solution 54 including anions (A-) 52 and
cations (C+) 53 corresponding to two ki nds of
materials to be growmm. 53 In the electrolytic
solution 54, a shaft 55 having a m cro-col umar

el ectrode portion, for exanple, is inserted to serve
as a substrate for electrochemcal growth, and two

el ectrodes 56, 57 are placed to sandwi ch the shaft 55.

ei@eatﬁéﬁctfgfse@@ﬁép , Ob £t Qecié%t pAPt! §c85%$ﬂ§dto n
and the I rodes 56, 57 can be biased to vo Vit
EhEESRE R lm@%éﬁ%e&h%eﬂl@ﬁswﬁ STy, Figs. 58A and

5S¢ artrra@a&ﬁilﬁllll?bstttl%t@baéﬁdahouﬁ?@|sfyfslt?efrﬁ R&cording to
ect ortion.o in form of a ring
=ife “FACAP L R clPathed P oobr B0 aRueir ont FoRerRernodha o
C@m%%mt©¢yalCCbeah 6altosgepamatEeape0ﬂ5v52yan91gatBQHS
t.g qt j 21 _shows exe Iar

SRR CPLAS R AL 70y o U 1R TR co e
twantynel spaf emsedhasnt Pargee Hresentrinventhen. Fig. 60
s@ﬂl@rﬁé{9@'@1P§9r1t1l%t@%ace%erévéﬂgaﬁ%ﬁlhceS§Q@§ﬁr§éc§o£8{ng to the

than in the remai nder portion 5
t%%%RYsﬁ%ﬁ%@ds Qftmerhi et SBeoPrgrans bFV@éFaﬁﬂesFlg 61

s¢loemexaopl By 119 usndtesd aoaxeahlvhiw ERstbheaSO3Fdi®S to the
55a in contact therewt

I t
t#@9€ _%Q ﬁg %ape l%%%ggr% EPStBI%ﬁeBFel“E%%FéBHmAFﬁg 62
S%ﬁﬁm@@amablf|uhhuﬂina£§ﬁ Bocﬂeasohpﬂ:syBOem.&@&afmﬁnng)the
mﬁﬁoumvma&lﬁéﬁﬁtéﬁdghegﬁiég n§5ﬁq{?8{lﬁ g
coaxially wwth the e s 0 e° sup 6?t
Sehenasi ol l B0 Hriistegiigs keHa lbepitseunte. batgwerh4es$dB and

6sTpRer & phlaat €5ewd £ rod tedval 2 id18: §biokhess Hf, I:Qgpect ively,
éipﬁélattlce thin pi.ece/slice (NBK) to be
a

r
FED Y1 ey cRE YL PG0R° rﬁher§ﬁF85Vr§lbe ?l%boqmmt @ the
pa@s¢ray e nyespen.aft gse a3A n6bBeam:1 Bﬁcgsrx)aNal pﬂl&ﬂﬂ&rlew, front
h 57 ar e bi .
VPR £ AR BVE oh S S I 8 o BRSPS cording
toome fté)’len@%aﬁr}lxéh ﬁﬁbpﬁmen@a@é tkwmmr@stehna eheenmoe Fig.

666 slafobbﬂﬁGJQetvDo #+¥2%1 £t Lans a%’tdfﬁlﬂd"@o@heec{: r? venth
I@g tlon 54 d%905|t on side surfaces of %

B ESAL of NE RESPIRE ERVERRi PR: tlﬁJegel %Et%la@nﬁmcally
il1kudbt asess tr@s—u\l_'lt;s afii @D§a15211hés§ hee sl ReHeObY e clean unit

R=Yel} tign%%é Slé4§a? §4éurfaces of the el ectrode

por ion In this manner, as shown
in Fig 21, |t IS possible-

Best mode for carrying out the inVeﬁtion

Some embodiments of the invention will now be explained
below with reference to the drawings.

First explained is the first .embodiment. .

In the first embodiment, a supér-;L_at_;,ti:ce' thi-_‘n, piece dr.Slice
is formed by electrochemical growth. "Fig.'ZOA shows a growth
apparatus for this purpose. As shown in Fig. 20A, the growth
apparatus has an electrolytic bath 51 containing an
electrolytic solution 54 including anions (A”) 52 and cations

(C*)y 53 corresponding to two kinds of ma_terials to be grown.
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to deposit a periodically |am nated structure or
alternating heterostructure by alternate |atera
gromh of two different 54 kinds of materials,
nanely, an el ectrodeposited organic strip/ribbon 61
difficult to dissolve into solvents, whichis a
dielectric elenent (insulator), and an
el ectrodeposited nmetal strip/ribbon 62 concentrlcally

In( ithef elmcsfrodytdal soilvgs cor 54ba@n1elluatfen)550masnd33 a

mi S8 %Ak Q?e@‘:?@ﬁé%@r@?&ﬁ' of.rb]is Qr&) d hg Eﬁgérééd to
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e lleartirivateed 56$t ISUCfal;Hee plracfe«ar s adualn MHYSSHSFt 55. The
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ofpbafirﬂﬂ bﬁtthlgoamﬁﬁ ré'cf& Q‘é?% @F'ZE? \'7_??% pagll_ll(alir Sain the

I's used. For deposit
elﬁ&ttﬁoc,ldﬁtlgu hﬁﬁa P NHAS m@atwqé@z@ndoﬁath@ns 3 and
rdﬂdﬂ% Uh@ ysedt Bor. growth of the el ectrodeposited
§Hr /ribbon 1 difficult t issogve i nt
soI éﬁts of 8HF0658W8 Fo¥sS f%?tuﬁﬁgn%?E?l ?eoﬁsERFzﬁﬁaft
S5t heAaCBhvenaglenl"lg ed?t edtivy s'ﬂsax@MoBB(&rm@ka largNaWdlameter
: I IS
1 Dﬁg eqré glto|d%a?g%§‘g&é§% g?L%?ﬁé aCs Eﬁg senbs ra %%of;ﬁfo""th
thS’@ub@éﬂile 1em8}indgy mﬁﬂg?méﬁbomW@WW@EUPEODMMate

58 8f & f s gk%f‘arﬁ’{cst rf%reéﬁgﬁlﬁi’gepﬂsgknto%glt%rdgégéﬁlally with
str%%%% g%on 61 difficult to  dissolve Into sol vent

theng eSS de 0SS e TERAe POLSLSTY ibBori s Eontass
thientesrival, aad deliylo}scdmet tsﬁ)lpt;ﬂﬂﬁ:t ptucau@t lDepr@-FonaﬁLSed with

ggggpllg Eﬁ.gm T% e ecoI %1%?soﬁve %Ir?scg]d?%%? 1s mounted

attice t orm O
abloalm Bae| @he@ﬁr@d@c@%@e@mé‘q&ae@emegagacnscoapsalijmmtsh the

shBkt o6 f fimguine el b 830V bl £ $OLYERES] a%@ arev\ﬁquﬁl here.

electrodep03|ted metal strips/ribbons 62
DiSfERACAPEL IRES (HE ohiTIBRETS PACGHRad i 1FQ [REUSrldert b

t hdtodaties d aa)feltheN@utpeKtﬂ%Q&heﬁz &thnt W < /QUtiT AS(NHIOWo be
t he_r ect an solid in Fig. 22 fromthe

Irhgl. SHARCORSTReET at £ BaVt An - bPBRelFi qb/B 5 Hi 1t is

1023B0show t hese cut outs rectangul ar

To have a superlattice thin piece to grow in the growth
' apparatus, the electrodes 56, 57 are biased alternately to -
V1=+V2 and Vr=-V1 as shown in Fig. 20B, for example. 1In this
case, while the electrode 56 is biased to +V2, cations 53 in

the electrolytic solution 54 deposit on side surfaces of the

- .electrode portion 55a of the shaft 55. “While the electrode 57

is biased to -V1, anions 52 in the electrolytic solution 54
deposit on side surfaces of the electrode portion 55a of the
shaft 55. 1In this manner, as shown in Fig. 21, it i1s possible
to deposit a périodically laminated structure or alternating

heterostructure by alternate lateral growth of two different
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superlattice thin pieces/slices 71, 72. As shown in

Figs. 23A, 23B and 23C, -the superlattice thin

pi ece/slice 72 is superposed 55 on the superlattice

thin piece/slice 71 by rotating the relative

orientation by an angle, typically, by 90 degrees.

Here is conpleted a superlattice whose

two-di nensional mnimumunits can be accessed by
kEnQﬁmﬂE;mﬁtbﬁiﬁlﬂiﬁﬁéméﬂﬁﬁ & ?Iétﬁk@ﬁébosﬂ@éﬁoﬁrganéc

- cCuyra . this superlattice can he enhanc ,
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baumkuchegyle %}(ﬁ}é%ee.sqqd‘im Oft féeperliesd rofde phegtion 55a of
tied etlafadeposh tate Mpale petiiih PRaNsBRpbst NERI{Y KO A8 the
orand .Cvei.y sr%l , é‘%%th t he el ectrodepos;jted organic

M58/ Bhohs: £iTd F08 T e Ao o 4 ieth et alaminated
sstudtpsre iidbbdirernt fc anne 1 n:a@ﬁ;rsde@ %txﬂ:&b@'ﬂbldl by ﬁissolving

T ; hi s sup ttice has substantially the
tgg]a?@erqgg,a?{rlscct%l:heﬁa%éjtjﬁggs%o?/\%l‘i’%nﬁ g. 19. If the

supe¥d dths getieldi wipicbeeslsttredepdsit2demehailnst nde/ riNobon

62| edroderosi tad tBhal (Fehi RY U ’
el gci'rodggfgsi%gd net al (fi I)rrs 650 %{}ﬁe(%édpéllra&apfei gged’ for

SRR E pi ECE/ SPPOS 1EL OB @ Tt Rt relfe IGdEb Statéyl amttalining
Kt (aNps/ riNthioREPOS2 1HPNe s¥pehkalitikee LRi Rsed. For
q i ece/slice 72 rmkei N2 intersections in total in
PLORE 9 Qi @ PA&EINPHRRED FARER3BANPORYESOa-5H,0, HaSO4,
thiadureesses)the é idasi 1y usedesskblreddpsolghorachpt, a plating
ect it tal ..strip/ri .62 of the _ _
P 9B LIPS, MR N0, 2 Yt S g g s
as SHOWIHWHH §f 2Be ehycteernpesiihgdr eragnéfreuris/ribbon

61731 fE4clioti pdiv sl veligglr Qgﬁf?@ﬁitts,?dor@?ﬁ?é acid ions, for
stri.ps/ribbons, 62 égear I,ng al ong edges” of the
SR R EF P SRR tgf BESHEFi I T L edz g edny 5 ugyer bamaoka,

"NshroDede Lbpmant esSedat bicah Fod yetiroRéetdst Mat@ rials, Their

A eicéa[é Ghld ¥s BSSU 'é‘ﬂgnéP b qne Side Of%pﬁ
p?j‘per attice t%?n eces s?ft?s?la?%e%é’l @%hblﬁlplaé‘ng}g%)'
and Bheasdnst apreodvengkehy aljrat@ntt gireetthodepesidredrowth of
t Heeteale Strd RS dd Rhans, B & @cﬁﬁ/fﬂﬁgb& 30 A1 ¢
d,10- m 10- $m=106220. Tlﬁ%as 20 stages o refay CI.I‘CUlilJfS ©
FEOLE Inhp SRBENYS AN Ub Rt FRRRRE 1eddieia kl
stsijrp'/pﬁ'lbbl cbbgms, Gﬁmamd]talazﬂs&aro-quﬁfﬁ@ét@@nt&(ethe
: e appr.oxi mat ely. 20-hjt i nformation er
ngrgg:tgd%ger’egané%l afégesehaoowrﬂ o’ téi/feq X- 'plsré%]éﬁ . g&talneg a
disk-shaped superlattice thin piece in form of a periodical
lamination of electrodeposited organic strips/ribbons 61
difficult todissolve into solvents and.electrodepoéitedinetal
strips/ribbons 62, in which each layer has the thickness
accuracy in the order of atomic layer.

Next prepared are two cutouts as shbwn_by the rectangular
solid line in Fig. 22 from the disk-shaped superlattice thin
piece. Figs. 23A and 23B show these cutouts rectangular
superlattice thin pieces/slices 71, 72. As shown in Figs. 23A,

23B and 23C, the superlattice thin piece/slice 72 is superposed
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exanple. At N2 intersections made by the

el ectrodeposited netal 56 strips/ribbons 62 of the

superlattice thin piece/slice 71 and the

el ectrodeposited netal strips/ribbons 62 of the

superlattice thin piece/slice 72, bottomup structures

having desired functions are built. For this purpose,

guantum dots nay be grown by sel f-organization or
orsthé sag@ezﬂaaltytime thén p&lmgmsa]titde:éltﬁy ﬁoﬂhﬁ@ﬁé&iHeCEelatlve .

y/ th
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fina by .in on an i ssi pation of eneragy,
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_regﬂﬁdeﬂIgﬁﬂﬁﬂ@hW%tW?bhefb&élVt%ﬂ%;ﬂdﬂﬁﬂﬁﬁﬁﬁkﬁﬁ%as

eed of ngsitioning for nment n
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62 &ff the stﬂaaltmcmethuhlmqnm/es{]sicmﬂl ‘Hheathoseclude
N @f e R 1actéd qrfettsn] LeRlpeRlalas 1 'S (L, not

EE e o 0 e N

plb@td/@ﬂllﬂé sztlr uaﬂmns @:a%cbﬁoaeﬁﬁb@t@@@éﬁaﬁ%‘dﬁfﬁs/fﬁbons
ex; am up.devi ces havi

62sophl Shtl ca‘fltpe qfal}tcgtcieon?lrbfjseecf?ﬁ%lrld%]afz%ﬂad??s N*

lnm@nﬂaﬂﬁyﬁnﬂuxnatdnahﬂxn(ﬁlgﬁ 23e. mEsh thdkr gatser e thyse

1nttré(?cs%|c%ﬁt<fn%dqt%h 'Ite%%e'ﬁt Sggggigrégggggl% ?V\%}érr:]&?_geh each

superl attice In pl eces
el&ﬁ&fﬂﬁ’@p%%@ﬁﬂsm@ﬁaé S@frltplv(erlmqrbﬁ? 9f Syssepefphandce thin

pl%)t‘:%tse'@lllrctetshlﬁ cgse) ForaQQaﬁﬁig '§se§ﬁ&pﬁ'§ﬂi‘eﬁ1%‘ 23C by
relatlon eqﬁlvalent to %g di rensi on [ivin eur o

| CODPECEIEIET 1YY SHEIAVET St han 7éHeP &Pﬁiéﬁéfjéﬁlcﬁlefcfemdepomted
- megrdt esl‘t&lpﬁ)/eclsmiﬂm amRtgideal r iasy tdiohasddgdorof ard ng

sublg%lattlce thin pieces/slices 71, 72, which address should
be accessed to can be controlled. More specifically, assuming
that one side of the superlattice thin pieces/slices 71, 72 is
1 cm long, and the distance between adjacent electrodeposited
metal strips/ribbons 62 is 10 nm, then 1 cm/10 nm = -
107%m/10 % m=10°%~229, Thus, 20 stages of relay circuits 73, 74
can select 220.10° electrodepositedmetal strips/ribbons 62,. and
access to addresses can be controlled by approximately 20-bits
information (per one degree of freedom on the x-y plane), for
~ example.

At N? intersections made by the electrodeposited metal
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bottom up structures may be introduced by

intercalation or by sandw ching, for exanple. It is

al so possible to sharpen the 57 knife-edges of the

el ectrodeposited netal filnms 62 by electrolytic

etching before the intercalation/sandw ching.

Thereby, it is possible to enhance the surface

strengthening effect and conpose the bottom up
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o RRB B S Sghipe el FriooR Bprices, for example,

Or bottom-up devices hav:Lng acquired sophisticated functions
by self-organization mentioned above. Dimension of the mesh
structure by the electrodeposited metal strips/ribbons 62 of
the superlattice thin pieces/slices 71, 72 is between 1 and the
dimension 2 of the bottom-up system (plane system in this case),
and here is established a relation equivalent to the dimension
of living neuron systems being smaller than the dimension of
cell systems. The source material as the basis for forming the
bottom-up structures may be introduced by intercalation or by

sandwiching, for example. It is also possible to sharpen the
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The wiring connectors 84, 85 are connected to top-down
LSI 87 having desired functions via a wiring 86.

Ther eby, the 58 two-di mensional structure 82 is
connected to LSI 87, and here is obtained the highly
functional device as a whole. LSI 87 is typically a
silicon LSI, but nmay be an LSI using other

sem conductors such as GaAs or other conpound
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orggBsettrde MmMibbon 61, and these electrode portions 83b are
connected to the electrodeposited metal strips/ribbons 62.
Fig. 24C shows the connection between electrodeposited metal
strip/slice 62 of the superlattice thin piece/slice 71 and the
wiring connector 85 in an enlarged scale. The wiring connector
85 has electrode 85b formed with narrow spacing 85a with the
electrode 85b having a width approximately equal to the
thickness of the electrodeposited organic strip/ribbon 61.
The wiring connectors 84, 85 are connected to top-down LSI 87

having desired functions via a wiring 86. Thereby, the
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silicon LSIs has a spatially anisotropic structure in
which tinme is projected discontinuously as expl ai ned
before, i.e. the 59 structure characterized by (tine
projectivity, spatial directionality) = (1,")

according to the foregoing notation. Further, since

the bottomrup structure sandw ched bet ween the
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equalize the width of each electrode portion 85b of the wiring
connector 85 to the width (thickness) of each electrodeposited
organic strip/ribbon 61, which is the dielectric element of the
superlattice thin piece/slice 72. Therefore, the embodiment
can increase the margin for positional alignment between the
electrodeposited metal strips/ribbons 62 of the superlattice
thin pieces/slices 71, 72 and the electrode 83b, 85b, and this
contributes to enhancement of the production yield of devices
as well. The top-down system comprising LSIs 87 represented by
siliconLSIs has a spatially anisotropic structure in which time

is projected discontinuously as explained before, i.e. the
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Thi s enbodi nent uses quantum dots as the bottom up
structures. As shown in Fig. 25, a two-dimensiona
structure 82 is 60 mounted in a central part of the
substrate 81 in the second enbodinent. In this case,
gquantum dots 91 are inserted as bottomup structures
at crosswi se intersections of electrodeposited netal
strips/ribbons 62 of the superlattice thin
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united adequately enabling inter-accessibility.

Thus, the first embodiment makes it possible to easily
realize a functional device having sophisticated functions
capable of making the best use of advantages of a bottom-up
system and a top-down system represented by silicon LSI. This
functional device can exhibit various functions depending upon
a combination of functions assigned to the bottom-up system and
functions assigned to silicon LSI.

Next explained is the second embodiment of the invention.
This embodiment uses quantum dots as the bottom-up structures.

As shown in Fig. 25, a two-dimensional structure 82 is
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it does not nmake a | arge shadow. Therefore, a bright

screen can be realized with | ow power consunpti on.

Furt her, although 61 not shown, by using a

| am nati on-repeated structure of a conductive

two-| ayered structure sandwi ching an extrenely thin

dielectric layer. and a slightly thicker dielectric
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The structure shown in Fig. 25 is applicable as a flat
display as well. Quantumdots 91 used in this display are light
emitting quantum dots, and they may be light emitting orgénic
molecular monomer, oligomer or polymer. In addition, since the
superlattice thin pieces/slices 71, 72 have freedom in
thickness, here is the advantage that the electrodeposited
metal strips/ribbons 62 can be configured to as very thin
conductive lines having high conductivity. 1In this flat
display, since each crosswise intersection has a small area,
it does not make a large shadow. Therefore, a bright screen

can be realized with low power consumption. Further, although
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The second enbodi nent ensures the sane advant ages as

those of the first enbodi nent as well. 62 Next

explained is the third enbodi nent of the invention.

As shown in Fig. 26, the third enbodi nrent uses a pl ane

having self-simlarity and a hierarchica

configuration, i.e. a plane 92 having a fractal
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t he Ien? qﬁ¥§? direction of. the shaft 102, a

S35 LG THAL PF B8R H AT s D28 S5F & SFrdl FBEF T FSwise
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abo%ﬁland under the | owernost _el ectrode portion 102a
ere appropriate, amulti-layered structure may be used,

and top-down LSIs can be provided on and under the entire surface
including the central portion of the substrate 81. _
_ The frame portion 81b around the two-dimensional structure
82 connects to the electrodeposited metal strips/ribbons 62
extending in parallel in the x and y directions and accessing
to N° intersections of the two-dimensional structure 82 with
the same configuration as that of Figs. 24B and 24C.

In the other respects, the second embodiment is identical
to the first embodiment within the extent not contradict to its
nature.

The second embodiment ensures the same advantages as those
of the first embodiment as well.
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the shaft 102, two resin plates 109, 110 easy to

di ssolve into solvents are nounted via a

predet ermi ned di stance. Above and 63 under the next
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electrode portion 10la of the shaft 101, a support plate 103
and a resin plate 104 easy to dissolve into solvents are mounted
via a predetermined distance. Above and under the next
electrode portion 10la, two resin plates 105, 106 easy to
dissolve into solvents are mounted via a predetermined
distance. Above and under the still next electrode portion
10la, similar two resin plates 107, 108 easy to dissolve into
solvents aremounted via a predetermined distance. On the other
hand, above and under the lowermost electrode portion 102a of
the shaft 102, two resin plates 109, 110 easy to dissolve into

solvents are mounted via a predetermined distance. Above and
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el ectrode portions 102a via a electrically conductive
organic resist. The periodically | am nated
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b di grenty the other aspects, the fourth
eel odi ment |Elsnﬂ? entical to the first enbodi ment, and
the|1+n EXFICATAGRdA Vi SOBRNEEéHSheF 8aniTHe Fidif t(mot shown) is

f ianodideidd has saJaie<'7l@€ilh:tfla@@];%I o&d\iﬁgt é‘!?%c%?@%e”?@rtlons 101a
Cc 1ce .1 S Silgni |Ca ance In
o AR SORa L0 S SRS O GO B 2depigtne shaft

1Q§Uperfloartet haedt hifeqs éseus¢diecodyarnsimndlst ahbnadi 861ves

1 f Oéglwﬁt fd:‘sré%t k89ac!iléjseéljf\93te%% tgl% g?gl}l Ip%”a er%%B% through

sanme advant ages as thos
I INexga sk plaidesdly g Hata ool vemyedi nBAteofthae, in the same

mddheNtd Othe FH Ors 2 Wb Sa Bndh@N ¥ EW Qfq A YBCH U ni nated
chanber 121 of a vacuum evap or ati on appar at'us, and

t'fg:é:i}%re% ke fsq%q/pg\ﬁl&feqqate%agﬁg)% growth on side surfaces

of the electrode portions 10la via an electrically conductive
organic resist in the space between the support plate 103 and
the resin plate 104 easy to dissolve into solvents both mounted
on the shaft 101, the space between the resin plates 105, 106
and the space between the resin plates 107, 108. Similarly,
also in the space between the resin plates 109, 110 easy to
dissolve into solvents, both mounted on the shaft 102, the space
between the resin plates 111, 112 and the space between the resin
plate 113 and the support plate 114, a periodically laminated
structure is formed by lateral growth on side surfaces of the
electrode portions 102a via a electrically conductive organic

resist. The periodically laminated alternatingly
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in Figs. 29A and 29B, the fifth enbodi nrent w nds a
resin base film123 in formof a narrow thin fl at
tape on a roller 122 65 beforehand, and after form ng
athin nmetal film(not shown) by evaporating a netal,
for exanple, on one surface of the resin base film
123 from an evaporation source 124, winds up the resin
base film 123 with the netal filmthereon onto a

he takaes Ly eodd et rut2breRef ewe otes hdeeialf s enoteslect rode .

t s tihat | of resin b
PFLPRONS Pl 85y 8t SURBOGLe kNS Ll & LEEERS Srom che
P%lals@ilf‘?éﬂrﬁ}iQ@mMntaﬁetdhétﬁecéhrﬁlqlmwrs omande syrbmt®s of the
eldex take Mﬂl@ﬂ@rldﬁg’: ISy RKRR 'rt:He Sélféjcfttfgﬁﬂlnc

chthe resin base film 123 andt met al m are
SQLMG IR ef 1A @éﬁﬁé‘@élg}‘?d friom §|B|er ﬁlleﬁétr@rldlt&y“ebé@h 51, and

a gﬁf@&éﬁﬁnﬂrﬁe@mmmtﬁé ylxetgtkb&@é@cﬂltté 04t B8c1ve the
uct ure shown 22. Therefore, a

efecntcent r |lcal # in %
TPt G TR Y SeFPIbES obt St e dOBEERdOBNt PReresin
pbépuersal 1G4 rdotaugh i Nl 3 hend anbderasunefa@ss t 8 Ehésélectrode
T ft [ t has,.the, s
padvant ageslaashﬁjoése Igfs @?%%sﬁﬁr%ﬁ rgolvdldrﬁsﬁt Aigeshaped
SURQH 63 HelFs $hiepdiexels eabofivrmed f ltshe ialvemiowam on side

sdﬁéé@s S K tthenodi ieie ﬁ&ﬁ@ﬂ)ﬁéti@fatg‘ﬁ@ 1nd1v1dual
|ec s/seﬁ%ces 71, 72 are nmde the inprint

ng
REHWHRSF F st cs07 17 i'l?%ﬁf{iﬁﬁs 3bEd ¥I§¢d aky shawpral
grdfwtl'-h gn S0f sarfianestsficher €l ek fodd ﬂt‘tﬂ\ﬂrﬁgl@Za sink down

tte f ratlonl entical_ to t
C? ; é]‘ﬂn epgcm ?aeqtefrerf %he f¥1 m'62 LoF- S ﬁr@”ﬂerrs't % nFEYi TR R
SHISJJQ:!NIS@ rconpws@dch ofesiliesubserateuhdl aaSOahmﬂnsupeﬂ gttice
0B I;lcgcec%]%%sg}g: i nanostructure die 132 is
t

r enoved ereafter romthe resin substrate 131 as

shovif §5F EPGE/3BES W2 19t ras tatewh si e ke Qui3gpom the
elaedlﬁtcﬂllytfld BatB3 asd m&&ldr%dsﬂﬁﬁrﬂ H}hgo'l@_@—lll%'éb§%£@$§gles

uum ev tio exanpl b
lngrsElol oy 73Esf:orrrﬁaof: aﬁt Nen heq1|h§§| %YSUEé‘lpleﬁl@ti%lfeo)th% piece
tfmearsdln@enﬂ;iimgalt heminahashsuctelbbtdi@etid®s whicnt he Fig. 28,
t 1dn 1 0 the reS|n
£l 4 ;R eén13%§un§(i)ﬁgo%%e%% w, e |T1r C)tqc Ot%l

substr es etchi mtop and o
thyfpestdignegts i et a1 44 § 1IR3 a st yreripieni ¥ rdﬂrvich@ 1$ op

fanfaned and dihe s!@ﬁealmefﬂr{éﬂ 133 f@ré’@ érﬂ?ocﬁ’ﬂﬁé‘nt

surffg IS exE result, as shown in Fig
30F, L5 hpér PRPE %SP%‘F\‘F?I pﬁ%é&ﬁéﬁ%@g‘bﬁﬂmﬁ@t\/\ﬂﬁmdentlcal
tarehal £irdtmehBddamenaht andetheir explanation is omitted here.

Thefourthembodimenthasenladditidnaladvantagethatthe
functional device is significantly enhanced in functionality
and degree of integration by using superlattice thin-piece
three-dimensional laminations to form the functional device,
in addition to the same advantages as those of the first
embodiment. |

Next explained is the fifth embodiment of the invention.

Fig. 29A is a plan view of a vacuum chamber 121 of a vacuum
- evaporation apparatus, and 29B is the side view of it. As shown
in Figs. 29A and 29B, the fifth embodiment winds a resin base
film 123 in form of a narrow thin flat tape on a roller 122
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In the other respect, the sixth enbodinent is

identical to the first enbodinent to the extent not

contradict to its 66 nature. The sixth enbodi nent

has the sanme advantages as those of the first

enbodi ment. Next, explained is the seventh enbodi nent

of the invention. In the seventh enbodinent, utilized

is ROMfeature of the first enbodi nent shown in Figs.
befgervpl, and 24CerThermbhed todeposibedf biganict shown) by

.eégﬂdﬂyﬂi %nm@%aQ'f%bguékaﬁﬁlE'SéR' $r|%ﬂ¥ o'%egke resin

and the el ectrodeposited nme stri
bastchidliperd dremean tenfarpomaetclevrsrspeéc¢1124r,z wingshep ¢he resin

b i der £2l3 mrbeh@eﬂ@fai mm%@lﬂé&r gaebca Qg LS11er

:%g g E; and cond Ufé%rs netals vari ous

dsSTRBFE THEST S r?e%%n%?s P&%%Pé@???éﬂaéy%@pport

thesrralnwﬁlaamam ahadet aflmol 28aifdomcopPust @/ BRHAE tREYeof.

- I i QA h i ecel/sli

7o) s LB PLote agseoiseuen L, LR, BLECEIANE, woun
up39n§ﬁoﬁbesta¢1€leﬂw3m1ﬂ@n t12§ohe|¢amak:ablg/ splm:atlhsSrRak/hre in
wacH“t%Eer§iﬁ|$$§%EE£¥hlq@%agnarghéQnéié;hﬂ¥f%N§/ %gﬁlnated

he menory capacity of said
alGigrne Yt e Ebésmpléﬁéséﬁeﬁgrﬁéamesre@u%tm@qm tlh?e

apﬁﬁdﬁﬁﬁﬂﬁ%IQEEMﬁ£HVdﬂEﬂt &bl@ﬁépb@ﬁ%eﬁ%r@@g17gtrﬁgf§re shown
put _on ah strips on thi

TP 72+ aRBSRAGGAPE § SEPRAFS O CRLeddhe AR pal oDLa ined
baﬁad s bhet bparélll st72ctTher en fuiterethnies maninkirnagatHeatirst

dPSd¥H d@n layer (not shown) on principal surface of
© filmse 71 and 72, i. e. , the surfaces of themfacing

to &4th téfher empedimgafiphesibhe asane cfdvaintmetes ast these of

tm&aggggséayaayheﬁmd t hus at each cross, netal
stri e/ribb erlattice thin fllnisllce 71 faces

Sy
hattaa SRB I D A0 RS o IS T Ot Eherignvencion.
natUhatheX$dEthaWMGodlmﬁnuaJsdﬂéﬁ?étN#HFiahln pleces/sllces
str r ce thin film
1con7|nzggrcreédq%g{%r?§r et%ﬁelr&rp?nt HEH TRvaed ?hwn JjmlFJI‘\(ﬁS
thyeaddt BEE -si Herst @peshowrerireFiics @roé\undedanﬁa‘chuendre die
19 HvRiAla sivd s ra&bﬂr@ﬁtmqé@ﬁéi&at@ Nfd I m

71 s connected to an  _appropriate power su

SR AT LM KRBt T 1dk P &gk |f§rt%¥eexa*p@¢uﬂ¢@h is driven
imrd acrpkénosubat daROM 31 R g $halesar bed-.i 30R0Mt Gressing.

Thif | ESOSQEBE%%EéogleV¥5§1ls removed thereafter from the resin
substrate 131 as shown in Fig. 30C. After that, as shown in
Fig. 30D, ametal £ilm 133 is<deposited.onto the resin substrate
131 by vacuum evaporation, for example, to bury the grooves
formed into the resin substrate 131 by the pressing using the
nanostructure die 132 with the metal film 133. Next as shown
in Fig. 30E, the resin substrate 131 undergoes etching from top
and bottom, surplus of the metal film 133 is removed from the
top surface, and the metal film 133 formed on the back surface
is exposed. As a result, as shown in Fig. 30F, superlattice
thin pieces/slices 71, 72 with metal film 133 are obtained.

In the other respect, the sixth embodiment is identical

to the first embodiment to the extent not contradict to its
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information is witten in nmenory cell Al at address

(i, j) , i. e. , the cross-point defined by
strips/ribbons i and j. Here, by 67 putting "high "
|l evel on G that is conmponent of inverter |j being

connected to the j-th netal strip/ribbon of

superlattice thin film72, the correspondi ng

n-channel FET is turned on. Here said natural oxides
nagetrneeen said strips/ribbons is punched through by

Pu R ) KoL isug e neer Pl e L AR L L W o

_ power “supply,
th@bn‘i}mﬁti \ﬁéﬂbod\bwntt can be considered that, for

exanpegit | REQIIBLLN 1's1 't HeS sé%r{ér%m&ﬁ?e fongkctye

. Cross, and i nformation "0" is witten
inysAtdsiduct i ve cross for V\,hl ch oxi de Iayer |s not

puncliedthé hyeorgith Bhﬁbdahmgnttb%tPIQE@QQ@R@Wf@A%uE@%f the
fl(:resl | of SR | ect edS addr, esgpe [ %or mat i on can
R PR R Pl aithed 9% Holft 02‘}%'aoa%t24%e?b%n

eh(em‘tmamarpmmsj Degdnicosrmmepmn‘:ybhg@lfl |61Asl(ijﬂ%ﬁc@ﬁlﬂl‘t©scilssolve
| | i,ne .

1nsttcyr IS]pO)Sl/V;'einbtbOEQC_il EH% gigégrgg E%Jtsl%ed ﬁle&ﬁ¥ s*f;é%%(rbﬁbon 62
Of@a@hﬁugeéfl@&rﬁi@ﬁehbl@pll rtlerce] ]71 ﬂélmgehemeecccbxeshdered

d & heer I {e t
- éWId‘ h;% e-ltaELe %%nelzép/glrﬁ Ii}glgg%g%] hcgln nlz%@%[E{Ié rﬁé’{:{rrlnéef and

tght 9 gyer Y& iogspethads hélqre ﬁhﬁetlaickness
ofstaraip rdeﬂQﬂ:tlQ];]c snaqwﬂ aitd lflooe Ak 700k M gld Gendd &Y said
wer. su \ en, |n 1" i's witten on
cy uctor('/pn%ta& Tlrm} . 10 IPTJé{rgéj 3%e1r}%)f‘eq,nr}esctpﬁﬁl]ct}%dthln
pitemedwghqehéirle 7<2uhaemt fblroazampneughnthevertt@r @ebrder) .
striphiry b f Vi RL.. resul
ot eﬁillglal ?g{%ht%%es %‘%{]@ ﬁ%M %ﬁ+191?ﬂ sclhe{nal 1cfal?L A]fr& t‘ius ROM,
1 th8c Siréd P Po@Ren Ot awtah avel lnsthpmpienc%wl@a ot, 72,

thlé- ebanrel cEEcheyngf SOPHWN O i pves t &fidde t@llérrree%tre N?
ever flows .th l%Lthel-t metal strip/ribbon of

criRERne R §S0Sd R s |Jtnt€trrf‘eacep6%eewﬁeé} tHin
s ltilve /@tileere éihdarmf 72 hedemet ahmbérspmq N aeﬁmutsohlsgmd fMetal

Stm%osow }Hr}?@qlml—fl I gggr%%& I oss i \;vr Ir%{tegglr%adtq fygetal
stqdest @ndsaldbflléyleﬁ BaeAg Formedrched ity paghrahmxidation

1aGAd enbt fdroen it Bhg&’ﬂfhéﬂ?al s‘iﬂ‘fa@ét@f ﬁtlepﬁi'akffboﬁ%T i.e.,

Im7f1V|an gfaomatter how t he chan
thﬁeFHé 4CESnPoN GFetPefaf] ¢ther e Forppxamplef {0 case
ofAB1 ane“teﬁubtrléb@mz(%em ifakmat, t &ed etler aerG ¥ ctb8s, metal

st'}q_tp%l/rl% 'rpo'%l super aln'ptslgel %hln film/slice 71 faces that of
72 in edge-to-edge conflguratlon_v1a the natural oxide layer.
Here j-th of N metal strips/ribbons of superlattice thin film
72 is connected to one end/terminal of inverter I5 (j=1~N).
The other side of the inverter is grounded. Each end of N-matal
strips/ribbons of superlattice thin film 71 is connected to an
appropriate power supply through load Ry.

Nest, explained is the operation principle of said ROM.

First described -is how to write information. When an
information is written in memory cell Aij at address (i,7j), i.e.,

the cross-point defined by strips/ribbons i and j.'Here, by
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As descri bed above, a new ROM devi ce whose nenory cell
has superlattice thin filmslice 71, 72. according to
the 68 seventh enbodi nent of the invention. The
menory capacity of said ROMcan be as large as 10 -
160 Goits/cn2. Also, since said ROM being able to be
made flexible, can be installed.in many electronic
apparatuses. Further, said ROM being nade of

pStpEd atrti'cge thiewdl |68 b e@atl is/ Zonpdhef Q%Edeltnverter I
roaucti on

lith h whi.ch | to | t
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NG (i) FRRRE RRE TS TDr88sH] APB4rsInBba. R finmmatian oL” 1

wﬁﬂ:tFﬁ}DJ.n @Q@%)orﬁﬁiudﬂ'ierd:l‘:QSSSQfarﬁd ﬁhﬁ%lggllaﬁeb@ﬁs“ of 1s wrltten
attice (A re
17 PRRhIePhEBRE AR chob Fiot Fibh SRRad el Fhris Bett Ripched

thHidugls) |B§e d@lngTithas psededasentdalakl rilps/adllibefissebected

agdReldal Ll cerd AL {4 2 1 68 \Zgit@@rq’:ll-rgjzs | s used as

the materi i nserted at the cross 32A shows the
st r udigitle VP kO olss At dfredsait netals. I n. Fig.

Wﬁpﬁanrﬁfﬁmm%r@acﬂ-ﬂioﬁ?ﬁﬁ&? tbe; @uU. ggta%ldrelsasy?{ )

.|n superlattice thin filn sl , ref erénce numer a
1 1% 15%& FHISTTR AT oYt 17ed SPYef FaiRT CELPRPRAS 1 oha 3 by
plit[ﬁi\ﬂi@l‘fhtﬁgﬁ.?’ aendeil'az?u ng!ul‘th%lt l%3c8>a1lp@n@m2‘_sofwi%ﬁfe¥*ter I
r 142|s n t.ve | ase 0XI atlon occurs
% SOPEEESS g%‘} a e_?réhlrzﬁg' gnsbt artjok?ﬁ rbé’&coﬁ\ége&:ittlce
tfwdh LI ¢ deésoEpEs eERPEItNES 1di3a NIy {FHE oshewriecdn, and

aT£AUCtd 1PN KLEOUTIS @a it N %)'ﬁrtf ace Qb ILthaﬁ{SEaﬂzst?D}g/rlbbon
J‘gﬁ in Cu2S 143 becones and precipitates

A ififer 1r11£f£?1§‘}((ﬁ/%slc%§|1db®l36i”§él srPRLYenThag, if

1r$ft§mmacu t]EiklaxFl“g; Be?B,rfl\Mt%ml 5xalnfénwz@ct@11at .ed iQe reaghes oxide
Il m t.o form ta

180 0 PLbAd Ao, B TR gne 1-cn

me&feh stpnsp/fmﬁ@bcm af i élhppTl edid 0ldad fR].mASAZ result, the

pcgi_eé/r?t‘:f‘@ arte%?lte' Qghggk@ﬁd cﬁl 4% m@ﬁglt Q@gi}t:hei’sgg\é@meg low.

nano- di mni S an
Wl’b%%on%%w 'f]-'hvejtls-’?%@‘bthe%n%%e i of n-channel FET being

component of inverter I, current never flows through the i-th
metal strip/ribbon of film 71 via load Ry,. As a result, the
potential at the other end of the metal strip A;’ remains high.
On the other hand, if information “0” is written in memory cell
Ajj, i.e., if the cross is not conductive due to oxide layer
being not punched through, no current flows through the i-th
metal strip/ribbon of film 71 via load Ry no matter how the
n-channel FET being a component of inverter Ij is, ie., on or
off. As a result, the potential at the other end of the metal
strip A;’ remains high.

As described above, a new ROM device whose memory cell

has superlattice thin film/slice 71, 72. according to the
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~descri bed above, information can be witten in said
menory cell. In the other aspects, the eighth
enbodi nrent is alnbst 69 identical to the seventh
enbodi ment. The ei ghth enbodi nrent has an additiona
"advantage to the seventh enbodi nent that the -
informati on can be witten non-destructively. Next, a
functional device as the ninth enbodi nent of the
s@v@samtembwemteh@rbﬂ\nthb eyl i Ned ched Ve y IBEaEhEbe said
nbodl f the g ﬁ@ H bnventIP Js_a functlona
fa@b 87 g Td D8 8P R S t-hAL SPe, SEnCce said ROM,
bsimgmahul@ o dichde héléxﬂl&les contbouotst ¥11aat oheflany

i's be nmade. f.r a direction
<010 M50 RECRRRS! SR TOR, LT O ALCEELSD, o
Sy exttere ntloiorf i otede 7Thi 82f UQEIII baahadevice is.
1@ A e fe S| it Qf l@a@grﬁ@q'o% 88 O o#yléryr%ald ROM

In%Iudln strip- or ribbon-sh
CHt PF WREAIPSor ERESAPLE METRPEY ﬁaﬁl wa@pra@@ﬁ ﬂmuhgqaltous

i forkanteisen i @cd Sengloaperihas, odt&he conduct or

I d h I | i ght th

| B Ml AFces e, LA b pf e any the
irpeerpemhcul ar to, the slice. More specifically, the

f t j I

i e e B A R

ninth e resen I nventi on
ey QiimerEn O%S@%@%Wchuw@ s fsontaVlew, namarbridge

stiheve e sighe ghevatiRn, respectively. As shown in
-Fi S 33A, 338 and 33C, he oré;anl c solar cell is
htets {Pres$s{i3{f4 E020h$Lkefl drtmn, @foele 18 Feb.

20) aand tg&t hettes 4 52f Mt?%w/rmmlsioﬁegﬂlﬁ@ﬁgﬁ@%%e thin

i n the.an an at hode
flllg%gllﬁi —)s]gl a?g? healéet %e raf $oFh g‘?r ¢ h
S el i5ks / Tl aavin Ahlpleriré@lt&tlpﬁgthayefllrnbislsdn@erﬂ), iTS is used
a@ﬁt@%bd%%ﬁrlﬁkg@n§ﬁ%d§uﬂéﬁlwl a?@?l‘l‘#lef} {%I?%é H22 and

back-to-back rel ati on [ ectric i nsul a

Cltode ¥5Edard &%’ﬂwé@éeﬁ?]{ AoReEAE a(it Hére ageashe
back EQfgdt BQAOBgangC‘iﬁg gftre€thre Ldﬁ&ﬂfed@iltol@ét ]{nade ?f those
C e are provideg.r I.a romthe
nufis ofi o2 aF 2eerroolt ARt d etRbbba= TR Chretal
' lmlpum ;almlraidtelcdwlmsfllmMmW 1v,vi tdfé henedodeteral 142
sa’liﬁil-ﬁ'iv\ﬂé‘égl l%?f%&guéuﬁiffé{@gge t:}‘é.% k?lh?sfoor 1%ty 8Pd Tag

e cat e organi sem conduc
Numze 1 Jd 35 said, Evgf e Wien Ti layer 142 is negatively blased

oxidation occurs at the surface of Cu layer 141, and Cu atom

becomesCu+ion,whichdesolbesintoCuﬁS143.0ntheotherhand,
reduction occurs at the surface of Ti layer 42, and Cu+ in Cu,S
143 becomes Cu and precipitates. Reference numeral 144 shows
said Cu precipitation. As shown in ﬁig. 32B, when said
precipitated Cu reaches at Cu film 141 to form metal bridge made
of Cuprecipitation region 144, and the cross becomes “ON”. When
positive bias is applied to Ti film 142, reversed reaction takes
place, and then, as shown in Fig. 32C, the nano-bridge
diminishes and the cross becomes “OFF”. Using phenomena
described above, information canbe written in said memory cell.
In the other aspects, the eighth embodiment is almost
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het er oj unction or bul k-heterojunction type. In the
het eroj uncti on type structure, organic sem conductor
| ayer 153, 7 0 a p-type organi c sem conductor film and
an n-type one are joined to each other to be in
contact with. the anode 151 and cat hode 152,

. respectively. The bul k-heterojunction type structure,
organi ¢ sem conductor |ayer 153°is a fine one, and
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as shown. An insulating layer (not shown) is provided where
. the anode 151 and cathode 152 are in a back-to-back relation
- toelectrically insulate the anode 151 and cathode 152 from each
other. On the back of the organic solar cell, linear output
electrodes 154 and 155 are provided radially from the center
of the solar cell. It shouldbe noted that the output electrode
154 is in contact with thé anode 151, while the output electrode
155 is in contact with the cathode 152.

The organic semiconductor layer 153 has a structure of
heterojunction or bulk-heterojunction type. In the

heterojunction type structure, organic semiconductor layer 153,
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sul fonate pol ystyrene, pol y(3-thiophene al kane
sul fonate), etc. as polyaniline, and polyallyl am ne,
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po‘ig tlh%exgrlgéng%e%?)l%r et len F' r%’%b??& f(I%VI tgllag‘ht emlttlng
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(FeCls, MoCls, WCls or SnCl,) be used as acceptor, and TCNE or
TCNQ be used as organic acceptor molecule. Also, for the dopant
ion used in the electrochemical doping, tetraethyl ammonium ion
(TEA"), tetrabutyl ammonium ion (TBA'), Li*, Na* or K' may be
used as cation and C104°, BF; , PFy¢, AsF6 ; SbF¢ or the like be
used as anion. :

Further, a polyeletrolyte may be used as the organic
semiconductor layer 153. More specifically, th.e _
polyelectrolytes usable as the organic semiconductor layer 153
include sulfonate polyaniline, poly(thiophene~-3-acetic acid),
sulfonate polystyrene, poly(3-thiophene alkane sulfonate),
etc. as polyaniline, 'and polyallyl amine,
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one side of the resin-nmade base film 162. Further, the
nmetal for the anode is vaporized fromthe evaporation
source 163 to 72 formthe anode 151 on the one side
of the resin-made base film 162. Then, the deposited
films thus deposited are taken up on a take-up roller
166. In this case, the resin-nmade base film 162
should be a heat- or |ight-separable one. That is, the
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spiral w_th the organic sem conductor
- © " DtASEn IHem to provide a thin, di sk-shaped

or gamiessolattieel thidhuslat BepP=BhhpBatd O AR PEEse Film
léﬁ’nhtav?.rn%aa predetermined width, for example, being wound on
a supply roller 161, a metal for the cathode is vaporized from
a evaporation source 163 to form the cathod'e 15.2 on one side |
of the resin-made base film 162 as shown in Figs. 34A, 34B and
34C. Next, an n-type organic semiconductor is vaporized from
a evaporation source 164 to forman n-type organic semiconductor
film on the one side of the resin-made base film 162. Then,
a p~type organic semiconductor is vaporized from a evéporation
source 165 to form a.p-type organic semiconductor film on the
one side of the resin-made base film 162. Further, the metal

for the anode is vaporized from the evaporation source 163 to
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of the organic solar cell is extrenely |large so that

light incident perpendicularly upon the surface of

the organic solar 73 cell can be absorbed in an
~increased light absorption area of the organic

sem conductor |ayer 153. Generally, the organic

sem conductor layer 153 is high in electrica
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Also, a metallic shield plate (not shown) having an
opening of 1 to 3 mm in diameter, for example, formed therein
is actually formed at each of the evaporation sources 163 to
165 tominimize the heat radiation from the evaporation sources
163 to 165 to the resin-made base film 162.

According to this ninth embodiment, the anode 151 and
cathode 152 are formed spiral with the organic semiconductor
layer 153 being laid between them to provide a thin, disk-shaped
organic solar cell. Thus, the p-n junction area per unit area
of the organic solar cell is extremely large so that light

incident perpendicularly upon the surface of the organic solar
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source 164 to forman n-type organi c sem conduct or

film153a 74 on the one side of the resin-nmade base

film162. Then, a p-type organic sem conductor is

vapori.zed froma evaporation source 165 to forma

p-type organic sem conductor film 153b on the one

side of the resin-nmade base film 162. Further, the
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semiconductor fllm are joined to each other. Fig. 36 shows a

vacuum evaporation apparatus used for production of this
organic solar cell, and Fig. 37 shows winding of the resin-made
base film 162 having the dep051ted films thereon onto the
take-up roller 166.

With a thin, flat tape-shaped resin-made base film 162
having a predetermined width, for example, being wound on a
supply roller 161, a metal for the cathode is vaporized from
a evaporation source 163 to form the cathode 152 on one side
of the resin-made base film 162 as shown in Fig. 36. Next, an
n—type organic semiconductor is vaporized from a evaporation

source 164 to form an n-type organic semiconductor film 153a
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exanpl e, Jpn. J. Appl. Phys. Vol. 42 (2003) '
pp. 1246-1249), and _7S Japan Patent 3557442) is used
for magnetic recording apparatus. In said nagnetic
recordi ng apparatus, like in the ROM device in the
seventh enbodinment, Co filmis used for the netallic
strips/ribbons in superlattice thin filmslice 71 and
72. A1203 filmis used for the material sandw ched
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The tenth embodiment is similarly advantageous to the
ninth embodiment and also advantageous as follows. Since the
organic solar cell as the second embodiment has the general form
of a hexagon, aplurality of the organic solar cells can be bedded
in a plane with no gaps among them as shown in FIG. 38. Thus,
it 1s possible to increase the production of electricity per
unit area considerably.

Next, explained is the eleventh embodiment of the
invention. _ _

In the eleventh embodiment spin tunneling junction (for
example, Jpn. J. Appl. Phys. Vol. 42 (2003) pp.1246-1249), and
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end-regi on/ edge of nmetal 182 exposed at the principa
surface 76 of superlattice thin filmslice 71. Since
the radius of curvature, being 0.5-10 nm very small,
the surface of the end-region/edge is catalytically
very active. As a result, as shown in Fig. 41B,
reaction speed is significantly enhanced for gas
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exposed at the principal surface of superlattice thin
film/slice 71. As shown in Fig. 40B, the end-region/edge of
metal 182 has shape of convex, whose radius of curvature is on
the same order as that of its thickness, i.e., 0.5~10 nm.

The usage of said catalytic reaction platform is as
follows.

As shown in Fig. 41A, the catalytic reaction platform is
set in an appropriate reactor, from one end of which reactive
gas is introduced and from the other end of which the gas goes
out. There the reactive gas makes contact with the

end-region/edge of metal 182 exposed at the principal surface
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to each other or different fromeach other. 77 The p-
and n-type type sem conductor |layers 191 and 192 have
a. band gap Eg between them The band gap Eg is
decreased stepwise (in n steps (n >= 2)) in the
direction of the disk thickness fromthe _
light-incident surface. Nanely, the band gaps Eg are
Egi, Egg, ..., Egn (Egl > Eg2 >.... > Egn) in this
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film. As shown in FIG. 43, an insulating layer 193 of various
insulating materials such as a resin is provided where the anode
151 and cathode 152 are in a back~-to-back relation to
electrically insulate the anode 151 and cathode 152 from each -
other. In_this embodiment, the cathode 152 is a whole surface
electrode and in ohmic contact with the n-type semiconductor
layer 192, while the anode 151 includes n elongated micro
electrodes 151-1 to 151-n isolated in.the direction of the disk
thickness (W) from each other. These micro anodes 151-1 to
151-n have widths W1, W2, .., Wn, respectively, which may be equal
to each other or different from each other.
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smaller than Egn_1 will be absorbed for photoelectric

conversion. 78 As a result, light in alnost the entire

or mai n wavel ength range of the sunlight spectrum can

be photoel ectrically converted. An exanple of ideal

setting of the Egk zone will be explained herebel ow.

FIG 44 shows the relation between a photon density

nph and photon energy by of the-sunlight spectrum of
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. sql ar, cells according to the third enbodi-ment, th

e
Loi0F 6 IS0 HRER BAS KBy 2PRG: SbIRHr O SLPGFHOPN2AT BoBitive
hodree tekeegtlate for photoelectric conversion. Also 'in this

case, a depth from the light-incident surface to the Egx - zone
is selected so that the photon having the photon energy in the
k-th zone will arrive at each Ey4 zone and be absorbed
sufficiently. Thus, the sunlight incident upon the

| light-incident surface of the solar cell is first incident upon
the Egl zone where photon energies larger than Eg in its spectrum
will be absorbed for photoelectric conversion, then upon the
Eq2 zone where photon energies larger than Eg and smaller than
Eq1 will be absorbed for photoelectric conversion, and finally
upon the Eg, zone where photon energies larger than Egn and

smaller than Eg,-1 will be absorbed for photoelectric conversion.
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to each other to output a voltage fromthe mcro

anodes 151-k 79 of the last one of the solar cells

laid in each line. The thirteenth enbodi nent is

simlarly advantageous to the ninth enbodi nent, and

al so has the follow ng advantage.. That is, the
conventional anorphous Si solar cell, for exanple,
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meyq yiges el torfductorthegeetiqell madimutypéficiency of
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it has the general form of exagona
ee 14PT RHREP¥espects, the fourteenth enbodi ment
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solar dlt stemlsfor d from
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e followin
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and Eg4 zone is formed from Ge (E; = 0.76 eV). Fu.rther,. the
Egx zones when the photon energy is divided into a range of n
to 10 may be formed from GaInNxAsl-x and GaInNxPl-x just by
controlling the value Xx. In addition, the Eg zone may be formed
from a II-VI compound semiconductor well known to show large
bowing when Te is included therein.

The method of producing this solar cell is similar to the
producing method for the ninth embodiment.

In case a solar battery system is formed from a plurality
- of the solar cells according to the third embodiment, the micro
anodes 151-k of the solar cells laid in a line are connected

to each other to output a voltage from the micro anodes 151-k
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the efficiency of photoelectric conversion of each
sol.ar cell 80 can be increased dramatically and al so
the production of electricity per unit area can al so
be increased dramatically. Next, a solar cell
according to a fifteenth enbodi nrent of the present
invention wll be explained. As shown in FIG 47, the
solar cell is forned spiral from an anode 151 and
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S5 BeIEslsdhie cach oLfien, ile e et aiedes onicro
,aﬁddHBtHﬁi k of the solar cells laid in a line are connected
to each other to output a voltage from the micro anode 151-k
of the last one of the solar cells laid in each line. In this
case, the micro solar cells in the Egx zones of the solar cells
laid in one line are connected in parallel to each other. FIG.
46 shows the solar battery system.

The fourteenth embodiment is similarly advantageous to
the thirteenth embodiment, and also has the following advantage.
That is, since the solar cell according to the fourteenth
embodiment is formed hexagonal, the solar cells can be bedded
in a plane with no gaps among them as shown in FIG. 38. Thus,"

the efficiency of photoelectric conversion of each solar cell
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m cro anode 151-k of the |last one of the solar cells
laid in 81 each line. In this case, mcro solar cells
in the Egk zones of the solar cells laid in one |ine
are connected in parallel to each other. .The
fifteenth enbodinment is simlarly advantageous to the
~thirteenth enbodi nent. Next, a solar cell according to
a sixteenth enbodi nent of the present invention wll
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shown) . .

In case a solar battery system is formed from a plurality
of these solar cells, the micro anodes 151-k of the solar cells
laid in a line are connected to each other while the micro anodes
152-k are connected to each other to output a voltage from the

micro anode 151-k of the last one of the solar cells laid in
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in the Egk zone of each of the solar cells laid in one
line are 82 connected in parallel '"to each other. Wen
aj-th one of the solar cells inani-thlineis

given by Cij, the mcro solar cell in the Egk zone (k
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the | um nous device as a_ whol e. The band-gap Eg of p-.
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electromotive force developed between the micro anode 151-k and
micro cathode 152-k of each of the micro solar cells included
in the solar battery system is given by Egx/e. Namely, the micro
solar cells are different in photo electromotive force from each
other. The photo electromotive force of each micro solar cell
may be used as it is, but to make use of the most of the solar
cells, the connection between the micro solar cells should

preferably be adapted to provide a single output voltage. On
this account, denoting Egp as A and it is set so that Egi = Eg1— (1

-1) A (for i =1 to n). 1In this case, the micro solar cells
in the Egx zone of each of the solar cells laid in one line are
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direction, i.e., fromthe top surface .down to bottom
83 Specifically, band-gap of each region is selected
such that red light (R cones out from for exanple,.
region Egl, Eg4r Egg, .... ; green light (G cones

out from for exanple, region Eger Eg5, Ege, .... ; .
and blue light (B) cones out from for exanpl e, region
Eg3r EQ6, Egg, ...... Thus, the colors of em ssion is

cargReitidd dm @%rd@lé@ N BH IRRNe Wﬁ@nsﬂrﬁaﬁﬁ bBe of the
ottom. .The i sion, is achieved by applying
glr?prr&ﬁdlast e'vé agzmbztl\ﬂ@eﬁsngﬁi"eﬁneﬁe Cisg] ebfiPoBESTO solar
celHl-<ikn ahd Eﬁezoaéhoﬁeﬁl@a b(f anf.’eﬁt Cohié Q]}Eb 1, i rcbfeage solar
' eV| 0 i.ne
Céolgﬂgr gg?ﬁgﬂﬂ ?h ﬂ ?nChngglslg éd,q %rﬂ]sn?laoregl 5:2 gﬁeyEWé“*z k)
zagth ek aspast, Orlﬁeczse\ze:lﬁ s8Rt ho baborti nentladh thes 2i-th 1ine
addVRRNCR cliS 1 hdeot{ €alt & @ 4 dheottiﬂ'errt anéﬁoﬁgﬂﬁf'#ﬁ“ 580 1n

the extent not contradict to its nature
s SRssentheehBbailnBhP L OveE9CEEPICL HE fgm:ﬁo‘wsll be (Egx +

QQﬂyh??/éaﬂEQEMth@kﬁeﬂe @@H@ﬁﬁﬁﬁuﬁOt%%nﬁﬁaﬁbogfectromotlve
ecause oto gener ated in aII Egk
CORR SRS ET FPLATE S} bt h R fHe cify Be/e. Thérefore,

tmhsreephotbnalemtmmobive Heordass natodeuikes. oBy f s thg same
ff ¢ the ect' gurrent den an
St r}]aoelwﬂf tai nalhng I{sH'tlr onég Hssy on e Itr eet??rﬁar
bad?tertmewﬁrrﬁﬂhous devi ce can be nuch el ongat ed Next ,
t her graWit! lexPa @ RIAINEA 1R LA WYL 1R EHEMHIE the

stem sujtable for use in producing the tfunctiona
LR ‘éiE%:SPdH%w@ L RIRAGT e REntT A EdORtrBtew o back view,

argey eaé egnivho £ripedl Bt Sus devise H2A: 2B 1ad B2 EnWICinown

re a plan view, fr iew and side elevation,
reEgl cta‘:?@’ 2eBs’c t42c%I ly illustrate together a

cl ealrigni t51a©d:1@|W($| rrdpet @etthel@idgmtecemﬂur@mxﬁjismm lwdfinous
addIEPERRERLLE BUSIL Ol s%%ggﬁ-gmél | SideRd B Qkxde 151

for a chem.cal pfocess to ener’ation of
ANFS EAFOLT SLEaTITOISsdPdeRt caRBtt hacki ke breki n$:¢1demted by

1inshi leit Yovever 1198 Nafudaniye WH idH a’glé@;@@é@'ﬁwfand 152 are

I t 52A, 52B-and 52C, the
TR D ARTRREE CCRERATGiAal Pb% CHANGIF fePRtTode 152,
bedharisbpl lsir e epposirpelel, ahekas arsOHRScaforittist work-type

S Yo puilidls B bl e ool

ara O eac
_mlnl anodes 151-1 through 151-n. Those mlnl anodes 151-1

through 151-n have width W1, W2, ..., Wn, which can be identical
to, or different from, each other. Cathode electrodes 151 and
151-1 through 151-n are made of electrodes that are transparent
with respect to the light being emitted, and one example is
Indium-Tin-Oxide (ITO), etc. Active layer with band-gap Egx
being sandwiched by mini-anode electrode 151-k and cathode
electrode 152 is a part of the luminous mini-device. With the
cathode 152 as a common electrode, these n luminous mini-devices
form the luminous device as a whole.

The band-gap Eg of p- type semiconductor 191 and n-type
semiconductor 192 are varied h—step(n>=2) along the depth
direction, i.e., from the top surface down to bottom.
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sides, top, bottom front and back are at right angles

to each 84 other, but the front is not parallel to

the back and is inclined at an angle 8 (70 to 80

deg., for exanple) to a direction in which the top

gets close to the back. Transfer boxes 212, 213 and

214 that serve as an inter-clean unit connector and
passageway are renovably provided at the back and :

SpepRdsidad 1, abendl—gs'pdﬂseabhsp@@ibNEﬂsysleecEE@ s/v;&rkthat red

1FhATDEL s S0 ARSD 09:(BOLLSROWILD Lo, 200 55

91@1911 3 gt dF)t kemesawite £ ripox e o2l 2xampl® anedg2bh atL Egs,
rovi.dgdq Jb@éqlc{rﬁ!ﬁf}ﬁr cgﬂégsogr‘ngrc%r?‘s f%l}dexgrﬂiglg, region

e used to connect one clean unift to another ¢
GEIWEEG' freom-the T@FectNBN2oBPr ¢ Hef sasie sdradt dpposperition of

R,| &t esal §|ﬂ1&ﬁnafrde t%@f%)ﬁr\@%léptéc%tb%v\@ﬁe iﬂghf:léﬂbs:_on

ont wal l of . the work

1 Reb L upd BORREY Yohg SPPERR BH< bpeiioe P CRRRGMini ~anode
elrm:rtlrpldleat LBh-ksangailre @fat@lo@\ee$52lﬁo airrej ettt @aghednt ‘in each

LSRR YL TUE OORERL 01 AN IBHASRSSSAY MO

thor‘q?et Remipgmispll atG.oB gse igidemsissed5. On the top of the

mrklﬁh€%96th8%1asbggﬁe Bhe é@%ﬁ’cé@gﬁﬁ” {;‘&‘ﬂﬁéngu&f the
. 216 and g passive :

lr\?ﬁ“{’fﬁoé‘oﬁisr |li91?c”é;ltcé‘ éé’pltﬁ’gf e rarsitde etbadianandt ko the
exthantbeot2tbrayaligitead and myymad. nearly at Cass 10

1 Th dust filt 217 may
o 14 e gpamle, g o [l 20
dech@evmrk behanbain@d ]l denieteat halanwanti@ial BEbhs] hﬁacause
phfort%?lts Qfé R%rpé%_la@%}fqn foet%saﬁy)h%gg g?g%h%‘fa?lﬂ.g up almost

ervation P
allnttlhﬁdt‘}@é&e G sHe RS woémaf e Il nsiuge dsfvitdes

BOI khChanbeh 2441 ¢ Sehdy Jecaouted i oRCEOMBIAIEnsity can
units etc. and for the operator to

be SRS MELeESar SOLBLRINA FHEOWSr KLRRHDRI a2 1L (H Gqicime of
thieadds inoeisngleviser tcech ibe mmghnﬁmqndéﬂiduntme gl oves
215. i, fai . of the work
ohanioRtS SPEEE u PobkYex ol (2R cBeBb U HPcergan unit
sy&t@Thesyhtaplies 50 nee100 l@md¢©lnget(1a$rpﬁte}ctalsarﬁl'ﬂomv1ces
clc%ral@l%_] t22Ahed 2B Ahe?AGorAS &1 Adte Wprde v Shamhen, 211

houl d %referably be formed froma transparent
ef&“Ssuch as an acrylic resin plate, for exanple,
for rhes. 52A, 52B and 52C which are a plan view, front view

and side elevation, respectively, schematically illustrate
together a clean unit according to the elghteenth embodiment
of the present invention. The clean unit is used mainly for
a chemical process to which generation of a gas, use of an organic
solvent and the like are incident, which however is not any
limitative example of application.
Asshownjleigs.52A,52Band52C}thecﬂeanunitincludes
ahexahedralbox—shapedworkchamber211. The opposite lateral
sides of this work chamber 211 are parallel to each other, and
also the top and bottom are par-alle.l to each other. The lateral

sides, top, bottom, front and back are at right angles to each
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chanber inside to be visible fromoutside. For
mechani cal. 85 reinforcenent, the acrylic resin plate
may be fixed to a netal frame. The dinension c¢ of the
transfer boxes 212, 213 and 214 is, for exanple, 15
to 20 cm Figs. 53A, 53B and 53C. which are a .plan
view, front. view and side elevation, respectively,
schematically illustrate together an exanple
otdenst buttilon fobntthes tcanséenlbexeso 202, b23dB arand s21¥e] ined

53B a d 53C, e of the
atA%nsgggﬂ boxees?gbs %%éf§gand ?f4eﬁﬁ8P385 t9 podyregion in
whigli hjeat PRIty Wlasesbot ton, baahd a?rpalrrstﬁmeboxeg 312 213
r - 4 f 0
TGS, B 10 RS S % S0
PaS$8g eV aYh @ ih F&MaRA L Yo 1ael dachrige tH1 kcamm@ruiasamcmte
latb&blo&ukiﬁskﬂﬂébpéﬁﬁivéﬂ@@ W kerehahar Gl 21

212 13 21 ted to each
onSFGE 10ofi TROWE T Eoised Bel SRB SE3 ot hon gFREReLn the
watlrlan§f Ehebmr?_ldhambetmé]ﬂi gt whiide ehet hﬁafd\@féﬁr boxes 212,
'21@h§ﬂg651%1£ e“bEBVQSeSXplfﬁggg P§£§ Png?>( éﬁﬁﬂngf% and

frue wth & COnnectTon
2114r %@fkéﬁ? u@@@e*s'ozq@%@@t 2r®. clpsnshoin UmaﬁpgherSdlleandmlt

fr@ﬁBthéh@iﬂ@&gl@ﬁ@QﬂﬁthglgaEﬁsaﬁﬁWMﬂﬂos1%%ﬁ%59e5§?'Q%Ses and

the inside. and, outside of the work

- CagZ¥hvGrKELeCESd PERYCRRI Fhe261Ra8 HNiEEt anbultEre ofrningiall

of220a wdrk nedmbe ra2 :ODI t;:h@ﬁet Qrﬁm&ﬂnéch@lwlbr @D§%§I%P%enlngs
2 h f so, .a ho ont a extendi n

rophich WP Ao e B B RN et ey o thaehed,

reﬁ@EEtZZ@lahd Fhstoﬁﬁﬁaﬂ@ﬂlb@nomehermpdéﬂhhryr&bdkalﬂﬁhﬂe the

wo®fk Q:Wa%erra'wll%hz%%he)hta%@%' R 5 %x?t ncs%lrjt%aabovg the

opposi te ends rOViTde ‘
maglRydPld OPaHF & Hl°5§§apﬂél @6 E%%thﬁrRﬁ thhevork chamber

21al, e‘ahaﬁéeaﬂ;eh}ﬁeeﬁlllﬂéalsﬁl gémihtalhstf @;ulrc]:% Z?—ﬁ aailgﬂav\@élé?%?é’ dust
ar ger an e | CKNess O

iR EoR 10 6T (e EPARGr o ek SERLEHA AgkeeRigihe

lnﬁhéetpénSherWDok Qndmbsrlhkbrasdaaﬂfbntmdvﬂﬁﬁﬁﬁeﬁﬁ(hﬁhrly

attbﬁ?éggflb gw@ o gar @c{%ﬁng)l%nd %H‘%ﬂ% en\get$ ?g“f&ter 217

rails 222 r'om ‘above. n the '
may| RRge 219 SXGUPHEs BheassLoSpEHEPZ2 Filttee .f | ange 219,

gui d@héaflsén@Z@fm Wk 22Qrdes 2@?%&%?@5’&?%?@ 49-that
Wl%ﬁsgg gaont glhgaggtgé gg} géééégary equlpment such as a
process unit, observation apparatus, etc. can be introduced
into the work chamber 211.

The size of the work chamber 211 is large enough to
accommodate necessary process units etc. and for the operator
to make necessary work in the work chamber 211 with the hands
being inserted in the manlpulatlon use gloves 215. More
specifically, the depth a of the work chamber 211 is 50 to 70
cm, width b is 70 to 90 cm and height h is 50 to 100 cm, for
example, as shown in Figs. 52A, 52B and 52C. Also, the work
chamber 211 should preferably be formed from a transparent
material such as an acrylic resin plate, for example, for the

chamber inside to be visible from outside. For mechanical
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A stopper 223 extending horizontally just below the

86 opening 220a is provided al so on the inner surface

of the wall 220, and a pair of guide rails 224

extending vertically above the opposite ends of the

stopper 223 are provided opposite, and in parallel,

to each other. A rectangular sliding door 225 one

size larger than the opening 220a is inserted at both
rdlatferrajemeqtdeaihteh&tepﬁ_ltnt@s:an Pleanes betmeesd the a metal

i 4 22 d.slid al h
fé%ﬂ éléénngﬁe Iovvere angsgg {%%£%$Q%P% %agb?nd 214
lSZZqurOLﬁ?WéIKDJH)e 1t oppet0 228, the sliding door 225,
i deiial | §3224 | d.t
gui de-jkal | §38245 gnd, g 553525{21&0% Q?@die%olraaqfhe %Jel Frgﬁa view

each other and-the i nsi out si W
ang & 405 | SR t o m LSRe Triiea LY Thecharealy ekl bet Weest rate

tddmﬁ%rguhc&dnmlécgaétr@&(il%' bt 222 t§aﬂ§§bgrk§&lx@s 212, 213
e | arger than the thickness of the sliding door

he sliding door 225 has a handl e 226. The
Bpefﬂmvm icaRigperb 3A, GIB@SQnHI’EPBCSl edichgo flagte E%in@)fler boxes
21hrﬁovf e gntcpfljl Q.tntcﬁrud\é%r£ Ibg)%h) ylg\d L g%::ng%%aln la?)igl arI snectlon,
a%@n@r‘lCtﬂlﬁé 6|§émarérlk§aﬁl@omer au9 the size larger than the

bmmzﬁfﬁ EQE{I‘[@Q%@@M@EC&&% PRl }8%%{] ET@ | NEi ?.ﬁll%fcase,

wor kK cha er 211 and_the trans box 214
tha éaﬂearwat L 08t e darpe 8%8WW%Mlééhthgtt%the body
2tgr.ansf er unlt 214 to outside the opening 220a in the

[ 20 I 225 b
2?ose§ connec ?é# %&ﬁrﬂgpL ﬁgﬁg§?r9ﬁ§?§ﬁ51¥'n§%@ and 214
arel samngytted ao ha@afot leegrheench ofwitlHe bet I‘c&l’lﬁflﬁi’sem))be?ﬂcﬁd
d
CO%Q]%Ctth.% 8?%{grggggeqn§%5}f 2&? hem%r % efﬂ’d%l %ﬁl’le work

space I n can

c@%m?th?élcVééhkéh@#ﬁéﬁﬁéﬁ¥iéﬁﬁeb%Yé%ﬁaﬁéééxﬁmpﬂhe which is
aller t zoatlth dheerimyteivh bf the tdan@eldopoRbsdept Bng 213.

ther will. he expLa ned how rkpi ece i s put
ol Rhgm, b 6 L T4 Eoa L PakERe GURE K ASRan S PRgse wall
225)5A0am5|0558e tlee nigxdidd eard wnittsiice Bt tﬁennsﬁke@héxﬁber 211
e t t cha box 227
o AT e 1 1 AR R BT W YRR e refips 220a
formesy dera P@rpa@nat%hkphe@ee |tma@5tfl¢ef 1@¢:eam4 iinitto BAdfixed.
altsakeal ho?ﬂfzonﬂ_g‘§19r@i@@ﬂ@i§§w&§p&0)§2%2g grégﬁég the
fer boxes 213

mlar in construction to the trans

oubed 5%AL2CEHaY the wedd @RAr3Re dischiedevbbreogening 220a,
anidnal pdés afbgdyd@28ahayi nep @;i@rﬁdﬁﬁ@%@ftf@&]ﬁl@%b@&@ the

op%o%ll%t uggdf rafr%hlel ié fplp%rllg§2% areo?)erOV1ded opposite, and in
parallel, to each other. The clearance between these guide
rails 222 and wall 220 is designed slightly larger than the
thickness of the flange 219 of the transfer box 214. The flange'
219 of the transfer box 214 is inserted at both lateral sides
thereof into the clearance and slid along the guide rails 222
from above. When the lower end of the flange 219 touches the
stopper 221, the flange 219, guide rails 222 and wall 220 are
nearly appressed to each other. The transfer box 214 is
completely installed. .

A stopper 223 extending horizontally just below the
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size larger than the body 228 and fornmed at either end

of the 87 body 228. A stopper 230 is fixed bel ow one

of the flanges 229, and a pair of guide rails 231

extending vertically above the opposite ends of the

stopper 230 are provided opposite, and in parallel,

to each other. The inner wall of the flange 229

coincides with that of the body 228. A rectangular
opsfiigiod 2pPat s 2R iofed Silzae oar gre 1hedr tder fody o228nkSwall

j f t.o th |
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woalk epanibeg/ chasiamg TfEfél"la:ﬁ:laSiEﬂeS: &30 rovi ded on the
out e surface of the @a 220 as on the inner surface
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Next, there will be explained how a workpiece is put into
the clean unit and taken out. As'shown in Figs. 55A and 55B,.
a next clean unit 1is not connected to the clean unit but a
charge/discharge box 227 is installed to the work chamber 211
of the clean unit in order to put a workpiece into the clean
unit and take it out. The charge/discharge box 227 is almost
similar in construction to the transfer boxes 212, 213 and 214.
That is, the charge/discharge box 227 includes a body 228 having
a rectangular section, and a picture frame-like flange 229 one

size larger than the body 228 and formed at either end of the
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the outside and inside of the wall 220 from each

other. The 88 clearance between the guide rails 235
~and wall 220 is designed slightly larger than the .

thi ckness of the shield plate 236. The shield plate

236 has a handl e 237. The operator can open or close

the shield plate 236 by noving the |atter vertically

with the handle 237 in hand. By operating the shield
baulya2 88236 ist o 1s 23@nierfistdie beflenabae 6armRoAtabes 229,
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an opening/closing mechanism is also provided on the outer

surface of the wall 220 as on the inner surface as shown in Figs.
56A and 56B. More specifically, a stopper 234 and a paii of
guide rails 235 are installed to the wall 220 of the work chamber
211. A rectangular shield plate 236 one size larger than the
opening 220a is inserted at the opposite ends thereof into the
clearance between -the guide rails 235 and wall 220 and slide
along the guide-rails 235. When the lower end of the shield
plate 236 touches the stopper 234, the shield plate 236, guide
rails 235 and wall 220 are attached to each other to isolate

the outside and inside .of the wall 220 from each other. The
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256 with a bl ower, which contributes to keeping the

inside of 89 the work chanber 251 as a cl ean

envi ronnent nearly at Cass 10 or 100, for exanple.

In this enbodi nent, no exhaust duct is provided but

an exhaust ventilator 257 is provided instead at the

| ower corner of either |lateral side of the.work

chanmber 251. The exhaust ventilator 257 is to contro
cldwer pose tetsvedin thpr @ssde er appd i 235 kaylfdt hglacon/qtsdggglgned

ting |r co ram.t he. active

=Sy B B0k W RS e SR Snste e e
shiceld e hise 334 thas %@am%/ldaeaﬂor Téeampleatoan cact bpen or
c HERA thid Eﬁiel!ﬂtpr@6b§y nehed 4 hak | féarc'%etrmlcfally with

clean unit is used in ce of a bio clean roo
tle Z3 ilgnhapdri I?’ia‘??%ﬁ#’@%@%rﬁl’rﬁg Slmetld'r@ylakt@ 236 in

ticonneeies di tlestdyerd ot heagCtbNerdustnlilter 256. In
ot her. I‘eSf %r,aére the clean upit as the eighth

MDY FeOPrEsEnt t+ Al S sen ShecTkermatdd inside
arsd putailkg .t oIt ha:ussdsrnmsmmemﬂ me w2 252515&513158(3 skRilar

dt t
LRGeS e SOVEEHT vy B8 sBbdE et Face
tft%@@%nné‘-‘étaltngsrpmm Gf@ldf aﬂfé eraﬂs# erorbtecs3>12512s @5dly

staih a4, sitHdar by éapsé I%%e ehean IFW:I_% 1%“8 Cécgéed to any
2A, 52B and 52C. Next, there w e ex al ne

FafnRAdiAT Bfh CERROT R RPH 5OPRECEAENtheTeEO, the inside
oﬁrﬁhldlm antdeer Prasef theventiz@nyniki garﬁéf‘f?&ﬁ@%tly be

an unit. systemas the twentieth enbodi nent
l%hfat%‘gB{]s%ovﬁhea K $%hal clean unit systemto .
conpat’rmsm bAAL he7Blagah 500, t wsyshemmeas phentwiend, erdnt view
gﬁg% hown, bles 2
4563 6%§€$%§1oca€£dc{%&%; oon?%??%t%%%ﬁ}§phgiﬂﬁtrate
£Qpk NS FA§2BpER HE QRS 1Rg dvdanne bgh Weemkett et of the

prELHessesentiean Unhis 2824drSuRit e b M €sedbhr ﬁé?f‘grmlng
unit.s 266 and 267 on table 262, clean units 268,

NGhE T G (RETETDES SN cRRalethPEs bimds 290 Ia%swsment
lIkEtsﬂﬁﬁaC£2©¢Seﬂ®$mQGMIV&hﬁpeEh&&ﬁlCbea@mbmhhg 265c which

. er bpx 274. and
hé e@é&gk@%ﬁq@{ i gur a%ale%lnyg é% ‘?oﬁ) ded ? n%%pl R ther-
abové*stﬂﬂPWﬂ éénfuﬂst BePng SdEsenidoédCasthheclean unit has
a Gl QQ’THHH)G?&”@SW %%h%%%%t@@%qm%ﬁg whi EHFCQBrQechamber

con?ect in three directions, is us as clean uni

2]2]63 W%S&ﬁa@7%nltn§gtown in F:Lgs 52A, 52B and 52C. As shown,
transfer boxes 252, 253 and 254 ‘are provided at the back and

‘lateral sides, respectively, of the work chamber 251. The
transfer boxes also serve as inter¥clean unit connector and
passageway. These transfer boxes 252, 253 and 254 can be used
to connect another clean unit to this clean unit from three
- directions, namely, from the back and lateral sides, and a
workpiece or the like can be carried through the transfer boxes
252, 253 and 254. Also, in the front surface of the work chamber
251, there are formed two circular openings to which
manipulation-use gloves 255 in pair are attached. On the top
of the work chamber 251, there is installed an active dust filter

256 with a blower, which contriblites to keeping the inside of
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is the reason why the clean units 265 through 273 can

be in the 90 configuration of folded |lines. For clean

units 265, 269, 272, and 273, however, conventiona

clean units that are only connectable in two

directions may be used. Since recent progress in

technol ogy has made it possible to do pre-treatnent,

resi st coating, baking, exposure, devel opnent,
theoworikakhagbertZHhl s at hilaahi dam‘grmmdémt siEdElce at Class 10

oroqso%rV%roréxa%qeass§ﬂbp{iisneﬁb ﬁtémnn%{(%é\h%g duct is

appar at us ean unl
POV GHi hdmt a(lh%tf}é%ﬂﬂ@’érvqw’@?elmoarﬂﬁ"ft he plr@a'ndenlt inasead at

t Hh@oRkReigaidh o reaboslh rant: har safit e 'trMBewc@k %ﬁ%ﬁtber 251.

cont n the af orenenti oned conpact nmachi nes I n
% ?ng dp%a?%tqgntl(%}tet?ﬁ%dPOSltlve air

pmm%@]&lﬁg’lb@/St@l’eO%hl[&Epa[l@tuﬁl@fth gBENYy exhausting
s non- cheni ca

aﬁarpe%ggb ﬁrgnatp%%ra ulsveoPul§§k?ﬁ Q p%?%ttt%)outﬁﬁ'iel the work
Chmml\/@ﬁlon Appazat irse cqwﬂ\/lfJSTtMr @ﬁta maly bigr ﬁSEO@Eample,

anS%Mttlv(éarﬂiE% 'frisltt%lrj edltnsflgﬁldcbgaﬁ] HQat§h§§5 %hégu this
273. Faor exanpl e, gro rachi be %

cligpn paidy éénu‘aﬁijtlfz a‘é‘?—tcpr@/\@rlOsGéBBy 2¢§mf oforh©xample,
argiont Bté@ﬁéﬁ@b*&&oﬂv@l%%cih'n'go%%@@emg;(sb@r@oxl‘u‘?@ f@g dfdctly

t cle unjt 27 How t 0 do processing, analysis,
ng“ q:d'reeméﬁr‘rjts sﬁolnlgtetrhe2 5&fean unit systemis shown
in tHie éohdowespeckisr, Stthe @l@a@hﬁﬂﬂf asSﬁI@@@ll@%thnerﬁkB&Mment

o?%PE%&AethHQ Bt%gﬁ f con l’f%%ttr%t%}r{tagfaﬁéyhco t}tat shown

e uni Rroa
inadpraspr iSaPe ﬁitPo@esisestGn the clean unit 265, ‘the

oper qtnoéaéé ac@l%f 8ftéa¥1h§nltsligsﬂéétc%n%%'c%%ggjcgba%s}{ égger clean

shown) nel ghbori ng cl ean uni
U tn &t %Pl%sé E?1784te 1% OO HBa Y e &tdracheres ot Bhetegrnecting
pdrtifdront ie tthermdfeanbores 265, 233dafde MeedQchilarly to the

r.oc s J.n.the ean Th rator do a
Cll% % 212'1510 Shroo"qéleslsnegtl ang?é@t I‘IQS%% ﬁ{ledes%%ﬁl e anong the
cI eaNeeﬂtl,t §h261é Mhrldugllﬁ 27®lamaardd awledre afni irsihe gy stteen
2 CREAIALRY cb RS LR SUBRIGHS SA! 5l 0L LA GlEAR ion.

unit 273. descri bed a ove twenti
can nakE- tﬁéA FBPHF FBBtBLEAR WRiE h‘éyﬁamea%l@m wurgntieth

engyalie@iter yigl 05gs t%ov@ﬁ%@n@é’n@%@ﬂté’l td bt BBt system to
c&%ﬂgrkggggk.é% Ee23'5§§¥'£§$%%ntas é%e twentieth embodiment.

As shown in FIG. 58A, tables 261, 262, 263, and 264 are
located in a room with such spacing that enables operators to
stand in between and do processes. Clean unit 265 is put on table
261, clean units 266 and 267 on table 262, clean units 268, 269
and 270 on table 263, and clean units 271, 272 and 273 on table
264, respectively. These clean units 265 through 273 are
connected by transfer box 274 and they are in a configuration
of folded lines.

In the above, the clean unit being described as the
eighteenth and nineteenth embodiments, which can be connected
in three directions, is used as clean unit 265 through 273. That

is the reason why the clean units 265 through 273 can be in the
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| eads to efficient use of rooms. 91 As shown in Fig.
58B, the total |ength becones very |large when the
conventional clean units 281 through 288 for which
only right-hand-side and | eft-hand-side connections
are possible are used, because only the configuration
of single lineis allowed. This leads to inefficient
use of room space. This conparison clearly shows the
ccariiantraget wf dﬂufmﬂdﬁﬂllmnéssysten1 as the eighteenth

Throust 295 that e 2o 2 Gnd 73 116 bmecisres.
CQNEsan tebaatagli rﬂﬂdaars urhiet § vidnly -d¥e stnkeyrboonnectabiet e two

djyégﬁygnglﬁgynﬁénhsg@e clean unit systemis
schematicall'y illustrated in FIG 59. As shown in
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oHlskY7ra tA drr,arssfera dmdIE0 7 ma usatbd Ot mdihSr cenfiecéhonl

aﬂep%é%ﬂ nh LT AN A B e ol itaspent

ment 1's a vantageous as

(Pt hrtotresiyns Hepud ddhoofaledrn il t o1al tisernesenéenth

enH RGOSSAS - (nHRRMIor ITYHASE Egﬁ é@H@aEEOEﬁésaférementloned
Cre eated in the convéntional clean unit system

I QPEMNGT £ FhEM- EBHSbeC%ﬁﬁéét@606ﬁF§1ng apparatus
( droumd izt &qu@imrreelmrm&ﬂt etk tgx?a@htaiﬁ%@fatxth@rdaﬁoé%@hiﬂ{g
e |i ece has to be, retur
I:p{}jIa‘?lanalu%c}gt réam ec}ne%ln?aﬂ TS ot 5t %aﬁ%&ography
aRTESES orTh:a}elfro;r ea,ppta’mtvm ki regmeel ¥ Immvatﬁoryap’paratus
t t 0 nt 0 r..since . .
Aéﬁ? gﬁ@gngﬁtHW%ﬁ ?’ &%%%O% OGggr cgﬁﬁec gp%tF%T?ﬁr%% the
Clfianeehi bRL e Hayorah e - EoRRESISd o oCemrphC b e thmaghine

calpblenbﬁt:cmp:}feorcl@’ad ﬂh&gdgdo p&z@@ 4} QW Q75n%or the
ser.l.es 0O 0Cesses ca ere te re U|re nu er
S RBEGR TR HATT hy D EoRaP Py & hEC ArpsLgsar Che clean

uryrnetdssarily. Thus, the series of processes can be

ef f e‘?lto‘tandto Gc‘fof EBEQEEXngl\?gal%ﬁeg eawijl r!le bseureen?er?t GEQn% the

clean unit s ten1 acc 0 th y-second
clamodniEnsY st e hes phesentn tmeﬁqlmln@ GFl@@tshamperator

stdiRiigleamn Uch Sy emeas1the hﬁﬂﬁhZGBbﬁgtngnéubstrate (not
shown) into the unit through the inlet. After doing appropriate
processes in the clean unit 265, the operator transfers the
substrateusingglobes(notshownjtother@ighboringéleanunit
266 via the transfer box 274. Next, the operator moves to stand
in_front of the clean unit 266, and do needed processes in the
clean unit 266. The operator do a series of processes
transferring the sample among the clear units 265 through 273,
and when finished, the operator takes the substrate/sample out
of the clean unit 273.

As described above, the twenties embodiment can make the
total footprint of the whole clean unit system very close to
square by exploiting the configuration of folded lines, which

leads to efficient use of rooms.
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As shown in FIG 60, the clean unit system i ncl udes

clean units 92 1101 to 1106 of Type A or B are

connected in a loop to each other via a transfer box
1107, which is simlar to the aforenenti oned

ni neteenth enbodi ment. In this enbodi nent, however,

the clean wunits 1102 and 1105 are connected directly

to each other via a transfer box 1107 and junction

box B08hokn 1ies £ases, the: tqﬂt%qnlgﬂbthsyéé&%ﬁugﬁlarge

ed t hat d f the wor
TR T LT £ GABT G baoe a8 SEAAES HOT ofh iaeonly
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ot heSita SRa L r g 6 THOT Gt ] UnTRRA BEA0.8 108, the
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Mor e speci fical a substrate ca e processed
C%ﬁﬂﬁﬁﬁfc”beqﬁgﬁtFﬁﬁﬁy Pﬁﬂéﬁgﬁr€héoépééﬁeénﬂﬂsa110thbO each

_othk&6v1Al s rafdesr bblxeldl?@l’mst rzatta;dr%ﬂylﬁgggpgoﬂtf |nrloig§ba for
t.he an.unit .110 t in the ean uni
thljtré cczfﬁ1 Ctlé)snsecfté”t#ed Cpg%\’h /nF l1%5p 13t which it
will T@@rtH@ﬁtbefprééegye@dlmﬁntewam@wantN@wbusthsrﬁallows.
I%EheQ%lGXQB@'M@s§|1%aQe '%'att %%gk'é@n ageording %8ries of

he tmenty-thlrd enbodi nmen resent” inveén
pqﬂﬁfsﬁﬁf sh@%@eﬁﬁé'cPéaﬁaﬁﬁlFh§y§ﬁ@ﬁ1ﬁ§oﬁﬁés is repeated in

tHeMaadedﬁﬂdﬁa16&h@@hﬁﬁﬁht é%s%@%wnn|WhEEgicﬁéanT¥ﬂ§t£‘that
uni 121 through 1128, whi

o8l B2 ekt it @y THFAEOHAALY: DS COMECihea BachePther
hagadergtaidry \unaaasingheffexné)me mﬁgcpld-d&r aascteabe urétSrned

baJc]kz% QEO Qtﬂ'&%ré @f@ar? et:d '?n 1on o n%)%clge%%%%ess

conf ura on t t are e alne the t
q;;efore, the working eff1c1ency is very low. In the

twenty-first embodiment, however, since the clean units 1101
to 1006 are connectable in three directions, they can be
connected to each other in an optimum loop for an intended
process flow and a series of processes can be repeated a required
number of times without having to carry the workpiece
unnecessarily. Thus, the series of processes can be effected
efficiently.

Next, there will be explained a clean unit system
according to the twenty-second embodiment of the present
invention.

FIG. 60 shows the cleanunit systemas the tenth embodiment.
As shown in FIG. 60, the clean unit system includes clean units
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enbodi nent of the invention. For exanple, cleanunits
1122, 1123, 1125, 1126 are of Type A, and the clean
units 1121, 1124, and 1127 are of Type B. Processes
done in the clean units 1121 through 1128 are, for
exanpl e, as follows. The clean unit 1121 is a store
unit and storing equipnment (for exanple, a wafer
cassette 1130 that stores wafers) is set inside. The
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CleEry Weit atystrm dedhaivernityesschat kerspatdinsnt is
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Next, there will be explained a clean unit system
according to the twenty-third embodiment of the present
invention.

Fig. 61 shows the clean unit system as the twenty-third
embodiment. As shown in FIG. 61, Type A or B, i.e., the clean
units 1121 through 1128, which are connectable in three
directions, are connected to each other via a transfer box 1129.
Here, clean units 1122 through 1127 are conhected.in such a loop
configuration that are explained for the twenty-second
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used, either, for connecting clean units serves as an
energency outlet. The spin coater 1132 in the clean
unit 1123, the exposure system 1134 in clean unit
1124, the el ectrochem cal system 1135 plus the
m cro-reactor system 1136 in the clean unit 1125, the
etching machinell 37 in the clean unit 1126, and the
- prober 1140 in the clean unit 1127 are connected to
eridued ipoevey sy ddvehtidhso, the eIectrochewnc?
syst 1135 t he .cl ean .unit 5 cted to
el)/ecteEltrgochem A1 ST gtrﬁrl&]%%r ]\;12:13 » 144p are of
Tyorl A/hercbritheoldleran] 145 teoAtldl, s 11kd , ekeet nacheaireabf Type
pleaction. The images of the nicorscope 1139 in the
clean unit 1127 and those of desktop STM 1141 and
desktf@p ANMeEL42neni R Hehe ¢lleam units1128] dcadwr deylséénas are,
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s PR Bhbr o L Bt SE e B DBnecERontr I dd oar apdt 1123
iofa mhcrsagmged eldhihenin heh Ver K-mmecd>§t@2<pp§§®| £

IRshn sts mdway are done a
theﬁ;procegéés é?ésg?%ggeg%dﬂﬁta %%aﬂ%ﬁgﬁb?56§§§lngand
dsjff kPneit- Beedderee ithege -af e sphrare unjinc L Ui nigs dust shograpy

uhen id Wetidh RKREesT < haWneheNBhR 4Pt c0f LHS W??l €ransfer
bé%) S |S %lven a Correspondlng one-di nensi on

&f TPReCLPERNVDALL § THORArBapdreéfA) thetthe not
uqmwemtcmme@tm@ clsarndeta B@dveBYaél%ﬂrﬂ@mbB@eﬁlc 3<5htlet

nip g e muesent i oy il (he Ty
e%ﬁ?ﬁﬁﬂﬂhquﬁaij&Yﬁtﬁ@Y9léﬁt@m@un&&nuxtédaboﬂﬂsqsm&mnen36 are
1 1eSRENAIHY ﬂx%ﬁ%f‘%g?dl f%&ag.%c af ¢ pﬂ’ﬁ?e feezf'n Lll’glt%'s

possible to realize lguration o ean uni
- rlt%‘tsatﬁ%? ySlC%?oﬁ&aFaiLﬁtn%h@letdl 65 apineching ddigsg units is

ar epeayeatyt bet 580t HOHCETHr98nit 1126 is an etching process
unit, in which etching apparatus 1137 is installed. The transfer
box 1129 set at the clean unit 1126’s back-side is connected
to the transfer box 1129 set at the clean unit 1123's back-side,
via a connecting box 1138. The clean unit 1127 is an assembly
unit, in which micorscope 1139 and prober 1140 are installed.
The clean unit 1128 is a surface probing microscope (SPM)

observation unit, in which scanning tunneling microscope (STM)
1141 and atomic force microscope (AFM) 1142 are installed. The
transfer box 1129 set at the clean unit’s right-hand-side that
is not used for connécting clean units is an outlet, and the
transfer box 1129 set at the clean unit’s back-side that is not
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or group of processes in the sanme clean unit or group

of clean wunits ( in other words, by determ ning which

parts of the nbsaic are connected to increase the

efficiency to the maxi mum. Next, there will be

expl ai ned a clean unit system according to the

twenty-fourth enbodi nent of the present invention.

Fig. 62 shows the clean unit systemas the twentieth
usnbodiibet, Asr wewreduing ﬁleﬁﬁ,uﬂ_ﬂ’@@ sér@resBas larfemergency

| t 15
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When a total process flow or main part of the whole
process is glven, a corresponding one-dimensional connection
of the clean units (mosaic pattern) of the present invention
is determined. By using the clean units of the present invention,
for example, the Type A and Type B clean units, a total process
system can be constructed in very extensive and flexible manner,
corresponding to the needed stages of processes. It is possible
to realize loop configuration of clean units to satisfy

constraint conditions which are doihg repeat of the same process
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deci sion 1175, for exanple, in a-programcan be well
treated . by branching and | oop configurations
exploiting the tri-directional connectablity of the
clean units of the present invention. Thanks to the

| oop structure that the clean unit system of the
present invention can take, a series of processes can
be perforned on a substrate repeatedly with a m ni num
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. which are necessary for process using this clean unit system
are installed in the clean units 1160 through 1165.

The twenty-fourth embodiment provides following
advantages. All the processes or main part of the processes can
be performed automatically under controlled of a computer by
‘computer-controlling the opening/closing of the transfer box
and the operation of sample transfer. This is because the clean
unit system of the present invention can be constructed exactly
corresponding to a programming flowchart. The.total process
flow from the top stream to the down stream in the clean unit
system can be seen as identical to the sequence of the

programming flowchart. Subroutine 1174 and/or conditional
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boxes 1201 and 1202 are constructed simlarly to the
transfer boxes 212, 213 and 214. In other respects,
this enbodinent is simlar to the eighteenth

enbodi nent, and so will not be explained any nore. It
shoul d be noted that the clean unit according to the
twenty-fifth enbodinment will be referred to.as "Type
C' hereunder. Next, there will be explained a clean
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I nvent ean u y-sixth
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prodizist @y ofutoaf tdree eskdmaerssional string of DNA’s, and is very
effective to enhance the performance of the system as a
process/production platform of uniting or unification of
top-down systems with bottom-up systems.

Next, there will be explained a clean unit according to
the twenty-fifth embodiment of the present invention.

The clean unit as the twenty-fifth embodiment is
schematically illustrated in Figs. 64A, 64B and 64C which are

a plan view, front view and side elevation, respectively.

As shown in Figs. 64A, 64B and 64C, the clean unit includes
a hexahedral box-shaped work chamber 211. Transfer boxes 212,
213 and 214 are removably provided at the back and opposite
lateral sides, respectively, of the work chamber 211, and
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ventilator will enter the active dust filter 256
through the tube 1251. Thus, the gas is circul ated
through the active dust filter 256, work chanmber 251,
exhaust ventilator, type 1251 and active dust filter
256 in this order, whereby the cleanliness inside the
wor k chanmber 251 can be inproved considerably. In case
a chemical process is to be effected inside the work
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It should be noted that the clean unit according to the
twenty-sixth embodiment will be referred to as "Type D"
hereunder.

Next, there will be explained a clean unit according to
the twenty-seventh embodiment of the present invention.

FIG. 66 is a front view of the clean unit as the
twenty-seventh embodiment of the present invention.

‘As shown in FIG. 66, the clean unit has an exhaust
ventilator (not shown) formed at the lower corner of the left
lateral side of the work chamber 251. The exhaust ventilator
is closed with a lid or the like (not shown) and an airtight

tube 1251 is connected between the exhaust ventilator at the
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the active dust filter 256 was put into operation. As
wll be known fromFI G 67, the nean val ue (indicated
with a small white circle in FIG 67) of the
‘cleanliness of the circulation-type clean unit is
nearly at C ass 10, and the maxi mum cl eanliness val ue
(indicated with a small black circle) is approxinate
to Cass 1. The tine taken for attaining the
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 examph@ work chamber 251 is not illustrated and explained in
detail, but it is similar to the work chamber included in the
nineteenth or twenty-fourth embodiments.

The clean unit as the twenty-seventh embodiment will be

referred to as "Type E" hereunder.

FIG. 67 shows the cleanliness inside the work chamber 251,
measured with the Type-E clean unit being placed in an ordinary
office environment and active dust filter 256 being in operation.
In FIG. 67, the horizontal axis indicates the size (in um) of
particles and vertical axis indicates the number (pieces/m3)
of particles larger than the particle size along the horizontal
axis. It should be noted however that the work chamber 251 of

the clean unit used in this measurement is cuboid and 80 cm wide,
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As materials for formng the concentrical structure,
other materials than those used in the first to six
enbodi mrents may be used as well. As the dielectric
material, inorganic substances such as oxi des and
organi ¢ substances such as pol yet hyl ene and
pol ycarbonate may be used. To bind (T, T) and a
structure having the property 4,T) , i.e. a structure
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t op) FQYF VORRTERVPIMEE HS F bFF + he2 1 8PS acedt i Flso a
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and any other appropriate numerical values, materials,
configurations, locations, and so on, may be employed, if
necessary.

Further, as the layer sandwiched by superlattice thin
pieces, the ferroelectric system or giant magnetoresistance
materials as the PrCaMnO system are usable in addition to =
electron conjugate organic molecular materials and
biomolecular materials. _

The concentrical structure itself can be made by other
methods than the methods explained as the first to sixth

embodiments. For example, it is possible to alternately form
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Further, the concept of the invention can be extended
to N conponent systens |ike (x1r x2, ..., XN), and
coupling of a plurality of conponents such as xi and
Xj 1s possible. In addition, xi need not be two

val ues of and nmay be a nmany-val ued (discrete)
paraneter. The clean unit systens as the

af orenentioned the eighteenth to the twenty-seventh
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Further after the ciean units are connected to each
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rmﬂﬁyxﬂngﬂﬁﬁﬁﬁu&@® T avllonsti €ico0¥eyeve3dChuBSaBo organs
eI bowed cg owd d through the clean unit

%t‘—ﬁn }fglo HEF9HEnt i on can achi eve

ul ti rmmpllm_;z asmiatura:legmmm iodh sofocireratupm sy dtagrerand a
A ST, SRS K Dy QA0SR AL B WP o
SefiFocthiWh PP I e Yar 191 AHIRIIGDMHFTQHEows of two

1ncompat1ble systems rejecting their direct coupling. For
example, by carefully examining properties of both systems and
identifying and extracting individual sets of incompatible
properties (T, and (¢,¢), an intermediate layer (buffering
strategy)havingtheproperty(T,i)canbeiﬂsertedbetweenthem
(if necessary, the operation can be repeated in mode of
recurring formula and iteratively). Theréby, the invention
.can be used .to function as a quasi-software scheme (a scheme
on a business model or a service model) for matching between
movements indwelling in and springing up from users or a mass
of consumers (of a hierarchical bottom), such as build-up of

markets, consumption trends, etc and rules or planning of
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the time is woven into. This situation is simlar to
the case when people unrolls and watches in facing in
a two-di mensional plane (for exanple, in right and

| eft direction) a drawing that has been rolled up.
The invention nmakes it possible to exploit the very
best of bottomup and top-down systens, and new hi gh
density nmenory and magnetic recordi ng device can be

bdsﬁ@iészsﬁ‘@pe/ﬁ%th.@\ﬂsﬂ@n@eﬁamﬁiﬁi%@rﬁﬁ(idn% tBQ taEegotPdrchical
i on can provide a novel

€ prese n
SqRIg IR APUPUAGY SoPAr GeI1o0 SSIfGUSEIER el @ predetermined

phmmwer5|on deV|ce l'ight- en1tt|ng devi ce and

cat j eq | r es rlbed abov
accgﬁi&é‘fenh;e]{’o QBnggﬁ 8?%%%&%‘%3 T nlcsanp%ssegtsnfjsd to
N reatp@erds mpam@us catledl fxuncki onal x@eviared tdwmatpligan of a

pIBke e JF%OMI&(’C@W ages, ofy nrgj k;pt E%%B@si)ﬁigem In

represented by a |iving organi sm a own system
adddrieyonted NeRds otc B¢ 8o, VRdates ©f i, ir,s Peb Nl o ¢
mdrepltZfied DY sdd Catedednwned £ onal devi ce provi di ng

an artificial information transm on and con

st AR SR T g 5 ST, A6 A o O SRt or e i
eighWEﬁnthiﬂnnﬁhnntuﬁmg&ﬁ$ﬁnemxhremmmmﬂm®@t$00ﬁethe pﬁdsent
@é&&&?%é%&ﬁ% %Eg d;il*k%@{r? f%e“%a@%s %%588% tS E) of

at tine’is Ioj ec nto conti nuo
RS Wi § @Cpﬁﬂduﬂere FahZ%nrft@fﬁt@@alotfm@urm gyBredetermined

pae@ﬁémlaefai c%wewltnl?getﬁéhr EBBcA 8RO LA AN I(rf?%ter @lleQH unit
the order of atomc r) . This in turn enab

SISl P BV 8T parf F%F %W]&ﬁgse%ﬁtypﬁrs Ato Emay be different
m&mmt F 46 in Uk 81 Zete il nernsuewalsest emehﬁr@ﬁltmmlcaﬁ type

r sur.f ace engt heni n ect, r _examl e
e St OhoRE RS QTR rR BE=S axtt hg<D ABABEdMLbe used
toli sxrrettdrch i deai zaitsypisd@mmand Footpeirng tameeSprsysrent ypes

of O T®sh Qth A Sidd $ e SHDSE rab Sec ROA 29 @&maoapgswean unit
di spersed system | ocated cl osely, for exanple,

- SY¥Et®orm connecting a bottomup system and a top- down

syst em (tafda kaﬁeraealunae;dsylswétnlsees BYieCt@ahtAgtA through the
nanosc scret bul k S|zq8ﬁ%$t m 103 and obt ai ni n%

CUETT Bb W tiSrefst g B ¥ di r?é‘ﬁ‘?c&&
pmtmllmbtewmiaﬁpprasedgm hherﬂeg@mnfamrtlcal connection
b@f@éﬁ%ﬁ@' &1 dgeakliy sandnh 891 virduah b X1 43 SARNLE WAL Ednsfer
box may be of a type using a gasket. Some of the clean units
and transfer boxes may be constructed for resistance against
a pressure or vacuum. In this case, the transfer box should
desirably be designed to have an increased airtightness and have
a pressure device or local exhaust unit provided therein. Alsoc,
the transfer box may not necessarily be linear but may be
dog—leggéd, for example. Also, designing the transfer box to
- be connectable in three directions permits to dispose the clean
‘units in a T pattern. Further, after the clean units are
connected to each other, the sliding doors of all the transfer
boxes may be opened and an automatic conveyor such as an elbowed
conveyor be provided through the clean unit system.

As described above, the invention can achieve ultimate
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-that couples a mcroscopic world and a macroscopi c

worl d can be obtained. Furthernore, by synergetically
coupling alnost all nanoscal e parallel new functiona

el ements, which have no forns at present but. wll
acquire fornms, to existing ULSI -systenms, coupling the
worl d of Silicon-base with organic world of _

Car bon- base, epoch-maki ng i ncrease of functions wl|

spbeiapasssdliet idbodovee atome (i egentin nuedtdeon deakbg ndking

PSR PRI LRt 47, Lh DR LB LR (k1 woven
into, 1f4%ﬁhﬁ<ﬁﬂ2r)ecmn prappheicalagbiqiheslisrection in which

thenf OnEBt & oo HaY i Ga-d N MRICR ithe SWH a6es9hi®ar to the case
substance directly becones functional devices can be

whegapeorge uniRth enchuatcleRcen thas Id dNpdrii ol igret Hgonal

plfauect fonalxaglie,e incaigibe drar medthyi tdédhogs aphirathgg that

ha ug%tlonal d%yice can be manufactured at a | ow cost.
Pf °Che A0moer OF el ements is N, al t hough conventi ona

t echihquesveredend npdsis iionabsalibgenentexdlari tNBhet hery best

oE B e A R BERED S PRR RS b HeIRTER s B memory
ang F‘ﬁﬁﬁ@ﬁtlcbyfecﬂrﬂlé@ SeviEce Ea ¢ e omnt | onal

dlffAguhhylnbbbégMeﬁescihb§deiﬁe@ﬁe'§o ﬂ&?d ﬂ%érbresent
i ncrease of the L8 cordln%?ﬁapac eC|aI i n the

AnREESRT FRVCRE DB CG: o REDE i g RS CBt L RANEY ek cell,
phionberlrattirde aonsreassies, desricd)i dh gpeethitaaichPuievicah and

ca@%l?%q'e%%%cRXLﬁP%g> %lgyltaneously the information
Wi § 4

en Crosses ong a diagonal line. In
addi PslSoﬁesch@bedv@me@n aarytiowd de dhsystesent invention,
ltdi§gegfsgbléu@étr@aq%er@egsﬁggtt%@améd%r{ r}aﬁjbg%tcgnthat

gover ned erence quati ons, instea a syst
caf “‘éth‘ﬁsttélﬁc%“gé’\?& Wad}tfﬁ‘ﬁéerserﬂﬁ & RGranohs. SYStem
re'ﬁhleSseSl)t&tcEmyOfa Subkstnmneesyearsemmnst rta;tge dmduly'ysﬂiam
mensi. on nnect i Y, ntaneous_brea
regresepﬁfmﬁg Ser¥ (%}igﬁlze%ﬁgglﬁﬁcéi l%ﬁ%ﬁﬁﬁ%ﬂéhto realize
a @@@®eﬁmuqyufdwﬁumdam¢nuﬂtdaxld&npnpﬁmqmng an artificial
ggqtaec%@pltq%%ﬁl%rsqo%xeﬁet sgntcszo@eggge@maég@éé%g%%ng to

nitum However, matrix structures supportin

o annéﬁ@@%@rﬁﬂdogﬂeé’sr%\ﬁéf%%thﬁtquw terft gim-up system

olr&te%lb'oﬁlidiﬂ‘igc tdjlc%ld@%r{cfr&ﬂ&ﬁﬁ—dﬂvm alyHdeg@ation is not

oS r.. ! o-l:-rher fo{lginl ! St : tol.{rt ar?:&)attotg.r?lr €pss r ted

t hei rmorg, by gas e e 1s projec
into continuously, it is possible to produce an artificial
neuron system equivalent having the extreme resolution
(control on the order of atomic layer). This in turn enables
supermultiple parallel arrangement of
nanostructures/zero-dimensional structures, which can perform
surface strengthening effect, for example, over a bulk size.

Moreover, by creating a nanoscale discrete bulk-size

system and coupling an LSI system formed on a silicon substrate
and an autonomously dispersed system located closely, for
example, a platform connecting a bottom-up system and a top-down
system can be realized.

Further, by creating a nanoscale discrete bulk size system

103



convergence" (wWth certain accuracy), set the limt

value and coupling with existing ULSI. systens in

straight sights fromthe present nonent to start

conquering fromthe viewoint of preceding the-era

and acquiring expected fruits of future

nanot echnol ogi es that are figureless currently.

According to the present invention, the clean units
an@wiobtt a inh e gc enretarls s ivey dife warHtEieteats tanaactb ot her

LN .0 u f [ AN on a ‘
BB S BT e B b Ta by Te i ana
adpessiabigl Letahhy @mid ls«ysveﬁupé&m ta snghltstoleasekﬂyplat form
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envi ronnent w t hout use of sca an ro
beppbipaned - abLbEYCFRQLEY i Y %ym%@%t £apl vl cowmbinrgrentmost

alandaaasm/auéhp@rallél geed iXREESSRL] 2 ened tisTPRBEEn have no

nammzetheto erformance i all the respects o
oS B B Se g e st 1 S g
sygpraaares utohpzangdrhebyroml‘d of Salbnd:cm-fkmsé @zlthherl;awlc world

ofefC r(fb'o%n(fb\és%f %%6?1 t ' 2 set I'Bef Cﬁpncetnzfénoﬁnav!ull be

cléan units th can rHec e only Ii near
posgéfpist-her to, and carry out processes

cor Ii\'%ﬁ:i%‘ézi%‘ijzh:n9|’t:)het %r@sste‘ﬂtallrﬁfefdﬁ%n ofa ¥k LA G8lssible to
pr.ocess f easily, gh flexibility an at

rezligkes &?ﬁlbﬂd%éunﬁ%aal &eé’ailﬁ:%rh%v%tté'}ﬁ REFERe of
1d@édﬂatﬂ8hoﬁbalﬁbnGHMﬂbV@ﬂbe(oCﬁ~f¥5¥ﬂhdﬂ¢'tS ?Braexample, a

m_nu es .used in.a tot an ro
w e e R s SR Db e e 1 ok
SU@fotlacw@ndyreahlbéaammaﬁ ieldlctAlosm;L dida*emee&mrt be realized.
EﬁﬁetbQEeea§iAa Hﬁ&L%ﬂﬁQ§§o@Q advarced, pﬁ@ﬁ@é?ﬁnal device

enV|ronnen out an d atiron o
cagr feciforEpd rnyr tlﬁéhoq-wpéwodlm%gf%mqle&m%wan be

madlel\ﬂantLQfecDaﬂtr i n@w euista bE@tﬂG}@l’h@u@g&r s OCEBSmets is N,
art _of .a | ar cl ean. roo

a1 %ﬁ PR eR e R R glEREberad S TEipEe a1 tonment
fovm Wh, ¢he pralsieny dhvenpeoncheads gosart iwmdls adiigpoeead of 4N

onilﬁ/e e#‘l?%l&?lé%é 1S I:lii.‘f?hcegltggcgf%:osllltq_%naq_ iﬁ?ggmgnt by

i cr'ency Eace of aré i zation
1/8 éan compPes e6f WirbhethRafoBHENt ypRakagi bEigsdtyt o Maregver,

tHAW e AF 6BEWCahN M OE@HS £ N £OLHE 63 1Y 9@%%§dl%ocapac1ty
process and 105 t@h?l i ke in agne high-function ¢l ean

uni t §F§Féfh Lyparg RF $resentVismrent 84 f)%??ﬁ?éngode"lce
therteate re snéxttogaaeiahn an keysstelctere 5Ugh &5e8d M &s@ out

ca%t %PE&:%éyédn%y reading simultaneously the information
written crosses aligned along a diagonal line. _
Inaddition,theinventioncanprovideEisystanofdiscréte
substances represented by cellular automaton governed by
difference equations, instead of a system of substances
governed by differential equations. This system of substances
can demonstrate modulated dimensions, connectivity,
spontaneous break of symmetry, or self-organized critical
phenomenon concerning a remarked nature, fof example.
Nanotechnologies are expected to develop almost ad

infinitum. However, matrix structures supporting
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pl ant transformati on by a |'ess-demandi ng net hod hi gher
in cost performance. Al so, the present invention
permts plant breeding in a desired |ocal environment
as well as early-yield cultivation and cultivation of
enri ched vegetabl es and herbs. .Also, the present
invention permts to build a consistent process |ine
at a | ower cost irrespectively of the performance of
naaotecimnion oghiesh hege pentts ff et a drendispaiseact r-Hitsnic
dltstE%nc%r Q% les%vﬁﬂ;nl%'%u[}?r ttlsona Lvseq{oucr ? bus'brie s to

enter the manu ure wWith a apita
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produci n chnol'ogy device as an extension o
th@h@O%ﬁ%ﬁw brfﬂiily bgrignnetsrd tacewrhliotderoinmmeppésmmious

paltReeiis 88, d 14180 £1 €adh Whd wisYis an iy fQ%efd%angg &frﬁ'f@ctlon
clea units connected to each other
F@B PRABSs2 3}%09%1@@ C&f“’ﬁ%fﬂrﬂ%@éﬁe%lér%}’%%?m Pf%rrmlttlng

toeaa(alsld.fy provesie el emenirs etrﬁ.uO:Qﬁﬁrle&'Iteercy aaﬂfafrafera breeding
I esli

PLOLESSES, SUS D roces
eﬂyﬁ?gﬁ%entbaﬁgﬁg,%1@%%0?h?8y %%vg?o%%%ﬁ , 6§1r88WNﬁ5Fﬂant
fagttomingeayiowny of larige dadimalmdiratd stateron,arsurdracdhich a -

Q%%efi’%a %E’se%S@;}m_QLl I%dbeé& magllﬁ%z@% ¥O | nafértformance

envi_ronnent. accor resent
1neddnt Wcé%%i}s & tW&?%n&n éi%’%@m HditF igm ashend

eﬁﬂuamemﬂy s @boﬁuepbbenatllmaat$oﬂayybglgiﬁgnat&&&utlon to
d the . clean u

h I
the rifo eq."f‘g. ten(:“Cﬁ/(:“ o%m:" a ercl)l < é‘cFatd' é‘laCorF ot[}'h convenstlonal

hétional s B&Eonnec
Cl@@ﬂr@@pﬁﬁdthgttQﬁ@Hb¢rﬂQﬂnﬁﬂiqﬁJDpdyellheatﬁgrEbyeimhrnther

£ B gaha&argg%éwr%emééﬂ RULLS, r?gqlgﬁ t%f};a #@nyserles

nano- t echnol ogy © pl atformor bi otec
ofAPBBT 2 AFRB-RIEIRTT S4PWSprerehhky umiltd armum éﬂ@@hh@ﬂ@gy and

atPROTEREr WS, MY o6 Biixed a clean unit system may be built
from a minimum number of clean units of a minimum number of types
used in a total range from upstream to downstream of a process,
so the process efficiency can be maximized. Also, the present
invention easily impleﬁents an advanced process environment
without any degradation of the working efficiency.

Further, in producing a nano-technology device or carrying
out a biotechnology process, at least part of a large box, namely,
a clean room, ranging from the inlet to outlet, may be replaced -
with a plurality of super-clean clean units disposed in a ioop
or in a vertical polygonal line to improve the efficiency of
space or area utilization.. '

Also, clean units of more than one type may be used to carry

out a chemical process, non-chemical process, bio process and
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toget her or connected to each other to provide a
nano-t echnol ogy/ bi ot echnol ogy platform In addition,
plant, factory units nay be connected to each other.
Al so, a process flow can be executed with a m ni num
nunber of clean units, maxi mum efficiency and w t hout
any clean unit by including subroutines and a concept
such as branching in the process flowas in

thpr bgkamanngneAnggh-enngibnkenednt ardt comperer
Prageam cAcSPreaentl sallerdls JRigL.ANES dlo W Adcesses

fron1char ng of a morkplece to output of pr oduct
neksrIennrp lOBe‘F?brsﬁééthh‘rﬁ PUFP FUPIMEETR Sﬁﬁhlﬁélure or make

plﬁﬂetmﬁsf@ﬁn@t%ﬁrﬁy BNVESH + @mERA1 RE WD BRigher in cost
EV|ronnent that can inplenment the nano-technol ogy
beana BRBE&chnol ogy ubiquitously. 107 CLAIMS 1. A

f umdtsiog nalh ed @riese ndo npviesitigna pedrinde: shapdiang: dreerdiod dn a
ructure_ in ' 0 ye d . . .
e FUSLYER A ELUSLOA B EORURLEL AU B0 B ol ivacion

andopddttivatiopeot @Ml@b@d Wieigelt abllieghtands hiexdisdent

fromsy, dlth@cg)fggehetﬁtmlm ae@@nlsdg €8 bu?id’ consistent
functi onal device conprising a slice having a periodic

Preceast 4t Be i Hc PUdPHET £ TV dECESP A die lahafathe performance

fnangaetnahh: thaMeéquhpﬁlgﬁtsl aré htékbésélﬁﬂﬁﬁeﬁﬂe Thus, the
con ct or e to_at | .east par t of | ,

or PRt breetE LOR R P o s BB Ao b ke Field
oftmensﬁbceura.wAﬁhuacsmaha#rdgaPEEaioxnedstmenttmnAlso, the
pf% Si'ﬁ@% tl%%'EgamﬁtgeglQﬂéfll+£q&%&ﬁf% fgéﬁﬁgémkdﬁlness

con or ayer non- net a ayer ger
haviingkeady ehamatlde fdesdudisget dpemroviss am adi@nags

na%lo'—q:%% hAlol P YRR %%de aghy SOtah %rarﬁp- tte}EHn c;lmi‘;y hardware
a ers intersect each other es of

S ARt b7 rLE§ern Gt BOBpSS ¢ ppo ndintey ke ITpottware
pripspaetierm ned functi onal naterlal being laid between

th edg I 0

st ?D‘ulcstolJr %ienp%éeﬁt‘wyr}&w ura ?é 0 t% g%t#c? (ﬂﬂfeaf?en%vel and
lmprxtoe’resieaar@amtht@elrogm tqiivtlﬁ—‘@ oy @dgl@mq#gm@rw method
hl%@l%‘isirtl &dst E@QQOQﬁQEEeV‘(‘Jm&dPE% gﬁmnﬂﬁq’lod of'&:roduc1ng

functional material bein et ween

a $ighage caeFlogy Sﬁﬂé&ef F‘gnﬂl\/\%x%?%égn e%% htkhea\ﬁcﬁb"%{“tlonal

one) .

Also, according to the present invention, the clean unit
system may be formed from clean units connected to each other
and of which the cleanliness and degree of harmlessness are set
for each of process elements to consistently perform element
processes such as pre-processing, resist coating, baking,
exposure, development, post-baking, etching, growth of thin
film, metalization, surface observation, assembling, etc. in
a highly clean environment.

Also, according to the present invention, each process may
be taken as an element, each of the clean units or functional
units may be given the function of the element process and the
clean units or functional units be connected to each other

corresponding to an intended purpose, to thereby form a total
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periodic structure including a conductor |ayer of over
0.2 nm and under 100 nmin thickness and a dielectric
| ayer larger in thickness than the conductor |ayer,.
wherein the two slices are’ superposed on each other
so that the layers intersect each other; and edges of
the conductor |ayer are opposite to each other with a
predeterm ned functional material being |aid between
syshiem etiged. pGovAdeagaehighstedifagd edeyi careoradigicigp @t
t L. g iC uc r
P 8 ey Rl st ATy hehE R Logy
Preresei Hnike end §>|l|0@@§h@péogyp@rrm§esds oxnlt@a@rhamttrﬁermlxed

togathlat oth % oln@ﬁé%rt% d' RLEESRH AT ANQro-AL 108 edges
of the con uct r are opposite to each other with

NaRof iAo ﬁgm Fe|c Sl ogy Ri&t PR nmlBngdddaddpPnroplant
faﬁﬁb&@ uhhk@kﬁa@sbbeb@@demuédxﬁdMﬁatHlﬁﬁnef7 A sol ar
ceII ri sin an-.an ode _and cat hode ,shaped to . have a
S pPYEOH BrPR GG S St CoRdbetTreT Ayed Whe BLpWBaR number
oft héamnanai whi cxina)tuamra egemeridiagy pinat @itbomt 8nyAclean unit
C i Si I
by fﬁ@wgﬁﬁq%asgﬁﬁrt r uﬁﬂ&?leecs?ggﬁe 2 4591&54 Eéék h & %rja%%hll%(% 89 the
pr@@@nsso Idownmsan® PAGSETOIME - nAtlﬁpekhéQQGaﬂidkéned to a

coﬂﬂp%'t%cﬂ ﬁt@gkaﬁiera s%rléspaf’té)ﬁi QG b En CHBVEL LS QHe Cf%’dé@sses

nE I Sl ng phot oel ectric conversion | ayer f or med
£IGR} AP 81 NBoRE Eh IR 6 O S9eO N RBUB chbra P FPitof O can be

pemlf@trmeaindnuyaorfwﬂm @lutlomgitti d sndrixdent. from a
dlr an_ i nter the | at e, mhere Ln the inci
o TR BECLREP s el o BaRvartet b Y e hment
thphoﬁ@@l@Mpﬂ&mm%maémsm@mdﬁgﬁahnnﬂagysand\nmuﬁannndﬂogy
upi@RWR&1and/ or continuously in the direction of the
pl'ate thi ckness. 10. The photoel ectric conversion
device of claim9, wherein the first and second
el ectrodes are forned spiral or concentric wth each
other with the photoel ectric conversion |ayer being
| aid between them 11. The photoel ectric conversion
device of claim9, wherein at |east one of the first
and second el ectrodes includes a plurality of
el ectrodes provi ded bei ng separated from each other
in the direction of plate thickness.
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12. The photoel ectric conversion device of claim9,
wherein the wavel ength of |ight that can be
photoel ectrically converted by the photoelectric
conversion |layer is increased stepwise in the
direction of plate thickness fromthe |ight-incident
surface of the plate; and at | east one of the first
and second el ectrodes includes a plurality of
el ectrodes provi ded bei ngcsrpEgat ed from each ot her
in the direction of plate thickness. 13. The
phot oel ectri c conversion device of claim9, wherein
1.t he phbtneteeral davvmecomnpr iisdyer aisl o haviimgetimrriodic

stth%uQetYﬂ@luéfﬂbQP%@%%EQ&L%@YQQeEQQMPatMBH -metallic layer
sem CondUCt or ayer . p hot oel ectri c conversi on

lagggircanofh éF5Pﬁ§§3thﬁﬂeF€?nC°@é9CFﬂ§ p3Y8Rd Apgypron which
1133@11@ denduetigientayreion & &ifridithd rHeMeaisedNIHPAHL Dice.

2. 01 AABE AT N FRiosh O BsE At P i 02 89 %peemdw
stphottogleethcl gdtng\econoiuater teyet aldiamal;mebeidio layer
1a]%§%qnsﬂga9hpgwé§9 {hen pch@@or{adcgf%er 18WeGondue! Pb ap Least

S conti'nuous

ecreased stepw se and/ or
patr]’o;eowbe@h DYEGFrops are %kam@snfar girergion mtersectlng
thld ghtidenci dent surface of the plate. 16. The
photoelectrlc conversion _device of claim9, wherein
3-the PphoHBEF&ERALcIEBAGEr SPBREAafEPM| SWahabbeet ¥y d1aving
a @Jldr(ildicﬁrc, sttrfdo&mgflé dndirudiexagor@ndudtBr Uaydx and a

nqlnI 31 afﬁ(r)ﬂrl jdngfﬁ ﬁ\é:r%gerrcgg rl SI Cs.as li%.grqatﬁgemctokldﬂ%tor layer,
whieirghitn- Ehetttwmgld,@ﬁscerefsm@ims_éd omheaehrothrer so that the
lﬁféyg et NG Ig@ﬂ'dgﬁé Rlate-1ike shape. 19. The

ht-emtting device claim 17, wherein first and :
d§€€oﬁ§ éP§CFP88€§t8FelPﬁ?ﬁe6r§pPPﬁPstecBﬁc%ﬁ??|%¢Wﬁ¥rWlth

a eaclietRir@medl thurdte dghtmard A 1d NG d aperi Hed needwdddh the
(Petmeen them 20. A clean unit in which an active

filter is used to keep a work chanber as a cl ean
4 enV|ﬂoﬁman&;owhérdewakheodmyﬂﬂdmmﬁsi@knuuiumyﬂ¢n which a
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edges being laid opposite to each other with a predetermined
functional material being laid between them.

5. A storage device formed from two slices each having a
periodic structure including a conductor layer of over 0.2 nm
and under 100 nm in thickness and a dielectric layer larger in
thickness than the conductor layer, wherein the two élices are
superposed on each other so that the layers intersect each

other; and

edges of the conductor layer are opposite to each other with
a predetermined functional material being laid between the

edges.

6. A magnetic storage device comprising at least two slices
having a periodic structure formed from an insulator layer and
. ferromagnetic layer, wherein the two slices are superposed on

each other so that the layers intersect each other; and
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edges of the conductor layer are opposite to each other with
a tunnel insulator layer of over 0.2 nm and under 10 nm in
thickness being laid between them.

7. A solar cell-comprising an anode and cathode shaped to
have a spiral form and a semiconductor layér laid:between them
and which has a generally plate form.

8. A catalytic apparatus comprising at least a slice having
a periodic structure formed from a metallic layer of over 0.5
nm and under 10 nm in thickness and a dielectric layer.

9. A photoelectric conversion device comprising a
photoelectric conversion layer formed spiral or concentric to
have the general form of a plate and upon which light is incident
from a direction intersecting the plate, wherein the incident
light that can be photoelectrically converted by the
photoelectric conversion layer varies in wavelength stepwise

and/or continuously in the direction of the plate thickness.

10.  The photoelectric conversion device of claim 9, wherein
the first and second electrodes are formed spiral or concentric
with each other with the photoelectric conversion layer being
laid between: them. _

11. The photoelectric conversion device of claim 9, wherein
at least one of the first and second electrodes includes a
plurality of electrodes provided being separated from each
other in the direction of plate thickness.

12. The photoelectric conversion device of claim 9, wherein
the wavelength of light that can be photoelectrically converted
by the photoelectfic conversion layer is increased stepwise in
the direction of plate thickness from the light-incident
surface of the plate; and

at least one of the first and second electrodes includes a

- plurality of electrodes provided being separated from each
other in the direction of plate thickness.

13. The photoelectric conversion device of claim 9, wherein
the photoelectric conversion layer is a p-n junction of a p-type
semiconductor layer and n-type semiconductor layer.

14. The photoelectric conversion device of claim 13, wherein
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the p- and n-type semiconductor layers are formed from an
inorganic or organic semiconductor of which the composition is
graded in the direction of plate thickness.

15. The photoelectric conversion device of claim 13, wherein
a'banagap between the p- and n-typé semiconductor layers is
decreased stepwise and/or continuously in the direction of
plate thickness from the light-incident surface of the plate.'
16. The photoelectric conversion device of claim 9, wherein
the photoelectric conversion layer is shaped to have a circular,
triangular or hexagonal form.

17. A light-emitting device comprising a light-emitting
layer formed spiral or concentric.

18. The light-emitting device of claim 17, wherein the
‘light-emitting layer has a plate-like shape. _
19. The light-emitting device of claim 17, wherein first and
second electrodes are formed spiral or concentric with each
-other with the light-emitting layer being laid between them.
20. A clean unit in which an active dust filter is used to
keep a work chamber as a clean environment, wherein the

cleanliness of the work chamber depends upon 1/y where.y is
the dust collection efficiency of the dust filter.
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