DESCRIPTION CLEAN WORKING CHAMBER SYSTEM WITH DUST
FILTRATION FOR MANUFACTURE OF NANO-LAYERED DEVICES
TECHNICAL FIELD This invention relates to a functional device, memory
device, magnetic memory device, solar cell, photoelectric conversion
device, light emitting device, catalytic device, and clean unit, being, for
example, concerned with union ofunifigationgf top-down systems with
bottom-up systems. BACKGROUND OF ART Conventional mainstream
functional devices are those manufactured by a top-down approach
based|UpeR migke- fabricatian sas fenresantad Hysemicondyctaby ror
integrated circuits. Especially regarding semiconductor devices, huge
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of transistors by Bardeen, et al. and inventions of semiconductor
integrated circuitsllgli Noyce et al and/or Kilby, et al. On the other hand,
thiet B%\Tm 555 ch begins to see delimitation in various points. As a

technigye that-hreaks the bmitr a bottom-upappraachelly device, memory
self-organization, etc. has been remarked and_studied la]ctivelr\{. Bot ceIIt .
SStemS ATl on Sy SETE Nave BE& reponad & SontindolRly sxpand” * ¢
aich geove byrautenameys dispersioniat individdaksites,(ReR:BInas] Theevice,
Biology. of the Brain, p.94, W.H._.Freeman & Company, NY, 1989). This_is
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portiohs independéntty uildwtrusiuresraecerding toclotalhrules arystems.
interactions that lead to autonomous decentralized systems. It has been
demonstrated by using cellular automaton that there are four different

types @R striiétuve-btsfding schemes (constant, periodically laminated

(nested),  fynctignally sfructured, apd sandom) with respectio time (S se
Wolfram, A New Kind of Science, pp. 51-81, Wolfram Media Inc., IL,

WAy 2902)1 Kiso WithFedpact ¢ timea @pesially ased uppprithaicro-
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.9%94, W.H. Freeman & Company, NY, 1989). This

is classified to bottom-up systems.



concept of time projection the Inventor, et al. reported an improvement of

a time projection chamber (TPC) as an elementary particle detector using
secondary electrons continuously moving with time (electrons generated
along trajectories of elementary particles), based on constancy of the drift
velocity (P. Nemethy, P. Oddone, N. Toge, and A. Ishibashi, Nuclear
Instrumenits>andMetbody 2423 9830 27 32803 IUpeftit and intenelstinghdent 1y
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éé%ecially in a local space between a two-dimensional sample
plane and an opposed probe (Futamata, et al., Spectroscopical
Society of Japan, Lecture Symposium 2002 Spring "The Forefront
of Microscopic Vibration Spectroscopy" Lecture Papers,
pp.20-23).

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



Stoddart, D.L. Olynick, and E. Anderson, Nar_oscale Molecular Switch
Devices Fabricated by Imprint Lithography, App--. Phys. Lett. 82 (2003)
1610). Further, as another example of bottom-up schemes, there have

been proposed a method of building structures by self organized

progressive hierarchical acquisition (SCPHIA) and a method of growing
meutonrsl (Japanese Pateritd aid-epenoPubkcation NeRIR2000-21649%urrent
Farphletabinjerpgtiongl PyblicasionNe. \W002{33616). B addition, fhere, guo
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%ﬂ?ﬁ%ﬁ%@%@%ﬂﬂ@an@QQﬁ&ﬁﬁﬁ&ﬁ>- In addition, there 1is
gene-governed expression of configurations (gene-derived
structures) universal to life and biological systems. On the
other hand, as other examples of the top-down systems, there
are MEMS systems (micro electromechanical systems),
microchemical reactors, and building of structures by human
brains (brain-derived structures) as homo faber, in general
(for example, Takeshi Yoro, "Yuinoron", Seidosha, 1989).

Also, known 1is 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



systems can be integrated, united, or unified it would have been possible

to make the best use of both advantages and realize new functional

devices not existing heretofore. However, no effective techniques have

been proposed actually to the Inventor's knowledge. It is therefore an

object of the present invention to provide a functional device and a
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Another object of the present invention is to provide new
solar cells, photoelectric conversion devices, light-emitting
devices, and catalytic systems, based upon the same elemental
structure utilized in the afore-mentioned functional and
magnetic memory devices.

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



The Inventor has been engaged in earnest studies to solve the above
problems involved in the conventional techniques. Summary of the

studies is shown below. As widely known, two-dimensional patterning by
photolithography is often used in the manufacture of semiconductor

devices by the top-down approach. Fig. IA shows I0OSLSI (memory, for
exarapleras e examplelofreesemicandudior devied. As shownandegi tAf erms
drcidimensional patierning:is Jisualy eanducted by using WY ultrayiolet) « 5 on
or EUV (e(i(,%reme u-traviolet %hotollthogfirglr%hy, or electron beam
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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
direeticnd’&nony thEin-praneV sirtibtures. More specifically, causality
mainly exists in 5 interaction in the vertical direction relative to a plane (we

can cal thig qui-of-plane, causality) and ngt inthe iQa@%@%tdg%§%%%é%®%olve
two-dimensional patterning, block structures are produced under a global
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Bvice. As shown in Fig. 1A, two-dimensional patterning is
usually conducted by using UV (ultraviolet) or EUV (extreme
ultraviolet) photolithography, or electron beam lithography,
at one time at each point of time (instantaneously at each time
of each elementary process such as batch exposure, development,
etching, and so on, i.e. at individual points on a time axis)
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 discontinuously 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 in-plane

structures. More specifically, causality mainly exists in



the time. Thus, the top-down systems are characterized as an anisotropic
(directional) structures which time is projected. Let a system be

expressed by T when having time continuous projectivity or spatial

isotropy, and let a system be expressed by ~ when having time

discontinuous projectivity or spatial anisotropy. Then the top-down
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structures characterized by the nature of autonomous decentralized
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El‘énl%ignp%ﬂgjset%ugy'g%gy%n%;g%l%%%rﬂ)c?‘lsrectionality) = (’T, ™ , 1.e., the
system is continuous in time-wise and isotropic in space-wise.
In other words, since in a top-down system the time is
discontinuously projected and there exists the spatial
anisotropy in general, it i1s well-approximated as (time
projectivity, spatial directionality) = (¢,¢).

On the other hand, another streamwhose 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 quantumdots. Growth of cells and neuron systems
as shown in Fig. 2A is another example of bottom-up systems in
culture of cells of biosystems. In 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



formation of structures (S. Wolfram, A New Kind of Science, pp. 51-81,
Wolfram Media Inc., IL, USA, 2002) . In the bottom-up systems, since
formation of structures follows local rules/interactions and has no
particular directions from the global viewpoint, the spatial configurations
usually become, in general, isotropic. In this case, the entire structure is
Bhetermingd by4ntriisit.fattorsaecordintptootvegenératidr? &le. Changes
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rule. Changes of structures exhibit a smooth continuous line
relative to time, i.e., time is projected continuously into
structure.

Thus, bottom-up systems are in general at least within an
intermediate range isotropic (undirectional) structures to
which time is projected continuously. Therefore, according to
the above notation, they can be expressed as (time projectivity,
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.



systems. The dimension of transfer and control systems must be always
smaller than the dimension of cell systems. The neuron systems are
distributed in a three-dimensional development in living matters. Thus,
the living organism integrate different kinds of three-dimensional
bottom-up systems called cell systems by so-called minimum set-up

throughhettomsup aselksimitar . loweardimensional stucttres called, ¢ cells
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lapsed time from generation of fertilize eggs is projected
continuously.

In an artificial system other than the aforementioned
living organism, there is a TPC shown in Fig. 3 as a system using
continuous projection of the lapsed time on spatial coordinates
determining spatial 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. 1Its
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.

FElectrons 25 generated along trajectories of the elementary



determined, in the position in the z direction projects time information to

the space as explained before due to the drift velocity of electrons being
constant. Because of this feature, the system is called time projection
chamber, and makes an example demonstrating usefulness of the

concept of time projection into space. In the sector 26, states between the
sense wikes 26arand Hhevpadsi 26 areoread aut dbabiss akindeaf sectors 26

é@%ﬂ%gﬁ ”{%agngsc(aﬂfj %@E@dwéﬁd itlc%@ b§ %(Q%%ﬁsclgg@t velocity in

add ressm%C The same operation takes place even when wires are placed

TG T35 trosdifg teifion, %?%§§$%Fee'un&8§&%+ﬂ¥ésp&&s 58&. ﬁﬁjm&
¢lezelytdemonstratesthowthezeldttriccfidldrconteatiatenear aninytesed time

electradesin form aksensea wirgs26& rie Use af thin sensewires 26a isrig.

esirable tg generate intensive electric field. Thus, TPC has two
4|]|mportantefe§turgs &prOJeCtIOI’]f?)? t#me o J%pacé%nd %or%:en?ra(t:on of eral 26a

BRAE fletdS@ha Adtorfipanietl sighaFafplifie afiohp RFEsamg pomMisdf ines
tHinstreicturés. Siticor LSIZdensonstrating &'develapmentalongresraatiuce

ARap Jepiesentedily 5!}%%/'98{? §ﬁa\§/e'§@‘%«9fr@§f§%%”ta§5¥@ e segdlled, 1y
?gp -down de\(lces sy éms and its limits | #n size, gftratlon po

r%ﬁFo%Jrr‘feﬁfa‘-i? e"rﬁtﬂf § ahd IRveLinERt fo Mandradtniyae erv%léélg pads
%16@ba@t€ﬂke¢h@o@@ﬂd¥9@fé$ ivhilelro fundamental sohitiohersreare

deundkthe devicenis ﬁaﬂci@at@dﬁn@é@eumt@érsggbzﬁant5;16@1rﬁqam‘uuﬁas9
0tt sheerel thale - .
(gcéegn%ggblﬁ th{equr %%st e%r?ogu{s gﬁlcu ty?éﬁ m%o%%%ﬂ%sl% gﬂ 9?&’&3 Fame

H‘iﬁ&ﬂf%ﬁ%ﬁ&uv’f& BRdHEESNGSIEHRAGSCHTE BiSth A furiitn deriisy drift
froho lving materscandasfuretiop notderared. froBelhang matiers carfbeture,
E%@J%eﬁ'sﬁ%ﬁ commoninteractive 'B%@}%H%T&H't@?éﬁ%@ a'bnd makes an
eiectro etic m;cerag:ttlon%ln Therefgre nano%ecrbnolocgles %klng i
?é‘r%rﬁ&a%le %Irnéjgnr%ss conta SJiatent |rrﬁ%or ance o mtegraﬁ non- |IVI%]Iae
pratter s abeiiving- matte?s ut they have not yet been brought into

full-scale prastiealdatification ot anon. Manefastuing methedsokes 26a and

@Mgr%%%ty%%sgpet@e%egﬁ@n That is, a kind of information read
is conducted, and it can be regarded as local addressing. The
same operation takes place even when wires are placed in a close
crossing relation, for example, instead of the pads 26c. Fig.
4 clearly demonstrates how the electric field concentrates near
minute electrodes in form of sense wires 26a. The use of thin
sense wires 26a 1is desirable to generate intensive electric
field. Thus, TPChas two important features, projectionof 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.



of conventional techniques include those using EUV or electron beam
lithography and so-called bottom-up schemes using molecules, for

example. However, there are no devices and systems that can couple

them and try to find out synergy by the coupling. This is because,

according to the above-introduced notation regarding the time-wise and
space-Bise: shargciesstes shekotemriup systemeexpeessed by (ligesis of
sl S G S e s o L
expressed by (time Pro;ectlwty, spatial |rect|on.e{1|ty (~j) have opposite”
h@&ﬁé&lﬂiﬁsﬁg P-4l Sit 1 diffiedi folfind Rxtdmadtpohtbetwestiarns ing -
when just rstraightforwardlyputsiteslor side, Jastilikedn€ompatibility coheit te rs

and waternCeupling, gt the-panescate worid and, the, Macrescopic Wrd- dguceq
%he barrier that enrt%lcneeers {nust break throu%h %e?féou le new effects or
e fi

Unctions that wift be &Datginje‘(ﬁ%nr?&tﬁ?éa i Hrotecholddies to
exXisfiftg eflicenbased I TiRfFastiictires afdledadingsynergies.ddbwevegies
itds helievechshatno ene eodldsnakesatistactier. ysuceassingosplingice of
ere-RataNdn giataria) sigieps. expecteddo XD LAY put they
through nanotechnologies have no scheme enabling indivi uaﬁ

BadfeSSihg iR AT RanoReaet antf thdy have fistferhe Brotight ifbt f1cation

systemiatic practical use. 10 In artificial bottom-up systems, no one made

successdAupoviding AsqRireldine aecampanying.theypain &Q%gtf) &tension
ral

battom-up system, which carresponds eurgns connectin
e s AH M TR M R BHEGE hOIGrE 1 cBugbectzon
2 plddie ahaEbitoR Y pSYstehs SPhé abbvaleXplafifdtETRE s aing
gyétenusjgﬁlar f@;ﬂﬂaels_teurpmesystedsmz@fraﬂ@yiWgan@nasimﬂﬂaﬁktxm@es and
g@&%@%%ﬂ%@}s@@%eﬁr%aa@fy%'tﬁif%attgstofsgmgv by the
with time to distribute its structure in a three-dimensional developmer

GRAMakIAg actBsS. ttha¥ i MporaTedites “Ramtly  Rokfindols duced
timeaprojectivity baded apbha constantidrift aetbcity of etectrons and
tneeimepsionakaccagsdonBe t om-up systems expressed by (time
projectivity, spatial directionality) = (T,T) and the top-down
systems expressed by (time projectivity, spatial
directionality) = (¢,¢) have opposite natures, T versus i, and
it is difficult to find a contact point between them when just
straightforwardly put side-by-side, just like incompatibility
of 0il 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 couldmake 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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entire system, based on signal amplification at crossing points of thin
conductive structures. However, since this TPC contains gas inside, it

has not been made up as a complete solid device. As already explained,

for the conventional manufacture of two-dimensional structures such as
semiconductor integrated circuits (such as memory devices) in the group

of popidowm tsyStenms, Ipatterning-by photo:kthegraphyctheouglibatohccess in
SXposUE,S SNOWR N 5i0. LAs used.dg. (s ease. dasolion issaquiEad -

in both x and y directions. ,Trglar accuracy is about” 70 nm in the ,
AT BV Hnd S8 &I TR T e ABORRY "CHHpRATRAG e he

Iy thencaselobthé e urrentlyaaaxifibms resahitionh Fuetheadered, thidi fficult
Beedrasyias ot heenattained fostheientire hwk sizecbrrther, ssefulns .
anding%gsgg%ggyggglgy%g) Eétﬁg%.ge%%ggse9§¥ﬁgquﬂ%he neuron
surface enhancement e%fect by plasmon excitation observed in a local

$patEBetwedn B i dimérsiBrar shmpté planttadd an o seargrépaous 1y
KEutpeatadetradl tSpeaciroseapicdhSogiety of Japanrkectfuse Symppsitinh time

2002 sering . dhe Forgtrontef,Microscopig MibratjoR SPectoseoRYve 1 opment
é_ggtl%nre Pagers, QQ.ZO-Z?% There are no.systems arra

in
lictifes e SkindThatde & gﬁéﬁtﬁﬁ?siga%a &TSeRaTE LY/

nanostructures (,:apasrﬁé of
PRatpRYsatalldl thwughsletielbilk siZeaste thrdesn Fhatdsitheretadid t

substances derneing manordiseriete 44 hulk-sizad syustines havingLensethe
Aehitectures gfnaposcale, and 5899"&%%‘#'989@%%62% l Q?Sasbj(_)r\{s points
problemscan be solved by preparing a coupling intermediate layer o

Lbupfing pRaRIMFEavicy & Nattie  EBfRrespBRUMGEs the hafifre 't sdapFC
thattcouples @i and water i(amphiphilic lpreperty)ier axnesrencsystem tkatolid
gouples a cell system and a brain system, and more particularly, by

et L B Tyl A D R
'Specricamny Ihe prdblems it e SofedbyARserting casysehe halingeaasated
aatureiof(timeyerojestivignspatiab dirtectienality) % 0k J)yasdhe d1rd-op-down
§§y€gﬂgpﬁﬁg@%%§ning by photo-lithography through batch
exposure as shown in Fig. 1A is used. 1In this case, resolution
is required in both x and y directions. The accuracy is about
7Onmjj1thenanufacturingleveleﬂuiseveralnmjj1thelaboratory
champion data even in the case of the currently 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.,
Spectroscopical Society of Japan, Lecture Symposium 2002 Spring
"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

nm~cm. That is, there are no substances forming nano-discrete
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bottom-up system of (time projectivity, spatial directionality) = (T,T) and a
top-down system of (time projectivity, spatial directionality) _ . For this
purpose, an accompanying line corresponding to a neuron system is

provided in an artificial bottom-up system. Alternatively, a self-organized
system is grown near an accompanying system prepared beforehand. As
shawnsdn Figl 5tgrovth of a ane-digensional ssugettattiiceidkis broughtoscale

ghauiwith fime projegted y3ince, the.spatial coordinate in the growth

direction of the” one-dimensional superlattice 31 exhibits the flow of time

directly, TRis O Getgardet®as A syitentin Vch irté f@ Hrofedtéy couprling
tonBmus Sy tetheasisatiab stractaeeialohgahe lgrofehrdireetiom By usiagar e
@@@Ef@l%%fbg@ﬂ\/i@_ H%etﬁl’ell'lﬂ%fﬁu@@fgfa@l&ag 0@@§@@cﬁfﬁw& r@ﬁl_el thed water
structure is_controlled continuous time (coqrdinate). In

e B O I e, Shaeang? o
RBRHNBMaFES AIoNEAthe GroWERBirethion TPRE opeIdiffensihay supgriaficeny a
Sargrowmria thisrmanner i ishprobessedhintopothin piecesrlts significance liegs tem
in-the fllowdng points. Eige 64:shpws the onsdimensional suneplattices!.

Fig. 6B shows asu,péarlatt'%e Wiren32 processed from the one-dimensional

superlattice 3PFigT6C Shots & SUpenBtitB i piBtes3 pritbased 5SS t1n9
FrofY teeBnédirhansiohal T2 superlatficel 81mAs BhowAdn Figs: BA, €3atial

and& itha aane-gimensidnglsuperigitice 31 certaiply has.a striyeiigen a
M’&@HH?&@B%%}Q%@}P o V&%h%o‘%ét?o Jreehon, H ","e‘s’?a%% gecess time
equals a point on the axig in the growth direction)’,” ev A With designation
AR Hidreare iﬁf:]:(ni%e) inéplané dovrdifates @G 6/ Ah thée Base
wihefe the onesdimepsionall supesiattite:3d1is pyocessed,ivto.a wiee; Wwhens
fimeeauals & paint-oman axis in the growth disection)jis-designated, the, s em
ortion w '&Q IS aaqy%r%tgrinfggti c r’glgt Eg Hfil_ccessed fronrlr] oth%r gomt_s ,
gﬁlé)%ﬁﬁ i Contrast, i tie case W?flwerett SToHE dirhehgibnal’s E HafticsveLly:
8158 bfoceskraiinrra shintsiecd s e pusition eande detepmisdying system
getipitely cand: aneties point

As shown in Fig. 5, growth of a one-dimensional
superlattice 31 is brought about with time projected. Since
the spatial coordinate in the growth direction of the
one~-dimensional superlattice 31 exhibits the flow of time
directly, this can be regarded as a system in which time is
projected continuously 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 continucusly 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. 6Bshows a superlatticewire 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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(spot) distant by r is determined definitely and can be accessed from
there through the lateral line (Fig. 6C) . Thus, by processing the
one-dimensional superlattice 31 into a thin piece, a system having the
nature of (T,~) can be realized. Further, as shown in Fig. 7, the
two-dimensional superlattice thin piece 33 is superposed on another
singikar 1 supertadticel thinAdmsids wr vice viersa, . withha differenge #t, the

grentatign by.an. angle, for example. I0,degrees, BY SIAGKING IWQ. - cure

superlattice thin pieces, quasi (discrete) |sotro%r|s recovered, and a

CSAESIRA dodtfirate i€ f6rhed siRultifieBUSIy - TRereh§ obtainedis e ver, to
gclieme permittingactess toarspane tdiscretely as wel gsdensely rection),
Q%@E’isﬁfiﬂ_@hW@Qi@@a@im@%@@%89&5@%9@1@&&0&8%}{%&’%@%— lane
that 'n ,|V|d%all% %ddresgg?nan %rgltlreil}/ecogtlnuo%s %rblgtr%a%tré/(ghdlrpgnsgr?gﬁona 1
%885m}61pas§s e§n ¢an bé'made artfﬂual@. While'tHe oo om-uS syéLt“ém *

SHEWA h7 Figsc 28 and 2B has & idtropie® (om-diiectivhal) sktbtirésiials a
phichctime isncentinuously: projected flet i be-a fitst:structured angdbeed, the

-dowp systamshawn ig Fas- A apd 18-0as,80 aIsQIoRiCseq £rom other

directional) structure on which time is projected discontinuously (let it be

REHL6Ad StrtBturéy) the SHuGaRe Shdlwn inEi§ 7 hae teit’ B EwWeEn

natre larmhesiloibits amsatiopiceobligusativnarswhith tilme dsthin piece,

@megsgiﬁqraﬂm%@_lxb@ea'@@@r%m@ftﬁ&m@térh@; i e &mgﬁtﬂiar point
tructure es time continuity wit ttom- system a

T O S B o S i i i oo Syt SR dtafbies fgcessed

fierstilttdiRe KA §o68 affiifity 16 botiRthel bofortig sysfe antithe, by

topedews systernhcanch ean cowple ornunitesthestwicestruetaresi(whietvhave hin

%B?é%fé’f‘? foLbeen ¢o B's‘??n%e“é?%%foﬁeﬁ?t%% hé%’i”gﬁ,"i? COOUINUQUS, o .1 5 seq.
rojectivity and spatial- jsotropy, i.e. the nature of (T,T) and the other

having ' i idcortiuBig BRojb Bty Bind Spdtaf ahIEbTOR T 8! e’

Agee ba [4--OeMblaovep iassshawn irsFigli e theothird structuretiyer similar
plipg/evedaying twa thin supeslajtica-pieces e ERCOVRS tdisgraterisetrepy.e in
g%f@ﬁ?@@?&X%%?%ﬁagﬁgmé?C%%ESS%Smple, 90 degrees. By stacking
two superlattice thin pieces, gquasi (discrete) isotropy is
recovered, and a cartesian cocordinate is formed simultanecusly.
Thereby obtained is a scheme permitting access to a space
discretely as well as densely in nanoscale. With this, a
mechanism corresponding to a neuron system that individually
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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bottom-up system in a two dimensional mode. Furthermore, as already
explained, although two-dimensional structures in the category of the
top-down systems, such as semiconductor integrated circuits, which rely

on patterning by batch exposure, are required to satisfy a good resolution

in both x and y directions, and the accuracy remains several nm even in
Hhercigtentanaiinmem esolution, thenpartian tef thecthirchstroettifeganp system

bave the resolution %fpai%ﬁgomigAaysestQ%%%}J%fsﬂki% dfeﬂge‘é@ n;taswn system.

technique that ﬁrojects,time to space as manifested In va(:UL}¥

CUSPGTREOR tedhiiqhe TrerRForac BVER WAEN #9 Boftdrhttd priigh Roth the
borhposed pf apits ehaamdledwarieveldize) isdivideal accessdetheniple or

passible in: theprasent inveation, Ascntechniquedor exercaming theylimityp 1 eq

g]é resg(l)uglgp :2 the co ventlonalélthogra%pl)é,,the use of self-or anlzgltlon

IS E%llng e>l(ae ihed. For 8§<7alrrﬁgle,}ﬁnﬁ/voc- imensional mar %(/:uéi‘r]]b y and
guan lerh destambsimpleanolécules rade by $dIi-brganidation, olayeuthaving
witheactusacyninithe@rdepobseveralvangsteoms i possiblerHeweverry, i.e.

fhere are no ways tpﬁfingv?pendently access to these self-organized
microstructures. Trial fo external access by metal wire, for exam

ple,
which &4 BY MittioyrapRywillndt Satisfy theT8qhitdment 6 FESoitiionY
Bs biready vexplained 9T hatds téonvestioralllthdgraphy Lsed sn teprdosmover
aysiemst: d4icanned pifainiesolutiondn the grdenef engratomic Jayercand to a

neependent aceess S Mpassibls by, e use-ofbotiomiup systems alone
%even though resolution might be acceptgbleyﬁowever, b{} using a
structufé*p BR B forming L BREK shititeé "Eohtralelin gebwth rate

ovorettimensionallsuperlatticerand iptojecting sieys spacd, ther top-down

Rracessing tipty finpigces, andrpinimizing $he fregdom of directignality, re1
like thg afore.merég(l)sczI ed syperlattice thin piece 33, it is possible to

Srfisieimahtariy 8 t5h- GBI 8Vdtems ARd Bt tip S§stshid Sng @ 9004
tirereBy: Aeeomiplisrobdtiiresslutichiinghe ‘order o lintdrbatomic spacing emains
aad ddependenionedorone aceess Analieady eviewed, 188 Jnvertiortion

Eofrgggytrgjp?gesdcmctzture can have the resolution of an atomic layer
because it is formed by the technique that projects time to space
as manifested in vacuum evaporation technique. Therefore,
even when the bottom-up portion is composed of units of a
molecular level size, individual access to them is possible in
the present 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 bymetal wire, for example, which is made by lithography,
will not satisfy the requirement of resolution as already
explained.

That is, conventional lithography used in top-down systems

14



resolution of one atomic layer can be obtained in the growth direction in
growth of AlAs/GaAs two-atomic layer superlattice by MOCVD method as
shown in Figs. BA through 8C (A. Ishibashi, MOCVD-grown Atomic Layer
Superlattices, Spectroscopy of Semiconductor Microstructures, eds. G.

Fasol, A. Fasolino, P. Lugli, Plenum Press, NY, 1989). Figs. 8A, BE and
BCishovwsa tdark field image dattice tmageanshdiffractien patteincbyayer, and
I@ﬁ‘éﬁlﬁ%%@%% Q‘!L%OEEBBE {TEM)JESPeCVELY AS.alleaqY. up systems

discussed, growth mechanism by MOCVD’ essentially comprises surface
Yitfior! %%%%EE%?&XM fike’ Jé% PCHEical GrowtH MREARARAT shBRKSVeT
lry Figg Dn(Shiros Hargyame, Eleeprochemistryffor8urface BEnginders tpucture
é—éﬂgtMQ@@@WJQJ‘N@W@QOiEt@%@f@%it(:i%@@ﬁ%ib@l@lg%erlatt1ce and
one- dlnEnS|or)Cal supg{r)latﬂce as atfunctlon of tlme bry US'{‘QL go
Blectrochemcal technlquepas well. }ﬁat?s W€ one-dimensional
3lPeRattics threety E?ﬁre@%ﬁ%dé?%oﬁtﬁnd&%e AGW BT He shold iAlR).
&Accambe gtown dysusieg the telectratchemicakieehfgue; antspatiet ible to
SUMEHLR CAPDE; E9n&f6’d$‘i@3&8&}”%&%‘%&@@&nggkﬁ‘&tﬁ%ﬂ%ﬁ@@&%%tems

with the control of gatl structure at discrete points,on a time axis, such

APl BB (ite BV bHMeR? Afd BtHIng 5h6Rn 1A Figs IREAG1S
Improverienticf reselationy byohelodnpbrndigits ispossibterFhereferes. As

the-abave methed ean fema arfing: giscrete-ange ﬂﬁ;ﬂ%‘lﬁ@dﬁ’@@@te@nat

%g%gdttlr%l%%ChO%S g rgpggte Stl’liCtCyUI’?e of Qgt%eogg er COQdUCtOI’ Sgl[.')gsr(”vth
ectrlc elements with atomic” layer accuracy. nt e case O

‘?d‘rﬁﬁﬁé e tﬁﬁ&ﬁﬂﬁ@r@ﬁ%ﬁﬁ 6@@@*&%%6&5{@&! SthiciGre %Pper lattice
lcpndOCiop strps addedietdotrit: elenignts,. ités desirableithafth@ condbdtonshi,

ﬁH@%Mﬂmﬁﬁﬁﬂ&O pRRRse Nghkniteredgesdo eachotherand majke

gvery SH ‘gf area at the intersection (edge-to-edge _configuration

RBWRIA B 0B Fatrer thar 6ppéSing their p heratS H*othF%ﬁSlmo' P
heikela I&r@@%r@a%fﬁ@mt@r‘éecﬁéﬁ Aface-tbFace cGhfigutBtiondadC show a
shewnifinig. HG.ds casetafikig. 103 gthickness of theseenducteisttipsn by

é}aﬁgﬁiggqgﬁ electron microscope (TEM), respectively.
As already discussed, growth mechanism by MOCVD

thin pieces

essentially comprises surface diffusion and kink growth like
electrochemical growth mechanism shown in Fig. 9 (Shiro
Haruyama, Electrochemistry for Surface Engineers, p. 112,
Maruzen, Tokyo, 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
axils, 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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order of 1-10 nm, for example. In this case, thickness of the dielectric

element isolating the conductor strips 41 or conductor strips 42 is in the

order of 10100 nm, for example. In Fig. 108, reference numeral 45

denotes a pseudo zero-dimensional space (quantum cross) in the order

of 1-10nm, for example. Why the configuration of Fig. 103 is desirable is
@xplainedpbelownd igrLoA shews adayaut af :ShMA{sudaseprobere of metal

JIcEescope), proved o exhibit surfacessttengthening.effect by.a '9&% atomic

electric field, in which the tip of a probe 43 is positioned close to the
0¥ate ZATW6 dihensional plane) of a sample. Spatial distributions of
potentikit it zenanespade fio calcutatedefordiffdrentoases of Rig. ignnand such
FigcB, vegpectivelt i ase of Figh i@, ear beigaicuatednynegarding

Ul prghes are apposed fa sach qiier, while takdng mipgring.effect intp. 4
account. T this setup, distance between pro%es equals the disfarice ~*
PehiEsR tHe EONGREBPE Strip3Si1 ak HHE cEAdETor StRF 42 iR rLoB Gt make
theie interseefidn forecconaparison potposescAssumingderetthatdageetallic

Shueture exists iy a ¥acHumand thepoteptialofthemefal portionds 86t their
frf)m outside, thﬁn sgatlal eglectrlc charge is zero, and thte Poisson £

ReUafiSn 16 e Solvad hete i sipifticdl (o thd L abigce “eqiifon; & e t+on
|&Recra 8y I redag 2k §iA) &L O ¢L) Witfe A tisevBpatelis divitied to hieshese of
fdistancesA) and expeassedrby aedifferenceestiation; fos the patential in the

3&4

|,k), calculation progresses as follows. 5 (i,j,K)lax = .

. |,§£)-%c§ﬁiﬁ<)%o' aoﬁf]",k?i‘a%/méfj(ﬁ,k)- (ﬁj-ﬁé) ACBO g Kfaz Eneos oF the
ﬁj%-eS(Ejﬂ%&))?A%?%&am?ﬁe%%@aﬂjiﬁ@i CREREGER Progressss 4 o

daltows: talt/axes(@E+2 2, K)="(ig, WA cdiek) BE 20HK)AAm(jA)r example.

- 4Q)/ AV (Ofiskid) s Midl ik)rR0(bik) YA2 SimiJary, when 220/ay2 and
82Q/az2 are calculated and introduced ,

zero—dimensional space (quantum cross) in the order of 1~10nm,

for example.

Why the configurationof Fig. 10B is desirable is explained
below.

Fig. 10A shows a layout of SPM (surface probe microscope)
proved to exhibit surface strengthening effect 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. In 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

equation,
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for substitution into Equation (1), it is rewritten to: 0= (~(i+l,j,k)+
6(i-1,j,k)-20(i,j,k))/A2 + (~(i,j+1,k)+ ~(i,j-1,k)-20(i,j,k))/AZ + (~(i,j,k+1)+
~(i,J,k-1)-2Ip(i,j,k))/A2 From the above, solution of the Laplace equation is
obtained by revolving the following recurrence formula.
~(i,j,K)=(~(i+21,j,K)+(+(i-1,j,k) + (4)(0,j+1,k)+ ~ (i,j-1,K)+ ~(i,j,k+1)+ ~)(i,j,k-1))/6

(2) By(progressingaire-caladasion:bywysing Equation (2) and intreducing
v&@%@%&'%&éﬁ%dﬂ@'&%@{ 4, copfiguration ?Egté%ne 5%' nﬁgteﬁ'é" expressed

distributions shown in Figs. 11 through 14 are o

R¥rd gﬂlﬂf %?ﬁ)&‘élseﬂ%Bb@ﬁ 12t ?ébrEQ@nt%%?%F&@dfd%dtﬁ pétween
Ghd Tips of i piobesrineng ahichr0 Aadsl2 are positions of the probe

tips. Inphigs; 2 Rf Fms. 1. ]<¢t|(1§OLﬂghk}4,4;h§_ZIa)ﬁiS]§ fixed in the full scale
1000( trary In _Figs. h, the vertical axis |sd by conducting

scalin (@%peﬁd#]% u on tf%j) [Sot’e%tlgfl &g ’S:imlléﬁy, \Cy Zxculatlon is

condu ﬁé@lfo} the CE3eof Fid.L 10BMAINErEiknifekedges/df the conductor
Birips42m42 are oppesed rig eachcathen Ipotentialwistgbetierssshewhndi lows .

Figs. ][gz(ww ¢].8( arg o?takqe JQJJ_:I%S }Q.)S ty\}&ough 18 as well,

num% rals represent patlal coor%gnat between kné)e -edges of the

“condfictor StripsAT, 42 Tantt Kim ﬁilé Grid 15 bre Pbbitiond 175 dr' e/ A
ilr@éflthbllmlﬁ@ed@ee-lh aildition? fike tHe abové’explanation, the z axis

ds fixad inthe fillkscare AP0 a(iidgryehit)ia Figs-a10{Higsada thieudtuced

£8, INEI9S: . the yartical axis i3 drawy, by £onducting,scaling.depending
upon the potential level. By comparison betwéen FI?(Z 11 through 14 and

Figs. 15 tHdlhl18) dRatodos petentfdlchhhbes; 6. stfarp changes in
electrie figkgl( ayg récognized hedrintermettdte, points)bath in the case

shown,in @gllgA@pgglm the case shewnip FHig qu reflecting that the
ross elctlonbal area 0 heclnterse%tl%n Js zera dimension. Howeyer, .. . .
Efﬁroug%ﬁ comparlsdn 8e Ween amount o?%c?ﬁange?r% T\ll %(%fSF Ei
q§hﬁewqywq@glg%ﬁdfollow1ng recurrence formula.
d(i,3,k)=(d(i+1,3,k)+(d(i-1,7,k)
+ (04,341, k) + 0(1,3-1,k)+ ¢(i,3,k+1)+ &(di,3,k-1))/6
(2)

By progressing the calculation by using Equation (2) and
introducing the boundary conditions for the configuration 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. In Figs.
a of Figs. 11 through 14, the z-axis is fixed in the full scale
1000 (arbitrary unit). In 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
to each other, potential distributions shown in Figs. 15 through
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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the amount of change from No. 5 of Fig. 16 to No. 7 of Fig. 17, itis

suggested that the change in electric field per unit length is larger and

more quantum effect can be induced even by application of a common
potential in the configuration where knife-edges of the conductor strips

41, 42 are opposed to and crosswise intersecting with each other than in

the corfiguraton ivhete the prebe tipeare opposed ia eaah othete A%ie above
shewnin Figs, 11hrough, 14.the potential between the, 0pposed prabesy

is S)g&mmetrlcal along the axis connecting_the tips_ of the probes %g the .
VeriRaFdifedficihthe drawifds), and’ rétafionally symhratABardsout the’ 195 -
axist e coatrast dnd the icrosswiseinterisgcting donfigmationaf thg depending
kpiferedges Jgbecpetential exkibits a unique shape similar to a saddle
point at, around middle p%intcas shO\Qm in Ficfts% 1@ and 1&. T1 tailsﬁéh%i

comparison ween S hto %s. 15
symmetry an

potential'is asymmetric ver |caI?ye, andjh%s'bo a twoﬁ)? _
EBRSIAAEy HyairsEsyrARIETEAGPEr Afidn DI FTHE Tevbhitior pRISFUF RGeS in
downtreversal d hdytherwards;dbe ipeténtiabhas D2dsysametry. Pheéses both

features canbe nsed as,9e0d  t9elg for indycingnew quantum functions  1og,
clj(;ntrolllng the con%%uratlon of molecules inserted at crosswise

by .
intérsBClions dritfthe-Cirarghts Symitetrdy” Attty Oif v ftérsethish == 0"
AAglesis Shiftaefrermcd0 degress Sfeakdomwy i D2WyRFmerpis possiphn the
kysher is theistrugturershown in §ig.f6G0f Figo7cd 18the of rig. 13 and
ppe-dimensionglsuperlaiice 3 i, Peg'%dgc‘%‘*'iy !?‘T‘i'é‘aé%dN%tf“jt_ué% Fig. 17,
conductive layers and dielectric layers, and _sufficiently reduced in
fickRes3IFTRE 2BMdIctVE fayerd e ‘sirBififré %ﬁﬁvgﬁ M Fig SFOR ahdt ength
petertiabeistributions showurrirt Bigse I5¢htougarl Sean hdwitaineden by

QBB@VP@Q}&%E %@%"%ME@&@&%W@&@ mﬁnﬁ%‘?@@gﬂ%&%t@&‘%ﬁ where
%e enhancement effect can lze al{?ned in

hat will induce surfa
gﬂlﬁe%%agﬁg&?f p%#aﬁe Sone’s E%?egﬁars%%serﬁs ‘of is%%nﬁ&é’r%ﬁ%‘% Ii%% and

frasiay hoemotalsieortions] absolutelychinlike g Eohtiguration With

densaly pasalled sukfiase probesp Making asiructyeowith eadaray ®éh other.
23&?&!}%’%}?&9& ofspEfgce probe migrascopes: |a ddition, by,uging. 1Ak, «ye
opposed probes is symmetrical along the axis connecting the tips
of the probes (in the vertical direction in the drawings), and
rotationally symmetrical about the axis. 1In contrast, in the
crosswise intersecting configuration of the knife-edges, the
potential exhibits a unique shape similar to a saddle point at
around middle 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 operatibn of n/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, breakdown to D; symmetry is
possible.

Further, in the structure shown in Fig. 6C or Fig. 7, 1if
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pieces as thin as 1100 m, it is possible to make the conductor strips 41,

42 extremely narrow and to maintain both high conductivity of the

conductor strips 41, 42 and surface evenness of the thin pieces. For

example, if a piece of bottom-up substance is provided at the pseudo
zero-dimensional space 45 at the intersection between the conductor

stiips Ad - 42sbWi0NFigs P8 itds ralse passible in-ehtaiy pew fYnciians at ed

by M%H]ﬁﬁhé* candudtor, sips 41, 42 making the,x "’i‘éjc%giocssﬂ@ké%\é%‘?mand
t n

in the third structure as an artificia neuron-equivalent system a

E8tplity & ConVertioRArsHieBr LS F&yEtan, Tor xarmpiedU6EtEa batsides the
therthirdusteuctorevandrth& pttorfi R substanee t(ferlexample] Japanese shown
Patentdaid-ppeprRubligatian No, nJ2000:21640%and Bamphiet of
Internaégional PUb”ﬁ%ﬂorir'}IQc'h\eN%% /§361 6). ggﬂgfucto(g%giips/rib ons 41,

S a resul 1 S e ned above’, the
42, an COI"Id{IC?OI' ines’in general, use eFeclfrons as H‘l]e mealum. !

Therstdrbaintetdction J8transhterveR quicRcOh B sthiecaanacthé igned
speedof rehangeslin _weﬂfm'l_ttmsn-gp rﬁg@ﬂfaﬂdén@m%paﬁi@ular@q;the of this
speed of the change; inconfigyration of atoms (Sueh 35 £hapges By,501utely

position of functional groups) are considerably slow because of a large

iHettidlSmass Wdualiy” thet&'s ¥ itferdRies By YoRe b ndte ofders®ie Probes
neEgnitdes tingeneral, wytdeveral orders bimagnitades] betweerctheurface

speeds gf thesehath.sThergforg; 49 thestrugiurgsshayvn it Rigs d8ewhicht 1 ce
IS, an examplCeBr.ealizing § configuratjon conc%%tijall shown in Fig. 7
a €

b
dingréat stibstarices, s blfk:sized-SpRESTime SySRMHiSparsed i ductor

AaRo8eEalé land éaf HeAPHRh GtGAS EAY MBRcliRssaRdWichedath high
ntersectiand of/individuat canditative knes as wel) a2 eledtronsf@cdelesnness
ng{{}geinttggr{in§§é@@sqdiabatic approximation scheme. That is, the

structure of Fig. 19 is a, combination of two superlattice thin pieces _
compoSel 57 VB Btin HBEREYE® of RSt S CRIBGHHE HriterfazeY L ded

Fhelthe piecesislicesrarediackesiitogethespe be different iherientationdsyt ion
Betegsees.rand-a holtetbup Systas isiprovideds i psewdorig. 10B, it is
éﬁgﬁdgggyfgﬁgﬂ§gag%é f%tﬂgyﬁ§5§%%98§£t %’using the conductor
strips 41, 42 making the x and y crossing system in the third
structure as an artificial neuron-equivalent system and
coupling a conventional silicon LSTI system, for example,
located outside the third structure and the bottom~up substance
(for example, 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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conductor strips 41, 42 of metals. The conductor strips 41, 42 are isolated

by dielectric layers 46, and the conductor strips 42 are isolated by

dielectric layer 47. Fig. 19 shows exemplary sizes of respective portions
corresponding to storage density 7.Tb/in2 in case the system is used as
memory. Interaction of atomic groups and molecular groups normally
prepagatestikeaipples thronghinearest, neighbbr groups #xsigarestrealizing
ﬁ%%ﬂ@tﬁi@g@bﬁn %@é%%@aqfl@gsﬂgwgowvﬁi’ﬁtom%y‘gsing real

?rrﬁ%lecules exchange inte agtions instantaneously through the ¢onductive
; )

§CMMtRBgood app 2t0A HS iPl Wete the tractioh sl dfigigse 1n
18ines deiscone of essentiaisloftthelchtican state dhae thecsystens kAgwshed at

Byesy nehhereof dthesystem @hrig. dShmay bevapprecialed 852 NeWa s
%@?W&ﬁsak{%}}o Fﬁ;

o cufical sigte unjike,sorventional sybstences,(such
, Tor example, cellular automaton%hat IS a g"lscrete system in contrast to

OGBS SYsBRTERR; for &dmpRy, ShRofifa CA NG Wik igr- 19 is a
Soigrice; tppr5 81 L Wolfsaapdviédiatnce IIEHISA p2@02)s Thasprewd of
aspecisefinanasiiueialphysicseanhe broughy oyt thraugh ;modifiedr s o1 .
ﬁi@%’i?gn'zl%dc‘é“yaﬂE?Qgrs‘oénl?é‘a and preak of SE&QE? 2 e é&{;nt in
whic arepexpecf d’to appearin this sysetem.alqna is it wourd be possibie

Tot onfiptolcoupiE the ARCIHSESpicaeTI@ dreitthernadrosEeprrwdAdburvided
Bisp e eteates NewRuentdmdnactiops as wellas eritical phenosanaby 20 the
alorsmentionad bl sized nanasryluiescapaie oL ipealand JndMduAl 43,
addressing in a bulk size. The present invention has been made throu

he SRy BXPpRATITEY Q¥ovE: Shdat i’ Suphoret bythe BRYOMG sty Rt O T

smbedinfents of the inventidonexplainéd dlereaftera pecodding tbibe firsSt shows
aspgst atthe inveation here is-pravided aifynctional-deyice goOMpHSING 8 rage
&Ljﬁ% .havi?% a/perjzodic structur% including a conductoréa\%er and a

Ic

non-r%té al Fay%arrllar:b%r ?na%?ckn}éessiﬁasn the conductor asyenrl,e and ﬁpon

which Tigkesancident rbmteouietiv A interset ity freidie 9sqiges normally
dueiionat device ks ope gxasple ot fungtionalarest neighbor groups in

nearest neighbor interaction. In the system of Fig. 19,
however, atoms and molecules exchange interactions
instantaneously through the conductive lines, with a good
approximation as if it were the interaction at distance. Since
it i1s one of essentials of the critical state that the system
"knows" every inch thereof, the system of 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 continuous
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 alsc to create

new guantum functions as well as critical phenomena by
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devices in which access is made from a vertical direction to the direction

in which the time is continuously wove- into. In the above, preferably, the
photons are injected from a perpendicular direction to said di=section in

which the time is continuously woven into. Said conductive layer is

preferably made of metals, and are of the form of strip or ribbon. When
saidrfamnetiarialoeyice: isk feriexample, assolaiceell said-aretdl]l ayef iSocal and

%99@5&%@%&{@@99@ electrodg,,and said, non-metalic layer is made

of semiconductor Accordin\% to the second aspect of the invention, there

is provided & ittiohat G&vies tomptafds Sicddivird'a pefiodiche study
sipcwe dtladivgea comductot 4 ayerrandta dnba-etalfic faymrlagertindy and
@&i@@&%ﬁiet%@@ taefj ceaaugt@ﬁ@yex,o@nar%@@%@@@ pﬁ@%aﬂﬂ@} elecltlrons

are supplied.in irection,intersecting the slice. In the above, typically,

the cu rr%ﬁf: ﬁc])rv(\% %Por%othghﬁid lrdslr%cﬁs}? %?%ai%gcpgn%eucﬁ\%f ?a%/%}.ogéid
conductiveeayet FsProst prstefablyifiade ot MERNE. Ghd-arPsttheTerm of 1ce
Istripi 1oy rdoboar Acdarding totheuthirdiaspect obthesinvestiondhere isayer and

provided adfyunctional device formed from twq slices eachhavinga o nquctor

eriodic stru(iture includin uctor layer and a ngn-metallic layer |

acon

SYSF in hitkne8S thaR e condlictor faye? Whéfein e fvd siites e O
soperposet oreddie 2016ther so that the layers intersect each other; and
edges ofdhei conduetaslayerase apposiie i eack sferavidrarunctional
Q%%C{eégg‘?g&?%%%%%'%ﬁé@sa&eﬁ%' *?n%{ﬁ%'af%&?“’é’e%}h%égge 104081 o 1o
above, said conductive layer is most preferably made of metals, and are

R thetfoFM-Sistrip oF riBBoR™ Adesrdingto thie fotmthidspect btHgoven into.
inventiohn thieee #pprovided afametiongl deviceotomprisingra strugtredal from

which apluralibn ehcenducier layers intgrsecy seagh-athgr with theiredges « : e
being jaid °€$8§§e 0 each other ."%'éhig predetermined functional materal )
baifng Taid betwden tiem. i the aspects of e first hrough the fobirth Y
Téntioh, metals, and are of the form of strip or ribbon. When
said functional device is, for example, a solar cell, said metal
layer is anocde electrode or cathode electrode, and said
non-metalic layer is made of semiconductor

According to the second aspect of the invention,

there is provided a functional device comprising a slice
having a periodic structure 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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said conductive layer is most preferably made of metals, and are of the
form of strip or ribbon. The thickness of said conductive layer is, typically,
more than 0.2 nm and less than 100nm or more than Thin and less than
[00nm, or more than 0.2nm and less than 60nm, and preferably more
than 0.2nm and less than 30nm. The width of non-metallic layer is,

typieadlys anore: tham <0 Liye andi less than-200uak ihtypicallyimargdhass the
Danmand. | %%@@%?Q%Eg%%%g”%%t%y&% Mt aspect ol the lvention, ; ;.
there Is provided a storage device formed from two slices each aving a
E‘éﬂS&iﬁ%td‘?@?ﬁa&aﬁgbfE:Bﬁdt}(?térdia%F‘“b?%@er.@z RS- under

100 nm Imthitknessoaned asdiéléctran dayer larget aythickrressdhanghe ferably
capducier layer miherginithe-dwg slices.are,sypesposed op each othel 5o

that thei?;/ceég iQItlers%%t %ceh %tgle]rr; egld esd estof tget onductor layer are
opposite to eac ,oﬁ'uer with a pre%le erm?r] functional iratefiaf b i'h%nlaid
betweert fife- @dyesPPiheEsbve, Saicotiulive iy is mospprefersbly:

st thecfoimeofistripiof ¢ibborp Tieathickpess of saisheansiictivg Jayeristersect
Lypieally, more thap ipp and @&aé@ag%ggeg}a%ﬂ%goé@%Q-%Hneaa% other

less than 60nm, and preferably' more than™0.2nm and less than 3onm.
hewidtPrdieiectit Ryer i irgenerdl, Rvté fidn 0 2nhi dnd Tt thahveen
goeum, typically, more than 0.2nm 22 and less than 50um. The recording

media is;fof exaples HasyatNG |ayer OF having Nana:bridgs StWGHHER Nt 1 on,

ssa?.wl..%mceo%%r\%aggyflCeljg’}}ggm? "yfn%sr%a%_gg é@taebnloryra(aRclkJeMzafTrkrégtals and
InNformation a urﬁ) stored ai € Crossmg point is read across a |agondl

fin€ (Rt orilg tHIBRhgest diagoRaPine bliPaRB folfled drhRifikes Bfagohataid
tines)y pataliel andsstmititanegiisbaread;onb and-access, whithdeadsdées than

faiteadoyt-Accordingta the sixth.aspedt of the yention, therg isy . 0. 2nm

grovided a ma ngtic storage device comprising at least two slices having
ﬂ?glfu

sensdic &t S TBrmRA%rBA AT SASHEBIPES e A ferfdHfiaghgtikessS than
Felyan,- whieeeinithehtvd slices e slibérpdsetbonieact pthier 3b tyat tivere than

tayersmintarsect €aChhan 200um, and typically more than 0.2nm and
less than 50um.

According to the fifth aspect of the invention,

there is provided 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 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 formof strip or ribbon. The thickness of said conductive
layer is, typically, more than Inm and less than 100nm, or more
than 0.2nm and less than 60nm, and preferably more than 0.2nm
and less than 30nm. The width of dielectric layer is, in general,

more than 0.2nm and less than 200um, typically, more than 0.2nm
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other; and 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. In the above, tunneling insulating layer and

ferromagnetic layer can be various materials, and said tunneling

insulating layer is for example A1203, said ferroelectric layer Co film. Said
dietectde layer andsteiroelectdc Jayes isi typicalys 04 aferm of strinamp1 e,
E'R%%ﬂ-a%ﬁ]%dﬂ%%?rthoersﬁ‘é%“tﬂ 43pset of thejovention, therg is provided
a solar cell comprising an anode and cathode ape&to have a spira

fRINERd S sdniiRoRBtSr 12ye? ARiPRetiarftAgn Shdihidh Rasd ormation
denerally platerfedns intthe aboves saigl semicondsicterslayet i eapabteietyonal
RRowelgetic sanversion, apd capbeariussmaterials as fong &8s iEiS1 ged or

ossible to,be rolled up to have a spiral structure. Typically, it is inorganic
%%?}r?aﬁs%h%ﬂoa{lsaagn liajrﬁl(?rrs)ac’)ug a‘siI;’llcftj‘)ine(]})l r 8Pg%n?cl Ir}r{%té:ﬁ%%g ° §3i5(:|ys gpd-out
edlficars besst any¥orh, kR dpicalyt 5§ cirqaar; etidngle, or hexagonal.

Anode _and @amgo_t@ @fcsaidléegisgwea)é}a@_‘@ﬁﬂ of St;r}_rboriﬂli_ﬁé@f’c-ion ,
According 19.the, gighth aspect of the invention, thereis provided a 5 <51 g

catalytic device comprising at least a slice having a periodic structure

formied o Bridtafie fay &t of Gvér BH nfCarfd thasr 18 Tifn v Figkhégem an
angaldielecttie 23 layer fatheradbove fdaid aetat layereissmadehef twp Bd,ices
kBt @pd:said dielgstriclayes imexdes suchas Hi02 apd 8i02. S8aidect each
mcek%%lgq Ia}_:)/neé'1 Is most preferably of the form of strip or ribbon. Said thin

IIM' 1S "deposited in plural with spacing to increase the area to be exposed
fRPERRBR Jdtan@iiBRkaice e EatdiftiCBivaractedistie. Aecordiiditie with

ainttuaspectiofdhe presentdmpention, dhere is providedadphotaelecttc nm in
E%_’l\éq{ﬁie?@sd%vé‘i%8°T£’£i8i”}9e§vpé@$o‘%ﬁ‘étﬂ? conversion layer formed

spiral or concentric” to have the general form of a plate and upon which
light is iHeideht FORP S HirethBR T e clifg e pirg, Taysr and

ferromagnetic layer can be various materials, and said
tunneling insulating layer is for example Al203, said
ferroelectric layer Co film. Said dielectric layer and
ferroelectric layer is, typically, of a formof strip or ribbon.

According to the seventh aspect of the invention,

there is provided a solar 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
photoelectric 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
silicon or organicmaterials. Said solar cell canbe of any form,
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
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
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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. Typically, first and
second electrodes are formed spiral or concentric with a photoelectric
conversion layer laid between them. Also, typically, at least one of the
fiesteard second electrodes, normally, at least the anode, is formed from

lural t L I . ther in.th
Ctecton o HAte INokr e Alco: call HGdA oA that o b % P

PhOtSEREICAN TN RetfyPthe HRStHRRSAE EBrverdibndaiRris 102 - Said
stepwise datgerdn waveberigthr rioem dhe ightintident surfdcetof theoplatébbon .
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electrodes i%formed from a plurality of eJCe.ctrodes grovi e% in %sitions

a,co . b }I! 10 as an

e area . e% expose TO eaci n g (o} ance the
corresponding to the steps of wavelengthincredase separately from each

offerlin the direedarseplattthickness. Typically, the photoelectric
conversior: tayef isya phe junction akapdype serteonsiveterfiimiantntion,

PeYPE semiconduetor filmy, Jihe-R-and. nyps semicondugior flms may Pes s ng

of either an inorganic or organic semiconductor. Typically, they are

fofhed fRONT SR st gaRItsrorgaRic SeffifcohQuBBI withse? LotpdsifisHit 1 ¢
praded’in theadireetion of platethicknesse IRypicalyd theobanddgdarbetviesrt 1s
the-puand Pft?’@ﬁ S@nailgq%tch ; i:grf@ %%fg@%ﬁﬁt??m‘%? @Eg/@;,

continuous rom.the light-incident sur otep te In,t ,
et L S Bt qsd st rically
SRt 88 Appropirat® Bat FESIFSiEAIRy SSBERESHitHin Wrafgeovet ©2 1n
wavand nders 18p i Alsod the thickness: ofitheyphatoelectrie eonversiot the

@yg{és alspsglected as appropriate but it is typically selected within a
range over 10 nm and ynder 100 nm. The photoelectric conversion layer

may be T8fEG ro¥r a® 4y cainy SEmitontuctor photodfetrsaed spiral
electroitenaysrcbeinglin 2ontaet wdthethe semicomdictoriphiotdeleetrode id
BAE@ SOUNtRITElecirnge peiRg in-eantact withithe eleciralyterlayigs first and
gg%%%%’ éqtehc%:\{:vgl gg?%%g}ﬂeaf?g?itg%ngﬁ%[éotlgrecae}!bgg? is formed from
a plurality of electrodes provided separately from each other
in the direction of plate thickness. Also, typically, incident
light that can be photoelectrically converted by the
photoelectric conversion layer is stepwise larger in wavelength
from the light-incident surface of the plate in the 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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electrolyte layer should preferably be a solid electrolyte layer. The solid
electrolyte layer may be formed by printing, coating or the like. The
semiconductor photoelectrode should typically be formed from a metal

oxide (anatase-type titanium oxide, for example) . Typically, the dye

carried by the semiconductor photoelectrode is varied in type direction
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ight,
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hans Hermake csaie deviee emit whiterlighe br widit-daler idistcband gap efayer

25rsaid devieasis ghanged-alangthe direstion perpengiculastoi@hece11. The
incipal pl id plate, cantinuo r.djgitally, step by step.
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fighteemittihgSayer have o dfdfiral b coRgentrie Eird@sdaly, printing,
tydallyg ab teasteonid gbsaidrfirst semsecondwetectrogd (smatedf splie should
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agéggbed,by‘the dye. More specifically, the dye carried by the

semiconductor photoelectrode is varied stepwise from a dye
which absorbs light of a short wavelength to a dye which absorbs
light of a long wavelength in the direction of plate thickness
from the light-incident surface of the plate. The
photoelectric conversion device may be in any form, but it is
typically circular, 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

sald device emit white light or multi~color light, band gap of
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direction or the direction perpendicular to (the principal plane of) said

plate. Typically, said light-emitting-layer is made of pn junction composed

of p-type and n-type semiconductors. Said p- and n-type semiconductor

can be either inorganic or organic in thickness direction of the plate, and

typically, having different band-gap along the width direction or the

ghregtitry perpendiduiardeSaitqplgte NEypically, tSaid pendgap iofsaid po (the
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more than I0nm and less than 100nm. P ems described above can be
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raspect obtheriheention) thieré ds provided @fpnctionsy device comprsingth of
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NcERFdity téﬁ@t@ém%%sﬁ@&rﬁ the iHe@nAtioA efess poditlesitaor second
anethodmianarufagturingea dinctionat deviee inclddinge finst stroatise amdsaid

i sgqandstruciie which - are coyplad ?EHEE%‘%‘Q%M%Q&%%‘EH@%M width

éc:omprlsm%5 forming the third structure to have an anisotropic

bhfiguratidn®forfmig the" Sédord stridt e to v an Sﬂusé%ﬁucpﬂnmpal
R:béfillﬁgu@éﬂo@aé@omllﬁ@fo alpredeterinined gliobal ¥alet agd iforiiny fhever is
rislesGiure by deca)intesastiond Aecp tdi@@ todhe thitegihsaspedeiithe ors .
nve tion, thgre |st%?wdggn% ncg %bs%/s em u}glngeaxt_l.[llncﬁlong q:ew%(-;:w or
|c ﬁ)ncluéles af structure orme Ioca interaction Wlth in-pl

%5@§3m9 éﬁaﬁﬂ&ﬁ%ﬁﬁ§§e&HﬁFCtlon of the plate, and typlcally,
having different band-gap along the width direction or the

direction perpendicular tosaidplate. Typically, said band-gap
of said p-, and n-type semiconductor changes continuocusly oxr
digitally step by step along the width direction or the
direction perpendicular to (the principal plane of) the plate.
The thickness of said first and second electrode 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
is 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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structure formed by a predetermined global rule with out-of-plane
causality; and a third structure having an anisotropic configuration and
coupling the first and second structures. In the eleventh, twelfth, and the
thirteenth aspects of the invention, the first structure, for example, is
formed by autonomous dispersion type interaction, the second structure
is formedaccoiding to atpredetesmindd glopakdesign tile, and <he thiig

structurg, comprises-a flatplane pra spheseahplane,haying aperiedically o )

laminated anjsotropic caonfiguration, i.e. having alternating heferolayers. |
RE vl S HES P irbie 1o R BTGt <Aoo B Wi ch
fteractionl @ secondistritureds forhfeddecurdingttoze predateriie :
global designyle; adithe third strueture-Ccomprisesa plurality of planesc
ég%:gﬁgxiﬂ tcirggs;ing relation. According to the fourteenth aspect of the
invention, there is provided a functional device comprising: an isotropic

first stirtilire® whith IR R projectsd rthelStritatia ésnfiitiotisiy: ' c
anrsdirgpicasecondestructdrenin whicke timeside projected dn thieostalcturele; and
d ISCO ”E%%li‘ﬁ{isrbéi _aé}%a_ #hird; tStréJ@M_@ ‘!@1\!@93? F’@H@Q'Palﬂ%l?é’%'é‘éﬁ%n .
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inventisher hieré B Ravided sanfethed 6P rahufaettpfgus furgtipnainctional
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equpled via g third sfruchurg, compsind: forming e third §5r19%8%§§ dOsecond
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sAgggrgtirlllgréost.he sixteenth aspect of the invention,

In the eleventh, twelfth, and the thirteenth aspects of
the invention, the first structure, for example, is formed by
autonomous dispersion type interaction, the second structure
is formed according to a predetermined global design rule, and
the third structure comprises a flat plane or a spherical plane
having a periodically 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 heterclayers and coupling the

first and second structures.
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there is provided a functional system using a functional device which
includes: an isotropic first structure in which time is projected
continuously; an anisotropic second structure in which time is projected
discontinuously; and a third structure having a periodically laminated
anisotropic configuration or alternating heterolaye.rs and coupling the

first anblcsecondsiructureselnfthétfearteanths fiteanth Andmsixteentint ion,

aspectg;of the ; lnvention sihe third Striciure; 1oL £xample, COMPTISeSAct ional

lurality of planes stacked in a crossing relation, each having "a ,
JEH bt (AN AE b SbTiopic EBRTUL BB hAC Projagting thssuTe which
2OAtIMEOUBhE theanaplahe ditection Alcebrding ' EHel seévehiteenth aspect
of the invention; thereis pravidad-adwnctionabdewee campsising ehopic

Esgﬁrg%&@r 1 structure in which time is projected in the structure
continuously; an anisotropic second structure in which time is projected

disconfifGBUSY; &itfar AniEstropic HhFdEfulttrd MAshich titre e tropLc
projédtedcontionolslyvand reduplimgl theofirst and sécondtstrictoreSi guration

Acserding o, theseightegnth aspect of the invention, there is provided a

metho% of manuf% turir%g a funcgiconal devicecin luding a first structure
orm%ﬂ% e ﬁsE 3 ructqﬁﬁ <3C%%%$ an 1sotroplc
and a second structure which are coupled via a third structure,

eempkigine? R8Ioriing tHecthifd Bruétaire 1o avé o anisbirepienfiguration
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forming the second structyre to;have an anisqtropic Senfiguration in which

time is projected in the configuration discontinuously; and forming the first

structur& 5 fiave & BRIt Tonfigtratiifih wHithe o projected it tonal
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inveationptheye dequavidad a funcliopal systemsusing gifunctiopakdevice-t ure
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structure having a periodically laminated anisotropic
configuration or alternating heterolayers and coupling the
first and second structures.

In the fourteenth, fifteenth and sixteenth aspects of the
invention, the third 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 continuocusly; an anisotropic second structure in
which time is projected discontinuously; and an anisotropic
third structure in which time is projected continucusly 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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structure in which time is projected in the structure discontinuously; and

an anisotropic third structure in which time is projected in the structure
continuously, coupling the first and second structures. In the seventeenth,
eighteenth and nineteenth aspects of the invention, the third structure, for
example, is composed of at least two anisotropic two-dimensional
structdiesnin wghicth ginté isrgrojécted tontintoushainetheringplare tirestion,
ik thereby resovers.pseude isptrapy. Aceoeding o the twentigthraspecition

of the inventi?nL Lhere is provided a functional device comprising: a first
CS(%D NUuoMUS

ructure otmgd by a bottom-up process; a second structure formed by a
top-dovi Bictessand agsatibdically Famifaté® dmMsGradic MifcStractare”
ccoupligg the fiest and sadaend tstrecture s rAcooading tortheltwentyrfilsfuration

Qqsyggﬁggmgoigggrﬁorbn@ere is provided a method of manufacturing a
functional device mcludj?i% a first structure and a second structure which

are coupidiVid a-third strutturd” EBMpFisigt forfing tie’ thirdSthidtdre to
dvavelgiteraativer Hetevdlagérs; forming thecsecohdStiuctbhetepadé anration
ANHSAFERIG Hya. top-down process; and 29 forming the first structure by a
bottorpup progess: Acsarding Jo dne entysseqond aspectofiies on, there
invention, there is provi ed a functiona system using a functiona é]ewce .
WhidPheRRR Salffet5ttitare FEMEd B3 4 BBtRMWIS proveds; dgy 1 ce which
ianidotdeEc secorid structuie farined-bys atop-down process dh whicle tirne

Js prajected inthe, structurediscontinyouslys .and,alternatingly « ropic second
heterol?%yered third structure coupling the first §nd second structqcr[es. In

thé twertigth twdfity fitst-amt twienty-s8e6nd a8pedts "6 thd ihviition:

ntion, the
dikstestrictmeg forlexaraplé, i foriend by erbettém i prdcess g snwhich
selfzorganization: the seconde shueture is-andategialed €¥ Tyl (Suelbasng the
Semiconductor integrated circyis gr the like) formed by a top-down
moce%%_the seventeenth, eighteenth and nineteenth aspects of
the invention, the third structure, for example, 1s composed
of at least two anisotropic two-dimensional structures in which
time is projected continuously in the in-plane direction, and
thereby recovers pseudo isotropy.

According to the twentieth aspect 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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and the third structure is composed of a plurality of anisotropic
two-dimensional structures in which time is projected in the structure
continuously in the in-plane direction, and thereby recovers pseudo
isotropy. According to the twenty-third aspect of the invention, there is
provided a functional device comprising: a first structure having
self-sifmilarifyngr & fractal.rstructtice] @t secordystaudtotetionfonn af apcess .

integrated cirguit Jormed y a Jfopdovw processspad 8 thirdistelctureention,
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According to the twenty-third aspect of the invention,
there is provided a functional device comprising: a first
structure having self-similarity or a fractal structure; a
second structure in form of an integrated circuit formed by a
top-down process; and a third structure having alternatingly
heterolayered anisotropic configuration and coupling the first
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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two thin pieces each having an alternatingly heterolayered configuration

of conductive lavers, each having a thickness in the range from 0.2 nm to

6C rim, more preferably in the range from 0.2 rim to 30 nm, and typically

in the order of 1-10 rim, and dielectric layers, each having a thickness in

the range from 0.2 rim to 50 pm, typically in the range from 0.2 rim to 600

aay iardvmord typicallylasthe drides of di0A00tmesuch that sha yetsilarity

gross each-other.ckhe apisotropig structurgs may,havs-gither a-single ¢ .,
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pluralty,of dpieragons of Bysica: phepemena e el n BRIS 108 <.,
each other, and serving as a host concerrﬁ[ng a remarl%e Interaction or

PRYSICAISpIENOMENSA “RATHIER a SéeBndihost stibstsice orrdspondifeol e
tovarriess (sachlasratbiris/or fmolecidesy chataetetized rslowiinteraelianion,

ok thﬂg@iﬁeeagm@p@@ﬂ%gi@pﬁ@efd diserete by Adfirshihastsubstance.
COQ’?%D%I}dIQg é(r)l carriers gfsrlljcg as elec ronst)cch,aracterlzéed in quick .
interaction time of physica pﬁeﬁomenon ime in th&'ordér’” ¢t £ {o” ctor
Hi seH8 TR exaRIé Hrorh:2 9182600 nm) 31 In this case, at least

one portionof thedirsthostsubsianes;-for examples caupled thaninvention,

arRiteary position | _"}%%S?H@%%%8%?@3&%%(}8&&‘%}91@5@? gzgt least

line or curve enC|rcI|ng the system, or it Is exposed. In case of usin

Fasetitivetamifioh SAcohdiRive Jayets ahcdisretidayelstee dirgred
stroctugedigleetrio layersiinodontact with conderetivetlayersatoppasiteress in

€Rds maydereitheridentiealos different inpawre Joatypical example, @ange
fecono# sgucture inn%%rm of an integ};at.ed ircuit (like a semiconductor
e

negrated Uity mandiien 88 by Popdown brodess Huptds foral 10 nm
BMBIhELGH bf & fikSSrfture BRd A THIFE stridtliFd-wh 2 Jinddk Dreived rom

one-gimensignalistyuetse existing alonrg anedge-ofthen 0.2 nm to 600 nm,
andmore typically in the order of 10~100 nm, such that the layers
cross each other.

The anisotropic structures may have either a single
spatial frequency or a plurality of spatial frequencies.
Further, each anisotropic structure is a system of substance
including 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

cf 1 nm to 100 nm scale (for example, from 0.2 nm to 600 nm).
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combination as an interface region. According to the twenty-sixth aspect

of the invention, there is provided a functional material made by stacking

at least three layers of third structures defined in the eleventh, fourteenth,

seventeenth, twentieth and twenty-third aspects of the invention.

According to the twenty-seventh aspect of the invention, there is provided
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TCRUE R (fayers cross each 51 er anldredgeg oOf the Eénductive ric
m%aré@pp@@éa% Each otiserdAcEdrting 3 tHeshiéngPFIAth.Asp &t &F may
the wyventen,itheteisprovided a fifectional materahcemprising a

structuye, fgafé%;/c%%c'@%ﬂ};he@ﬂ wa thip pieces eachBRING A o of an

periodical lamination of strip-shaped conductive layers and dielectric 32

{dyere §6€|‘?ﬂ1§ﬁﬁ81§é§er§]€r5§s BatRbthErahtrEdded BF e Toftutive 1t
isyers are-opposed to éagh-dihen. Accoreling to trel thirtiethaasped bhtielon of

invention, dhere- s prowdedsa functional device comprising i laminationQfrved
at Ie%st two thln plfce%each havin g a g?rlodlcal Iamlnated of the
conflgura? ion of conddic |veclayers each having a thickness M gtﬁe rang
floRPO N2 hiPto 66 nd, dritk-Giefetfifc [8§8i®ach having a thickness

larger thandhe thigkness ateachesaid-conduntives payer, suchtthat therention,
layers cross.each giher.andedaes of the, condpctive. layers ase Grﬂﬁoss@gcklng

to each other. According to the thirty-first aspect of the inventjon

ere |
BloviG&T & fimctidhat MAtefalcdontpbrisify A& iatonS of S 1EASFwd thh 2‘
pikces®Eath fiaving sepdiiodicalieamminatéd twentieth and twenty-third

aspects of the invention.

According to the twenty-seventh aspect of the invention,

there is provided a functional material made by stacking
at least two layers of laminations each including a first
structure and a third structure defined in the eleventh,
fourteenth, seventeenth, 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 two 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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configuration of conductive layers, each having a thickness in the range
from 0.2 nm to 60 nm, and dielectric layers, each having a thickness
larger than the thickness of each said conductive layer, such that the
layers cross each other and edges of the conductive layers are opposed
to each other. In the thirtieth and thirty-first aspects of the invention,

thigknesssel-eacmeenductivespyekisdyeterablydn Hiamngetiosug<snBr the

d thickness of each dielectric layer is erally in the range
%oogngg%%ﬁ?etoq; etr% and t ﬁé/7 |gaIF %Itk%e rz%/ng(;h f%?cnrh(? 2im to 50 m.

Accordii§ 5 thethifty-<etd é§§éﬁ%¢tﬁé%ﬁ’eﬁﬁb@1 Ehefesgitovided &here
functiorral device domptisingah dswsotropiosisudtsiewhich dsarsystern off at

suhstaneg inaluding differant kinds of carriersavhich are different iaminated

char, cterlstlc time f%]gro%a ation of interaction at least one digit, for

%%ml e Ake® arogeo a piLTalis of htefae gn% o PR Sichl ckness in
bhéﬁtﬁrﬁ@@afdiﬁ@rent%@mamréqr@m aachdthére andisehdns as ahosh having
gobnenwng ademarked interactins arphysicakphefomenons dn wheihduct ive

§s9/%r}d hgékﬁuéﬁga@%%h%%gegge%;égga@ﬁr%%&%g y%'gges of the

henomenon is dispersed discrete by a first host substance characterized

W&&%Eﬁﬁt%?a&i%ﬁﬁﬁﬁe BF PhyBIRALSENIM &R tifftd fthe order of | nm
to 100Aeecscaientp makeasbulk sizey 381Actordiagdo the thitty¢hiichvention,

aspeet obthe iventan: thereds pravided:a ﬂeéhogd?ttgﬂéglifﬁ&tﬁnf&ﬁnatlon
fuInc%oTal d%vgcce "]c%Ud'né’ .an anisotr ORIC structure S 3[%( em of fed
ubstance |nclud|ng different Kinds o?%arrlers Which aré “differer aminate

ERafacteYIdie thReT6r ProsagHtibrcof Msrastion 2BY: dt 34t drie dhderkaess in
magpiudess tosrexarnple, and take charge ief aepturalitylcfintesaciions Ofaving

QWE@@kH'&%@O’I@PS&ﬁ‘E% innatlyg from.each pther, ﬁ‘”ga%ed"é?‘&q%%ét ive

host concernlngga remarked interaction or physical phenomenon In which

L%6EEbNd> 158t SEdtahfE chaYsdi8rized ﬁ?s%Wr’ﬁt&%%ﬁSn%?%iﬁg%%? of the
phedorienon i dispessedrdiscrete by first hestrsubsteace characterized

in quick.interaction time of Rhysigakphenomenans timgstheorder ehl
QQ%%%%QQJF“ %@ﬁgéﬁ%kgfiggé Sgonductlve layer is preferably in
the range from 0.2 nm to 30 nm, and thickness of each dielectric
layer is generally in the range from 0.2 nm to 200 pum and
typically in the range from 0.2 nm to 50 um.

According to the thirty-second aspect of the invention,

there is provided a functional device comprising 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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According to the thirty-fourth aspect of the invention, there is provided a
functional system using a functional device including 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 order of magnitudes, for example, and take

chargé aferplurgity of interactions pr physical phenomena differentviention,

nature-frameeach 89’@&@%@1 5§%@9k§>%%‘@%§9@§%@&n\ﬂc§nr@?@af‘ﬁﬁg:t ional
Anteraction o%gggsical henomenon, in Whjcch a ggc]::oenthO% substance

ViC 1lncC &l anisotroplc .SL,ru W C. s a. s tem of
characterize | n sf%)%v'ln erac]mon or Bhyspal pﬁenomenon IS disperséﬁ
DisEref by alfitstitvost 3tibstahte r eRdrakiarized It qorKiARFaCtiBh tineare
O physieat phenamenen ctimedn theiardercaf b rom 405300 sincscaletoraction

wpake ahulk size. 1 dhs. t&ﬂ?%‘é’gﬂ%@&&é@”ﬂ%é@a@é@f&sé’ﬁg‘ﬁa ke charge

invention, the description made in conjuncfion with the” eleventh to

Hvéh B it aspetts b thE ThvsHtion S Q5P BPpiicbleRo theBRignd 1 fferent
iconsistemewith eheie @aaturesh Eurthendnghe elsventls te thivtyfourthcerning a
Rspesieef the: dventionnthe dascaption mads, brheenuncionwith-the fiksslcong
{atenth aspects of the nvention s also applicable to the extent gonsigtent .\
with thelr natures. Accoréllng?o §iilS mventionchavmg the conlflguraffoﬁ Y
pRirafized absvel itRPoxhIe 16 easihrintsgrateta f6p-dbRnt 38 dystemice
@angra botom=ep Syistem whichthavedieesnrdiffieuwlt to sitiegrate hesetofaresnon

PYEoURling,a firstsiruciyre fopmed by, local intetaction and aseconth . <4 ze

structure formed according to a predetermined global rule with a third

structdre Hvitg dn “anisBfopit donfighfation’ TheRaboveVariols devieas o
dantise ipradueed dth a Righoyieldn asingy ehlgra wevebckednunit orridanevice
NLSKSieNy aceording do4Be presentuavantionwhich wilkbg degsebed o
Ihistremt. Als6Raccording s the thirfRfftraspeercrthe preskrtr teraction
drvention shese s provdedfancigan tniténclutingexample, 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 characterized in slow interaction or physical
phenomenon is dispersed discrete by a first host substance
characterized in gquick interaction time or physical 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 configuration

summarized above, it is possible to easily integrate a top-down
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a work chamber that can be kept as a clean environment; and connectors
provided at at least the back, Lop and bottom of the work chamber and at

at least one of opposite lateral sides of the work chamber, respectively.
Where the connectors of the work chamber are to be provided, at the

back, top or bottom and at one of two lateral sides is appropriately

selected depenrding tipen-how thesclean units @te novee dispased fWacarlt to
fhreesdimensionally,, Ee&sxaw'so@ﬁﬁﬁegt%e ﬂ%‘t“@'&%é&%%@"%gxﬁ%d by

a horizontal plane, the connectors should preferably be provided at th

HacR Janjd“&&ﬁafé‘fér%]i‘sﬁ:%% SF (RETHAIR c%‘é?ﬁb%‘?%?nér%ﬁ@&‘?héﬁ%%ﬁ%ﬁflg to
of ramrirection forcah implove dritebébitity tof @ clelahnshitsysternuda thisving an
£a56 0% i@gh@f thregr clgandits;can be connected to the back and both

lateral sides _of one clean unit.,Also, in. case the clean units are dispos
e B L e poR Yie1d
%&BE bBttdM %rféoﬁcﬁfﬂ I&@ef?élnslb}é‘étre%e&}r\?eﬂ? OFthé v@dfﬁ‘%:ﬁén%‘é?%qu
nctease the freedom af connectionHor ahlimproved flékibiitye dba cle@iamely,

e@g@s%t%el@%e&eee fitotal of threg clean, unjts,can be connecied o a1 6

q m and bath lateral fldes of one cleﬁn unit. Generally, the
connector as%lﬁ 16% Hllﬁﬁlfo%ngd i ﬁ?eewﬁﬁ%fﬁ% wak"&»?aFﬁ%BSFand a

shield platgo35asrevidetnte bperantiticdevtheidgeningrFhé sticidiplateesent
mayebasigally be any one as long as it can open and close the opening

but it is typically;a sliding door, ot hinded dogr, The shield, plate may be

adapted for manual operation or for automatic  operation. In the latter
case, a%e"ﬁ%B?‘sﬁEﬁ &F photserbr AfalyBetinktalfe iR fewsaament
zhdmber to detect access of the operator's hand or a workpiece and a

shield plaje.qperating Jpecharism alse:beqyrovidad. When th@cﬁ?%’%% bottom
dﬁ ects whe]g the “tgband or workplgcje comes clos thereto gttgtits the
is

d pVa?e opera n%rrﬁe]c anisii into" actlonefo ope %?% ose tiie sﬁleiLdSldeS

pfatehAISeqn khishaseca cohvepatdel MeElanism such as a belt
conveyorehay: fiisthenbe providestinsidedbewerls ehamberda LBy aovided,

3%”%8@9&§§?We€8§h8fﬂﬂgﬁ¥%h?QQ8X56”5W%W§¥ktwo lateral sides is
appropriately selected depending upon how the clean units are
to be disposed two- or three~dimensionally. For example, in
case the clean units are disposed in a horizontal plane, the
connectors should preferably be provided at 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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chamber. When the sensor detects when the workpiece is carried by the
conveyance mechanism to near the exit, it puts the shield plate operating
mechanism into action to operate the shield plate. Also, a sealing material
such as a gasket may be provided on the shield plate or work chamber

wall to increase the airtightness of the work chamber when shielded by
theshiekt plateoie cased chemicat procgssy themicallreastidr, lotystedte may

PEQwth, Pi0 DEACcESS, SIC. are 10.he carried out i aclean emviropment. then i ng
work chamber |s_tg C IIy@rodecif with an exhaust duct and a pas

ve ,
Rkt filter Rith¥o ef, wiFith eVePdeBéndd Upsh ﬁgﬁ/vonﬁ%? shield
picdesshis Yo be doterinate fworkieiaimBercTheaxhanstdudtandedisimatic
dfer-areitypicallyninstalied i an uppes portioarf dhe uark chambsfolioBishsor
ﬁ%?ebéh.elﬁ'se%l‘i%'si armally,qf an englo %%&g’&tot‘%h@*e‘é‘eo&evaeéc@‘é*s of
resent invention is not limited. On the other han , I case a

\g)aﬁ-a&&ﬁﬁ:%?56&@@@%@%&5&&%@%&@%@&& Pofad uragsating
peatiemicrosedpe, inspection oedsseiiidinglfor example)ds taried euen the

inuthe werkshamber, the fattetis, twically-provided With a the shield plate
ressure-control Y}entl.lator ang an agtive stJ[St filter with a blower (H{EPAh' 1d
ifter or ULBATiter S 1?‘c%rsénxalrﬁpI%) ?‘f/pij(:gﬁy, Re dustiilter is p?os\ﬁded in the"©

BppéLportorsef Hietdrk ERa&Mbet, Whileathieventilaeh KirsSBeca [dwes & belt

porionyefthaside walof the wosk ekamber.in 4hisecases the eleathuiibisr to

porpally;of an QE%EB%F’%&WQ&@ the Prassye, nside the wark chamber

Is controlled by the ventilator, to which however the present invention is

ABEMRREd. 1M iR BIhE PredslfEEsntioPTehtiatP thersare +5 carried
provided: i tey wiore chamhiserimoré thanone oe tawiHoles throtghtikichh ie ld
ls@&k&r@hwg@%&m?lik%gﬁ%m%I%%Mfﬁ&g@@ﬂhefaége?@y@eﬂ@esme1d
WOrK champer IS adapted. to guige a gas flowing out from there to an .
RUESfebr OV ERTotes VoI AR AIeH APk oy 16 DR el e o hs ovided
frilettdfehe abave dsefitero Futter, & exhadstiet commidhicaiPwithe

therautgiten atmosphere=should pratatakly beheonnected tetheogdsoreshield
5@%)@ remover to adsorb harmful particles or to remove harmful

In case a chemical process, chemical reaction, crystal
growth, bio process, etc. are to be carried out in a clean
environment, the work chamber is typically provided with an
exhaust duct and a passive dust filter with no blower, which
however depends upon what work or process is to be done in the
work chamber. The exhaust duct and dust filter are typically
installed in an upper portion of the work chamber. 1In this 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) 1s 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

36



gas included in the atmosphere, and then release the atmosphere thus
cleaned to outside. Thus, the work chamber can be used for a bio
process (cell culture, cell fusion, gene recombination, plant breeding,
transformation or the like), chemical process or the like accompanied by
generation of harmful particles or harmful gas. Also, the work chamber
_awaxbbs adapted &ég@idﬁ:r{ees%meflt?\aing Qut ttlsnﬁ(;we;i??)@ ¥entilator to the this
t of the active dust filter, where same dust filter can . .
onterably mherove the e L o thetofk ohkHher st “hich the

pretarabhy for heimphGvia cle SRR Tof the Wtk Chafthey the werk:11lator,
thamberis adapted forguidingealkthe gasfiowingout 408pfromitheted. In

yeptilatorot the workk-chamber tofhe injetof the agtive dustfilter, which .+ 504

however is n%t al a&s required. Tge cleanliness of the work chamber can
Wo I
88 B0

sfte&tivel S eV HEEIGnIIARthR Wtk eHEmBS: o quntd pat+ch
o get Fiswingrest gas 9 the infet eftthetactve dest filterorTypitaths drhe case
altigbtlubeiscannrectad-giractlyito theanorkichangberand ajse te1heing out
[ 0 ctiv st filter. ircul s.and assure.th

g%%’%h%r@%é%ogtﬁeg\%o%lgéc%]%rr?t%erg guagb%% gés%gm Srlhnegwgi)cl;lig%I‘qur‘tn %rﬁg rbon or

brovidéd withRFork§ovES asHpprapidte O FhE Work eloves &t Horimadiyer -
Provided: ,in dine frent pertionust the wvarki chaabendl hel cleanhumitdstfor de

SXamPIs a-BaARgTRChNOlNgYHIPSESS, FURiLARRICIRChNOIOGYHRIOSESS rhe
it, which are usable fo varg)%s xpnrlt%%elsses. Alsq, the clean unit is, for

unit,
%Qaé}%fe,r gnc]lcr)gfircle%na Sr?éﬂ glove box 't the fike, oov%h%c%l?%@\?é" eﬁ%ﬁmfﬂ
presemanveifiba Nis A6t fifMedPThE vork chamberiot kedleantisit shapbehere
irhanry oheseletted fsamsvatdQusimrms astapproprate: MemespecHically, used

%fgrﬁhé‘w&ee@ée?@lgl“@ﬁ%@@'owfﬂ 9ﬁg§%%’,n§%q{@egecombination,
rectangular parallelopiped or cube, sphere, hemisphere, ellipse, cylinder

B RS S84<iEly, the MRE AT bhe O5t tHeSwbH EBRanfbiepTs €21 process
apprdridtekedesigneg 1o htsbttan deteaded purpose hRaontheloperatarabes or

he abieito gHfact varieus, kinds obwerk(eanying el BEOCRSSp KNG guide
QK%”%EE”%TE%%%& out through the ventilator to the inlet of the
active dust filter, whereby the same dust filter can
considerably improve the cleanliness of the work chamber. Most
preferably for the improved cleanliness of the work chamber,
the work chamber is adapted for guiding all the gas flowing out
{(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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as cleaning, etc. ) inside the work chamber with a pair of gloves on, for
example, the work-chamber internal volume should desirably be such that
the operator's hand inserted from outside the work can desirably reach
almost all corners of the entire working space in the work chamber.
Generally, a dimension of less than 1 m and larger than 30 cm is selected

for:all theywidth, - height and-depthLf theiworlghamber NesBalyrar various

s§loeé:tesdssi§e of the work chamber, if too small, will possibly prevent the
%peraﬁor from making any work smoothly. In case work can be done
without Ara§ihg t&:msere fietHard FomfGutsidé ielfork Ehahtbef lforn Pench,
eXxampledn casecthe watkegan beveffetied cautomaticallypoeimecase avention
workpi.ece;ig carried while being contained in the clean unit, the work
chamber may be designed smaller. The work chamber may be formed lected
from a piéfe SRAFeT 1atd miterfal 6Pa balldoh-ERZpad sOrtmaiehg Setecte
Depending wipdrf anitertedpueposes becomPactapparitiis onayhe the form
asgomeedated insidastherclpar uniteMeopa padicslarly.ibe apparatusds,
for cecxa";‘l%“g%'ﬁla%”w?% o{ ¥‘i‘%§‘ﬁ> RIPCESS Ui ,Wksr‘#%?@e"%@ ,b%%%%cér@%?g Y
detall later, lapping apparatus, “analyzer rér%ptl_cal icroscope, scannin
Brobefierdstopa{SPMY Sith &S 'Escarififig efetction Micrastope(SEMY - e
of atdrricWorce ahieraseape AEM)); spadtor apparddss, gnierochemicalt an
§}ﬁtgﬂhe%8p@l%%%r@.m'% %@6;%99%'6@ %Q%%Hi’ee@@gf ect various
Egﬁ%ratu : %I’Oﬁvth a%g?ratus, wotrkln aggaratus, stgr.lllzea,1 art{cle fri!ter, ch
icrali m é?)urég, (o} l[:)rbl%r%?us,af d pr%géo’ésénrft |ﬁ§8ec ion a.%rp}gra?ﬁs,su
davelerathénike. Fof bleédinge celleor praht isaaaiicialdiy Rt Bedcet gloves
shouldqretarably e, a dight-esiiting-diade or semiconductaerlaser afould
wbicd i, oRsetmhallye’ e wilth s 985 INA0 80 MM SReCl s s e
ulse-driven semiconductor laser Is used as the artificial light source. ,
1o, e raing 1B%fRe TRy Sixfradbett Bf e fresertimGention, thete &1t 17e
proviidedsasgleare unit Sylstemdormedandre a. pl@ratitreflclean anitsreachion of
hawng a wotkchambes that:caRan 30 cm is selected for all the width,
height and depth of the work chamber. Normally, a selected size
of the work chamber, if too small, will possibly prevent the
operator from making any work smoothly. In case work can be
done without having to insert the hand from outside the work
chamber, for example, in case the work can be effected
automatically, or in case a workpiece 1is carried 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 material.

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 systemn,
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be kept as a clean environment and which are connected to each other,

at least one of the plurality of clean units including: a work chamber that

can be kept as a clean environment; and connectors provided 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 the above clean
minitsystem,ieach of thet plurakityof scleanagnitsrmay inclederaiwgrkpparatus,

&Pémbf?r dhatcan-he keptasagleap eavirenmentand §9@Q%g9r5ﬁart icle
rqvided at at .I%ast one of the back, top %r%d bottom of the work chamber

aﬁ taﬁra’t %55 one g hlell% ol SidESof eoﬁgrlﬁac%aa%érﬁ%g e%fi\cfglefl,ssor’
brshePlheiitbPeleah whitsdhay heltidé kegethle the Elwarb Leitd bighe cell
aboyeanentioned ypeiaideanvantignal sleansmitshwhich garkberably be a

connected.anly harizantally goreg%m@hgﬁ-dm%slfaﬂa@é&syé%ewic _the

connected, for example, alon ne that Is a non-single line, zigzag line,
YRRl BF Hytizbntsd Jz}tfzaﬁli%w 1 of BrahehS of 03P, éﬁdWmi§WeClally' a
rfdremeahtioned configurationcAgqart efsthe cleaniarit systenhordmeificial
whole system-has the aforementioned configuration. In the above the

configuration of zi za%yne has telaegﬁtiq:nce ben%ta]nd Erefecrabgy more
-S

than two ents: T T has ore bends it is Aotonty ap &Cbuf)alécohg present
beRtHot @k right angle. Thus, 39 for example, when it has two bends, it
can haveha sbape like-c'dEhHe destaption.on theszigzag configwationom a

§¥ﬂ§g?@deo@o@§égﬁﬂﬁhég§agggﬂﬁg%%@ﬂg] Sﬁggﬁdéﬁﬁ%ﬁegh%hat can

explanation of the clean unit according to the g%-fifth aspect of the

PFesEMiinv8ntionis WS IS VAT IRE dae ddal thiSncRIdiss ASibike each
chamberahat ean beokept Asaclpam epvitonmehnt ahdaconmectersincluding:

provided at ¢ keastonse of the bagkqtop.and pettom of theswark ghambehent ;
and at at least one of the lateral sides of the work chamber, respectively.

1?‘so, according to the thirty-seventh aspect of the present invention, there
is providedBRIEAT SN Y E Rt forhied Frorf S plarsity 6f elearPafits eaep and
bavingra sorkichamber thatoarr and at at least one of the lateral

sides of the work chamber, respectively.

In the above clean unit system, each of the plurality of
clean units may include a work chamber that can be kept as a
clean environment and connectors provided 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, 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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be kept as a clean environment 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. According to the thirty-eighth aspect of the present invention, there is
provided a clean unit system formed from a plurality of clean units each
having:aawplke chamber thatcan bekeptass cleanenvingamen afthpe 1ike

W(W‘C.h %%CSQQ:EEIflSéQ &?% qyﬂ%r ﬂ!_:]ezaa% 0&%@5@%&%@% %tt%l%%@{ above

units_having: plurality of connectors that connects said clean units of

WhICH wotkpielEs Gb9R Hhd<BHe SUEAL PRNTaRGHE R Afgiethot

equal tolZzeroaww bnealiundred Ridgiity degrees. wictording tactheng to the

Hﬂritwiffﬂlﬁ%@%%%ﬁ&%%ﬁ%mef i@imi@ﬂ%th%f@éﬁffgﬂdﬁg @%?@rrlwaéé with
Sle ormed 1rrom a urality.o ean units eac avin OIK chambper.

?h%a? 0%10%% l%gﬁae{ls a'clean %%%/ﬁf% ment a%%rwhfghaénr\%egjﬁcr%%%eg ) e kept

RACh BilfH R TAst OMeST the plufify 6FEIean Wiikvihelading: atldgsst one

onetadjaventpair amitsnafl wbichcsampleshgonb and-eemeeautatiaagleofleast

pinety degige aratan angledhat isnof ggugl 19 zero per.gne-hundeed: 5 e 4
eighty degrees. Accordl%%éo the fortieth aspect of the present 4

0
invention; $RereiS Prodidtd a-cle&f Tinit SyStehy FSiREfomSPRttalfy of e
eleapanitsigacdiitaving a work chamber that can be kept as a clean

environmgat-and whieh areannected i eaeh Othek the plesality of clean a
ni ing conhected in zigz configuration so that the whole,syst
S T el Fl07ed SO RO 0 e AR Mo can

RSty fiRdt S5EctoftRE redentiiventionRthérelis providedoaBrRaRthito each
system, forimeddtameaal plyratity aof lokean units eatlehaving@werk-elthmber:he

that £ag,be kephas @ clean environment and which.arg copnected (o, i gzag
pach other. at least one part of the plurality of,clean upits being

According to the thirty-eighth 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 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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connected in a loop. According to the forty-second 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, the plurality of clean
units having plural kinds of units being connected in a mosaic
cantiguwratan. The plurality of clean units includes, for example, a dratft,

clean bench, glave hox and the !ikecl\’é!!a‘lﬁ“ﬁtf,@“%%?cé%c%§%n%ﬁafrom a

process to be effected, the plurality of clean units includes a chemical

Protess nit, AbnSdifethical proteSs thit? Bid Procesiiit sRaTRE fikéhat can
Semewf the plurality of eteaihnr anite incladed win the 1clean gt systeatintay each
berdisposedte.farss ailegpoforexamplen According i the fastyrthirdi n z1gzag
aspectof e present. invention, there is proyided.a cleanunit system, . g 4
ormed from a pn[ura ity of clean units each aving a work chamber that

Rafehe képt as B cfearsBaviforii&/t-and which are connected to each
other, atleastdne pattcofithe plisratity-of Clesn unitssheing fcanregted seat
loop.sq that repeated process in a total. process flow can be handled in
the loop reé){%ate,dly. 41 According to_the forty-fourth aspect of the present

Dete 1< pRovided & device 1aBficaibh matiod dsing Thesh Uh™ 2

invenﬁoﬁ,
Bystemformefrorea plurality of ciedn biits egclk having ahwokkechdrbér can

thateanbekeptasaclean envirenentandyvhieh are-copReEedda to each
SRF0 other, atleast ong part,of the _E'H[aa"txu%f 1330 UK, NRYING, 5 4 5 peing
compact equipments/machines inside tl‘%mse?ves,%elng connected in

Zi)7ag & IGbpL&Gtitiguration so that repeated process in a total
processAftove redimioe handled if dhre: loopeenatlingsmaintparf ot whoterefsent
the, Aregess flow to be done in a self-contained manner. In the above, the

devices are, for example, s ngjicondtictor devices, bio-devices,
bic-elecf AR devids o%héae 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, the plurality of clean units having plural kinds of units
being connected in a mosaic configuration.

The plurality of clean units includes, for example, 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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aforementioned 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 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 is, preferably, provided with connectors at, at least, one of the back,

top andzhottora oh therworkheharmberand atrat leask eneof the datghdd sent
sides of the work chamber, respectively. All of the the plurality of clean
units can be provided with connectors at, at least, one of the back, top

and boltBRT6f e RVSHK LharhBel ahtcat, Tt Pedst A0 BrtRe Iaerdrs siges Lean
o e syork ehafubere respestively 1\What issdesdrikad for the thirtyefifth having
aspack ofiheiuentionis-applicapleforthe, clean ynit, According 104he whicn

forty-fifth aspect of the present inventjon, there is provided a clean unit .
G TAHE o S ehre UHEHaGtheL s Srork harRBer Uik T b ke L
A5 £elRAR eHvirbAment v eRFaSttRAE tarkba bassivé sl(sefilidm ffthenside
abeve dhe eleanaunitimay henprovidediwith 05 withouh €ooneators ag at

deast; ong-of the packtop.and ;fg’é’ét@@ho{f( the- qork,ghamber ang.at, al o 5 £1 6y

least, one of the lateral sides of the waork chamber, respectively. In that

CaBePthd ARSI fistio mEHE 499K CRAMLHBA Wit the ity TR aipket of the
e frventihois diso Applitabie toite edéht-consistenegithits mature.

The samg isrfrugdortbe forty-sixth aspect of the invention desaibedonductor
below. Typically, the work ch T8§%§%%§Qerr?£caé %8%%%2‘1“?{1??”‘
inside, but not restricted to/it. Accor Ing o the f%rty-smtﬁ aspect of the

presEMemvEAtS tHerelis prodeBd c¥ean unit system formed from a
pluralitylof cleartunitsgachehaving awosk ghanneerr that gaficbe Kepi @sect of

clgan govirenmgnt andauhich are eannected t each, gther, at least ang, . 1 g

_ _ -2t leasion
i ot the plrallyof clean s, having 2 otk chamber it canbe kert,

are connected to each other, at least one of the plurality of
clean units is, preferably, provided with 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. All of the the plurality of clean units can be
provided with 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
unithavingeaworkchamberthatcénkxakeptaseacleanenvironment,
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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exhaust duct connected to said work chamber, and a passive dust filter.
The clean unit system according to the thirty-sixth through the forty-third
aspect and the forty-sixth aspect of the present invention is usable for
various applications. With a nano-technology process unit or
biotechnology process unit, for example, the clean unit system provides

Varieus processosysiems such as aranortechRoDgY¥ecess systeMvention
g)tgg@%olggé JRracess s¥steJEn etc. Further Wlth a %omplnatloH of & ture.

nano-tech process unit andeblotechn % rocess unlt the cﬁe

At syatem Jrﬁo Hé§ alfidnG-eschroldgyTsibtERnB R Bnflicatibh Invention
pPltformbddisislatso trigmiitted Tleantiet wysteneinduidhewillHaes explaimeda 1

belowe Moreparticidladly ; the; gleandipit system s a,matesial (igorganic or

organlc rocessi yste device productjon system, cell breeding
cyotem BT R e oy S ihd TR SR ARBAD e abbte T sen®

tHirffgsbdkthrough the forty-fourth aspect and the forty-sixth aspect of the
presenttinyentian; giteastone ofitbeplurality of gleamunits-has typisally

pioyded thergin, fgr.example, 8 compactprocess,unilL, analyzer 1eagtor, .y

microchemical system, microchemical reactor, exposure apparatus,

BIEHIAY byfparates GrBWHR TAparaf: procedding Apparati Rstizer to sach
patticto fikkeér, 4R artificiad lightisource, tie apparatls,fpod prodessorunits,

inspectign appgraiugodive-arthedikewhich W4, 1lbe described, belovkn,
The process g%nlt analyzer, reactor, microchemical system,
microchemica reactor, exposure apparatus, etching apparatus, bleeder,

processﬁfr’?gh&[h‘ﬁ}z&réhil§ts‘t“@rlﬂifz%??tEﬁrﬁt@léﬁﬁlﬁ({qr wtificial fifhesoupced Bigpassive

apparatug,feed processor, inspection apparatus, drive or the like to be

nstallecrinhe clean unit shouldrsferably e comeactsough I be o

accommodated even in a small clean unit. For example, in case a fotal

56REYBPprdtestas MEIldng Fromtfiting B WbRAGIEEE info Te ERaRSRTCT ©OF
tpecowtpenof anpredutbis i be #ffeetéd intbe tlean apitbystei onin With

gagseroseres@fology process unit or biotechnology process unit,
for example, the clean unit system provides various process
systems such as a nano-technology process system, biotechnology
process system, etc. Further, with a combination of a
nano-technology process unit and biotechnology process 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 1s 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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processes forming a main part of the total series of processes is to be
effected in the clean unit system, a group of compact process units that
can be accommodated in the clean unit is used for various physical and
chemical processes, respectively, included in the process flow. These
process units may be provided removably in the clean unit or integrally
sthithe cladter. IHofrexasmple cBightyifunetignat gdevices sueh asibeessor,

Ahoue-maentioned.deyices, sgmicandyctor de 'i%%sw%tfcﬁr%ierf%%cgi%sc%ribed

through consistent processes from charging of a material up to output o
%edr‘BHuct. Such production has been achieved in the past by passing a
substratéhgetpeene hig haprecisiemapparatusesssucheas lithographlyemical
appaiys.netching,appaRius, £ic. «disposedyp ailacgedyghiycestrolled i ng
cleaanrrgglrln as Q%i%g eprreviougl eI%ee.lnndesacribedél n tshe prgg%ntl invgntion,
Hotever, townsize aprﬁal%fuses c?eveﬂ)p Based'Sn the Técent” "
hinovatePtechhotdyies Hré Rbebted instddd dPtHe conveptivRaRratus, food
jappakaiyses, inisughea clean ropp For example,va deskdap stareingo be

fynnel MiciesGoRe (STM), AIQYG fafee,, MICEOSCAREAT %%QVJB'H%?&BE‘? enough

scanning electron microscope (SEM) is used in_place of the transmission

BRI BECSHE" RFERN S Borverftioar Scarfiifig 2lettion: miérascspamer e
{SENDY T thetlike In she photalithography apparatas istluded incthed4 ting a
peasent inventions the, exposure light source yses epsemicondyusterlaseris to
{see.thedocument 10, for.xample) instead ot e gas laser For.gronth. . .
O?thln IIms, a microchemical reactor (se ﬁﬁe Bocument ff, f%l’ example

REOSEFFSsate Bt e Prgeistdle Buipment stiehas & Piciecuft fadresses

eBitamykéM&E)Emtadbgmitmemieahvapﬁmjemm (MQEYDY of compact
appaales grihe fike+Alse, metalizalionds effegted ysinga metal, Plating yseq

ﬁﬁg aratus, desk-to§ miniature deposition apparatus or the like. Further, a

ro' YD (Reftteal Vapor dBPoSitoR) Gsparkiuds SHRTS RIE Ve VoY
iorcétefing) apphratus rmirtattird $pin- codlers mimanme bakingldpgparatusoe
apdhe ke apmysed \WYithithewseof dhe smaller apparatusy the lafg@ith the
¢lean_room becomes unnecessary. That is, a series of all or main ones

For example, highly functional devices such as the

above-mentioned devices, semiconductor devices, etc. are
produced through consistent processes from charging of a
material up to output of a product. Such production has been
achieved in the past by passing a substrate between
high-precision apparatuses such as lithography apparatus,
etching apparatus, etc. disposed in a large, highly-controlled
clean room as having previously been described. In 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-top scanning tunnel microscope (STM), atomic force
microscope (AFM) or miniature scanning electron 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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of the processes from charging of a substrate to output of a product lot
with photolithography, forming of electrodes, surface observation, etc. in
a process of producing semiconductors can comp"-etely be effected in a
consistent manner in a series of concatenated clean units placed in an
ordinary room, not in any large clean room, and including a local clean
closedrspaceygpidally  of ehdesk«topsspacelsize)t. Namelye awiag ta the

compasinessatained by replacement with e, doynsized-apparatises, i ¢ 4

is_possible to form the clean unit small enou%h to be.installed on a table.

: ble. .
Thus wnERthetiédn urittedctPaving tohneBtors providéd At fHFak caL

anddt deadts enetdithedateralgidés of the werkrohambeérsarsdidposedliace of
arzgragdeedwandingling)niin aleapathe erdire elean-unilagysteramill (vee) ,
ccupy.only.a small area, Further, the clean .suits, ., ai wer, clean mat
B e e R S e hr ene
tHeElearodm bBEbMEifHet@8sary. STHETEfPE, Alfhoe® aft kitfiseof Wwarktindg
eapdegffectetkinla- localp ey clean dépospherenvithfrierdliness-totothi ke .

the-buman body; and eRyrironmen:; Acgording,to thepferementionad e, + s,
I%@r&éﬁt& ItErou h theforty-sixth a Sﬁle.ct of the present inventjon, the

EORASCBIS” ard PrOvided eadh af at IEHF ondRoF tHe bk, Bl Ahd BotfontP
and e feast bhbadfuke |Serdl it ersfahe Workahanides of 145t elenaed -

unit, so thafronseleasdinittcambe seanectedutoanahers hotizentedly @8 clean
well A 2Ll eeg%knoéﬁvgét%c r'y}’V'F‘}ﬁaﬁo{‘é',d%r%%'ﬂ@gré%%fgfgesg%% ones
connection between the clean units, The clean units can thus be

RONRBEEIBEHRAThEF ARd CHiBpELEWirPa gAY E InePdEintRIsuptit of 2
forodlactedrouniv systeph o whichhtheereleary unife are pgsitioned eptimadly s,

forarpracess sg4oHgte &?,ef@&é‘?d and éh%thﬁ?é‘QLesoaf ”B@HMIB_@E%&
Also, wit th(% connectors being gg\iide eacQFat at least one of the ,
a

%grgl%,ct%?) and bottori and at 18ast one’ of the “Tateral Sides of Eathéx\)/\?osrl%stent

BRAMDEr b tife sleaheMitteEndrafiaeP ahdactveadustiiitesbeihgced in an
pravided in themorkoehamber, therfseedoaraf reanneetion betveenthea local

SiRAN DI 15, ot only. impraved, copsiderably huttfs Ipner space.qf they ey,
work chamber can be kep¥ , _
owing to the compactness attained by replacement with the
downsized apparatuses, it is possible to form the clean unit
small enough to be installed on a table. Thus, when the clean
units each having connectors provided at the back and at least
one of the lateral sides of the work chamber are disposed in
a zigzag line (winding line) or in a loop, 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 working 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-fifth 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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as a clean environment. Also, the clean units connected to each other and
disposed in a non-single line, zigzag line, branching pattern, loop or in a
combination of two or more of these patterns of configuration can form a
clean unit system having the clean units positioned optimally for a
process going to be effected and which occupies a minimum area. As for

the-phurality of clean sinitss@ashdaviegawark chamberdhateanhe-keptother

S 3:a:.LcZI((a)z%l}n Iaem{ironmente %d <;j/tvshicahaacﬂen coggg?{ted to eac@ o('gh rl fregggﬁgls

of connection c%nége %creased and opefimum coﬁﬁg&fr%ﬁorji at sma

SRICBEEHTRBS YoSBIIE VAL ordifgIe hrotesses frbé ones byerakinye clean

samples gohe andccome dut at angle o rretydegree ©ff atar angle thatr and

@i%%o%%allipaz%@g'}%fgl’@%@ ndred, %igf&é?et%eﬁéﬂﬁ least in,ane, Of e+ em
SO

Eluraﬂtg ;%Lc%etan ?:lts. a clean unit system formed from the clean
RIS S ECR IS8R b BAT RSSdSe RSt Fzattiine to2parocess
aedarantoudtedsn tepreddtemsnetdimitetraiebds obtirdmnhrfort aprocesdlso,
gaing terke effectast and osetipigsa BiiRUNAIea. MSe, @ CleastuBile of the
ysigm formedffon,8 plyraliyplgean uaits conngcteg o each olber ad ; -
Isposed in a mosaic pattern Is optimum for a process flow including a ‘
Witke W&ﬁéﬁyﬁaﬁﬁfc%sgés.t@@A@cf%’ihd@%m@r&ﬁ plifalit? 6Pdeand active
dnits, donneeted etoneacir othistemd disposedoin la (dopnican efféct freedom of
Rcesses of the spme typeLmerging more thansones ina igfal series,ehy
oSy SNlows, sg the umber of ¢l ear._ upi ?a[%e%esia%fé’f ihe SaMS e kept
ype o procesg Can be fediced: ARG S plurality SFdéan iR ach P
RaviAg ¢hAfact NapFaratises of different types provided therein, of which
some arg senngeied e pachothecant dispesetdn-a Zigzag dnesdd idsposed
Iogn.tg,gonsistently perform all gr ”ﬂB%‘Q,%@&BE%‘?SS?{{}S}QF'1oop or
series of process flows, can efficiently perform processes such as
Mrfatérid] ProceSding Uevice BrodUiEtiBn el reEaRES pRitt bfdeting fetc.
Alsof thierliagst duet and passive dust filler providedem having the clean

units positioned optimally for a process going to be effected

£

and which occupies a minimum area.

As for the plurality of clean units each having a work
chamber that can be kept as a clean environment and which are
connected to each other, freedom of connection can be increased
and optimum configuration at the smallest area becomes possible
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, aclean 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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in the work chamber of the clean unit can keep the work chamber inside

as a clean environment without use of any blower. Here, consideration will

be made of a clean unit having a box-shaped work chamber of which the
inside is kept as a clean environment using a ventilator and active dust

filter with a blower (HEPA filter, OLPA filter or the like, for example) . The
clean unit sgy hiawe Orshave AotLeNECiArstin Hiscasen the 1 dust @%@ﬁi@cted

(t)eghwet)\ﬁlgg&cg%@bgﬁ%gg@afth§ fPJJOWIngC expr%S %On Cfefﬁses of

consumpt|on that the gas flow rate of the dust f4" <'ris
Work eREMBESSUOT thidhArad 18 S aesordtionTate bfdust parficleg ocess
berateasand time isnos dust dehsity inthe enviropment witere theecleane type

mitﬁ@d@@@éleg(ﬁN@eaqde@@&@llection efficiency of the dust filter isy:

V. dn(t) Sv n(t V+ ) |s defined that: | rr+% NSV RTo Vo

VO 4-1 ahd V& P%/ s ]%thydensny iS Given by the Fafowin 2Iejxrﬁfff"'es.s%{ﬁ) act
HWH2aENG-E5e Ot \k?ﬂll %E@gﬁﬁ)éaiaﬁmﬁdwmhé@@sw@ﬁgw in #fewhich some

atmosphers: evéntitthedirhe passes ahhatds sthe dust density y\@lkg@aﬂYne or
ﬂep@ngdaﬁpnt@eg%wg%mx«?%@ﬁ%ﬂﬁagwtd%'@éﬁ%edpiwt ®the

aforementioned turpo tem will be considered. It is assumed here tha

Fan airtight ub8 & connecéd a%&tﬁf;tooﬁhBW(frﬁ%ﬁaméﬁs c%éﬁﬂe%@alt%lently
RRé inEloPthecriive Bust filter fo tirtutatead gas and the trbodystere is
raiightdacijs easel the dustideysity (s giveaynthe fallowing

SX?resd‘%t%%thg%n)e§§é n@\éd_crt](tgiv(& ﬁgssmre/ QQ%WI% rE[Jcter provided
JJ$EE% work chamber of the clean unit can keep the work chamber

inside as a clean environment without use of any blower.
Here, consideration will be made of a clean unit having
a box-shaped work chamber of which the inside is kept as a clean
environment using a ventilator and active dust filter with a
blower(HEPAfilter,ULPAfiltercnrthelike,forexample). 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
expression on the consumption that the gas flow rate of the dust
filter is V, volume of the work chamber is Vo, internal area
is 8, desorption rate of dust particles per area and time is
o, dust density in the environment where the clean unit is
installed is Np and dust collection efficiency of the dust filter

is vy:

v, _____.d’;(t) =So -n({tW + N, V(1 -7)
i

When it is defined that:

So 2,V
a, =—+0-p)—
2. =5 +A=y) "N,

o o
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an=V 0 and Nn 48 the dust particle density i_s given by the following
expression: n(t) =/a~~n + (No - an )e-Qc, 18. Since the second term of

the expression rapidly approximates to zero as the time passes, only the

first term, that is, an/;3n _ (So /VO0) / (yV/ Vo) = So /yV, will remain. Since

this first term includes no dust density of the atmosphere, it will be

apparent that an ultimate cleanliness can be assured, not depending

upon the environment where the clean unit is installed. The feature of a

clean unit using no turbo system is the cleanliness of the work chamber
depends upon 1-y or itg po (1-y)' while the cleanliness of the work

chamber of a clean unit‘usirlg the turbo system depends upon 1/y. Also, it

is important to minimize So /YV. Also, according to a forty-seventh aspect

ot the present. invention.thete,is provided a ¢lean unit in which an active

dust filter is Used to Keep a’Work chamber as & clean environmen BLon:
wherein the cleanliness of the work chamber depends upon 1/y where y

is the dust colle,;(j?n__ﬁf'cjg(nmof gubtfilter. Typically, the dust filter is

a HEPA or ULPAfilter@nd constifigted 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
ddnriedted forthel ifetiof thecdustiildr to ciduibtel ¢the gas andtdssarethephere
aitighthessef theneleansurit Prefaeably éor execution ofaehemicalll greati1y
progess in e wark chambst,use of, a dust filter syitable for use withthe
chémical process and connecting an adsorbent source or adsorption

tower td'fetube Fetmtte oVt e el dsethsy steit tarddn rémews &l dered.
Rarmfulsubstardeant alse toatinadusly providekscleam enviconmentct 1y to

withoubhavingdasennect theclean 4nitdg autsiden viaa duct gethe-likere qust
¥9{@Q¥n%§89¥%ﬂ %ggdg%%ggggﬂpgge turbo system is airtight. 1In
this case, the dust density n(t) is given by the following

expression:

v dn(t)
dt

= 8o ~n(t)V +n(tW (1~ )
- SO‘ e Wn(t )

When it is defined that:

So
a, =
Ve
and
W
p="
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dust from the inner surface of the work chamber, at least part 49 of the
inner surface of the work chamber may preferably be covered with an
adhesive sheet and re-covered with a fresh adhesive sheet after the work
chamber having been used for a predetermined period, for example. In
case a multi-layer adhesive sheet is used, a clean sheet surface may be
ekpoded thypeeling onesheetlayergffthe adhesive sheetateachglapse i on
of such a predetermined period. Also, the inner surface of the work
chamber may be smootged not to hgve ap%( Fourier component of a
surface roughneg§fdrrthe-stkd¥, 23eihe diameter of the dust particle
to be removed from theAwork chamiges, to thereby minimize the
adsorption of dust particles having the size of the to-be-removed dust

paricies ifNe pnRLSuiage 8t (i, Mark SHETInEL, e Aol P HIONe, oo
construction the clean unit or clean unit system accoréilﬁg athé ﬁﬁﬁy-ﬁtﬂ

ttolighthaS oy sixtif 8sPaERSsT the ptéséhiniértion BRdTxpATsticHE , ot/ Ba
made in\tonhectidorvwiththe donstrudtibh arenalso true withe ohapplicable term

io\dhe dertyrseventh agpect of the present dpuentionunless the | 1. a}ﬁparent
{q{g@sgxqpfh aspect icsldlff%rle.nrg n Scré%rg%er frggn the thirty-fifth throug om
the forty-slxtﬁ aspects. Also, two of more of the AtoremeRtioneamEpaetyy up

bR thE PrESBRTRVEIBA Thay e CbATIINGH ds Apptopriaté 1Bhef The feature
DescriptismofithietDraviing s1Bigs: Acand 4B are sehematiq diagrams der o £ the

explaining ihe presentinvention, Figs, 24.and 2B are schematic-diagrams , \
f(ir e@ialnlnsq the_ present invention; Figs. 3 and 4 are schematic .
Giagrams for xplainihg TPC g8 R % SEhrmiaficdidttaim fordxplafmg uroo
e irfve ritioRS Figs. UBANGB/and 6€l are, schematitrdiagraastfarexplainingze So
ey invention; Fig. 7 is a schematic diagram for explaining the invention;

Figs. BA,,8B and hatographs of a dark-field 50 image, |attice
irrr;gsgg %@Eg)iff%&?o%\r%{a%%rr% Sf%Ai%\)s]ji_Zy(@ansﬁrth asp oed O%at € present
there is provided 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/vy
where vy is the dust collection efficiency of the dust filter.
Typically, 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.
Preferably for execution of a chemical process in the work
chamber, use of a dust filter suitable for use with the chemical
process and connecting an adsorbent source or adsorption 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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superlattice taken by a transmission electron microscope for explaining
growth of an AlAs/GaAs atomic-resolution superlattice; Fig. 9 is a
schematic diagram for explaining the electrochemical growth mechanism;
Figs. 1CA, 10B and 10c are schematic diagrams for explaining the
invention; Figs. 11 through 14 are schematic diagrams showing results of
cdlculationrofdhe electrie feld tisthibutian at theapaiat: coatach as ShesLin be
Eig, 44y Figs.+15.thraugh. 18 are schematic diagrams, showing results pf . o,
calculation of the electric field distribution at the intersection shown in Fig.
16B°Big 1 9°RCE SchAt iafic diggraT fordxianng s inerfsi Figgd tor 2
POAC03RINRd, PRAL28B ahd 23Tk arersehematic disggamstfot ti-layer
gyplaining the fest embediment of thesinveptier;Figs r24he 243,aME 246 0sed
Alp schematic diagrams showing i enlarged view, of he funcllonal, . ..o,
&vice accotding to the first embodiment of the invention; Elg. 5isa P
§éh§ﬁ%%i@oﬁ§@%ﬁ$%r&b%ﬁhm@rﬂ?@secéﬁ&@mﬁadan%@med% fHelpventien the
wiheke creatsay of guastusmoothiscsandwich ety g 226/ i§ alschematicnponent
diagram fat, explaining-ibe thitd embodiment ofthe invertion; Figs.27A ¢ the

a}nd 27B are schematic dia%\ams for_explaining the fourth embodiment_ of

SihveRTion Toficerhing HOW o' Hake s Thiit Sahdicl SRS dre: Fig -2§ TSP
sla sehematic diaghant o explaidinguhé fourthierhbodinseritiof thee size of
tventionpEigseR9AaNh29B are achemalicdiagrams fereexplaning-thes £ the

agf%%n&@loaq&@gpt of the invention concerning another way of growing
spiral structure; ‘and Fi%s. 30A, 30B, 30C, 30D, 30E and 30F are

schemalfie Fiagrants For explaing e Sixth-émBotilifiefit Fig. §1ia0r clean
schigmatic tdimg kane to- éxplaintthe Seventhi empodinfent dfithe irventioa.

Figse 324,343 §Q_Q é&%sw rpaticallylustrate the 1‘?&9@_8[% %Qoé@ﬁfgnﬁft ion
the present |nventlgn. Flg\gﬁ %%A 3B and %BC sghematlcally illustrate the , th
R ePb SEIHETT of e Present iMveRtion. Figs.” S4A, 34B and 34C &fe W1 th/
seherhatié ardykamisTor EXSlaihint-owas epiodues RAGrgahicsslapesisent
aecifling-to thenisth embodiment-efdherprasentjavention. FigstSbént in

aR8 And 35C schemafically 51 Jlustrate. the tepth gmbpdiment of the s .
grsesgg%gn'ventlon. Figs.

Also, two or more of the aforementioned aspects of the

present invention may be combined as appropriate.

Brief Description of the Drawings

Figs. 1A and 1B are schematic diagrams for explaining the
present invention;
Figs. ZA and 2B are schematic diagrams for explaining the
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 1s a schematic diagram for explaining the

invention:; Figs. 8A, 8B and 8C are photographs of a dark-field
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36 and 37 are schematic diagrams for explaining how to produce the

organic solar cell as the tenth embodiment of the present invention. FIG.

38 schematically illustrates an example layout of the organic solar cells

as the tenth embodiment of the present invention. Figs. 39, 40A and 40B
schematically illustrate the twelfth embodiment of the present invention.
Figsy 4 1A and 418 sehematicallyiifysteate how e tse theo catalyiics ) , (Gads),
5%2%%@1‘—&@%@8@“@5 fhe twelfth embadiment.of the jipvention. Fgs- 42kne £or
42B, 42C, 43, and 44 are Schematic diagrams to explain the thirteenth

SRDGUTERE Pt RSt Teition. Frgas 484 CHSE aha B t1on
schematicalhcitlustrate. the iforteamtbrembodimertofthépresspiaining the
dnvention-kigy 462 schamaticallydiusirates a solar cell system using solar

ells a din the fourteenth embodiment of the present invention., . .
B 7 O A oy I CtrAts T8 it b Sk Gt of g™ L1159
prEsert iRFentioh Figs. 49 and 50 schematically illustrate the solar
batiery systenrosigg the solarscallasthecsikteenttrembddimentottheults of

present inventions Rig..51 schematicallydiustraies the,seventeenthine point
embodiment of the present invention, Figs. 52A, 52B and S%C are a plan

Y bt VAN A ST Gvatin rbapbetver, P BRAn - Schematic
Ategrointste v éighteeth embodimentoflths praserdt inbentiorcFigs: field
886« 53BANhadratma plan vieys fooniviewand sider elevation; rig. 19 is
Leshectively; of e rangfer box attached o the  clean yoitas he -y o5 20a,
eig feenth embodinient of the present invertion. Figs. 54A and 54B are a

&R elévaticit and #ont 9igky, 2Redpecfively cofthe eBRRdich BEtiRIeh ther
eleanalinit ag thé ceightesntleembddiment offtherpresentinvéntion &ndthe 244,

%r e@;ﬁpsggg_db?)&'d? igs eh5 éé}%}ga%?% aﬁ%gﬂ%?% §|“%g@§@3}@@ ?’tfﬁ@te\ﬂ@\é(r (%’ I’? d view
\Y] ,orac rg ISCharge pnox Jjnstalied 1o, the clean unit as. tne
Qe B bL Ao 57 e bR CERE MUBRISS, FRE. TR higbaAReRt of

an are a
Sltfe élevation and WY vied®, respectvlgmédriexplaip ivglovl @& shighd anning
tRUsescotnestphapering offthe, Cleandntitasthe eighteenthray of quantum

gmbodiment of the presentinyention. ;5igs. 3/A.p/3 and 3/CAe. plan

view, front view and side 52 elevation, respectively, of a clean unit
%E@&@H@lfbgaﬁhe third embodiment of the invention; Figs. 27A and
27B are schematic diagrams for explaining the fourth embodiment
of the invention concerning how to make a multi-sandwich
structure; Fig. 28 is a schematic diagram for explaining the
fourth embodiment of the invention; Figs. 29A and 29B are
schematic diagrams for explaining the fifth embodiment of the
invention concerning another way of growing spiral structure;
and Figs. 30A, 30B, 30C, 30D, 30E and 30F are schematic diagrams
for explaining the sixth embodiment. Fig. 31 is a schematic
diagram to explain the seventh embodiment of the invention. Figs.
32A, 32B and 32C schematically illustrate the eighth embodiment
of the present invention. Figs. 33A, 33B and 33C schematically
illustrate the ninth embodiment of the present invention. Figs.
347, 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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ninteenth embodiment of the present invention. Figs. 58A and 58B
schematically illustrate a clean unit system according to the twentieth
embodiment of the invention together, and a conventional clean unit

system, respectively. Fig. 59 schematically illustrates a clean unit system
according to the twenty-first embodiment of the present invention. Fig. 60
sthematiealdy tllustratestasidariunie systetaecondingtocthevention.  Figs.

weptysegond embadiment otihe presentipyention Fig: §olnow to produce
sehematically llusirates a clean ”@h"esysé%’g a"e"%%ﬁgtrﬁ% the e;}t}y't I ent
embodiment of e presen]t Ivention. Ij—:lg. 5 schema icalﬁy ifdstratesd ©°¢
Elegniniosysteht Gecordlirbtetet iennfodrtH BAfbodimeness theample
pegsert invention. &ig63 schematically ilksiatesha Hilbetircwve biggent of

b4 5paBand BAG.ateaplan viaw frond vieyand sife,levaliiya a1y
respectively, of a clean unit according to the twenty-fitth embodiment of
e presédtintéimion’ Fids: %s%?%%@%ése%réﬁep@ﬁ%ﬁ&mmv@féwOn :
Bhdssidd eRevation Afespectively tafeadléan uhitastordieg Hotheéo use the
&\%{%Bti%/ysd&@ %Qeei{;@;@ﬂwéﬁ%@fﬁﬁ%ﬁ iEM®P%fﬁh6@ﬂ@@§&ﬁ%ﬂ/{%f the
of a clean unit according,to t enfy-seve embodiment of t .
Jprrléfseenr% %i%r\}ént%r% Fi grl%; écﬁ%%véti(%l @' iIIllljrgtfra‘[aerégre%li é}?[sa of c|88% HeesC

TESFHAHE oF th& ERBM NIt Khowh! tEIgE teu A Me4Bl ARE 4 . Bédtmpde sent
forveartying out the inviertior Seraeembadinertsof the inventionawitlriove the

bsexplained belpwvith referance o the drawings Girstexplaingd is the,

first embadiment. In the first embodiment, a superlattice thin piece or slice

TR B erettrocheiic A Groits Fig “20R shows Sgrawt gsdratus € 1 S
forchisipupdse tAs shovwrt feRigh 200 abégeowtl fapparatusseastahn vent ion.

ﬁieﬁrplwrg bath 54180@)&'@&&' @eﬁchrommﬂlﬁ@%%fmw@?@@}%m

A) 52 and cations, (C') 53 corresponding.to two kinds of materia e
B R e e e 80

e Athat BlectiotRtFariien L eXarple, 8 nseftedtgSSéme Wisiag the
substrate far electiechertiealrgrowthi> and hwa tetettrbdes: 56 &Ttatavention.

PiagC.EdStP %@%Q@f@%?h@ﬁi%g_?@rates the seventeenth embodiment
of the present invention. Figs. 52A, 52B and 52C are a plan view,
front view and side elevation, respectively, of a clean unit
according to the eighteenth embodiment of the present invention.
Figs. 53A, 53B and 53C are a plan view, front view and side
elevation, respectively, of the transfer box attached to the
clean unit as the eighteenth embodiment of the present invention.
Figs. 54A and 54B are a side elevation and front view,
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.
564 and 56B are a side elevation and front view, respectively,
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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electrode portion of the shaft 55 is grounded, and the electrodes 56, 57
can be biased to voltage VI and voltage Vr, respectively. Alternatively, the
electrodes 56, 57 may be placed to encircle the electrode portion of the
shaft 55 in form of a ring. It is also acceptable to provide a par~ition in the
electrolytic bath 51 to separate anions 52 and cations 53 and rotate the
shaftdbi dig. Heshows eéxemplary Stracttraldetaitsi of theshadti 8. AS an

§BQ%@@Hﬁﬁge%%3B§ﬁ@§@Eg%héﬁ@' ﬁEEéW%“§H¥eHE¢%H@e%q8%Q 58A and

ggrtion 55a serving as the substrate for growth than in the remainder

PG 3BH Ak SHaped $ihpor platd 5870t diAsd of LerGR@S f ding to
ehanipienis eduntetieodsiaty witht théshafn5Buhdenthecglettrede and a
portiamb5a i contact therewiths and adisk-shaped sypport piatg 6059
pre-coated with an prganic fim 59 easy g dissalve into 8 Solventis ;1 ¢y
mounted above the electrode portion 55a here aga%/n coama?ly with the

SHaRt S5, Diambt&@iof HE'stiipsit pldies BESST e e§UaNeren Disthtice 60
bebhwaen theselsupidrt pltates 58, 6Q eéqualsithé tthigkness ot therding to the

siegdatiice dINPiece/sice (NBK) o be OrownsEQrexample, ftJRay Pey . 61

11900 . Tyﬁlcjall%, |E|s 10-100 m. To have a superlattice thin piece to

SR 116 Growki SPRAAEChE STactBied 56, &7 ArS Biass ARarmas the

oy R VR A VR ddgnstidwe n Flee 208efor eikamipienihithis. casey . 62

svhilenthe ieleatrode 5@&%@@@@§%+We§ﬁti@ﬁ§53si@sﬂaﬁnaﬁ%@@ﬂ%@lg to the
' Si I ce e _electrode portion,55a of the

SPal S5, Wl e SN a7 1 biaseh o0t Sor as g 1fa. 63

RGNSt ton 541 a5paSiESnsite Shffates oF tie efdctivdePdbrtion B and
&5a af the shaft 55.dn this orenneérsassiionindn Eige 41 itds: possiffedoively,

senosit aneriodically-laminated styuctwre Qralternating rheterestiviuie by the
aliemate lateral growth oftwo diffsrent 54 Kinds of materials, namely, an,
%fec%ro eposlte% organic S%’I[j/rl an idl‘ﬁlcul 0 dissolveintd s%fve%ts, g ' "

Witheis dasdidre Gt eldment (FRtRaer) 1aid sn slécredepositad rietglording
striphibbon62 gorcenthcalbia farem of annuaklipge eent invention. Fig.
66 1s a front view of acleanunit according to the twenty-seventh
empbodiment of the present invention. Fig. 67 schematically

illustrates results of cleanliness test made on the clean unit
shown in Figs. ©4A, 64B and 64C.

Best mode for carrying out the invention

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 superlattice thinpiece or slice
is formed by electrochemical growth. Fig. 20A 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 (A7) 52 and cations

(C*) 53 corresponding to two kinds of materials to be grown.
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baumkuchen) on side surfaces of the electrode portion 55a of the shaft
55 in the space between the support plate 58 and the organic film 59.
After growth, the periodically laminated structure in form of annual rings is
extracted by dissolving the organic film 59 into a solvent. As the metal of
the electrodeposited metal strip/ribbon 62, gold (Au), platinum (Pt) or
Toppee(CUlemay beyused, sorl examples £or depbsifion Of Augaiplgtiag

Pt Soptain|Rg KAUECN), (INHAZHRO4, K2HBOA4, or 1he like, '§ used- FOLg o
degosrtron of Cu, a Iatln% CuSOQ,-5H2 H230

bath containin

btk or i RS G ek CF SUue SEPR phaffig ‘. and two
TchasinipgYNHD 2P0 1 aNgHPOACE2H 20, BRiHdWike) isbsedFortgrowth The
@i&@&@l&ﬁgoge@@eitﬁd organic=stepAibbops61 glifffeut toidissolyadntoh e
SPMENPIGE0E 2510 0% 1oL, SHANNG e VBT SO NG 308 age v,

ited by Tsuguo Yamao New Development of Practical Polymeric
RS Naterinls, T%F%Eéﬁ'@&syas PRotSpoRThERASEnafter &/ CRE L
Shuppart, d.896)i Bylysingapproximatedy ponstant growthaaté zﬁdrtgﬁciw.thn form

of H"‘%‘cﬁr@tmdﬁ@(&%t%dig@%@%%{%m@@@%Q@‘%C’a %é%cﬂ\{%i@i% in the
IventS gthe elet%r%dJf pcosrt metajC strrg bbon_62 trr’(qe mggrv%l C
eeﬁrore% to the structure, > ahdhas Shown i %ng here iSObtained 4
aRleskapetesiperfdtticethin piece in form of a perlodrcal lamination. of
electradeposied siganricstipgiibbons 61 udifficul Todkssolvesind@ the shaft
selvents and clectyodengsited meta| stups/Hbbeas r@gs'%w*f%‘g%af‘h'?é{ﬁ%ter

has the thickness “accuracy in the order of atomic Layer. Next prepared

Hre o thfsiths 34SRaRA byt GERGHRP §§I|Hfr\?1egm°l§rbr 35 Srofmiteg OWED
diskashapgtesupedattide thire piece: Figb..23A dnd 238 stiowlthespport plate

cutouts ieciangulale sHpetatticedhin Rigeesis] 16ea ddn ¥adASIROMN Ny with

Fr s 3 and 23C, t e superlattice thin ce/sll 72 1s
su er%bg% gg ont Oﬁsupgrelaﬁ%e t%rn p%ecé)/slrce e t()%f‘/%rotaltrngctﬁntaCt

rereﬁ@éflérrbntaﬂénaomﬁ gl RypsicampRs 90 Begices Hereiscoated with
Lonpletedia saperaticesabgse dvaidimebsionah tunimMemluRitst cas beunted

5@8@%5%%9yéﬂ33¥§@ﬁgiBB%@E%@”é#%aﬂé¥Qﬁqahin coaxially with the

shaft 55. Diameters of the support plates 58, 60 are equal here.

and

Distance between these support plates 58, 60 equals the
thickness of the superlattice thin piece/slice (NBK) to be
grown. For example, it may be 1~1000 upum. Typically, it is
10~100 pm.

To have a superlattice thin piece to grow in the growth
apparatus, the electrodes 56, 57 are biased alternately to
V1=4+V2 and Vr=-V1 as shown in Fig. 20B, for example. In 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. In this manner, as shown in Fig. 21, it is possible
to deposit a periodically laminated structure or alternating

heterostructure by alternate lateral growth of two different
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neuron system. Accuracy of this superlatt-ce can be enhanced to the

orde.rof an atomic layer. Strictly, the electrodeposited organic strip/ribbon

61 difficult to dissolve into solvents and the electrodeposited metal

strip/ribbon 62 of each superlattice thin piece/slice 71, 72 are arcuate.
However, the period of the electrodeposited metal strip/ribbon 62 is

headys 10 hmandr vedyssmaknolly thexslectredepositetberganit organic
§%Ep§5u%pp@§p§hl@rnh@iﬁﬁf@l@@ged%ogiﬂ_%t%m%;él §H'€§{@Q?quy§r%%%9awkpfch is
regarded straight. Therefore, this syperlattice has substantia e sam
%t?gl}q?u r%ca%srt]h%te shown' Fn %;:Llél SfS?} a%fefﬁé sU _pne Igtrﬁce:L ity 5%%%?%%55 ff,‘etal
7o eHRhIASDEE Rielectodeposited Metallstipsaibbons 62ntheal rings or
electipdepesifeb metabiims 62 etthe suiperiaitica thin rpjeeefslice 7daba of
theelacpdepesiied metal sipsilobRus 62 0f e SUBGUARiEE fAMkg anq che

piece/slice 72 makes Intersections in total in Fig. 23C. In this case,

tHek irftersetlions (adAressEs P& ddsily dteeBsibifiisightdadipninated
efectrotepesited hvstal stfipAibbonl6Z ohthe superditiestisnd by dissolving
@ie&egéaﬂgﬁaJleZmF®r9e>iafm@|Ieaa§@@d%&@ﬂn I;ig. 23CI1 by C(/)nntt)ecting

relay circuits 73, 74 1o individual electrodeposited. metal strips/ribbons 62

o e e e BB ey 3 e poon
égdrézc,%ls%iﬁdwbe BéedssEdto (Can) bO EoRftBIRET. MBI spedifieailyased, for
assuming. thabmn@stdﬁsdfttinersuperlA_ﬂszeath'gsupjeeesjslmgsw lc2tsiRing
ml@eg%anqmﬁ digtance ketyeen agiacent elecirodepasited, metat, -
str_os/ribbons 62 is 1-0 hm, then { cm/10 nm = 102m/10 8m=10 220.
FRESSI(- $85e8 bf ré¥layTirttts 739 722 E8n SRldcd D2Hngo6 1 S04 SH20, HaSOq,
electrodeposited-netal stips/Hbbens 62, Zowd dagpess to addrésBes cap et ing
santrolied, by apprexipalely 20dits \infepmation (per onedegreeof

freedom on the x-y plape), for exa ple. At N2.intersections.mad .
electrodgﬁogﬁgg %et%ﬁ éh gtri%sfrﬁ%%%g °oF tﬂ%éu%%?l%ﬁﬁ:% tﬁlg}lrlp/rlbbon

pieCEIIice L Arfer té TreCHtRIpHsRetPMEeal StipSFBBDAS 62Cdfheens, for
supettdtticeathin yeck fsHcené2a bottom-ugesttudiaces: baving Tdesited Yamaoka,

AGHONS AERHE QL S PUEPASe: AN A s i st Materials, Their
Applications as Photopolymers", Chapter 6, CMC Shuppan, 1996).

is used.

by the

By using approximately constant growth rate for growth of
the electrodeposited organic strip/ribbon 61 difficult to
dissolve into solvents and the electrodeposited metal
strip/ribbon 62, time interval can be projected to the
structure, and as shown in Fig. 22, here is obtained a
disk-shaped superlattice thin piece in form of a periodical
lamination of electrodeposited organic strips/ribbons 61
difficult to dissolve into solvents and electrodeposited metal
strips/ribbons 62, in which each layer has the thickness
accuracy 1in the order of atomic layer.

Next prepared are two cutouts as shown 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. 233,

23B and 23C, the superlattice thin piece/slice 72 is superposed

55



may be grown by self.-organization or self-assembly on the superlattice

thin piece/slice 71, for example, used as a substrate, and the other
superlattice thin piece/slice 72 may be superposed thereon. Alternatively,

a functional material. layer (such as inorganic molecules or organic
molecules) may be inserted between the superlattice thin pieces/slices
dl,thz; andeenergy mayde injpiteddrsapplying aourett betweendhe 1ative

8&;@'&9@&99%‘9%9‘9&@ %IHBE/QPb‘B%%@85@%‘3}@&%}’@@egeg%%vsefseb’ere is

Thereby, a self-organized ¢ jtical phenomendn _arises, and as a result, a

SHUBLLTE Fidvihg HbottbP-bp CSrliBiire betiwesh el Superttide thif . undts

piacdsfslices 735728 ban be wbtdinednid the tasaavhiere bostoanuprtificial
stryetures ja benbuilhatN2 dntersactionssotihssuperiatiice i pe enhanced
pisges/slices 71, 7 arepade finally by iniection and dissipaion ol epocs e
energy, these Bot?om-up Structiires can be formed Automatica ly'in P

QEFANGANMEFRIH IRPPRIGit g8l Fritersettids Aithdat iR ndgywlvents and
positidnring ferdalignaentdindhis case; the rdlettsodepasited aretalperlattice

Siips/ribhons 64 etthe,superiatice. thinpigee/slicg fland thasgoidhe s og of
superlattice thin piece/slice 72 need net n)tergect at right angles, an%t IS

e oRfy Feg iRttt RS conriact 16 eHgEE Fhése Holtomiay ¢ 7 and
sRurtEBS Hay be simplenehsorydelioess idrakapmplen by bottohmepr ibbons
deviggs h@N@%@%ﬂfﬂMﬂﬁ%@&%@MﬂO@&W&Qw@ tieM can be
mentioned above. Dimensian of t esh .structure byt .

D e L B O v nes

E%%%%Pi &8 ¥1Y758& bERMSersitaF ther BirendioR & iRy rboﬁ%nﬁéﬁ - 19,
systeni (plaine systemlmtthisceasein aniccbere/is estatisied arelatibninclude

gauivalent doithe dimensian «of livingneuron systems Being:sraaller than
the dimension of cell systems. The sourge material as e hasisfor, .,
ffaor?mﬁg e po(%)?to?'n-up s?rucjfures may%re mtrodtucedsbyp intercalation or}by
BaRAGWwiChing: for éxampléeisalss Possionidtpenthe SErips/ribbons
kniferedgas of the:elestrodepositechmetal cflyns162-by 7eleatsolytic giching
%@é?%@%@8&?@'?@9”_{%%Wi%m91 Jheseby, itis passible 1o ephanee, .
the surface strengthening effect and compose the bottom-up structures
biiedgsections (addresses) are easily accessible through each
electrodepositedmetal strip/ribbon 62 of the superlattice thin
pieces/slices 71, 72. For example, as shown in Fig. 23C, by
connecting relay circuits 73, 74 to individual electrodeposited
metal strips/ribbons 62 appearing along edges of the
superlattice 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%~2%%. Thus, 20 stages of relay circuits 73, 74
can select 2?°~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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intersections of the electrodeposited metal strips/ribbons 62 of the
super'-attice thin pieces/slices 71, 72 from fewer atomic groups

(molecular groups). A functional device is made by connecting the
above-explained two-dimensional structure including bottom-up

structures sandwiched by the superlattice thin pieces/slices 71, 72 to a
stlicopd/SliBhahis, 63 showh én &ige24k tthe dwo=dimepsiona'/ sstiustufiel and

B2isdnaunted ona substrate 81, ) Then, the glegiiodepogied metal,
strlps/Tbbons 62 %f the sup%?a%:tséce thlz%nece/sllce 72 are connected to a
n

WIFRG LE0nHector 84 Vid ACorhaction pict 83 e the Bletrodepasited 22 V9

FRetar stlipShilsbonere? eftthecsuperlattié® thifi pletefsliceo 7¢ arguantum dots

E9RNBeteghie.mWHINgsconNnesiey85. Jihei connection pada 83 dsb fpraoft he

%5 %%@ét%@%é}sé'ﬂi%”%%sei Spproximagely %%Li'alet?(}%\e duferencey .s a
etween the top surface of the ' wiring connector 84 an the bottom

YUPREEDF the SUPeHARIRHUMRT SieREAREE 72 Osig- AR BAGWS fifd- 1ce 72 may
lpenerectiap betweerh efectrode pasitedaetal sfrips/ribbons-62 ofithe material

%9@9%@%?!‘@@%@%&'!?@&%31@91'[@%&98Be%t'iorb%g&@dnnﬁ‘ﬂ%'&'@&eﬁ may
scale. Th nection 83 has e egggglg g% formed with nﬁr.row

C
B T R s e S L Ul SR T 72

3hel thieRiess BRthelsedtfodeositdely oranicy $ip/BbIsoir 62 nang ¢haen the
€lecirodaipertions 83brate agonacied o-therlectratepasitedanetabpposed

§F£H§@@PQQ§§§2 '%'ige?é§ﬁh%""§éﬂ%98%%%'99&?%?9’81%1 hengmenon

electrodeposited metal strip/slice 62 of the Superlattice thin piecersslice 71

Hnthe wirihy Gohriectsi B85 af efilaFg&d 8edle PR Wiridg BBANEGGHP
B5rivas sleetiode85brfotnedsvite nrowispaciiy 852 ivithethés blevtodel, 72

@7‘5@ B@gi@gtaawipm appﬁoﬁﬂaaa}t@gs%q%ﬂé@ihgotm%&ﬂ%g ofthectures to be
electro ited organic strip/ri 1. The wiring connectors 84, 85, are
e o b Ao TAT Y Fons CAma e U 4 b asgl Bl ces
Theréby? 1Re"S8 v dihehEioNal S GHireC82 38 EohhdefepibiIoS! 87, aRETraY .
tiese dsiabtaiosd the bighly-functienal=device & ameleul:Sh87 iisally in

dypically;a silicon LS}, byt may he and-S4 using; gther SMICOAdURIOLS oyt the
UCh 25805 OF Oer comPound SEMEONAUCIOS: 1is case, the
electrodeposited metal strips/ribbons 62 of the superlattice
thin piece/slice 71 and those of the superlattice thin
pilece/slice 72 need not intersect at right angles, and it is
the only requirement that they connect to edges. These
bottom-up structures may be simple memory devices, for example,
or bottom-up devices having 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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LSI 87 maybe a chip mounted on the substrate 81. Alternatively, using a
semiconductor substrate like a silicon substrate as the substrate 81, the
circuit may be formed by LSI process. Connection between the
electrodeposited metal strips/ribbons 62 of the superlattice thin pieces/
sl.i_ces 71, 72 and the connection pad 83 or the wiring connector 85

nay beemade hyrN{jurctionsqperaheside.tRatimbetween thesnudnberof
dynctions and; the number ofjatersections of the suRgrlatice tiRqy i ching.

ﬁleces/slices 71, 72 for building the bottom-up structures are scaled b

IR Shirefore, SOMIARY (0 ComiShtEHAF 16en HBGeS TGS 1 pEIHORE" 1
afijamentedorNeptise eémisodinteimof the inventidmcans rédudetthet
Pesitiopakalignment ener asdhe vahiefN CIeases, 10k iNather Wikl ns 62
g¢ the, %%gsegé integration Increases, and can therefore improye e . ;s -
production yleﬁ of devices tlhaﬁ)conventlonaftechnldues. éspecially, as

SheWwnSin Figd 48 ahd 24€8Fe embodiment of the invention can
approdmately etjoakde thewvicth 0f emelicelbgtrade83b of the thrnection

PagdB3 o thewidth; (thickness) 1of gach electrodenosited 01ganic g bot tom-up
strip/ribbon 61 difficult t%gcgs%olve into solver;ts, which is the dielectric
€

elémentdfihe® SHpErAHIGS thit pi8e/SliES 72 41d Can approkimataly’ = +°=°
‘BualizZe tive width bf eachleldotrodd pbrtioty 8515 of tHevWiriy Cofineetbh, the
Badodheavidthdthickrass) of eash efectrodeposited: asganicssttip/tibber 81.
Blowhich is the Q&eé%d%t&'g elementof e superlatice thiplece/slice /2.,
Therefore, the embodiment can increase the margin for positional

AMGRMEAT béfifeditie BlettdtRpbdSited metdl St tisbbRs 62°0fthg T 119

supel_da:ttioe thinypiecestslices @1} &2 aad the electiotdeB3 33,85k, aterthisi ted
feRyibules tg,enhangementof the produstion yield of devicgs rag,Welle /s1ice
9’ Pe tog-down salgtee&ntcompr|5|n.%LSIs 87 re[%resegged b}( silicon LSIs has

a sﬁé‘htlalﬁloélﬁ)igotroplc Strictliré in'Wiich time c|jsrpr01ectec$1 8is%%ﬁﬁrelﬁo&s(f§l pad

@3 éxplaindd bafore, GBS Sruthitel Sifardeietivedssy {thmepproximately
prrigctivity, 1Ipatial. tirecyanality} t Waceordingto herforegoing notationring

EgﬁtH%&t%&lC%_Qﬂ%Rgtt%méueé&rygwrgééﬁgwéch%i betwean e st tice thin
superlattice th|n7p|eces/,sllces 71, 72 is formed as an ,
piece/slice 72. Fig. 24B shows the connection between

electrodeposited metal strips/ribbons 62 of the superlattice
thin piece/slice 72 and the connection pad 83 in an enlarged
scale. The connection pad 83 has electrode 83b formed with
narrow spacing 83a with the electrode 83b having a width
approximately equal to the thickness of the electrodeposited
organic strip/ribbon 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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autonomous decentralized system, time is continuously projected in the
structure. Therefore, it has no particular orientation in general, and has, to
good approximation an isotropic configuration. Thus, the configuration is
characterized by (time projectivity, spatial directionality) (T,T). Therefore,

these both structures, even when directly positioned side by side, exhibit
theorelatineli dnd) (stjkuand the gprows H%H@@t@‘@r@d@g@ Sructdres here

98 gt couple; dirgctly.Imcantrast, the said, two:dimensional siry °£Ur98 ST 87
o

has an anisot ropic configuration with time e|n ontlnuously prOJec e

Wth@é’rbﬁﬁﬁﬁ%eéﬂéﬁ%ﬁ?% telcorftigurdifoh RRapdttérized By ifmether
projectivitgpspatial diredtionalitphs @x).dhitkhe functionah deviseishowinincors.

Figs 5244 @43 and, 2{4910(5}%&\@ &m%%%%@erg B2 havipgthetively,

pg%%ert (T n? |s nectl tlng tV\ge%rjl_ oggr{l upPstruc% rgas the
avm he prope a top- down con iguratio

RAvInGERE Property b—ﬁ) CA§ Céllﬁe%ulﬁatﬁ &@@@ﬁ@@f# uBlted SStrucgreess -
characterizeedyy: 6h THdtwi=3) arecestaklisheddwitb 4he aeighborng

arrpws. aligning withgut flips, JQE&%IQ&%IJ) Structyres and (1) §V§E%@% 71,

i.e. bottom-up systems and top-down systems, can be connected or

&%@8%&&%&8&}“&%% iRtet-Scoagsibils . HUSD th& AR @isdlifreay be

nrekesiy possible to easilpereatize & fuhetiondhtévidediandrrg: the number of

sophisticatedfunctiaasncapaiie of making dhe bestuse of advantagesiof- t 1 ce

%%Orgtor:peu ess z&%rgeasm’;? to&dgwn st@én %pg%se teg %’ Slllcontl'rsulctures
nctional device can’exhibit varous TUnctions epending LFpO

eEMbATRIBAOITINdtHohs ab8ighed %6 the E@ﬂ&ﬁ%‘p/s%ieﬁpéﬁ’&ffﬁﬁ&%
assignedte siliton 1:SinNexhexplained i thel secaonghembodiment:of the the

INYenLone Jhis embodiment uses quantum, dots asthe-RAUAm:UD; 41 i gnment

structures. As shown in F 25, a two-dimensional structure 82 is 60

Hountedin & nYlﬁalrﬁﬁrt e SUbEfFaRST |r?fﬁel§e€otr¥be]én5?6>o?ﬁﬁﬁen?s the
e this easé, Hubptum diots JIngresaserted asd bottorhhgrstiyoterésprove the

srasswise intersestions of elegtredepasited metal stipsdibbonsL afithges .
égB%rlatgg(—iy, as shown in Figs. 24B and 24C, the embodiment of
the invention can approximately equalize the width of each
electrode 83b of the connection pad 83 to the width (thickness)
of each electrodeposited organic strip/ribbon 61 difficult to
dissolve into solvents, which is the dielectric element of the
superlattice thin piece/slice 72, and can approximately
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
silicon LSIs has a spatially anisotropic structure inwhich time

is projected discontinuously as explained before, i.e. the
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thin pieces/slices 71, 72 of the two-dimensional structure 82. Period and
thickness of the electrodeposited metal strips/ribbons 62 of the

superlattice thin pieces/slices 71, 72 can be sufficiently smaller than the
period of the array of the quantum dots 91. Therefore, the quantum dots

91 can be accessed electrically by one-to-one addressing with crosswise
itersectiens ofhtheaelectradeppsited Mmetad stips/Hbhars 6%, 0fdbetial
599%@@5%%;5 in |gces /(silcgi 7éL¢ZZrEQat Is, quantur ¢ dots 91 neendogal;tlon
exist at all crosswise intersec ions, but aﬁlauantum dots 91 4re a(ﬁ/v

BUSSdiSted Rith SFosERiRe afsadtons “PhistEauRaaney 8Hﬁ§n@§§ﬁ?een the
prathuctientyicld ohguamuardst/deMicess and inducesthégotecof as an

sidecgies e diedes corPOsed of grasswise inftersestionmavingulor y

exam uantum dot as a tive > portians, T us, |t IS, sible to .
Hgél)f?gt equantum ot gegvlce as z;i%rllpfe ermirial dp'\?llce arft%o%aﬁttlcular

W%éeé}&:%’%ﬁél? oqﬁicaﬁ%rtﬁ%rca%%dnhsa%ﬁe‘&ﬁv@&?elséagrfﬁématlon an

superattice thinmpiecestslicesii71, T2 e lanination-repeated strocture of a

EQ@%@W@&%@@W erednstryciyse 8%'1‘99%90' of diglecti Cdﬂ%rcaﬁdo nality)

sI| T thlcker dielectric Iagjbr i.e.-a structure h aving two high and low

frequeREESTPRE stfdttie SRGWINSHRIG D eSappicablEradir ect 1y
Q@pla;ﬂaslwélb Qleabtyim ddts 9xUisdeliin thisdisplataelight efittihg (¥, ¥) ,
guantua detsyandthey. mami&@ﬁﬁénltﬂﬂ@@&@lﬁ@umﬂﬁ@éado not couple

SRS éjlﬁr oligpmer %t&‘%‘%@ertw additign, sinc t;ﬂ%ns pe{ “%ecﬂ.hu'&ture 82

lece es 71, 72 have eedom in thlckness ere |s vantage

the é@&ﬁ@&éﬁ&r@&?ﬁgﬁ%ﬁ@%ﬁ%dﬁ%@ Eéﬁ%é’@éﬁ%@%%%ﬂs ly
peryjthit ednductive linesWavidg heghtdomdudtivity. irsthis flat cdisglaguration

sigefach.or 9@%’\’1)%? '%%ﬁ@cﬂg%ﬁééﬁﬁm%ar%aﬁPé’fscfl%é%@i%ﬁallty
Iarﬁf FEadow Therefore, a bright screen can be realized with low power

btion %Lﬁﬁ?erf‘éﬂﬁéi&&?%i (5t SOt By Usihg 4 195 - 244, 24B and
PAfindtion Fepeatbdsisicture lob 4 reoriductivilibe tdyeredstocape rty (T, V)
sanswichsighar extrgrsely:thir idiglecitie iayenand amslightlythicketre having

?i?'ec”'c aver a9 explaingd agoye i-g-3 siyctyre having two igh and .5 on
having the property ( ¢,¢ . As aresult, the relations of united
structure characterized by (?,T)(T,¢)(¢,¢) are established
with the neighboring arrows aligning without flips.
Therefore, (T,T) structures and (i,i) structures, i.e.
bottom—-up systems and top-down systems, can be connected or
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 LST.

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 1is
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frequencies as the spatial frequency, as the vertical and horizontal
electrodeposited metal strips/ribbons 62, i.e. the respective conductive

lines, redundancy can be introduced. This redundancy reduces the risk of
losing pixels by defects of the active portions, for example, and enhances

the production yield. Moreover, the configuration of Fig. 25 can be used
motohbd asropticakdevieds patralso astElectrariic tewices ®Y contralilmgsecond

apsiiensand chargedconditions, offunctianal graupsal, fore example; &y as

elecc;ctron organjc moJCecuIes inserted at the cross%/lse mtgrsectlon%
Eg ‘6 % CIOLS WlSﬁ I‘|L
ere ore It can € usedas mtegra ed’ molecular elecfronics devices.

Mereoveriahe abbyeexplaned tredbndanty obmiNed b ding aperlattice
superiatice-thin piece sstructure bavingtwa hight are fovs frequenciestasre 82.

e %88“%3 cd H%‘i%’ éé@ ry eff d€ fllve, tf’e‘%!@l%‘c?&ﬁ@@ {%‘é'&t%%@fe

needed in molecular electronic devices. The outer circumf erenti al \);:Iortlon

B HPfHerdibutiate 84 %ﬁh@ﬁ%g?&??dﬂ&&&tﬁn@%ﬁ%ﬁi@@sﬁé &g&s 71
theyamede: ot beiprovided albarounelr andamalytioe provided ddcdlhye array of

Wherg,appropriate: 3 multi-layeeed skucture maypaHsesh apddopdows be

LSIs candbe Prowded o%f\ d?under thée entlre su&f ce includin tghcrossmse
cenf’raﬁportlon Ftﬁe frate 81 Theframe por ion Bib a?ou

wbsdinrpsictial stlickire BRECIHREEPRSthessletbaepdsitdd fetalPons 62
stripsiebbons=62 axtending il parallet wsthéx anet y directions arthat is,

%9&@%%9@&% NZintgrsestions afthetwo-dimensional structurg 82 with + 5 o s
e same conflgELchatlon as that of Figs. 24B and 24C. In the other

PEdpédts, fhePE %‘Hddé?ﬁﬁo&]rn&ﬁ%sfi‘&éffﬂ%%l A5 THE tirdt eBddimenrosswise
Wwithérr e ésttent not Ebntradict o fis natueeiHecsscohe embddiften yield

&hsyres thensame aduantages asdheserfdbe fikst embedimest aswellces to
%2 !gfxt exp Ialned is tIhe thlrd embodlment of the |nvent|on As %hown in

6, the ﬁurd em% iment uses a ?ane havmg seIPS|m|Pa?|t é)nrdexample’

%@%RHM%%@&@@HW@ E%ﬂéﬁ@@? haﬁﬁ@léﬁrd&alls‘%rl}t‘fﬁr%l]a%?héo
bottbhyupe the quantum-dot device as a triple-terminal device

although it was extremely difficult. In this case, it is
effective to use as the superlattice thin pieces/slices 71, 72
a lamination-repeated structure of a conductive hetero-layered
structure composed of dielectric layer and slightly thicker
dielectric layer, i.e. a structure having two high and low
spatial frequencies.

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 organic
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. In 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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structure instead of the array of quantum dots used as the bottom-up
structure in the second embodiment. Here again, the redundancy
obtained by using a superlattice thin piece structure having two high and
low frequencies as the spatial frequency is greatly effective to enhance
robustness of the system. In the other respects, the third embodiment is

idanticaba the first and sesond embadimentswithindhe exientindte of a

congadlct to n;Cs natgre The&hlrd em gggament 8nsures theasnaext thin
advanta es as those %?{he flrst secon db s as we IQI1

%ksﬂa%‘ééiﬂsemééf@ferﬂq eﬁ%oauﬁéhaeﬁh)é .ﬁ@érﬁﬁa%r |ﬁ%ﬁé$&§rﬂ+c layer as
eptbiodiment, ascshowri inek.i g. 27Aptwa skaftss 101g102@re sehinead low

spaged parallel é%a%%'ns@gt ?!?PUP%'&I g?n Sfokine growii ca1 ang
lg'ﬁ)gatratus used.in the first embodiment.n the gtll)v{\;%e dlrectlon ot the

frAon*t3 p?dr%ﬁt%/ro? FeStrode Foftforsiota &rd i.e. the
epads, foecexanplec it Iéhgﬁﬁmsé@@e@tﬁmemheaehée 1@2taoduced-
p}maiityeaf&{a@m@;a pedions éaa%a@l@@vwedlateggabmteéml%gorde fects

8‘% ;&Pﬁ!h sinate relation with, %8'9 055%%% 1032, ABONE:+ 5 on

ermost electrode portion 1 1a of 101
%&666% plate 103 and a resin plate 104 easy to dissolve into solvents are
mountid réaaepredeternimed. distariceo AbdvEe and bibdsrtheenexed not only

gleclrede portign 10da.5we resip plates 05,406 eaguto-dissQveiNta-011ing
soIvths are mogmtgd via %pred%termmed %S ance, A Above and under the

%?ﬁn P&ec?ro e porfggn Gfa S|m11ar tSWO resin pﬁates gl}b% gésso d for
diszohvecintt sbhehtoare m@@mednwhe@pﬁe@eteﬂﬁm@edimteemmesm se
otherrband.iaboyve and endebihe, lowermost Blectrede postiormtea ot dbe

rﬁB%@&QfaP’VQl@é@r@ﬁEeés@%ﬁjc% gasybgggésggglle Nt SQWEHLS. %E?plalned

mounted via a predetermined distance. Above and 63 under the next

’éi—“é%%%“ﬁéh@ﬂ? Ga28Svdresh? pifed PIPEASIADHiSSoIVE ito RbRERts
arer munted viava ngredetermigéed adistahoe. Abeveand Uaderthe still pexttial

electrodeportian 1023, a resinplate 113 eagy-todissalve Q1+ tolerance

needed in molecular electronic devices.

The outer circumferential portion 8la of the substrate 81
is the region for locating top-down LSIs. However, they need
not be provided all around, and may be provided locally.

Where 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 81lb 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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solvents and a support plate 114 are mounted via a predetermined

distance. These combinations of every two plates are alternate with those
mounted on. the shaft 101. In this case, these support plates 103, 114

and resin plates 104 to 113 easy to dissolve into solvents are

disk-shaped, and their radii are slightly smaller than the distance between

the shafts108x 1021 Tbereforenthe-supporéplate 1Q3rand the resinplatesion.
104 thrqu u onthe .QVer [ resjn, plate
109 j[hf%%g 1%1%@”%31 th@?gupné?ﬁ S#a%ﬁfﬁ%%@ﬁfﬁ%%ﬁ%%h?%é{ﬁn 3}‘5‘“6
8pdE Betfedn T shafts 15121622 Witk 178 Growth apparatds: ‘grbwitiis * - ©-
dopé asexplained ibglow, foreexamiple.tAn etectrcallyscondective brganie

Lesist{pat-shqwal-isa first oated qn-side syrfaces.of the glectrodeportians: he
10 a of the shaft 191 and thet electrode portigns 102a %f the shaft 102
Bg%) ructur he ent, . H

om~u e in second Limen . Here ain, the
reIPlanH. ere IS‘ usedlan orga}nlc ressﬁﬁaf) ISSO|yeS |nto_ a sgllgentn
nsed foradissolvingaha $esifpl AR ErID4athFoURFH- 13 Bldazy tbitissaNe o
selventsu Adter dkatn in theosamenmannel as the dissicembedimentrae spatial

?EQ‘&%Q%'%”%ﬁ?&ﬂ@;‘%‘f%%f@f@&dﬁé’ aligrogte Jajeral argnl on, £ e

side surfaces of the electrode portions 101a via an electrically conductive
drgari@resist in the space between the support plate 103 and the resin

plate 104 edsy tordissohesiptocselvehtssbothimdusterh dirthe shiaft 10éptical
mse_%@@eﬂ@we@n@egséma@w&ﬁﬂgﬁt@n@m@aa%eew%@emt
resin Plaée% %Ogblg%ssﬂﬂni@{'}’ also in the space between the resin

p%?es 709, 11. easy 1o diss6ive into solvents, both mounted on the shaft

102, thfé@&éei HotReee tHBTB I PRESEL 1 1938k A Ipacbenisehose
the resin platetl Lhand e sdppoarbplaiemd td sa periedically laminated

structupg isformed. by, lateral growth-on-side.swiaces.ofther electrode i on

portions 102a via a electrically conductive OI’%&I’]IC resist. Thgé)eriodicall
laminated SREM&IHYY 63 RS E)ere R SHERRIFE growr Bn Sid8 sdrtsesdatts
6Pthe dléétrede portions 101apeayebe eithierd idehtical te ot diffekantfrem

the- periedigally: laypinated strogtuse grown Proside suiriases ohth&ised in the
%lle:gggde%@%%i?ﬁgn]to.za'ﬁugﬁgqurqué’r}vb%seelegg.ra?alsyggion of the shaft 101,
a plurality of electrode portions 10la are provided in equal
intervals, for example. In the lengthwise direction of the
shaft 102, a plurality of electrode portions 102a are provided
in equal intervals, for example, in an alternate relation with
the electrode portions 10la. Above and under the lowermost
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 are mounted 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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solution 54 is discharged from the electrolytic bath 51, and a

predetermined solvent is introduced to dissolve the electrically conductive
organic resist coated on the resin plates 104 through 113 and side

surfaces of the electrode portions 101a, 102a. As a result, individual
disk-shaped superlattice thin pieces 115 formed by lateral growth on side
suifacesiof the etecifcdetpordeony A0l a@ndliddividualodisksshapetetes 111,
superlatiicedthingpieces 146 forned by Jateral growth onrside sykfaces of
he elecliode portions 102a sink dlown, and secumulate altemnately. In.fyis
mariner, & laminatéd “stractire composea ot altérnate accurnulation o

shperanite RhRtieses i< obtaineds Nrerhae theJanminded stueaneys 1nto
daker nusfeomd the wlectralytit Hath] andpertionsshawniby salidelinec ermined

J?gt@ﬁg@é 'nﬂ‘:}{%s%7§oq{§ f&%@%r@ %rle %&J‘P%%tigfaﬂe g‘épg&féea lternate

three-dimensional laminations are gbtained as shown'in Fig. 28, for

I B R R S8 SupBAicE thitt piecE thrabSdif SRgidny S© Support
gamirratiohd3 a flihéticmal devicerispfabrieatelifl the shhie afinerasithesolve
firgternbodimand. inthetheraspgats: theteurthembogiment isdderficabhtly
d9 the f'@‘@rfm%odéﬁ‘éem Aand their %&%Peaet'oneghgm' feg here;. o Jhe faurth
embodiment has an agdﬁonaﬂ advantage tﬁat e functional device’is

GHRER erfishcednR Mitctiohaliy afd degred fintsgtatioR by ting! 04
Supetatticedthinzpiececthree-dimenstonat lamihatiors e fornwtheh the resin

Jungtional devige., in,addition. to-the, same advantages as those obtheditst che

embodiment. Next explained is the fifth embodiment of the jnvention. Fig.

YAl d PranVieRRSt S VAT EHam Sr%a_ ofa g&urﬁ réz\laporation
appardtushand POBIisHE idepeRAGHIE AT skolh ihFigen2oAarfrkpdBined

ghe §fth erabodiment winds a resin base film 123 in form of a narrow thin

flat tangop a llet 12265 beforehang apd after formiog 4.ty Jetal i,
not shown"by evaporating a metal, for example, on one surface of the

dSintpase fififl 193 RdAcarPBVafsiafion sotice 2% AP e redis 1012
dhaseHfins 123 witlh themeétalfinethereorodrtea takesup rollera of the shaft

102 before hand. Here is used an organic resist that dissolves
into a soclvent used for dissolving the resin plated 104 through
113 easy to dissolve into solvents. After that, in the same
manner as the first embodiment, a periodically laminated

structure is formed by alternate lateral 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 resinplates 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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125. Reference numeral. 126 denotes support plates that support the roll

of resin base film 123 from opposite sides thereof. Once the resin base

film 123 with the meal film is wound up onto the take-up roller 125, it

makes a spiral structure in which the resin base film 123 and the metal

film are laminated alternately. This spiral heterolayered structure is
appedmately efuivalentiortheyeoncenttical iy uctureashowns indge P2ct rode

JAOereiore a superlaties.tun filn canjbe obtained Jbgsed andlespiral - on the

structure in the samé manner as the first embodiment. The fifth

RATHoHimERT his tAB Yaiie HavaRtages 58 tHos8 b the ¥irs EMboaimantt the
Next explinarbistthesixth @asbodifen of trninbenticie Irethecsixthl vyt ic
emhodiment,superiaticenthinypiecesistices o/ b 1i-aednade bypthen 51, and
mprgting mefhad shown JaFlos, S04, flioygh 308, it as shownJn Fio.

% , @ hanostructure cﬁe 1%& havmg a pattern conﬁguratlon identical to

e eletipabpdsited et iR 62 oF e first efbudimeat RUrent o e sin
pésin sabitratech3bagishowvd iakdg.s30B:fanpréssing. dhetrranostreicturede

ie-132 isrerpeved thesgaftenfrom thedgsin, subsirate 4311a%;5hQWaiR peqd

% 30lC.tAfter thagt}i,as shown in ﬁlg. T:;‘,OO, a $tal iim 1331|s de osgedn id

S theest SubStrate® 131 By vacudi evaporation, for example, 16 (ury® =

e groovesoforiieel intethierredin substraee 331 biahapledsing ustigthe

Aapestucipeedienbd2 with the enefalifiinp133.Nextes shomiednibig. 130 ral

e tpsinsyiasiiale 134 odergass elaing Ipg{on, ANt Ballom SUPIUS: o
the metal film 133 is removed from the top surface, and the metal. film

333 18f1Eohthe Fatk SEFAEE Li¥ expdset! AS AR as ShofRiRFGS
80FustiperclacddCe sthin piecesislices 74, F2awithimeta' dhmo33arerlattice
ohtained.dndhe othelifespeet4the sixth embodiment is identical to the

first embgdiment tp the extent not contradict to its 66.nature. The sixth
embodhERE LR <ie HNAEGES 38 oL B e fE b amene™ the
Nexe texplaifiéd Bahé sevefth ehtbcdimeritofthey solid-line rectangles

in Fig. 27B are cut out. Thereby, superlattice thin-piece
three-dimensional laminations are obtained as shown in Fig. 28,
for example. By using these superlattice thin-piece
three-dimensional laminations, a functional device is
fabricated in the same manner as the first embodiment.

In the other aspects, the fourth embodiment is identical
to the first embodiment, and their explanation is omitted here.

The fourth embodiment has an additional advantage that the
functional device is significantly enhanced in functiocnality
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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invention. In the seventh embodiment, utilized is ROM feature of the first

embodiment shown in Figs. 24A, 24B, and 24C. The electrodeposited

organic st.rip/ribbon 61 difficult to dissolve into solvents and the

electrodeposited metal strip/ribbon 62 of eachsuperlattice thin piece/slice

71, 72 are here considered to be general organic/inorganic dielectric

meﬂ&lﬁa@ﬂfﬁi, c%rﬂf@&réﬂnﬁ&dﬁmgﬁ%m Q%%%fiﬁ!é%ﬁiéetﬂ@ﬁ-f Hese theown) by
ickness, of said dielectric layer is 10 nm-100nm, and that of sai .

%%%@%c%:‘%%%aﬁn%%%dnr?gfs?ﬁa/ng%ﬁd connetted to't ?ncepié)%e/%ﬂge resin

23592fHA bt &XarRPIS AR TR e Ce otaEs Fig!l 34 sHOWS §4i® RORMresin

lcrewit Schenmaticallyt In this ROM,L iffN stripskibbonscofimetakaredndbinroller

piece/shcer Ll.ofe e memery £apaciyof said ROM:is,N2:hits 18in¢es upport
there aorleZ fcrossm oints Sﬁgtlngj]l the interface between thin
. S

Sfice/piece PLand &r8h i£1 N8 SIS aia N histal Shfgeset
on thinflge7 L hend seitbersse 159l raré putontsaid e metad Isthipsront thinound
fifnof: I here fornedup arthin paturaboxidation klayes (8ot shaws} eicture in
principal surface of s 71 and %2 4.6,, ghe,3urfaces Ofhem faging 19, 1, oq
each other. For example in case of Al metal stries A1203 is formed, and

HISLACEIH Hoss? MetaPRirfehiBSoresPdfperatiteSthi fiSfcel 71
fagescthanef § 2vincedgevtoledde ctonfigerationaka thel natUraltoxide layershown

Heresigth obN metalstéps/ibbons of superiattice thin film 17245 onested: ned
fo.00¢ endisiminglof ipverfer /=, (FA-N). Lhe other side ot the inveter ..,
IS ground%d. achrend of Ni- aétl Strips ribtbons ofnsuperr}a?tlre thin fifm

7156 ¢oMfdcted to an appropriate power supply through load RL. Nest,
explainadkistthetoperaton priaciple o saitkROMe Frst gdesearfed isshewdse of

write HQ@EQ@%A’ME{%@I@P, information is written in memory cell A at

address (i,]),1.e,, the cross-point defined by strips/ribbons i and j. .
Here, By 67 pfting™Righ * fevel o &* tHaGR L Ghpbmeht Of imsery en tion.
being donnéctesdlityitheguthanetad strip/dbber bbstupertatticenthin itm 25 1ices
the carrespanding 8-channet FEJJS turped pnnderaisaid haturah oxidgs . 3oa
PE?%%gksgwéﬁﬂpﬁﬁ%&%”EQSQ%g%Qegn Fig. 30A, a nanostructure die
132 having a pattern configuration identical to the
electrodepositedmetal £ilm 62 of the first embodiment is driven
into a resin substrate 131 as shown in Fig. 30B for pressing.
The nanostructure die 132 is removed thereafter from the resin
substrate 131 as shown in Fig. 30C. After that, as shown in
Fig. 30D, ametal £film 133 1s deposited onto the resin substrate
131 by vacuum evapcration, 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

SX3)



through by putting high voltage between superlattice thin film 71 and 72
by power supply, and the cross becomes conductive. Now it can be
considered that, for example, information "1" is written in the conductive
cross, and information "0" is written in a non-conductive cross for which
oxide layer is not punched through, By doing that procedure for all the cell
gt selected addresses, information can be written in. Next explained IS
how tolretad out \ﬁ/heenr&)%rélnfo a%on is read frommgmor ceII A

Vanta ose of
address (I, i-€., the Cross- p0|n

ned y strlpgyeb%ons I an J by pfjC tin
Wigh f et oﬁf@@ﬁd{ni@%%mponent of inverter I" being connected to the
j-th metalestrip/ribhon ©f sepedatticacthiefilen' 72, hecartesponditg the
n:ehapnel EET is turned on, and also high level signal. is put in the i-th
metal strip/ribbon of superlattice thin film/slice_ 71 by power supply. Then

if informatidmn ©1° RAGRHENG REMER el Adi L 22 TifR & 0% %?sOf the
purched:thivoughnthere sbamventiffows theough fhe i2thB metaldstApfibbBh of

@'%Z&N@@@Qﬁ%eﬁ%@%&ﬂb t@er@@ﬁﬂi@%ﬂ@%ﬁ@ﬁ%@&t%rﬂe@%olve
'itrﬁ'{?A bec%mgs Iow When "low " level. |S£u%| gate, %ofncha

elng Component O nverter? curré)nt never f|0WS rougln t% %bon 02
et StiphibBEM B ?mﬁ%hﬁa{uaaem/ sAd agesit, the olental %@%dered

pttlem@nc_glemfelﬁe Inetabstripd,iremains highl 1©hdhe othemntare; ifals and
EE%%%% ﬂ%‘é’é‘ﬂ@’%%‘(ﬂﬁrw%%'{dﬂs'ﬁeﬂ%@&sﬂ%&% N9le thickness

nduct ue.to oxid yer bEIﬂ% not punched through, no current

g‘?ﬁ h%ﬁ&?ﬁﬁﬁe 2 rip/HBbor of ir 71k 1o R Hodhattdr s2id
ﬁemnetn-en@nnell FETheing tneompederit bfheverterdpisnies tatot @ffthin

Asacessuitithe patential atihe otber endmbthe mﬁ{ahrs{i’&ﬁefef’(@&ﬁ)rder) )
hlgh ASEq Créqe é’%a%g I!/JQQ:L g wge Wplg 1ca Ce hg%is ROM,

sup erlattlc thin fi m ice 71 7 according fo the seven

éﬁm%o@ﬁqeaﬁnﬁé@n@eﬁuaﬁ Ti5e- enidi§ eafbaengf%feancn/ewc% B -
as dargeras 10 c A6 Gbitsiom2aAlorRoncessaid ROM,, beingeablerterze are N2

m_a&se fi@a@bleo%& bednstalied in manyneleciienic apparausgs.drurther,
1ce Mebceén adg 9£ Here numbers i=1~N are put on said Nmetal

strips on thin film 71, and numbers j=1~N are put on said N metal
strips on thin £ilm 72. There formed is a thin natural oxidation
layer {not shown) on principal surface of films 71 and 72, i.e.,
the surfaces of them facing to each other. For example in case
of Al metal stries Al,03 is formed, and thus at each cross, metal
stripe/ribbon of superlattice thin film/slice 71 faces that of
72 in edge-to-edge configuration via 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 Iy (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 inmemory cell Ayyat address (i,3), 1.e.,

the cross-point defined by strips/ribbons i and j. Here, by

677



superlattice thin film/slice '71, 72, can be made lithography-free, which

leads to low cost production. Said ROM can be used as disposable

memory and appropriate for ubiquitous information processing apparatus,
etc. Next, explained is the eighth embodiment of the invention. In the

eighth embodiment, in the said ROM by the seventh embodiment of the
pvention, Usédlis o taled nanobyridges strustureminterapt <URLinverter Iy

ﬁ@%r[é”&‘%ﬁ@‘é*@@dpé@e&%%a@?/ﬁ@n%io%1@%@5/%%19%% %@s@;@e@ﬁéﬁtlce

tc}?}elcro S, Of of Szt |ps/r1tt\)bons of su fgerl ttlce thln fi m/sllc?n Eﬁnd 72. Here on.
Fint fs"fisé for Hetar };rrrps boAs h st super StHCE thin }sﬁrceuffleld

Heusete ad mretalstipskibhondmtsiiren atiée thircfilaiiceoraand saupsshed

g used e material Nsereddtthe eross Wegn32Ashows thecstryetire £1 1m
“P{ tﬁ%&mﬁf W%o%ét}oé%ﬂﬁﬁ?'s 'Hf'gh%zéJ@é@%&‘é&%ﬂé@e@é%é’iéct ive.

denotes the Cu metal E/er in superlattice thin film/slice 71, reference

Yithéral R R&aid R MEaFRTer i SupeAZtadfi fim/ide 78 tag 1
Wumbenl48 said Co2SuWhereTd fayes 14218 hedatively biased),” okidatiorr ten

pﬁcygﬁfﬁi%ﬁaﬂee%%%@yer 241, ﬁH%&U fiqraebeggehesl@woierpunched
IC solbes |nto Cu e ot an I UC'[IO CCurs a
%%rouﬁg %# iﬁ?mmféoce S i£31)1 gg 9 % Eected

he surface aye 0~ in Cuz ecomes Cu an
PreIpitaRs, Refe?@ﬁﬁ@ﬁﬂﬁferﬁlaﬂ@%dvyéts%ﬁdlCh“prempltatlon As
shown nd=ig. 32B,1wher Saidcs precipitated<Guireaches at Cu film 141 to

eI metal bridge, madle ;of ?&e%eﬁe&r%g%}% and-the grosss (5, 4)
becomes "ON". When positive hias is \A)%y“ed o Ti film 142 reversed

regctrontll%&egrﬁﬁée PsHd thet® b SRdwYin Fig 185¢ th RN Bridgs’ - by
pliminishes andthe’crbss decomes: 'DORE" . Issingphensmenal deseritdeer 15

@@Qﬁe idaraationycen be writtanin saidimemary cellobotheetheperlattice
ec the hth embodrment IS almost 6 |dent Egirthg %%rné@ on, and

em ment ee| ht em%o%men?ﬁas an aélcfltlona dvanta e to the

eé\senrh%bberrﬁénﬂhae% inforatich cdi Be Wrfttertetal Strip/ribbon

oonsdgsirticiivelyce thin film/slice 71 by power supply. Then, if
information “1” is written on memory cell A;5, i.e., 1f the oxide
layer is punched through there, current 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;’ becomes low.
When “low ” level is put in gate G; of n-channel FET being
component of inverter Iy, 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
Aij, 1.e., 1f 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 Ay’ 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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Next, a functional device as the ninth embodiment of the present

invention will be explained below: The ninth embodiment of the present
invention is a functional device having a periodic structure, that is, a

structure in which the Lime is continuously factored and to which access

is to be made from a direction perpendicular to the direction in which the

gimves istprejebtedlimto orddctdred. nThistfunotiofibkdesiterny formed fronpéa said
rahefa peripdic sspiealsiraciurerinelugling & Atie- OAI@@O%&%@@aid ROM,
conducto&3 Iay%r oLa metal or Ee |Ik§ and a non- metal Ia,é/e avm

Lfﬁlcf%ﬁess more?han doanle that o the conauctor?ayer andrL v€v3h i many
akesssenightysaalight oF #5e like) T & diféctidnRitferseedng, made of
qrefterably perpendicular to, the sliees Mare Specificatly piberfudetional
deviee s an.0r9apic, solaricall as the ninth gmbodiment of the prssents s 4 rou

invention as ‘shown in Figs. 33A, 33B and 33C which are a front view,

TBEr AN 8%‘3‘&0%1&89&1?&11 GLFRRIVER  AS BRAWR - Pigs. S3a g1 L tous
iant83G,therorganicsotaneellag ferneddiffoned spiral structure

composeskef ar apode 464 angd cathoda dp2Withn@d Drganie of the
semlc%ndot%lctor layer 153 laid between the anode 151 and cathode 152.

The solar céll has the general form of a thin disk as shown. An insulating
layer (nBPsﬁBWrﬁW‘ng”\n@@H’WFér&ﬁe &Rod8 53241t Rathdde 1s2 sR7enth
dmiadabicketotback retatichntceelectsically frstlate the anedé dSlrentb-bridge

Lathade, 132 from each tothez On the back of the organic solar cell, linear

outqt 9Iectrodes 154.a,nd 155 are oybd4ed2rg I¥ th clzné]%ro%f 18 Feb.

20Rtact withtthe amd@l@lf vﬁﬁ@%ébﬁ%b@t@éct@dﬂé%ﬁé@ﬁééﬁ%&hm
with-heicatbode 1524The organie semiconducios layerdl S3okamatal

SErJ'EJ r%'l 9101,13%%}90]919(:9 QEPQI&Q%IS"%JHE%?” %pﬁsiquae7l_7oﬁfl is used

ete unction type structure, organic semiconductor layer 153

%Stgfﬁetaﬁgaﬁ.aw.eaﬁ&%rJf.waﬁ&%%&bﬁeoﬁeﬂa?e%ms%&aﬁch’— and
©thér tosbe sredortact withrtlae- amgde 154 sandceathade tis2, cespectively.

The bulk heterpjanction,typerstructure; torganigsemiconductoriayer 483t hose
me aTe 0?8 nd fogr?gd frorPerence numeral 141 denotes the Cu metal

layer in superlattice thin film/slice 71, reference numeral 142

said Ti metal layer in superlattice thin film/slice 72, and Tag
Number 143 said Cu;S. When Ti layer 142 is negatively biased,
oxidation occurs at the surface of Cu layer 141, and Cu atom
becomes Cu+ ion, which desolbes into CuzS 143. On the other hand,
reduction occurs at the surface of Ti layer 42, and Cu+ in CusS
143 becomes Cu and precipitates. Reference numeral 144 shows
said Cu precipitation. As shown in Fig. 32B, when said

precipitated Cu reaches at Cu £ilm 141 to formmetal bridge made
of Cu precipitation region 144, and the cross becomes “ON”. When
positive bias is applied to Ti £ilm 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 saidmemory cell.

In the other aspects, the eighth embodiment is almost
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a mixture of p-type organic semiconductor molecules and n-type ones,
and the p-type organic semiconductor film and n-type one are in such an
intricate relation as to be in contact with each other. The organic
semiconductor layer 1,53 may be formed from any one of common
materials having ever been reported as those for the organic solar cell,
irderecparficutasly ttielyaeetyterte {preterabbra double-substituted

polyacefylene) aely(R:phenylenevinylens), poly: (2 SARIENVIENS t age to the
vinylene), poly%/.rrole, pol%l(?,-methyl ,thlophene),é)olyanlllne, poly(9,

GRS fIGBRENE) TEDAF) By (9 D-didE 7y Htiotere-ca bithiophene) =
(FST2Y s poly¢t-hesylv2-phenylacetylene) (PhxPA) (as a light-emitting
rTF\)a[;g'iAa{h&(QWE@#@#&W%HQQMQE@@%W&a@ﬁ@'ﬁﬂﬂ)tld%ﬂ@ﬂ&i@ment of the
-nBu)(as_a light-emitting material to emijt .green light), poly(pyridine)
ES(&%?/?%%I{} pyﬁaa&ll\%ﬁlyl‘éqrjig).i( ye ,Qt %%%?gjbkg%?u?gd poly(p-phenylene
vinylenéENPPYY, B8RS 10\ tertbuthyin8&1iolE PibHUS RN @IF)-and
fhedikeofot thiesei arganivsemnicondactos dopastsy atkali metat h&f, N&, K a

O LR)iay belisedias,dener, hajpgendBr2, 12 Qr&l2)y Lewisadd and to
‘{5[% PF5, AsF5, SbF5 g)r 803% , trfnsmon metal h{illde FeCl3,£/loCI§, N
E98 51°6HER) be (sedss NetEptor %Bnd TENE oF TTENCS BB Thgdas 2 r t°
Prgadicrasteptor iMoledulehAiss foktlte dopantien ueddintthecr factored.
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Specificakly; the rpolyélectrdlytés. asdlile asdhe onganiosémicaonductorer, and
daveri 53 include sulfgpatepolyaniline: poly(thiephenes3-acetie acid)i rection
sulfonate polystyrene. holy(3;thiophene alkan suifqnate), efc.as .
po?yan?llne, an%’péfyﬁ y?amlné/, 1 pglyflp-pﬁenﬁene-vlny ene) precursor
polymeM ety (pomethil Gk iniu ¢in§Lere) Lpretdnated ety p-pyaAdil organic
yimdene) 1preient2-dN-metbyl pybidiniuneacetytena); eleeae polyicationtion as

Jm&ﬂ%no.l_qle %§2;§1nd3%8;§b0%%§5%§i1%%p{,§‘{§@{)'>épg rgaggont view, rear
view and side elevation, respectively. As shown in Figs. 33A,
33B and 33C, the organic solar cell is formed from a spiral
structure composed of an anode 151 and cathode 152 with an
organic semiconductor layer 153 laid between the anode 151 and
cathode 152. The solar cell has the general form of a thin disk
as shown. An insulating layer (not shown) 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. 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 should be noted that the output electrode
154 is in contact with the 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,

70



of metals different in work function from each other, respectively. More
specifically, the anode 151 is made of Au or Ni, while the cathode 152 is
of Al. The organic semiconductor layer 153 of the organic solar cell is 70
to 100 pia thick, and the anode 151 and cathode 152 are about 100 nm in
thickness. The height (thickness) of the organic solar cell.; that is, the
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raspeetivelys £ Shguh acvacuurn avaperasion agparatys tabe yseddomed from
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: %%1 r(%ﬁade?base o Tgfrﬁavmg a predLetgrmlned %I(ﬁﬂ Tor exgcn% s those

BQmﬂauﬁawa%ereﬁl 61 FetRFFF Hidicathbile iBVABBRzSY Lene
frone eevapoyationisobrite-k63to-formithe cathiogectEs2 vaone,side of
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%Sﬁﬁ#ﬁé@dbééélﬁlﬁ@m? TReAF hrp Bpbyorganie-semiedrductor is

yaperizad-from-a evapeationesourcet 65 to form a p-type organic
’ﬁ_%?t‘xcﬂ‘ ey il %»rht 8, POESid8 of the 1 debase M A62. ;1 ing

er, the eta e’anode i vaponze he evaporation source
185%6 17321 forf e ldncife e5 1 bﬂktﬁé on@%e( 8?@1%%&1 AaRE£eIm
462 iThen,the depbaitedfilmis thus depdsitedrarée taken mp oar addke-odpemit

?oﬂl@érlfi@lght@;s cmmgy%sllalm@qie base film ;162 should hea heat e )
%Q;§spam%y%ggeég gfitzggdgxaly(p -phenylene vinylene) (CNPPV),
poly (3, 9-di-tert-buthylindeno{l, 2-b]lfluorene (PIF) and the
like. For these organic semiconductor dopants, alkali metal
(Li, Na, K or Cs) may be used as donor, halogen (Br,, I, or Clz),
Lewis acid (B¥s, PFs, AsFs, SbFs or S03), transition metal halide
(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 (TBAY), Li", Na® or K" may be
used as cation and Cl0, , BFs , PFs, AsFs, SbFgs or the like be

used as anion.

Further, a polyeletrolyte may be used as the organic
semiconductor layer 153. More specifically, the
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,

71



resin-made base film 162 has to be separated from the deposited films. In
order to prevent the resin-made base film 162 from being wound onto the
take-up roller 166 together with the cathode 152, n-type organic
semiconductor film, p-type organic semiconductor film and anode 151.

going to be formed spiral on the take-up roller 166, the resin-made base
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ilted from a vertical plane indicated wi otted line, so that the
ae%%p%%é)ﬁlotn %gré brémm:é%le%o Hﬁﬁ%%?ysass' ap@?&pﬁ?ﬁégﬂﬁof %hﬁw%%{arﬂ?csgﬁie?af the
Pratehot Sivovir) lrading aRheperifig of 1eo 8w ih gidniéter, dgganic
example.douved theredy is astually fermeidakenchelibesavapgration: 11ight
BQUECES;16310,,165 19 minimize the Pﬁé&@l‘jﬁf@rﬂ?@ ere‘?%&%%‘%!g”of the

sources 163 to 165 to the resin-made base film 162. According to this

MHARTENThBAienE tHe anode18 1 MA T catho G 18P HEFOAMEdEPRArRRA for
the begartc semicanductors fayer 13%heingteid betwedn them e psavidet ed
k@etb&}h@i%%ﬁf@%%e%%%a%ﬁ@{arﬁeﬂe%:%% the pfcrtl rx{c&{\.ﬁtiﬁ? area Detf unit
area of the organic solar cell js extremely large so that.li inciden
e PR T S o b oA 11 b
SFROAISEIR BY inGrBaséd FYRTRBSOrptibh &eabfdiiecorplipRe that in this
semiconducior tayer 7-53K2eneradly,itbe organicnsemicondficton layer n-type

dr3 ?ﬁégﬁoiﬂn?éécglgaéi‘éﬁi%%@l%% byt the elegtifalyesiSIanca GARDS: 1ayer

reduced sufficiently by ,
15 heterocjunZtion structure). Figs. 34A, 34B and 34C are a

front view, side elevation and plan view, respectively, to show
a vacuum evaporation apparatus to be used for production of the
organic solar cell.

First, 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 Figs. 34A, 34B and
34C. Next, an n~type organic semiconductor is vaporized from
a evaporation source 164 to form an 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 evaporation
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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forming the organic semiconductor layer 153 sufficiently thin. Thus, it is
possible to provide an organic solar cell being highly flexible and having a
high efficiency of photoelectric conversion. Next, the tenth embodiment of
the present invention will be explained: Figs. 35A, 35B and 35C which are
a front view, rear view and side elevation, respectively, schematically

iHustrate, dogethes Q%@rgﬁfﬂi€§8|%rf@|ls§§iéh%Eemﬂee@gg%n%@désbase film
FI%S %?f 5B and 35 E@s or n|c solar ceII is formed
a
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geerahformoba thinhkexagonal plattdn sether sespects, dhis anganicis, the

sQlar gell s simular dothat ass the ninth H@%@B@P&t‘é@r%%hb@he deposited

explamed how to produce this organic solar cell by way of example. It
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hetérgjunctivritypetstriucigret inkwhich arptype oigfanid semidonduetor!filrmhe
and AdyRe1crganic t%%@iwf@é!ﬁ@& fimarejeinediioeach ather fﬁé@rganic
sél’le%v!% a_vacyum ev: oratlcg? apparatys gjsed for p{Od%ctlo%woof thi IS .41 on
organic solar F celr, an . '57 Shows win n “of the Tesin-made asegﬁ

162 Havify the H@bé%ﬁfeél fifmstheré6s bRt aRe thRE folferlies Iwisr gssed
thin, tflat tapashapedkresitemade basenfilmHi62 havingrg predeterminetd-ed at

wigdth, jor, example, being wougd.on g, supphefoller 161, a mefalionthe 1o the

cathode is vaporlzed from a eva ora ion source 163 to form the cathod

1556n GherSite S5t the Gesir-mate fake “Hfe33 8 skt in Fig"36°° 19
Nextz ant adype orgahie sentibonducterisivaputizetfiorh lalevaparatioathode.

seuree 4644 ao-fgrran B_typesganic §©@i&9@ﬂécwé‘ﬂmﬂﬁf@s #408tBe gize
Qne side of the resin-made base film, 162. ;then.3, p- E)’B%% %r%ﬁ having the
semiconductor Is vaporized rrom a ev éJOI’atIOI‘I source

p- %@of@%‘?’ﬁc %@ﬁﬁcéﬁéﬁbt&a@ﬁlrﬁ QEBH G B GRe aéi@e%??h*é%@l nUﬁﬁaH%l ler
hase filme 162cBunthey thel retabforhthbanodeisnvaporizegd fiddindlpen at the

%6%%%%ﬂ99é@§5¥3é@séﬁggngvaporation beams from the evaporation
sources 163 to 165 will be irradiated from the open bottom of
the housing 172 to the resin-made base film 162.

As shown in Fig. 34B, all the housing 172 and rollers 161
and 166 accommodated in the housing 172 can be tilted from a
vertical plane indicated with a dotted line, so that the
evaporation can be made obliquely as appropriate.

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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the anode 151 on the one side of the resin-made base film 162. Then, the
deposited films thus deposited are Laken up on a hexagonal take-up

roller 166. In other respects, this method of organic solar cell is similar to

that having been described above concerning the ninth embodiment. In

FIG. 37, a reference numeral 173 indicates an insulating film for providing
etdctricakhinsealatioschétae errthen pi andarbge drganic semicgmdictorarea of
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is pressed at the other side thereof with a hot rolier 174, or irradiated
%%ﬂli’ééﬂtﬁelr%fdé%\ﬁtrﬁﬁ‘&ﬁlﬁ}&%‘éf&@&%\/\foﬁﬁacé%ct}ﬁeotgk%}i?&?oﬁ fotric
A&y Fhasthe resin-made base film 162 is separated from the cathode,
semicondygtor filmswand: cathedea itheterth embagimentis similadyion will
advant eous 0 the ninth embodiment and also advantageous as
}?o Sllows. |nce e organic solar cell as the second embodiment has the
generaIEféF?rﬁ of athexagp i A Rip4lity ot the dFGaicsGIa cBiSan AT view
beddeddin & planeiith nogapsamang them astshowni inaRIGy 381 Thasyrate
{5 pogsible io inereasethe productiomof electyicity par UNLAER: nent . As

considerably. Next explalned is the eleventh embodlmen5noft e

TR frl e efedent EnibStiment SPirtamiamgSuction for+ 15 formed
exanpleadbrs 9l Appl. Piys. Vo 42.(2003) pp. 8246-22u0pdEmdl 78 with the
éa@aaf@t@@&@%ﬁ%@ﬂ@ Hsed for magnetic recoringBppREAIHSE HB &aﬂdter
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betweemth embodiment.

Here will be explained how to produce this organic solar

ce, but

cell by way of example. It should be noted that the organic
semiconductor layer 153 has the heterojunction type structure
in which a p-type organic semiconductor £ilm and n-type organic
semiconductor film 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 deposited films thereon onto the
take-up roller 166.

With a thin, flat tape-shaped resin-made base f£ilm 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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superlattice thin films/slices 71 and -/2. The thickness of said A1203 film

is 2 nm, and that of Co film 1050 nm. Here the spin tunneling junction is
completed where Co strips or ribbons, being crossed in edge-to-edge
configuration, face to each other with A1203 film in between. In this

structure, electron transfers across the cross, the active region, along the
diregtion-akstipfibban: nddt.Jniihe elrventbembogiment, naw ditfazhight ype
998&%%]?%8 qlic1egording appay ércﬁ%e%e. pealized. Next sxplaingd s, .o
the twelfth embodiment. In the twelfth embodiment catalytic reaction
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gHperlattice fimysiice 74, The diclectrc fimp and metals fimsin.said, |, ¢,

supe?laﬁlce thiri-fiftrstice 71'aré, respective?y, oxide films 18T Such as )
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thigkness=af saittoxige i 10400168, andithatofeCofitrad® 5410, nah Fégme t hod

408,shaws an 8@_?59891\&6‘!_"501‘5!{1&%‘15V%QJOE‘A%@Q%Q@E%%%@lf@é%@%ibed

exposed at the principal surface of superlattice thin film:/slice 71. As

2ROWR IFERG A0B e ERA-rRYibie 646 HIGRRIEL82 has shape of
convex,mhddesradivs obcurvatrirenis onnthessamie orderiasthatokits an

Ehi%@%ih@-f@-ﬁ%&ﬂ%p‘fb@i@@gé efisaid catalytic reaation platfrmiSen the
as foI(Ijows As shown in Fig. 41A, th ca,éal\r/ti% .r§actionﬂllatforrg IS stet in ..

- an n—ttgeor?an C emlcogfug ﬁ 1Ims.. e 1n 1c8 ing film
%n approprleY reactor, from one end of which reactive gas is introduce

and fremt MetAed BAE SIRVIRIER they&ededs ik, Theré ielfeddivergas 1zed
makesttontactayithrtheiend-regionkedyé Df metal 182 exposed atche

pri nCipaf ﬁl'gfr_?&grzafb fg@@ﬂ@tgﬁ% tP&WWﬁlgge?ga §g]§§ thergslivs of pe i ng

curvature, being 0.51.0 nm, very small, the surface of I%e ,
@RH%g?dh‘?&dé%‘% eatfyifcafy Vety Gcti .r,&sl&?ésﬁlé ad fowitih Eigt? the
44 BheekctibhBpeedtiysyynificamtly enbaméed fstugas mdoledules 183, p-type
thanksite thecatalytic feaction oR tT¥3b and anode 151 going to be formed
spiral on the take-up roller 166, the resin-made base film 162
is pressed at the other side thereof with a hot roller 174, or
irradiated at the other side with light, just before it is wound
onto the take-up roller 166. Thus, the resin-made base film
162 is separated from the cathode, semiconductor films and
cathode.

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 is 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-region/edge of metal film 182. As described above, the twelfth
embodiment realizes high efficiency catalytic reaction platform based
upon superlattice thin film/slice 171 that is composed of metal film 182
whose end-region/edge, being exposed at the principal surface of film
171, has convex shape with radius of curvature of 0.5 - 10 nm. Next, a

salas sethacoordings touthe thigeently embadipert vl he-explaineddgsatus.

424, 429, and 42 whigl.are.a front yiew, rear view. and side elevation, .
respectively, schemaﬁcaﬁly iffustrate togeﬁwerpé) Solar G&ll as the thirteenth
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f , .
PUBRE TRy pe CerhitbhductBPIayErs may Be Bt Anotdsnic drfyant o said
Aépfiedntiters G143 selserphditafillustraidstiddsolar el iHedetaiihm spin
Hand3d.ia seferenceinimeral d9ddndicaesmpAype Segricepdudier iibpons,
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msula INg layer 163 Oef various Ins Iatlng ma erlaéfs SU(YZ)H as aresinis

Wherelthe dibde®18%%hd ddthble 159 BFd Gt Aiackadssdckon
telation ¢to-elegtrically insutaterthe anoded Hcandreathedédib? frdrmreacthe

gther-nthis %@bgg@i@){rg%%thogg&@g is awhole surface electrode
andino mi%:ontalcéwnhttge r}éggg,semiconductor layer 19 wh(i'klse the

2,
anode 151 ineud8s 7 iBngatel Ricrs “Sleetrodds F51:3%0 T4 n oitsehY

e tHeeditattioh O THe atska Biekirdsss(\Wpfrorheeackrdthee drhese micro
anodes &kl éaphaliAdaveswiabs Wa,1 W . emiBbit Tespectivelyrwhighe 1 fth

Davbe,eaual to.gach other %Q@fﬂ%@%‘} @9%919”1%“ £Lhe g and
n-type type semiconductor layers 191 and 192 have a bané gap E

between theR e dafid Gap B! iS Bécréased! Sepwisefitn Sfeps Hiy Serm has
2)pinrthe direetion efttheldisk lthigkhesp dnomi kel lightyincklent surfacelattice
Nameby; the band gaps £ a2t £98: B89 w i c RUWEIG? F99>spa2 E)) Fig.
Hbﬂngﬁg%%rthe superlattice film/slice 71. The dielectric films
and metals films in said superlattice thin film/slice 71 are,
respectively, oxide films 181 such as Ti02, S$i02, etc., and
metal film 182 such as Au, Pd, and Pt. The thickness of said
oxide is 10~100 nm, and that of Co £ilm 0.5~10 nm. Fig. 40B shows
an enlarged view of the end~region/edge of the metal film 182
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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from the light-incident side. A zone in which the band gap Eg between the
p- and n-type semiconductor layers 191 and 192 is Egk(l =<k =<n) is
called "Egk zone". in this Elk zone, the p-semiconductor layers 1.91 and
micro anode 151-k are in ohmic contact with each other. These Egk
zones may be integral with each other or isolated from each other. A

structuresimwhichthe-Eck zene js/aidibetween the fpicra-grode 451K o ¢
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largerdhan Ego-and seia)ler thape Egi will he absakedforphatpelectiict rate
version, and finally n_the n.zone, where, phaton energies larger
e e RO SRS PH¥anon
dohberdion 78 ad e, ﬁé 'iﬁgﬁﬁ%%%%reﬁﬁr%}oﬂﬁéiﬁm%%ﬁ?l from
rmgen ofithel Sunlight spectronecdrt Be yphotoeleptricaliycomvertech A p-type

%@me@m@%&sq@[vg of4he Egkzene wdll be explaipgd h%f@%lqyzé-ing laid
Elth'w464 %h%\ﬁlsnghe rﬁaatloi[l betJ\{VJg ehnaas %Q%tone%%@% Q%Q%nofp gotc%in disk.
energy by o ffie sunlldnh? s g

Fach of the p- and n-type semiconductor layers may be of an
inorganic or organic semiconductor.

FIG. 43 schematically illustrates the solar cell in
detail. In FIG. 43, a reference numeral 191 indicates a p~-type
semiconductor film and 192 indicates an n-type semiconductor
film. As shown in FIG. 43, an insulating layer 193 of various
insulatingmaterials 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, whichmay be equal

to each other or different from each other.
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spectrum of AM1. 5. It is assumed here the photon energy of the sunlight
spectrum of AMI. 5 is equally divided into 10 zones each of an energy
width A. The theoretical maximum efficiency of photoelectric conversion
is as high as about 65%, which is twice more than 31% of the theoretical
maximum efficiency of photoelectric conversion of a conventional solar

cell of Egrie 1358, for eyxpmpledzach ok zonecande seEby changing; 192
Ehe comp S|t|8n of aﬁemlconductog formlng eaqgl E%k zone._Mare

specmcal y, t e B8k z?)nes are?orme(ﬁ}om defferentt % of? *° decreased
S&RARGHTBCOrS. T 8588 thelBemitonductbis tiB6d aie RoFgaric dheshthedisk
Egk zknes sarerfanmedead fallowsi icdakenthesphaten €nergyis:dividecthe band

Ito, v Zonges (A= Z)E,éghe Egl %9“9 ggformegl from Gansy(ED -;1,43:eM) o raer

an zone is ?orme from Si E T11eV for example. Incase n =
e e L S e e £

G@me(@g £ HeqBe\daha EoBsreis formed dfrom Sig(FE9rs 1121 e dfok92 1s

example<incase A F 4sth@£gue<zonggi§ f@mﬂ@d fromrﬁaﬂ;(E,QE 2-298Y), the

Eo2znne s amed fom SeAsdBend 42840 B2 §8“?§ﬁ73€med MM ohmic

E9 =111 eV ozone IS orme

EQRREC the HEGKSATRWRET the P& Em@%ﬁ.%@d%&&%ﬁﬁ@éf with
g atohl @ tiesrbe foirmed drtosal GalnxAstk anth€alnNAPEx justtyre in which

cepiralling thevalue x ;19 additier. therkedk zone may,he formed oM a5 cnhode

5\/ compound semiconductor welﬁnowij to sho lar e wlng hen Ief
isTficluded théréin The MetAdd o?producm& this soFar ce rﬁ%ﬁﬁe rom

prodieihgiiretifod ferthedftthembbdintéint. frcdsels sbfaar b’s@tbw taken as
systemrisformed fresaia plurality of the solar cells according to the third

embodimgnt, g migrg, gnodes 191k githe, §°'%EE%"%@'%%§§E%@& below.

connected to each dther 1o output a voltage from the micro ano

38 o1 e TSt G BF (RIS SONaY QES. RF i oAER fite P8 thlFEebhEh - Spect run
erhbadiment isnsimilarly @dvartageocus tonthe nifthtEmebodimernandadsayy is

hagihe, f@;lfoé/vmq‘@@@gem@id%d@@ CARVERLoRALAMOrpRRYS Sihe zones
§¥2rg%%£85 1£Tgy numbered 1, 2, .., n starting at the
short-wavelength side(high~energy side), and an Eg zone is
selected equally to the minimum photon energy in a k-th zone.
Thus, when a photon having the photon energy in the k-th zone
is incident upon the Eg zone, a pair of electron and positive
hole takes place 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 Eg 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
Eg2 zone where photon energies larger than Ey and smaller than
Eg1 will be absorbed for photoelectric conversion, and finally
upon the Ey, zone where photon energies larger than Eg and

smaller than Eg,-; will be absorbed for photoelectric conversion.

78



cannot utilize light having a wavelength of which the photon energy in the
sunlight spectrum is smaller than 1.1.2 eV, but the solar cell according to

the thirteenth embodiment is enabled by the design of the Egk zone to

utilize all or main part of light in the sunlight spectrum, to thereby

permitting to attain a dramatically improved efficiency of photoelectric
senversiom tNext, ¢hsolat ealhaesordirgda the-fourtesnth amabedigienth range
will pe explained: Figs, 454,438 and %%Cp‘%@%é‘ﬁ%gé [Nt view, ¢ ﬁﬁv rted.
view and side €elevation, respectively, schematically illustrate together the

said sofaF c&fK BP Lo int fifs%4%9&’?zé§%naf4§é?trﬁgksaaﬁeemﬁsll be

fonmied spifallfronelan lanode I5¢ andl4 cathode 182ewitke agi=ngundtmrvefen a

ﬁhw%f%‘%ﬁ%%t%ﬁygﬁéw ( ﬁ-tmfe%pi%qit@@@fﬁ%eﬁ%%igm
eing lal e them. ame It has the general form of a thin

T B R e T e I o Sl ray of the

£t fHe. FRiFt SRR e aifmeNL 1A éase ausdlavbaitsihrsstent i formedes each
&ora the Rexagonalaselancellsrpedded: e planeIwith AOgaPSaMPBYency of
fhemothesmicrg apgdes 1214.0f theselap cells lajdinadine ae s o i s twice

connected to_each ather to output a voltage from the micro anode 151-k

BPfife ELEBNE of tie sdIAF cEiCRREn R T s SalsES #7d micrat
sblr cells it thecEghk zvRas bbthe Solarcelischidiinrone ked arecell of Eg =
connected i parallehtg-each other. FIG. 46 shows the solar battery

system..Ihe fourteenth embodiment s similarly advantagcous to.the. . ; o, ¢
thirteenth embodiment, and also has the folfowin alagantage.Q‘Fﬁat IS,

i thecsulaicdaradcordirPte e fdtrtee it eml6ditnereis térred Ly, the
hgxagonad, the sofarcedd candie hedded dna plape withfne gapsambngtors.

E@PE&@% W@éﬁf&%néﬁo&% &E%@@E@Q‘H’&f t‘é%‘??é@? the Egx zones

conversion of each S(ilir cell 80 can be increased dramatically and also

HE prodURTion Bt d1actridly per'Uhifards datakl be fcrdisegy 5 divided
tramativallyz Ve, d Botardell &écorling 20 eefifieenth ensisodinmentCefthe (Eg =

preseatinvention;wil becexplaieded from Si (E,=1.11eV), for example.
In case n = 3, the Eg zone is formed GaP (Eg = 2.25 eV), Eg
zone is formed from GaAs (Eg = 1.43 eV) and Eg3 zone is formed
from Si (Egy = 1.11 eV), for éxample. In case n = 4, the Egl
zone 1s formed from GaP (Eg = 2.25 eV), Egp zone 1s formed from
GaAs (Eg = 1.43 eV), Egs zone 1is formed from Si (Eg = 1.11 eV)
and Eg4 zone 1s formed from Ge (Egy = 0.76 eV). Further, 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 x. In addition, the Eyg zone may be formed
from a IT1-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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As shown in FIG. 47, the solar cell is formed spiral from an anode 151
and cathode 152 with a p-n junction of a p-type semiconductor layer and
n-type semiconductor layer being laid between them, which is similar to
the thirteenth embodiments except that a center shaft 194 is provided as
a take-up shaft at the anode side so that the p-type semiconductor layer
d81risswouBd onrihe shaftiaorecgarty thanibe natype semigenduciar .

'aye'fﬁgzt%'l‘wl@ém%a&%S&%%“idse%E.‘n‘?i%&%?da@{%%t%%j&és to the

1-1 to 151-n separated from each other in the direction of

rhb&ﬁ@oﬁ%? B%@‘ﬁﬁ&m@é%d(\ﬁ’/} aRd'AS0 thE chthode 152 indiRfesdre- That
‘elongdted muivreecathodes. 152drionts2sn$eparated fremleachoatherkample,

the direction QEE%XQQQ;'}@& M@ﬂh@@eﬁédw)eﬁ@ﬁhwwfh%ﬁim M@ Ophoton

cathodes.152- to 15 n \Whn, res tively, In othe

SRS oA Ra A 8 Mool D RPEF Ve otioT2 oV, put
e .S@algﬁo%lth%@mé%ﬁafwmﬁ Hefart ASRRBWALARIBS 2B, tReenabled
surface of ¢he genter shak 194 ix formeddramian msuatingmaterial amalrt of

ff@ﬁ?r%%f@@%lg%%@ g&@@@idﬁye%%e%é%% e@zﬁf@qng to attain

separated from each icro_anodes 151-1 to 151-n are wound on
& EBRtHct fiyers to BRI ottt with-tRedatter ACSHRESIId8! s
provided avone end of the center shaft 194. The surface of the connector.

196 s faraed, from sreinsttating aatediahandhas forned tkefeen embodiment
elelcitrqodes 197110 197-n separated axially from each other. The

electrode 167-110 197-n are electrically connected to the p-type contact

layers 10598 to 498:n bytintatfaf WiriHG 1t 3h6wh)E FPEasd asdblarear view
datteryl systeais darined frorsaqpturatityl of thesksoldricedls Ltheimibngtrate

@5‘89@&4151%8“ the; solar eglls daidhin a jine ate conngcted;to eachothelr ang
while the micro nodes 52-k a connected to each other to ou%pﬁét 31 and
lai

Z\}/tﬁﬁélgé:kﬁ']()?n ﬁwo Picfo” odLe 157 W&qhg%s]f% e'of the 3014t't
i tgtoeach linew iy this Pase ] wicroisvlap Eefistin the E flerdme G eier layer

solaerlls laid ronerinesare conneatad & pegallek 1o gachiethessThen them.
ﬁgﬁgﬂgke$quygepﬁgs8@Wgygﬁaggy%ag§0gSgﬁﬂgehexagonal plate. In
other respects, the fourteenth embodiment is similar to the
thirteenth embodiment.

In case a solarbattery systemis formed from the hexagonal
solar cells bedded in a plane with no gaps among them, 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 anode 151-k
of the last one of the solar cells laid in each line. 1In 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 1s, 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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thirteenth embodiment. Next, a solar cell according to a sixteenth
embodiment of the present invention will be explained. The solar cell is
shaped to have the general form of a thin, hexagonal plate. In other
respects, this solar cell is similar to that according to the fifteenth
embodiment. In case the hexagonal solar cells are bedded in a plane with
nargapearmnngdhemdodildc solal battenysysien, thednisroanodesn of

45L:kofthe solapcells laid in.aline. are . qannected,, o each, Bt@}a‘%@@l@& ly.

micro anodes 152-k are connected to each other to OUti%lﬁJt a voltage from

the micPoSaTode 152485F theiast o8 TF the sbrtefid SWEQCﬁIﬂmdﬁfﬁent
this thse pmickengolanvelistinahe Egklzdrescefithe sokd cells laid in one

Iirr:e areAeoeﬂemgdliﬂk@@r@Hem each Qibek Indbisiembadiment, $i1Gea1 from
the micrg anade 151-K is se the lateral side af the solar cell, just
%utt-Jom r;ﬁhosglla%ergzjﬁll S|d§s1 %fhgi%lar cl:aqlls topeackpgtzﬁeFo?fhe s%olér “type

Bl FERAES TP provide Te R icHT tBRReEHOH BeRfeEHthe Aicfeamsdeyy 1aid
151 ke E4Gt UOmshaWvs thisisolaribatiery systerheAtioltage shohltembodiments

Jec] @E?’é)'éé goutputted fronthe solay, battery. systemas will be describedy, . ¢
belo hotp electromotive force developed between the micro anode
t\%gng ?g?o T ?ﬁoﬁe 1 % #)

151 593 of S of tRSMRFE S5 LBfis ficldde ™ 121
irstheosoldr battery sysidh Beives by Byklea Ndmely theymicreesblpnductor
calsareldifferent ilﬁl@eﬁl@tOCﬁ@CHQm@éiV@ farcerfrom @ashnoesntha: pROI cro
ggecgggngg\% force pf each, S{mf[% Sf%?i %‘ Anay he usgd as it is, %“& Qcction
make use of the most of the solar cells, the connection between € micro

%5Ia?%§ﬁ§§ﬁ6&lapﬂ)ﬁe¥§rawSe%%éﬁteﬁ’qtb FrovidelSsingheogpfiode 152
voltdgel€3n nthis. acceurdddenoting Eghlasdd andatislsetsolthat Egseparated

Erom-thArfefiz 1 ton)ndhis case, the micra splar &ells B 1he Edkyi ckness

one of ach Q sol lIs laid in one I| re 8 £on ecte paralle
each frer" Jﬁféﬁgn ajafrth%%ne ot the s% ar ce%s n anzcl) tg ine %gg;zlven ge Wi,

@g,, the mitre setaPeelt iVehbYEgk Zonet{Ree Zesiaefirss oné G2 flllf@fh
the-selan<etls aiddnai(Rer 1) th line-and micwesalar eglbpdhe &g{n+2-k)

FIG. 48 shows the center shaft 194 in detail. As shown
in FIG. 48, the surface of the center shaft 194 is formed from
an insulating material and has formed thereon p-type contact
layers 195-1 to 195-n axially separated from each other. Micro
anodes 151-1 to 151-n are wound on the contact layers to be in
contact with the latter. A connector 196 is provided at one
end of the center shaft 194. The surface of the connector 196
is formed from an insulating material and has formed thereon
electrodes 197-1 to 197-n separated axially from each other.
The electrode 197-1 to 197-n are electrically connected to the
p-type contact layers 195-1 to 195-n by internal wiring (not
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 1ine 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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zone of a first one C21, i of the solar cells laid in a 2i-7h line are
connected in series to each other as shown in FIG. 50. In this case, the
total photo electromotive force will be (Egk + Eq("-2_k)) /e = Egi/e. On the
other hand, the photo electromotive force of the micro solar cell in the
E. I zoneis E,-_/e. Therefore, these photo electromotive forces can be

taken out from the same teppnal 10 eWpUL g1single ouiputvoltage fEOM zones
th %%Iar bq;[tery sé\r/]ﬁem Neét explainedlis the seventeenth embodiment
O € SO s.la in 1

of the inven %ﬁ,?/v ich is aJlum|n0lj)sncefeV|08.eTﬁé:?rocncfr\?{lee\/v?tt?acklﬁeg\/a}rallel

5Rd SR View fthe luminous device are identical to those shown in Fig.
42A, 42Bhantli42Echigh Shhnsbaws éhe: defadled struetuyesafvsaid dpinosis o the

device schematigally; As.shown in Fig. 51, anode electrode 151 and

cathode electrode 152 are set back to back, separated by insulator film

193, dud' 5 Which ERLEDAES 15125 T52 B "Cletrically ROt TBRaLhH e
othetNeeiereathotie Blectrodec15 2 1 beingavivole saifacel electrode, makes
anlohmmma@bt@d@éme ﬁ@ﬁ@@@&t%l%ﬁ@he@e@sﬁﬁ%me 18ldsor a
it into_ n._mini-anpdes 151-1 through 151-n. Those mini-anodes_151-1 .
o0k 15T NG Wit W1 15, i WHER <o b el T, o L 12

through ave n, which can’be’i 0, or

diffrertfrorR, &&6H oftfeF SCaiHtAe ‘e SRS THEAAG M STURIRIGRT -
151-n arermaslecoftélectrodes that Are dfanspasarits witheréspadisio the lightl ane

e e s T U e e
ayer with_band-ga ei y mjni-anad;
Tg{fﬁi(ea%dl h %%e e%:?ro%% féeg é)grt]o? {fe fUmihobs Hint-evicgnnected

Witls #1e) eathede'R52 asheommon alkeetrodel Mede arlemippuscted to each

Binicdevicesu toyt theduminayis devieeas anwbele.aHiribangdigap &0 ohe-1ast
BYRE 3eM|GO %%%rrl%dﬁfg HYRE i%?@%&ﬂdi’%?r.19?1%V%V%%e%ase, micro
n-step(n>=2) along the depth direction, 1.e., from the top surface down'to

B6ttGrh. 83'Spetticaly, beandUapordathitegohis stdctBdistich iatred Line
hght (R)rcomesedut frops fel éxdmple,gegiormEbie £Egg, EO T his gréermdiment,

light{S)-a0mes out from,Jer example, Jegign Eeg, E85¢1kI%.ater@dside of
ngg té?%%IT?%%%gﬁhfggg%ﬁ%?@g%ﬁgqgteralsidesofthesolar
cells to each other of the solar cells permits to provide
electrical connection between the micro anodes 151-k. FIG. 49
shows this solar battery system.

A voltage should preferably be outputted from the sclar
battery system as will be described below. A photo
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, themicro
solarcells aredifferent in photoelectromotive force fromeach
other. The photo electromotive force of each micro solar cell
may be used as it i1s, 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 Egn as A and it is set so that Eg = Eg1- (1
-1) A (for i =1 ton). 1In this case, the micro solar cells
in the Eg zone of each of the solar cells laid in one line are
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Eg3, Egg, Egg. ...... Thus, the colors of emission is repetition of R, G, and
B from the top surface to bottom.The light emission is achieved by
applying appropriate voltage between mini-anode electrodes 151-k and
the cathode 152 to inject current in each luminous mini-device. White light
can be obtained by operating those luminous R, G, B mini-devices. In the

@&ﬁfe@‘t@@&t,ﬂheﬁ&\!ﬁmt?@!]ﬂt@””é@@ﬂm@%%fﬂhe W&m@njs{dﬁ@i@@' B the
theithlrtee%t? embodlment tg tllwe extent not contgadl(&t to |ts natur the  lar
Seventeenth embodim ment very efticient Idminous. devidé can e o‘b%ame&

%@der@d%%&weﬁﬁ@ﬁal ¥EDbTs, Yectuse PhotdnSare generated ihHH solar
tha EgK eegions thatfill up atrhaost rall theithteerdimensionat voldme o0& the ..y,

QHH@% deyice; By, thisigh efficiengy thesipiection.cugent density,can, 15 ne

be set low for obtaining strong emission and the lifetime of the luminous

YeVice Earr Sg?ﬁu&ﬁleT(ﬁ"Fg]aefédtRlee?(‘flciﬁe?etWﬁFbé%xﬂ’éiWdeaPcFe%% unigs I
ahd<clean anittSypstent; slitabletior ei5e it protvicintptieofuretivnaldédcds ox +

Bccording/te thergforementiongd fﬂﬁh@rs%\é@{tﬂeelﬁ% %ml@@aﬁ nariscrigsot ive
g@@CQZ% nd 92C, WhICh are a&aln VIE% rant view an| id elevﬁl fore
respectlve y Schematical y Jillustrate togeﬁw P Clean unltgeiccordlng to ﬁw !
eitfhteeRtiPEmISOdimeRt ¥t iR présertsAveRtioRe THe @B nit ISlisele same
mainlyfail achemicalprocessng Whichigeneration ofgeggasy usetdiansolar
Qé%ggyscg\{,%rgé}gd the like are incident, which however is not any

limitative exam Ie pllcatlon s shown in Fi s 52A, 52B and 52C, th

clean uRitihelidds % %h%areﬁ oxS5h5 %Iétd?ﬁ }Eh%% Jﬂelntrh%f the
oppesite faeralh sides: 6f zhiswarlotlvaftier 22 1 Areparaiidl foleadhlotledy view,
and @%@tb@é@po@dlbpmgmﬁf@m@m&eaﬁb ather+ The latesal nsidesshown

%%o @étorrgl j‘[r_\ont ?)f Arg-At right angles to each 84 other, but the

ront is’not parallel to the back and is inclined atan ang'_e 6 (70 to 80
deg., fof &fample) 16 A drectivndf “RALRINE topgéts dose todthetbdarninous
Jeamsfer boxes212¢213 yand 2 hthah senveé as .ab intexsolebn e@héctrode 151

£AANEGOR8RE electrode 152 are set back to back, separated by
insulator film 193, due to which electrodes 151 and 152 are
electrically isolated to each other. Here cathode electrode 152,
being whole surface electrode, makes an Ohmic contact to n-type
semiconductor 192, whereas electrode 151 is split into n
mini-anodes 151-1 through 151-n. Those mini-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 Eg
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 n-step(n>=2) along the depth

direction, i.e., from the top surface down to bottom.
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passageway are removably provided at the back and opposite lateral

sides, respectively, of the work chamber 211. An opening (not shown in

Figs. 52A, 52B and 52C) is formed in the wall of the work chamber 211

on which the transfer boxes 212, 213 and 214 are provided. These

transfer boxes 212, 213 and 214 can be used to connect one clean unit to
anethericiaan wnit fem-thecdvecdions efdhe hacksagpdieppositestateralnat red

Sidgs and, cary workpieces hetween the.clean unjts, n.the fronwall jof = .
the work chamber 211, there are formed two circularopenings to’whic

%Sﬁiﬁuﬂaﬁtfé}ﬁ?us@ﬁaif:BPSI%v%Btz1%r%'atf3?:ﬁe8?<ar@§£éfctiv%%ﬂ31?1% Eo2s Bgs,
Hperator camdhtakeecessary Workdnsidecthe novk chembexwith tlee region
Miands being insertedrinthe manipylatien-use gleves 248 Onthetapefion of
the york ‘%P%m g5 215%&“ e are nstalled an k‘?éh%gft df['ﬁ:t 216008 ; ssion
passive dust fitter 217 with Ab Blower, which Contridute oieep(iqng the

ifsriehdfanedvbik RRBABER2 BPRS aRdéart envitbRrEntifdaife arciads anode
dl=or- 1 dor examplanthelpassivenddst filter 2171 mpycde clor example, each

ARassive HERA filtet, sthe frpnt ot the wirk chamber gl ] is detachable sor s ng

that with the front being detached, necessary equipment such as a

Hr68Ess Uit Bbservation appaPatis, 8feY t&fi He introduced into the work
chambedm2TheThecSiges of tive work ehanibey 21 tdstargeseiiovghtent of the

AcceRtnosate Necassaryquocess HAits ete: anddortheapearatonetoimake the

necessary v¥ork in%he ork chamber 211 with the hands being inserted in
Efﬁ(é:erﬁla%nipﬁlatigr?-rﬁsga@%\?ets fS.ﬁSren%E)%giﬁéally, the depth a of the

work cHambée2 BEES5E &5 76 e AMRAGhILR 70 16590 cif ahd Heightinous
SOvtocHO aomip Eoblexampiel,, asehoureid Eigs.cb?Ag52Band 320! Alstyecause

fhewark chamber21lshould greferallysbe farmed from, g fransparenta 1most

material suc@fas an acrylic resin plate, for example, for the chamber

; ber .
Msid& 1S bEVISBIe TN BitsiHe 'FSPmetRafitals's reiHfora@Hient Sthece -
adiyli¢-rasin plate redyf be fixed Yo dmetadlnfiamel Phedlimensiordeobthey can

peansier hexesr212, Ahdand Rd4sis: S Exampled b5 90 ek FigES8hue of
238 3ng, 3G LNigh .2 plan View. Nt VIEW 1 ya ted.

Next, there will be explained a clean unit and clean unit
system, suitable for use in producing the functional devices
according to the aforementioned first to seventeenth
embodiments.

Figs. 52A, 52B and 52C which are a plan view, front view
and side elevation, respectively, schematically illustrate
together a clean unit according to the eighteenth embodiment
of the present invention. The clean unit is used mainly for
a chemical process towhich generation of a gas, use of an organic
solvent and the like are incident, which however is not any
limitative example of application.

As shown in Figs. 52A, 52B and 52C, the clean unit includes
a hexahedral box-shaped work chamber 211. The opposite lateral
sides of this work chamber 211 are parallel to each other, and
also the top and bottom are parallel to each other. The lateral

sides, top, bottom, front and back are at right angles to each
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and side elevation, respectively, schematically illustrate together an

example construction of the transfer boxes 212, 213 and 214. As shown

in Figs. 53A, 53B and 53C, each of the transfer boxes 212, 213 and 21.4
includes a body 218 having a rectangular section, and a picture

frame-like flange 219 one size larger than the body 218 and formed at
sither-eng of thededy L8; inthis gase: 1thelinnerwalliof the fleanges 219-1 i ned

coincides with that IQEF bo 18. The.work chamber 211 and transfer .
A N el eut e Al R oAU

BelW! EvhriciohedrtnelPatsfeP bRk Retkthe AgRIside bf ivedorkl2, 213
shambid 2t b awill berexplained heterby waylefaxample, whichds talgso fnue
w@ggawagegw ehietransferhoxesl? and 213. M%@'%Eggésite
%4A andlS4 ?f Zlgll has a wall 220 to isolate the |nls| e
ARG BUTsidS Of T o BRAMBEF2Y1 frdm 'dieh Bthér, andthe air2zo 27
Ras airegtdigilar bpEning 2204 Sormed in% Bortivh fwhidistHeorasstetn the
bex Rlddsdaderfixed.c Adses @rhorizortally extending stoppes 221 iBoxes 212,
[ onthe _oute f th 0 just below th eni
D A palt 1 Gl A 722 oA oAl Do 293 and
opPosie s 6Pthd StépPErY21 aRe provided Uppbsite, At eparaliRt o nit
€ack dther.diheecleararce hetechahdése gdiderais 2221ardewall 220diss and
desigpedshgpty largerthapdbg thicknessof the flange 219 ehberront wa1l
wansfer box 14, Theflange 219 of the transfer box 23 isnserted at ;o
ottt lateral sidés thereof intd the clearance and Sfid a‘{fongltﬁe guide raifs 19
D92 viidphaBsvel SRS iHE lowWes ePriidf the flaAged 23194ductiescthet tached,
stoppetc 22T cthe.flamge 239 gaiderrailsn?22 aachwak 220:8revdearlynside the

apRiessed ip each other, Thetranster hox 214 is; completely ingtalled. A
stopper 223 extending honzontagllgéust below the 86 opening 220a is

Brovigat aisb Bh thetinAbPEGifade of theWal"226 Eh A pdiofigifide chamber
rdils 228 extendingivertiedlheabevee thecoppositecénds ofahd stappes 228 dust

g&qeg;yimomqs{t%@ng1W@II%&Qﬁa%ﬁmﬂbﬁ{%ﬂ@egw@é§ﬁqi'@g the
oar. 5
1

nside of the work chamber 211 as a clean environment nearly

he work chamber i

at Class 10 or 100, for example. The passive dust filter 217
may be, for example, a passive HEPA filter.

The front of the work chamber 211 is detachable so that
with the front being detached, necessary equipment 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 manipulation-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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one size larger than the opening 220a is inserted at both lateral sides

thereof into a clearance between the guide rails 224 and wall 220 and slid
along the guide rails 224. When the lower end of the sliding door 225

touches the stopper 223, the sliding door 225, guide rails 224 and wall

220 is nearly appressed to each other and the inside and outside of the
weall20rarevsolatedhtsoar eath others Thepdlearancebeweaxthese a metal

guiderailsizz4 and wall 22Q.is,¢esigned,a lile larger than the th‘%@eﬁﬁd 214
of t d(;Tslldlnﬁg doar 225, The sllgslng door 225 has a handle 226. The

bperatSr can dBen or closetthe Jidi#g"door 225 by moving the latter
vertically veith- tieshan8EB226 ¢ hardv Bydperating thHeslidihgvdodri22&inview

ﬁﬂ&ﬁﬁﬁﬂ@ﬁﬂﬂ%@@ﬁﬁﬁgr@%b@ﬁ&ﬂﬂﬁ@@y, schematically illustrate
lglna(f‘ an communication betwee e inside of the . work

1gﬁggqlf)er 211 aén%g% trans er%ox%&ﬁ The f%qén%ﬁﬁlgf/s%t%%%aneﬁ 212, 213

=0 aﬁ&éd by attaching the transfer unit 21.4 to outside the opening 220a

mMesmaﬂv?iZDnvmmme frivver dlitling Wldds 225 beirly clbsegde conmestirg boxes

she wetkchampes 211 ofadext cleay unig tothe o %hgrx%r&%t%ﬁ g@%%%rtlon,
bo§]214 and then enlngitn((te)lng rslldln or2 5. Thatjs, t

awtc))ll?chamberﬂi can ncc-l[ean narfﬁlssétégn ﬁg‘?gﬁmfé “[’m the
kaf be eXputddd e Abrizbhk rdﬁ@éﬂ@ﬁ &hg iheke difettionlof depthcase,

Next; these willhe explainedh howa woskpieteds ukintor the glean tnihe body
shd taken out. As shown in Figs. 55A and 55B, a next clean unit is not
connected to the clean unit but a charge/discharge box 227 is installed to

the worR BRafier SLE S hecldaf tRitinbtdérto BarE Warkpiecelintgnd 214
thee cleannenit ardttake #dut oThe chargetdischarge dhox227sis@limesbw .

@&millﬁ{&@ LORSYEGHOEN E%H}?sfféfisf?&b@@@ 242;12d3-a06, 214 4EhakisHbe,ork
e/dls dl??r%etP 227 |n udes ¥2%8 havmgi) rectan ular hich is
sec n an apic ure rame ange 0 arger ﬁ%’w t%e Bo &y *

52%8%ﬁéﬁﬁnﬁé§1'att@|ﬁwépéﬁ§ %Fﬁkfén S by 228Nk Sedpper@304s fivaed 213
belomone aftheilangesi 229n @reha paiihef guwde rails?8t extendings a wall

X?H'C@@ylast&’&@etﬁé’p?ﬁ_ﬂﬁﬁgdé&ﬁt'&%%%pc?@rc%?’oc%@ l%@%’!?%%am%er 211

opposite, and in parallel, to each_ather. The inner wall of the flange 22
from each other, and the wall 220 has a rectangular opening 220a

formed in a portion to which the transfer box 214 is to be fixed.
Also, a horizontally extending stopper 221 is provided on the
outer surface of the wall 220 and just below the opening 220a,
and a pailr of guide rails 222 extending vertically above the
opposite ends of the stopper 221 are provided 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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coincides with that of the body 228. A rectangular shield plate 232 one
size larger than the body 228 is inserted at opposite ends thereof into the
clearance between the guide rails 231 and flange 229 and slid along the
guide rails 231. When the lower end of the shield plate 232 touches the
stopper 230, the shield plate 232, guide rails 231 and flange 229 are

Bearly appressed; foeach ofher anddheinside and guiside sEthe o the wall
g %rge/ |§chargde, box 227 are isola gfggm each other. The cleara

e
Etwedn thess glljlfdg ral‘?suigf anc flange ﬁz@%&%&%ﬂ%d"s%ﬁﬁm gé’r above
tHam eethidkie ssefthelshivdd Piaterz3? 2PRe shfelislaied 23 rhasaite, and
hangler233.dhe epersiancan ppen or closedbe shigld plate1238 By door 225
Eﬂ?é"@@égel'é‘%tg%%e{%%@l'%}%’ét%&%%’bdﬁ%%%g‘ﬂ?‘é‘gr@é!QOB%r%%%”fSteral
shield plate 232 in this manner, the operator can control the

EoMRMIERESHRENERntuMitSASA Hastweh R n5ide Shd obtdiae bf the ¢ and
shdrheZdischarges boxl 227 ondnstattation detheachasgéiischargerboxi22 7. ower
tonthe elean unit; isithe same as thabatinedransiergxes2323218rand 1 i ding
a14.10,he clean box, and so,uil not be exglained any more, With reqard .
{0 0ne of tHe €onnectors provided at threé places on the clean urrﬁﬁ

fREGGPOREER ABthiNG IS mideweed correhisved &h¢ whith 2ot re 1solated
connectiedio@tycather Tlearcleit,ran openingleles.idtgemechantsm isils 224

alsg previded gn the puier, surface of thewall 220 as on the jnnersyrfaces s ¢
as shown in Figs. 56A and 56B. More specifically, a stop%er 234 and a

baiF of [gilde af 93541 installéd 1o e WaIES 0 of the Wk BhBfTbEFe 226
21t Apectahgularshieidglater286 one dize largedthan theo opehingp220aving
i@ﬂ%sgétgfie% ESMd@ml'tﬁ%wQsz lth%fdﬁé)fliafmm&ﬁ 2@@@5@1%@'&?%@\/{; ﬁgl'p%rating

iae ral W and.slide along the quide ralls . en
e A 2 T ek Bl els, Eignero
blate 2FBNNIHE? FAiRY IR ANE WENOD dfe e Bifdd' fRPBatR othestgie of the
isoldte cthenovsside Endainsiderof the avadl 2220 fsam edch.other. The 88

Cbara”%*%et&‘iee%hthﬁrﬁuéd%%i&%%éﬂd%a'!el% %}%Q%Sigg}egt%'%%g the
larger than the thickness of the shield plate 236. The hl§|d late 236 has 520
S TR A3 i Dbrtor AR bF SIS ShiCRUAatS 25y a1 1

moVing-tie latteeveritafy withdoor 225 being closed, connecting the
work chamber 211 of a next clean unit to the other end of the

transfer box 214, and then opening the inner sliding door 225.
That is, the space in the work chamber 211 can be kept clean,
and this clean environment can be expanded in the horizontal
direction and in the direction of depth.

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 is 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 handle 237 in hand. By operating the shield plate 236 in this manner,

-he operator can control the communication/non-communication between

the clean unit inside and outside. In this embodiment, the wall 220 has

also a similar closing/operating mechanism provided on the inner surface
thereof. That is, the wall 220 of the connector is doubly shielded. Thus, in
isase the xlean wiitds et connecied 10 enyb other one and has o tagsferc2o,

box connected th ggnetfdghergﬁdse Og%&!a%g%@&% f*ﬂ%%%%” e the

t
unit can efficiently be isolated from tﬁe atmosphe

%F??f’%ﬁéheaﬁl@% 5|5nta8vwfﬁﬁﬁ%v%38na%¢d@%%ﬁ&ﬁi peEively, and in
sehembticallycitlustsate together aheaniunié aceordingtd arheighitange 229
embedimest,of ther prasent invention; This. cle@%@t&t@lﬁ%wﬁf@&d plate
E%fog%n%ln%n fh%mlcal &oce%%es %uc a§ é/grlouslkrgns%s 'Q_ cite
meéasurement liké SUrface observat ion, i spec lon, assem ng, gtc. Which

%%\Fé}%é%twuﬁmat%@e%@ﬁ@@sb@ta@ﬁ@aﬁbﬁ. #siskowa in Figs 1 and
bY&n 5B andbYL sthedleannmithas o vk chamber 261 canstriucted 1ower

HH"@E!%@&%W%’B&%’H'B%V2%@@5&'&%8@%%”@ %9 0, inkigs. é@@ 'shield
52B and 52C. As shown, transfer boxes 2 54 are provided at

Bié beck Hnd FHETA dided Sespectively Jo?weem?o%p% chemBERZBY. TRETSssed
transfehboxes alsoddie as iitéecleahaitcomedidriand hpassagenayharge

H@gsgzrarasff@rr]_ﬂa,?s@t?e‘iﬂ fﬁﬁﬁna@%ﬁd%@we US@ﬁetlQ:Q@H%@QOH@Eween
ean unit.tq this clea it fro ree tions, namely
Ziﬁdﬁatgra %%é:sa lafndrbalg\}vor C{’ngtc?e o?%g?Eelgaﬁebs lgarﬁé Ithh th‘{[arger

HaRRE Bokds. 2526953 aihd 2854 SRkB. Hm%af%t@ﬁfacgbﬁtrfé%#@ plate
zharmber 22bintheee 238 formad e eircidar openingsitowhitbse the shield

%@U%'@%}S%SW&& 2&%‘@8@%@@@&@8&% ;tt}%%t%f thewerks 233
aIa % 251, there is installe ctive dust filter 6 with_a blower,

htriBute PRl t éﬂr“i U8 5T BOME ork diairbeF F5TRS By the
elearpdvironme it aieary lat Class 20mon 106, forexamplecdmhis ication

E@tbﬁ&ﬂﬂﬂ&mienﬂr@(i@élsérﬁﬂl@dﬁ srir@ai@efdmé @h%@@tﬁﬂy@aﬂ@i@&é&szz 7.

m%%‘?ﬂéz%ﬂ%%dé% theJower.camer ot gither lajeral side ofthe Work ) unit
1s the same as that of the transfer boxes 212, 213 and 214 to
the clean box, and so will not be explained any more.

With regard to one of the connectors provided at three
places on the clean unit, through which nothing is introduced
or removed and which is not connected to any other clean unit,
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 pair 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

88



The exha-ist ventilator 257 is to control the positive air pressure applied
by the active dust filter 256 by exhausting air coming from the active dust
filter 256 to outside the work chamber 251. The active dust filter 256 may
be, for example, an active HEPA filter. It should be noted that in case this
clean unit is used in place of a bin clean room, for example, an ion

s@&zammw@euﬂtnwmb@@@mteﬁ QBQCHytdqﬂmgtath dusttiltargned
230.naersesascis, e slean it ps e elobi embodiment ofhe,
t'shown |n S.52A,52B

present Invention Is constructe Simi tO tha

2hd BHE RhEh8e A& digsh ﬁnﬁlﬁ@%teco%ﬁ%cte&” t@aﬁ?%ﬂﬁﬂe&?%rﬁﬁ%ﬂ or
shietckptate ehdedrinrahebie ditdched tothenconhecting trortivadfthe 11y with

trapsterhoxes252,:253,and - 2545?”&%'&‘4@ 1{'?% dlean wnitshewn NEigsse 1n
Q%A 52B and 52 Next there will be explain d 2 cl%an unit system

accordnhg {5 the twentleﬁt emB dinént o ?ﬁle presen fhvention. Fig. 58A .
SREWS THE lehpruniesysteras eatvientidtls enfsodiffentc FrpsgB it inside
shaws:a eoneentionat kleartnt Systent jot sempare with thesceabuniéinilar

éX%tgﬁhgs/ the tuenticth embodiment. p'%%x§98‘é’8 '%E Gy, 284, [ables %ij’ace

and 264 are located in a_room with such spacing that enables

B&R’aﬁ&% to Se@rd irbetaen dhd dd pPocssE8 CCRARMTSES s LY
tHble 1261 cleZhunitsi266a%e 267 onlable 262f clean onits 268 @69d to any

@eele%?%ale t@bﬁ@@@ @@g@x@%ﬂgﬂt%gzlcgzﬁ%fwe?eﬁ@@ﬂ@@@ 264 inside
ctively. Thes an units 265 throu 73 are, connecte

%Sr?é er bo% Zfangﬁfhey greiln gco?ll gf?rg?on O%Fdecﬁnnes ﬁb lently be
aBove the clesiufit Defig eRiiDEd as the eighteenth and nineteenth
embod_Mmepnts, Which £aR be ¢dhnected iintheeedirestionsyissised asnt view

cleandinit.263 through 273, Ihat is thereason M&C&%ﬂg}”'ﬁ%ﬁét rate

through 273 can be in the 90 configyration of folded lines. Forclean units

588¢ @@3”2‘?2‘3&%&%7‘?hfov@éife?r%ﬂ%ﬁﬁoﬁ& Eiedh UhifTtRATARS BT the
porsectable iretvio directinssmaleperusedt is to be used for performing

non-chemical processes such as various kinds of measurement
like surface observation, inspection, assembling, etc. which
however are not any limitative examples of application.

As shown in Figs. 57A, 57B and 57C, the clean unit has
a work chamber 251 constructed similarly to the work chamber
211 of the clean unit shown in Figs. 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 contributes to keeping the inside of
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Since recent progress in technology has made it possible to do

pre-treatment, resist coating, baking, exposure, development,

post-baking, etching, thin-film growth, surface observation, and assembly

in a compact manner with small apparatus, the clean unit as the

eighteenth embodiment (hereafter Type A) and the clean unit as the
oineteenth embodmeriihescaften Eype &)€anscoman thearly at Class 10

8&”%’@”“?8%‘1&% act ma.ﬁl?mﬁ’%_ t@%@o [‘.ﬁén‘%‘)m%%@{}?&ﬁ%%'“guct is

ap aratus chemlca equments SUC growth a yaratus or etchin

aﬁsé{ﬁa?ﬁéi Nof- @ﬁ%}ﬂi&are&ﬁfbﬁ%érﬁéﬁﬁp&e%Sﬂhbar&pwﬁa%ar&fa%ﬁﬁad at
bakingapparatusy smalkcliservatien apparatude (AFMh ST raptibaimber 251.
Eﬂ@O@&@ﬁ%éEMém%mQ%&:@beﬂ iﬂéh%oC|@@H@%§tﬁ@§éh&%%% air
ar exampile, co p rowth machine can pe e uni
B e o oot o 58 Py 3t ing
Bad q@%%ﬁ&%@@%&?ﬁ@éﬁéaﬁ%ﬁlﬁ@%@ g ide the work
praceissing; ahalygiscand measuiement Usingrthes clesmunie system éscample,

shown.in the following. First, a operaior, standing ip-font of 1he ¢leapunit ¢y ; ¢
265'%btasubstrate (not shown) into the unit through the inlet. After doing

app r%é?é%ﬂo%e‘éé&&ﬁﬂn&%%‘éﬁ (it 265, e opératdiArihsie R e 2P/
substeateising flobesipot shewn) toxthenidighloriig cleamnatit @66Niaect 1y

the tranrsferbex 2 74uNext the eperatgr. moves to stand in front of the

clean unit 266, and do needed processes in the_clean, unit 261’61t-1’|1-hﬁmbodlment

operator O a series o proceéses trans errlng %he samp?e an?ong

Bledi Gnits 265 throDYRPTROTaAG WREFfinIsAEE Ciife Bperatdidkes g shown
substiate/sabigle obk Bofdhe clteamn.unit 273. As described above, the

twentiesiembadiment ean make, the ;totalfoolprinkefithg whole glean upit-) e an

system very ¢lose to s uare b loiting the configuration of folded lines, |
ich 1Ba00 15 LRERALIoE brYCRaTOT RS RONHC o LBaE e farCE £ng

fepigth becomés oery frgé ewhemthe c?o?ﬁ/erﬁ@h&lméﬁ firitsr2Blathtough the
288 for which asywighthand-side and Jeft-handrsides connections are

possibleyare used hecatse,only. the.configuration oh single lineis ;o ¢ ery
according to the twentieth embodiment of the present invention.

Fig. 58A shows the clean unit system as the twentieth
embodiment. Fig. 58B shows a conventional clean unit system to
compare with the clean unit system as the 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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allowed. This leads to inefficient use of room space. This comparison
clearly shows the advantage of the clean unit system as the eighteenth
embodiment. IN Fig. 58B, reference numeral 289 through 292 show the
tables and 293 the connector. Next explained is the twenty-first
embodiment of the present invention. The clean unit system is
schematiealtyiidusteateddn Q. 5O As.shown in FIG. 59, the clean unit

systern jaeudes.deanynite 1% 10,k oh Jype AorB fedidned. fof,
three-directional connection, The clean units are connected in a loop to

SRLK eBhEPViaTa fraRdfer Hok 107" AltraiePhd¥ 1 E67 Re Ustrfor thistwo
donredtiomis shieidee byzeshield plate. The twenty-first embodiment is

advantageous asfollews ringenssal,.one processds repeatediaften DA sipie

%gal %eriersegft Pé%q?ezgsgg Hg\évg\l/erﬁ irg: 8%%% the same process IS re%%%ted

in tﬁe conventional ciean’ unit systeminw iCHY Eledn Unitsthaf '¢an Be ’
COHNRECEBVHY hBFZSTRRY AP cofifiEéiéddo daehrothér- hotizemtdly ifwr face
shnglerime, imwprkpiece hasrim be returaed dackdo amupsiream cleasanit

AL gampletion ofieachprogess, ; Therefare, the working efficiency s yepy
w. In the twenty-first embodiment, however, since the clean units 1101

| v
{55666 A& bohnBGable thred Girdctiong, tHey tahthd tonhebrfon th
exlehdienh ahepsaleiopyoeal intendedoprocesstflow ahd zegerigsi oned

ebprecesses canhesrepeatada.reguired pumberof imesanithout having-atus
workpi nnecessarily. Thus, .the series of processes can
g}%ﬁef%gc%gg e g%ﬁ'ﬁ\y.nlﬁesxt,s tlﬁc.séﬁe 3v)iéll e %?(B ained a %feLa%Surﬁf sfles%gmmg
2REBrNG o iR ety SEEGHT EmboBMHERITTRE ptddehtaintéitiGlyraphy
B2 68 shewsthe clearmyurib systemuas thestenlhl enthodimenti oAs shpwratus

M FIG. 6@wtheglean ynitsystem ingludessgigan units 82 11011011106 of, ¢
ngeﬁé\ %riB ar c50_n ected.in ?7”[300 to.each ot_her via a transfe_r box h
FI07 WRICH Ts<hmifziH 6 U afdrementichst Rireteetiy d b SdiniErt Jrchine

@35 érabddiment, HoweVerathelglean? URits @ 2can 1188rave xohhected the
glireptiy to@ach-otheraial oscilloscope 276 are located near the clean

unit 270.

How to do processing, analysis, and measurement using the
clean unit system is shown in the following. First, a operator
standing in front of the clean unit 265 put a substrate (not
shown) into the unit through the inlet. After doing appropriate
processes in the clean unit 265, the operator transfers the
substrate using globes (not shown) to the neighboring clean unit
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 clean 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.

o1



a transfer box 1107 and junction box 1108. In this case, the clean unit

system may be so designed that the depth a of the work chamber,

dimension c of the transfer box and distance x of the transfer box at the

back from the right side in the drawing will be given by an expression x =
(a-c% /2 as shown in Figs. 52A, 52B, 52C, 57A, 57B or 57C to connect

only _tPeAcae@wmta#k%th.o é.éghﬁ %%S&Ig@sﬂ Q%;%Q;A INgodhRSaMEry 1arge
specification to each other as shown i JAccordi e .
B S e Ot S 116015 b6 o ol o1y
to- 8aéh baREt 16 ¥61en altop i i cledn dnits 2202 GRtCTE0S &R Possible
sonnected ditectly te each lothehwiadhe friansies hoxil 17 and ginetidhne is

boxJJ08. Seythe cleanunitsysiemqas.the, wentysgeond,spbodiment igy ; 5

advantaF?eous similarly to the aforementioned twenty-first embodiment

QRURARAEPAdvaRALESUE IR Rat R TATBRHrafched bR foGpEd Sntdifer foy s tem
effetting alplotess: oremidapiationally 1 érecspdriitallycd substratenumeral
280 benpreggssetbbeisgpassad segueniially through the clegnaniisckl0l

to 1106,,Also, after, th bstrate.is processed first in the clean unit 11

and el A Do 1102, 0h S D ekt 16 Mo Mg TS che
REGRTENGt WAV RPheP Be processed, for example. Next, there will be

explairiéc: atlean umit system eacéerdingdodhe tveanty-thirtbembediment FIG.
t@@ t.h? ﬁé?%%@wﬂ”y gntaR; .'199 'Gh %%%OW%%% %Bf?;[r\cu@k‘} A§¥é¥§rﬁl @éltt{ﬁges clean
wenty-third em ent. As shown in .61, Ty orB,ie. the |
oo S0 1 G TABE AT At A FREBE g a1 oot ional
givestictis @te cohinecretRreathidthe? Vin & vransfer 4dxi129. 1Hepe,to each
slearunits 14 22-threughr 142% areocannecteckin spsh aknop 1aonfiguratien for
Uhaitsargo%%ﬁi?&aéﬁ%kori@e L"P{%%ti’a%e&%f 93 gmbodiment gf the invention.

For example, cleanunits 1122, 1123, 1125, 1126 are of Type A, and the

clean udit€119¢ 74 tlf?"?%@é%???p%SB@ﬁ’%@&as‘é%%éﬁ fipd Lows.
tleareunits 11 20 tkrgughctE28 aser dpeexadplef aerfollows. tkheedleadries of

pritdds2bds a slofRYBE, in case the same process is repeated in
the conventional clean unit system in which clean units that
can be connected only horizontally are connected to each other
horizontally in a single line, a workpiece has to be returned
back to an upstream clean unit at completion of each process.
Therefore, the working efficiency is very low. 1In 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 lcop 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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and storing equipment (for example, a wafer cassette 1130 that stores

wafers) is set inside. The transfer box 1129 set at the clean unit's
right-hand-side that is not used for connecting clean units serves as inlet.

The transfer box 1129 set at the clean unit' s back-side that is not used,

either, for connecting clean units serves as an emergency outlet. The

clean upith122 ds aghemical-unit ia which chemical Progess systetch other
J13Ls. setand chemical processes are done fhere. The glean Unit 1123, .
54 resist process unﬁ, In Which spin coater 1135%n developmenfn

Bppat 28011 3ThRIASANEd antirédidrtceRRfaRd 'devEleMEnt arehe clean
dane thereo Therclean ohitadAR4dsrankthograpy i uait,tn which €xppsuteher via

maching, 11345, 5t 290 the if 25}&0&%: box 1,128 $etat theglean units, oo the

ggnht-hand-side that is not use r connecting clean units serves as an

e gemcy butlets Sk ERENIMIC1 2 B BrothinbtaltizatidonRiri, n ©F the
Whith electiorhemicalsysiam 11 35fand enitroareattor dysterarid 36iareance x

instaled: Thedransies bax 128 setat the glear units tightdkand-sigde dhatwing
is.not used fqr connecting clean units is _an emergency outlet, The clean ..
AT 1156 1 ar Sching procese, LRI Which Stching Spparatie 1157 1o ©19°"

itsalletf Frhe transfetfox 14 29 set’at the Qearehlt s BaRkSsigets units
d¢drriected 1 fdthectransfenbde 4128 et af the cleantunitsEhz8'sback-Sidest ion

yig ageanegting, box 1138, fhe;cleapunitdd 27 is an assembly unit, in
which micorsc%ne 1139 and prober 1140 are installed. The clean unit

1128 is AEUrfA érb%ﬁl%g%l rggvc%rb%y(_sﬁ\ﬁ)o% SSW}%& Jnnﬁlﬁiﬁ’m Wﬁchﬂean
sedrirfing Y9Anéling: iriérostepe °STINE 49 41 carik atoraietfeice midrostopel cop

AWk 42 ese instaled: The dransfer baxrkl29 setathe gleasdnitsto each
right-hand-si hat. i nectin its | let,
L e i ot o e
GeE@ eithet HoP $8RABCtHY dBSN LHRE SBRRRGRISh BRRGAER outiét.

Zhe spiregeates 133210 thelgleén unitel 1280 thenexpposune dsystemthi-34iins t

%@BW@%%‘@E%@@EM@X%@%%@é ﬂ'i»!a’ic_ﬂlec ”@S@ﬁ%aﬁ@én ched
SX;S m 1" .36 in the CI%%nrun%ttléLiZf the etchlré%machmells in th
r

Elean Ghit T128% and the prober 1140"fh e HRAR 11574t ionally.
Morifected ¢d i powEr sapplycEi43te can be processed being passed

sequentially through the clean units 1101 to 1106. Also, after
the substrate is processed first in the clean unit 1101 and then
in the clean unit 1102, it can be passed to the clean unit 1105

in which it will further be processed, for example.

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 connected in such a loop

configuration that are explained for the twenty-second

93



Also, the electrochemical system 1135 in the clean unit 1125 is
connected to electrochemical machine controller via cable 1144, and the
controller 1145 controls the electrochemical reaction. The images of the
micorscope 1139 in the clean unit 1.1.27 and those of desktop STM
1.1.41 and desktop AFM 1142 in the clean unit 1128 can be seen on the
anaitdi ldA46. e thventyrtherdteimlbodiment provides following

afﬂvantaﬁa&s éﬂgaglaél,tht@ﬂytgﬁgﬁtaeﬁssthft\i Qﬁei_d%% 3?( COMYENUQRAINUGE.c of
ean room, such as pre-treatment, resist coating, baking, exposure,
fﬂ%@%lo%méalﬁ\t, g%“vﬁh r%gﬁafﬁzgf?&ﬁs eic]n%r?g, p]rgglﬁg @Bﬁga&é%%aﬁé?s,%dw pe
the like, can be done in a compact and simple manner by the clear. unit
system pf presest dnuentonexpleitingdeapcontiguration of isbke 1AS8 are,
20OWO0hI. 1. Dy Uslhg & mosaic.canfiguratn, composef ol Ie A uni
Type B and their transformation, all of the processes or main part of the

ProcESHsCHh BEHGMR Ny ( ERECHTERIPESr eRalifié FpFicessts wHicRO that

are afraid of alesieasingsfielchwhdr th&workpiecefis exposetlitd@set at the

él@@ﬁpdh%i?% ”@M@i@%%%@i@’ﬂ@#a@ng%@%Wb?@ﬁ@c?%%e%%%ecting
oceeded, 10 a sultaple proce wnl ca e daone in.an a er

D e R T B L BT at the

PHSCES I FIVENP 8 Torrespendiid one-drfiensishalconpettiohosf geanecting

cleamunits {mosaic/pattemnyaf the presestinverition. 41Thsdetermingdi+ 1122

By using dhe clean units of;the, presantipugn Jon, forexarple, e.fype ;o

A and Type B clean units, a total process system can be constructed in

Vel BRfeEE anid HexiBiE Tidier "o @&ondifg fo the heekdistagbs 1123
of processes.tt isrpussitle utoirfealize |looplednfigoiaticrreftelean UARS 4md
§%U@wom@%§9@qiﬁg_@sambi§@@@ id@mgat@p@@_t taqfdnee%aﬁrg% E@&E:%%g and
or.group of processes In.the sa clean unit or gro Or Clean .units
%e‘o’%]g?%%% %3r/ %ggﬁﬁirﬁyﬁaﬁ 'igﬁ%peaﬁasl%? ) Ir]n%tsg;g%{rel %o%nlel&eg grapy
16 irfereade tHel 6fficfemey 16 e Taokmum) NS4, feresiilleteskslainedansfer
istearnanis systens accbeding 4a thetwenty-fough embkodiment of heat is not

Q5§§@%APW%Hﬁ@cting clean units serves as an emergency outlet.
The clean unit 1125 is a growth/metallization unit, in which
electrochemical system 1135 and micro-reactor system 1136 are
installed. The transfer box 1128 set at the clean unit’s

right~-hand-side that is not used for connecting clean units is
an emergency outlet. The clean unit 1126 is an etching process
unit, inwhich 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 connecting 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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Fig. 62 shows the clean unit system as the twentieth embodiment. As

shown in FIG. 62, Type A or B, i.e., the clean units 1151 through 1171,

which are connectable in three directions, are connected to each other

via a transfer box 1172. Here, the clean units 1160 through 1.1.65 are
connected in such a loop configuration that are explained for the

twenty-first hempotiimentrof ¢he inventioes anththescleanuaits $ 166 emergency

&Q{@HQB 1%7@-}(%5%19%@@ l%§§q‘nagﬁ@%ii@§€9ﬁ@1'9qt@hﬁ ariﬁhe exposure
alne r.ine tw Secon (0] n e invent
glc g %i]_% SLFaPEd cIe l‘?@? r%% lg 1?1 I stem 1135

ransfer an uanit 1 IS cORNected 1o
@Hélﬁai%@efﬂ%% 217236t aftife/ elean dnit £'60s tﬁghtcﬁl@@dlswelﬁnéja% the

€copneetinghHoniid 783 Alsa, the:transter oxcl172 set ahthegdeardibdr 1140
H%%bé%a%d%fﬁ%o@ﬁ%@fegréo the.ransfen b@é HF@SF &8&”&%&?@9 1143.

unit 1165's rlgeL ht-hand-side, via a connectin he transfer box

4195 56t 3 thie BeRFUHIETI6PS badk sie ilc%?]rﬂe‘&té&lﬁo thieS ranisfert 1129
boxckivzeseteat the cldarumit ¢1Z0'sdratkesidé,ivia aconnedtifgrbusia cable

1:1.13. Brocessdiniisanebabservationsapparaius which-ate BeeessaRLioncal
rocess usmg s clean unit %y%tgm are installed i rbePcIeaannltsI’LlGO

hrougﬁ Th65. The %Wer?tysfourth embodiment r%w llowin ean unit
h%j%n@e{gﬂestﬁm%@ér&%%éé%rWﬁinl&aér%oéflfﬁﬂe %?@é@é%@spc%% Ped2 in the
pedarmed Autamatcalbrunder coatrobied of.a cempltetrby 146.

computescontaling the openinaiiosing ot e ianslerbon and they

operation of sample transfer, This is because the clean unit system of the

Pregh ietion SitPe Sonsthitied BRAEH Torredpbnding tHFS 1™
prograninirgeflovichiet. Thestotal processu flowdrom tiee topestreamtto thesist

downi stegamdn 1he cleanurit sy stecanhmeee)) agddanticalée e zation,

seqguence of th program flowchart. Subroutln 174 a d/or
nggltloﬁéj 56 decision ?L\i?gé%)r exarr? bie, in aprog?%%‘n c%n weiin be done

%%é&”ﬁ%ﬁﬁ%ﬁ&ﬂr@&ﬁ& %Eﬁ%ﬁﬁg%‘é%ﬁé%ﬁﬁl&ﬂﬁd TRy %H %W@étl%ﬁﬁ? ent
tonpectablityeofiihe cteangunitsopf thepfesentaivention: THanksiedhe

loop stricture, gt the clean unitsystem,, of e pregsRLINVeRiRNE¢an rat ion
gg%%éé%?I%%L¥§W%ngs%§ggnB<and their transformation, all of the
processes or main part of the processes can be done very
effectively. For example, processes which are afraid of
decreasing yield when the workpiece is exposed to an atmosphere
including dusts midway are done and then processes are proceeded
to a suitable process which can be done in an atmosphere
including dusts.

When a total process flow or main part of the whole
process 1s given, 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 doing repeat of the same process
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be performed on a substrate repeatedly with a minimum transfer
distance. This is a marked contrast to the conventional case, in which the
process units are connected in a line configuration and samples have to
go back and forth from up-stream to down stream many times when a
series of processes is to be repeated. The clean unit system of the
presentinveftipn hess Fegenerdi tive Sollcwingemlvamade oFhe ofean ahitclean
systes ofi thediresent BB@NEW gandiaverihe sopfigurationeEReanadingsaic
or Hilbert rtcurye as st shown in FI% 61% and f%?s advantag% of gpall total

t

foot- prlntn\?\%en the clean unit sy system Yof presentylnventlon has - xLmum) .
configurtioh/liketRisoridishoWitintZig L 63RdGe do e B difedtiormysten
gonnectahility of the cleasrunjtsf ther opesaton ddmenjoyd'varpeinoresent
procsssias,well as multi-purpose use of a configuration of the clean units
system, whose high efficiency js similar to the case of plurality of protelns

o ocIohin ot of SRR ShaF Bing of DA EEHnd T 015 SHERE"
enhadéaare pefformance of thé §§stemd asTy prodesslpFoduction: plakfermlean
ohusiting 17 unification-of 1 toprJown systemswith Holienup systems ree
Hext dhere will be explained a glean ‘é—ﬁ] aCfR@J:”Q;E% the, tyenty: f'? x 1172.
embodiment 6f the present invention. The clean unit as the twenty-fifth
ERiBodifrieht fe- Shetaticaly ifistriea e Eids: 6242 615 ana 4 %e\%/h%éh such
are coplaroviéng fromt view ahd siderelevation,inespectively.has shewnyrfirst
i Bfe S4B, NGB the Alaah L aclhles 2 Dexaigdial boxehapeugn
leo_;lf chambeérgll Tr%nsf(relr bs%x%s 21 %13 ggggm are remova}ljaglt
prowde&atfh B&&I SHd opposfe Iateréﬂ $dés Yespectively ,of e wor

ehambered 1f andt by t%WQO@W@QW&r@P%nﬁ@\%BWV@DUOH .
Previded at thertopandibotteraLrespeetively ) ebtheumark ahliegaber Bkkk-side

{he anster haxes 1291 and, %%%%@‘? f?ﬁﬁt@&egtsm@@x é%H‘Smt 1160’

transfer boxes 212, 213 and 214. In other respects, this embodiment is

SirAildr 1B tRe - SibfferithmBTAAERt Hhd 56 %l hbt beAé)?ﬂalrF&FaWanSfer
Inrorel IV 8heeld lee noted thiae dre clean unib&ccordingito sheltwestys=fiftmected

embadimentwilkbe referredto assdypeC'the clean unit 1165'’s
right-hand-side, via a connecting box 1173. The transfer box
1172 set at the clean unit 1167’ s back~-side is connected to the

transfer box 1172 set at the clean unit 1170’ s back-side, via

re

a connecting box 1173. Process units and observation apparatus
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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hereunder. Next, there will be explained a clean unit according to the
twenty-sixth embodiment of the present invention. The clean unit as the
twenty-sixth embodiment is schematically illustrated in Figs. 65A, 65B

and 65C which are a plan view, front view and side elevation,

respectively. As shown in Figs. 65A, 65B and 65C, the clean unit includes
@ehexahedrallbox-staped watk thamber 251 r dtansferchoxes2521 P58reated

BNA254,are; %Y?EPMBB%%’@%Q@E hackand apposite. lateral sides,
respectively, of the work c amalt%ar 251, and_transfer boxes 1203 and 1204
G TOBL S IOV BEEBp A HohBi, TeSABAHILyS oF e ighie =S ent

are remov
ehadiber @141, The transfer boxes 1203 and 1204 are constructed

similarlyto: thestrassfes <boxe$ 2 2,213 and 24 in otheresprcts: thissysten
S %@%%é%ﬁ@'@(&%ﬁ%&f@%e@ diment, a0d SO Wl NOLDE. o5 can
explained any more. It should be noted thaf the clean unit acé)orglng to

RReiGehtFEixth emBodiheitiifihe Fétefrta 9 ATy P i Réretderansfer
diNexttatheee Wilh be explained-d etbarpunitastording tee thertwentyisenenthase,
empedinent, ofihe presenhinvention. oBIG.L& isafront vieys ofdhe CI8aM « 5 on
un(i} as the.twenty-seventh eml%odlﬁpent 8f gweé)&rgs%nt mventlor]C. As ¢

S owsnaiIHEi:lI%S. gg{?‘fﬁ% %I(éaﬁ%nltahcas an‘exhaus ven’?ﬁ)érfo}l?ne% sﬁ%%vnﬁ) ©
dorhed at G oWRR CofidroT the fatt Jaterdl Sftfe 6fthe werkdifamber to be
ﬁ@gibecexmt ver@tfﬂatorntsmles@imthcaflid;nét@eflilseaﬁto_tish@wmm has
Al %‘é%atyb@hjez%§l%%}?§t%%gg%e etheﬁ@agféggnwf'ﬂo{ astksg%em of
98 lower corner of the right latéral side and the inlet of an active dust filter

B BG st tHe AT éxfabeed /M, the sxPRESE VeRtiktsr ff BRfgro 1ine
theldctive ustfittee 256 shroughithé itghet25 2 Fhussthelgasisage of small
chedipted trough the agtive,dusic filters236, work chamber 254, exBaystesent
yentila%orérty%e 1251 agmd actige dusifi%er %?P in this %rder, v.vheEt;eb t % q

Cleanliness inside the work chamber 251. ean ﬁenﬁnﬁro%vé% consid rably’ ue

R delse & Eheficet procastlistoecstietidd ifside théhe clean units, the

operator can enjoy “warp” in process as well as multi-purpose
use of a configuration of the clean units system, whose high
efficiency is similar to the case of plurality of proteins
production out of one-dimensional 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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work chamber 251, a chemical process-compatible active dust filter 256

is used and an adsorption tower 1252 or adsorbent is provided in the

middle of the tube 1251, to thereby permit both removal- of a harmful
substance and maintenance of a clean environment in a closed system
without having to connect the work chamber 251 to outside via any duct
warathefike. 1Adso; @ adhesive tapeds=attachedworeall prpastafthe ahdlee top

Anneryallof the work chamber 23140 catch dustpasticles, jwhefelytisns fer
possible to further i %rove the cleanliness. ICg thls,r}ase th%gd@esive
I .

P&t may bePA fhultilagerdd ohd By - péding Snd's the ddfiSsivaSheet " T o*

neo
Hayers atlcomplétiorrofieddh process to expose a clean sheet surface, the

zd hesiam effecte of thesadhasive shee! tergateh distparticles canatways the
e_maintained. The work chamber 251 is,not illustrate lai i
T T B waleohember Inclies n e Hinoxeont br" "
twenty-Féurti ehbodiments: ethd Brantdifit 54 Bid aiBity- &t ing to the
terahogintent will bebrefemed to as 1 Type EX ditssurmer LBIG.s6 7' Shypws tHe
leanjiness inside the work chamber 251, measured with the Type-E

clean unit being placed in_an ordinary. office envirgnment and active dust

filter 25%%&%@%#85&&#0@. PneF?é. é‘ﬁjtﬁg %oartiz%qn?aﬁnax% %rgdigact%g)f#el hg to
tdige tinam)yofs particlesrhadiariehl &fs Wicass #5e hukfbepntion.
(piecestm) ©f particles larger thas the paticle sizeraleng the hetizontal

Sl Lould be nated foweves that heork.sRambes Zal0k 8he fleath, are
unit used in this'measurement is cuboid and 80 cmwide, 99 60 cm dee
Sarkit8e citRigh. TRERELVE Bistiter 258usetivas WHEPA BRiECE1 VLY
GK-075%0hodeh258) s 0.63mé aGadableé fromthe ASONERAlsothéudes

M@%@%ﬁ%@gﬂ%@%&éﬁ%ﬁf @Har?g@f thejactive dustfilten2bbe s 252,
S put intg gperation. As will be known from FIG. 67, the mean val .
%ﬁwdi(:garfgd %c\)/?t d5ma E\E/v?t\feal%?rglep |ﬁ?5iéd%g]) 8155 th%%c egglllfn]ésasno tﬁg posite

Tircartibnaype oledt BRR & ABEAY at ClassND, whBkhemakfmunt >, and
leanlinesspyalue (Imcatechwithat smadl blask citley ip applaidmate tohe top

éﬁ%%%%ﬁlﬁ%t@%%ﬁ&@@fQé@9@%@Qﬂﬂ?&&ﬁ@@%§ﬁﬁ@§%@§J The transfer
boxes 1203 and 1204 are constructed similarly to the transfer
boxes 212, 213 and 214.

In other respects, this embodiment is similar to the
eighth embodiment, and so will not be explained any more.

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

rube 1251 is connected between the exhaust ventilator at the
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short as 20 or 30 min after the active dust filter 256 was put into
operation. The above shows that circulation of all the gas exhausted
from: the exhaust ventilator to the inlet of the active dust filter 256 through
the tube 1251 is very effective for attaining a high cleanliness of the work
chamber inside. FIG. 67 also shows cleanliness (indicated with a small
Wehiter itiangle) measusediigre: speeclehn adeaafdhelcieanlreom@ac active .

%%@r;tg%e%?%p wih %hé%@!t%balagﬁri?agl dn %k%@lhﬁga%da@aoﬁ%ﬁ%o@zaaust
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Further Las the tayercdasndivdeled by superlatticecthire piéces;tthe inside the
ferreelestinRysten or giantiaagretoresisiance matgsialsias esctive dust

rCaMn stem are usable in addjtion tq it electron conij te or ic
WG Ratohal o B OIclIeT VAIEHSE, TRAConbecar o zbent
Struenndligelf ddh bEadedyothér thetHodehan the Méthouereby permit

iexplainedhasahedirss ta siehf iambadimentse Fon examiple cihispessibletalean
als -f}a&%&}{ég%}iog differenssu t@@&%?@ﬁ&%%ﬁ@fﬁgwe;geeﬂmect the

evaporation while rotating a rotation axis or alternately grow different

ERh&tanital it eotintriar SubstdRe By MGEYD s exdmpiBeas ke
materialslfer foamirmpihesconeentical istrudt e hetlepmatetiabs thart of the

MQl'ﬁFeUf'ﬁQéQ tb}g%fir%fotﬁ_é %@%Qdiﬁ&%% fn.ﬁwlbwa%et as welkAsdheicles,
ielectric material, inorganic substances such as oxides and organic

B Biob satha: BT o] Sy ARk riey et e I
Bieb(Tadeand- %, 3dhestiuid RaVing e Progerp L tilayered one. By

peeling one of the adhesive-sheet layers at completion of each
process to expose a clean sheet surface, the adhesion effect
of the adhesive sheet to catch dust particles can always be
maintained.

The 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 pum) of
particles and Veftical 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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i.e. a structure with discontinuous projection of time and isotropic spatial
configuration, may be used in lieu of a structure having the property (tj)
already explained. Brain-derived structures that make a category of

top-down structures include tangible objects and intangible objects. The
former are physicalarchi.tectures including hardware having
dhreerdirmepsionaltéxiste ceswher&astize tattee inclades Lintailectigdl used was

agﬁggcgg{%e%nﬁg-@@% iﬁé@'iiqw?h%qag%@jq %\/.Séetm%n ﬂ%@%@%&p@\&@r&n the
) -derived structures forming a categary ottam-up.
pé%ru%%r'es %c?u%’e %{6? orﬁ?yasst}llfc?ﬂar%%gofwcae% (I)nr ?s%t?énle\é/)éls ru(t)gz:ldlsonpln atter

tdrgans téuich Agskefdtbihs ambifteimal Brfans. [Coapifai®integfatisih of P
ianbettom-up systent and-a ctepedawrndysiem ace natkditedonly tonall white

S e i vhe Mo cype
omp eir direct coupling. For example,

DY ety examitiifd Hoﬁ&tfé%ao?%o]tlg syl AR dglnl nilnag%%ﬂmess
exiraetigrindividuatisets-of imcemmbtibie asrbpeities(d) T andrmroximate to
dntgryediatedayer (adfering. stradagy) having the propestyddd) car be was as
Ipserted betyeen them, (I necessany, Jhe qpealion, ean beERPARL IR put
mode of recurring formula an iteratively). Thereby, the invention can be

1isBa t6HGAcHIorPas a qissiofhare ReKEne Glschehe! ‘Gird Plsiesd! L the
daedel:oransenice modeihforenatehing betweehe movermeitsandwedingrih the

2od.springing up frem,users oka mass i consymers{of adierarghicatcct i ve

bottom) , such as build-up of markets, consu%n@&iloen tre@g(s, %[c atpd rules

bP platiring bt 181 buitesS OpEAtons Aid ddministations (Ofthe ~ >
Riagtardhicall eop) Pivers dowvewald fronsthe ioplacdordingtéa @ small white

@ﬁ@@ﬂr@iﬁ%Qé@ﬁ%cf&ﬁh@hslb@@@_nﬁiléta@f thedavemtion€anban room and
gxtended (g, LGOMPONEN! SYSIGS IR 0Ll? v Yok ANG COUPING i nary
plurality'of components such as x and x; Is possible. in addition, x need

AbEBe two values of Tj, and may be a many-valued (discrete) parameter.

The clerrunit Systemsasitheaforemeatiosedh thee been explained
specifically. However, these embodiments should not be
construed to limit the invention, but the invention
contemplates various changes and modifications based on the
technical concept of the invention.

For example, numerical values, materials,
configurations, locations, and so on, are not but mere examples,
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 =w
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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eighteenth to the twenty-seventh embodiments of the present invention

are formed by disposing five types (Types A to E) of clean units equal. in
size to each other in a predetermined pattern and connecting them to

each other. In the clean unit systems, however, the clean units of Types

A to E maybe different in size from each other. Otherwise, clean units
Equad tretypes tioeaehh other dut diftesertuin Sizesfroyveachcother mayploeration

JHsed. tq form the cleap ynit system, Further, thiee armoie, tyaes, of cleadrent

units may be used together to build the clean unit system. I the clean

WFW&%% adthé tﬁ/%ﬁﬁ@ﬁ]atﬁr@ﬁﬁstﬁﬁaﬁﬁerﬁy f W%m imeRte RS
three-dimensioralicohmettion hvayn padidilybecadsisiad ba@ééi ohtthecture,
Jreedom-afvertical connections betweanithe: eleani units. 1Alse; themsbieldment s

I[pﬁ!:g/tebof the tra?\nsfer b% may, b be on a type Pesngra gaﬁléptte §9Q1_Le Ofﬁt?&: ganic

clean units andatransefer bOXGS may be constructe for resistance agalnst

HPFIRUFE S FEGUM SINRiT S itk fAASR!EBoxR heGRF a8Sirgdl§he?s
gdﬂﬂgﬂﬂdytbelﬂayeam|me@$@ctamm@ﬂees&aand>haueeaipressure device

or local u V. erein. Als fer
e At b 40 B e

gning th& tr&n%?%%‘%%ebﬁjc%r%]c?&ﬂ&ﬁﬂ%&%lPe%?u%ﬁg?e?&l%ﬁ fime
afishdsethecgléan sunits inla Jopatiara L FlRRer, dfey the dedtfuhits kieu of a

M@@t@ﬁéomh%éhgﬁag@gtdﬁom of all the-kaasfer hoxesaay,
be opened and gwg%sg@vﬁv@g %Cm?{a%egbeg@g gQoveyarhe goun

provided tﬁrou clean unit sgrstem As described above the invention
%%ﬁ%?éﬂfesulﬁﬁ%é dfpJ epidl T8sSGHGT BFoﬁé‘QtdrﬁlEal%ﬁ%aﬂ? jects.
TleviCes by makinghacdesslte@ thenstrestires; érs which tidienis tentimsouslya ving

woven intpframdhe ditecdionperpgndiculas te the disection inwhighes

the tlme is WO\(ILen into. ThIS S|tuat|on is shmllar toa|€ (:f\se wh§n£e JI?

J[fh?& gﬁl&%& es |nJTaC|ng In a '[WO Imension ane f%l’ examp eenfﬁc

sight and lefddirabiciy) a RMWiNG Bfat Aas been <P@neol BRFhESRErtidN
snakesit pessible-t0 exploitthesersy pest pbhaftomup andtep-dowsn include

r%é!%teé?i%’f%dcgﬁ\ggﬂ%gegn?l%gl%mgrﬁ/ tissue levels but alsc organs
such as skeletons and internal organs.

Coupling and integration of a bottom-up system and a
top-down system are not limited only to hardware in narrow
sense, but applicable to various aspects where flows of two
incompatible systems rejecting their direct coupling. For
example, by carefully examining properties of both systems and
identifying and extracting individual sets of incompatible
properties (T,T) and (i,i), an intermediate layer (buffering
strategy)havingtheproperty(T,¢)canbeinsertedbetweenthem
(if necessary, the operation can be repeated in mode of
recurring formula and iteratively). Thereby, 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

101



and magnetic recording device can be realized. As having been described

in the foregoing, the present invention can provide a novel,

higher-efficiency solar cell, photoelectric conversion device, light-emitting
device and catalytic reaction apparatus. As described above, according to

the present invention, it is possible to realize a sophisticated functional
evicesthat ogarranake e dest age iof advantages of solfottbm-bp systeaiiical

fepresenied by A liviag Qrganism andi torsdewnsystemo repiasentadbyined
sjlicon LSI. That is, it is possible to realize a sophisticated functional

R e%/IilcSe‘providing an artificial information transmission and control system
correspontlitgte hhasseeiaed retroh syster behvsefarbstofiignded to

BYStap cerraspopdingite cellseandia tep;down;systems Fudbepmere; by a

ng, & stryciure thattime Is proiectd .intq.contintiously (it js possinlg o 1y
produce an artificial neuron system equivalént havi g the extreme
3889ILH6R  (cHntrof6A the brésr &%o%‘?cll‘é?ér)pfhi'i tuRTEndies be a
rsupermaltiptelpdrdilelcaredasgemnentofriano. structures/zero-dimensional.

StructuEpﬁiﬁwwélagamw{orm/s%meaﬁreﬂgwm@ff@%I@r@@rﬁm@,

over a bulk size, Moreoyer, by creating a nanascale discrete bulk-size
%%/%‘?n%*%%‘é‘%co%%nﬁgl %nq_vée‘ig?élgysst%‘rﬁe%g%eaﬁar}oa% %ﬁﬁ%%%%u%gtré e a 5esent
HivatbhemaUsly 8iperskd By3ieihtscHred Blose Iy, Yior SexdmpRrsS & to E) of
PlatiermieennectiggAlbattom:ue systerrand atop-town systesiear beined

sealized, Further by, creating a paposcalediscrete, bulk size system: 103 un;«

and obtaining a global size of two-dimensional to three-dimensional

TERbER Tt edRppearigif tFe 3ydtdhand aaRfEssatie I8y Gt ferent
imdividuelfr ansophisticated platfim ethat esuples ermicrostepiawaridin type
@m?éna@m&@@mﬁzllwoalﬂf%]kmo%&}ig@@er@&tlagnrr@@&], by s¥rergafigadyused
couplin ost nanoscale parallel new. functional elements, which

e e e BLans bt AT G TG, B xS DG T Eypes
efstehis eodphiitd tHe ol of SificorREase fith bPgarmé World of cLean unit

Sarben-base, epoch-making =increase of functions will be

In the clean unit systems as the twentieth through the
twenty-fourth embodiments, a three-dimensional connection may
partially be adopted based on the freedomof vertical connection
between the clean units. Also, the shieldplate of the transfer
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
apressure device or local exhaust unit provided therein. Also,
the transfer box may not necessarily be linear but may be
dog-legged, 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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possible. Moreover, the present invention makes it possible to realize a
flexible functional device having the degree of integration 1.0-1.60

Gbits/cm2 (Q.1-1Tb/inch2;. For example, a ubiquitous information device

in which the surface of a substance directly becomes functional devices

can be realized. In this case, since the core portion of the functional
sevices care be formed yflithog esphyi the dyrectidmabdevicgesdirhe by making

a'Eé@%@‘?ElH‘«‘lQh%th%?@%%%Ir% ,tfé@rmumﬁeﬂlpftleiﬁ@emgs isdNit altheuah v woven
.conventional tecnnigues _neeae ositional alignment_for, N2, the present . .
VB HoHERbSNGr Al ATGHRGH OF AN Dy, Brd ICMSES fg 11 e

tdiffictitpof posiorril aligitment bys 1N BsTbipared witlider to the case
waosvesdiopak difficulty Moneover; ctiisseffect iscenhardced withincrease of onal
5;3580%%%@?%%, Especiallyinthe present invention,of recardipgn g that

evice that stores information at crosses, very high speed read out can
s ab¥iigVed By 164G simultaneously the information written crosses
alignedTilengraveiagonal taeda dddition stheliaveationcapiprovide aery best

System-efdiserete subsiancemrepiesented by sellularaypmnrien ity memory

ag[g)a/exaned b)é.dlfferencg lqiuatlggxsﬂlnsteczlatigﬂjnofbaes sé%rgioges&]pstances

goverr‘i’lecfﬁ1 Byldﬁ.fgree% ia quatlons. This system of substances can
demondifateatidadlaRsE BiriETSiEHE <dnhechiity, L §FGHandtus bisawsrsent
Symmetrynokself-organizid ariticazlephehm@laamﬁeﬁ:ﬁd;emérng:a remeakedell,
fiature. for example Nepotechpolegies-are expactedto;develop almastading

infinitum. However, matrix structures supporting 104 nanotechnologies
HavR e Edioffif I6mS B Mt&24rdmiE “distance (endless miniaturizaﬂion is

not posaibldl sTherefolea itds tmparaat ifosesce theiropsipebr invention,
convergenceb (withcerain aecurasyh.iset the imi valuewinsh souplingce that
HD SERNG L Sy n A pigts Lion e, RISYRRGINOMEN) 19, on
start conguering from the viewpoint of pre edslngt e era and acquiring
EXPEERRITRARS Shfufure HARGeERAGIDYYS thaare figtReldsy Rurrénily™
Aecoeding te the presentionention, theelearsunits (Witlpossible to realize

a sophisticated functional device providing an artificial
information transmission and control system corresponding to
an associated neuron system between a bottom-up system
corresponding to cells and a top-down system.

Furthermore, by using a structure that time is projected
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
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the connectors) may be connected to each other in one of various
patterns of disposition and with a large freedom of connection co
implement a highly functional clear. unit system permitting to easily
provide a clean environment and advanced breeding environment without
use of any large-scale clean room or plant factory requiring a large capital
dnvestment and @nawhichisk large fixed assabtaisénpesed maymize the

%tal per ormanceorllgfll the rescp%cé%gf inyves tmentr\ivrg)%kln% %%gleg%fg&g and
ﬁmenc / Of roon space & Utifizatic Solution

ation by givin
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high flexibility nd at a Jower cost. Also, sinc t syst
RO A FURTel 6T 6163 S ot b MY R utcar 1o no

Tppess u%édﬁﬂffast@tél raide fromlupgstraais o BoWnsream ¢Ra-piocessULST
@ghéwoceaggﬂ@@@m@aﬁm@l@MmQ AJsedhepresent dayentionworld

dé‘gra 8'1‘?”%3”%1% ?”ekdc}’&ﬁ‘cﬁg Progessenviropment Whiotalys 511 be

ation of the working efficiency. Further, in proaucing a
RixmditeeRnology device or carrying out a biotechnology process, at least
part oV laege boX, namely; e eleanirogrT, tanging dloas thetintete tutlet, to

Jf@%w%eela@%}aezlm? njuwfy?l%fi@me&@ﬁa&ﬁclﬁ%w@gs gig%@gﬂe@ of
Oo0p or In a vertical_polygonal line Improve the e IClency oI space or

P& Uhisatdh. Asd,% qu%t? thfd %IP rcg i SHe PR hay BE lis&dtBP e 2
FaHYubGra ehemicalprédeds, ApFcpremitalProcsss; bio proceasandt 2
d@5dbeidike inione-Righ-function cléan unit systeme-Alse ghespregentalized.

{3vention permits E%ﬁrc‘?@t‘%ﬁe”%x%e’ﬁ%?ﬁ{%%e%:_St%é”%%%%él device

micro structure or make plant transformation by a less-demanding

TREhBE HEGHERSA co¥t ]pb%?rﬁﬁﬁ??@ymsghﬁwef&%g@ﬁt ﬂ@énﬁjo%vﬁé:ﬁm%an be
et reédingdn at desived |ocas envirdAnient aswélkas edrlgddeldnts is N,

Sultivation and cultvation of earchad,vegetablesang beths: Msq, thei gnment

PreSﬁ@t ”]c\??g“;%?es%rrqytagovg%”cdl%rgorqs's %n%;)031tlonal alignment of 4N

only, and alleviates the difficulty of positional alignment by
1/N as compared with the conventional difficulty. Moreover,
this effect is enhanced with increase of the recording capacity.

Especially in the present invention of recording device
that stores information at crosses, very high speed read out
can be achieved by reading simultaneously the information
written crosses aligned along a diagonal line.

In addition, the invention can provide a system of discrete
substances represented by cellular automaton governed by
difference eqguations, instead of a system of substances
governed by differential equations. This systemof substances
can demonstrate modulated dimensions, connectivity,
spontaneous break of symmetry, or self-organized critical
phenomenon concerning a remarked nature, for example.

Nanotechnologies are expected to develop almost ad

infinitum. However, matrix structures supporting
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process line at a lower cost irrespectively of the performance of a room in
which equipments are to be disposed. Thus, the present invention
permits a venture business to enter the field of manufacture with a
smaller capital investment. Also, the present invention permits a small or
middle venture business having only a small fixed asset to provide an
ﬁQM@@‘&%r{@I@gt%Bnﬁ@% produatand thys adnano-teehnalogy-atomic
harthare indu %]{. to rise, mto ) DOWer as a new, mdusgy like theth Zoftware

prosperl?y AIS6 ees|osres.en iRvention permits to produée a riovel

ThpiovedTfanottechRologydevicetbyr a Iésscaemandimgirethertl highet in
costvparfarmaste (mihichds nokany ametheod ©f pyoducingha limit value and

Q%@fﬂ@%&%@i@ﬂ%@%@%”§%&%HQ%%°Q¥%&% Qﬁghﬂ%'s_?rom the

according to the present invention, the clean unit system may be formed
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é&ean units that can be connected only linearly to each other
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to, and carry out processes correspondingly to a total series
of on-target process flows, easily, with a high flexibility and
at a lower cost. Also, since a clean unit system may be built
froma 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 implements 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 loop
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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process flow as in programming. Also, being likened to a computer
program, a series of all- or main ones of the processes from charging of a
workpiece to output of a product lot can be performed in a full automatic
manner. Further, the present invention can provide an environment that
can implement the nano-technology and biotechnology ubiquitously. 107

MESLLE. CLAIMS 1A clean chamber inywhigh ansactiye dust filter is

used_to keep a work chamber as a clean environment, wherein the 5

dust B&RSity S ReRTGIR Thamiber depeRdsipoR 17 whers §s the dust
reolectiom efficieney Sithesdustiiiter capd cthe fhgeivall SFrfacecsf e Or make

arkichamherbaspet any byouries component ohg sustaced megiilanityioncost
the grder of _the size of the dust particles to be removed from the work 10

p?F ﬁfmance.. ) .
chamber in spatial frequency. 2. The clean champer of claim 1, wherein |

the dBdEMtertisea BEPIESLULPYCHter 015 B FHE thodh GRHmBEFSFdiam 7 2
de svhesrainl albgas #owing out of thes woek thamber ehtergthe dhletdttheat ion

active dust xter 4 Jhe cleanchamberaf glaimsl, ahenein-ag airtight
tube 20 conng}cted dlrsectl)é t(::L) r‘gbr% r‘{gf’{‘é r?haml%?r %% cggngcteld to tk(\je lr{nleg tont
of thé*daStfiltértodiretifate gas an assupeetﬁelalrtightneusé of the v<\)/oﬁ<:L ©

rhaffser. 5L Thedlean.chember of cidifrspaRdrélfan difsdrbgrpexy ormance
Spurce-gbadserptinndowergisigonnecteditosthedube. 6iEhe slein Thus, the

5@39%9% %‘%Jé%[l'% 1. wherein.an adhesive sheetlo catch dystparticlesdse s e 14
attached on at least a part of the_inner wall of the work chamber. 30 108
of manufacture with a smaller capital 1nvestment. Also, the

present invention permits a small or middle venture business
having only a small fixed asset to provide an advanced
nano-technology product and thus a nano-technology hardware
industry to rise into power as a new industry like the IT software
prosperity.

Also, the present invention permits to produce a novel and
improved nano-technology device by a less-demanding method
higher in cost performance (which is not any method of producing
a high-technology device as an extension of the conventional
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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system which provides a high-efficiency nano-technology
platform or biotechnology platform. Also, nano-technology
process units and biotechnology process units may be mixed
together or connected to each other to provide a
nano-technology/biotechnology platform. In addition, plant
factory units may be connected to each other.

Also, a process flow can be executed with a minimum number
of clean units, maximum efficiency and without any clean unit
by including subroutines and a concept such as branching in the
process flow as in programming. Also, being likened to a
computer program, a series of all or main ones of the processes
from charging of a workpiece to output of a product lot can be
performed in a full automatic manner.

Further, the present invention can provide an environment
that can implement the nano-technology and biotechnology

ubiquitously.
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CLAIMS

1. A clean chamber in which an active dust filter is used
to keep a work chamber as a clean environment, wherein the
dust density of the work chamber depends upon 1/y where vy
is the dust collection efficiency of the dust filter, and
the inner wall surface of the work chamber has not any
Fourier component of a surface irregularity on the order of
the size of the dust particles to be removed from the work

chamber in spatial frequency.

2. The clean chamber of claim 1, wherein the dust filter

is a HEPA or ULPA filter.

3. The clean chamber of claim 1, wherein all gas flowing
out of the work chamber enters the inlet of the active dust

filter.

4., The clean chamber of claim 1, wherein an airtight tube
connected directly to the work chamber is connected to the
inlet of the dust filter to circulate gas and assure the

airtightness of the work chamber.

5. The clean chamber of claim 4, wherein an adsorbent

source or adsorption tower is connected to the tube.
6. The clean chamber of claim 1, wherein an adhesive

sheet to catch dust particles is attached on at least a

part of the inner wall of the work chamber.
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