
i 2 Rm.'g
NEDO— I T—0 0 3 4

3D

¥/& 13^31

zc^/P 4r'— '

^5^ fJU. / p L \
hEDD HB • *«S ^ /

***&&

010018969-5



IT3D^-/x^yav! — J

¥)& 1 3f 3J] 19 3!

$9$ g to

lf,SI, ® 56 K * c> $£ 88 to (v y y p It • to / to) ro A fa to, ttt 

Sr y - Kto'S 5e*Eto<eS#f¥SSrtotptofctoti, to n 4 to re @ » 

$Anxj$E-^DSIS*nxSE, 7to4o-7X>g##K)#%i&*toAoto

mto5toy#BK»to%##toi:4y, Ay#iie@*tSiBS"?yntto* 

gfsatl'to Eto*S«3 y-tzy M0*E#xzBto!Ato'fc5„ 

* $91E % to i 4, to <y 4 943DtyrS y □ to —1$ E c> 8 E *j fa 
£$9$ U S«a@4rttto-r 5 to t Sr g to fc to 3 „



............................................................................................................. (i)

............................................................................................................. (ii)

(^jc)   (iii)

( 0 # X) ............................................................................................... (iv )

i$   1

2# 

2 .

2 .

2 .

2 .

2 .

2 .

2 .

2 .

2 .

2 .

....................................................... 3
1 3Dfy^|gf ....................................................................................... 3

2 yy^^g^#   6

....................................................................................... 11

4 1/ — if — ^ iJQ 11£ .............................................................................. 2 0
5 &m^#Wn=c## - - 32

6 tf—AflPI&flf ......................................................................... 4 0
7 ±7 * y y xomwm • ......................................... 4 7

8 y-y#^(D#J#^-7^ynyy7zzXA^(DmmK# ................... 5 4

9 v xfflyy y y ............................................................ 6 0

10 /<^r^-Tyyniy—(cjo^6y-y^o%^# ................................ 6 6

3# -fy^yyniy—K^gyniy^yfo#ro] .............................................. 72

3. 1 ##yyyyyniy-y[]y7A ............................................................ 72

3. 2 ............................ 74

4S   75
4 . 1 International Conference on Computational Nanoscience •••75

5# yy--7z:zzyTy^^!;>y[cMi-6|g|^y^^iy'yA ••• so

6# ......................................................................................................... 8 7

ry/."7zzzz77yy-YV^y^^i-6ISl^y>^c/yAj

mm# .................................................................................. 95



BiEft*, bp* r*o<s< V)} <nmm, ffi{tS*tt6^$x„5S®stf-efc y , to 
«sii^iroM«siix.5gi*tfc5„
oics-dtv'5»o amo@mic#9@^moK#im%**ogm, *bic*5it5ess 
EoW^IS^oMif ftlW.jfiitT'yTltlStEXy-f £3S®i£±lloAiS4:*tcJ: 9, 
9l6tl*;lloEiS&*/>ii*LTV't>4t1-6<j/„ettti,tk#.$/cl4®{2rl4*Oo>S:-T;-iEii5EX# 6 

#/4»ib&V'itfciRle&>$ k toot,,
:: o J; 5 ft *, 4-##^mom#M#**##LXV^< ftOlcty, ES*KjaV'TS^

ei^tS5S*¥ii, m#Wo)g#ot y, SisEtciSOt e
t ^^TiT^-efct.

%*, E®feff4fer>*feEoBp t LTOttftoMSftfi, *mdkAtk, teawk, ti = x h 
tk, iffttit-fk, S/Ctti*EBBtc*?>fcst>tca*o)|#®tk, MBit k V' 5 £ 5 4£iWX 
fE^SiiStiT4/c„ etc, MM-fk (-?y y ofk - *y fk) o*|6M4, 4-# 6 * lc e 
t-#ic'if>!isi< ***Hxtt, rg$igstficH-t5 1995 *f«-6
*j to&vT r*g^*mKlftim^$A*P$$/cl4g#l%m**Mtcm0 6ftOlc, *H 
^n%urv'< e j:^^BT^-efc5S#fj k it, rsjsgSK4>j -m r?^^n/ty 
Eig-Jnu & r8ns,E®j> riSStottfiX n t y -> y4"j tft*ftX8KS*@*tcR 
SSix/to */c, *|Stt, ♦5fe>»W?EO(±te*ofcti-efc-S^, 2001 f o*mt###tc 
joOTtyoyyn *— *8 6f kiltie (clx 9 ±tf, ffyat/y t/f^yn-y- -< 
=yrfyj iLT, eo^#oS*m**im*#ifx86Mtc#mt6e E*&#Lx 
vt„ *E*co$ftitfcofcyi>x eo#%t4##6*,6 tok *06*,
^ o
iiilt), kolSftgii*l;SLt,S6St', 1 04l;*^t, r?yyB?yyj

OXn-y^y hSr#$LT#Tfc-y, tlf ?r J) - Kt5fiii*fc IT# tl'5„ ;®v
y y noti6*S *tc 5 y aftfttielcjf Lift, r?y y n/y-y j lcM4-6S*|M**% 
yjtottitt-5 - irisas-efcto t etc *50X14, #fiAPXS*o##fk, S/cMSS 
;*o * # ft 5fgF tc ft o t o 5 -7 y y n^'-y>s*oii{k*OS''i'C tiiti 
ai-y-y xoa«#)58gipBao8Stt^«5fcij-mt*v'ox:\ y o/y-y ots6,-ea 
ttty x^aWMiMoKttlgfk, SMiJtk*tib 5M%tS6^a$-r'fctc BP*, 4-# 
o##* y — KX4 tEfflttftKEiFSrSrXtf/c&tcti:, S6$"eieSS 
ApXft*43$$fifl]Xi$*, ?yyn?yygif©13Ei*^ffii)>L, 6 *lejSg6-tir,

6*y#@o#IEt to&##mfktc 4 9 , ^y Dzk##m**#6-*5 £ 
o5, Srfc4:sttD>ty ho^E«3©^x=ry:xfcy.„

etc, y-y %-y y D y-*amf6S*M*ic#*6m#t4*4 < , tyyyyn-y- 
o*x*, ccwy kD = yxy>pr^osE, fi-flimoy-y e*, oy xtysf'-osBfl t 
#tc, BiS^SfoaSro/cOtc^E^y-y i/^/yo#m#IE*E#g|cy-6«%#tmx • B 
5rS«o9F%B?Stt, ##S*##o ry-y-ry y n-y-o® IS to# Softie EX 5 IS E 
##-&#] (¥f$i 2¥i 24) let, 4-^ol®*SEM%J*g £ LTBESiiTOS,,

:o i 5ftxy • = i y T y ft y y y" (y-y ESf$*, * y WiSSiEEiSSB/wx •
Bizis*) tcMXt«F?EIWISlc j; 9 idfittofcsxy x 4-xo®its**ltii1“4 e £ 
^xSiitf, #< o^mcjoVT, *rfcft«f£*3SiLX3iiEfrtoB)fiS*oii]Btofit>*o 
< £*#6x0*59, toxooxm#s*M*o^g*^3#< m«6xxv'6.

6 5 L/c*, f m 1 1 ¥t/4t/r2 y D y-0E&S*^0/5filcoV'X0#W£ 
lt, - #a6-tLoo#y&g#*yy x-yy yyy'L, r xt/StttcSfifk
Lty-y#m-##e/i^*#R&6yi,6#)a#io%m*gmL, 3 oxyxy y ny-, gp*. 
e* 3 &xx y x- y"-#ifi$m tc i 5 #f#«eo*m£ #«s#onm#fk* b mxs* 
o»[p]iai*5i#LTj39, *¥Sit, *2¥®tit, 8gfts*M*mm*#mxa

sny-yoyyn y-i9$e%$M=
### *s wx

a)



3

[^1E
# $ ^

^70#

/Em&

#:

jl|^{%#-
Tm #

'ffi'JII

#m & wj

#^: #$a
W

#0 —# 

^E'S # 

M ^fr

MS EE

^jR±#±#l% lllli^l^

###fefA#

#7^##M# ##%## #0E
#!m±# %#gp

####%##%
####%##:#:

Aj

TX
IX

jRl#±# ±#Bc JSI^W9Ef4 1$Sffii|-Si>'^'^^'S%

SI¥§I5 ##%## #;
^jc#4c#l% ?p->Xri<If:

SB36I5 Sb»;
%

E'SSSS **g««'g'W9E@f
e;3.-/n#^/ix-y #(%*%#-

5JH6#Sli$«$i;#tt SEMIS*®
4 * h nB-a-M?g*>^- ®l9ffl:
5 R I 4 y^-4-->3 4-/V h@@
*S5#

B^-SffeSEFJf ®ta»?ES yX-:/* 
ttSStt /M£»fF@r E5E*SB 'f’ifcWSSBr 9f* 
-y-V-yttitStt 5ij$StfM%#B*8|S £jSi£#rM*-fe>y 
fflSjJDl-fey? —
fiSli«II»iKtt jkE*6|i ±*
B**«#$s:#tt ±«=w^
tosstt HftSHtff ww9E@f y?
tyi'ft

^-y-f—/<- 

g####:
mm ® edemise

5$t s Kiessm m###m e*#H£
*JH *1615 E*E«E &««

(ii)



mm

m#

: (oaaw)

MB
fflvf/



Outline

Micro- and nano-scale technologies are playing an increasingly important role and there is 
intense competition among Japan, America and Europe in this field. To ensure that the 
Japanese manufacturing industry remains competitive and pioneering, industry, academia and 
the government must work together to promote technological development.

With this technological trend, it is important to develop the emerging micro-machining and 
micro-machine technologies, as well as to enhance the performance of and differentiate 
ordinary-sized mechanical parts and products by utilizing micro- and nano-scale technology.

It is well known that at the nanometer or molecular scale, different phenomena from those 
at the ordinary scale appear, as atomic and molecular effects become dominant. In order to 
develop pioneering technology, we must conduct research and develop super-precision machining 
technology, micro processing technology, and micro-machines. We must also develop new macro 
functions by creating and integrating new nano structures. These innovative technologies must 
also be field-proven.

The present series of studies is intended to apply various nano-scale phenomena to a wide 
area including machines of ordinary size, and to develop new technologies for creating 
mechanical elements that have wholly new functions. We therefore surveyed the status of 
promising new technologies, identified the tasks that He ahead, and analyzed the effects on 
industry in the technological fields of fast atom beam micro-fabrication, chemo-mechanical 
machining technology, micro-molding replication, and levitated nano beam device technology. 
These technologies are basic processing technologies for disseminating wide-area ultra-fine 
processing techniques and for creating functional structures.

In this fiscal year, from the viewpoint of “nano-scale manufacturing” technology 
(Nano-structured creative ultra-fine processing/assembly technology) indispensable for its 
utilization and manufacturing, we investigated the present status, technical issues and extended 
manufacturing effects along with the trend of the related research and development.

We also investigated optical ultra fine processing technology, chemo mechanical machining 
technology and nano-particle beam processing technology as the basic technologies to create the 
functional structure widely developing the ultra fine processing. Moreover, our research covered 
nano structure transcription technology surpassing the present photolithography as the mass 
production technology that will realize effective manufacturing of nano struacture. There added 
some more researches• nano-manipulation technologies such as survey, evaluation, machining 
and fixing on the level of atom and molecule indispensable to application for biotechnology 
creation of nano structure and realizing nano-function. Then, our research focused on 
machinery component technology applying nano structure and nano-function as well as 
structural technologies such as micro-actuator, and micro-mechanism of nano-function film. In 
this context, we determined the scope and directions of this research and development as the 
whole of “nano-manufacturing” technologies.

“International symposium on nano-manufacturing” was held in cooperation with researchers 
and experts from industry academia and government to discuss objectives, issues and 
approaches to nano technologies in the field of manufacturing technology.

In addition to that, the trend of the research and development in the field of related 
technologies was investigated through participation in the international meetings and lectures 
by leading researchers.

In conclusion, we suggested the issues on research and development, and 
approaches, ”nano-scale manufacturing technology” in the future generalizing the results from 
the above mentioned investigations.
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AJPXI7 1 y , #ti-ro$B*9raroSttAXmi, #*AcBKe#X6###AST# 6. L 

Am, => —x 7 y 7*17 £ 5JfA£ AHtB©l-<Dj*iiMtii/''i: AcHIiTfc y , #l7t%^%Ac 

a#im6nAcA\i%±j7Pxii 20 ##ic#AnApxi7m##n5 a yo Acjtcjfcnay t>fc6Ax

7(D£ 9 AcS#fteSllffi*l7ll*$L^ 9 |7ACV\ #,#Tll##AC^mt7£6#g#(D£V' 

#APiPX(7)E%Am.STfc5„ $Ac-y-/K- AfSLTcD^cDlBSiMtlA-tfi'yx rf/mE 

ifiSrBllllXtiTieT-fcdl7LTt), ffi«lc^*-f 5 7 A ©Tt 6iA#- AfehtogtoA^© 

^**iS(D#iz;, A>6V'I1, f-#—Atl^y *xX'X(DaKFtt A 

fcfST-fc5t
##!7##*ll71 ###Acy * =-XX £B#i£;!JPXl7 £ y fp$;-T6 — oOifeKol'T 

#xTni 5„ Mm, <D/<^-yT##&»#st^m» cmp Ap]«cDarTi71
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sterns
t(D«k ^6^:5 9o L^OZ(c^LT(D^mA^, 

Aozig^, Aoz^{&(7)#^^Aoz

Z(D39^#o", "7^yn^y^/l%T^)tL(3,
o^)5(D-e, 5 Z ^ ^ ^ ^ ^y-C(3,

V'5/(nt, L^b^V\

2.1.3 MH&ffi

#6^03::#% (DTyn-^^#xL6fb6c -^(3#y ^#@#(7)A0Z^#^^-<6 t(D
-e$)ip, w—^i3-7^yn%;%nz##(Dyy<bT&5o yyg#@#(D^zK#«kLT

fL6o —Z(Dyy{kK(3, Anzmm(c 
j;6$m&:&mi-6#'#ds&6o eix.#, m^^m#L#-7^yny#^#;i/-7iy^yy 
[c^3, %A(Dl#^K3o"C^:$6^0ZPg#^$)6c Ld)L;WZ##<kLT####;f7zW
#m - m^-e# 6 z ^uv\

y nd^T^r f Z »P , CiL^##LT(3^^^V\
#-#^-7^yn^oz^#^##i-5z^^t»y]^&c^<#-e^)ip,

^ y npmz^#^t: ^ ^ &#-c, # W/^y y AozK#(DM^^v^6i/^5^Tyi]—yz#
6C)6Z 9.

2.1.4
##;#% 3Dyy

*/c:B# LTV V^KtifSrlSlIt:: LT V5 <DZ\ D , 3###(D
#P9^N'53ip, ##3«P^^r(cfM6^^v^^^6K^#A^@v^^, fpl6^^%}c 
#-03, #v^-e^)5o

5



2. 2

2.2.1

y y y %^(Dyfyy-7y y ^mv^y^- h u y x
yyyd, ^yy#{^^, #%%y:/yh(D#ft:#x^, #.##(ci/iyyp(7)^#^aj^i/" 
Z9^i-5^2f\ #f^-A^mv^!iyy'yyy(l, ^10nm

##$ »9 tmv\ xm^#mL±i; yy'yyy ti, 20nm(D##^^ 

^#L, ##$ 19 t)^V^[2]o LZnL, ^y y ^X^-ky (1##^^ "P , ^y M)
^lt6%^(Dy^MiyXyyy^ft^6^#^Li:,

mu, #@i«pm
< ^141^ Plft"C\ 3^ ^$<^tfo ZLZTfl, Nature#-^ Science #^(^^4: ,5

2.2.2 y >xu yhvyy'yyy
S. Chou 6(1, jE#h%^(Cl5 3^7hy-y#im(D^^K#^#^L-C^5[3]. #!%#& 

#i-5#(l, y/yy-7yy$T#/J^ 25 nm RIE
(Reactive Ion Etching) V ^ T-litil £rfP 6 0 !i 3 ySfeJh^y t°y 3 — I L
tz. PMMA (Polymethyl- methacrylate) lCj±Jjffl 13 Mpa T'lf L# (1 $c:J&'i~ <5 0 ZL (7)|^^ PMMA

200°Cia<K#L-Cja<o #^(1^L, a#L^PMMA^RIE 

(cl^T%DI^<o PMMA(l^yy^(7)%#it^m<,

"►/ /«*- 70 nm

m2.2-1 yxyuyhvyy'yyymi:, PMMAWW,
mJR'J.P^C'r&ip, PMMA(c^^#L#(7, ^(DmAm^RIE^l-oT
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^7kv\ btoE>t^^|5rL/iv\ -y h fctei-'te etotix-g
ilTV'5. Sfc, 25 nm 6tl*: £ *46116 — $ ICfiK® "CS Z>
ilLTjo^ , 6 y yy?7-f ©8tlW**l'fcft, ®5S(C**5=tx ht$

V'„

2.2.3 g Lfcv-f

O O 0'7!P

o o a
O O O

e*aaft¥»$ii

br
■sr

*
ROMS stamp

Ink" with HS(CH2)15X
Ag, Au, or Pd (50 nm) 
on Cr (2 nm)

|Microcontact print HS(CH2)15X

"ROMS----- 1
,----- X-terminated SAM

"5T
I Wash with HS(CH2).5CH.

-CH3-terminated SAM

i Expose (upside down) to 
\ crystallization solution

J~t— PDMS support

Crystals grow on X-terminated regions 
C02H-terminated SAM

^ n 3 y f y b Y D > b 

G. M. Whitesides b N 

(Self-Assembled Monolayers, SAMs)

SAMs (j:—

—(SH &)
El 2.2-2

ir X (D $£ m & 7F L tz [4] o PDMS 

(polydimethylsiloxane) W~i~

ySEt-^ME (Au.Ag.Pd ftk*) L, C

itlCSAMs^^hK^^L6o "7^^
nzi>/^^hyT)vb^iq2A;-ev^6o

19 , 19 g| 2.2-2

^ L/c0

El2.2-3(a)(DZ9^x

6 (El2.2-3(b)#G8)c
-7-Yyt3=zy/^ybyr;^b^^)^;^

g#^2 LT,
#^r##i"6o -7^yn=z>yybyi9>b^lc 

Ml#±ICSAMs^/<y —^yy'i-60 ^

i"6^EI 2.2-3(c)(D 4)(DZ9

El2.2-3(c)(D6)(DZ9^lZ:#:#]m^^^^5o 
2.2-3(d)lC^i-. — ^^r^x.6 Z ^ KZ cT, |g|(DC

100 pm CH3-termihated SAM

El 2.2-2 aaam{k##f#
(SAMs)

y by9^b^ciiy^^v^i:#G
SEM %:#
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<Dt o kb~sSffeT-ibZ>0

Exchange with 
HS(CH2)15X 

in EtOH M2
X = ch3, co2h

1)
1.5 mm! 1 2 mm

1
 Evaporate titanium i'25A; adhesion 

promoter) and silver (500A)

21 ==:....:::::..i1:.-

3)

I
Make electrical contact: 
electroplate thin layer of metal 
dissolve capillary in HE

Miqroconlacl print 2D pattern; 
etch unprotected silver and titanium

Pull axiaSy to form cube

Mi

(a)
6)

(b) (d)
m 2.2-3

50 nm (c)(d)#7 ^ o =t ^ b

2.2.4

P. Yang 6

S. Tanaka W3\ t ofzT ^"7* U tJ £f MfE L/c:[8]o
JM 50 nm (D 2 ;£<£>?# ^,100 nm~400 nm <D\£ y ^"CW-ff iC # V ^ T V ^ -5 GO "C\
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(Fast

AtomBeam,FAB)'CK74'^:^f'^^L^:^(7)r$)5o diUc. Ty^/Lt/Lo —^(DiX 
- ic, bf^fb(C j;^T, 10nm

^wc, zcDuyi;^^,

442 nm ###(Cdl]#^ LT 50 nm 6

Z <h L7to
##6(1, #m^cBL/ce^^-/l/40/zm (#(D^-cm80;;m)

L^:[9]o ^^(1, 9-YT@^30^m(DI7^T%@^%-e#^L,
^ y ^ Z(D-k7 ^ y 10

—20/:m, 200—500 nm(Da####T^6o

2.2.5 3;E#

Am-feTh^cd, %^(D7^-F9y^77^Kft^6#r^#(D##^m^-e&6o
am, F, ^yUT urn

&o/b, Ztb6(l, , 7^-Fzz^^^#, @LSI,

##y#
[1] P. B. Fischer and S. Y. Chou, “10 nm Electron Beam Lithography and Sub-50 nm Overlay 

Using a Modified Scanning Electron Microscope,” Appl. Phys. Lett., vol. 62 no. 23, pp. 2989, 

1993.
[2] K. Early, M.L. Schattenburg, and H.I. Smith, “Absence of Resolution Degradation in X-ray 

Lithography for from 4.5 nm to 0.83 nm,” Microelectronic Engineering, vol. 11, pp. 317-321, 

1990.
[3] Stephen Y. Chou, Peter R. Krauss, Preston J. Renstrom, “Imprint Lithography with 

25-Nanometer Resolution,” Science, vol. 272, pp. 85-87, 1996.

[4] Joanna Aizenberg, Andrew J. Black and George M. Whitesides, “Control of Crystal Nuclea- 

tion by Patterned Self-Assembled Monolayers,” Nature, vol. 398, pp. 495-498, 1999.

[5] Joanna Aizenberg, Andrew J. Black and George M. Whitesides, “Contolling Local Disorder in 

Self-assembled Monolayers by Patterning the Topography of Their Metallic Supports,” Nature, 

vol. 394, pp. 868-870, 1998.

[6] Rebecca J. Jackman, Scott T. Brittain, Allan Adams, Mara G. Prentiss, George M. Whitesides, 

“Design and Fabrication of Topologically Complex, Three-Dimensional Microstructures,” 

Science, vol. 280, pp. 2089-2091, 1998.

[7] Peidong Yang, Tao Deng, Dongyuan Zhao, Pingyun Feng, David Pine, Bladley F. Chmelka, 

George M. Whitesides, Galen D. Stucky, “Hierarchically Ordered Oxides,” Science, vol. 282, 

pp. 2244-2246, 1998.
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[8] Shuji Tanaka, Masayuki Nakao, Yotaro Hatamura, Masanori Komuro, Hiroshi Hiroshima and 

Masahiro Hatakeyama, “Printing Sub-100 Nanometer Features Near-field Photolithography,” 

Japanese Journal of Applied Physics, vol. 37, no. 12B, pp. 6739-6744, 1998.

[9] 40/% m B #####=#&, vol. 100, no. 943, pp.

14-15, 1997.
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2.3.1

^v^y-y-^zz^aix—i/g
xD#%^#/u^^oT#i:^6o Ty;;^(D
NSF(National Science Foundation)T\ k(D~Jr J v'9 J 'O- 'y— (4^##b

IlIcyD'^x^ b "C fo 5 

IT2(Information Technology for the Twenty First Century)(D^pb t LT^^^rbBLiB#) 

TV^[1]0
y-y-^-k'^lx —^/g LTflf-y —

LT7 7-tx^^y7-zK^y-y 
1985#(c%^$yL^,

(D^ ^T$)6[2]o
#-#>y-yy^-y!j\ 1991^^%#.$^^, ^7C#)E-C^

19, i

— lOnm, 10~20nm(D#/h#-?&5o -</h^V^X.K,

3>k°c:. —f(D[ElB&&j;ip^<, /h$<, ^j3^-D^ig^i-6^^(D#fL^Tyn—f-
^ it77“^^, y/ — :/(DT^ho^ v—-> 3 y ititiWH bti&o yy

-7=Lh''^y-^gXDTyU /y-iy 3 (Dg##fK #^r y
y;yy.(D#^, y

L^L, y-y-7zzk^y —
c.(DZ9^mm^6, yy#

m#i-5 r. ^ (D-c# a L, y y
y >y 7^ —^#x.^yi/6o

2. 3. 2 -7^n • ty-7^ty 3 XC jo(t 6W§##%#
yc#-e^, y-yf-^xy>^-7^yny-ygj#y-iy%TA

$7c:::fL6(D#9%#(D!tK -7^h°zL y —i/3 >^(DTyn—
(1) n —y : Scanning Probe Microscope (SPM)

^g^yn-y#^#(iy-FSPM)6:#, #4^-7 yy nyp-yem^-c##^meA 
^-#-6 z ^ Kj: ^m^eru^yy y^m
%#(D##T$)5[4]o SPM ^^1,
oiSI (Scanning Tunneling Microscope, jy.T STM) t, ~7° xi—y't

(Atomic Force Microscope, AFM) 

60

-11-



(2) : Scanning Electron Microscope (SEM)

OUT sem) -m*E@c-e38£ i/yx-e*<
, sib]3^/P(oe#k J: 9 ®ie]

•Esmittz 4 o E'-Aai##A*f5

SSr3§£-t5„ ASSEtt, 10KVGI® SEM BSHrfll V OtlSM
®E)roiEro*eirg|^tL-t, SBKttltEtiS vfiifcfclEtiSsStBlza

z«An*mfmi@*(PMT)?t#g$E6. z 
(Dls-SB-ttS iblztgiESiiTtSK ESffl*5J:U:#S;fl!roB6Se:(CRT)lctt^5E5„ CRT 

_h-t*f4 {!-§-*« awe 4 v EcdimUirXm-tz ~ b # 6.
3fc3£i, CRT EBEroKlsHtrotBSE-S CRT f>icd®E t"-A<Dfi:@ti®(z 

E^IZIE LV'#j5tK«iSftfc)fl5 0-i? CRT cDSBBEIZ SEM ff S#5: £ to A'# 5 [5]„

(3) B»#cDlb#
7fe(;ii^<yc^^ ^ d • y—-y 3 yroy y — y y y'E/<y y £

USES AFM, STM, SEM £ , ^ n? = fa P—>a y|Z*lE &E5 OM to#

14Sr* 2.3-1 1 ;Si»5„
2.3-1 B$$®<Ditte

AFM STM SEM OM
#%

irMElWIE 0.1 nm 0.1 nm ~ 5 nm ~ 200 nm
## ## ## ##

f## 4^## 4^##
%m# mm#:

near-field near-field farfield farfield
^ 7 ^ 3 contact noncontact noncontact noncontact

y noncontact
MQtp

SS43

mm •ESfe.lt BKSt
SB 3 SB 3 SB 2 SB 2 SB

ipm ccd *y yemmus om Sriemy-6 z £ 30-100
frames/sec CD 7 If— KTr"!) T/V^y .A B&fS? Sr f# -5 Z £ t'i "I:' # <5 0 t^L, D" 7 -7 y 7 n fp 
*4' OM ScDfiKrfTcBii-tr-fc 0 ,«o T 4 (D*«tc * 5 £ AFM, STM, SEM to

SHE ^tiSo
SEM ItXSttlS-ecDElE^^S^-fc t) ,#Otl6*#ll%SB?&5 £n 9$'JR^*,5. 

Mlz*lEE'$ ###}zim6Ty 4 <D $ij PS 14 STM tzb STI44 5,

b"-y a y-kyD--cD®E4'B$SESrES-td ir, 7r-7i-yK • -tryyy7"£=T 
y a -a- K • Eyyyy'tz^-ita z £ as-c*t 2>0 7 r — 7 y -y K • ty->yyttty = 
ty y-y £###cDy y-y&i@i#tz#6z £^4-# 5cDtz#L, = ryy-/vK • t 
yyyyniffUl: t*y a ytys— £ LTttffl1“5 z £^?#*t\ lot 77-71 
—A K • -try->yyn-7 = t°=. y—-y 3 yicjsif %%%##£ L"ttE3ttzW8b"t-fc5;5y

-12-



(4) T-Y y n • y-/-7czt:°zL lx — y g ycOT/n — T 
-?y y n .f-y-7zzk°zi. y —y g y«7)Tyn—g| 2.3-1 Z 9

IfT 4o(D#j@^&6o

j-tz;u7-T-y-tz>9U Tb^l''—V3V

vY^n-y-yv-tfzLi/—v3XDT70n—^

m 2.3-1 y u • y / -v ^ f° ;x y—y a y 69 T y n — T
y^r^rfYy

y y T A-yy y x j: -7 - a y —y g y £r fr 9 yyrA^^yy^Y-^ STM, AFM &

j; 9 ^ 9Tyn-y-c&5^ b AT^
y[6]T$)6^\ -rynx^y-—#^(C*##!(7)x^y-—;1%^/F 
$ < LTiy#, h y yyy y[7]T$)6^(D^^^-e$)6o

b AT vyy^(Dy%TA(j:,lgy%y-/t/(D####f$(c#^^$)t)4iryjo 0 ,

(-7yycgB&%(!:(DS#;^#m) (7)m^iz:-c;c^^cTV^v\
— ^ b yTyyy^'^(Dyy.TA-efTt'^l,^:'7^k:°cL y — y g y ^ L "C ^, 

Codourey[8] b ^ cfc <5 Nano-Robotics t V ^ 9 y n y =c. y b ~Vfr fc> ti fc ^ T
OMMIlffl TT> yv T^E- y K(iS^ 50 pm)(D pick & place Koyano[9] b K ct 6%# ~7 y
- K/<y y(SEM y n-7^k°zz. y-y y^TA[lO]^^m L/t
%K!) -7—%f-(g[#2 pm)^6^6 k°7 ^ y ^fL6o

yo-k%(C^<5t^Tyi]—^##(D^#-e%6fLTl/^6 

tr/l/T'TytyyU^x
y—y g y-f6^ <k 6^i/5o

t/lxT ' Ty-kyy D ###*,
STM yn-y^##^a^(DmMy](Dmij#^j;6 pick &

place, y y yy y[ll]4\ AFM T^y^-7zzk°a y —y ^ LT#^

yymf^yyyyyiG]^ DNA (D^o#[i2], mmmm^^i^r
[13]^2"^fT^^:t(7)^$)5o ^(D#, #±[l4]^Kj:5##^#^L^:-7yyn%f(D 

^^7K[15]^[CZ6 y-f - by k°yy^#m L7c%#l%Tyi]-T't)&6, 
xryyyyyg y

yyyyygy^ckO^-^^y—yg y^^-^y 6 ^

y-y g y^(i, di^:[16]6^ j;6 y-f- by y ^yy$r#m L
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^ DNA#gW4\ Stroscio[ll]^(Cj:6
Xe, Ni M f (D -7 b° ZL 7—y 3 y 7^ ip lj% # 5 c ##§^7) "7^ k° ^ lx—y g y t ltd, 

$-*< ix — y g y

y^<y-y g y(cm-3v^^m^ LT(j:, y yy-<y-y g t(D

y-i/s yy^y^y y^y—y g 

y y^-^<y—y g yyy:y A[cjo^y(j:, »9
lx— 7 CD^fpyfr 9 b <7) (direct teleoperation) t, 7 7 7 &"7z:

y—7(c]#^L, ##g#(cnWt-^:h,^;h,(Df &§##xci#G%L'riy< y^y
A (task based/semi autonomous teleoperation system) (D ^ fS|E Tt1 it 6 ZL h&'V'i* & 0 

Hollis b [18]fi STM 7° n—7^77 Ix-tn^ly b t L, T y 7#](C Magic Wrist t Of

[C!# C $ *ti: <5 ZZ t bfz0 y tc y — 7^7 p 7t 7^^© nanoManipulator
7"/l/—y-etd, Taylor[l9]^{-i D rfiMT) AFM fV

y / 7 7^ 7 7 7^ —7^^1/^y7yA^##^^L^:. #6^yi#7y — K/<7 7 (7)^:
£>E@ <1 7pn — 7©t7/Wk^rffo Tiy 3 ^[20], -^y 7 n • y/ ##(7)####[;:oiy

2. 3. 3 Tele Nanorobotics System
(1) Tele-Nanorobotics System y £ tL <5 7 yn —7
###^^^^##(7)11:#^ ^7 yn-yy-^cLk^y —yg yiDTy n-y, 7 LT, 

yy-^cLk^y-yg m

y, SS43) l:fcty^t07yy©tytf(l^ 7##, 0##:) 

my6, ###(Dy7yA(D#^^^^^^6o -7zzk°^y—7^
LTAFM^#my6^^^$)6o

K^iy y^-^y—y g y^#^mi^6(D^##-ek5 ^#^6^,60
(2) y7TA(7)##
ySptrfd, jycizl^/Z T 7° n—771|to/ty7.y A (Tele-Nanorobotics System) (7)#

^^^^6[2l][22]o ^zy^yAT^, -77o##^yy##(7)#mm#^#L<#^6 

zz<k^##L, ^a^-7zzk°^y—^(7)eyyix{k^:y-e^<, yy##(7)##(7)yyyi/{k 

7# 3 ^V^90rbl/^T7°n -t^®otl5o
Tele-Nanorobotics System dt# # < Ho7)§(iZZ^5$It 6 7 d t? # 6 o H It###

(D$)6yy##.
y7yA(D#@&Bi^Ei 2.3-2 (c^y.

7yy7fk$y, (3D Nano Graphics), #fN#K:#^2fL6o AFM (1^(7)#^, yy#

y—y): Ly^^m$^,6o Z(7) j: 9 [ch'y g y-kyy—^
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^ y phantom ic=S55ro*m^ ltesixs t
Ht, ^7 7-f^^±f3-yMiLX®/TSii5. II 2.3-7 ii-> 5 ^ u-?
-eyf-yuselesss*«:#witv'5„

0 2.3-7 3D Nano Simulator (iBfrR/R. : t_k—»:{: _k-»&T—»:&T)

2. 3. 5 iifc

StbTV'2>yyu-->3 V»W9EMI8l!ilPl*^:L, i 
(7) tp CO — o £: L X A Tele-Nanorobotics System (C o id X I& ^ &- It o 0 ^ fc
Tele-Nanorobotics System (dJc-oTSS-SPiyci-^ — V — -> 3 yi/loV'T^L, 2LpLiC

* <5 t' r j- y Ht # I d W lb L 4 > c? 71 — y co * * £- It o fc „
4-0$$ Dfc-f y}c7i“^S*ii!t/?=f3 v —-> 3 'y(D-r>(DV—/Vb LTflJffl

Sii, rroi)'ffl;^4-$jEic%gLrv'< iirtilLti'. 1

[1] National Science Foundation: http://www.nsf.gov/

[2] iff® #a, ** it-, has #&, auj m<$-- “77-22 - sBS6p*Sffe*»,
Ceo t^cDfrUflii -”, 1992.

[3] Eft s3:“»-yfyy/y^-ycD*W’, ©Sir*, 1999.
[4] *eh #s: "ttgyo-ymmwf-<-c
1992.
[5] UUffl ms-“5 * n©Sfj’, B *####0, Vol.100, No.943, pp.26 27, June 1997.

[6] D M. Schafer and R. Reifenberger and A. Patil and R.P. Andres: “Fabrication of 

two-dimensional arrays of nanometric size clusters with the atomic force microscopy”,
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App. Physics Letters, 66, pp.1012-1014, Feb.1995.

[7] T. Kasaya and H. Miyazaki and S. Saito and T. Sato- “Micro Object Handling 

under SEM by Vision-Based Automatic Control”, In Proc. of the IEEE Int. Conf. on 

Robotics and Automation, pp.2189-2196, 1999.

[8] A. Codourey and W. Zesch and R. Buchi and R. Siegwart- “A Robot System for 

Automated Handling in Micro-World”, In Proc. of the IEEE Int. Conf. on Robotics and 

Automation, pp.185-190, 1995.

[9] K. Koyano and T. Sato: “Micro Object Handling System with Concentrated Visual 

Fields and New Handling Skills”, In Proc. of the IEEE Int. Conf. on Robotics and 

Automation, pp.2541*2548, 1996.

[10] H. Miyazaki and T. Sato: “Pick and Place Shape Forming of Three-Dimensional 
Micro Structures from Fine Particles”, In Proc. of the IEEE Int. Conf. on Robotics and 

Automation, pp.2535*2540, 1996.

[11] J.A. Stroscio and D M. Eigler: “Atomic and molecular manipulation with the 
scanning tunneling microscope”, Science, pp.1319-1326, vol.254, no.5036, Nov. 1991.

[12] R. W. Stark and S. Thalhammer and et al.: “The AFM as a tool for chromosomal 

dissection - the influence of physical parameters”, Appl. Phys. A, pp.579*584, vol.66, 
1998.

[13] T.Ondarcuhu and et al.: “Combing a Nanofiber in a Nanojunction”, 

Nanotechnology, 1998.

[14] T. Inoue and K. Iwatani and et al.: “Micromanipulation Using Magnetic Field”, In 

Proc. of the IEEE Int. Conf. on Robotics and Automation, pp.679*684, 1995.
[15] K. Sasaki and H. Fujiwara and H. Masuhara: “Optical Manipulation of a Lasing 

Particle and Its Application to Near-Field Microsprectroscopy” J. Vac. Sci. Technol. B, 
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2.8.3 tylfiai'yjX’y ynyyixXA^

eiiixii, A/WifirotJElcooxAgl; g *®$t 9 BASriB^X £ /cXX ttR

«jffi©«*e©8’»*fiJB IX A© J; 5 *c <k *; BjiBiCTtedAx ?4 X b y 
—0iitcW^gjoX#S tXA-5o
if, i*0gSO*# 5 A#A6AX?T X n X A = X'X|cg,#%K#t^AoX 

<5;5X CCtiiS5 9(i>P)»+5!)0vyynP/K'7MrlgLX*5„ C©A#
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£ co n # y h < *5

t T-8] 5 j%"t *5 *) , ^ cy->-y7’o^i^ MiloV'tt, /h@@l^l4#$ o zK y

h<o®F5£x-^(otf& 1 ±lfibiitl'5„ t/£" LStt<0SET|±efl ib ^(oPS^^fc y , 

wto 1 0 mm^Tco/hStr-ii, Sffltt&timitIMSjiTVftvx CcoS6ii, 

««a3nBnADXg#ffcPS» (Sfttlit^'^ny^oi;) ic £ 5>««g|5cOff fittffi 

T, bUSSM * = XAffi^*TKJffcoPiJ?*3 J:t>*^^/V =¥-«*& • a<f 

if ft <fo -5 o
So T i Sr ir) (t 5 i , Sicfe 6> 8 irtoioffHi

ItJoO, -y£ X a y *^x"ax5#Ir1 C£ 5 &£ A ^ "C5 # * v' L t v A @x.

T < 5„ it, B jUtXfeXfc 9 , 4iix*i>6>!c;|ffl8&rt<ODNA<Oi%^'(ctSoT^ 

&:5^lc#oT, Xft A LT©'>X'r£,ro-gB A tT«-i^'>/f i. 

^»lLtt'5. -ecT, y-y ax / d-x-io

□ y » = X'A4rt*SS C'>ye< A fcy Aj^XATitSEtlA IhI C-9-4 X-C-ra C £ 5 tittSE 

ib-ovtfy M> SegLT' S -5 t) <D A 8TO X S 5 „ #t, 7 r -A y-r X|f drtiBife £ <9

iitM'S*, r^AKXX-j i # y 1 &#BTV'jo y , AHA-fitco
gmmMMt^irn Ctl'5 X'X-X^fc5o

02.8-2 S^T*ftb*ifcP**y h7-i [10] [11]

it, e/hScD-r-f x □ y »^Xx^coiSHSEli, *Sroy » = x'A|ot,fS)ix 
* 5#>t>#v\ filxtJr x 1-ai-xs#fx\ tlioio;*yyiryf yot ? 

*5]-X1S«lo J;5AIto*®fl2ii*S.X#tU4\ X#XI££(0[Rm^A#*# (@it 

~E) TtA< lectio X$)6Ci^ 6, r (OStfcDgffllBHlt^SlojEV'iWiritx. 
feixS. 0*A (NEC : !J -y ESSSft) ^ISBU *ifi
tit^tf’T'ISBlO/^oTV'd* —/"K>xy Aa —(%&*y $ 5 0 / g AAfc 

iLTV'SJ X'-f tty KSf CAA Lix/£V'i5 5 3®«i:^Stofcif

i#6#?, •eroes^KdiSHit-ry' x 
6>*SWifi#i$xEteivyevx [12] it, # — ify-y-yfa-x'tiiiffico-ft^Xy 

x HxAmt$<[fii6£ 5 y * = x'x^coiS11<o
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«kLT^mi-6Z(kt#^6^-CV^o ^g(DKlxy^7-1#d:^ld:Z(7)y7
— ^>TyT^—y^r,

x.TV^5o
C(Dj:9(c, A#(D#:p*9-eB^fTt»fL-CV^6,

^ h AT^y-yhyyyyxcz^^^yn . yy

-7^yny^zzXA^g^K##T#ii,^, Z^L^)^6(DAM(c«koi:

[ 1 ] http://www.zvvex.com/nanotech/fevnman.html

[ 2 ] http://www.foresight.org/FI/Drexler.html : Forsight Institute HP “Dlexler”

[ 3 ] K. Eric Drexler “ Nanosystems: molecular machinery, manufacturing, and 

computation”
(576 pp., 200+ illustrations. Wiley Interscience, 1992, hardcover or paperback)

[ 4 ] http://www.zyvex.com/nanotech/nanosvstems.html : Zyvex HP “Nanosystems”

[ 5 ] http://nanozine.com/nanogear.htm : Nanotechnology Magazine HP “Nano Gear”

[ 6 ] http://www.foresight.org/FI/Fi spons.html : Forsight Institute HP “Feynman Prizes” 

[ 7 ] http://www.riken.go.jp/ihome.html : Mff HP

[ 8 ] http://www.ircat.or.jp/iindex.html : Joint Research Center for Atom Technology HP

[9] yyoyu
>?x>b^^fr7 — 3 7 7° — Nanotechnology 2000 — , pp.4-7

[10] http://nanozine.com/boot.htm : Nanotechnology Magazine HP 
“This is a model for a robot arm that can build with individual atoms.”

[11] http://www.nas.nasa.gov/Groups/Nanotechnology/gallerv/ : NAS HP

“ NAS Nanotechnology Gallery : Images and Videos NASA Ames Developed 

Components”
[12] nop, 

1999
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2. 9

2.9.1

MENS

TI/^,

z^K $)J#(DL^i'^, ##%,
7k'D'T^#(DA"CM6Zn(7)^A/0S$)5o LX)^L^ ;^(D##zcy^E"7

##(D^^^f-(D@a@^oT^[c^6o @#\

^y^/r-y^-r
(D7y

z(DZ9^7yy^A^,

5o #m^7y.E-7T'/<^%(D±#Ti%^{k$r^#i-6#$r

2.9.2 mm-fa##
i-y %y-—yix(D#:^ y

#%, E^yyyi/A^joV^-C lkHz^±(DjR##K^V^-C±#^

£r^fe C, ^fe^G^ttSC^r^pI $ it: 6 ^L t b $ tifz. [Kornbluh et. al. 2000]o 

$^L, 200%^@x:6m^^#^^^^:[Pelrine 2000], |g 2.9-1

TV^6o ##^:yy; E-rTyf-^^: —y^mv^6il,6^(D^M#(D^^^:7yL E-7

y-y ^.y-—yix-e^#%ttE^^i^^/<f — z ^ W4c ^fb/c
[Xiaet. al. 1996].

SRI INTERNATIONAL

SR: INTERNATIONAL

SRI INTERNATIONAL 
rTftOKLASTl

t'OELAS
SRI INTERNA! lOxNAl

Voltage off Voltage on

g| 2.9-1 #@^yy.E'7-7yy>A(D±#^^lBdj;5m^^(D^

fko %y^[CZ K(Di|ig^jg^6o
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xy" y A.ffliSStliTfc^A^y' Xf4. Et3\ JS#T\ *Si8l1l:m57't4 bfrl

5„ R#A'/<y x?l4v A©Ai«ne$i|#f 6AA4 A-#BA!m#*A&*AV'6. HDt 

A'/<A XAI4, $f#©*B#ia. /<;v^WiS, *fciiA^Wttff^AttTfet"— AtD^ffro 
5. #&#@A'/<y X?I4, IS®. eB$teltEB$«ro${b^j6t:"-A(0 

*|6]KSSSr4-x.d„ E$*xax h^ttSMS^SmiSK ,

< EA5 Z t as-t?# 5 AA.±K3«S©7tA'^y xA-<T*®[f-f 3 ’ i:^'BI|g-efc5„ 

e*AZ<y x tigigffAXy xtrfcytii, smth'-Arov'^V'^TklSSE^BU^lc* 

|o]Al4 5Zl:7)A^-5o
T E lz AhA@E # -> x x A (z is i t -5 S ff © A & £ % ®i~ 6 S * S #f Sr MIS A -5 & R #: fc 5 „
• Mi®=> x h

• )teSS

• $1#*—AAAibttiAt-eoxy y A##B 

•Xy-yAii*
• mm*
• XA-A tfj Ay—#&©A*-tiiA%t81SiB
• *A ffflffl ->x A A t ©y x A A y-A 3 y

fx-f x g #:©Eff-(z3j|]AT, ffiS(ESIs»lz!£R* A / x A-/y©J¥ £ £|pf 5 AXy 
xrojjni/EASTS«roM%te$r*ifed„ i6©eE-e©8Elbijy StEroSEMfl-xxT 
AtO^ yAA'y —A 3 XiAfciiLTV'-So Z© 4 5 &i8#|jS©;7 A A =■ :n —A 3 A^tit 

aLfcS^tt*fd’SStT.TV'-kV'^ftffi, zro J; 5 *?f®|©T A A^-A 3 y^=JflgA- 
; t i! SRI ©giWJEAflBj] LoofcSo J)57^fii->3 y^S&il'Sri 

tz j; <0, fc5«®T/wxEi+m!e:.R^E^m$6fl/=ee@t)#^5j|g{r7fc5 <b®fc*-5„

2.9.3 a»©!&R*. MM
%y 7 4^ — £7|-LTfsif £tl-6A'— Aiti, 9 y 73 ttlzmi# LT© 5 [Walsh 2001].

ho = ^xemi'Tz©A-^e@D#x5icii, *e«%m#KE#L^ 

#. ff$)tizE# u*S*ittvtf7k e,7j;v'. z©Ai£T-tiy )k©/< A—©A@i47^E#E 

IzAktldfc©, E^iSgltiiiAj: 9 g< ft 7E A !7 — • 4 y A y A Aftltli t * 5.
xy y AA»W D#A6*5mizm#e3%m7§—tE#Lfty*l4ft 6fth'^i&tlt^

t, J:DAa©m*&ea*& z Lio^t^ftv'
AA-AftiftA. *&«M©MAl:'-A©m#^E#6*ftV'4 9 ft*xy y A7i»m$ 

L©„ y h 9-A©Ai#lz4 1, 7feiz-A£E«E3iigftttEnTAftft#T £ fto

XifCc
-®m4- B ©E^itT-ft, 256 @©AA& 256 @©aiAlzE#A'#6. L^L, 1024 

[@©Aft-tt!ft©fB©E*;!p"Tfgftfrb©Ay 7oKtU)SL99fc5,7-AiiEt A 

y AE/^fSTin-f'S tzoty xy y AKflftzlff-5ffiRI44 D iiL©l>© i: ft-oTV'S. # 

#©AA-mAM©E#&,3x ha*©sv'mmr*# 5<e®AT*®ame5 z t ©-e*5 

&«t4y &«©«»££ ibtcmif 5T*fcx> 5„ «£fcif3ix XtoAST yy Sr 5 $ < E
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2.9.4

#t(c5zB-<^Z9^, #%(7)^^T^, ',

I^fg AT(j:^ 11 -?• ^ T y ^(D^K

A(7)#< ^r^mi-6^ 6:^-e#5om^.Z(D j; !,

^< (7)A#^W%BrT#% -

^^<_^2:i-6t,(7)T, (##-20—30V) ^ZoT$U#T#6g##@
ttloglTfc 5 [Pepe]0 Lucent Technologies f±&<L" <D AH Ji >. ZL (7)^#^#.^-A ^1/7^:#^

^^(7)^^A(7)lX od'&#
^:T#6c —7 —(7)Ttx^^^v\^ MEMS^< —^(7)7=V<^^ 

T$)5[Bishop 2001]o im^Ztt6(7)^7 —^##%(J:#fM^fl,TL^5o 
^^#C^^^t>^oT#%$^T#^:[Akimotol997, Marxerl997]. ^7 —fj: — 

3^±-em^^T^)^5c ^10.1-0.5 ms (7)%xr^^ig^^^m^^,TL^6o ##^7-
Z^t^T(C^q6^LTl^6##(7)/J^^ 7 —MEMS 

y2 -fXTl/T (C Hfi^ L T t ^ 6 c H b cfc < £fl h frl fc I'i. N Texas Instruments £h {C J; o T M

^-m^^^T^6t(7)T, ^100^#(7)#m^[c:#^^^6^7-T^6^TV\6c Z 
frl b <7) ^ 7 —li tf'x AT3 TV (7)@# A <5 tc lA Ltl50 Texas Instruments %(7)

^ ^T$)5 T ^ ^T#
AA^mA^fBS^^#T#6Z 9^^

#(7)@mM^—6MEMS^/<^ ^ LT, [Burns 1997]
T#^2:h,T^5^myi/-XK#fdS&5o ##T^Af^3:-^(D%hn-^

—^ —yt|C LTL^5A^^(7)gE#MEMS T'/<^T ^T

(1, #(7)^6###% MEMS #@^(7)ft:b%K:m@%'k

^r(7)##< (7)K#^)i6TT yf-(7)7b#L:;|##^:^c,&6 [Bishop 2001]«

LT^a, LT r^
dS&tK

60#-^:^^ y^T(l^##(7)m^^fb;c Z ^^T#6o
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2. 9. 5 #,###^##5:%#

# A 48 f® A A'(D AA <b db A;#5 —A7'§^ D A 7—7 t A 5 [SKAAI! 7 4 y
A^^mE^A/TV^5 [Bishop 2001]^,A VX"D^^(7)^m^^5yc^(C, A{HA#[C$iJ^^$)

6.
^A/^A^(7)##^@#[ZLT1^5c 7^7

b^iA (Dense Wavelength Division Multiplexing) A df <7)

A#(7)mA^^#^L. ^^^^#5"!^

%(7)$)5##A[l,##JA^:Mm^^# 5c -(7)##(j:#%A^^'lt(7)^#$r^A5^:A, 

A^(D##m^^g-e$)5c 3Ux^hnzz^^(cj;5miJ#^lt^^#<, A:7^

y A co A b /V A y 7 A^oTVAo
#% MEMS A7<A 7^r^<—7 & A5A:/ A ^7 A ^ A(j:, ,

#^^d/Av^—A, v'<o/^(DAAds#)5;0A r.^wiA/7A^^^^v^A7<A7^j; 

-DT#^i-5^^^-e#5c

^T^-Y )/7"###A7<A 7(j:, j: 6%M(7)^###^g^ Z^T$iJPm^ A,l^5

Ay7^/ixAZ^1)A/E#^A#%^#v\ ^(7)##^A^A
PmLTt'5o #%(7)jA##^d, A:b"—A§r#]^#A5(7)K^EA^A#^(7)##

[C^LT, a^^0.2ms(D^-—y—%r^)5c #J^A—7$r&KLAl00/2mi|iM(7)A/7z

y^AT/f-cz.^ —^-e(7)Mj^#^^0.01 ms ^#t#^A,AV^5c A/7Z7^AA/<A7-f 

(1, (7 A yl/A(7)#:$ (C^# LlA#7()A-y y 7"#% ^ 7 n A A X(7)^7^r4r ^ AA/<A 7(7)# 

#V^A^^h^"C#5^:A'C^<, #v\@i±-e#g#A5c^^-e#5c 

#t#(7) MEMS A'/<A7^ A(7)ft#A7<A7 ^ jt"<5 ») A^T$)5c —A%k:7 7 A

cz.3:—f(D7bn —'f7<A7(7)AAX(7)AA^^5-'20%'r$)5c ^(7)A^^^^(Z 

#—(7)7A yA-C#f%!M-C##V';K ##(D77A^3: — 7&A^^S#b:M#)iA$#A 

9 ^7 A ^/A7yA#(7)A7<A7T(lA#^^@6^5c 

(C, j#V^A%^l^|-e^i-e^ 200%^@x.5^^§r^AA^, A/7A;^A^m^5^, 

A/W 7&d)% I) 5 oT^+^^$)5c

MEMS A'/<A 7(7)^ 5 —-o(7)^M^, 7 b (7)^^5 ^ 7 Z ^ T$)
z:7^T^A^#@A/<A71Z, 1b7A7n7^Ty7'&m'T{lEm^4Z5;K ZA, 

(li@^#M(7) A 3 — b &##5^##mtC/<7 —7<kL=W;Wf % 6%v\
AoT^ MEMS ##&mV'AAa#A/<

A7^0#T^5c A/7A^A(ZAA/##:^A-Yyy^m^A5A^, =f

-Y )/y(7)#^(c(j:f 6^^a±-C(^7z/^A##l: 9 AA7/1- - 7 y A7^##%/t:A

-e&5c #:^7A^^$rm^A, AA%(C*A57z^^#^^A^f5#%^6, iX-) 

/^(7)#L^K#M#6:btT^5 A&A A / 7 z/^^^mv^Aa#A7<A 7(7)^{^t pT#g 

"C fo 5 t #{W LtlAo
mmA/W7Tij\ Aa#^{^5^^37 b^^^

5-f&59o E#:%AA5:^77(Z, ^^m^^#mL^A5^A#^A5#[o]^^5A 

^(7)A/<A7(7)#^^(7)##%^^M(c^6o 

f&7 A y A, #-A:7 A ^ A, ##7A )/A^ (7)# LV^#(7)^< (1, mv^AA/<A 7 
[cA3zf:h#Al%%#W>&5dA A(7)^m#7cA-C##V\ Z(7)A7<A7(7)#<T, A:
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60 gp^,
yf'.kt'oTbT/W^cDcHctl, #{#(-±#(7)3: 

A&#lfMi-6 - ^ ^trf Ltf^V\

2.9.6

b"—^ ^ b^#(7)

F 7-^(cjo(j-6^-f ^^r#6o ^

me z ^ f ^^mr# e z 9 tc^ea^ u^^v\ zft6(D

— ^"y'TT>'K(7)BTy^f^Atf'T^-^ ^'##=1^1:''^.'—Ti/yi/

^^^#^±a#TV^y^-nc^m-e#eo em(DzL--y^7^Fzz^y^

/<^r^ t oT#T^)6o %#(7)^- by—^3 ^^##(DAon:/$a3y:^:

2. 9. 7 3; ^ #)

thy 7y ;i%A(J:, AT(D^y.^ 6

Z^L(cj;o-C^a#$v M7 —y(D#LV^##^oT#^L, $^y-y7y/i/A^^<—^.2:

y-y 7y

^EE^^tTjo^, -fyyy/ixA^^:—y.^f-67^- h^yy^/W;%/0S#il#(Dt,(D<b#'9

0"3^) 6o

##^C#

Kornbluh, R. , R. Pelrine, Q. Pei, S. Oh, and J. Joseph, “Ultrahigh Strain Response 

of Field-Actuated Elastomeric Polymers, ” Proc. SPIE, Smart Structures and Materials 

2000: Electroactive Polymer Actuators and Devices (EAPAD) , Y. Bar-Cohen, ed. , 3987, 

pp. 51- 64, 2000.

Pelrine, R. , “High-Speed Electrically Actuated Elastomers with Strain Greater than 

100%, ” Science, Vol. 287, Feb. 4, 2000, pp. 836-839.

Xia, Y. , E. Kim, X. Zhao, J. Rogers, M. Prentiss and G. Whitesides, “Complex Optical 

Surfaces Formed by Replica Molding Against Elastomeric Masters” , Science, Vol. 273, 

July 19, 1996, pp. 347-349.

Walsh, S. , “Microsystems, micromachines and optical networks". The Second Wave” ,
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Micromachine Devices, Vol. 6, No. 1, January, 2001, pp. 4-6.

Pepe, J. , “Photonic Switching and Multiplexing” ,

http://www.voicenet. com/~jpepe/photonic switching.html#Introduction

Bishop, D. , C. Giles, S. Das, “The Rise of Optical Switching” , Scientific American, 

January, 2001, pp. 88-94.

Akimoto, K. , et. al. , “Evaluation of Comb-Drive Nickel Micromirror for Fiber Optical 

Communication,” Proceedings of the Tenth Annual International Workshop on Micro 

Electro Mechanical Systems, Nagoya, Japan, Jan. 26-30, 1997, pp. 66-71.

Marxer, C. , et. al. , “Vertical Mirrors Fabricated by Reactive Ion Etching for Fiber 

Optical Switching Applications,” Proceedings of the Tenth Annual International 

Workshop on Micro Electro Mechanical Systems, Nagoya, Japan, Jan. 26-30, 1997, pp. 

49-54.
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Proceedings of the Tenth Annual International Workshop on Micro Electro Mechanical 
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2. io xx Xx7 y o x-iyioxsxy Anxaw

2. 10. 1 to$

/wxxx / □ x-to^*xx, ta^tot Lt#ic*xx
5#<ropa@^fo5„ lot, >/<xmxxELx
5 <fcX5B#tx x'X'X ya <9 ©awo? 5i5j|gttl±tt< Sev\

St, XftX<b#ffl/,e»XSr@«l9 tb L TAXING# SB £ f 0 LJ: 5 t X5 »£- fcffiltto SB 

*ETSrS'IS L*ttiili* B *vXjyiblt, ft* assfc&ftX®**** 

l:88t5«tiU';H>6. SSitlil, »J» ITl'ilX i; tJSHT*
fo5o r? XX7 KSrfoS — £X[6]G4fexj; 5 iX 5 t £ |;y XjB#iStWtff®tt$itE$ + 

5>Xtt*V' k\'j X t Xfc5„ Xto J; 5 IX /<X Ax 7 / o X —XXfAGXX Z 0 ##X 

X*S}XX 1 V iSW-eEffiXXiJWXS ttotojjnxaffTXX-B <B ltV'5„
/<XAx7 y □ y-i:jDii5t7fS y n X-G*. t*b%ty x x—xtottSxreiJ

SXitBSIXXg SilTjb’9 ,

Tto5„ «tt$*5SXF=fl*E%ig (AFM) A\ y-f-F7y^oSiSffll't. itGX,
SESHSe XtoXfASSXto#—X6 <t i' 5 S}X#if a#K%8 LT^Ttso,
A< *a^#xg#^y x/<y #to#z{$m##*6'e^#gic-f 5 r t tmm
StlTV>5„
r to j; 5 Gffi¥toSE5S8Sr^$x, Xf£rAA g #SrAnxX?> t> L < to£

#<B tSWWXXy xX —AXXHX, #MX5 3 x»toa*M*Sr@#X6.

(1) X&GAtoESSJSaW
(2) X(tj>XtoES*DXS#f
(3) Xfr5>XtoSe*Xt$E

fliff^j-XtoESSjeSEXIi, -»fotM^5rft«v\ ^Xto*-oMi|#XXto#a 

ifcSrSiJSXd, &f*GXtoE#AnXR#XliX#y}f-SrEK#i@KlK##, giltto XiQX 

Sr# L, «BgtoSfe*. [SjAXff 5 C t Sr g ttitS. St, 4ff4>Xto$$»nXSffXf4 

3srTcttSiX#:^#, *m^ix Xto#gtiagfb##^{f#X5. n ® s 5 setts 11, x* 
j3ZSSX#X-Xto##BX#APglcg| $ dj L, X tXft^XSr ¥ii\WWtJ5t 51 * to fc 

toxfcd. tMXittiixyf yyyys, #*XXX##SX6.

2.10.2 »%M58toS*

(l) Xf£5}AtoE8$'J;£a«
»*xs>a«fi, sxHAsai (afm) xGXExmm# (mfm) sfiGtysy; 

n-y-tiot, # —toX*AXI^X#%#f$XE y Z 11: X 0 , AfBGASr## L, A 

xxojpxxsawxfcs,,

a*0g*fli AFM Srfflto, XE t m+(Om t s EfcXflr^X X §1 * * If

Xz S ^XA## Xk6SX IwWcMXSXtiffiL^ftXSETfcibX, -t'O^WEXov 
rtt$S>*^f4^XEBgXifoot„ X#r^Xto5ISr#tf L®SX#ibE5 xx-X-7'l± 

X*^XtoE#, #StEX5*SSet*fftX'tXXto5 jr#xe,jy, «* **#XX*e 

ASr3l§#HU 7d--x*-XSr»«tSJ®, DfffXSriCiot, lWFXit
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h 2.10-1 x 6

(2) omKAoiR#

Atet$E£5 blc56BS-65 5 k IcioT, 4<$5>^-*ES5»X-t-5S#rSrM56-t5„ 
5tlli:£<$4,X L AJ2 5 9 A#*lc#i@KlKfT 5 5 5 SrS®
t5„ fcSio^yb^fii, ga?iJ©-g|555-SlE5ii5 5 bXfiStSHb (Stitt) l, #SE 
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20%, 30%^^: XX X K£B#s+ 0>H&(7)T\

##f(D^CLEDT7^^Aa6(hV^ C<ETT.

Ot)7 13(DM%6=LT, 7U^(OX%/\ —TT. C(DX%/\—
(E/u^^E-ATt, EC^6(D^7X3>TtVX^(DTT^, UXX^^XXvh^E 

v^TtMC/xx—><&aiL^T. can^y-xyyux-ysXTH,

(OE-A - Xo:-E>^HV^6V^6^t)(0(:t)#x.6TL j; 3. X%/\-(OX^'yA-(: 

t#x^TL «kX. - %-xy n7-(:#x6 7XXn - %-XX Q7-TT.

Oz\< -A7-- /\X -AX-KlT&k:#, X

<>&:&< I/##*!## 0 &#A. XX>/0^£ 350 ^DX fg 1 ^ X □ >fzt, O O 
^ If—^7 y X/i—3; 7 6 E^< -eCTk
—If— - XX h&33(D^#k:##T#/<#;%_a6, 7yX/i—i:7^- —yjXCE^T#

$t"o

o^-^i^fT7(D^c(D#firT. socry-x^

$> 0 $To MAj^teft^MLy * — ti 7,L£To CS 6Hf6^±[o]#(:L, Z.% BOtiT

LT7yXA-(:^0^T.

cooamo&T. itfz, cn%nfr\LTsomjco^ett0 elt-xx^
X OtDffgTl/-tf-CDMOIEbVXimE® < friimM'V'to

OV)5W5%^0;5as&0a;T^ 13(D^CI^6LT, CO^X^^XX-y^^l/'X—

XXTT^, ^

k:gxoo#T&o&'f. XLT, o^
V —X^C(DX-X;i/(D±(:##TV^#^T. X<Dt%\Z.\tiT< 5H-
A^#I^L^T.Xa(: JcoT^XXs Lo^ 0LTV^<EV^XCE[:^0 ^T.

Z.tl\t EP FO-1f>)U:J;oT^$nilfc. TR I MO - S MD t^titlT^Z b<D

<W/cj:X^:yxXATT. XnhXXXELT

tiOO EHO^fo ftfz, jzMW£7 7 7*U X*— '> a o TteX*£itA,0

yxux-xs. B#m7yvx-y3 

xTv^T. %^#^T5oaa±oig^#::^^#TT. ^cd^xy-^-x-f-vyo 

^<(0#|^^/1Xy;i/TT#6(hV^C2:TT. $6^, #7##:^## 

CC#'6A%&<E(D##:&A:M.a;To CCT7XXok>X7kX 
^#oTX;i/^X-hL^f. XLT, mT<6f6^CCT#mLT, ###1^, 

pimj^ ^yesu^^b^To
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ca^/wyv^X"9%;\—T, v^5v^5^7^^;i/^&o&"7. v-r^ai/^x^f- 

JL^;I/(D±(:&I3&T. k>X#M^310^Xn>TTo 

(D^X<XOk>XTt)^0&To

Li^fAAd \Zz/>7)VfcW.M'V'To ::i:2O0^XA-^^D^to ##: 

fg<6V^#^(DX,
--xhvy^^oT^^^T. y%f-A^/j\$<

^6(h^^^#^LTL/^3 C<bXT. XT^6, tF<X^ 100^0 1^ 1000 ^(D 1 CT6 

C (hX)%/0^^T#^#/uo

Om#l%«H3 W5 y%f-A&(hW3 C6&CS STMTW&^#&V)(hmw3;T. &&
^ c iz'^'i y uvyXftfo v Sfo vy y n vyx\x^v y°(DM

ICoV^T^lto £ £ \Z\t7^ — • X h v X^o^TV^f o JttUZ\t'?-f ? UU

y-y j;

Ox<yol/>X(D10(D7X'Uy'—yaX^^Mi^L^Lyc^, txlo, x<yolx 
>X'X"ni/%yya>'Uxyxxy (MPD^&O&T. CfDMS^OOX^y 
%-3.-hTm^LT, XlfX^XL&L^. XHX^Xll, #@
y — # — (D*t} —)]/ • xyx*ti:(cMt>n$L/c0 

CCX(D7<y"76L^LT, A#Vx 8<>7<6V^XXy^&(]^T. -ei/TX 
^l^XX —X^^ZL>//&T6t)^TT. "eLXCa^lCXDXT-v 
yT7^M/^xH:<y-s;LTwe&T. s^ynxrs
V^X"7. @^a^V<Xnk>X -yoixj:XS/a>' S/X7A^CC (:&*], 4 0 OX 
<yok>X^cci:ov^xv^T. c^ix<y-X^mL^T. tm^roy^UX-y, 7 
x< >X > h\zWL^\zf£-o x < %><Dfft)'fr 0 Jto [mi#fGB# W##k:#gTT«

OCOyX7AOXUvP^, #AO^$ (Depth of Focus) XT. /iy —X07UXP 
CNLTll, ^@T^<Tt)^tl^7'U>7y>^'76C:6:^T^^T. V#X^^C6 
^X#^T. ^^NcA^&TX'U y—y a &MV^T.

$51:^^:, ##^^3^yn>^X, #f^#^l$UXTOX, Xy^Vy—^a> 
$:Xkf- M7 vX"$#6C^^oT#XT.

^CCS/XyA^X'^V^^V^TV^T. T^k-y-Of^^cT^TT. m#OT 

<XX, COj:375:^/z^X#^^i±^C<h^X^$T. C^Uiyy-/\>PX^75:<, 

WiiOAOTTT.

OCOTx^^O^#6a&T. CC1:A#^:X<X^&0^T. SO^yoyxT. ^X
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H XX 150 ^ X □ >, £ te "7° 7
X150<Xd>TT. ^Xh^t)(D^6^aTtca/5:^L

^<(D#LV)f'k3A(D^%asmT#TW3;T. f-k3A,

-rl/n A<hV^I$£LT& D Jto C 3 Lfc^l/n A<D^1±te$T$'ti!£A UTV^b^t 
Tt.

-ea-i-ma,
TTT. —#SoWTW5 1#l<Dt)(ZX &6V^11^2, l#N(DX<v^^&

>£tlT&0 $T=

OC7 L}tt)(D^(H7V^X< 'y^C^oTV^6(D/0^mT^^:V^mv^-f. 2 3 0^ 

£ r'KV^c7"d'V^T43 V £t\ ##7)#lTT#b Z%*>lt'>*'y&— • ?'fy<Db<D'V
to S^WClt • 7° 7 7 h7t“At, '>U n >£7j 7 h LT/h£&
7^Jl/Ai:L/T, y-v y fctf) tC&O &T.

ntev'J n > • «7x/\—£> _h !;:&££> ttTf o LT^-(D^^ lz-f —
TT. ^LTCa&^< 80 ^Xa>C6V^X7^>yi/^T. ^UTC(Dac:6(D7U- 

Xf>^>^(D#f#AoT<5:b#TT. CC(DaC6(C7y<

n — i^h V TLX, 3. 7 —StWTV^T <, Tt^6, <bVi-5 ZtX'T o M
@ea%<&a<bSoT<(:fT<<bv^c<bT

ioA<6v^TT/0b

Ocat#bV^^T^^b 100x100 <hWo&%:S(D7c#%:;%X 7^y;i/&

yXfAII^oTl^to ZftteWZfc Lucent tkOXX 7^T\ >XX
To 7^70^7-, v< //o l/>x^c ci:& 0 ^T. ftfc, zz.X(Dmm\t,
V):bkOt(D7 7<X-^###AT\ X n>(Dl//<;i/T^^a^?5:S75:V^

^ (resolving power) b#J%\zm<'fctfrU<£f£Lt£Lt^vZ.tX\ XtUzT
oT, :0)t^77^A-l:^lT77^ >7^ —X>y LTV^&ttniffe

STT.

OC(7)yA^AH#^l:y>y^^t(DT, C^61:V-A'77</i-^&0^T. ^
C C# V#XA& 0 ^ LT. C^(:6mblx>X^^0,

3 y-ftfo 0 TTo Z(D&ffiLU>X$:W]frT Z tlzT^X, 5 £ < l±%frfzt>lz
f£ 0 TTo Z.tl%Wt^tf) • liWCy^ak-'>3 y&'rtLTLtZo E(DT 7
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—(D#:, -ea^60X^6:(D<6V^^:^(hV^C)C(hT'f. TT^ 

62#B, 3#B(D77^X-T#, 6#B, 8#B(D7y

^^ODX^mTV^t)^TT. CCTA#Ly>X40mm,
80mm t Vi "5 0 , £ (D 80mm <D#1$\Z '> >7°;i/&7 7 a 7 h (achromat)

tf&'b&VxDT'#-/^ 7^ltimtf<hC6T^&0^i±A. C(Dy%7A<e/J\^<766^: 

6^, (7/^y-73>:

aberration) 6 £JiIE bTV^&&t*Uf& £ U ^t>frtT"7o

04%#^#< L, iklE'T%>fttf)(D — '0(Djj&\t, deformable mirror £:fE 7 <b 7 H tT
T. m<h##&f#7 ^ 7-TT. 7-tl7;l/7 h±#(D > (Dovin)
ofcfeOTto Izg^TfRiRTZ Z £ffiT££To

(Ha<6V^(DA#$^(hV^C<)=T, —
77—h;i/#^T7. C^6(D^(:77</i-^mTV^'7. CC(D(hC6^, 777/^ 

C:C(7)(hC6tC, 77d7yh (A#Lk>X) ^$>0^^.

CO77(y-y3>t0A(:, C(D^7-(D#m4b^LTi3e^
7. 7LT7-X^T#ig<bl/^T(h, C
0^770 20th receiver fiber (D j; 7 tC, Jiffi-D TV^ < (D H#Stc: VH* ^ <h,@U/^$*7o

^#T#30#g(D^%77<X-TA#20%<rSWa;T, 19#B 

(D7y</i-Tt 50%<re)V^&TL^±^oTV^V^6V^7 C^TT.
W'6&V)(DT^^ 1 7 —(D^^/X77^ ^ 7 —j;o

<h##LTV^6t)^Ti-. —V —X^^^!gaTLj;7. 7LT, C
a^o^ji^yaxcmBW^^ATv^av^caTT.

^76<, jeOjeW^-^ffac^T#,
66#ATV^T. L^L, 77

U7A'yA7AaLTtlV^^^(hmw&T.
7-&AflT, 7(DiR#^#6C6^T^6^W3C«hT,

Ot,0(h^m#^(D7&aLTj:V^(D(hV^^6:T, t)7-^7<7D -7X7^77 

7<7nk>X^77<7(—7LT, 7fi-E:H(D77<X 

-(D#ClO(Dk>X^@#, 7LTk>X(D7/i7i'-&M6L, ^^«hLTfR#t)A 

#t:M6Tc:(h^Te^i-. c<7)#T777z:>X^T6L:6&,
Lucent 07X7ATH, ^cL^l \Li&7 —^-<6V^(D7-<X
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^ltOC(D

OCO^mTH, T^O'T'yh (AmLk>X), ^LT7</70lx>X^77<

A—(&#(:& 0 &T.

O^tUt^ v 7"V v< ^7 n 6"7< ^ o 1/

>X&#o&#^&OT^LTW3;T. C:
^iH—^7C'—^ro](Dt)(DTT^)T, 77<r\—&2^7cT2^(:L^T.

3^7c(:T6(h l000 fgj^±(D7 7<T(-^m^ C6^T#^) m

to

O^tlTlt, 7-U%^#^f6§sTTo C(D
%-^yny-itm^, ca<6w<D±e2Tff5%(DTT)K ca<&t)c,a/j\$<f^oT,

<DkL f#g§T&(], 23(D^7-^&0, 13(D^^-^##LTWoT, ^(Df#(D 

a<b###Mm<kLT#f#T5t(DTi-. 7-V%##^T6«h,

6V^3 t(DTT.

O^tl^vU n >T £'<£>£ d lcjfjnXf^^^^Etc-3 tct)^TTo ZZlzftJt It (beam
splitter) C^6(D^^-lt, < L^(DT/77^%-^- (^

-£#$bLTl>$t"o

OCtl^^7-T, 80^/7OXDi^$T, ^lt85%(:±^oTV^T. C

tl^<W#(D7^73.% —^ —T-f. caT^7 —
It 40 ^ ^ JeLT;t'70T--f *JHt 2fg, 80 V-f 9 ny — 7 — t^o Z. h\Zt& V tt0

OCttXi^#(D^^TT. C(Z)^7^#(D^#(D#^Ti-o ^U^A'^^^-y-lf-^ 

x<^7 h;t/TT. ^\ V r> A - - k —If—6 wf) (ZXt, *^ltC3V^^:X^^7 h;i/

caitf##TT(DT, ^(D^flt±0.5 V</7n-y-^

-cs^TT. ca^t)(ht)a0%^/7h;i/TT. #^tt,

±25±/7-^-TMP^#f&C^/^T#Z:(!:V:t'5ca:T\

gfcztlzfcQ $To

—A'AyU'y^-
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<hRtiES<E>l/>X'TTo V^TV^fo

61t#TL j; 7#\ '£>£'3 W*(T)i>7,eifTt"o S^l:li7-
H-AXXVyf-Tlt&WS, 27(D^7-^^%TS^l:m^0^ 

oTV^T. C:CT%f(DW6V^6^/X-V^M^
&T. CC(D/X-7^3iTT77^3LX —7 —t)7l7(D/i—h^#<«hV^

MZ>ZLbtf'V%%> o C CTlt, iA%%/^XXXy 7X^^#^V^ W7##^#oTL^
to

17), X/ <hl^7 OltlSfiOX X / fc T fc £ SI f«,
V, 7X 7 □ l/^;i/<7)EEfdytT£ W±S£ LT^ < AS V^$T#X

O&tL/u.
^Z.X\ A^(0 7< 7 P ' XX-f y 7X (COVETS, ^izn^tmnx^^ t^Z) Z. 

t&tetlT&%1Z^t&^£'to JttlfrZ, ##(C^V^iL#:(D#@Xo 7 y< U >X^X 
y • y-^-(D#^Xft7 C (h^m#TT.

x/#m, A%mei#ie, ^ti^67^^z:^7^#^&(o&t-.
SS5/u, XhPP^- (Metrology) T, SNOM (E##^^###),

6HRIM sm^Tt. &tF%s, xy^^^^^c^fusia
## (near-field) #&Cj;oTkL far-field ^6##^:##^#

<d LT, 7^X t U — (Optical Memory) <h#x 6 tl$*to

0^f^i©7-f 7 □ • -t 7°xy 7XTt^\ Ztl\Z Lawrence Livermore 
CaiTV^cDTT. %S#A^(D^#m^#&fM57<!:L/TW6. 27(DX/<-X777 

Xtl£>£:$:+P$tLT&^, ti-jj\Z±%t£U>X&FfoT, >7AL:X(7)M'n 
M 25m<£>7 V*)V • lx XX^SnXMj £ HE L T <h 7 £

^TT.
$T, x<7P - XXXy 7X&W7(Dlt##l)nx^#w&X.

T^3 10

oz.% 61t@jfr^XT"to 1 70ESlclt#Slc7 $ < v^< tXtTtXX (D~b(D
<^7##, caiti7(Z)#imi:L^ 

^7V^7t)^T, ^f^&^m^AmLlz^XTT^^W^C 
(htcte 0 $To 2 7(DH, $)%mZZ.<D±(DfflftlZXyZ'<-Z£:Atl% Z 7^'#x 6tl

-148-



OX* / >ZFAh.lAOHT#FF$8txTH$X= AhlATVTti:, Xn hXX XZFtitiTU 
tuittf, AtiX'XEtoSIsggTffxTH-BtoXAxX- Kffljf?

X&tt- CSSCii 1 OtofiSZF 100 5X n>T, ggStt 20~30 5 X DX^ift.

Oax ztut'i>t%L$!<D-fu—x K&T@3Wri\ i zf ioo%-ef, A
h^iESftfc^l'-XF&Tto^T'-r. A AT. ffiSittA'OXx lAXA-XZcJlisXX 
$<f£-5XA^x CiTt.

OXk —X FSXTXAX Al*%Xk-X&#6 A A^T#*X. *XZF#&A 0 XX 
s<sottt, *«x©#m&M%<»&. mmemazco-TX. *TA-$Jtinn 
##. SauttBiffVSEA-S A AX'TSS AH5 A AT, A'X X U -Zj: X1/-X h' &X 
SfE-SA A»$T*5. UXU XOZcfetAM:, SSS 100 X/ • X-X-©XX/n-X- 
ZFi&BTtX XhX'ZttttatiiTSZEXfcitj'TT, V)xZ:A,XM^T$^llf. S#l:SiT 
#tt. Sffi. Atmt$*6tlTH$X= XXtoXTttTSTUXX. iSSTteffilFTt" 
X\ nJSI)tTl;iZj:XZj:;XE L H A x tt«TX.

Ox* h = 7?SSA;)>7t F = xX • * A'XA "j X* Vito*iSXZ/s\ $
fil/X;i/©JEX8Tff 9 $t\ f L/TB#*A*AW##Zi*^@TX. XLTA AI:X&A*# 

V>T& 9 XTtIX 280 XV X-X-©*S, XLTtt (#@) ifi 200 X/X — X-©t>© 

Z)%gTX. X.AfiXSTtt^$^"SV^X©T, #^tc#E7)s’B< ZcttiUiZjBZjXA 

A5HoZc^S^'TSntf- AAA^T#&. lfiOA;5, X^T©S«*
XX* XX^tti6T$-5t>ttTHZj;V^©T, & $ 9 M-kttZtUXt) Ltl$-t±/u. V* V, 

J5 6L5VT Att 90)ST7t£EWX5 AAX'TS-5©T, nx©i4l>yXfA«#, $ 

Zc/hlHbTS-S. AUx AA7)s*9$t\ *5Xe><- 10# aA#^6 7XX7H&9 

SE©lDX@=JEtttt- X-^®&«©jiJBtAXXxTV:>5 ASFSt.

ost, A5n-cZcxy«@efp5Zc©©x-;i/Avt«- «xt'-AX**%-iis:«Z£X 

9X^ASH$X= X$TIA tififcSbSiRsbTV^"#". 75: Zc, AhttXU XX —->a X • X 

-7I/TLX7&H0T- 1 HI V^ExZtVA SKTSZtHAV^x A AX*$> 9 St", X x H x 

brtTeXtf-AtAti:, i«®S«r©WH7)ic6 5 A^dbttTX,
%#U XXxX* 114-, X/©AI:#/uTV^X. DUV, EUVft. LXL, 4* 

T*SS#Zit/JxS^oZcAV>5 A AT- SHEZc U VXX X* BSstt, ZiXZiX'Jl^lAffiX) 

ttt) ^XtiiP-otz t^oTSl’f&lfifor) St. TfTiS»i’*e < Zjfttf A©,5ttSfc8t"5TU J; 

x „

*IAVX h • XU >X* >Xtt$6*VxMF-T0ttfiTX. SXt'-ATfFStlZcfe©
©set, *wxxy-x-aT©fe©T*9*x.

xazo 6X#R#T#- SttTXSZtBSfES A AZFTSgf. & £ 10-5 fe©A 

AHTSSXAAX HAXdZtfctolcilB nJilgTt".
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TV^6mV^"7^, >^Te&6V)3 pm#&#oTV)3;T.

OV^<0^, C^6tl#fH-AT, XXX(D Paul Ssherrer
Institute (DfecDTfc U^P/Tto 1« 2, 3, 4, 5 Mfflfr 1 ^ 7 n ><£> ^ tC JR 
^oTV^T. 61^3^611100X77 — 7—'^ —7"—T&66V^C6, ^LT, 7 
X^7 Htll5 <6W^#m^aTV^X3TX.

Ocailo 777 h - XV 7X7 7 7T\ I BM Ruschlikon TT. 6/u, XU 7X 
EDMS6V^3##^#3TOlf-^%U, X(Z)&6X(DOH-^giJ(7)m

6*11177 hTfclltlll Mtt&7cik\Z¥-ft/u'T:f£^

oxa^s, f#TT^, 2^ot:—etifefeoTto cam ^707,
cam, 2, 3, 4^m^l$7071:A3TV^T. 7-X-(D%#ll 430 X7 7- 
7-6V^3##(Dt(DTT. X^V^ailT, C(D^&T#/J\#B^Te6ailTX.

OC(D grating 6V^Oll&^:gm±(D%(Z)TX^, X^lCXoT, C3W3

^#m^f^a6j:3t:^^^t)La&#Av. XLTX(D/\vM
^tUE^iirTljnxr^ C 6^oT#i:^6^^) La^#/u. cat! 33(Dtf-A^#3TW

^v^amr, tuxa^Teaii, ^#i:xy-x77o7-^^mTe6^
tfg^^rto

o##ic, ##t:3WT. x-ryn • X7°y^yxtcx^Hj^v^M^jSf^Tv^fo vx 

7 □ ^yXT^^tm^to fit f0ilc WS/u^'fE 0 3&t#B^X£aT 
V^X. %6V^^^:6^3C61C^U^X. &U^63C^V^
£L7to

mmfcg

(Q) X^#*mv^%^&U^63C:^W&L^. #C^X^j#oTV^(D^, xe

7 n - XXXx 7 7 tcMLTTX/K -?x 7 n 7 7X(D^#(D U 7 77 7x 
C^LT&m^L&Wcbaw&T. 3-5^7076^3
ca£E5tX3SB11MTL £ 5 fro

(^\;i/7Xb) 3&U, 63LTt36X<^:6^:V^(D^6V^3C6TX^o t)36X

£ < &6&l^60 ^^11, vX7D77X'Tll, $fc(D±Tll#Sl;: VU^TX/OX Tzfz, 
#^67ka6#^ll7A7-7a 7^X#<^U ^X. mm'J6LTll#@77XT^W^ 
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