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-y 3 y, atgn*'y Ml) CBBLTiS^lia • btlfz0 ifzZtit>
Kbllit$l»J'!'4A> 1) x 2) rSIlEttfflyXf AJ , 3)

r#pssz»*xif:j trf&mzttfzo
Wffliral-^tiK • 4t»53-lfco/N- K7^7e#fi±BweimKffs.£t6tz?>x$> 

9, J: 9 9 toE$>'$]f#r-S S„ -A/M * 5 7 ry X xfl-lf fc$*

7> A * :*>'£'J6^$ 3 ocofr Lv>fiti«g^}Jc#r AJEAlA'if 14, /\- F7i7^I?S‘ 

IfZflttc A A‘4 ib1*. &%#, ###, ma##t:g64-eA#^&^9 &#-y"CvM. 

^cOA 7 ^¥E69®i8tOW5EKt3V>rii, A & f Klftm69c#pmmcmczt 9 t)5A
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fcxxosi -y ? 77 ? '/ F t ir, B*gk<OfMR

1.1 B*
1.1.1 T?nii[S]tl![gJ:t3oc

B^toSSE®ttl6Hc)!i6tL-6Ei:^ B(input)
(output) Eitva#

P«55 K *o* # «ESI t-6 o

(1) ef%H8fg*

© h U > K t BEikR

#) ^ 1991^C^V'"C(±#[f$^^^#TL^ t (0(0, #J13

SS^tR, ttGNPJt lz LT 3.00%t~ jl l T V > £ 0 ff^l] t itl&t & , ^#1/- h^St*

/ft111(068%, M6%t% 9 > ^ < &V^T###2i6(0#M

\Zhho *j*GNPittc £ V> T MU(02.65%£ ±0 o T & *), hM 7 

(07K#t:&6 t (0^#^$fL6o

8$ (Btt+AX ■ t±»K$)

. 2 86 2.92 3 65

2.8i v*J£L}-Ii.•♦^..^.64 2 61.

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 (*«)

H1.1-10 ±gs<7)Esm m^+xxti^m*) tom#
(SHu- H#*)

ti9f) ra»!B<o»%P,r1%iSI6±5iWSeoM^J , . X*SSES«W*S. p2

I -1



;*H)

a$ (BSUAX ■ #*#*) 
a*

1979 1980 1981 1982 1983 1984 1983 1986 1987 1988 1989 1990 1991 (*,1)

*1.1-20 ±SB0)E%* (SE+AKtiSPm (Dim

ttlSr) I & »-' PI n <!# ^ 1*1 % a ilj *_ fSS « $jj I Sj I , f jSs'+efl _ i*S#rKSSW$E, p3

B* (SIR + AX ■

’2.89 K -f v

2.78 2.77
2.78 B* (S#»*0»)

2.65 265'
7> V 76

2 38 2.3!

2.30 2.21

X 224

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 WISE)

*1.1-30 3E$H<7)M%* OT*fGNPifc$OTif?2

I -2



t), g###^#0#^#%#(080.6%^&)66CgcTV^o ^cOBSMJt

^ , \99\^&llZ}d^X&*?J$>ft'bMLtzi><n<D, g###T16.8%, A

& , A®^'43.2% (1991

^Jt) > %®^'36.5% (I989#j^) > hM 7^'33.2% (1989^E) . 7 7 >XriM7.9% (1990 

#j^) (v^f g#+A± - %&##) -eab 'O > 0^ (18.2%) ^t:

COWT&, 21.6% (^ft) , 21.9% (^) , 29.9% (#) , 33.0% (fA) 0^(0
\1.5%\±^:%MM'i> i&V'A#

f 2i.6%^i7.5%^v^^m±^^^

0 A&v't(Ok#^$fL&o

10.00

$1.1-4121 mm<»m ■ # •

tti9r) ra»sH<o»%M8Sto±$SfS^«iisij, w-&5^m, xmimmmm&m, Pi3

R^'llllOEW^ttieiSLeOjttoNPjt^liWWSlCj3V>r0.55%T* •) . gfcS

±$B (* : 1.15%, % : 0.82%(1989^$x ® : 0.96%(1989¥$X iU : 1.15%(1989¥E))

WcKiMM<oMGNPit^m&^'t v> 9 H t li, gRA#

v>t v> ^ z t-e*

ik<0?zi6<ommt LX*#W?££ -tt & i: v> -j «1*> <b, ZtiZ 1 %m&l:%1m3-ti-a 

j:d^*s3Sv'o

I -3



(3»er) nmmwmx (^R)
10.00 5.00 0.00 0.00 5.00 10.00

2.62 | 40.66 1.96 1.90 0.72f- | 2.26 

2.14 0.80-f- I 2.942.94 1 40.74 2.20 1976 0.00
0I9FI3.23 nmmmizg

l.OOf |3.57 !
3.231 -40.81 242 1977 0.00

\ 3.57| -40.92 2.65 1978 0.00
4.06| 1.02 1

ll.2ll 4.681980 0.00
11.34 | 5.36

5.881 1.232°-9>
6.50 I 1.28 I 1983 0.01 [

1.49 | 7.18

1985 0.01 [
1986 0.01 [
1987 0.01 [

1.80 19.78

1989 0.0110.9)1 1.70

12.091 1.78

2.14 |12.7212.72| 1.88 10.57

(%)(%)

sgi.i-5m (&mw) <»m%

(%)

64.35
6265

61.53 61.35 60.05
57.86 57.6O 57.56

56.98 56.10
53.39 53.74 53.72 54.48 5240

50.47
51.43 47.73

46.1949.22 49.49' 47.0647.05
• 7 > V »44.02

29j5g 29.4177.30

21.00 21.27 21.47

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
(*FE)

$1.1-60

tti9r)
, immmmmgm, Pi8 (0*2-7)

I —4



(%)

7> V *

1.11 107

0.5 -

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

$1.1-70 (S^+AS • <7>*fGNPtt:2£roff?£

turn)
re^stoBfssM^eiii^siBSrotoitiij, . xmmmtmm&m, pis (0*2-6)
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(2) EBSiJiblS]

SO'BWSS# C>8«oSftgiJSJS6 A -6 L > i99i¥Ste j3V'T6<> 

SF^Srts#v>cote®^«Xf£T:£gii5c034.7%£d3*A B8fP56^E<02l.l%frbA§ < ->x 
T£ff te LT v> .?>„ 199l#ETter4U:il:#X# (15.9%) , BSfflS-ttXS (15.5%)

E< o

*1.1-80 gsesiJE5m<7)tMM>*6& (*em) 

mm , x&4$, es/TMtis, p44

a« • *x • mmtmmxm^m^ g i # m L T# < co#%# &#

fflLTti m #u='*<fc*t6v>0 MIT-tern-tegSi¥iS, #^,##^*x#, mMk 

$ - ik#«#x#, BEnDnXSz5?E< *K 616S, mMk# - ib###(7)

#%#(0#7fte, X$<0I5S4-§te/: 7i»19904pE^C,91^$te*teTSiE-fbLTV>8o

i Tirgugij • si&suro-fsMeFfeiite x 9, ^mmm (®ls*) i^uiwi-wsfpwffE 

e%kutv's^asl, i:#f

1$ (68.0%) ## 6 a <X (58.1%) , »#IX1 (52.3%) , SS

(51.2%), s# • s^max* (51.1%) , fmm (50.2%), me<b# • it#m#x#

(48.7%) , mm - ##X# (48.2%) t*oTi3l, LTV'

jitwi-s. #m#Tte$#i:av'A#ga, -%##^*K&^co

&AitW5-E-ft-?'416.3%, 3.4%, 8.7% <b/J'5 V'CO teML, ii(i • SX ■

coSA**i3.2% r tuUkzyi?*-? teVHfl-Sflr^A'fbLTV'

arta (Mi(>raLTv^tiiv>iiM->i!) „

-*6SiSXS, E#ax#<o#A#iWte?ft?"ft4.3%, 5.2%t* 9, a L A 

%#5r*S*lfte6:ALTV'So

I —6



220 -

**«BI3*I*

88*061 mg.

H1.1-90 t* (/JvftJ®)

mm) mmmsmm&m.ti), p45

16

fioaoI|g
huhis?/\x^- «m

tijfls ■ EP®1H
r

yp^T^ 'SAb ’
L f(DM

5;6 •
ZMoSISI

mm

im&mxm

&m$is>xm
mx%

«sns«m [ 1|^||

WffifcttlSgioimim
a# - am - %*&%

50. 6%
64. 4%

■ 1 4. 4% 
■H 44. 3% 
1 62. 3%
E 24. 0%
3 62. 1 %

a) mwRmm:*wteeaT()
StilRHS*»*sttw =

48. 1%

2 3. 1%
II 51. 1 %

n 2i. 3%
51. 2%

■ 50. 2%
H 52. 3%
E 38. 5%

35. 0%

*8Ko0di:)l76| 
MSM%* 1

68. 0%
■EJ 4.

10 72. 9%
■ ~ '.1 58. 1 % 
13 42. 1 %

33] 76. 2?

iWSSSSDtJS
inssMKe

* 28. 3%

0 0.5

1211.1-10 t $e*sj±s

&PX) , i99i#m, Pm
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5T-hiWt:ttt-£$f55$<9Jt5££A"6<k, EESIS^'8.66% (1991^E) £

jicafl • m? ■ mMmmxm (6.63%) , s^iSMm-x* (5.66%) , wi • tii 

# (4.20%) > tk<t ■ ftf-ttlixfs (4.19%) , SS6SXII (3.33%) Ti'fec< „ ;»H

^ES<0#U='* (®tg«|fij) < XBoTV'-S,

<OliEEmX$ (22.0%) T*t), (14.8%) , AmX# (10.6%) , f <0#%

#x# (10.0%) , ##x# (9.5%) , m-^-fb# - -fb#m#x# (9.0%) < = Emax

#Tii*##%)t$^iof> h±#LTi511, im-e-fb#• ib#«#xm, • 

ES;tS«X$Ki5v^r • fcmffi9Hkmvio%-m (Bg#56#) 2 1±Il 

o>Jo EiSS^#io5FM/toi®|6]'ei()*)4o

-*S566F?Eti:*^*<)iSv>(Oi±g|i¥X$ (84.7%) r* 9, i4u;=fAg„a„il 

(81.4%) , A##&X# (79.4%) . E^##S*X# (76.0%) , - E^StSJ

If I* (75.4%) t)5E < ,

£ 0 Q
62 63

D

m 1.1-11® (^#21)

mm p48

I -8



cm& %)
s ft &@9t% £ W 3t

g ft 6.8 22.2 71. 1
(6.4) (21.8) (71.8)

m # * g ft 9.5 26.9 63.5
SL ft 19.5 34. 6 45.9
it ft ft 5.8 23. 7 70.4
52 m ft 6.8 21.7 71.5

(6.3) (21.2) (72. 5)
a on X ft 10.6 32.7 56.7
* ft X ft 9.5 33.4 57.1
/ < yu y • E X ft 8.5 33.2 58.2
* JS 91 »j ft 5.2 35.2 59.6
(k # X ft 14.0 29.2 56.8

*& lk#ftftx ft 9.0 33.3 57.8
# m • ft 14 X ft 7.8 34.1 58. 1
E n =Do X ft 22.0 27.4 50.6
-e CD ftk cd -fk -£ X ft 10.0 18. 0 71.9

5ti 52 DD * 5g$ ax ft 12.4 23.7 63.9
7 5 X f" v ? 52 a x ft 22.9 73.2
d- A 52 no" X ft 3.4 15.2 81.4
m ft 8.2 24.0 67.8
ft m ft 14.8 18.6 66.6
# ft 6 K X ft 6.6 25.6 67.8
A ft 52 ah X ft 2.4 18. 1 79.4
# # X ft 4.9 25.4 69.7

# ft X ft 4.3 20.2 75.6
% * ft ft ft j% X ft 4.5 19.5 76.0
a# • ft? • ftftH-fflftXJI 4.2 20. 4 75.4

$6 is ffl ft ft X ft 4.3 13.2 82.4
§ * £ X ft 4. 1 11.2 84.7
t- cD&(Dfti&m#%%% 5.6 24.9 69.5

it e ft ft X ft 4.4 23.0 72.5
-e CD ffe CD X ft 3.2 22. 1 74.6

a ft a I • & £ ft 6.0 33.2 60.8

7$) < 1 mi:. ¥B£2iE*©#0Ut.

mm) . w#, m#rr*»+m. Psi

iEsif rsn/h»su t

cmro# am)

/Jv»$I

■ <i#wm

m@ - - utx.iia^ i.

tiiij

4k#@*#k#

• mmm'

«* • Tmmmgmmm#

.*V

!fe-

-^v^scja

>^Vp

I ~9



^ -So

• a*: mm ■ #m&mm&M. em^m^m<oim^o*x>^si
•a^'JtRW (tolltJtlZLT) iSv>0

• HM7 : to##*, SliSSSS*roS!l-e-*?tolito6v^

■75^:

• : to#**, ES®^^$*<oS!l'e-^JteKiiWv>„

ztibnwiti±, -enen.(7)gi<o**(oS$»*6mLrv>a0

;i.i—21 ±$Hlcj3l75E*SiJ<7)E%!

(W$:fi)f%s-tgn, tStitit-%)
b 77 Vd K4" V 7 7

1991 1990 1987 1989 1989

97,430 (100.0) 151,090(100.0) 35,633 (100.0) 18,728 (100.0) 17,191 (100.0)

fk# 15,477 (15.9) 18,194 (12.0) 7,303 (20.5) - ( -) 3,828 (22.3)

ik#%^ 6,125 (6.3) 6,290 (4.2) - ( -) 1,782 (9.5) - ( -)

BSnaD 5,901 (6.1) - ( -) - ( -) 1,353 (7.2) - ( -)

5,091 (5.2) - ( -) 633 (1.8) 367 (2.0) - ( -)

3,601 (3.7) - ( -) 214 (0.6) - ( -) - ( -)

6,744 (6.9) 21,286 (14.1) 3,672 (10.3) 522 (2.8) 465 (2.7)

mr^M 33,828 (34.7) 25,191 (16.7) 10,080 (28.3) 5,538 (29.6) 5,367 (31.2)

15,087 (15.5) 51,983 (34.4) - ( -) - ( -) - ( -)

MS 12,861 (13.2) - ( -) 5,612 (15.7) 2,132 (11.4) 1,141 (6.6)

- ( -) 36,717 (24.3) 2,076 (5.8) 3,445 (18.4) 2,421 (14.1)

3,140 (3.2) 8,924 (5.9) 497 (1.4) 193 (1.0) - ( -)

5,476 (5.6) 13,406 (8.9) 2,065 (5.8) 1,875 (10.0) 2,600 (15.1)

mm) ra^a^fflfscMSfsnii^swsiisjj, «5#6.n, i*ssES#rM*a, p4?

I —10



e
M
DR
Dg

(5

O
oo
Os

0
-R
■K

-R
<n

Q

ng

nradtp
E
4 ~ijiin

4

i|nn

AJ
K?
4
*

S3

DR

<R
ng

ng

°i
*

4

nn
u
45
>J

K?

V
-J
11$

xz
■M
■K

£
4

v

4Ear>
r

"R
J> 0
A6 K>
AJ'r- u

s
■vro
■K
AJ

Vr"R
45 Si
4 «
46 cn
<n #

Q■MB
Q

r
hV
#
m

£>

U
45 g
>J

•R

R
~R 4
ng

#
•nn
b

ng
AJ

• m
V6

AJ
<n i]nn

Ph HS
*3
g

■ □

OH 14>
iJ XJ

«c sr
$

m
if

ant
3JS
*
*2 m
i(x M
tf <ni
■

go §
oo

o g"4- o
OJ o

m

E

ZIMiMZ:
...■.^i.i.iiLiiTJ r
li!S!ii,!.IISi!;;;li?i:l ^

ro
oo

LO

CD
CO
cn

go o o
oo to

o'Cf
Vi Vi<o o
CO

a

S3

e %
—
K #H Ar
A w-

ib
W

#K ft
cm

SE &
S3 r

e S
DR s
ng
4

s
M 55
CM #
T

cm
&

m K
4

a

rf

linn

AJ
K?
*
*1

Q
<n

K?
->

V
o

R

#
f

P
#
4
•V^J
sS
BE
S3 e

>j

u

Q
AJ

i t&\ 
, Q 

nn]( $
^ SE
# S3
# ^

W JC'
P ^

V 
o

, # 
xz AJ
^ ng

# wg
% b

# , 
e 4 
<5 #
#8 -E
BE , 
S3 ng 
fe IK

G #t ^
ng
m
am

AJ xr

%
life

linn
m
R
&
<R
•K
k
QAJ
S

Q

4j
45
>J

{vQ
R
45
R
AJ
>J

R
a

Q
<f

4n
ng

AJ SO 
<-0 

<n 45

s# 4:
BE 3^
S3 ^

#
G AJ 
&? AJ
^ >J
ng S
m
^ y
b> ^

#)
4 "R
^ 4
■nn 5

r #
4<! 4
■W6 Q

o #
H

4 ng

# M
^ b
AJ
AJ #
> j H
4J 4

-& -nn
P ,
ng aj
*K H o

s,
E #
flfe R M

K &
W S AJ

• Q (0
rf (



£
og
m

nmm,
S8$- ±*

sm
/ Viz? • 3ft
a^s • sum

l)fm ■ mn 
mm& 
mm^SEmSloo

ZJZiMS
£18

^£sjs
SjS^OO

r alSISI)
iiffi

E&ffltSM

xmvsh
mm

*t5«
£mmm

L
fiSIISfo 

«©flw>iii»a 
*31 • ?iX m®P)9H8>

1) :»«- wtrifa. 
<t¥*S. 4t?W*

2) :»g • *? ■ mutxn

I 1. 865 MR
i.2i2«n

te«®>50D#A
cjrat,#

4.525eP3

5.6S5«fl

6.425SA
2362.5804IP3

\
8.404«R

1361.942«R

1.842«P3 
087HR

0.5 1.5 2

0989^/t)

mm , i99i#m, p%65

0 M £

m±, mm,

(# : JICSTO##
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(output) lt(±, tmtwsxvbZo zn^brntittm
vxmfcmii’mtt l-c\ 2

•>a>tu, a-t,6^^-eiim^a&ygx*#@gi(o#
m:Mt£^frfiWSfflttil6j£EtoU #-»rglEJtR^fi) i ttti.

© B *Rt: t w s #yF(7)m±at*#

T0li^U. *HU M tA %rf B$t:^t)-6l790^^6l9&0f l:g6!90$l@(O#M:aj

(2)

*■ iMt-l

70 * ? 80

, ... ,y

t gn

tgl.1-140 SB(7)}5FFi±igI#g[(7)tt^j:±E4'%m

atgtf) rEfnm i:#IfJ , #3fJf#, 1985. p58~59
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a. ISIS (1750-1830#)
beiz-tom

* (?^mo-ioomm<o^m;tam$ nxv>*0 &wwa®®s ?corac,

jy.ric#t<t 7 %i.t Lrsto • 9,
z<nt7 zmjjj&wmt lt, -ero^i9ir#E#ii'*

851.1-3$ 1750#TS>61830#$T'(7)56H(Cj3t75±E4-%m

s 1m/m§&
1756 Ajla-bX > b X ^ — h y
1765 (s-aros^) 7 7 K
1766 XxA-9Em
1769 7k A 7-X x ^ h
1775 y V yX-^C»9# •J7 -< ;u 4r > V >
1779 X n y y h y
1781 7 7 >
1782 mamamAsm- 7i7'/7 7 K
1785 urn# #- h 7-f h
1792 ^xBggg v — K 7 X
1797 - x y -
1799 S6» Tf > h
1800 x X y — X
1802 immmytmzxiWMX') > h 7x77^7K
1804 h y y 4 y 7 x
1804 ### V — )V -x y y
1812 7 /\ y V — • /<;!/
1814 xy^-yyyy
1815 r-xN -
1818 ->-> Ki?i yA'-A;i/
1822 y t — y
1823 yxxy
1824 1- 7 > K4r7> V 7% yy y
1825 XT 4 —yy v y
1829 #M$oyvs### xy^-yyyy

tM) , $8, -SSx 1989, pl52~pl95£ i t K, MRIffgK
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b. (1830-1900$)
l9«a$ti?t:4Si: U

i % = i83o$^6i9oo$$

k&t) Xhh„

%@(07 7 9f- (1831$ : *®B*e'8E<o%JL 1833$ : 1837$:

###@#(0#%, 1839$ : FSS.^OjgEtifiMJ ) , -77?77x)1 (1864$:*® 

$oS%^g5$:, 1871$ : *<7>e®E8L 1873$ : ) 6oeMM-G6c>l4

LT, ^e-ivx, x-yy >6oHSi • 3H1 MS® Storing 6ff L
i: 4 o TV'S 11$, 5 ->>, 7'177'fJ'-, * y y#(0%%##CIKf
£4&^!b&6474l-TV*.6o

;<DJ: •) LT, 19Ma#$$%20#Kt:$t4T(0/'iy -7*')$-

$1.1-4$ 1830$* 61900$$ T(T)7KB1C43145±E4-%R9

56W/B35S#

1838 ms ^e-;t/7

1839 x v x -f -V—

1844 msMnmt. -e-;V7

1845 Ell 5 ->> />7
1849 TK^l ^ - l: > 77 777

1849 n - 7-

1851 5 y y%& 7 7#-

1859 X SMtoU FW>

1862 7d 11^7 7 4 X777

1868 7 a -A/X

1869 -tr;VD /f K /^ 7 7

1871 J:77 7

1876 X7/'A - ^<;i/
1877 %-7 7 7

1879 JLV 7 >

1881 J&777

1886 K A 7 7

1886 % ;l% ^ ^ A ^ — ;v

1888 /MS 7 4 JU A t 7 7 -7 h "7 7

1891 SliSBSScStoS 7 h □ — V -V —

1893 rx7EES T77

1896 t! — T 4 7
1899 7 7 7 7

HiPTr) r3 y-9-4 X#$$*J , ifi«, E$@, 1989, pl52~pl95£ t £ K, MRIftsE
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c. K-f'V (1860-1920$)
hM 7-ei±$ • *<0&i <!>& <

1860^^<bl920$i -CO t-M y KiottS • f&JItTSK

TzV-* >x<o%8H<k8$:, t -7 h -ro»'x^ng, '«77C@H, r-f --t?;vco

#1.1-5* 1860$*-61920$$T'CO K-T '7C$> W4±H*SW

% %w/\m
1856 yx

1867 i/-/ y^
1868 7 v -7 v 7 u-v > 'J-a* ;wy

1872 mumn-imms. 7 7^
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Circular Centered Single-Column Fab
For 220,000 wafers/month products, total 20,000m’ clean room area

Chemical
Recycling
System

U.P.W. Plant

Backing Pump 
Advanced Disposal System

Equipment/Maintenance Parts

Remarks
N* Gas Supply 

N, Gas Recycling 

Pure Water Supply 

i Pure Water Return 

1 Pure Water Recycling 

1 Chemicals Supply 

1 Chemicals Recycling 

1 Process Gas Exhaust 

' Fresh Air Supply

1 Air Exhausl
i Equipment Coottng Wstw 

I Equipment Cooling Weler
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* 7 7' 7 -r - ;V K X 7 h 7-7 
vol UfV

T;i/

3^70^7 7
V 7 7 X 7 i

^ ^ ;i/ 4^— 
I'Ajtt'Tv y^HX:

# &

X 'f 7 — &:> up-streamzi^sS

ma#

m^f) mri

££> -t > r ^ ^ n^c J; ^ j. U — v 3 > &£ t
#V>„

Af %%& (MO/i ! Molecular Orbital) It^h-pItiS, EPf>^"f-(OPpiD#ip#0 (*%7&

i&MSSc) &:t#t:j:c-Cy<^l%- Pf6t<D-e*6. frTiltJtliili^ttit (#iL/:M 
s- * tMiwst, i»®» t & * -> j. r -t

yff-UmftvMozt) <o-(fcjg-g-effi«-c#£„ ^-(fcB^AiiE^iciilSKIBio 
ES^-E-e*-E.»?, ^&itftu? &^&v>„ sp*,^-
f {r#mtamf(o4"o^T(omf »#gf 6^-rit^<, EE*5v>iiasetc$ovr 

mtvimttZo ee^x-=>vT-fms-a-KStm-rs rmfmmfj
6(0^EEK, & V> L¥EEKi7fe fc«f if ft Z> *£-?*£„ 

—EEl~li ^ 7> (0 A t) f t"^*Xab initio (from the
begininng) teBfWHf 9 Aft (11 5 X Z £* AEE&P A
ft, &V> Lab initioft illf-iA, ## ($EEft) LTIJ, MINDO/3S, MNDOft£
tAs*9, -etL-Pfiroyn^y A»$*S ill-S-S'O^'y-y-y i: LTMOPAC»?*-B = 

(abinitioft) 0 X o f y A t IT I ±GAUSSIAN<9X T" - y a >X*£o SHR/lit

ftl:ZoT, I* D * Tll^AEfr'ft ;$ ft S > » - X A fr'lM f, Me S ft, SB^SI 
E • ltaiJTt±#f>ft*V'i 9 &£Pjl>'#t>ftA:o
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—(MMS : Molecular Mechanics) li , K f £ $K> #§'£"&7*4- £ v> •?
f 9 L^ t #s#m%/<7 > - ^ t:#f

SUrffid JC^-<0:+#^*?&3.

ifrTWj&£tttVt.tZ>t. f 0*#%^K5-y

^ >mmg>zt\ w<oa^fz-homr!t.<$itAbti?>i7 k^^/z. mi

if, #®Si±E$a-e*^> »sx|g8BBB<S»f^K f £%e<o#&t-- y #&v'e?-(03#%#m

», t#£t 4 ; t #SR* % a t V' I. o f£, 36R(Of 9 (oy
£#3-7-timtz>mtico#®i®».wicix-eo^ffl«•tti-t

f 3, ^7 A <h LT(±
y 3 - y T^:^(OAl]ingerlC f SMM2, MMP2 ttb'tfi. < £a % *1TV> £„

A J $ A

#2.3-540 Z# (MM) iSCOKBg

ffififf) r^-T-y Ulz-ys 7APPJ , Hffl • *#, S*S, 1989, p4

& & (7> 32 £ 0

—(MD/£ ! Molecular Dynamics) t ^ A- 7- fs A-PiS (MC?i I Monte 

Carlo) IfS-f^SSa®, T < 7 7 X & £"C9 ZiiTlk (Af %^#) (0 ->ial/->3'/i
(T9 a-f-HSfAffilifl-T—-d—OT)sA**f:EP*)- .3.- h '/Oilitt

SSKtXo j:-E6 LTfl-?-pe*(Olt*:ic f x'ttM&teo -> 5 iW-ys >£(n <><o 

T% i), —2f * 's-fjjivuc—l:%7 i>nt(KgLti/>4„

;)l/:OTy5ii/-y3>ll, It*ti$co14fg • SSEtoBE, Sl^y^i-ya 
> 3y£ffi -e <o it# t o r4-##%t=m#f5H1 -> ; 3. y - y 3 > tx#ms
##t: z 63^g#m<o:t#ia#(om#^*#o -c, ia#< ;ti5

c&!), fi-fl-vftiE, S * i 7 ^Ti)% 9 „



ttS<D|8ItlcMLTTtt(OKS6fttiy.TiO<t ^

KSB*:

rl t v> a t*»

mf a foMf & fc'OJ: ? KWtffiir#otf\ fcv>o££ fctcBJt
4iSB69<tW%7)i£-S-e, ±#-eo&##%l:M#L£v^ #*ii3 > i'Jiof.m

ftMvimzjg&tzttemztzttlx<nz±7%->zt& 

tmtizm'i.'&tfhz (202o^@7>o j

££4-@o7>7- bp*-eii##^to«o|§:ltol®tcMLT^o|S»^#£o

$2.3-23$ W# • teEOSItOSlS^ffl

ti % mm&ist*<r)mM SS^te(7)«^<7H >/t? h

nmmt h (2020)

ov't,
$ tz, h

iix^f6]±x

60

# (2010)
tzo f-

KWi^-o

° fcmmm (2005) £ •) > ftMvffitfmWtlZ £ 9
60

mm) 7 v*r— HS4te*± •), MRiffrS
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i u-'>3 LT, HHSES (-'^7'

7 'l' yjzyl) i©7-/<- 3^t'a-Kr77-(7> • V-^Xr-ya'y (GWS) #
roi6i$s^s®8ts«rIts$ ftr v> * 2^ tiatt^naco#<,

0 x t££ij3 > tf i-MXf&JS M<D?> 
Ma.-9 ate U $ **#ipig<9tgi:t£t¥IM«iDffi&

:ts#a#= • tk^^efS®a<o9f?gi-• im%izt■?xm'i?>v* -? 
(/<7 k;l/ - 3 y t? i- ?) ©--XliSV'o CRAY^CD^i X t7V?SSS3X-7<- 3 y 

tr#t:256M±(oyat (X*

51! to) tm3 y pX - ? £ jSM'J3 y k? JL- ? j:Of .£^ j:ftE69&i££iJ 3 y

tf JL — ^ & JitT" t'zjv'i"o

^2.3-24* <tR6t)4-3e5IJn>fa-t?(7)®:

#5% * 7 h 7 — ^ ScDO^t $86«g 
(f- KAO

»A
its

&& #7:PE%

X-net & Mas Par MP-1100 1989 170 — 810 7 0 - 4,096
Router

MP-1200 1990 ? 16,384

SIMD
CM-1 1986 1,000 >10 0 65,536

HyperCube Thinking CM-2 1987 1,000— 6,000 1 64,000
Machine

CM-2a Model 4 1989 500 0 - 4,096

CM-2a Model 8 1989 1,060 8,192

NCUBE NCube 1(2-3200) 1989 495##. 200 >10 8,192

NCube 2-6400 1989 300-18,000 20 2 8,192
MIMD HyperCube iPSC/1 1985 172-929 100 64

Intel iPSC/2 1988 165-2,014 100 64

iPSC/860 1989 265-3,000 4 0 128

met) mri

rSH(±XX¥TA^>7)>\ %#&(/f

tO y < j- y — y a y(ctRv^^t:^6 tOjMMt^J 3 y tf a — ^ K) & 5 ihX & Q

#*$&)§:

■ MD (MolecularDynamics) 6(flW-zHStfc# ($6gtOSil(S#f-f^<OEItK'f$X.-i.)
VXfStifco-y 5 i y--> a y tix § -s^e^SffltoSiS^-ySffl&EMiJ-Y-> y £ft*>

o t L-rv>-60

• S6tti#T v> 5 v y y l±8mm A t: 12^ 1 7 yyX 7 5rlR»7;i77if 7 7,S-48®'ffio 

£&cOt%£„ ~ iX # * ii 16mm A « 32/64bit f~ y X (MSS* 0 0.6-0.8GFLOPS) £1000 
fl-y^vXlTFLOPSCO-ryy^r^^? t IXtXo Zft*rWStO/<X ($£31*'- P) (CjtlS

I -157



u at Mtear*Mo±;»s".£gt*o*3££ij-7 ->>
b-tz> (nftt ;wM) o
- ?*a±@K#o#W#&av^. SSiis^FT’nyj;^ hoi #§-<?£>•), #%03$ (? 
S : HSef-^n) -e3fc?iJ8t#a*ft9> mi 2# (4f^M) -e-e<i5-mv^%±#o#% 

5rfr& 9 ?&o
• ? n - y *aitHEtoiSIEfBt TfiEffl t S -65^ S6lil0A@$-e* 7 Htv>4„
C n.S:20A $ Tffi*1" & t 8t*fi:i±64# (3^:% : 2 4 i <l£r g*^
64#) i:iotti-)„ t$oT#*i^SffloEM!l-7-y'yo--Xl±iesv'„

as 1, iogt#ti$;6MsEx.6o
• ^9 L<i®09*a*i±it*«#^t Lr(±ffi6< ^v'twt><i*^<> l<i*v'^\ gtoii 

*< tT%jt#^t\ ##0##om5t=aa-T6/:OT* 0 , SafctgSZrV'HgiilitR 

lli*5o tt*#(icfe<
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8BWRMreSW^&cittSESfr b J$ o T is 9 , -etub/6!B1t 

to • 3fc?iJ691:316ZW:®5£;S.l?L*o tv>j„ fom&mg&emm#:#

X X A r & , v.f U: < V'A#$

lTi*o 2tLC>l;t-ISs$&$lt%-S;<A 2? AR9

^fbl±ftft$!v 5 ^ k-y 3 XES^ItS#6ti^iWiSbb • 

M'J-fbtc J: I) 29 L Z:^#re@l± $>%&&!&$:&'&& t> to i: I^J $ ft S 

a»#9#-to • *&to&##(0##g;Mm$g ATV'&o

$«A^Sti#r$JF559Tco^i|Bbl6:®lifl:7-%b$f,/Uxi;j3tt4e:FZ)fc^-to##re

fg, %bfmf#(OX 7 b V-^-fb^rnlfflCULTfllTtOJ: 9 I-jzE^Tv>2,„

:

r X l±#m (; l±mfZAf l@X(i##g L&vv

bl/jS; <9 x X ^ Z - /j ;'£- ^ ^ , K)fB~ lOOffl !M* to TtlAX A A M M® X A- A ft * X (Ato
*J6(;ii3E‘fi®ip-bi'CffiiJfp-C# Z> 2 t A x 3 A A 4 t «6-CiKllltoAt:Aft-2> *

»i;li, SfcTlfitoA^toAftAX'ftXb & itftlfS b & v>) „ L-XL-e^SSt##1911 

<h&>Z (l@to##^bAX6. 4 AlA~100Zffliiilitofi-£XM,il/cD

«A% b m:+A #to t:# A 6) „ 2to##re@£$9 A-*5tomix Sf^ tf*«I

(#a L^amto#*^*cX:A^T'/wx»m+L^f w) „ j

gAfgretoAx b 7-A
Fl:A%iS'7'/'XxsyH'fbto*X x b t LT, ti6Eto«E-fb<>lSAX\ #WfbtoAAI= 

i±, -E-ft-eftoiAStor M * a 9 Zo-ro& <*»\ A uzM^aiAcf 6X, tv>7 

A*7 b 7-Mtcore® (Mr A-ft&W) «It:^4„ ®lx. li'ffl * to x A XXto®t£ 
t±SIS-e # -C •h, m<D##gl±*%A#LMZ 9 ft, 2 to 4 9

sarab^o j

(4)

ttz. 9- mum • si) ia

8 & L /:## t@W#Aft #Z#mA & 14 L ^ 9 ftH LTttTtoU?

{■jfotii'Jo &£2to|6StolA811ft9>v>i:i;i$IIE5£SBg$fL/:v>0

:
rm#aiBW#Al:#S#m 1*9 j: 9 &5ivf6ft&B LTv>£„ AFE P] ± to 3 
; a-X-'X a X(i2to#@to^MT* 1, 8%#toA^bf Are*6f##to##^:#

-xxx nx-bA-v e X, *91, * 

gl±6B#'CBStoi:j3 2-3rv^il*^^ t»^Are«#^X:a, SB • BiSittZ, 

lire (n x X V X X b) 2%# (3^rr>3>) & ifto X » a X A 7Ss9to8lv>0 J
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\mmmMxbho o .

$ /-:Ii@v>L Wc». 7 - V x^i8#%4omi:7-V i*&£%99 

( . 1822*) LTfrbVm, 18ffi^*(C--K7>* l/«r/7-WX

#^*^A*Maiato:9-ffl;"eSES$S^#B Lfcfccoto, #< to6

L^L^»?^l974*n@»*x*5v>i±*l6S$a»?SUf6M4*^i:Eg5ni6»7,Co 
icoW®t;ii, tO**^®J«a^(ci5it^>E®->xt AcoE^'SitetoX:^

So *i7liTH02)^r<M«;#8fyXfAi>t>tilU0

(5)

#2.3-550 9FE®¥1Si: <£ 5 * * x$5U<0%£. 

ttiE) MRI

itO*E®¥ff(i riteelkMJ i?*S(ct**t>tb-f, 7 >yA65^#.?iJ64tr„ 40*9 
«lr»>lcEx.S^ireS:< S’kSM'J^'feAaito l<9C40*fi*tl±|B]D^?iJL**S 
ii&v^ ## (toM$fc£) »#%-e#^v'E0o M'JtoSS 6*7t^'ttTl±S*toM'J 
£*«-e§&v>0 sjiii»*x6o*ato^«-e*So ^<oj; ? &$8u±iB®->XT A-ei± 
4Ci;v>0

iaicito^ tli, —Btt*li:Ex.SSS"C*or <), Iliy>7A4>7M*iv3T 

A^^tOZ 7 LTV^StO-e* 0 , fflyXf A?x.rag-e§tuf

EJt*co*SiJ^pTt6Ti)S i <h i/T®Ltv>5„

S t6< 7 >/A»mi#i:L**l^V'#a^#v<o L 

<>i;tO##l:-y y 7;i/^$giJtO#t^#/LTv^S„ * * x l± Z to J: 7
tOjN AtoKft^a^lcfe/cib U -S,E$lKl,x.S$*to<S99tc)699^ <>Z:^tTiT
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tiitt&Jfo TV'£„
I: M f 6 6 J# X s y V h >V7x-Xi/y Fffttv'o/;#

1:23126##%
34\ r*y XXff 5 XXj i:#iE® & v L * * x o T v> S

f/XXAtxj »5-Sisnrv>^0
(fif?Elii6]p$$fl^ • $fl) liTtztxSi/y

?xr*xxx#j anfA-xv^ (ma##,
No.348> JUNE 1992s p5) „ R8b$:@t2 ** X CO If:69Sffl<061614 i: L"ts »*X-j.-
7;^')’ r//, $nei2 u
*>af/wx^xx, **x^v, *xx#^-6s »*xy<x-
>SE, *4XT-K »*Xy>ib §\ *7fXff< y X$U##»#lfTW6 (%3# 
#s No.348, JUNE 1992s p6) „ A <0 2 9 1C # X X cOlSffl^SJ 12*^24^ <b X^s ###s
Stiric^ss-egetctfijAvy AtxA^#(o#%**#a L-cmg^ammrAa. # 
m#/* tXI#l:-3V^Tiis $ng$co6®toES<0 23l£6SRSS:h-Z:V'„

^S®tcMat-E>T-vi: LTs \V') h >J /45&B imVX^&o y 'J hxiffijift
ateifjts a ep*, «;
&T&6. y V h >ii#a#-S&»»-eBSSii-&SISi-e*&o *Sc9**E^i6S<oE
<oi*$i2y v 2 xc*& a#6fiTV'&. 6m*#y V h >s

* 6 iS*6"e%6.f' 6 rtSfi^EE y v 2 >£fc'X>:*n7>JL-cv>6o a 
i®a?io7D7T^rti>4 resale j t-ix y v f'/ejrxa-f^jirtsi 
icTl'J. Xyx'y-li riN&BMiJcO'SgJ tibJilii', XyXvcH:j3126 24 X
y##y v 2 >J 12 y v 2 (SliST-Kdv*^ fcnfii'<i-$>) cxtilfic
-eroS6^S5fi, HE12 2 oTFtESXT:, y v 2 6^ei2»a#
cRotis m#s xyxvs *mm^#s m##, sexix 6#%a#^a"#Ri:6
2- 6 o

#t:3yfl<oB.|S>‘b&B ^WSllstirv-scoti %y v t- xii-BJ t%6 = r*y v 
2>J 74,^*-a®K{$9#xl2s AT&T^Wf^EKSilUTVXzgejIlSfi; (S
6s *K*#X#@m@X###m) *U9736l:^XW(0|a]#X/<- 2 
SjU:25V'TtO»raSto(cieS5#iZ:o - <oai»l23fc6S4S12-ft i $ titefr-? tztf, 
1980# l:^<x# cot yfy -s x 2-x> f>;4{f|@;ic2 oTKRF U f <0#*# - a#W 
®xw?E^t.at7iiauxo a^ffi-ei2s 5y>a*i:2j»f»s xxtn >x-b 
>x - • y <) 2 >s £<n%L^m±wi* tm.%nxtzo mm?&, es

2 7 7 2/<-coR%s xxkf* A • 7 7 4 ^-jbVm&WiOWMK V V 2 yjfc 
affiro^ffl6¥%®Sbt2ttn^tzo 1992X7/J®t:(2at&t^<XfiJfTM*1, 104"*'fcfy 2 (1 
ft y 41754 XU y 2 X -$6fl-S!|2X * > 4 4) COfi-52 £ lTjlOOOkm 1> c0®8| & *£686X6 
af6##l:&%Ls NTTcO6'(R6t204*"Uy 2 (If-V y XX) cO-fl^S- 1000kmti.±6 
agx-aztcagiL/:.
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iS 0 T£>So 

ISIIB :

• #R^Rl: UVJb Sr v'fric JgJtt 6^?

• affiSSSrf r f

• 6 £®j& ?WcVJ b y li t'omm $ -C$6* ?

y V b Ittitste ib & vtimitiTO

StRB:

• y V b V'J b >0X^7 t
V> Z 7 lzi~& fz)t)iZiit'7 ttllfx ?

• &mBt<r)£@m££<OJ:i c LTffy * ?

c<yj: y £i$iif2?$Sfvcv>-6i(>co<o. y V b yiMii, fe&iiJt UEiiSg!i<oW;fr-c, 
t$*->XT A<o|BS^*:1i@^±Elorv^0 gjtyxfitli, £bR£Mtc J: & HE A £ B 
itJ*t!>, ##m&TTma'R^4fot:^6»Ry7 b 7 7-Y/<-

## (4##) os^ib? b
3^bi>?>, i**re-y bm±<oy%f At±aaA,a-^w#-e*6. ## 03-Ryy b77 
-</<-) coti-s-, tzzw) b y ^s-rs-

1992B- ro AT&T a JVffi <o C W e bt/- i -) IA

Bifl'ISt)!nf bk"C A 5 o g ^ t" \ 7 V h y (0 bl lZ,®e£ (self-organization) t/U V» 6 t \ #f"T 
?-e L% < T 6, y*iH:$$^y V b y@#{rftO fbf ^
&60 i<0 ,t y teZ. ii6»f)tt^JI|Rgl±, nktMttoSiSjfcilHglty V h y I:Svc-teC 
&v>J , a#iTV'&o

*

---------------- -f&----------------------

3

------------------------------------------

iTia/;U-^i77Ji:(:Ui;t«;T?5; n'z, (; Atn S A T :± C

/:*, TCf-Bco j: 9 1:, %::&coguACg V %. ilf'ACT ‘) 35 -

2: c V t. "f-yjJsS. SSuvo til * ->tzi t r.u i (*7 7 </'-%'-' 

Ali". A/'7uy C%(:ts] %<;'/)''7< )= A /:' U. - - IX IX 'A
tgcmmgy-'Ay T v.-a v/;$9, 5e±IZlE U v t U l - X.v.

tam) Hgtfi'/X, 1992^12fl-§-, p33

1

Jt

2

______________________________________

3

*7 r <v v b >c, »-as* 

RilESR^SaSCJiyTffbni, Zffm^ii. StThgvAtiivA^t'y 
t ^ !2g4l*^^#x.i£. ««£rj!:h/)-6s gC, ±

(7)07) J; 7 I2. mac L/:L'(:,\-7,\"7(:%-3T I' < (i7?-f/'-T3u

is; ^/stuaA'magaceuT&^o-cL* -)). numsa^c.

S2.3-56H V V h
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^UlcOT'y^r- V'J h > 75*2000-20101^

f&<b?#j2fL-CV'ao

tx, V'JPa ^jL-yixv
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S2.3-57H t>*Z

91

ttipJr) JICSTr-*), MRIft$

JICSTr-^ MRlfp^c
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^2.3-59m

ttipJr) JICSTt*- * ^ - X </)&% l 9. MRlffrS
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2.3.3 ■ E^-lb

8M.foS-g-ffc • IHHfc (S#t:-3V>Tli2.2.i(3)#fiS) n

(1) t77U>-9,ESJ:U

© a^w# 

r*am&:

X i^U-7- + Jf'f) <h*-**'y (Smtt) OffiMCiot,

EEti t7W + yf'jf-(-t

#-^ib(0%iat:A6^h'9 Milf-b75 72 • TXf-iX-X&Cjlf,

aaiffl y x- x y/<-^) , ##m, $maw#

(f-yoft# : -X/V-7t-X% *#M#0ea*:0, *- b7*-»X

a##) . #=#m (^S-eoESiii^TSSL^v'o-e, -eos*65rPPx.4 7XT'f x •

, m#m (S*E^®$fflox-v- bx* 

>m >fc k*iHe;v'E-ffl*s* •) > Zti?ti<D&Ffl9£Kt-oTZ'<v t-hmtiho itt&fc’ti 

t X < 7 X • i a tT# 6o J

7y■‘r— bm$em?t#a • ma#-e-#a,#o#'e-##omm^?#j$K-cv'

■b o

© xxx'?####

SBika:

\M.'&m&<n>m3i£t LT*M$t!t!£Afr^-oTV'.B'/xXvfAM-^y > X 9 A (## 

$i53$flS) 884^=W&2#-#f lEy (4-f T6E

a) = y9X-?M%#o*^6f, *a> ####, ^Sffrxn-kx,
^& lt!& $: ft & -? T v > S „ %oiiA4: A (####SG) . #

ati-Eo^W^A GB,65SXr - -> a XiE-e-flF^'S) , £S*o!8?l6SX, *B#oam

S/V&iTiir'tp-L'M’kgglfSMi: IT^o-CtjibfiSo J
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smamfs:

K#uspro«&*e>v^

D*SS (S4t4±fc LrSfi&MSSw—'f) k<n>im<o'£xt>
s3^7n*s^rtrtijteoeii^- Kii5c£tc#«£tu

C&% E,K, K-ffca*

i<D£9^3^-7-f 7®«k-xt

«f- y-'SrSatiiili, U—

tSf|:«:J„ ref-7^ 7 o l%--fj kt^XX^^io J

© E1S$64!V$I (@vra$g&$Sfc$b»vf*$8$!LII(7)to^^-tir)

:
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The project
"ATOM TECHNOLOGY" 
for the Coming Century

Kazunobu TANAKA

National Institute for 
Advanced Interdisciplinary Research

• Background

Needs for Nanotechnology 
Nanoscience

• The New Project entitled 
Ultimate Manipulation of Atoms and 
Molecules (Atom Technology)

Organization - Implementation 
Research areas

• Scope
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Background

• Electronic devices
Post giga-chip technology 
Miniaturization down to nanometers 
Quantum-mechanical devices 
Molecular devices

# Materials

Ultra thin films, Superlattices 
Synthesis (Assemblies) of nanostructures 
Clusters 
Porous Si

" Processes dynamic atomic-scale 
observation and control 

new chemical phenomena

Structures atomic-scale
observation and identification 

new nanostructures

Properties non-bulk properties 
new physical phenomena
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Common Needs

• To Develop Atomic-scale Technology 
(Observation and Manipulation)

- Nanotechnology
I

To Explore Atomic-Scale Phenomena 
(Physics and Chemistry)

- Nanoscience

# Electronics, Materials Science, Surface 
Chemistry & Physics, Biotechnology, 
Genetic Engineering

» SPM - STM, AFM, ------  (Rohrer & Binnig)
Breakthrough Technology

But, still far from maturity from an application 
point of view
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ATOM TECHNOLOGY
Ultimate Manipulation of 
Atoms and Molecules

Initiated in 1992 FY
National R&D Program sponsored by MITI
¥25 billion (—$210 millions) for 10 yrs

—¥ 1.1 billion for 1992 FY 
—¥1.2 billion + a for 1993 FY

Long - term fundamental research
Generic technology

Electronics 
Chemical Ind.
Biotechnology

Implemented through the concentrated 
joint research system



Reorganization of AIST Labs
{$% . W3

Nat'l Res. Lab of Metrology ----- ►
Mechanical Eng. Lab ------►

Nat'l Inst, of Bioscience and 
Human - technology

Nat'l Inst, of Materials and 
Chemical Research

N'Ew LAB____________

Nat’l Inst, for Advanced 
Interdisciplinary Research 
(NAIR)

Geological Survey of Japan 
Electrotechnical Lab.
Nat'l Res. Inst, for 

Pollution and Resources 
Gov. Ind. Dev. Lab., 
Hokkaido 
Tohoku,
Nagoya,
Osaka,
Chugoku,
Shikoku,
Kyushu

Nat'l Chem. Lab for Industry

Fermentation Res. Lab.

Res. Inst, for Polymers and 
Textiles

Ind. Products Res. Inst.
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NAIR
National Institute for Advanced 
Interdisciplinary Research 
AIST, MITI

founded on the 1st of January, 1993

Pv-o^ . T. OK0SHI CO>tc1otr-Gi*MeHi|;

Research Groups of NAIR

-> ATOM TECHNOLOGY
- National R&D Program

CLUSTER SCIENCE
- In - house Research

BIONIC DESIGN
- In - house Research
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ATP
Angstrom Technology Partnership 
founded on the 16th of February, 1993

Technology Research Consortium 
commissioned the task of carrying out the 
project "Atom Technology"

30 private companies 
including overseas companies
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Organization (in process )

Research Body 
for

Atom Technology

NAIR L|Joint Research 
contract

L------------------  ----------

'

4- ATP
A A A A

Nat'I 
Labs

5 Institutes 2Univs

Technology
Partnership

Private 
Businesses

30 Companies

rm
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ATOM TECHNOLOGY
Ultimate Manipulation of

Atoms and Molecules

RESEARCH AREAS
(The Phase I for first 6 years)

Atoms and molecules on solid surface 
SPM, Beam techniques,
Nano-scale structures, Self limiting.

Atom clusters in 3-dimensional space
Ion trap, formation of nanostructure 
Self organization

Molecules in organic and bio-materials 
Atomic - level observation

Theories of atomic and
molecular processes 

First - principle studies
I

7 RESEARCH GROUPS of "RBAT"
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Personnel
Research Body for 
Atom Technology

Project Leader
E. Maruyama

Sub - Leaders 
K. Terakura 
K. Tanaka

Group Leaders 
H. Tokumoto 
M. Ichikawa 
M. Ozeki 
T. Okada 
T. Kanayama 
K. Tanaka 
K. Terakura

(ATP)

( Univ. of Tokyo, NAIR ) 
(NAIR)

(NAIR)
(ATP)
(ATP)
(ATP)
(NAIR)
(Concurrently)
(Concurrently)

45 people in total
(May, 1993)
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• SPM ( STM, AFM,- • •)

•In - situ, Dynamical 
Characterization

• Self - organization
( micro —^ macro )

• First Principle Studies
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' WWMtWW

Collision
Reaction
Coalescence

PROCESS

Local Probe 
Beam 
kT, hv, E

Diffusion
Reaction
Etching
Deposition

y Collective process, Single-atom process y

In-Situ Dynamic Microscopic Observation

Chemistry, Physics, Thermodynamics

.nmuinmrnwmumimwAmummi First Principle Theoretical Study
V < 

> f

CONTROL BY SELF-ORGANIZATION MECHANISM

Self-assembly Self-limiting

NANOMETER-SCALE STRUCTURE
Designed in 
atomic scale

non-equilibrium
(not necessarily, but mostly)

In-Situ Static Atomic-level Observation

I
NEW PHENOMENA
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ATOM TEcfrKloWXrV PROJECT 
|<?<?l-iool TY

Atom-Molecule Space Plan

laser cooling
collision
reaction (docking)

wto
position control

experimental

THEORETI CAL-

probe

light
heat

launching

laser cooling 
ion trapping

space
operations

ionization

field
evaporation

ground
operations

soft landing
reaction/ 
agglomeration 
(surface cluster)

launching site 
(terrace,edge)
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