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Technology Strategy for Japanese Materials Industry
(Summary)

The materials industry has been an important one in Japan. In the recent trend 

of globalization, profitability of the materials industry begin to decline, so it is 

desirable to bolster its global competitiveness and respond to social needs. This 

research work has carried out with the following objectives:

1) to survey the changes of academic, scientific and technical trends 

(technological innovation) in the materials technology;

2) to survey the present condition and prospect for industrial / technological 

competitiveness, and other items;

3) to clarify the social issues and targets which should be pursued by the 

materials industry from now on;

and

4) to propose the means for achieving those targets as a technological strategy.

The Materials Industrial Technological Strategy Committee and four working 

groups -i.e.WGl (Establishment for the strategic organization) ,WG2 (Priority 

materials technology) ,WG3 (Network) ,and WG4 (Cooperative research between 

the industry, universities and the government) were organized in the Japan 

Research and Development Center for Metals (JRCM). They were composed of 

the representatives from universities, corporations and national research 

institutes. And with the participation of related sections in Ministry of 

International Trade and Industry, the survey and research were carried out 

with respect to the following areas: l) the present industrial competitiveness 

and technology, 2) problems hindering technological innovation and, 3) future 

prospects and general strategy for their realization, etc.

The results of this work are briefly described below.

The present materials industry is one of Japan's core industries and possesses 

the highest level technology in the world. However, lately the rate of producer's 

shipments, productivity and research and development has decreased in the 

manufacturing industry overall. So it is anxious about beginning to fall off its
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competitiveness. Problems hindering technological innovation are as follows:

1) Lack of strategies (all-purpose research and development)

2) A little cooperative work among the industry, universities and the 

government

3) No improvement of the intellectual basis (data base, etc.)

4) Lack of strategy for international standardization

5) Absence of the intellectual property rights system

6) Poor in natural resources

7) Competition and cooperation in the materials research and development

8) Budgetary and the other institutional regulations

The foundation technologies to bolster the future competitiveness in the 

materials industry are as follows:

1) Manufacturing processes for improving the efficiency of resources and energy

2) Design and evaluation technology on the fine structure and atomic levels

3) Bipolarization of high-purity and complex

4) Smart materials

5) Surface treatment and coating technologies

6) Computer aided development of new materials and manufacturing 

technologies

In response to social needs and restrictions, it is desirable to ask for the 

materials technologies which make contribution to a circulatory economic society 

in harmony with the environment, the stable supply of energy, the 

information-oriented society, and a society that enables safe and peaceful 

lifestyles to be led.
We propose the following five strategies industry based on the common 

understanding so that the materials industry ample research and development 

and lead to the best materials technological innovation in the world by 2010.

1) Materials technological strategy planning

2) Cooperative work among the industry, universities and the government

3) Construction of the intellectual basis and strategy for standardization

4) Reform of intellectual property rights

5) Resources strategy planning
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5 ####(% OECD

t-DtcS ^¥(1986, 1990, 1993 ¥) <£>±T U & T> 0¥^'ilUi^< (20.97 %), 

T P< V (19.35 %), ^50 (15.57 %) (All t & o T (A 5 0

2.14 O E C D^tltlCct^B, #. K'T'VOWSSISOJtlS

1986 ¥ 1990 ¥ 1993 ¥

355 Rubber Products 0* 2,686 3,376 3,196

3'AHpb 20,970 25,645 28,866

K-ry 16,942 18,538 18,318

356 Plastic Products, nec 0* 8,391 10,768 10,994

X^X^-y X»pnp 52,313 78,253 96,291

x 36,482 55,341 61,337

36 Non-Metallic Minaral 0* 8,669 10,671 10,233

Products 57,233 66,463 69,002

a P< V 40,327 49,806 63,705

37 Basic Metal Industries 0* 18,497 23,927 19,161

S $!l sfe )S $ # 96,550 134,281 128,644

2/ 85,125 97,800 79,704

381 Metal Products a* 14,273 20,032 20,079

ife JS §S no 124,306 145,025 154,819

90,716 121,089 134,444

Total 0 * 52,516 68,774 63,663

351,372 449,667 477,622

269,592 342,574 357,508

mm# Total 0* 253,620 325,163 310,345

2,245,240 2,861,273 3,112,415

1,416,080 1,770,327 1,855,503

m ia # (3 rb SA -§ B* 20.71 21.15 20.51

tKH 15.65 15.72 15.35

(%> 19.04 19.35 19.27

[titiA : INDUSTRIAL STRUCTURE STATISTICS 1995 (OECD)]
&) 0¥=io#pu = p<v = gn'7¥^
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fcfc^H©4*fig7l$ 1 aT±@oT©6„
- Tl y^iiT*5Sf • SIi8gS*.
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©U^U B$©4#«#A#kL ^D-/\*;HE6je6i)T*5 0. ^ U xx^ll-totEiS 

stiiKTtt, yn-;\*;ncatitf.
a*®fb*tt#iifeii©->x7tteTUT©6t>.

©K#*$©ATK. SftT'fetitfF© h v©774©&&Ai. 3% ifi¥.

ifi K 7 V 7 |g H ^ 5. © i6 © 1: If T « L © ® «tc -S o 

@B*©iESS*tt. toHlcabflfj;©$W7)'6741X7'f lV*T©aSi$#*i$:i7j;

7 vu, m*©m#»<xemmu. f ©
±T&H^'»Stt*©fc©©e*'iafflSf#7)^ tW-STil).

®t 7 > lOfStt 1990 ®IS© 8,629 7f h > 6 H-7 IcT$E|b]T#6S L. 1998 f @ 

If 7,072 Jh>JT'S'>lTl'5. HA7-*-ICi:oT1z7> M1f#©EilLH 

ffisiTJt L-©©^J|tt7r&5„
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t6> ■& =
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*7X430. *»HE^4-«©EHX$)5.
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BA©±##©*50%. 6W###©% 90 %&6A6.

©fc»SB©E»!*S*tt. ##. S$eSrfiKft j: a: fclcKAU. 1973 E© 1.2 fit h > 
£ tf-X i:#ti l (S h > lxXR/Xm#X6 6. 1998 EMS©<8T51:4: 0 sMEtt 
10.5 %«© 9,355 77 h>a:S,aiC$BiA*. itSISTttSS oTftiiftttfflgt# 
S It A £ < SE L-T11-5.

©fi#Pl»l7j3UT. EU &BXIt 1 B 1 a#H{fc**itfT-f 3 t tfetC. 7y*7Tt) 
POSCO •5X£7)X 43 7)lB©StP*©lfcll*Mt3;${bUT43B-f. tl
a©«fittfiTf■5ti!fei;. BBroc*T5E±^Ei£*ttffi*?FX6 5>„ $*,
etp*WXtt, E6n7cBAmex#Vi>l64>^St,>TV-5.

®4D»7H©tt8iltt. S@,©SK. xXR/f-e#e#X#%© P 7 ©l/^71/©R#i* 
5WLT43 0 . A#a^#*at:Mux«ma©i@im&#$*^a©#m^&#Lx 
t76„ $A, 1974E0,$m^:X##LX^6.

©4-#. ###%#!: j;6t##©[ni±#. fi**lci]Dx7c3X h*S#f7i5ift. #%*
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®71ti5 ©ffifflBli, I960 ¥^6*9 17 (SICftiB <21.5 70 b 378.7 75>>). IO

U -»####(# A) ©fc», 3$ 2 *5 MS ms S3 El;:, 7^5®tttt
VTS6 l %*#?&&.

©EffiStt. Hitilt* 7.3 %, #Att¥ 3.6 aBk#*

tt&mM^eKfiMKSET-KSgLT^SKjt^ X + -IC&-5. #S# 1 6(7

J(37). SB 2 6(APA) todttti, t)A^a^#(D&m#j:

© 1999 ¥ 8 fl 1C, ffiA©T*8£r»(1i±#SB 1 6. SB 2 6) ^i^n, ±62&T 

tits© 40 %rot6^'feS6 6i», Stitb^lRUTV^. 

@i|6t37)SHTttigMIS«IIIC j: OffiiRS**<i:7j:oT*5t), IMS
#4-m©a@.

(7) 77-0-tr55 OXgjil

®titS. 5S«. %*^f-#©)A$E^m#©%«. A4©&R*#©tin±©#^m6&'

m©#m - ammimama&f L&Ag<%© (
1.7 sm- GNP © 0.4 %) 7)S. BBWCBl'yxT (tit#$#© 50 

tfSA=ktK$nDa«):LT*ttUT©5>eS • WfflftHttJA© (»50^R)„ 

©titotWCttL. S-**&«($. iSBSAtt. 6-7^,
SRffttTtJ, tiflStt. ffitiDXtt. g<6TS©3X MOStOn-S.

tee*. ic/o-y-o (->x7»85%)

#, tits© hooTetiiAsKBSSftisa. a©a^m#*&#L--c©6.
@t)»s'Hlct5tti-5«*©e$. ai'S«S18». a— 

*©7H>t7i77Xllffl«^T<65. 4-m. SiUUfiJtflttE

(V 7 h 4x7) $,-e.©tt¥RMZj:tiiEyn-fex©IH%Sl: j; 0 0

(8) t?; oxgas
®*i#t75 vXX©?B#Ag#H 1996 f T 1.6 S P) <h/h $ © 7)X 7X7A^.©#&# 

i$Ui 50 imtmfcZti. #iSti#ttS6S:*© 20 %5S

T&6AX «S7-ntizXS#l;$tl. titS->x7« 50 

©-t 7 5 7 X Xiti»Ttttt< >X7A t UTt#S6"f S-&S7ys$> D . @#g(#IC. giJ] 

S. #f####)
d)t7i -y XX^«tat*ICffit*-t75 -y XX©#£m, S)g©n-tXS«ICMVTB

TvTSSB j:©3X H^TmilT*-5. 

@E7-X'©%ii, yXfAtfflT-yf/A ft*©®*.
B <ti & -5 „
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2. 2 fifiSHSMro&S

2.2.1 ttflsn&ffigmai

i'6i*Si®iASfiU. 7'at78#il:&A&%x. iSS,K, 4*@il 0 ©|6]±&£*£ 

SSt-5iitCJ;0. #IC. S^Ot^ll-ya 7?, &#

iS^Ttt. ftfli • (ex.

(1 )#*4&*
t-ffitt. f rsiStifi ($118: • lEffl. ESffl. ESEffl-)]-

r«tgtifi (if-tifi. ic*susti. sa,

8#rtot#B£UT, S*SE®E%tt@:*-e65tuk t)C)7)'*#< . 

iSSfcT^3 ^ £ 7&<£>£-&£>&«« A U 5S«*IC®nrt'-5o

s 6ic, 0 roafc##7.--y-,---x'icWBeMSt"5/t»<7)ftEE%

£®ss$, fiaM&#fi£erofc<&®#;e •
h 7 7*lxA;K0tSffi£W-f5 £ £ £

ts.z>tz,

*7;. «ffi*m£LTtt. ifi^. «gg®Sx*;i/4;-fbroSS^t»«ii(Sy-$fto®B<h 

6 7 U n >7x-A. 17 3 y 7

X3>f>t-, 7f M77%7m*##(Dmm##. eatstt. ?s$t#tt#ic«fi7c«

Cflb©#tBtiStortT#S®tt$7d7JxSI,i^, BlcftS 

< #*7)5M8#StlTH-5„

(2 )^o
WflES^AifBCK^UZtfiSfiKftXIll-tt. -KS«R)T<7it(8£«C*£ U7cg*<»A 

rnit. SiKflx iBiSft. gmfb77f-A0#A#. • 4Sttroifi]±l:J;-5nx S

ess^wiedf-5i$#iM%7)sf7tin. £<d*s$,

(tfc. S bi;, **#.
;til>?>, S*<7^'f;i/73 7 7(76^17 =kD. A*g&=tx

#AAiRk7i%££t)l:. SSEEroiRttSH-S/ttoroWS^HS 

ai«l©l<7)S*(7MF*. #Ati#Ab7l&#. ## h -y 7X;Vtoftffi7)'"*fB{bSnTl^„ 

$/r, x-tf-gSHA (Oit|W|M#l;X 0 .
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2.2.2 mmmftffizmzmmm

2.7^M(mm#(D27%)T, ^±^e^#1t$^3.4%(h

(fij^^ 1980 ^:47%— 1998¥:28%) =

('nm9tn]o£itm±w>m9zmtt mom®
frrfmVttWMMlZ&ltZffiZcgte, 1970 #(D 4,066 IR^b 1997 #(:H 2 & 6,796 

#Mch 6.6 {g(:i#tOLTW6o IrIMT, 8.9 {S> M< V 5.7 7 9>X 13.5 fg

(h^T ^iogit)±# < lito vtv^o Wo

2.15 ±&m<Dmmm%mmt<Dm® <*<d 1 >
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2.15 ±KH®ttH£SK8iJ0FX!t0)Jft8 <*(D3>

1 6000

A 12000

? 6000

- - * x_

—t«t£*

--X-tils
— tt.Mif K.

[mm :

t>^'B(D^^0Elg|JjSSr'<h(7)5E±lWM^Si:b^ti, 1997 4H:jo^Tfb# 5.2 %, rf

A#a%# 3.8 2.9 , ^########33^ 2 %##(1.5 - 2.4 %)

1970 ^(D 1.4%7^ 6 1997 3.4% £ if fin b T 43 0 , ill

Tteb 1970 *F<7) 34.2% 7^ 6 1997 27.3% tl&M L T33 0 , 1970 *Fffl 2f W K «

LTW^).
^KB 4.0 %(1996

4.0 % (1995 ^) tU-D T43 0 , 0 iti^o
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2.16

** 4.0

^##%t

« ib^it

-^^7Xf'^SaDp
It

— #*

—mmt

—$ St ^ R X S
-4«#II*

¥$fi

[in*: mmlfMtmm r«.

2.i7
(#@ : HR)

1970 1975 1980 1990 1995 1997
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53,207 a,

105,243 a, *® • 70,190 Att£?T^
'b o

2.2 3
(#@ : A)

1980 1990 1995 1998

#### 2,075 2,613 2,567 2,399

8,198 12,443 12,801 12,628

-tr 7 5 -v ? Be 5,291 7,111 6,976 6,263

$kmmm 9,980 10,247 10,220 10,355

11,118 10,928 11,601 11,058
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A 66^)0 1970 (16,071 {40 If M M fpJ £ tk L fz ft,
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1980 (11,370 ft)HU. 1995 (22,797 ft)
STifJP UTV'5 b «©, gifi (1998 ft) Tti;^-'hili$,>ttl=11: 6 5,

2.25
(#@ : ttSc)

#### 1980 1990 1995 1998

ttSES 114 78 89 86

10,300 15,600 21,600 20,000
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**## 322 320 421 351

337 362 457 343

68 93 77 85

A g+ 11,252 16,634 22,826 21,065

[ttiS : SMd'btru >^]

flja IS 15.6 % i, E#(27.3 %), #@#(16.7 %)I:^DT$1%
KftHTti, m$, ft##i5 4;l):*# • 7 ft ft x>x»5tut)

n5W5?»5fraSiXR7iS#< , # I:. * - $Tia 60 %S-#xTU5 (t)!)SBTll 49.2 %).

tew<otifif4f^R(:dbi6()56>7)tB0S5:»roxx7tt. i5.i%T6 0. ftffgmi# 
t)Hu (i-ftSfftiSjti; 9.7%). ftfc. kTiSEI(7)l65:7)t‘llfflSnfcttS(->x7m. tt» 
S#T 13.5% Okli 38.1%) T6 0, (£ft»ft*3tt
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2.2 8 fctfSOllJtj&igUflSftfcmSK&viT

5/%7(%) JEfi # %

#### 13.5 2 lit = 3fcHI 38.1 %

11.7 2 1 # = 36.2 %

# a 12.2 3 1 it^^m 43.7 %> 2 it = t&m 14.3 %

{L # 11.4 3 1 # = 38.9 %, 2{5 = BS 11.5 %

9.4 3 1 <5 = ^13 43.6 %, 2 it = ^m 14.6 %

• ftit¥ 8.7 3 1 e = AH 56.0 %, 2tit = $H 10.6 %

7.8 4 1 it = ^m 52.1 %, 2{i = ^IU 10.9 %
3 = 8.8 %

[tfjlft : A l.ll tt E th $5tjf Af/r rNational Science Indicators on Diskette,1981-1997J ] 
E) 7X70S1IJ 1993 ~ 1997 <0Sat#6 Siti

(5&)«t;ES 1975 $
aB, liittitifflsegllit: 1998 ¥i:
H 1,631 (SM, 4,476 fti:fs.o rt>-5„ #i:. IS, SEHAt)ict|6aL

T©6. L^L. 1 ESA 0 tottSI6ttiS®ISli, 1975 4t©*<] 4,450 EM70 b 1998 ¥ 
I: li*tl 3,640 EM ALT(4-5.

-A, 1998 2,146 ft £ 1975 AHRASkSlto
ftiE®0, 1,063 mm6 1975 <faomnUTt'-s. 0$ 0,
1 E S E 0 ©E««Ait®5?&StttattLTl>^) (ft 2,580 EM4,960 EM).
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*tu#s, X'##@©#Mfb©m##B7)^@© C 6A) 6 , S6Zj:-5'f>-fe>£^ 7"#^^

©«®©5US
fr^Btt*IS©n±©MfKi^6, XiE©#< SHAKES ITU-5, ti#E8tt*S 

Sli)MlLTi'5Ct^b. -e©$£ft$6ttSii)TSS/j;r=1@T$)5>„ $$WS6©!$

t z.^Xt^o'S'K «K«Mtt£©8li6l:|iWT©E,'5>

m4e$©HM#^iifc©K,s>bti;«iiE©$$tt$6ti;a$ 

&aSgllT$> 0 . C©EA^6#lg£*A6C At)mgX&6.

®E%S%©S$*i:toS
S*tolcCj|$65flTVi5>7)i, fiff©i 

a©»ft^s(tTW9£i«fs»«**sicffl«3nT*i3, *«w%i;*^^+«-(cga»$n 

AHTli, (^>X¥-&SI©»ffl) £ 5 $ < #s
ffl VZj:^6xi*toAE%ll%7)»ff hnrjs D . ti7)s'BlTt)S«W5E1=SSe%£t-L>l:^

&©©. ^a5{t©ffi¥®^<
c©?t®, b^'iat;*3i'TfcMfi»»T©#«iw9E©?i-si5ft(c»'r«.x-xttfiac©ffia 

S£Stt. Bf^^XXY-ife^WWsK^Jjtflsaw^tiM^

A¥ if- 91SIH t © § It M £ * ft % J; b * ft ffl 8 (fit & SX fe -5 „

*A, Df«WM*l;xl'Ttt, , B6£9i#c

u/t±x. m#£a*fbA#6£3^*%M*©{±m*A!&'gx&6. a e> c, mum 

% © /&* l: x V > T ttJitiE iz ff ffif & X £ 75S&-ET *1 5.

W?EM»«. «S:¥SICtifc5ltH£l6$U, fI«M£«Tl>5 ©^il&Xifc 3 

tf. StpS©S£IC j: 0 affl©iJf5Satiii£*M-&?'6£f»^l^t©ofc

cx©6. c<Dtz$6, a*«ws«is05S*>b, *^st$eu 

#lCO©T. @©«&SSffl£EI-5 ££ fcIC. tf-H$ZIC-3©Tfc^ffEX-l*lS»IC©nr1

j=3*m&#£R-3ca^'&gx&a. s/c, @

nB©7s©xn->*xi7 haR©/c©ci$. ^mam©#ui#Mt:#%£R3^sA<&6.

47



4 . 1 %ffij¥SrQg3

4*©tt»S«icH-r5a«¥SrT*S*rt\i, Dtxl
s®tett90epg'x<o®*^ic'3i>T7>-/7x;i/-e$^v. s 
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®ai©ftM. ax-xf'jyjwt. 7//%xoA#<DAm<DMmK*, y?x
©iififts)

• Uy< X*8#T0M* (S® (PET, FRP) ©Vf lJ7)l'lJtt''f X *. V th
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it#•srfr'ttHEft-PHIE • K(fE%&R 

■5 © ST#gXcMSS (ir-y'y • XA-x • 7 7 X h V -) ©ISH 1Co t'TftHT5 C 

t«ST»5,

OtiFte*tt«#ll8E%Elcj3UT- ®E#Wtc*5lt-5eil.%Bit(DJ»cDS3£. ®E%M% 

iCPflf -5X- X© ©-X0T -y X>X. ® AMWJ$A'#i(W/=£©'® ■$&#!! CTHvT, 

m ©1T® w £'&#>&.
£ b tc, ®HXE5Lm/»ifTBtSAT®^» • ®mw%E/a

VEffiSii A^ 6®EP=1^x®tti|5]®gtt, ®H*E?SE/ffiifTiftffiAA>A^©tf X H 

ZPlkM OB X©'®#A®®##fb, @6ff ®#$-@X7t7"D ->*x X hiiU-If— 

tM FtCP4jIX3t;jT®#l)D) l:3®T#MX6.

5.4.4 AftWfife (A^j&W© CPD (Continuing Professional Development))

(1 ) *^»W
® «««!!* to A: ft* © © t> C, S®to-®S¥P=1T$,-5. ft*!, fb#, &»«##&#&£ 

*6. tfcllPii'fflSilrtli:, &a#6#f SA#6iM®X.

©IftWCIJ JABEE (H *ft*g# WSgStHS) £Sffl L , J'Jfa7ii:oi»tlJfI 

Stifle • S£T5.
®*Wx7A|gft;ll:St7Ttt. e, #(HEftj:©KR&) t'®X#Ao®^c ©©X 

t/S A £ X -£ fi>fi S « % PI 8 £ fr 7.

@ # t; ± m ft mco \s> \. j: 1;«. ft « w & m. h * ft ©4 m -> x x u (is & <n k % ® g @ * t )
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f •5fcJ6, #W* U 4^3. 7 c
©$Zz, MC0K<D|6]±£gfSU cn^Troi^^ittTiraXftTfffBSn-S^Xx

As**, as^b®s#icj:DSsw*yx^A$-#*-f-5,

(2 ) CPD

® CPD ofgwf MSHiLT, CPD y^rASilL, XtSSS

&#A. Xf-b 7'7 v XT#6=kx% AXEA&#M®6. Sfc. &* OB L,

a«e * © is> b © » w fe & w-r 5 „
© CPD 5flt5-f>t>T^yiLt, ESSIS, %im ■ IfetliZIfcCfcWffi'PWmZfZ

(3) J -

®*^V)A 'J Ale 4 >X-> A y
>X&#K#6#A A tl:,

U T iS ffl ® 5.

(4) WW»BICfelt-5ftffi#^!^Ma
®±E(l )~(3)£ig$x, ftl4^»lc*tj-^ft«#B$Sn$to|ij|8^jtl4„ 
©B*Ttt-S6«UTL$o/:ft«±l:y®5|ga$, ffffi£$x-5 X <h7>$#SlcBSS/j: 

X AA'b, JABEE A tiiSU/tlrL Afl$roSI$7)tg$ uu„
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6 . ££46

AtoigtttoagSSrfjt', tiR^-ff^^EtiSf-xSttdtoES^ESSiMSIcL-T, it

UTIH$6tei4)fc„

zu:wGi(#n§0#:ae#). wG2(mA%&#®mm). wcst^y
h9-i7), WG4(if'B®i#afc)®4-9ffl7-t>y^A-7'SSiLT. iifijg* 

tM5$6S$©b0*6nt>0/t/iS!@$ • t.

i9S$S$to«gli«T(Oiao„

OSftfflWttlU. h»tfflroSI^SII®^oT'$> 0 , ttWKBfcafflf 
T05fc00, jQtpicftoT,

Oti*¥E£HWLTl>5SgEi: LTtt, ®««§0AvSP(^4EWA£W5?H»), ©g»W

#Wb$ililg0X»n, ©atoPWttMSto^Sd-- ©*B0S:LS,
ttsu. k0#imA*$tf6fi6.

O4-#0#mg#0m#a%ibc^gAt*#8#m. 
tSSS^ntX, ®aiBE$$®B©V<^T0S8tka?«8«- ®SSES{b<k#6- 
<b« =mfb. @Ei6ttr6ii:, ®as5aat$#0i6]±, ®n>^3.-9-mm\zx.z,m 
km, fi2ft«c«at*5.

OaSMBII • SI-J^toWfEk LTH, VfcS^aEiSttd- %$)l/f-0

$£#lln- SiS1f s^as. C kA*T#6a#l:*®
§#»a»A5a*n-5„

O 2010 ¥$TIC,
sa5ck6ttf4#a®i6i$ku, ®ros

#0@a&a##{b#»@, @totowe#&$. ®«B««S0 5 O0«B§ (strategy) &

OiftBCtt, «t«g0S5£-^H'v0ffi a ttfcl:. t7-7fcM¥
SSi#0$Sft:£#et'-5/cA0 rtiflgiisti#liisp%9r ((SW)j0ii||$51$S 
* t. h 0 ® w « g * e a -t ^ a- a * ts « 0 »tn £ ft o tz..
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1 .

20 AS® £?S !;:*#/=£$;¥£ 6/2 6

tz.btts.itz, ##R#®m#AA BS£6®fifi]S, LAr=14ffi6
@^t:LT®BC6H^&#/2/i:®#*T&6. LJ'l-Jttt H#®@l

t®&#%&6. 21 tttesrSxstciDfc'oT.
TAS®#}g/j:**. &5^#igti;fi/^$*$i!C#xT®/oteti:'/j: b&lb. ##K#6 
eSlcELTSxti, Ebh/2i*/V*-Xit®W®ifijffl, ®*®BMi, 
B*L®x*af-Xm®«&, x*;i/f-»##%<HI=.k6m###&KlkL. R«5J 

c vt#*ut® < /o/mt>hT® s,

C®e3&#R®TT)i. ESroe$$.-5H4Sr$E$lcfiJfflSfi-5S«^ti#(7)fflffl 
CMLTt)ft*roZj:E'$$*8i)6n-E> pJI6tt7)s$B„ Ig/J'iTSSfc^BiUtli.

*®5feettroiia±liai: LCA < , MIz^tuXS^mmUMbt^W

t)®?&^. $/2, 7

c®e2)/j:K6i:itoT. &w###®w#emci#< a#*#«i=#$®wmaim# 
iigi225i^TiitMs/)'ttTWiiu. f®6%*a L%ea*6ei/2t®7)(*«e#T&6. 
:CT(i, ttSl2*tj--5tifi®S»li:*®S«<hLT®aSt$6lt«L, 
e^g#at2 3®-re6AT®6.

—87



2.

H5i6Stf AUtTi^d. &arottS^8j^LT^-E)TtT#ESliil6#Sffie® to© 
^SJiliL, a^0f#Stt5:iluiStf•5fi6tt#Jifi01iTti/<£l>. 21 tit S2 iC T fl 

iS5J|gtittS6<iSt"-5Xt0lce*ttaSi5<tu:4;ttS ua#i«S, g®##^i?

Fit I- a -5 Industrial Ecology Ir # ti. L. Zt < T ( Z /<£ b ZiF 1',

JTtfflii. $1^6to*50#Xffl»Bf*J:u:t8S. SiSiiiS, M-A##, *&fi 

s6S0»XElc=k5fi|Ett, #$%, ytiStt. $Stt. ^UlffiSML, gSr^Zj: 

e^ssasicisfliLTS/:. f0mi&me. smise, «*i@gic

£0Ttt^-«0x=MI^-£i£#>g®£?8»U ##l:g#$r4-x6=##g0#%&# 

L-TU5. Lftitot. *mna«££*'5®'5^£U'5 - ittg® • »«F»1ll0ffi^icM 

fcsiiTSD, asoettE, gi0#*m-m0*7kbfi&#a#0##i:KA^#i%g 

&RoT06. $#%##0$Tt. A#%M#H#:bfl5#0#'2. %A. SI-f>

7 5Zj:£as0#tg^®Bet"^.esztisej, f/w x%£m#8fba6#mT0mg6%#i,
^UTiig®ft^ST*5c£*£. #*0g®##

@a6e#< $
SSzSlcttWL/ififfltofilWlctttir-f, A*9MZj:HS«lil§€efl«IC LT< C£7)$BEto
%a@±@ATmgT&6.

til4£rH««zS- £(Hf£U
iS0*tt£ LTfflri84ittj £Ud#x.*£H0l"Sffl*®#llSj 0£-SttlC^0TS$ 

tifi0Mit TIS« £ 91 b /)MC L Zi 0.

2.1

ni«E%0yD-/'OHb7it)A^D . tt^iiTttiieS,
St$tfT, Hi*litii8l:*5 0T1feE?1-lfcll£0lll^toZ£i$ Slates 0 , f 0##1#&#0 
*Zcbf&0, ##, iS«a»tc*T'ft(So tLTliJ, $fc. B *68^*1 lzt>Zz 
bT#»LT0^mii:%#m#0g® • stiiRS^HiswicMgftx-Ttc&o, ftaiij

6#^0$#7)l%$0#L0y D-/'\'H/Ttl#T,#igl:m/oT06.
^lt, *ifi0Wf*a»0ii^ttstt, *m*giT«*m#A@0m#^bam#*9g



i^Lm^ftn. #®sis. /iv3>, g»»»£■ ®7□ -eexts»s#ess
T5.8HS. rpii0g<t:i;"rt£^<ittbLj$ftLT05„ ^emctteu ttsat'aa

$ISM. fc#7‘7> h^ifroEl'f >7 7. SaiiS. #$, SRg:£'0ttS'f >771:

FttoXl>5i»fi*acfltt. Hft*i£0f9«. %Bi£±III0XS,
5&09#M. Eona0fS#SD#fll jrStltogzS^xtottSfrKX^ j:'0Xc66tifc?gn7)ig4*.. 
&*6g/=£fS$&$. lfS*S*iifj:<5ntH5.

HifflHJBJx. amw7£&«T0*mtw#0iwD^0&@mi:a^5,

® BXHMICttB*e*0*$S##£S,itl. &«##£ lT{fflfflI*ll«W©-> 
x^Aft. t/hx, *««s. gm$&^iK^##W0m^$@«#AeaA5$a 
i-XfiJIlL, gSbfcgiSfiKS-ftgfgf 5 tiiisxl. D ,
THiaoili («£lcJ:oTHSSfc) . #6b8®^SiS«iSigeg:£'. 5%#
7X8A6ML, 8#^'H®TfJJi0*ftlcX£ 3 >7*S< 
x*8S^*[il^Wlxff®$£i5tttt5.^ft<*;ft'r5 c t7l£t.»Tfe5.

© mmagt:x?. #R#mt:j3 0T*m#i«g&iMm 
i:t5t#l:. «»Wffli:M»U/iaS->X8A0g.0«-3/ta5t¥5it*. Sr fir# (a 

>Xf-e*) co|ij££ffiL, #n/t8*s«6Wfi£-r5xat$.5„ e^itxntf. 
iXX^-Mtti, *iS«». «»oii;y-/3m E«a». SS-ttSX
>77»£4ili(H«ttl5|±l. **Sr$A5E0»»lc43 0T«ft0*f«ffil»fgt 

7 7XAI3St7)tBST*5,

*0@*&#0 100 ¥SSgtl:£5l>TH#2*D7- h^totit^gftx/os-7f 
ffilCUfc@Si$Xl81«roM%AI»ftS#i. S*t>-£-t7Xt-X 15> H8«i:M5 
%#$a##7 7XA*s#Amt0#&@-3TU5. 7 0£3 73:&»iM%7)iS6$MIC*

73: A? 5. 5-roSttT*$S0 0*SH^RStiF©fiMBIlgAX$S<itti«K0S@T$ 
5 ,

®IC7UTExtfft7«iKS(l*lSBgS) lc=fcoTft<fi«T$.D. S*totcBfS&*X 
#0*&E73:bg'5&*73:0^. £, fHWSIClMLZiyXrrAeXci-
A'XgiFA U3S6.7)'bii!6tol:aEL, 8*©HIS^ff7b6$SX5.£.$7)sW5„ U 
7>'U ©0«*li4 0 0#S!ffl)i7)S033*T73:U(ag|5ea) Zb*. rtJ««S0f±fi©.^*S 
&/: 73:0, Lfc7)i'-3TH0i8®7)i'S0TB$A:8Si|^$/3f 7 <hl:73;5, 8*0##
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iSlc-fetATte. ©OftlW

2.2 g*£jgttfre>g;li|ijfeiltt'S(P->7 h-

TTS5 tl. ^©fci/xOMM^SESLTilSb,
S S # L- T t' 5>,

^Mtoi:*acD*ic (&#. x*;i'4;-xso s^siL, masss^-r^^tcio 
TM@S4t?tt«*7)sXilg • S8mil£ei%L;t„ MiBS&Aa&m - ##A
XxAlc|igW7)s>x.TS/rC «hSS*-T5„ bfc^*-QTtJ«l»*©S*W*KaO/5fS« 

X8S4 $tt<D|6] k (XiS©8W i/S'kS) Ic A7 k S ti",
f ©%fbs$#f 6%^©f±m*s#*LT©< nrffi/<£

SttS©B*{b^, 4:6#*«@§©#x*#. fiJi@£±lf bkt5$SHTti;<fc
£*<> xm&mttA±©%L«#t)^ncATAo. 21 tse^ r*$. sts^sj $4>
'5l:Ki< #e?&6 t-^6@AA(C Cl:&6 [1].
EkEttXigSMSkkTXMStiSSzB^T©^ U^U R&5J#6t#iXR. If 
IBXE. -E-LTAtoXSl:7UTfcilfflTS5#x.5"i:-*5„

XieicS$h&tiH*tt, LTf4»S«iljgiHT©<
»k -en/£ttTtt«iSffi*B©^$A*87)Vj;©„ #*, XiS^Sfi LT < -5 £ © 7 jg

Ttt&b&lb

2.3 rg-#±@#j a#m#K(D@#zn±

rxast*ttj ictt, (A) 6##£ (B)

&0. £*>bl:UTt)

®ftWW^X«>jg(*i;^0'J X 7 7^77 > h. #l:®XiBM«©±*t#l (**. S®.

«». m«gsa^aw(cii^fti'®«) i;m-t-sa*. ©hxk

ibSEM^jSckt/XiEfSSAXTAtoB#. ©XiEiliR, ttfiiait. 4*. flni. ffffi.
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sffi«igg$i+- <s*. mmmumit) a07to074 7+h 7
)l/(:MX5%A$%xa#M%37xAtS#M*a. ffflv^y^yh, ©MSix-TO-
xffliits«, ©ttwwjt-ftKiis,

-eoettT rgjutSttj a^< BtRfl • $^14
H0ft»!lti«§i©BJE0WfiU:W5.

r«S4fttj tLTWtcBB/jBlStt, XatlXcii TOTOxX 7+14 7©£, SS, 

ronrsee, a = MXj:.ttt8:0Et) DXi>bffiSL. SgW8tflItf^Tf £ tt* 0 . f 0 

eCJgxSAt-tWriiXifcS, ftMenSSeKliS/toTli, SSSiftftSAIb^HJ 
ttX0 5A#'$)>ISfl$fl;%0r0A6ISSL, H0 5 y 3 a >M%£ LX#iIt"507)$et>

B*roe*#stt. *nsnBaci6]7)'oTES?iJic#BicsnT#/t/ti6. ttfiasoii 
t)tifi0ffi0AICO0T0lS#t)-e^7)7 651.ICMm5n5 C fisti
tt0#x©li. @a0 7< 7©X 7)t/a*&AA

5*|p]l:#mf5C<bT&&5. c c l: t*St$# (IT) (: j:5##0a«*7&,##<t:@

t ltus.

2.4

ttF0S@i@gT0«® • MaHTmsfeguxxiJSTSsaemii
t LTSx5z)$, Snaa$:#0/i7'f 71M ^ ^©KHS-tegTSfc® Ctt. ##7 O —I: 
moTm#:^m#wam$?&5a#0KA&#5^#7)$&5. ctw##0Mm#iim 
lil'yCig!TJ5. jgSC:£j$tt£#x5±X\ C0j=77k##0M@#&#@f 5 
d i/)$fi0XAffll:7k7X< 5. $0. PJfflflillCOUTB*THi@$ 40 ^CHO, S
**tt0ft#7)$«#iiM*t LTMKltcre*^ nx*3 0 , =f-9 A-x t lOSefcTttSfc 
il it B 0 & /)' X (2 M ft W I: # ft I: iL 7 T 0 5 „

*-f. @mmiim@7)$a'0j;7 7k10 7)4:x0x. ##w&aTi:kEx5. asK>7 
7, ##< 777#0X h y7##ai:#txa5#m##t:, B ?i?a.S$fi L X (> 511A 

m#M#0 7a-gmai:@tytT5##wm (-gB#mt/t#tt#$ti5) cwxsut- 
5 c chi: J: 0 Ss,t:a*iA$*iZ:ttfll$B7)$Ex5 =fc 7 i:Zj:5„ Mxtf, TO(KiO 
Bxp-wst, B#rflW(:f?(rr5 0ttKBDnttxffim^nswBflxi0 
S5:ti:gft<. ::TSpanffltix*)M;-S)MiLT*5t, /(7 3>. SI6S, 
itifittofemt) 7 ~ 9*J. tt»0i«^M)fij§fS0tW»7)I 1 ~ 2
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#J£tSs6 (SS, =k^7)t) . [2h C

7)i\ X h y X S<yf#$tlTiiSIWS*S: 2, 3 <hl: j=oT#
i»6 2fSft±l;#«L. h£**@tCfflSm*-5. ISlItt

ISIt^X >7E>X y^rATS <0 . f

®. .6 <¥T$. 0, *«iai$®g$»7)$S#sn-E>„
T1iWa®{fSn«(lttSS.<h UTMiiaicSSfctoT*^^^, C CIC*®4Ett(hSS 
®EStt2:®ffl£At$,0. m#IC*5H-5«EA'*f5n:=fcoT#t$-5Ax tt»M«=gAi«E#l 
jatCfsjSQ £THo T ® -5 ® A'A5'fl5.

ltii *RA'6%a*#&&gf-saga. icksa^os*
ICiSx=t:5 £T SttaEfi- • £jS • imx£® xagAt&d. mlSTH. #1* • =t*iS 
7‘D-feXSi, StililiWffiSSSi. H*®<bS«®IS%AS«%to7n>7u'f 7TS6.

###g§<hf/WXK#®mmA[m$lcj;3Tj:0 S Xo%#WA^6#e&% 
$Se5tt«*CS4’UTU5!fiAi'£5A>\ 5 X nDp®«t61 ITU A'CHS L
ma®xx7Ai:mim$#6Ax #is#^RA®xe##. arnica® =k5t:&A^#6Ax 
»»£iBlT LCA Wlc#AaWAcS^SbT®-5®Ax XiSff £ti:5JI6Ax ttdMAc* 
ESSAcLTUSA'H, $#Acm%t:XD 7A!gA^oT#T®6.

SaffiEICj3®Ttt#tlAc6«SA'*@eSB£UT®6A7 tiR<b®5®lAs’«(*li|ie®
mai=&oTH#R&m*&*ii:6c6A#L®. f=i a i;m @ i: x ® m a ^ m m a a<
S5A'Sil:t6XiT*5. . Mf. 5 X □. 7 X □ t ® 5

AM®#R@a-e®mm%#<'c ai:*^a#o/:®«#a##x 7< >7>x&^A7 «
fl6®l#M#&@LTma®«*MCACi&». ffiESlifi 

IcMtenSAx &^®«WM*m®#*M®N%mTNE&f*oTMkfl^A'A;|mt3aT 

®-5, f jiA<#Ao#E#ia®BA/:A^bT&6.
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2.5 gfgg%£gilW/iSQiSEgI

n^btiggSfiE®exS4**L. #f#6$StoC«|gLTtlElca#ro> 'J -v h$$: 

ST#5 j:5lcBS5/j:<Ttt»b»Vb d n*TflS A t jiioiti 0 eiil

$®yt7 >Xt;-3UT®tt7,j:g.)R<D$*meESr® raxd'dttto^J 

frtttt. ^>51i’-WfiErog<b|BHST6^„

S^SfSSICj3t1TttfBB(0X{bWABS$SSU^< Tti77kb7ktb„

Sl7)V=c^bE®ttf6JSr7)^U5eS«)ti:Eti<h. KttEl;7)Uj-^S«$EiZ)5Sizb$ 

E^'S< Tli*iSEEtt6fi^ib-5ii#&§ fi £ 
#&tt##!=#?i=«, B*tt«®w*a±an^$tiio LtiifibSu. 
fc/£L. *ffifEMW#©*7»m£*bTH7k6 6©. 
t7ib <7 a#a#»g&##L. «Hisa#©^T»J*£fi*fcitf&b

7k ib ^>Ev-7)tE$n6et)-e©j:5 7ktti^t-'7)7bT*.-5„

MBltoTec&S £ ©5E.S$7)s$,oT. V/cueEC
<hbT#z)$#6tlC< © j:©7EnSS4xT*fc, ;tlli fcnfcfltf RMffiW7)iS# L 
?k< TliTk b/iU-ST*?), ^STizh^TSEcfc'S icy-H. tJ«. BE^eStogStt 
ufca#$^#©&A%7k#m&AA. fettttic$-5astsEi:*KTS5)«s 

££tr®T$>5>, %$#@LT©E#4 7k&#W7km$^@*©@7)imA/^lie. Sri©

S#3CE :

[1] r*K<D*£j —211ttE©B*©*®lcMt"5aeiBS. ftfMfr

aaswa^s. 1999. EssEnem.
[2] r i:*gs,(7)7'r 71H ^lEeilJ . EAJ. 74,B*I^7BB'5-, 1998
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3.

3.1

H^«isl:OLTl;i5tjtI#H,L®5fcSft*»»IC*5

®xB^i$*0®r=1B7>tiib-£u £fci*|g|S®WBi LTli. &Sro#ifi&¥^S8S*#l
am@. sole, iisiWfflKiJCiitit

;nbi:ioT.
ji-tt-54ig, e^^iig^«g^*nw • scftwaKVic^if MtttTi'S. —#. 
X$=®:2LL:b7)SBl23ISiE£f4¥8meJ;oTML&tthtt»6&lL #*##,& 
IS®S*H ;ns £xM444te* 0 , 44*443 =kOLe;h£4i)lfl LfcfiS&TOH X®%Jg& 
LIC14, fc*sa®W*tt*01#7iL„

-. KffittWIfSft, $^T'$-L-T#5tt65rSIST6Zcte®«li$i5Lt3;f9l|a. g# 

E^L^®4T#l=3LTim^. 21 #K®43^m&#Rmi:%B&*-54cA®X hxx->* 
x-5, L4i6 lco®T«4SiiBT®® Offl^KMic. iSiSWiCfiK DAx>l £43 J: 

r;astoi:sssn5L<b7)L£.ET. #%&. am#i#®#mL&k#TR6fi.5
4b $ Z/' -X L -j

3.1.1 u

*i<fei/*e$s (#i#-n t'/n-Ajut (ssrotei) 0®
ET#i5*Sil*5/|i. 4TfflIlSBWtS,4iSS!|it5S}3«)TttEyXfA

CO .MB14. ftoT43< <h#$#®fie-ftmelton* 

niioieai:4t*tn5. $fc#<®XiElcLn>TirrSE#7>t!,xT*T439,

feESleifi-LLTLS. T AS® «
S0®PS)$le$TilLT43i9. LfcO. C6le*

T'SSASiii-5 4 5fj:l|ftl:&oT#Tl'5il® ett*i5.

#%am#LX:m##e%*A®#*i4:. 6t®i:ti^m®t®i:
itbTttl'5.
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eiSSaScoWEicSfcoTtt. u-tX x;b<®>^lciW'5 0Xtt&

< . 'Jfi-X (t*8i<b, A#Alb, U -X7(:X6*%#0*&mM) , V x-x (R 
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##6g*##'Mba60*mx*-5. LCA Wlfttt t fclc. h-XXnx b£g;t 
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®?*8SS**->XxAO«S
•en-exi®e*ic43ur®e@j®E$a*n-T®ofiticDT-ttE#^ 
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S'IXft. @g#f^0f8E*X£X:ttx-XtCX(>TOltfBX5£ttL. 
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©viMX;b
Konoa»t0gl®Xf>S*XXXA t LX'Jx-X, U +t< X ;l^K>Kit*'**£> 6X3 ct 

xt;^-5 (1* >;f—x v - a x r XX-y V >X)= ;rn$X® J; X &Sti<o#albl::=k 
e«|g®?8iBoa*a*H'TXt< .

+H Xil/(D##ibmKAXbm#l:7S:0, xzxf'J TiHLroSiSiicff < R 
-ecoesi:laKSttii. f$S*TOCOMDEX**gated 5„ £te. #■(##

#M&mmm@R#,#(Dx-xtmTcz-5. RmRfboa&mime, ^sm*Ame 

KftyT<5i)f, *ltttc*5t>T»uXX>->-y )b*WX5>*tii$*cD$/tX^S1SiiHi* 

tlA
- a x tt x ** ti x* g x b x % ffi u c u a -s x o & w w a «t * g a * d.

tte. ####«###tl&'#X& 0 . Cd X Pb e£ttX&Wt9t$SroHfl%t)*»b 

tld. U X11 X)l/7"nXXl:43t-)--5*S#*tD%XMliMt)-£-EX$ 0 . SlteXwXi'X 

Xx>*m#te&'gatebX< 6.

g'lx#. *##x) ioo %*ji>ftxsfsx£'S7)t® k> , #i:*Mmx 7 X0m#fba# 
SS8fflS!)>'lSTX5. Sfc. ®iE, X'X hC0@fbSI:X5.SWfi«t)>£>SX$-5„

®-E-©fte
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£ ic & 3 „

ft^SHb : Eftttror6]±, SfflSHftiitott, K68S, $ 6lc«#^#l*ft*#tm 

B&*ll'e$>3, $Xcg#SHb<9fcaX>cy?il#tt# tiBB'eSSAX 
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|5|iR->XxA: «#»«)5'SSft

WiSEat, $XtHICSISS,®nDnH«Eft«S6S 1C»oT< 6.

3-1.2 E)0#ia

SSHtLTU, x^il/^-XKroWxieffl. R#%?1l/f-. CO 2BUS.

©x^lU^'-iUProWSJiiSffl
: iWSTxt';F4?-xi*CidSc#$#x5-i:>$^*d„ 

@xESSE%e. K#m*#(DA#$»ma%#AxxA(D
CtlblcMUTti. WftMSX/'**- t4bTl'5 $

h 7 >X, t-^-CXXJW-DX^ietiBfiftaiS

£ fc £ s b* « T « x X' 1F ^ - y% >¥ <n * m 1 c Wi 4 f -5 „

aBX£i$BT$,0. XXX-lFWMft*. 5R*ftft«. SEtoX j-XIalWftffiS. ® 
offlti^a-B$@ia^u7)t. «iSfMicfiUDiofc(OTX£isnifx<fb*ib $/c, co 2@o

MORA-pli LNG BCE*%e<Ot£*t>SgftSligiT* 0 . ffi

T*ll7l6%e4-SXl%tt7)t|A$ 19 33&-5AX

(DC0 2Bl$ibft®
CO 2fflM£&1C&3ft* £LT CO 2Eh6<bft$7)i*3„ tt#Slcj;3ffl$<bttEIC 

ffftt1Tl'3tC3T'*3X)X "fb UT. WSWRX^yTS*
#1bLT#mi: j:3 CO 2@$^ Ub C <k t>8B Sil3tti*TT,6 3„ $fc, ®-fb Ltl 

ElC@£t"3<hUbftf#j^. #X & EftSE7ktb'IC @S$1t3 <bl> 5 ft*%?$B St13.
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«jS~ErjE~fiJfflt$«®M%®*&G'f, WttffllSiEtSftfeyXfAfflliMS 

T& 0 , WE-NET ypyintlttwinxi'?.. * JKx %■)[,¥ - 7)1 g MIS 

IC®:btt5±7lC&5£ttSm»£7)S0 7)$*S®„ MSM-WW
XU V HS^®®^®X&M%7)ifi-:b;hT®57)i, *TOM#

©WS#lH

Cd -£ Pb & <E £ f£ :b ft 1 Wt S ft « ® M % 7)1 -& BIC & b T < 5 <, Pb &#hft®/\>X
^ft«'jffl©Mfi7)i*46‘=»n-5» Xu-**->>, pcb i®#stiiffl»)S*ag«t.*
IT*5. *fc. WWtt®x-X^-X®3tStft<i:'BT$>5,

©^DtXSS

-S®#x;MC7i*;ta«ft 6ft®. cfimTMm7)im/u?®7k®4'@a##®ls]iR« 

BBftEBT'55-5. $ft. »x*)b*-®*Xft- Hlilffi feBBftEBT* 0. KlfcF/r 

® ffirfr® Stffl icffib J; 5 ft r i t>&WU&ttniift 6ft®.

«x«, »5EXglcd3(t«.«^fttt»S^SEft4'lS^®¥ffW#Xn-t:X7)i®iT#nif.

a*)*tiXotx t UTSB*7)i&0 , G®fc® tft-5. £ft, ##l:
iU'ii'xSTtt, g&*®ft*$lbt*#ftft#iT& U , f ®ftA®:3«#*ft*#t 

*BtCftbT< 5.

3.1.3

1980 ¥ftE¥7)7b^®*li$»il.6tU3;t;*fclS$1f$tt6H. fftr tiff* S’5 t (cf6) 
k6f 21 MIC ti; £ tits 7)1 ^e® * l: #$ 0. ~®4fSft6*G • M®»ft 
stsritfts. se6®m (x#=

io ”) *6 G (^*'=10 ”) j65WiT(f7=io l2) ^i^frt'5. cfi6®m&#x
5f/Hxun(t; = io-) xx-ibaftu. nrwfibp(fa = 10 -12) ssou
f (X X A h = 10 *15) iftD. f^TAl@ - #®#*l:ft6.

XtlGS • #®m*»#m®M%#< LTHSf ■£ Cl ffi*ft»®
®RTtt(SftTS7feU@«(C#T45 D . KrftftfSgiXxb X7 v 7‘Sffi®8fl%7)l£~ET 

& <5 .
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(DiKSSB
• WSAlcSiS • S©®iSttlg^7)>*H6njatf

zcszc®. aa^i6#«Tfe+»icfim®®ns, ®m%
£HD6, S*®/hSftlCtfoSi)Snap®/hSSttlBfb- fin x Mfc7)ij*fe C tTS

tzts.%=r 4 7X<k7)$M?ELSfg1W$ttS®^e®*<b7)s'$ee„

©rass&sss

ItniiSSSl'. *f(£:T5 CPU(t*«SSB) ©MULISH:. @B§©S2llfliS43J: 

a'W#T$6. C®E%i*g®£6Bl:tt*lc^ n -y 7 ©SiHhfc'tj-T/j: < , fx^J^ 

®s@t)5S<sii*sti5,^#T$l5 «ai».

(DEttSS
kilties^t\t±^m.ittx'MmnxtiitiT$>i,,

BSSTHRtt

■tfl ® n * < t& z> tz ib, m tz t£ m * & ft * m % -e & a * e, * ©.

©■BStSEB
*HB£ =ktf MS #87)17-yy htftU, $ 6 (: 7 7 y Mtiltx^ih^-ft!)!#*]* 

g y /X 5 = CRT, PDF ^ FED ® j: 5 Zt 6 %ytS® 7T X 7" T

-£'®T’$> 0 , FED TttXS -y 7-®ttlg|6]±t)e$Z£M%$ST-S-6„ LCD ®<koA

«a 1 » b^’BIcatt-S/rv 3 XOflA^Rip (15 7ti±$*f#!) 7)1 60 %S@A5<hf
5i, /w 3 >7)ifiWT-E>xy;i,=m (*7x xTottfflfc-aA-E,) so ffi

kWh eS^ZcD, 10 %®xi=Pft:S:jifiK1"mi5(e kWh 15 7? h >

) rofx^j^^iblU).
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3.1.4 SA •

'>-?- • ASifciimM tts.% 21 tttjierofc^Bllc43UTtt. IS* • 

©£?g©>FTfc;*C*Z£lt®£[!j*-5 d tlC* So C©S(DfttilS4A- F7i7T*
vi—f6ctnm#aca:-c&6.

*fc. • $i'TS©i@utffiSrsiaf sfcfeicu. ttia^iiis^rifliyws^s^ •
• tkMmizm'm&ommtf&M'v&Z' *

ft, 3ciilB©ttiI{fc, fiJ«ftfe*ST*-5o

©ES•
itwrss : sis • ammibi:ia*^@§43o, &<=,£&

E«tii4(@si6%s©). (x##mg§) cosss-b-etoBestt#®#

iiJ'ltns.

te*se : SMroStXlc =k^rttiij|gl:/j:
oTiTHJ. A##EAE###A =k[X7< 7 

6l:±#zk#mAim#T$6.

t*## : i@»{ti£!fol;ffi**A©*»i*Jgttgj!Mfcfc®£&g, #tt©'f >7"7 >

tt • #xtticr=iii7)S6 o, foiswitss.

StiSCtiUT. tolCU< o^©*E#»AtE%5flTU-5 7)i. iiiSffl©a7kt$n >7

u-h'f>ift©f73>7u-F9. tts^asTtisriflsssicf^, &@i:#uw#w©iM

S^^4IS^rB1©i*ffi©Wt Lttt, *#ltg@$tfll/©#M^&lf 6ki6. 

©#Ali. Wjgtt©#^*K-5 ±0 fc. SK®f$A1$1b UTU < ^TIHl® 0 < Ti
ftWICfcfcoTffioTIK fc®lctt*art©FBlffiO * 

ESl:£'x6n3=k5/j: V 7t-v7>tt?«gf*^. ^ ©#x*SS»7cS6-tt

56*1 S / I (Skelton Z Infill) tt^S T & 9 . Xkill'>liSWI©S5 t)«C b, 4" > 74 

IB/r'It-eo < 0® OHxb *!-$,« iSCLT, 100 gFal" fctoT'S,^, m

Wtt^ ^7©-E>t)'W'. i£MBTIS^S st)s'*5t)$. K« MT t)*E$U:^ o TTt-TPUll 

.7 e a. i 'ii i -r .7 7,7,7; .ni: a# 7 • 7- @ t & 6
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^?£©iSffl7»s*» 641-5,

@toSH*ffl©5Ht

9lSB9llE<D4l7)s'-#$S:<bU^i C0A$S$ L < . 0 t)s*S
Sfi-ii, *»tt • WSIfcft^T. ±sa© s/i;ni:

ES L. ttrttHIHPg^EffiSna <bEtttolkroto*act)/j:-E>„ S/tX^-lbAe-X fe 
xmiKSL, -ero,t,is*sia^a*n-5„

»/i. S / I ##$. U 7*

-xX;t/&%o#i:LTU%AX xtibBatts'S* -5. it* 
ttCTH'Ttt, 'AyiroElcfe-SRrjlAttBxbn^ j:7/j;B*M7)s'M%stiTV^„ 
$fc- B*ttKtiUTli«$ig;iKE$*E'r-BfcAi:.

3«6iaaiiTi'5.
*fc. 7< X7< >6 LT09r*##t). ^SHSlSt-5 tMflljfi©

T I'd; 7 „
te$r»1IStLTH, S^7i<biS^Rfl©ttEtifclC, R%#M©%At&'gT&6. 

«B-7iLT, L/t#ttSE8Si<*Mi®5:HBM7)s'#x6he„ TTlCX*f
7D - htoEimK^HiSSfl, S
bl:»*IEtB0fiSS«!Lt«5ci;t)#it.tl5. ^cntctblz

X *’7 n-hCO*a®S*ft»i LTtt.
$©M%, />ft>X7 U

©3sat0©%n

RiSic<fesr 3.±T'3cii(ypj@tttt#6M£'$-es»7)'*. $ 2 u^rt

##%#. «»ht©m%e

hA'*HTttKi$iii8iifl©aiaxi'*v+^T, #ic$rtfSB©xia$$Hz>£’t-'/t». s»*

ift A/T43 0 . @X^-X43d;U:D > X*X/OES6*$T-5/tsbS5SS#ltf7i''S*SnT
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3.2

3.2.1 Am -

tD7)i’B1@*S • lt-)1^-02L3a. k t)s B t)$ ¥ S «t: J; ^ T Sr & * £ tt £ £ #§

SV»tthtf»6*ucc © 14 5# S E >i H ® * Sit: CO fc A (c tt, 44 
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#m%. (frfflffSJIC, -KW%7)5*Z:f
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jSckUt^iSaseStotSECS^L^H-ntfTSb^to. ##mi:gm$An:to6aa6 
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T%to##to## • il« • fiJffl^1W#*to6$Sft;^t,toto'< 13 , AStoBtoHrott*. 
AfHto£1btoiSfc&<!:»#©„

totibtog«SJI3l1tae/i*toa«»a. 4ffl«tE ■ Si-i. iifelgti
£;$## 1 . S2 BSAATfjVf.

-f ftbA., ©AibtoggltiSA^/tAl;. ##K*7)5gmf • ft#©*

Sr## - ###*%, gt Stitt to 6® 66 ft. L/ititt
• SffiM5$. «ft2» £i#BLfctitt • 44»a«E%. RStoti

##agto*eit: - AXBAft. ti tt to g * 11 ft £Wf fa tt £ f# *> tt » A & 3 to > B a - M
5.

K2» rgj t\t. «tfe«(;P107S<ifito'(t-5a»i : BUS. ffi$ES
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3.2.2

xi)*694a£S#ilc j: <0 £$£*15 C bttTiiS, £ b Ic 7 1M 7fttt

(0|6]±5,
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##». @m. £»««, sffltt. @#a#
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sestt. xEftE-tox»¥tofflfflSi:MLT. D.

t6^eia^M%iiff%65S*IC#eVTj3i9. j: 0 AfiT@ES*%arf
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-## : %S. SB (*S®iSo&, SSttW, AHSB90
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$Zc. 77-y>, yyfa-7, a y x 7 7 7\' — s tt. 7cS$lnSicj:7iT#xc7)#s 

y«£#ifi <htS®lc79fBU/t1tS/j:#ltt 5. %E69MSm** Sn/cti>
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©«W'/7xASt i-f/fU/i/ htttt ^7X*X7y 7* ft fix.

y/fU/x/Hfflli, a69E|g®-gESttfi®-Slc#6nt"-5%roT$.0. 71-69* 
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!E£XX7A<bLT, . 4-Ero8M7)tfflf$Sn-5„ ARfi&a^gSs
SS75«€r-#lcffli*i|#se«75 =fcx 6 b»7/H XSSIfflLXc 0.
L/C7 X"7x7 7'ftfifcitoShd.
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> h->X7A : X3?f'j 7;i/#,-6:©**ffc
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@tf-y^y»ni • ats&®©*6ii (stmicj;-5bcti/^^t©6di. s^se)

###. Btt#IC*3l,iT*E$®iffl<fcL, lOOnm

i,*>s. xiuvy77ffii, E»»Jjnia«^ 

1ST85. Mxtf, iji-SE h >* MMtVW X, 8E#Ff8i6l:£5 

8. @18E#SlcJ;-£.g*BaffiEA.7 HtVHX, gf?xafal/-y3>l:=t5X 
-F-7 h A ©*$!», =fc3*Tl*ffi£W-f Sx/tf X4-MCIS

®##f • »«fSE©S«7b (Hf kAjl/TtoSS • »Ut)
7774F73F-5SE 1 (H 1 fifflSS^lltSS TEM. STM 0(S{*S0|6l±lil*«t'^ 

SfeO?)!fc5. mEFn-XlciS^fftSE

Ftt AES, ESCA, RHEED 5^’$. 0 . 1 Ilf iaT©»ffi''5Ill:t(7Tl'5. f * 

>7"n-7'F j;-5fM7Tt$Sti; SIMS, PIXE, ERDA. RBS f f >? U >y#7)I& 0 . ppb 

k/7;p0@aa^#^mfE9iim#e#x6. . x, 77>ifflBEfo-
7&A^##ibL, gf, )7f7/xE©ef#mA67&i#
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© tt » © « t © a © x - *© tt It
• EUSnfcigSlc, tttb©#ttff«lc©©Tem#^W^l* 

RfrCck 0, f f tt, -ftiiraifiS
ffit5*ttO|?fMS'i!'St/j:5. *fc, E#tiftT*oTt)fflii^E®HT6ofc 
0 , 3t/9W'>Vj:©iS£c, ##©###©##©t6.

h->XxA#B9©l$It (xnvx'J 7>E-"S:©*$«)
i3?fU7)n:tt. tm©##&##L%^6.

.Pa©?-! 71H'^;V*#:$rieCT©®JSft#S'ff«T'^-E.SlH7-1' 717'r i?

$fc. *®g;Ett6|6l±V«#SttS4#$$6t'5ICtt, (Hit* 
•5 LCAx-7©#*tftWW««S*s£'S'C*-5o
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3 . 3 AfrWja

3.3.1 • sm

itiiizfiroST ftotcH-fb-f. BBWfeSSa 
61 At: &#*?##?& 0 . $rcn^8-5 AtitoWBeAt^BT-S-S. 

#t:. «HP5I4»Sffl7-f 7^-f?A$iL. holistic tt@x, A

W ro w /A $■ & h • ta I a ti 6 A i <.
Sit. 7 IC 4>-fe>+t--, Vi1 7 nv->>Zj;£'i|il:E#ro«fi

. 5 7 n^bXX n$T<D$t6<b, «5HlitmtyXfA0
x h -y v m<ommmT-bz.<» . ®or.

C H 6 l:Jt6T ? 5 A fM'* ST * 5.
5 6c, s o. yRttiStoAjt^iifflW^mgAUixrn-s. #i:.

t<B*t8S. 0#@4 «#MKt0i##7)i^B-T& 0 , #*HKIT V*5:5A^ 0
^f< IX BUT* £AttA<5R4S>e>ftTl'5.

KAWctxAiTAA'b. 4-m, (XTros-SAi^tiAjiAtt®*)*• if^asn^.

■W'bTntx, v-y-'fx;ne®a
6t60^@A^#*A&Ro t A$j

• tA#
-##0*t. yXfAJTISTtSAM
•ttKfett. 7'otX. $i|mtf#&^R(7#M%#tlKmt&#btAW
• MWm#A'%#l=*LT#MI=Mf<gMT#6A#

rneroAtma, wntoaise • ieajx^i:. a»^'M«'rsf4#ts«»a# • §«ic

fcSfffUS^ML. BSMICfjto'eS^giitoigA j:6i£tt7)iB*S
n-5o st. feessxEbooofc-aasTis. AM<t?@* - 
l:ouT#x6#A tiMbfiK. Sbl:, (Km c an#
mxt<.

st, Axo)##tmBT&s.

**3. #ifi®S*#WttT#l: 14. g»WMTMSfflW • fttWttl:#
xS#A^B$Rl&Al. ‘l'i i:m #;. 7 5 a7'r-> a AffiAAt LTH5 £©;tJL^

^< , C4lb©#l#AA'##l:B$gflTW6.
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3.3.2

iSSSiWTHIftWTe&ttfiT©^ A©;b:hT©-E>XSm5, MFHcM-r^SWIi, 

Department of Materials Science and Engineering 4) 6 © 15 Department of Metallurgy and 

Materials Science # ( © 41 6 £<MSE>A ff o ) ©til©. %@*^ft#m. ««*. 

*©###? t)ff4l4lTt76. Lt^U, 44Wt£W=glStW14 MSE ^iiftoTWsItLT 

©6. ©© MSE 15. 50 #jfi©@-l:Mfe24lfc Materials Science © X > y~ T U > #

K7&&. -r30 ##C6Ti5%<. mm, ##*6©i4w%fm#

-L'©#6x.s. #R#am»e^©@n§. xx-.©#^^©© 3 3©#m^#o^###

##7)lA#KI:#&a^4l (EttSt#. B*AK##%. 11(1972),470, M.C.Flemings and 

R.W.Cahn,Acta mater.48 (2000) ,371), f ©#.

t)f77i5izta-jtzibo-v&Z' c©^3A##©#mt5. %a#. ft

#%#. yXX#©#M#T*D. a#, ft##. @4©#

nf #14 ©f1^ j' A %'A o 7© -. 5 b (7t(J 40 4- 44II 15. Materials Research Laboratory 7)1 A#

ICl$HS5l (1985 #1:15 14 ©A#l:Ee), #IK6(JE% • #:W$#iSLT#T©6.

MSE T15. #$©MFT15t5< . #T©#MI:#imf6#iS (structure). T/DAX ( 

processing). 4#'ft (properties) 43 5: [f it# (performance) © 4 X Ir.I 4 L T rf L T 1 . 41). 
performance I: 15. 44 ft © fij If) © iff iff ft 44 ly 5 4l T © 6 t)1. X 41A LT14 -t1 X L ©4X4 A 

»Fri:l575bT©75©EP#!7)i£.5 (7543. %8©####I5X8 A#(T43 D . K4 7iT 

15—HS(;«fc 0 Sffl4Mt£4l;t$(W7)i75£4lT©-5o L4)'L. X IB 93 75 X Ini l: [S] 7)'b T © 6

5; 5 tz) .

©©Ax75XIS©##l:5;0. £'©@$®4lfctifi&«#7)$WJ$S4lfc7)i|5#iMT*5 

7)1. A 75 < i t> MIT #©-8t*#©#X 15B*©##<k tn|@<£©MI$$f#bT©6 X© 

■5.JtM©A15/>75< 75©. fc/S'L, © ©5; x t5XH©$I$ X D

£: 4. L T © 6 A y> 1: ,B 4l 4l 6. ©4115. (D Materials Science 7)i&6t#$#llL. X 4t. 

^#Mifi©MXl;j;5«lii86()E%©M/>#lcJ; DIukE© 3 3©#@7)iX4i4i33$6 © A. 

©Xffl©8(WXW;iX'fc. *Sll?SlciT3i|@)£©tts$5®*©l«8-iSISA ©5$!WAffi 

-C##7)i@#-f6©15g#TI575©#t:5:6. CtDfzsb, %##&&#6

A. *«I#93#4W-E%l:#iiTi5A#, /WX*6©15Em##&#@93l:#% - #

$«k75$i$xr

@ft©AlH]l:&6 5:3 7%. 5 b ic. «####l:X6%AA©W#l:MX6##

l:A D 33*6. fc tz L. A4SX ##l:MX6##-e%t5XIS*6©l5»:'M?t)7)iA 

DffiiEtt^«bT430. A©#### 6 ©aeftl4i#/o?©T5©. ifc, *E$gtt|6l 

t£gfgL£Atf W)*I:MX6® Dfi77-fcX7'fl3XAX'7524lT©75©.

-A. B *X%, ®©±T15:©5 d 75XH©Sij$l:K+#jS4lT'iMLT©6. X
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i. 6R##, 4SIf^. 5 BtttfflXWS-SUtt'x'-TU 7 4 
-5-LT, *'Jti7AiLTIiMfflfflWj:bf. 

-k7 5 WStitt*c^VH t> ffi 9 iK 5 J: 5 tt & 9 o o ifc -5»7 #t:c4l

6l:MT5##7)^a ifc. ft*tLT8Itt)64«5H

$fc. *¥Kft. U»>t>tt
HA«. *BTIi mse cofSTSSttt, #± lioo €,.

»± 600 £. I#± 450 £glfT\ B*(OtS±l;tt«eLTrj 3<6<hSU (B*TttS<J 150 
£) .
it#< <z)*-¥t;i5UT. fj#*tt#4i:6oTttA*7)i7k<, g#%#4&#A&(7) 

I:S*ITU5„ 7c£L, * it t®«t SITeti:, 1970 ¥«$TttSM • #RS*t)5^^ 
-Dfztf. *jfitt, ts ■ f f f lil^gi* • 111 • Mii®J)!i'#< . #SWJ£ 
7)toTU5„

tfFtott*- Jmi. fi|ffli:oi'X8tLto5ffilJi«!)T'Mi'.

• 8*7)>6^£^<o-;SttT£-liroa$#77#< , xtofcti, HUBTxo
<fc-5*«*DSjW'>&t'fi!!, $*69®0ftu*iiitv¥4;7)s#u„ «xtf,

IBS fc f»l:a*UTi»5:i', #mK#i(Z)#@eRoTUTt*#(7)f4#*#Kiat

- #4(0##i:Mf-5##tt&5Ai, dcoM. *a»)til46to
7"D-lzXl:MLTfc|B|t$T$.^„

- #&tt#a;*m. iii-ebt©e%3e

#IW*!4 £fc.
w w izfflT&w9i i:ermti##tt<ii'kttTU7.„

• nUlf ©Ar>1fflti • JStt • tt{Bl7)'t:oi>T#x5)|g)i, g^cofflTmato • ftt

Wjlc#x, 6i/.LTfT»irS5)#^j.

ns3>*i*. tei:*io
WfSW*l;»te«&T>6l>. $fc, ESESIETl^tKfflA, Slifitt, #«7j»<9ll
«. n n ^ s ,tt & t* © rM 8 am»t> 7 sa l x i > a.

• . <m69etw»tw8T»i>.
xroto, aflS(7)•y4ttl®-3 Xc 7 <!:Ttt117)1, W F<7)4774. feigns :
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• tttosw-L'. mmti.
*»©#;6;^Sffilxiild3 r*Sj •?». g*i:=fc D tttY* 
mzMnz, rgutj . SSHblgA^ffiBAXi'XJeiTiis.

■SSUUfti'. MtttolKttT,

• rftU>j fC',<t)#i5i*, aiWS#AWMLtl>5. *fcSt«*ST# 
T, "t" <"s$86 5»

• BPiEAlC&bXtl'. A#K#±$T't, ^©^gWi^fcbXft,'.
• U — *?—:/ -y 7° Xj XA X 5z L T11 •£> =

±IS© o %, MFSC#W©P«gffll$TIB(9<J: 3 X(##IMm©##l: J;5t <
%©.

• &##8#«#%l:(A(iRBI:#3T©&X:A. JAi7«*£4;i =fc 3 i 

LX, %#©B«6&»##l:Xt 0#^T&6.
• *»fi)fflSt®Pn1ll, 8tie • *SP=1ll7)SffiS • iXfl!UK < . fttt©*., $>-MiMI 

©»Kio/t8UiE,5>b©W%IX|iliO$< , W5E©Xc*©W5S^®*t»-feT*^>„ 
•T ©Xc»6. ##6

• 136*9 PS X> Xu 0 , ItiilXUimfFK •
croxc®, w%6##©maxi
SMTXtK

• tiF^'t$«Bi©Tec85/t». BXKIK < . m*&9l#l:<
ti/r$btE3§XE A# 7)1"*$ OIK li.

&*X #&©*m%X^X(UaAHB*^#©MmTAO. ftl:«S$@#T5X 

>t>f<
LTSfl*.jA£ttTti£;i£. mK$#©gEA#gT&W#©aAI:3:6t)©?&5.

^ Xz, New Nikkei Materials © 7 7 Xr—h|^$ (1991^11^ 25 0^) IX 3; -5 & , IB 
§=f© 80 %m±***L ©##!##%&m/uT©5. f LT. ®S#© 55 %X$S5)-
f-AR-#«©a#emoim< ex, 40 %xo'#«i#. «xx#Axmai$6©m&,
29 %Xi*IKtt*4Xi6*#MgtTfel£«lca3lf:7)!£>gt LT(>5. UXoL, C 6 

+ Bf 5 1X0*7:13'>&< t

t>®i*wi: ia#xt6f,#m%?f ^ LT#ta©3©xi##i:ian.
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fc-ofz.

■ ilifil;t5:IE 51100 6 57)1 K*AVIC*f LTfA4lA6 5 Ati2:®7te"15

«isi7)5$,t), $mroa¥w661'a#mra&mwa-titbit,

• A11| O Materials Research Laboratory O A 3 Zt '7- 0TZ iYj till 'ft • %'l 1% # O') ,f% v Zt Zt Z - o

fZo

u-fnicLTfe. Stt0$$T1;t, ###&A0##l:&'@%A$40#WcA##T6 5

tf*0 7)L B*roisE®t#AtaA*<e>.

3.3.4 4-%(DW(56^l°l

K ± 0 A 5 Zz Pdlll s $ £f!H L, a$ii!g,tt5A«, SSStt
S0t#Sl:S;RSn6 Ati&*68T-5Ktt. A#. tt£0Sato¥. 6SS06E*AtXSI 
g&$7)L£-ST$>5„

#1:. Mif 0*@lA(^%aA ARA&#^ AAye(7Zl:#e%A5 07)o SZc. *3 Izt6 

fflT$5»S$£#e^Zc|iJiB63Ay £Ut)1C LT#J$t-5 7)'7miiT6 5,, C0A0I: 11. 

^Soailll ##%##. iLiS • 8#, M$kMM&{t, #*%## (is*®) ti> 
5-«M Z7 UZi C A$$TKiEy-5.£.SZiiS-5 (I»W¥S«

#^) . *(:^< 0!!f jS^MZh-t+Tfc** 0»n*/Z'ZtlL MS^ESI. i«

SS66*Sl>ti:Zc. #*M##ZL^gT6 5. $Zc. 4 f fW10#g;##0»"Ci|@(A0 

5 0 il#MW !:#(#!: @#T 6 0 . A#R##-^####A^m@T6 5.

5 6 1C. &0AM£S05Zc»0, tt#'v®7tf-;k *KA iSttftA A MSS LZcttiS# 

wwzs"a$n-5„

ffioT, D. F0AzZt*ez<4-ma$ll5.

• #wias^ksv. s»5Zff0#pi*i:cto,

T W M @i T ts /£ I' a I® A h6 Z] £ # l Z ft (15 A A Z'*T ^ -5 11 -f r 6 5 0 

klB06WTll, )Dii0|g0iA*iyjg(W (#W*'L'0##) Z'b. giWfSSii: 

A#1:0#mm#M C#**'L0#@) KEjEt-5. #(:. ^-ATS*M£«

Si A 5 ig ST'teg 7 5 PBL (Project-Based Learning) 0 «l A tfi M * ft 5 (iti$0 (A

T A ff :?<')'■ #E) .
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• -o©¥f4T, #£At, #4©»g&
#0$A. f©a*©%#t&mA. »J S tt £ ».$< C A A< t # 5 j: A & A X t- A At & 

#T&6. *fc. #em#, ±#K##_ &$rt«W^6fflUTtOS+Hto¥@SS 
SSActir-5

£$gu ttsic43it5>a.i$^i$»5>„
•ftffliSCISLt. aaAi®Wfi«TC>$(W6£$£ff«U 

-5) 0
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4. m ns

21 LT. $sicatou^sK=rig7S:*
■£©$£, eiucsstiftufcAs'is 

icis, 2. ic43i'Tin^fe*sasttt^5a«^we«^7 h

sbbtl-E). &bt$6R#iM%tiCto*R#|llg&@$AtttoX6iy-mf6b6lA &

ST8>-5„
-s, s-< 0Hs§ncj3^Temii%<Dix^ii/;»$ip]±L/tss$, 21 ittietc43(t5ia^w

& fi ifi M % S$ * As S b I: J$ £1 ft to £ & 5 £ M- S X $> 5, ftoiAiLT. h7)$B
tt. 1990 ¥ftlcf4#S«S*tt*5 co/t»to
SS5ML/;. r##8##j®asij 6*81"5lcli, WfElifSiiiO^toKSIAft 
&##!:. BtE©SBCBPLftiil«g£3%iTfa«fte>ftto„ c© ft® Eli. $6S» 
6hTto-5ttStot*®&$lc»tST-5«T, E%M%CM-T5S • # • 6©fS»J:9-fi£H 
#SL, A* • HET?Tt)li-5W%llfl%7)iE$to%Sl;$j)¥toi;$$tXo< fll/ ha
>t5Ci;!iS*i4en5, l/caSIS*JSS.*tfc6®iS
U^;PtottfiOT9EM»^XxA t AW#fiK^toS:gAl*ST*i-5o

4.1 noma:

mm©#*###©;#.

• Sa^BroftMtoftMtoEtoU XX

• m#sa^aenc«i7)Xj:ii*®pgfflto±«tfiij <«$, e®. tarn.
StcW) icwxamm

• Sfflto/=c**ie{fcd3J:y:*®#«l+Bi
• ttfitoAS. ini. ffffl- ##61$ St, «ffl (Eli) yXfA, «<*, »E* (RXiS 

It) toSWWT&jfiWfttitSMfS txX-XX > h
• MKA—X^\—Xto##

• aWMSl t«B§
• AMtoW6££Saif)£8tl6to}i#i

#, #«ftBSt;=k <9 #i$5, L^URiEXSttt LTt#lc*BA:R*(i, «FP=1HS
BStoXXX'tM'XJtSiiLT holistic CfflA. 8Stt/j;fliSTtyXfA0«it^

toEi:*x-5 AtiWfi£T$>-5„ 3 X-feXhtoSIfflcSZcb-m. %AR&@Aft^f ^
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$ftTU3HxiE%0r^*4£<y*£SSSU B©5 y v a A LTff itfS £ A^'

4.2 B<DE%gg%s^ros«i

#%M%£fi-5 A*. #*#, BW • asffi. &$®Sffl<hM«S!MBICL, !S$Wl:g 

*CD%Slcy LTeaM/j:S84tfffcjl-5, j:5 A©A*IC. *ftB

ffl • %ARR*ATRAflA#%l**&*#g#. $8l;SB*S*.6->X7uA$«iLr-5„

(1 )*¥©«»!
m¥&ffit>ttam(D&t£»t}T&v, mm ■ nna-ti-s. A#

tt$*WHtt»W#ET$)D. -A. #%M%

lcj3tj--5 A*®S*MSSiJtt. EfcZ<cyi9E#®MS^#¥t$«iy#ifWfiK • AM Ic $>•£>„ 

^A-mesro • #$sroaei7)iif-i:>j:»i3. m*mi= t±. mKR*©#%7kma#AK6 
VA ¥Srto^tt#(98iJK^ BfgUfc«%M%7)^<Rtiti5„ *¥IS • ttBWF&Bf®S 
* fc W3S#0«I8WWfiS Al^ ^ £>S n-5 ^£T* -6.

A^liAttWBSA Afclx.

M-rett^n>-fe>itx©»B£. f4»a*'JX5'©ff«l*mw%

X A »''*»©> 41-5.

(2) Bama#m • %aRa&A©%#i
■ 4#f^ii*i5 RffiAtt. s*tolcti:ft£5 y -> g >©HIMiitibS.

Sot, AttA'ilOS -y Aa >*$$*•#"-5Ettl;d3^T. Sfflto • E#$WI:MlSf 5-£-$ 
-5. AW. tnW#4=8«7)tpI*gAj;#TS5 ACIC. *

AS,

(3) S • ¥ • f©*«

A# AB# • toS©1SSiJlcMA5ty.±ro$#lcSo'S. }eiEiiJ*E/j:*®«$Sa#©* 
8ti'53>fi’XF©'t>T. $*%B©fc»6©*ttlS$. AMWfig. 
bk. #4'ta*A^tm@E*©ft5E. 6#%M%©mm#ig
z)A g - # - S©^|5|tasllcAbTE65n/j;BntfZj:-BZj:i.A
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4.3 |6]

&, sat(omaizmt$>%.

4^u5$i6*T5*s4ettics^s. «s#«. «s«aa. 

fi*®<b6£<A*BfiS&ileMT6Sm#liS6i64t"6. t*il:#^'©T*;m©4 

i$, 6ni. ffffl. mmtm. S)i(M)yXfA, tSftti AUiSElKRXilUb) ©#*%

ttfcic. w%-f-x^-x©#m&06.

-*. t>7)sia©s*t*s©sttii. #*#e,i:Mfc 
HiTttftft*^W£).©ffi©:$l:x>©T©lfS:*X S?i|51-iellfl7F$ti61 

c©*i%&#m&m#©#%^i:*oT$$L. it«tt»(iT) fiLxenbof-x 

i=m*&f^XiHbL. ma© 7 < ?»< //;!/%#&*© 6 ^Kni:MmT6.
K±©ftW*fi«l«§£EiILTfi1</;*!;. SS,©7^ 7tM ^SillTtWmS 

#ML. y%TA©*a&06(g'#A<*6.

©$tw : AttttWfi£->7.xA©*a
SSSSSgtoMieWfiKL. HE • as <6 6 ©MU# lets

«LTfi< #g##iA#K - #mm=&

If6##e. Sffl*iE#liS6^tJ##ftE|iJ$lH©e*llilSleSSS-tt6£'S^$.6. 

#*a#T© hu> Kim$tR*#*©X7>X%itm#%M@?&6.
^©MSi UT, A#©#m&. ^ © 1SSI6$# L fc AT W5K"f 6 -> X S A?M'gT $>

6. tnii. A¥©Stt{b£AU: $6¥&9AMlSffl t © 5 «s>

e tegT, « • tciMt®, f #$R@©#At A#xm&##L7kitfi
tite b&©.

®E%K15$:S•¥•#m#yZTA©#a
A#R - #m#%ETia. lhHt£fit«tVt©A,Mz©E5£S, t$«S£WT6iitlC.

«tti. #/:%jg##imI:*@rx©<E%l:©a^gutmgiim • 6.
ctu:(g'#%#'g AWH&< ft • ¥ • S?)f b$©6.

aaw5S3f • 5fiir.ffisaAie*5©T«, HS©e*%gi:tbTestst>ti6eBfi 
feSleHLTttKSM • ®«WW^5-*#T6. iit. A^lcjoUTlI^LfcSrtilfiS-iSm 
%l:*m^#6E%&%*T6@t%6. S bie. H4W5E0f • 5SifTft?iA©MB* 

saii. * • '^©i >X-7i-Xt&6itT£>6. mg##g#ll:MT6g - #
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2

6F, No.17 Mori-Building,
1-26-5 Toranomon, Minato-ku, 
Tokyo, 105-0001 JAPAN

PHONE: 03-3592-1283 
FAX : 03-3592-1285

URL [http://www.jrcm.or.jp/]

JRCM The JAPAN RESEARCH and DEVELOPMENT CENTER for METALS

< 3t B >

2. Agenda
3. (l) SRI International (11/15)
4. (2) JETRO/SF (Silicon Valley Network) (11/16)
5. (3) University of Texas at Austin I6ISH6S (11/18)
6. (4) SEMATECH iSSEiBM (11/19)
7. (5) IRI IncJ&N«r& (11/22)
8. (6) ATP, NIST 8619*8* (11/22)
9. (7) MSEL, NIST (11/23)
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tolffl/c : jlRI, JETRO, Univ. of Texas, SEMATECH, IRI, ATP/NIST, MSEL/NIST

® ffl 1%. t ti ffi Wl [n]

• % <0 X t" — K , Cost Performance ft # U < |u] tj tl ft 0 (National Lab ■ ftt M ft )

• Coating Tech. (CVD/EC Spark Ox. /Laser), Nano Scale (Materials, Morphology, Structure), 

Theoretical Modeling(ft • Si Wafer• Formability • Pb Free LT Solder)
• ft ft (6 ® 0) ® If,| sgl • fl; HI ft ft ft f* ft Jfj 3%B-Ni Free 81 HIP ft 8 Selective Laser

Sintering • Thermal Spray by Laser • NNS-Foamed Metal • Supercritical Water Oxidation of 

Waste/Sludge • ¥- # (4 5 0mm, 5Onm Lithography, 1 OOnm) gate stack) ^ ^ # o

• Materials Science GO f*J 7^'cf < ^ %% (Metallurgy, Ceramics, Polymers, Semiconductor,

Electrochemicals, Bio-Technology)»

• CPU Software GO ^ 1Z j; 0 Combinatorial Chemistry # & GO $4- *

(!» Cooperated R&D 1: O U T

• 0 4^ (JRCM) GO Joint R&D 11 'M ^ , Applied Research fZ If S 0 , Process/Product

GO Commercializing (Competitive Development)

• tK @ GO Cooperated R&D iZ 13 tA T 11 Consortium if* Pre-Competitive Development (Applied

Research) ^ fT V^ Industries 10 d# # M 1Z Competitive Development (Product/ Process 

Development) L T O ^ # (1 Long Range Creative Efforts (Exploratory

Research)

' 0 (SRI) 1Z 11 Culture (D ± # 7% # M & 6 <E (O

1) 3K HI T i-i Center of Excellence £ ffl. 0 ^ ^ II ffi W 1Z £H T Creative f£ Top Researcher
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(1 0 f3 ) (O MITI (NEDO) (Z j; 6 # 11 Great Step ^ ^.

3) 0 AT 11 A ^ ^ ## L 71 A 11 Challenge
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(3) Mission and Policy

* SRI

* What Do We Do (Create Technology, License Technology, Create New Venture) Tf

Pre-competitive Research £ ft 7 o ^ U > SRI Consultant ^ Spin out c? "tir /t Small Business 

\Z IP (D Royalty ^ Expertise -S' ^^Mo

* Peer Review XT' CD Proposal ^ Work Shop T? Performance ^ ^ K W (C 0^ $ tl <5 o

- SRI # Contract

* NIST

* What Does NIST Do, to promote economic growth with industry 

MSELrPromote the more effective production and use of materials

* Contract CDtk$7A Work Shop ^ Conference f1>J V T

S ft ill CD Expertise ch Market Needs O \Z '$■ tTl^o

* SEMATECH

* The mission has changed from protecting the US industry from Japan, to helping the industry 

stay on the Moore Curve.

* Consortium Catch up lT <5 \Z ll; (A IE /c 7^ > Top Runner <L f£ -5 \Z U Mission

Road Map fE t lA £ (“ /r H # \Z%\ RM, A###)

(Strategic, Tactical, Operational O # <E Totally Customer driven Operational Model i'Effc)
* UT

* fk M ^ Consortium \Z y "f 7 & 0 Pi 14 i\Z (Re-Innovating) 9 'i ^ > 7* 7^' $ IE o

* IRI

* A $i fiM * i%( Iff (Z ffl ~<t 'b Position Statement CD % > R&D Management Program CD #

(3) JRCM

• Recycle (NIST, SRI) # (C , ^ "f >IT (Cleaning &(D%^)

• Super Metal A Cost Effective A b Great Research (NIST $0 ^6 f L & , SRI Slcl El @E fPl)

• SEMATECH & f Light for the 2 1 st Century jlCltAo

• JRCM CD !§.$$ IE E O $) 'b ^ cf A (Mission, Road Map, Operational Model j# j#)

• JRCM/Pre-competitive Research <h Industry/Competitive Development <L CD SJ jrf 8.

7A U
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DM I I : Dr. Takao Kobayashi)11/15 (P ) 13:00 - 17:30 SRI International 
lBJ^i : Dr. Paul J. Jorgensen, Executive Vice President

Dr. Donald A. Shockey, Associate Director of Poulter Lab
Dr. Takao Kobayashi, Senior Stuff Scientist, Metallurgy&Fracture Mechanics, Poulter Lab. 
Dr. Iourii Balachov, Senior Research Engineer, Poulter Lab.
Dr. Gopala Krishnan, Program Manager, Materials Research Lab.
Dr. Matt. Henneberg, Senior Consultant, SRI Consultant Inc.
Dr. Eugene A. Thiers, Director of Specialty Materials, SRI Consultant Inc.

11/16 W 13:00 - JETRO / S (KP : Mr. Hidetaka Fukuda)
Dr. Ruben Barrales, President, Silicon Valley Network (JETRO In/fb)

11/18 W 8:30 - 16:30 University of Texas (M P : Prof. Glenn Masada)
: Dr. Robert E. Hebner, Director of center for Electromechanics (7C NIST CD Director)

Dr. Glenn Y. Masada, Vice Dean, Engineering and Professor, Mechanical Engineering
Dr. John Goodenough, Professor of Chemistry in Materials Science
Dr. Eric. M. Taleff, Assistant Professor of Materials Institute
Dr. Suman Das, Selective Laser Sintering, Lab. for Freeform Fabrication

11/19 (<6)9:00 - 13:00 SEMATECH P : Mr.Gupta/Mitsubishi Silicon America)
Ttj : Dr. Howard Huff, Senior Fellow, Gate Stack Engineering (Road Map $SMfFh&4^)

Dr. Chi Shih Chang, Senior Fellow, Strategic Technical Assessment
Mr. Peter Zeitzoff, Program Manager of Process Integration Analysis
Dr. Kenneth A. Monnig, Associate Director of Interconnect Division
Mr. Chris Daverse, Manager of Government Affairs
Mr. Robert Ruliffson, Industry Analyst of Internal Technical Support
Mr. David B. Anderson, Director of Supplier Relations, International SEMATECH
Mr. Ashwin Ghatalia, Director of International 300mm Initiative, Int’l SEMATECH
Mr. Randy Goodall, Assoc. Director of International 300mm Initiative, Intn'l SEMATECH

11/22 0])9:30 - 11:00 IRI IncMffl (SP : Dr. C. F. Larson)
utiS : Dr.Charles F. Larson, President of Industrial Research Institute, Inc. (jc MPC)

13:30 - 15:30 ATP, NIST BFn] (KP : Ms. Joy Brooks)
: Dr. Claire M. Saundry, Chief, Office of International and Academic Affairs 

Ms. Joy Brooks, Information Specialist, Office of International and Academic Affairs 
Mr. Marc G.Stanley, Assoc.Director, Policy & Operations, Advanced Technology Program 
Ms. Carolyn A. Van Damme, Senior Advisor, Marketing and Communications, ATP

11/23 ('X) 09:00 ~ 17:00 MSF.L. NIST Si Ini (SU : Ms. Dawn Bradley)
011$ : Dr. l.cslie E. Smith, Director of Materials Science and Engineering Laboratory 

Dr. Kenneth L. Jewett, Scientific Advisor to the Director 
Dr. Carol A. Handwerker, Chief of Metallurgy Division 
Dr. Robert J. Schaefer, Deputy Chief of Metallurgy Division 
Dr. Stephen D. Ridder, Process Metallurgist of Thermal Spray, Metallurgy Division 
Dr. Richard J. Field, Metallurgical Engineer of Materials Performance, Metallurgy Division 
Dr. Lyle E. Levine, Physicist of Formability, Metallurgy Division 
Dr. Dale 1). Berkley, Licensing and CRADA Officer (Partnership O I#)
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AGENDA
for

Dr. Hidesato Mabuchi, General Manager, JRCM
and

Dr. Takuo Takeshita, Fellow, Mitsubishi Materials

Date: November 15, 1999 
Meeting Location: Room AA298

13:00-13:30 Introduction to SRI Dr. Paul J. Jorgensen 
Executive Vice President

13:30-14:00 Introduction to JRCM Dr. Hidesato Mabuchi

14:00-15:30 Open Discussion on 
Four Topics

15:30-15:45 Break

Dr. Paul Jorgensen 
Dr. Eugene Thiers 
Dr. Matt Henneberg 
Dr. Angel Sanjurjo 
(Mr. Brock Hinzmann)

15:45-16:10 Recent Topics on Dr. Takuo Takeshita
Non-Ferrous Materials 
in Japan

16:10-16:30 Soviet Technologies on Dr. Iouri Balachov 
Metal Coating and 
Thermal Neutron 
Radiation Shielding

16:30-17:30 Three-Dimensional Dr. Takao Kobayashi
Fracture Surface 
Analysis and New 
Approach to Material 
Development

17:30 Meeting Adjournment
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COLLEGE OF ENGINEERING

THE UNIVERSITY OF TEXAS AT AUSTIN

Department of Mechanical Engineering • ETC 115.160• Austin, Texas 78712-1063 
Telephom(512) 471-1131 EAX(512) 471-8727

SCHEDULE

Dr Hidesato Mabuchi, Director of R&D, Japan Research Center for Metals 
Dr. Takuo Takeshita, Fellow Mitsubishi Materials Corp.

8:30 Professor Glenn Masada, Meet at Hyatt Regency

9:00 Center for Electromechanics, PRC

10:00 Dr. Suman Das, selective laser sintering, PRC

11:30 Professor Eric Taleff, ETC 8.180

12:00 Lunch

1:30 Professor John Goodenough, ETC 9.184

2:00 Martin Wohlert, tour of metals-related research, 8th and 9th floor ETC 

2:30 Melanie Violette, composites-related research, WRW 103 

3:00 Refreshments served for Seminar 

3:30 Seminar, ETC 9.130

Dr Hidesato Mabuchi, "The Segregating Behavior of Alloying Elemsnts Based on 
the Divoced Coincident Segregation in 5% Ni Steels by the Application of FE- 
TEM"
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AGENDA
November 19,1999

9:00-9:15 Welcome & International SEMATECH Overview 
Anderson

9:15-10:15 Semiconductor Materials Overview 
Takeshita/Mabuchi

10:15-10:45 Silicon Materials: Issues and Challenges
Huff

10:45-11:15 Device Trends and Implications for Materials 
Zeitzoff

11:15-11:35 Interconnect Materials Challenges
Monnig

11:35-12:00 Discussion
All

12:00-13:00
GIfln)

Cooperated R&D
Daverse

• Dr. Takuo Takeshita, Fellow, Mitsubishi Materials Corp. 
Tokyo, Japan

• Dr. Mabuchi, R&D Director, Japan Research Center for 
Metals (JRCM), Japan

• Dinesh Gupta, Mitsubishi Silicon America, Palo Alto, CA
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UNITED STATES DEPARTMENT OF COMMERCE 
National Institute of Standards and Technology
Gaithersburg, Maryland 20899-0001

Agenda 
for Visit of

Dr. Hidesato Mabuchi and Dr. T. Takeshita 
The Japan Research and Development Center for Metals 

Tokyo, Japan
Tuesday, November 23, 1999 

Room B307/Materials Building

8:30 a m. 

9:00- 10:00

10:15 -11:15

11:15 - 11:30 

11:30-12:15

12:15 - 1:15

1:30-2:15

Arrive NIST 

Leslie E. Smith
Director, Materials Science and Engineering 

Laboratory (MSEL)

Steve Ridder 
Metallurgy Division 
Thermal Spray

Break

Dale Berkley
Office of Technology Partnerships 
Technology Services 
NIST-Industry Partnerships (CRADAs)

Lunch, NIST Lunch Club 
Ken Jewett, MSEL
Robert Schaefer, Leader, Metallurgical Processing Division, 

MSEL

Presentation by JRDCM 
Dr. Mabuchi and Dr. Takeshita

2:15-3:15 Carol Handwerker
Chief, Metallurgy Division, MSEL

3:20-4:10

4:15 - 5:00

5:00

Tour Stop, Room B256, Materials Building 
Richard Fields, Leader, Materials Performance Group 
Metallurgy Division 
Lightweight Materials for Autos

Tour Stop, Room A119, Materials Building 
Lyle Levine, Materials Performance Group 
Metallurgy Division 
Fundamental Studies of Formability

Depart for Dinner

NIST



( 1 ) SRI International 1619 (ll H 15 0 13:00 ~ 17:30)

Dr. Paul J. Jorgensen, Executive Vice President
Dr. Donald A. Shockey, Associate Director of Poulter Lab.
Dr. Takao Kobayashi, Senior Stuff Scientist, Metallurgy and Fracture Mechanics, Poulter Lab.
Dr. Iourii Balachov, Senior Research Engineer, Poulter Lab.
Dr. Gopala Krishnan, Program Manager, Materials Research Lab.
Dr. Matt.Henneberg, Senior Consultant, SRI Consultant Inc.
Dr. Eugene A. Thiers, Director of Specialty Materials, SRI Consultant Inc.

(2) SRI International 1:0 (AT
' SRI 11 1946 Stanford A#C0f!##9®P)T (Stanford Research Institute) <t

1970 ¥ T * ^ b 36 \L , 1977 ¥ T SRI International Menlo Park Tfc T $> &
SRI AnPcL Princeton rfJ ^fCSarnoff Corp. T A (A T If * il ft, ft:# '#

mm,
XtfJF X > h ## 11 SRI 1^11: L SRI Consulting Inc.Tff 3 T (A 6 .
' 3000 f, 2000 &)T& 0 , ^^^#11 SRl(l60M$/Y),

Samoff (130MS/Y), SRIC (60M$/Y) T & 6 .

(3) SRI (D Mission
• What Do We Do CO Policy T,Create Technology, License Technology, Create New Venture ^ 

Mission
\L Hi $) 0 , <1 CO Expertise & X — XT Pre-Competitive Research & ^Mo

Non-Profit^#T##^A^<, SRIC^Spin Out$#/c 
Small Business T Intellectual Property (IP) CD Royalty T" Expertise

- >^-ucLA
# B (D WWW

* U A fUJ %. 11 M$C il' (C60 CD M ^ cL L T CO jA , Carbon Nano Tube <Z) FED <h L T CO 
/T iff ) , NTT ( A lB IS if! X □ 7 X X T L ) > A IA iJ X (A M Gas Linepipe ffi Monitoring)

• LTfit 14 [n] 1: • ^HX #- JS IeI h ft [X] 6 Coating Technology 
Chemical Vapor Deposition (CVD), Fluidized Bed (FB) CVD, Plasma CVD, Dip Coating, 
Electrochemical Spark Oxidation (ESO) Coating f (Il 0 Si02, Cr, Ti02, Si3N4, TiN, Si

Coating #1: FB-CVD TllA^f#T IGCC 7"(D Cr Coating
^ ^. Turbine Blade ^ (D Si3N4 Coating ^ H2S,NH3,HCI X,
Anion ^?L#A(DA0(: Er,Y SOF ### Bi203 Coating, ##
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Smart Materials (50%Ti-Al Wt ^ HHt^), Fuel Cells (Polymer with Thin Metal), Metal/ 
Intermetallic Matrix Composite, Micro-Machining, Economical Cleaning of Scrap Metal (Dioxin), 
EAF Dust Recycle (Hoogobens, CSIRO), Bio-Catalysis, Bio-Materials, Bio-Polymers, Bio-Sensors 

Conductive Polymers, Diamond Thin Films, Solid State Micro-sensors

• CPU Software ® ^ jl i o T Combinatorial Chemstry # & <Dck O
SpeedUp <D^fr.

(Design of Parallel Conducting and Multi-Experiments to Speed Up under Limited Capability)
• DARPA Pre-Proposal : Ti/Al (l) A $3 & ES WS £ x A;

• Advanced Metal Compound for Catalysis or Bio-Chemical by Chemical Control of High-Purity, 
Nano-Morphology Control, Complete Nano-Structure Control

• Nickel free Corrosion Resistant 3% Boron Steel for Spent Fuel Assemblies & Transportation Cask
as Thermal Neutron Shields. ( V i$ CD 2%B B^<bCD#####)

• Advanced Coating Technology (ESO Coating, FB-CVD)

• Social Benefit ^ iA ^ A <5 A 11 x One Company Funding 11 & D > U y
x X h T fe Cofunding Cooperative Program (f S f ^ ) t ^ o T t fc « 0*J : Advanced 
Battery Consortium, Integrated Combined Cycle Program, LNG Transportation Program, Reduced 
Emission Program, Nano Bio-Ceramic Materials, Semi-Conductor Manufacturing Technology

" A # 11 Specified Task CD Joint Consortium (D Sub-Contract b. L T # IM 0

• bobfc Joint R&D 96 11EA

(Center of Excellence) T' 11 6 A' fti T tD & 0 96 11S M8 1$ /=£ X — tfV h 'V <fc> 0

(7)£n $]I1 M \z o ia T ip coffe D ia )
1) ^^A#l: ip BfWSif
2) A # A' Commercialize IT A# ^ A (A B# !1 Royalty Free T # 3 # W o
3) l?§ % A H Commercialize l/7lWB#lllP^%DAlf^) (Marching Right)

Proposal) (D m m
• Peer Review (ft W B'J # P ‘3 iC CD fp ) : NSF Contract A A £ & Project \Z M $ H 2 A
<D III S j| 7^ (1$ A (W A M 1~ 11 Sabbatical Leave CD A ^ A <5 X — X ^)

A#A6(Dm$ii3A^&^sRi#TiiAm^m^6#
=b3a!18;#l2!i%:(Do
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* Congress(l>m&):A#% Project
tiff W 0 Work Shop ^ 15 0 A Jl/ 0 1=1 -(j^ T' 111 $$ $ tl fz Coordinated Committee 'V
Research Performance 7^ gfi f§ tl § T b. S? M ^ '<K 0 Step tfi ^ <5 0

±##a#^#B]L^PR0^:&6l2A^+l!:L0. SRI Tti Contract^#

X, A#0#f

# < ^#i$tlT0^.

* Small Business R&D : A EH (2 li Small Business Administration (SBA) $b o X , Small 
Business Set a Side Law 12 <6 0 /6 ^ (10M$ ? ) ^ $ tl •?> o M: L ,Innovative Research
0 Technical Capability "A Expertise (2 13 Fund L 0 0 T' > Company ffi Fund £ fr 3 0

SUbfti Sample 6 L T Fund lT & 0 A Tf & 'b 0

(9) 0 3fv 0 Culture 0 ill 0
1) A Ell Center of Excellence ^ 3 A ^ /A lH L T < <5 Creative % Top Researcher •$:

Surround T ^5 c #6 A # 12 # # A <5 „
2) IP 0 'Ji JM tt Creative Job £ L A A 12 E & A # t MITI (NEDO) & # 15 Great Step fz & „
3) 0 ^T15A^&^# L 75: 3KST15 Challenge 0^^T&OA#%L/:$0

&^A0A^#FWi'6o #12 Small Business T 15A/:.
4) %6 0 Innovation 15 ^#12^^516. ^g|i%#15 5O%0#^&#/:^0$:15 25%
/coA. 0^t^mm^±lf^0Timm^&BLT0^. 
A^6ik#^0^#15i#AT0 75:0 0T15?)
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Objective: Develop mathematics and technology for extracting information 
encrypted on fracture surfaces

Approach
Forward Problem Inverse Problem

Load Spectrum
Load Spectrum Information 

Determination of Failure Cause(s)

8



( 2 ) JETRO/SF IS |@ (11 B 16 0 13:00 ~ 14:30)
fti EB ffr ££ lo iY ct -d T , Dr. Ruben Barrales / President, Silicon Valley Network O 

Joint Venture's Internet Clusters in Identified Eight Regions SMI S =

(D Internet Cluster Regions O # # Established Industries (D ## #
• Silicon Valley : Silicon Valley : Hardware, Software, Semiconductor

Multimedia Gulch : Media, Financial Service, Retail 
Silicon Forest : Software
Digital Coast : Entertainment, Aerospace and Defense 
Silicon Hills : Hardware, Software, Research

• Washington DC : Silicon Dominion : Telecom, Government
• New York : Silicon Alley : Media, Publishing, Advertise, Financing
• Boston : Route 128 : Hardware, Software, Research, Venture-capital

• San Francisco
• Seattle
• Los Angeles
• Austin

(2) Paradox and Re align M8

• The past dominance in high-tech will not ensure the future dominance of the Internet industry.
• Moving on Internet Time may mean changing your business model every six months through 

re-design, re construct and re-align.
• Silicon Valley faces a paradox as below:

how to remain in the geographic center of an inherently location less media.

(3) Characteristics of Internet Cluster are five factors with Entrepreneurial Culture (

IDEAS
V PILLAR 

4 COMPANIES
. ► Capital

► Management talent 
k » Technical resources 
v ► Business partners

TALENT
» Management

► Engineering

► Programming

► Marketing

ENTREPRENEURIAL
CULTURE INVESTORS

» Venture and angelNIVERSITIES
► Talent

► Research 
» Networks

► Network to 
customers, business

SUPPORT
SERVICES
High-tech lawyers/

Incubators

Industry

INTERNET
COMPANIES
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( 3 ) University of Texas at Austin fSBU (ll ^ 18 0 8:30 ~ 16:30)
QLtiSS

Dr. Robert E. Hebner, Director of Center for Electromechanics (tC NIST CO Director)

Dr. Glenn Y. Masada, Vice Dean, Engineering and Professor, Mechanical Engineering
Dr. John Goodenough, Professor of Chemistry in Materials Science
Dr. Eric. M. Taleff, Assistant Professor of Materials Institute

Dr. Suman Das, Selective Laser Sintering, Lab. for Freeform Fabrication

(2) Texas ± # Austin # (UT)
Glenn Masada##

£ Sn ch L T UT £ o Austin Texas 'JN (A P 60 7d A) X & t t & P ,
Silicon Hills High-Tech S rff (internet Cluster) X $> 0 , UT & ^ >L
Pd^^l'ffcPH^CO Consortium SEMATECH <h MCC(Microelectronics Computer Consortium)
cL 6 . ^ ^ 10

P Center for Electromechanics (T* W 107M$) & ffl S& <b LT 3 # # ^ A o T #3 D > 
Center of Excellence AhM M ~F ^ W (lMW)»

* Dr. R. E. Hebner, Director of Center for Electro-Mechanics (CEM) (tE NIST CO Director)
* CEM X > ¥ — (0 Mission
i P Flywheel £ L/cZETlI/f"—Rf#cC0#^cT 0 > Lawrence Livermore Lab. T 

fToTC^##^^#(D#A#f#&(D^36LT Flywheel
T CO #, <L CO j/£> ffl L T Homopolar Pulsed Welding (Line-Pipe C0MB$^i§^)^P#^Eo

*
LT CO (Driver) T

#<LTV^6«L(D$. X,

' A0(O R&D R&D
BP "L , 1950 ^TLUWTti Bell Lab. CD A 5 U A £ U ^ if Bf 

^ E A ^ R&D (D tp & X $> o fz o M i£r <D ± M i£ ^ HII <D # A A ^ \t A S ^
BP^,, BAH##^6WmAE^gKm&#CA^TT.

^ C 6 A.
- a##)i:x if - -%T

miaomimn i)E^A
ot) 1- 2)37#%5^(D#(I:. 3)^V->#^{l:

(Churn Economy : <K b A cf P $5 ^ H A 'b ^ ^))
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*m#©#|e|M%l23©T :

3) ±#7)<im%L^ IP t £±® £f 5.
4) Jfe is 14« & £ t (f 5 21 t tf ■ fi T $> -5 „ IP ^iilCllfcftCS^fioTfc

L a©a 6a. ±#© ip em@LTm3^#-c*6.
5) W^©ifr»* #-XA

• g Etnu m ^ x iKi a * t a a & & & & a n & a.
£-5^sfl6ttoTaaa„ s CEM 

Tf 5i'i‘9i'ICiiJ'-3Tl'5,
*A#-±#©#i^#%aim#*«& Lfc®wnB-ew^©it*^tti-5 ti5.

(Austin 12 S il 0T © $> S> 3M S/\irfl, H -y fl 'X;'SS$&3j<8t|-S)BF9^ttWAs$i^)) 

*4i-*f-SSiaiC«^ttfiIWftSf^StS^^S«i5±^ST*iS7.
* EPRI, MCC, SEMATECH If © Consortium (i ?)J IB t: it fl t > tii 9i £ !lr T . '-kW, 12 R

#• 12 & -5 © T . Be s 12 /ft -5 ffr 12 B ffi 14 ft (Re-Inventing) t5*i!iEfSt*5. 

(ffffittftI2ft$ O -6

±#(CEM©Z3%t>f- ?)t)|e|C:j:-5a:j|x^Ti$S-r^STS5„

Performance
cfeStStf, 3c

- #f. ###)

Re-Inventing (^^'Kfeft©^^ 2 > (7 2/'

* Pearlite in Ultrahigh Carbon Steels with 1.6%A1 Doped
* Warm-Temperature Super Plasticity in Al-5%Mg Alloys (Solute Drag Creep)
• Composite Fabrication/6Al-4V-Ti by Flywheel, Rail Gun, Electric Gun

• Oxygen Enriched Aqueous Waste and Sludge Treatment by Supercritical Water Oxidation
* Homopolar Pulsed Welding (Simultaneous Resistance and Forged Girth Welding) of Linepipe Steel
• Electrochemical Flywheel Battery and Active Vehicle Suspensions
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' Selective Laser Sintering of Polymers, Ti6A14V and Inco 625 
(Freeform Manufacturing of Turbine Blade, Jet Nozzles and Cubic Balls by 3D Controlled Laser)

• Homopolar Pulsed Consolidation of Powder Materials

# Dr. J. Goodenough, Chemistry in Materials Science (77 iE X UT (D Chair Professor)
• ifc fa 0 A CO JRCAT (Joint Research Center of Atom Technology)
;:(Dj;3miao^afa^Box 

% B & ux^%
' Goal

fc g 4 A b tl X 1A U (A t lA ft ft (A o (Foresight Jfi g t ^ 3 it ^ fr ? )

- vx u - fa^mmxft < u

%fa i974 ^f:x^;Ff-^@^^^6#^?#Lx, imxtj

x X ;i/ X — ip X c ic ir M't £ £ £ x & D , X#xXXX — ^#MxXXX — fc^

- Na ##fai##X Molten Na £ M 3 X K 6*1 (C ffl H ft M ft fo 3 ft 0 Li Battery \Z L 
X fe Li Metal/TiS2 £ ^ 3 P«1 H & 0 LiMn02 £ fl S L ft #SfaA<##XX$ 

ft ^ 3 ft . B^(VX-?)^^(D##^MoT^^{i:L/^:. C C X TiS2 & 
LiMn02 ft X X 7 X x T 7 ft W W <h t> Layered Compound X & ^5 A (C ft ft ft 6

$ > tJi-y (D Hydro-Quebec ft Lil-xFeP04 TjSH^SLTV^<hCDS? =

*#tlft###ft3WX:l)##tjft&^c 2)f&W^]#^j#3TW6. 3)##ft 
X#(D##&#tt#3. (DXAft^#X$,6. CtlGfaA#X##XAft^(DX 

g X # ft 3 ft 6 (Develop) ft ft X & 5 .

*^Mft3WX:l)##, 2)#^(###MX##). 3)7<^>^, (DXAft& 

^%%ftfa#^X&&. ^JftLXBell Labfttoft^h^Xi/A^-tD^^ft&^o

• g
' ##@X#{6&% 0 MIT (D Lincoln Lab. ft H & % ft ft\ #S##ftLX(D#A(D

x##ft(D%#ft^#j^^^ft.

-AX#(D3^ft7%7< h37(D^^ft%$LXXmftxAXfttl^Xff^X 

7c h)c $ it ft h3c X X 0[ tc ft # ft # o' L Tz o X <Z) B# ft iE ft [Now, you worked out yourself, 
you are out of job.] ft H t) tl ft 0 fit ^ ft t) tl ft A ft IE b ft <C ft <E> GO ft ft\ ft ^ W 

ftX##(D|^ft(7)&V^##^Lfto
-DOEta##X(D#5%#@m(D&(::&&#3T:b0l#m7^m75:(A. (Moral hazard)

- B*(D#^#(DU7<7fa#T^6.
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(4) SEMATECH 1619 (llfl 16 B 9:00~ 13:00)

Dr. Howard Huff, Senior Fellow, Gate Stack Engineering (Road Map <D 1(E Ed frit W)

Dr. Chi Shih Chang, Senior Fellow, Strategic Technical Assessment

Mr. Peter Zeitzoff, Program Manager of Process Integration Analysis

Dr. Kenneth A. Monnig, Associate Director of Interconnect Division

Mr. Chris Daverse, Manager of Government Affairs

Mr. Robert Ruliffson, Industry Analyst of Internal Technical Support

Mr. David B. Anderson, Director of Supplier Relations, International SEMATECH

Mr. Ashwin Ghatalia, Director of International 300mm Initiative, International SEMATECH

Mr. Randy Goodall, Associate Director of International 300mm Initiative, International SEMATECH

(2) SEMATECH (AT

Mr. D. Gupta, Mitsubishi Silicon America © 7 1/ > y T Mr. D. Anderson P <h L T 

SEMATECH (SEmiconductor MAnufacturing TECHnology) if] fo] 0 SEMATECH (1 3 charter 

members) ^ 1 987*£ IZ IS \£ £ ft ft 300mm Si Wafer & F3 % f £ ft #> IZ 1 998*F

T 100%f^$t(D International SEMATECH (Hyundai/Philips

T > SEMATECH & <5 SRC (Semiconductor Research Corporation) & (T SRC

(Intel, Compaq, IBM W 1 3H) (D T £ T <fc> <5 MARCO (Microelectronics Advanced Research 

corporation)

TW5.

(3) SEMATECH <D Mission ( H $ <D Catch Up b Top Runner P ffltA £ E H)

1 99 8 : SEMATECH and International SEMATECH will create shared competitive advantage by 

working together to achieve and strengthen manufacturing technology leadership, with 

the vision of world's premier consortium, accelerating the semiconductor revolution.

1 9 9 9 ~~ : The consortium's mission has changed from protecting the US industry from Japan, to 

helping the industry stay on the Moore Curve, by expanding membership to 

include non-US members about 5 0% world's share, in a win/win scenario.

• We face several expensive and critical technology challenges, such as Advanced Lithography, 

Copper Wire Bonding, Low K Dielectrics, Gate Stack Changes.

• We need to accelerate the technology roadmap, Move to 300mm and more.

• Pre-competitive cooperation is the most cost effective way to attack these challenges.
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(D Cooperated R&D of SEMATECH

(SEMATECH is not funded by Government anymore. )

* Industries / SRC / SEMATECH / MARCO (W\ E # M)

Production Generation

• N+3 or more MARCO : Exploratory Research (Basic Creative Research)

• N+2 to N+3 SRC : Cooperated Research (Specified Applied Research)

• N+l to N+2 SEMATECH : Pre-competitive Development (Applied Research)

• N to N+2 Industries : Competitive Development (Product/Process Commercializing)

* Decision Making with Operational Model (#'J )

Totally Customers Driven at Cost of Ownership 

---- > • Member Companies : Future requirements

• SEMATECH : Development of Project Goals

• Universities/Supplies : Long/Short Range Research

Status (includes membership)

• Stragetic : The Chief Executive

• Tactical : Directors

• Operational : Program managers

* SRC Mission

• SRC's mission is to cost-effectively exceed member's expectations, being guided by the

International Technology Roadmap for Semiconductors (ITRS : 01 # M) .

• Collaboration to enhance commercialization and leveraged research.

* Forcus Centers by Funding of 10M$ annually (50%SIA, 2 5%DOD, 25%Suppliers)

(SIA : Semiconductor Industry Association)

• UC-Berkeley Group : Design and Test (Prof. R. Newton) —> #

• Georgia TechGroup : Interconnect (Prof. J. Meindl) 5^C #

• Advanced Tool Development Facility (Lithography, Interconnect, Front End Process)

• 200mm/300mm Wafer

• 20 to 30% manufacturing cost improvement per year

• CMOS <K ttir Lithography (1 80nm/l 999 to 1 00nm/2004, further 50nm/201 0) 

" Cu BE # K #, ##%###, 10Onm # Gate S W Wi <D fM %
• 300mm Wafer fL , 450mm or 675mm Wafer

• SiO 2 Gate Dielectric, High K Gate Dielectrics (Si 3 N 4, TiO 2, Ta 2 O 5)
• 70nm Lithography (I (1 Doping Layer & M M't' Rapid Annealing

• W* "F IB1 (Interconnect) (Cl 1 00~ 70nm & b Si Wafer (D Cu fifc 1$; lb

(A ^ M14) Howard R. Huff : Materials (Front-end)
Peter Zeitzoff : Device Scaling Trends and Implications
Kenneth A. Monnig : The Coming & Ongoing Changes in IC Interconnect Fabrication
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SRC/SEMATECH/MARCO Roles
Industry

Largely company specific ■
Product emphasis i :

[ SEMATECH & Suppliers

Manufacturing \
technology 
leadership

SRC

• Narrow technology choice!
• Identify path to 

commercialization
• Emphasize technology 

transfer
• Student emphasis
• Customer fee allocation
• Research customization 

options

MARCO

Expand knowledge base 
Create new choices 
Fund university facilities & 
equipment

GOAL: SEAMLESS FLOW OF TECHNOLOGY

Development Applied Research Exploratory Research

N N+1 N+2
Product Generation

N+3

INTERNATIONAL
ScMatech •SEMATECH

7/27/99 11:09 j:\stndpres\terriplateslcombc_tesTc97.ppt-9



Inventory of Research
>,

• Design

• Interconnect

• Mtls,Structures
& Devices

• Litho

• Front-End
Processes

• Assembly
& Packaging

Industry
'c e ;.s-v e ue welcome ns

SEMATE
Coopers ive development

SRC Core
Cooperative Reseat ;h

;H & Suppliers
MARCO FCRP

erative Research

CADT
ICSS

Design/Test Focus Ctr
I II 

NIPS Interconnect Focus Ct>

NIS

DARPA/SRC LITHO Ctr.

NSF/SRC PKG.Ctr

N N+1 N+2 N+3
Product Generation

N + 4

INTERNATIONAL

SeMaTech •SEMATECH
7/27/99 11:09 j:\stndpres\iemplateslcombo_tempS7.ppt -10



Member Companies
Future manufacturing 

technology 
requirements

INTERNATIONAL

SeMaTech # SeMaTech

Develop consolidated 
self-consistent project 

goals and select 
suppliers

Commercially available 
tools that meet performance 

specifications at cost 
of ownership target

in time frame required

Totally Customer Driven
INTERNATIONAL

SeMaTech • SeMaTech
J:\adv-tech\daverse\kornguth visit edited.ppt



Condensed 1999 Draft ITRS
Year of First Product Shipment
Technology Generation

1999
180nm

2002
13 On m

2005
lOOnm

Number of metal levels—DRAM 3 3-4 4
Number of metal levels—logic 6-7 6-7 8—9

2008 2011 2014
1 70nm 50nm 35 nm

4 4 4
! ^ 10 11

Contact as pect ratio—DRAM m axim um 
Min metal effective resistivity (pn-cm) 
Barrier/cladding thickness (nm)
Minimum interlevel metal insulator—effective 
dielectric constant (k)

Computed at 30% metal coverage for the sum of M1 - Mn 
FIT—failure in time
Meta! and via Ars are additive for DD process flow 
Computed for the M2 wiring level assuming a conformal barrier

INTERNATIONAL

SeMaTech • sematech
99/11/26 9.49 KAMAVS1W99-7



(5) IRI Inc.KfH(11 ft 22 0 9 : 30~ 11 : 00)

Dr. Charles F. Larson, President of Industrial Research Institute, Inc. (tE MPC)

®IRI Inc.l:0(AT

IRI Inc. (industrial Research Institute : NRC (National Research Council)

Research Director <D\^ t

1938

(:##%(](%## (Non-Profit Organization) <h IT 1945 NRC T^b^llUAo IRI ti{@A 

^#Tll^<A#^M^b^6t&^(292 % - ?#3M$/Y-X^^7 11 &)T\

(3) IRI <D Mission

1) To enhance the effectiveness of technological innovation in industry.

2) To identify the management of Research, Development and Engineering for business growth.

3) To declare IRI Position Statement on US Economic and Technology Policy since 1978.

(A Message to the Presidential and Congressional Candidates in 1999)

* Improve the economic climate for technological innovation and competitiveness in private sector.

* Develop a technology policy appropriate for the global marketplace and the competition.

* Maintain the strong role of government in supporting undirected basic research in universities 

aimed at advancing human knowledge in science and engineering.

@ Cooperated Programs of IRI (j£i! chiS^)

* IRI provides professional programs/symposium to develop the technological innovation and the 

management of R&D, but any financial assistance is not provided by IRI.

* University Relation Committee is to foster interactions between companies and universities, and 

to continue discussions on the future of the research universities.

* Federal Science and Technology Committee serves as the primary liaison between IRI and 

Federal Agencies on policies and programs of national interest.

* Similar Organization: HR (institute for International Research), IPQC (international Productivity 

and Quality Cooperation), PDMA (Product Development Management Association)

* Dr. Martin Prager (MPC-WRC) can provide future research subjects, he is the real expert in 

materials and cooperated R&D in the US.
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(5) On the R&D(X h°- F £$}>¥)

*We must take a risk to succeed a business, then it is needed to have 3000 ideas to produce a 

commercial product.

intellectual capital is the most important asset for companies. The property of GM is much more 

than that of Microsoft, but the share value is entirely adverse.

*75% of the US economic growth is supported by the technological development.

*The basic research in USA is being done by the private corporations with the increase of 79% in 

the past five years, while Federal support is decreased.

*R&D leader should access everywhere technology development in the most cost-effective 

manner, treat effectively intellectual capital of own company and focus on speed in the

commercialization of new technology.

*CRADA (Cooperated Research and Development Agreement) are not welcomed by industries 

due to many paper working and reporting.

* Japanese Professors now can work outsides of universities by the change of government.

*1999 Annual Report of Industrial Research Institute

* Research / Technology Management

*R&D Trends Forecast for 2000 * Industrial R&D in 2008

* Critical Success Factors for R&D Leaders *R&D Industries

technological Innovation and Global Competitiveness in the United States

integration of Manufacturing with R&D and Marketing for Global Competitiveness
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(6) ATP, NIST ISffl (11 R 22 0 13:30 ~ 15:30)

Dr. Claire M. Saundry, Chief of International affairs, Office of International and Academic Affairs 
Ms. Joy Brooks, Information Specialist, Office of International and Academic Affairs 
Mr. Marc G. Stanley, Associate Director, Policy & Operations, Advanced Technology Program 
Ms. Carolyn A. Van Damme, Senior Advisor, Marketing and Communications, ATP

(2) NIST ##
• NIST (National Institute of Standard and Technology) (Non-Regulatory

Federal Agency) TfeoT. m~D(D70n $ ^(D Mission

CDX°UX 3 ALL MSL(Measurement and Standards Laboratories) Program IZ A 
X 7 -5 Technical Leadership

^Electronics and Electrical Engineering Laboratory 
^Chemical Science and Technology Laboratory
* Materials Science and Engineering Laboratory
* Information Technology Laboratory

* Manufacturing Engineering Laboratory 
*Phisics Laboratory
*Building and Fire Research Laboratory 
*Technology Services

NIST (TlAr.O(7) Cooperated Program 7^#% L»ATP (Advanced Technology Program) ^ MEP 
(Manufacturing Extension Partnership) IklS NQP(National Quality Program)
ATP : High Risk Technology NIST £(D Partnership(3X
MEP : 500 AJ^TO Small Business ±%IZ 78 Centers #6=
NQP : Exceptional Quality Program £ IT, Quality Management and Award ITA

' : 768 M $ (1999FY)
NIST Laboratory Program :275M$, Research Faculities:57M$» MEP:128M$> ATP:197M$, 

NQP:5M$> Other Federal Agency:68M$, Sales Fees:37M$) 
Other Federal Agency 1*J|R (DOD:39%, DOE: 10% > NASA:9%> DOC:ll%, Others:31%) 

' X^ v 7#h)c(l999)
Full Time Staff : 2942 (^$CC Part Time : 400),

HAS (Administration) : 20 % . fJfX! (Professional) : 54 % > (Technician) : 26 %

Professional Staff CD IABR
#@:22%. {L#:12%, Z#:26%. CPU#^:20%, ##:4%, ^(D#:16% 
t#±:51%, #±:22%, #±:23%, None:4%

(3) NIST Mission 1:0 (AT
What Does NIST Do? NIST's Primary mission is to promote economic growth by working 
together with industry to develop and apply technology, measurements and standards.
Then, NIST carries out its mission through a portfolio of four programs.
^Cultural Underpinning of NIST 
* Challenge is to be the best in the world
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(D ATP
ATP 10 468 Projects, 157 Joint Ventures, 3B$

* Policy: Bridge the Gap between the Laboratory and the Market
* Mission: Accelerate the development of innovative technologies for broad national benefit

through partnership with the private sectors.

*ATP funds the R&D challenges of industry for the 21st Century.
• Impact : High Risk, Leap-Frog Technology, Multiple Applications, Broad Diffusion
• Funded only to Prototype Innovative Technology, National Benefit, Partnership with industry 
•Aiming Longer-Term Development of Technology than the Focus on Short-Term Return by
Global Competition
(Rapid Development and Commercialization of Technology more than ever)

* Rules for Single Applications : Max 3 ¥, 2M$_hPE, IP is owned by for-profit companies.
Rules for Joint Ventures : Max 5 ¥, M'P 2 for-profit companies,

IP is owned by for-profit companies.

* Project LT0 Proposals D'feX
1) Evaluation Criteria : (Scientific and Technological Merits) : 50%

(Broad-Based Economic Benefits) : 50%
2) Selection Process : Full Proposal -> Screening —» Classification —> Peer Review through l)

—> Oral Review (Semifinalists Identified) —*■ Final Selection

(5) ATP #ij : Success Story
* Nanophase Technology (Nanosized Ceramic Powder for Cosmetics, Semiconductors, Polishing

Slurry), Manufacturing Composite Structures, Premium Power for Fuel Cell, Motor Vehicle 
Manufacturing Technology, Vapor Compression Refrigeration Technology, Materials 
Processing for Heavy Manufacturing

* Printed Wire Boards of Semiconductors, Component-Based Software, Photonics Manufacturing, 
Digital Data Storage, Digital Video Information Networks, Microelectronics Manufacturing 
Infrastructure

* Catalysis and Bio-Catalysis 

*468 ATP Awards

Materials and Chemistry:23%, Electronics and Photonics:22%, Biotechnology: 17%, 
Manufacturing: 12%, Information Technology:26%

(6) 3^ Project
l) Discrete Manufacturing
*A system solution to a quality problem in auto body manufacturing (Auto Body Consortium)
* Robot navigation technology
*New models to speed the development of electronics components
* Better precision for machine tools through thermal-error correction
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2) Materials and Environment
* High-temperature superconducting coils for electric motor efficiency 
*New materials for new-generation thermal insulation 
*Thallium/Lead thin films for advanced superconducting electronic devices 
^Recycling mixed plastics
*A process for making ceramics parts
*Making low-cost, high quality glass microlenses at low temperature
* Methods for making new optical switches
*Highly sensitive detectors for biomedical and environmental diagnosis
* Process for growing large, single silicon carbide crystals 
*Flat fluorescent for displays

• Guide to NIST
• Performance of Completed Projects
• Business Planning and Progress of Small Firms in Technology Development through ATP
• ATP Eligibility Criteria for US Subsidiaries of Foreign-owned Companies
• Proposal Preparation KIT for ATP
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( 7 ) MSEL, NIST KfRI (ll M 23 8)9:00 ~ 17:30

Dr. Leslie E. Smith, Director of Materials Science and Engineering Laboratory (Rif#)

Dr. Kenneth L. Jewett, Scientific Advisor to the Director 

Dr. Carol A. Handwerker, Chief of Metallurgy Division (nBM)

Dr. Robert J. Schaefer, Deputy Chief of Metallurgy Division (H1§£(D<A)

Dr. Stephen D. Ridder, Process Metallurgist of Thermal Spray, Metallurgy Division 

Dr. Richard J. Field, Metallurgical Engineer of Materials Performance, Metallurgy Division 

Dr. Lyle E. Levine, Physicist of Formability, Metallurgy Division 

Dr. Dale D. Berkley, Licensing and CRADA Officer (CRADA Partnership

(msel) vmm

NIST (D MSEL (Materials Science and Engineering Laboratories)

(10MW?) ASTM 6IB MBS (National Bureau

of Standard) 6 0, 4 8% 2 t

1) Div. of Materials Reliability (Boulder ^#) : Materials Characterization/ Process Sensing and 

Modeling/ Structural Materials/ Materials Evaluation

2) Div. of Metallurgy : Electrochemical Processing/ Magnetic Materials/ Materials Performance/ 

Materials Structure and Characterization/ Metallurgical Processing

3) Div. of Polymers : Electronic Applications/ Polymer Blends and Processing/ Polymer 

Composites/ Polymer Characterization/ Dental Medical Materials

4) Div. of Ceramics : Powder Characterization and Processing/ Mechanical Properties/ Film 

Characterization and Properties/ Materials Microstructural Characterization/ Surface Properties

5) Center for Neutron Research : Cold Neutron Project/ Neutron Condensed Matter Science

6) Center for Theoretical and Computational Materials Science : Phase Diagram/ Modeling for

Formability/ Influence of Thermal Stress on Si Wafer/ Thermo Calc etc. (only by 3 staffs)

C C 0.5M$(D 3 & 1:5 Virtual lab.BI$T&50 Work Shop#T###tHLT

WG 0 Theoretical Modeling 'TF'jtiSJvo (#*J • Solder Interconnect Design)

* : 55M$> AM : 320 4=i Total Staff (270 4=i Technical) > 400 £i Guest Researchers

* Collaborated Research : 67 Active CRADAs ((DiilE) IkZf 3 Consortia (IFIB)
3 Consortia (Lead free solder, Aerospace casting, Forming sheet steel and aluminum)
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(3) MSEL Mission <b Contract

• Promote the more effective production and use of materials through the development and 

implementation of a measurements and standards infrastructure for materials.

^Fundamental understanding of important materials (Phenomena and Technologies)

* Materials Characterization and Leadership to Standards

• Program (S'J^) : Need, Mission, Prospect, Impact, Capability, Opportunity

• Performance Bf ### (%(!#) : Accomplishment, Output, Significance, Effect, Impact

• NIST Contract ©7^$llfe{±:il:Ts$> 0 Work Shop "t3 Conference

©#s(C, NIST © Expertise t. Market Needs 7^'ln DiDT'—V* Contract

(4) Industrial Partnership <h LT© CRADAs

CRADAs (Cooperative Research and Development Agreements) 1986 ^TlC^§/S.,328 fir
• IP i3 Confidential matter © Joint R&D § % (Guest Researcher \Z li Agreement #$o)

• NIST ©Bx#"^3#© National Lab.© T© Collaboration Rf

• NIST \t CRADA Collaborator

• NIST © IP b I fi Industrial Partner

• CRADA %Bfl© IP Royalty Free

- CRADA

(5) Div. of Metallurgy © % ®J © l't T

• PNGV Consortium (D^W>t AI ^&t<Dl)WJLfiL Modeling ##

* Steel must be dominant, since A1 is too small and the trend is to lighter materials like Mg or 

Polymer through Al. Final trade off is recyclability among materials.

• Metal Processing Group 11 hK^L^atS^SIEL tKiSb Modeling (Thermo Calc) S ^

• Ni-based super metal/single crystal (Howmett) for turbine blade & GE

• Environmentally Friendly Pb-free Solder 1997 (Report A#)

f EMl(National

Electric Manufacturing Initiative) 7^0T L © Task Force 'Srlotico NIST li Phase Diagram IkZfi

Failure Analysis Expertise ®/(^ b#)JPo B ^ 2001 2004 7^ b Pb ~7 U —1fc0
• fifW^ Market Needs D (^iBUWtiFund L-T> Industries t)

Long-Term Issue ^ L ©0 JRCM ©d; b L/c Recycle A%

(Cfli^MSEL©*^©f±#/:7)L 3Xb^##© Trade Off )
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* Electronic Assembly

Solder Interconnect Design/ Stress Analysis in Electronic Package/ Dislocation Behavior in Si 

Wafer/ Metallurgy of GaN Semiconductors/ Critical Properties of Low-K Dielectrics

* Metal Characterization

Thermal Properties of Multilayered Materials for Power Generation/ Performance of A841 and 

A844 Steels and A1 Alloys for Structural Uses and Ti-Al-Nb Alloys for Air Force/ Materials 

(Duplex Stainless Steels, Highly Nitrogenated Stainless Steel and ASTM G61/G48 by Powder 

Metallurgy in Corrosive Media

* Magnetic Materials

Micromagnetic of Thin Magnetic Films for Hard Disc and Anti-lock Brake Systems/ Magnetic 

Properties of Nanomaterials/ Magnetic Properties of Superconductors

* Metals Processing

Powder Aomization and Thermal Spray Process for White Cast Iron, Ferritic Stainless Steel and 

Inconel 625/ Electrodeposited Coating on A1 Alloys/ Electrogalvanized Coating on Steel/ 

Electrodeposited Cr and Cr Alloys from Trivalent Electrolytes/ Electrochemical Processing of 

Nanoscale Materials (Cu/Co on Si or GaAs)

• Suppression of Abnormal Growth in Cu-ED (Electrodeposited?) on Tip Metallization

(by Additives such as Organic , NaCl, MPSA, PEG)

• Thermal Barrier Coating by Newly Introduced Laser Thermal Spray Method

• Nanoscale (Nanophase, Thin Structure) Magnetic Materials with Layers 

' NNS Foam Metals

• Phase Transformation in Polymers

(A^*m
• Final report on Lead Free Solder Project

• Metallurgy, 1998 Programs and Accomplishments, MSEL, NIST

184



333

NIST's Program Selection Criteria

• Industrial need

• Match to mission

• Prospect for change

• Anticipated impact

• Capability to respond

• Scientific opportunity

Electronic packaging and 
semiconductor technology

automotive aluminum

aerospace 
power generation

NIST MSEL
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Measures of Performance
Accomplishment Did we do or learn anything?
Scientific hypotheses validated or disapproved
New questions raised, promising new avenues for development
Data produced
Test developed
Instrument built

Output Did we tell anyone?
Publications, reports 
Talks, presentations to companies 
Standards published or produced 
Data published

Significance Did anyone notice?
Paper citations, awards
Invitations to speak at meetings or to companies 
Significance of meetings where talks are invited 
Other recognition by the technical community

Effect Did others take action as a result?
Comparable industrial research stimulated
Collaborative research initiated, CRADA's established, consortia formed 
ATP proposals made based on NIST work, funded by ATP

Impact Did good things happen from the
Product performance improved whole chain of events?
New products developed 
Process improved, cost savings 
Market growth
Company sales growth, employment growth, profitability

NIST MSEL




