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9:30 AM

9:45 AM

11:00 AM

11:15 AM

12:45 PM

2:15PM

Welcome
Introduction: Takashi Inutsuka, Director, Planning Division, NISTEP

Motohide Konaka, Director General, NISTEP

Opening Addresses
Chair: Terutaka Kuwahara, Deputy Director General, NISTEP

Challenges in the U.S. Innovation System
Rep. Donald Manzullo, Chairman, Committee on Small Business, United States House of
Representatives

Evolution and Challenges to the Innovation Systems in Japan
Taizo Yakushiji, Member, Council for Science and Technology Policy, and Visiting
Professor, Keio University

Coffee Break

Panel I: Government’s Evolving Role in Supporting Corporate R&D - U.S. and
Japanese Models
Moderator: Alice Amsden, Professor, Massachusetts Institute of Technology

Technology Policies in Japan: 1990 -

Akira Goto, Professor, Research Center for Advanced Science and Technology (RCAST),
University of Tokyo, and Faculty Fellow, Research Institute of Economy, Trade and
Industry (RIETI)

Kazuyuki Motohashi, Associate Professor, Research Center for Advanced Science and
Technology (RCAST), University of Tokyo, and Faculty Fellow, Research Institute of
Economy, Trade and Industry (RIETI)

Government’s Evolving Role in Supporting Corporate R&D: Theory and Practice n
the Advanced Technology Program

Stephanie Shipp, Director, Economic Assessment Office, Advanced Technology Program,
National Institute of Standards and Technology

Discussant
Ichiro Nakajima, Director and Professor, New Industry Creation Hatchery Center, Tohoku
University

Lunch

Panel Il:  Government-Industry R&D Partnerships - U.S. and Japanese
Experiments

Moderator: Lonnie Edelheit, Retired Senior Vice President, Research & Development,
General Electric (GE), and National Academy of Engineering



3:45 PM

4:00 PM

5:30 PM

9:30 AM

Semiconductor Consortia in Japan: Experiences and Lessons

Shuzo Fujimura, Professor, Tokyo Institute of Technology, and Visiting Professor, Institute
of Innovation Research, Hitotsubashi University

Hiroyuki Chuma, Professor, Institute of Innovation Research, Hitotsubashi University, and
Affiliated Senior Fellow, NISTEP

Economic Impacts of International R&D Coordination: SEMATECH,

the International Technology Roadmap, and Innovation in Microprocessors
Kenneth Flamm, Professor and Dean Rusk Chair in International Affairs, Lyndon B.
Johnson School of Public Affairs, University of Texas at Austin

Discussant
Kaoru Honjo, Executive Director, New Energy and Industrial Technology Development
Organization (NEDO)

Coffee Break

Panel 111: Government Programs to Encourage Innovation by Startups and SME’s
Moderator: Bradley Knox, Committee on Small Business, US House of Representatives

Government Programs to Encourage Innovation by Start-ups & SME’s: The Role of
Innovation Awards

Charles Wessner, Board on Science, Technology and Economic Policy, National Research
Council

Programs to Stimulate Startups and Entrepreneurship in Japan: Experiences and
Lessons
Takehiko Yasuda, Professor, Toyo University

Discussant
Tetsuya lizuka, President and CEO, THine Electronics

Reception

Panel IV: Interaction between Intellectual Property and Innovation Systems
Moderator: Shozo Uemura, Former Deputy Director General, World Intellectual Property
Organization (WIPQ), and Visiting Professor, Research Center for Advanced Science and
Technology (RCAST), University of Tokyo

Issues and Possible Reforms in the U.S. Patent System
Bronwyn Hall, Professor, University of California at Berkeley

Reform of Patent System in Japan and Challenges

Sadao Nagaoka, Director and Professor, Institute of Innovation Research, Hitotsubashi
University



11:00 AM

11:15 AM

13:00 PM

2:15PM

3:45PM

4:00 PM

Discussant
Mark Myers, Xerox, ret. and Wharton Business School, University of Pennsylvania

Coffee Break

Panel V: Industry and University Collaboration
Moderator: Toshiya Watanabe, Professor, Research Center for Advanced Science and
Technology (RCAST), University of Tokyo

Industry-University R&D Partnerships in the United States
Irwin Feller, Senior Visiting Scientist, American Association for the Advancement of
Science, and Professor Emeritus of Economics, Pennsylvania State University

University-Industry Partnerships in Japan
Masayuki Kondo, Affiliated Senior Fellow, NISTEP, and Professor, Yokohama National
University

Discussants

Gail Cassell, Vice President, Scientific Affairs, Distinguished Lilly Research Scholar for
Infectious Diseases, Eli Lilly

James Turner, Chief Democratic Counsel, Committee on Science, U.S. House of
Representatives

Lunch

Panel VI: Government Support for University Research
Moderator: Hiroshi Nagano, Principal Fellow, Japan Science and Technology Agency
(JST)

DARPA and the US Connected Science Model for Innovation - Where Is It Now?
William Bonvillian, Legislative Director and Chief Counsel, Office of Senator Joseph
Lieberman, United States Senate

Government Support to University Research - Trend and Issues in Japan
Ryuji Shimoda, Professor, Integrated Research Institute, Tokyo Institute of Technology

Discussant
William Spencer, Board on Science, Technology and Economic Policy, National Research
Council, and Chairman, SEMATECH, ret.

Coffee Break

Panel VII: Industry-University-Government Cooperation: The Biotechnology
Challenge

Moderator: William Bonvillian, Legislative Director and Chief Counsel, Office of Senator
Joseph Lieberman, United States Senate

Perspective on Current Trends in Drug Development in the United States

Gail Cassell, Vice President, Scientific Affairs, Distinguished Lilly Research Scholar for
Infectious Diseases, Eli Lilly



Is There a Significant Contribution of Public Sector in Biomedical Research in
Japan?: A Detailed Analysis of Government/University Patenting, 1991-2001
Yosuke Okada, Associate Professor, Hitotsubashi University

Discussant
Shozo Nagai, Patent Attorney and Director, Intellectually Property Division, Japan
Pharmaceutical Manufacturers Association (JPMA)

5:30 PM Closing Summary and Remarks
Chair: Masayuki Kondo, Affiliated Senior Fellow, NISTEP, and Professor, Yokohama

National University

William Spencer, Board on Science, Technology and Economic Policy, National Research
Council, and Chairman, SEMATECH, ret.
Sadao Nagaoka, Director and Professor, Institute of Innovation Research, Hitotsubashi

University



EPHER- RITER R

ZEK VTR IESE
K 55
®iE
BIERZ
BE T

FH R PR
i

254
TH KT

Organizing Committee in Japan

Chair: Masayuki Kondo

Sadao Nagaoka
Akira Goto

Hiroyuki Tomizawa
Masaru Yarime

Secretariat:  Sen Ueno
Kazuhiko Fukuda
Yasuhiro Yamashita
Kazuko Shimizu

BHEEINECRIFICRTER 2 HF9E 7 v — 7 % B iE MR E
i ES AVAYNE SN 8 R R 20 ] e

—BERFA ) RX— g VIR 2 — R, B
RSB H i ot o & —Bid%

BN BORIFZEATE 2 P92 7 v — 7 RS e

BB E R IEAT S 2 BF 927 v — 7 TR s

B HRBOR IO 2 WF%E 2 L — 7 I B

R HARBCRIT IS 2 BT%E 7 L — 7 % B e
B EARECE T 2 BF 7 L — 7 % BF R
B ERECR TS 2 FF 7 L — 7 B B B

Affiliated Senior Fellow and Leader, Second Theory-Oriented
Group, NISTEP, and Professor, Graduate School of Environment
and Information Sciences, Yokohama National University
Professor, Institute of Innovation Research, Hitotsubashi
University

Professor, Research Center for Advanced Science and Technology,
University of Tokyo

Senior Research Fellow, Second Theory-Oriented Group, NISTEP
Senior Research Fellow, Second Theory-Oriented Group, NISTEP

Research Fellow, Second Theory-Oriented Group, NISTEP
Affiliated Fellow, Second Theory-Oriented Group, NISTEP
Affiliated Fellow, Second Theory-Oriented Group, NISTEP
Clerical Assistant, Second Theory-Oriented Group, NISTEP



VURT Y LFERE



AR
Opening Addresses

JER SRR BERE, BHARINBORMIERT MEBITSEE

KE DA ) R— a3 VAT AOPREE

Challenges in the U.S. Innovation System

KFv K« <> X—u Donald Manzullo, A%FE FiiiE /NMEELEAETEE

KEDA ) _X—=2 a3 AT AOBUR EFEICOWTRE 21T o 7o, KED T ER LTV 55
BE LT, HElIORAICL DY R A - a2 o E&H . BEOEYIFIEDIEBRIZ LD R&D #
BT, Befd 2 2 S oW 8EEOEIMNEHIC L 2= =T OO I L
ZEERE L, MR OFE—SX, £9°2 9 LR EZ EfEICERT 2 2L TH Y | BIEHESSCH
JEREEH LSO H D &k,

HERDA ) _—2a vy VAT ADORE L P

Evolution and Challenges to the Innovation System in Japan

HKANSF &, AR R e BERR R R B R

AARDA ) _X—2 3 U AT AOBUR EE A S LTc, BHeidh S BEoBLE» o, BE
AT —H—DPHNEF R EBEERT I LI 2= a b —va 2B U TEEDOAL ) _—
VAT APERICEEL T L, BIFE, HAOTZ I = L—1 3 v - T — 355Kk
LTBY, ZNE2EO L ICHBTIHDPNHEE > TWDH EFER LTz, 4/ X—a &g
THEDITIIAEZBECHRLERDH Y, 20D BARITE 3 IR FZHEIFEAGHE O T CTrHaH
HAEfED, BETEOH LR BRETZE0NEETHD LR LT-.

HHEBZBBEFEEFIOT T, A4/ _X— a3 U ZREANERH T2 OB o&ENCRE LT, K
E CIZEF A EESP O EICH £ 0 5 LAy — 0 AR TRo 7Ly vy —o
72, BHIFIZRIER TR « LA 72 ZEBI R A EE L UVRIASEE & TV DS, R A 4 - &
I ONT, SRBUIFFIZHES BEE L T BERSH L L OFEfNH 7=, 7=, HFEBFRIC
kOB ED XL 9IS LTV D DNIHOWTIE, WHFFEBRZE E OffaxtilE, GDP kb, B -
EEDOHE, ERHMOEE 2 EITEWVRSH D ZORWEZEMICHETHZ LIXTERNED
BRR®H -T2, 7o, HEARBIIEETII R, EZONFICEFICHEET 20, EFO X
NN E T DO DBIERFITHTH DL L OERbLH -T2,

L s o AIBEERRE 2B CTHRBSND 2 L, HIRBIROWRWAZEN L TWDH AR, EH
NCRREINBR 2 E 2D VD T L — LT — 7 ~OREIZE L L MENICE S L2 kb i
TTWVDMR, KR E L CHEBN CTHIFTESNTEI N TWE DL HEETH Y | FFIKETHED R
DEAF Iy ZIZBUFNEE L TWD X IC BIEIIR = HIN A —E A2 ES T 5 XL 5 iR
fELT&ETBY, TOo—fFlE L THEOBFAHEIFER~DF k2 b o7,

KENEEICRBITE A ) _N—2 g TR LD Ik b BB R AM PR T bEE - TL
HZEEVWHERENRKRE L, BRHINEGR |, BEAED T AMERIIREERETH L3, B
FHIRER & L COHEBIITESITZFNE EXLE T  BEEiE 2 ETEFX—va v %
EBODLHEMMANMETHAH EDFfNH -7,



SRRV L 4RSE R&D XRITEIT 2 BIR DR EID R —KE & BADET )V

Panel I: Government’s Evolving Role in Supporting Corporate R&D—U.S. and Japanese Models

EFL—HF— T U X T AARTFT L Alice Amsden, ~HF = —F& v TR RKFHE

A AIZI 1T B EANBOR : 1990 4ELARE

Technology Policies in Japan: 1990 -
%A 2, HOSRFPIRMB FEINIITEE o ¥ — iR R R IET Y 7 AV T 4 T = —
Toll —Z, HORRFPSRmE A EINIIIE Y o Z —Bh B R PEREMIZERT T 7 VT 4 T =i —

1990 FELIED A AR L A /) N—2 g VAT AL T, T—ZICESWTHEIL-, #HL
WEBHEEINECGR O A & LT, BHREITEAGHR & AR i (CSTP) D EE 3 H
LB 4 DN & PE I OHEE DN T 7= 28 BE MR & i N EH SN D f1 ¢,
WERDPEEBR A ) R— 3 U ~[AT CHERT DL EMN 2R LT,

1% R&D XEICBIT BN OREIORRA : SFl#EEN T 077 5 (ATP) (2RI 28R & EiK

Government’s Evolving Role in Supporting Corporate R&D: Theory and Practice in the Advanced Technology Program
AT 7 7 =—+ v 7 Stephanie Shipp, E N AEMESMHIFEHT (NIST) el 7w 77 4 (ATP)
RREFHIE T L7 ¥ —

KERE~D R&D XIEF L LT, LN 71 75 A (ATP) I2OWTHG L=, 1990 4Lk
ATP [ZHEERH) U R 7 O @ W BB O F BRI I E & 21T > TV AN, BT - LE=2—|Z
fFoTFuvel FEREL, THIR~2 I AL F2ITWV, £727 1Y 27 METH b IBE
BHAIT THMDHEICETLEN TWANE=F ) 7T 57 Ert LWl 2 425 Z &1
X0, A/ R_R—va v EBERHTZEICHBNL, FEFEEEZREL WD EHE L,

T4 AB Y b
R —BR, AL KRFERER FHEN LR o ¥ — R, Hdw

BB BT DFPEFE DY 72 E OREEZLIZRL LT, HKME T A = 2 R&D, PE
HEHE s T A K — F/NEEEICER L, EBARE, n— R~y TVl bR U A
YRR ETH LWV AN TON TS Z E e L,

PERDIEFDA ) RXR—=2 a U EMA ) _X—a VR ELERIREDA ) RN—Ta VAT A
WZHR 2 728 LT E . YREUR O X REMH & IAE P I AT TR T T e 537, BUFo&ENIC
L. R&D # M AMEMAIIAT O &H &, thahlE - e b, Biufl ECR IR 72 & % e
THRED2 OB D EDIRMBEH T,

A ) R=Va VAT LAORERPEE LT, V—F =2 v TREICEETH DN, FEEHOT
BRSBTS O TR FHEEIE L A BT 0 THED ORERICY —F—3 » FRMET
HDHEDERND T,

Mg « ANV F—NR—DRIERH DA = AT o =7 FOFEHICE L T, ATP TiX
b LcitE 2o T mn o= 7 FOBEHREST ZITO . FZRIC T 0 ¥ =7 NMEEDRE
L7=% b, WFZEBASE. ARGl FRIrE ) D& BB Cllkemic 7 e ¥ = 7 FOFHli 21T > T\ 5 &
DGR B - 72,



2RV BERF-EEEER] R&D 17— A KD EBR

Panel I1: Government-Industry R&D Partnerships - U.S. and Japanese Experiments

5L —H%—:n=—+:xT—5 /)L~ b Lonnie Edelheit, ¥xZ /1L 7 ~Y 7 (GE) 7t
R&D 13 LifRIthR /2K LT T I —

AARIZBI D8 ko Y — 7 A BB EHF

Semiconductor Consortia in Japan: Experiences and Lessons

B =, AU TREREREN A /=2 vy R A Y MIREREIR R /-y
a e v 2 — R B R

WIS B2, —RERFA I X— 3 SRR 2 —EER R R EARBOR M T & B E SR

=g

B

HARIZEIT 8K Y — 7 AORGE, FEREIRT], & 2 COEBERBEIMRE R 12OV TE
B L7z, 2 10 RIS SN B < OFERa Y — 3 7T LORBREZIRV IRY | 7314 X -
ML« 258 A — B —[OW 153D 7enZ & BINEEOEENMEL SN T TR L — a
RRDHDHT &, HLUWEIRICRT 5 R&D v 1V A > MGG T <, 2ICEME L L5 5
RS I RAICHIE TE TV RN E7e AR Lz,

EE R&D EHEORFHIFE . SEMATECH, EEEFe— vy 7, KQ~A4ureky¥
WZBITBAL ) R—a v

Economic Impacts of International R&D Coordination: SEMATECH, the International Technology Roadmap, and Innovation in
Microprocessors

r R A - 77 A Kenneth Flamm, 7 %% A RKFEF—ZAF MK U Ry -B- Va vV N HhEOR
A=) T4 —r - T A7 [EREREIEE, #d%

~A v n7aty FICERE Y TOREOEBEEEER =2 Y — T A SEMATECH OfEF A 3
7 N&5HT L2, SEMATECH CEFE - E ki o — R~~~ (ISTR) % U7-[EFE R&D ###
%, KESNOEABED AT Z & T, B X O EHREOSEFEICEBR L T X 28, B
I RBE I Z DX Y- TEBY ., FOMRBIIZY 7 F =T ~OFRENEETH D LIER LT,

T4 ANV b
A #E, WMNATEBOE N = 31 LX— - EEEFIR SRS (NEDO) BiE

NEDO IXFEEF K2 ARIMFZEREBI ORI DO 111 XL o TR&D 7' e ¥ = 7 b & 3 L TV D 23,
Tuavxs FOBEREEF, FK~ v TORE, BAaS 70V s MEOEEE, FEDEE A
HOWE, 7a = M) —X—OWHEROMLR E 2@ C T, FOEE2 R FZRL - BEE
LIREODIT 280 % LTV LN iR b -7z,

B

K[E D SEMATECH 1%, HADBKRKHFAAERREE (VLSI) vy =7 MO HE %521 T
IR LN, 2280 CEEEMZ R&D B 10MThTE -2 Ly, KEOYSERFER D E
DIFR D=2l TWDHEEZLNDL— .~ 7oz L7 ho=7 AERSH AT (MMST)
TuaY s MIIFE A ERENE)N ST L OFERNH o 72,

ko — P~y ZICEA L TE BB E L LT 5 2 L AMHFHIS N THD 0, SRITET XD
IMRERT 7 7 X —=ICRDZENTHREN, YT MU =T RAFICRDEOEHMLH T,



RENVI : RAZ— T vy FREEHIEEITL DA ) RX—=V a VREDT-D DB S v 7T A
Panel I11: Government Programs to Encourage Innovation by Startups and SMEs

EFL—F—: 7Ty RNbA + /v % Bradley Knox, A%[E Tkt NMe¥EEZES

RAE— R T v TRELHF/IBEIZLDS ) RXR—v a MNEEDTEDDOBEN T 0 7T A A ) R_—
v a UREEDORE
Government Programs to Encourage Innovation by Start-ups & SME’s: The Role of Innovation Awards

F 4 —/L X« 7 = ZAF— Charles Wessner, K7 75 I — FIRHENRFBEREZES

T =R DA ) RX— 3 NZON T, IMEEORE L EEME, BUR, SEZE IOV T
L7z KENZE S TH/NMEZEIZ LD A /) R—=2 g VIO TEHETH LN, B TORCF ¥
— Xy EX DD OHMBEAR O BEFEA~OFEEITR LN TR Y | BEMNHL DT mR—F /L
\ZEEDW BUNRO/IMEZEA /) X— 3 V%8 (SBIR) 7'm 777 AR 7 v 77 F & (ATP)
il U EEEMIIRE 2 ZE 2> T D &g LT,

ARIZBITDIARAZ—  NT v e REFZBHZRET LI/ T A BEBREE

Programs to Stimulate Startups and Entrepreneurship in Japan: Experiences and Lessons

7 RZ, FEERFERER 2%

1990 FARUCT A - T B HARIZEIT HEEZIEENIEN L TV DR EESE 2. ZOMEO =D
2, ARBEESHICLERRREARSORBE, BEZBMOHKE., IR LOBESE I DB
ROPVEANINTN, BHEREEZ OB TIXFNIEERMENTELT . [FRE A HHEL7-20D
Wi, WMEICRAF— T v TORBRP S D NMERANIEHT 20 ERNH D LB LT,

TA4AI Y b
fEF ik, YA oo 7 ha=7 AKRAH R

HODT 7 7 L ALERBED AL — NT v T ORBRITIEDSN TG 21T CKE & e LT
BENRES TWRWHRIZBWTHOANAZ = T v 7 REOKRENITIRFRELY LEL 2o
TRV, ZOREIITHZ DS OHE TIZRL, VA7 2R RENROIENTH D &
e L7,

H/NMEE~OREIZE L, ERAeMABEOBEH EIZBIT 28 LEINERDO T — X 13FF > TiEwn
RO, B LENENEWE W) ML N E TRIZRWZD, HOREEIEL TV & Ebh
HEDERNHST-, £, BRAEADB W WA TYH, EREMAENOMHEY TRIFHT L5 72
NIIFEAEBLT, Bl&HEBEEMEV D720, TTANAT— KRB OITELEL TWD & 1T
WX 7RV EDHERLH T,

KENZEBT DU A7 D@V DEE~OREIZE L T BIICL D3R T v 77 A3 9 £<
BEEEL TWAB DD, FdERMBH LD E 0D SO T, ATPIE3 0D 1 LkEh LT
RN EWI RN B S To 3 THTHRIIRILI o mWIE T 2OICH E VM STz s n
IBURBBN SN, - BELTWDEEWVWIDEED L IITERETLINEFH LWL OO, Al
EBRIRRE OB & E T MO IS FMEDORIEN H 5 = & 2 F BT 5 &, SBIRIZ X B/ HER
KETHS THZOEFNC 72N D72, REBRIERSD LB DLV ERB D -T2,



NPV FMEL A ) R—Y a VAT AOHEEER

Panel IV: Interaction between Intellectual Property and Innovation Systems

BT L—Z— AR W=, HEFRGAETAMERES (WIPO) BT RIRE BRI 5
fiebtset o 7 — % B Hi%

KERFFF AT AORE L el
Issues and Possible Reforms in the U.S. Patent System

Tra 42 - =L Bronwyn Hall, 57U 7 4L =7 KFN—7 L —REF%

KEORFFE LA /) _X"— 3 VU AT AORIFFIE RITOW Tikam L, £ ORI IS 1
HEREZOWEICMITZERO LV E 2 —%21To 72, FFFlE R&RD {EE~DA 2T 4 7% 5
25— EHNCIIMEE 5252 LIk o TS EEEEL -S> T D LW EHNR R
WKL CL BRI A/ _R—=va VICEDb 2 a A e BRI D K, FEREREEICB VT
LVVIMBEDSAZRT & WD L DB 2 7285 L= £ T, 1980 FELIRE DFFFT > A T LA DYE
K- SRAGITRFFF I - BUSEZ NS B2 b 00, BOK TG & HOEINZHW 272 E ot
HRHY, BIEBES CIEREOWENER SN TWDLI T TH D EHEf LT,

AARICE T DR AT L DOBE & HhER

Reform of Patent System in Japan and Challenges

B 8%, —BRFA / X—va iR —RK, #dx

TED AARDRFFF S AT ABEDOTRNZ R L7z, BUERFFS A7 ANEmT HidE & LT, Fr
FFHBE ORISR FF OMBHENED L5 B O@WEFRF~DER O F TOMRMLFFFFRA, KPS
NI RFRFE R OBTIEPHFE (31T 2 Rh =AY 795 L AR TERE R0 SRR 70 £ fif 43 B CHARE 7R RFF O 8L
(patent thicket) DA 28T, BURAIXHIG E LT, H KR CTORMIR - FAFEROMHARGE, 2
HACHIRIC LD RRF OB B2 ENEE TH D L et L7,

TAABYH b
~—7 « A7 —XMarkMyers, Er > 72 (n) , NUIUAR=ZTRKFEVF— - EUX
AR T — VB IR

FREOMBIZIMA T, B LRKFFCHT D14 8T 4 TOME, NA AT 7 v U— 0%
B REREHIEE OFFL, PAFE LEORE, BHEAEEBIORR, A—T Y =X - Y T h U=
T ORER LR LT,

ERE

W EETIE, e E O R E S TRIPs @2 2% L CHRWVBGHEZFFoTWnb En) Z b &
S E 272 BT B Al B DONERISH LTI S OB BRI ATRED & W 9 AU LT, BEDH B
IR HEE O MM EOR R REZ B & L CRREF SN TR Y BB 228 X 58 EEO X v
T Ty T ERET O TR, etEE L & FEOM TRHEEL ROT 5DIIRETHY | &k
E O RIRRECHT SR HEE B IE TR, SEEN T o 37 0 A S > TR EENCHIRF L, B
—DHMMHEEZESMACTHETILEVITATTEHLT LLEE LW SIS 2RV EDOERN
Holz, TO—FT, MM EHEDREEZEOBIL, 4/ X— a3 VOREFEICEN T4 TH
D, BELVTEELITVWEZT, KEO T a7 FNEGEIZFER SN D Z ENZ N E DD, EEE
(Z130& EETORFATHITR L THT LAl hil#E A2 BE3 L T oD Tlidn e n s
Rt H 7=,



SRRV R
Panel V: Industry and University Collaboration

T L= — R R, BURRFSEmB AR v 7 —Hd%

KEIZBIT D R&D EEEH

Industry-University R&D Partnerships in the United States

T—U 1y 7x7— lrwinFeller, KEFRFLRG S FEEEY A =T 0 A LR
=T INSLRZPA B H IR

KEOEFHEHEIZE LT, EFEENEE 212> TR O - {TENZEDY 2ohH Y | 1
AXYNT 4 =R HEORD VIR EZITED Z &0, A2 H 0 X 0 FHifER~DE
BB RE R Y X — U AT MERNENZ L2kt T 5 U 2 7 FHERE 72 S fThbiud L)1
TR oTo iy, — 5T, ML L CHSE R BF RN R OMETR & L CORZOHREIO TR, AL
FERE O R OFIZEFE S Nk O PiEil O TIERMF3E AL - HIES 2 1515 5 TROAEA ) DIk L
N 7RIS BB DD AREMER H D Z L 2R LT,

AARICEIT B EFEE
Industry-University Partnerships in Japan

Ui IEw, FHABANBORPIEHT & B TAENHEE AR E SRR %

HARDEFHEEEICE L T R THO TRERFICLFEEN TE 572 EHARORFAT LN BIG
FERR LS ACER R TH - - BHI R E REE T NV —T RN TN L2 L
720 BUEIZILEMFZEIC L D HEROHEIEFESC, 74 B A &@LU akoBis, K¥ENH DA X
— "7 IRE L L TOA ) R_R— g AT A TTEEREE RIS Lo0h 5N, T
ABVAPRATIEIT AV IORFEEFERERENHD LM LT, 8L LT, KFEOT
AT T 4T 4 OEFF, FIERFERIZEET 2 HAIOfESL, W90 — VRFRFO LD V&2 F56E L 7=,

T4 AN Y b
FAN - v Gail Cassell, £ —F A4 U U — FAHYEIHE

BUIERTFHR - BN AT 7 )P —DRZ— N7 vy T REOKRREZIGT 270 &, EF
B CTAM, &k, EEOME THEHMERBERIPIEKR S S>oH 508, THITRFEOMIEE ICEe%
feflt U, FERICREIMmMDHGHE~DT 7 ¥ 2 2 /[REIZT 272 RN & 5 — 15T, Bhigeic
BT DI ER AIERER DA T A BHE~OEE BN RREHK 28 27 SIFEL,
PEFEEHEDNT AL WD MLENH D LR LT,

U — AR« X—F— James Turner, &RE R FEESRERT —T AKX v 7

KRZLNTE R & TR RSN TE RV S ITIIEFS B0 A2 k) aREEN H Y £ 7=
KRBT T AT TICEHTE A A M A XA LDV T TA Y —% 0L L TNAHTZD,
RN T RPN b DY T T A « F = — U NTHAEN D ATHEMER H B — 7. K%
MHEERDY v I A« VTR ERA L« TTITT 4 ANLRESERE T ENE VLR LT,
ENE

BAE, FEROMIFETIETFT — LI A T AR TR TH VD . SRITKRAIEDOSARNE, BB A AL
TR E RBFZERCRISR OO K EHIfF S D & DIEfNH o 72,



NRRIVVI : REZIZBIT 2 E~DOBIRF O X5

Panel VI: Government Support for University Research
BT L—Z— KB W, WNATBOE AR BINIR LR AE (OST) WFJEBH ek o 2 —, L

7 a—

DARPA L KENZRBIT DA/ _— a Y OEERFEET NV —BHEDRN
DARPA and the US Connected Science Model for Innovation — Where Is It Now?
74 UT LR ¢ U7 2 William Bonvillian, Y a7« J—R—< U ARE FEHEES 7 4

ANVET A VIR —, F—T AL T

A ) R_R—varBERHTHEKE LT, R&D & AMITMA THMENEETH Y . BEORHE
BN LT D O, W I IR BN SR ENRBRE CTI T 4 IV A ) X—va %A
M AT TND Z ETH D Eim Uy I OFE, v h ¥ A v 7, fEgiE T
HAE U7 T VIR ERE E N m AT 2R (DARPA) THEAH SN TE 7223, 4 DARPA
NEDETNNSY T N LO2OH DT, TR/NF—EENFENIEAT (NIH) 72 Efth ok
R CRAE DR ORI HED STV D &8 L,

REFIZEB T D~ DB DX — BARIZIR T 58M & ifE

Government Support to University Research — Trend and Issues in Japan

TH T, TR AN B

W% 10 FH D B ARDRZAZEB T HIEDORIL E . THUTK T 2 BIFOBER K OWHE Xz L &
2— U, BPREAN ARG I BURIC X 2 RFPE~OIFRE &2 BN S &, £ ONFJEERER 2t
L2 EWCEBRT 2 —T7. REOIEMEITIN O TRWIEEE Lo M A2 5 27 &M < 3l L7z,
BUEDIRE & LT, REFWIFEDO SR, B oA HERE Kk ORAIZ L D BFHIE OB, K¥D
BRRAME, PESEEE - FIROR PEME O M2 FR i L7,

T AR P B
74 UT Lo A~ — William Spencer, K7 4T 2 — FRREINRFEOREES
SEMATECH 4

1980 A LAREAR S D FARMTIEE I 2585/ N9~ 2 th C DI EES SHMER B O A TiE/e < H
FORMBZfFE< T OITJFHB RN BB L R D 3 TFICB N T H RFEOKEINRELS 2> TH

D RITIFAEZEDNF v S ARNITHIEFT &2 &R\ T 5 72 EREFEEEIC R E B (b & TV D, £
O LRI CTH RFITEMENE L AF 2 REHR L. ZOUbZTLH 2 ENEETH H LA LT,

ERE

HARDENLRFENMEE OB BREICHE LTSGR A OED IR O HH IZ 3R S
5600, TOHMEDOH TIIAERFTHBICERIREZIT) LN TE 2 LDERMIH T,

BEDA ) _X—2 3 AT ATEIT D ESCFZERE R OBENCEI LT K E TIX AR FEREET 1X
PEE L REZLOFBFEETH D R —W B2 & OIEBIIE 21T > TWHEH R AM LS
<. EHERBEFEDRIIRELS R TYH, /J—WERORERE2T 57 L, Fikdiomb, &L
FIZEBRL TWD EOMENRH - T-, Fo, BEHHCEAER EICET 2 BTG XX K372
DX v v F 7 T OTDITEEN SN EWHZOW L, BITEFH -2 &FI 2R LTk Y,
B LA IS REOMEZHTT D L2 72 HAE TR L TWD EOfRENRH - 7=,



NFIVVII : FEREEE : N FT 7 ) ud—0HkEk

Panel VI1: Industry-University-Government Cooperation: The Biotechnology Challenge

ETFL—H— 04 UT AR T 4 U T William Bonvillian, ¥ a7 « U —_—< U A%[E
EREEA 7 A A SIET A VI A=, FT RS T

KEIZBITDERBFARORFEMORE

Perspective on Current Trends in Drug Development in the United States

AV - F1wEIL Gail Cassell, £ —F A4 U U — B4 EIEE

NAZT 7 v D=3 T B EFEE O K[E O B a2 OV Tl L7, BUEE SR pESE
T, WFZEPHRE R AMERT 5 —J7 TR R - PR IT £ T INEIZ 22 0 | HIZERRR D ApE
PEDMETT Lo2d 2 W T EEFE EIE I X D9 RITHFFICIBUER R e E O THEFITRE N L
BEABNDN, — TR 2/ NRIZ LN 62N 0&E - B2 AMTIEMR L, U X
7 aHAEL TS ZERRETH D LIERH LT,

AARDAHFRIII NS A AT 4 ANVFFICKRE BB L7202 ? @ 1991-2001 S i2 81T 2 BUF/
REFDRFFOFEM AT

Is There a Significant Contribution of Public Sector in Biomedical Research in Japan?: A Detailed Analysis of Government/University
Patenting, 1991-2001

I 4, KPR PR AR B Hd%

HA T E 10 FFRNCE A ST E R EEEHEE IR DN A 4 AT ¢ I Ve CEE 72 R % A A
HLTWDDONERD 20, FEM7R R RN 21T o 72, K& AMIRFFEREBEIC X 2 REEF HHRE 1
MUTZH DD, BN F 5 LIHFOMEIIREIC LD D L H_RTERW W R 2572 &
WET DT, ZNPARYICELEEENTNATONT AR 2O, £ T-HF5EE O FREWEDMEK
BT OMBHERTINE NS HERDA ) _R—= 5 2 ZF KMZBW T, AR & 5 8 F HE
ZAEET D ONAYBICEZE LD, EHICHRHNALETHD LHE/H LT,

T4 AP b
EHE =, AARRBETERS MM ESRE, 7L

REF—AR R O IL[RDF e - LRBFIER . RFPORFFHBETTR S L. AATHEFEREIT—
JIGHEATND & F 2508, EEM 2R 2 FrH IR I E R —FCTH Y | BoE o RRF Tl
mZRiET O LT bu =g AR ELIIRESBRLTED,. TA T A 2 A5BITET 5 ES
EHE ORI B TR B BARRNITIIERRIZA D Z LB HRTZ SN TR SN 5 _E TH Y,
FZEBERIZREF LD D BRI DIBA D RN T v — R E OEELHETH 5 Lilk~7z,

BE

Frat e A/ _=2a Y OBMRIBHEMETSH 0 | w3 AT OREROMIRTIL, RFCEMTOHMEE D #1
i WFZEE O T B TS OIETREMNEZR & D AARIZI T D ERFrEZ BE T & L OERfIH -7,

HARM A R— L{E7p & Of| BT 1999 LU 7223 AR 5EH ORI~ DO BN E £ - 72
DIXH 20 LATTEENH ORFHEBIYLEZ OIS KFREFFOEIMOE T H 5 & OfEHE
Dot T2, AR TITELELEEIER OB N F72E < A R—UERBTIZIER 5 b 00,
KFMFEDO~ 32T A 2 BRI D S R T UL EFEEI IR 2 AT 20O T 2w e o
BERLH T,



FEDIEY DE & LTk

Closing Summary and Remarks

Al IRE TR, RHARANBORIIIET S BRI TR B E LR R B %

U4 UT & AW — William Spencer, 22Kk 7 h 7 2 — BFEHNRBABOREES S
SEMATECH 7t4&

A R—=2 a3 VEBIRITEMORBEREICREREEL EX 2EERBURTOY  &2XkT 7 I —
ITARIOa 72 L AD L D 70ANE E OWEIFE 7 v 7T NEgiib L SR A /) N— 3
VBURDOTED FEGR L TDNE T LR 7 RO A A5 B O FAT CIIR X 7ot 230
ZTEBY, AT AN AT ORNT T ITEERERHEZRE L, TOFRTHANY —F— v
TERMHSO TV ZENKETHD LT,

B 5%, —BRFA/ X—va MR —R, iR
AEZHEOA=—I R LT, KZEPHROIER T 0 7T A TholcZ &b R, BEER,
BN D ZRRRBINE R D -T2 Z L B4R LIz, A/ ~N—3 3 U ZZIRENTHED 5 12D DBERS?

HIHED® 0 I, & BI2% < ORELE WS UER R OME L S AEOaL 7 = Ly
AN AKDUMFEO TR S W0 2 TR L 725 = & BT B LT,



REBEATA R

Presentation Slides

B < PR 27

Opening Addresses

2RIV R&D XBIZBIT DB OREI ORI —KEEABERDET Ve 43

Panel I: Government’s Evolving Role in Supporting Corporate R&D—U.S. and Japanese Models

2V BT BE R R&D BT — B D B e 81

Panel I1: Government-Industry R&D Partnerships - U.S. and Japanese Experiments

NIV RABZ—= R T o T H/PEEDAL ) R— g MEEDT-DOEN T T A 129

Panel I111: Government Programs to Encourage Innovation by Startups and SMEs

RENWVIVEHBMEL 4 ) R_R—a vV AT AOFEVE e 175

Panel IV: Interaction between Intellectual Property and Innovation Systems

I R I N B 205

Panel V: Industry and University Collaboration

2RIV VL R BT B A DB D 3 e e e 241

Panel VI: Government Support for University Research

INRFRIVVI : BEREERE  NAFT 7 70— DR e 263

Panel VI1: Industry-University-Government Cooperation: The Biotechnology Challenge



E AR
Opening Addresses

JER © SR BERE, BHREANBORMIERT MB0EE

KREDA ) RX—T g VAT AOBER

Challenges in the U.S. Innovation System

RKF /L R« = X—u Donald Manzullo, &%E TliiEs MEEEZESTEE
HADA ) R_R— 3 R T ADRKE L PR

Evolution and Challenges to the Innovation System in Japan

HKANF R, RARPEINRREE BERRRTF BRI



Challenges in the U.S.
Innovation System

Rep. Donald A. Manzullo
Chairman

Committee on Small Business
U.S. House of Representatives

Challenges facing the U.S.

e Cost of Doing Business
e Decline in R&D funding
e Visa policies

e Science & Technology education
e Wall Street Pressure




Cost of Doing Business
|

e Regulatory compliance costs are disproportionately
heavier on small firms
- Cost of federal regulations totals $1.1 trillion;

- Cost per employee for firms with fewer than 20 employees
is $7,647.

e Soaring cost of health care
e High corporate tax rates
e Increasing energy costs

Decline in R&D Dollars
o]

e Both federal and private sector investments in R&D
have been down for years
- Particularly in basic and physical sciences

e Most dollars have gone to incremental development
- New research for creative solutions has been hampered by

demand for risk-averse solutions with quick turnarounds

e Congress is considering a bill to increase federal
R&D spending to:
- Accelerate tech transfer
- Create innovation test beds




Visa Policy
G

e Since 9/11, it's been very difficult for foreign
travelers to enter the U.S.

- U.S. companies have lost millions because
foreign customers couldn’t enter to view products

- Foreign students are going to other countries for
higher education

- Other countries are taking advantage of the
opportunity

Science & Technology Education
.|

e The number of students (American and foreign-born)
going into S&T continues to decline

- U.S. companies have arguably created their own problem.

e As offshoring of engineering work continues, students perceive
less opportunity and choose other fields

e As the number of S&T students decreases, companies
perceive the need to seek engineering work offshore

e NOTE: India now claims it can’t find enough engineers (the
increase in living standards means cost of labor is rising)
- Other countries’ educational quality is rising
- Foreign-born students that do study here are finding their
way back home




Wall Street Pressure
o

e Quarterly earnings reporting creates undue
pressure on managers to focus on short-term
results

e Discourages investment in real R&D
e Discourages long-term planning

e U.S. Chamber of Commerce chastised Wall
Street and encourages all publicly-traded
executives to stop reporting quarterly
projections

Offshoring

e The biggest challenge for the U.S. is
balancing low-end manufacturing and
services offshore, while maintaining domestic
incentives for companies (foreign and
domestic) to develop next generation, or leap
ahead, technologies onshore.




Conclusion
o

e First step to fixing a problem is recognizing
there is one

e The U.S. has been in denial, but reality
seems to be setting in
- Augustine Report by The National Academies
- Legislation recognizing need for innovation leap
- Thomas Donohue, U.S. Chamber of Commerce




Evolution and Challenges to the
Innovation Systems in Japan

<Innovation by Emulation>

The Council for Science and Technology

Taizo Yakushiji

Two Views of S/T Progress

(1) Paradigm Change ( The Kuhnian)

Social Dynamism (Discrete Process)

(2) Logical Empiricism ( The Popperian)
Refutability Dynamism (/ncremental
Process)




System or Social Norms ? (Japan Problem)

(Question 1) Why Japan once bashed, and now passed?
(Question 2) Will China become a “techno—hegemon”?

<Three Accounts>
-Geese—flying theorem

‘Made in Germany (1898) Syndrome
-imitation+ & = emulation

UNITED STATES
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NEW MATURING STANDARDIZED N
PRODUCT i PRODUCT PRODUCT
L—STAGES OF PRODUCT DEVELOPMENT-
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FIGURE VI- 20

R. Vernon's Model on
Stages of Product Development




Social Norms and S/T (US Case)

(Question) Why the US became No.1 in S/T
in a short time?

‘S/T as the national integration and identity
‘French S/T (West Point, Du Point de Nemours,
etc.) and emulation

‘Pluralism and American /liberalism

‘A county of S/T immigrants

‘A country for experiment (A. Schlesinger, Jr.)

Emulation Dynamics

Development flow of the similar
but different technologies
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The second industrial order by the successful “emulators™




American Wheels
Stage

I-Steam engine; coal-gas engine; Otto's
1) Antecedents I internal combusticn engine; Daimler's engine;
I Benz's cars; French Panhard-Levassor

Imitation and I-Entries from bicycle business; from wagon
2) the First Comp-I and carriage business
etitive Emula- I-Emulation of European attempts

tion I

3) The First I-The Selden patent suits; ALAY vs.
Industrial I AMCMA
Order I-Ford retained independence (heterogeneity)

Technelogical I;?urapean engineers at Ford and Winton
4) Carrier and I-Ford's reverse engineering of the Eurcpean cars
Traasplanting I-Inter-industry carriers of technology

Developmental I-Poor road condition

Constraint, I-Intra-company conflicts over a cheap car vs.
£) Articulation, I a costlier car

Exogsneity I-Continuous flow and belt-conveyor system
J I from the exogenous industries

I-Model-T Ford (the vast reduction of mfgz. cost)
§) Pre-eminence I-The rapid diffusion intoc farmers, due to the
and Novelty I rural free delivery system, and the enlight-
I meat of farmers by the Grangsr Movement

7) Key Actors I-Henry Ford, Billy Duraat, Walter Ckhrysler,
I etc.; CGeorge Selden

The 2nd Compet-I-Clones of Model T Ford
8) itive EmulationI-The establishment of GU
and Industrial I[-Ford-GM industrial heterogeneity

Order I
9) Sustenance I-No pateat monopoly (by Ford)
8kills I-Coexistence with competitors

10) Spill-over/ I-Hitler's emulation of "Fordization" (Volks-
Boomerang I wagen)
I-Japan GM, Japan Ford, Nissan, Toyota

11} Crisis controlI-Japanese exports in the U.S. market
or Exiting I-The Voluntary Export Restraint
I-GM-Toyota joint-venture; GM's "Saturn" Project

Social Norms and S/T (USSR Case)

(Question) Why Soviet Union collapsed?

‘German influences (German Village in the 17 Century)
‘German military industry in the USSR during the Weimar
Republic

‘The COMECON’ s division of labor in S/T ( USSR for
military S/T, periphery states (Czechs and Poles) for
civilian S/T)
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Social Norms and S/T (German Case)

(Question) Why German S/T is strong
although its social norm is
conservative?

- “Schaffe, Schaffe, Haeusle, Baue”

"The Double Tracks” approach (DIN, Benz, V2, etc.)
- “soziale Marktwirtschaft”

- “Technikfeindseligkeit”

- “sozialer Stand as a social division of labor

Traditional ‘Pattern of Germans’

Techno-"Labangfozrm”
I Techrological Products I
1 (Daumz and Uniforam) I
R T e S G A
1 I I 1
1 I Individualicy I I
I I (Mo Techno Log T
1 I Allowed) I I
T e i
I Technological Produsts I
I {Dauer snd Uniform) - I
Japan Model
Amarican Moda.
Germen Model

{Tha Current and New Jopanese Modols)
[The Mode of Competiticn]
horizontal competition
(excessive competition)

compatition The Current Svatem
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[The Choize of Tech.]
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The Loci of Techno-Hegemony
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The Rise and Decline of the
Great Powers, Why?

Decline forever?

A 60-year cycle

A 100—year cycle
Who determines the hegemonic cycle?

The mysterious coincidence of the early
17t century (UK, Russia, Japan)




Kondratieff 1790 1845-51  1870-75  — ==

Schumpeter 1787 42-43 69-70  1897-98  1924-25

Rostow 1790 48 73 96 20

Mandel - 47 73 93 13

Van Duijn  — 45 72 92 29 73
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Hirooka 1846 1872 1895 197
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Identification of Kondratieff Business Cycle

and Correlation to Product Life Cycle

: Kondratieff Business Cycle
: Product Life Cycle

The Level of Countries'

Technological Ermulation The level for Country & to
c

introduce a new brealthrough
technology

The speed for Country &

to indroduce breakthrough The level of Country B

technology to eranlate A's
technology

The speed for
Country B to
ermlate
techmnlogyy

Technological Paradigm Cyele
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Couniries B and C
which ermlate A's
FCCess

Diffusive anomaly which

\

ountty A which could solve
he previous diffusire anomay

Mew
ernlators
bomn

Country D which
could solve a new
diffuzive anomal

Conclusion (NMew Japan)

(Question) Where Japan goes?

‘Industrial “Aollowing”

-Japan strikes back, but how?

‘The Third S/T Plan for social institutional
reforms

-Graduation from “modernization” mindset
S/ T for safety, dreams and a new social horm
(back to the future, an new emulous power )
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Panel I: Government’s Evolving Role in Supporting Corporate R&D—U.S. and Japanese Models
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Technology policies in
Japan;1990~

Akira Goto and Kazuyuki Motohashi

Univ. of Tokyo
and
Research Institute for Economy, Trade and Industry

OUTLINE

1. Overview of the Japanese Economy in the 1990s ~;Was technology
responsible for the long recession?

2. Review of technology policies

2-1 New Framework of technology policy---"Basic Law on Science and
Technology” , creation of CSTP

2-2 Government R&D programs (subsidies, commissioned research,
cooperative research)

2-3 R&D tax credit
2-4 Technology policy towards SMEs (Japanese version of SBIR)
2-5 Promotion of University-industry links
2-6 Government labs
3. Conclusion
market friendly approach
closer cooperation with university
basic research




1. Overview of the Japanese Economy in
the 1990s ~

Boom in the 1980s
and
long recession in the 1990s and early 2000s

Fig 1 GDP growth ratio

source; K.Motohashi, Empirical Analysis of IT Innovation: Has IT Changed Long-term Japanese
Economic Performance?, Toyokeizai,2005

R T )
L~ T - TR = TR = N = N = B V= S = B e B R e B
[ - B N - S R v R v - = S - B — S 1




Cause of long recession

» Macro-financial view

Collapse of asset bubble in the 1980s
dysfunction of financial sector

Excess capacity built in the 1980s

» Alternative view---Productivity slowdown
Productivity slowdown in the 1990s
Hayashi-Prescott, Jorgensen-Motohashi,
Fukao,,,,

Cause of productivity slow down

» Government policy and banks to keep
“zombies” alive?

less productive firms stayed while
more productive firms exited

» Deterioration of Innovation capability?




Deterioration of innovation capability?

“R&D became less efficient because Japan
moved from catch-up to front runner stage”?

exhaustion of easily “borrowable”
technology
“Mismatch” of Japan’s innovation system ?

to newly emerging key industries in the
1990s,such as IT and BT, and/or

to innovation in how to innovate, such as more
reliance in science

However, R&D spending/GDP ratio
remained among the highest in the world,
and

output (patents, papers, technology
exports) improved steadily




Fig.2 R&D Expenditure in Japan

source: Report on the Survey of Research and Development, each year, Statistics Bureau
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Fig. 4 Japan’s technology balance of
payments

source; NISTEP, Science and Technology Indicators
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Fig. 5 Japan’s share among most highly
cited papers

source; NISTEP documents
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2.Review of Technology Policies in
Japan in 1990s

2-1 New Framework of S&T Policy

« Enactment of “Basic Law on Science and
Technology” in 1995, and subsequent
planning of the Science and Technology
Basic Plans

» Merger of Science and Technology
Agency with Ministry of Education in 2001

» Strengthening of Council for Science and
Technology Policy in 2001

13

Structure of S&T Budget and Organization

Total: 3,626 billion Yen (FY2004)

Science

MEXT:
MEXT Basic Science
63% Seeds” orientation

METI:
Industrial Technology
“Needs” orientation

METI

17%
Technology
— - T1f T
JDA 5% MAFF 3% MLIT 2% Others 2% 14

MHLW 4% CAO 2% MPHPT 2%




2-2 Government R&D programs:Development of
METT’s R&D Project

Large-Scale Ind.

Tech PJ, 1966—

Next Generation

Tech PJ, 1981—

1974—

Sun Shine PJ

1978—

Moon Light PJ

Medical Equipment
Tech PJ, 1976—

l ‘,

Global Env. Tech PJ

1989—

l

Industrial Science and Technology PJ,
1993 -

New Sun Shine PJ
1993 —

|

|

)

R&D Program 2000—

15

METI’s R&D Program

targeting at specific policy goal

A policy package for technological breakthrough and innovation

* Focusing on important technological fields (2" basic S&T plan)
* Based on technology roadmap and industrial needs
* Policy orientations by METI’s industrial policy sections

program

Example of R&D Program in FY2005 (budget: 230.8 billion yen)

 Life Science: Health Assurance Program, Program for the creation of
recycling based industrial system using biological functions

« Nanotechnology and Materials: Nanotechnology program, Program to
create an innovative components industry

+ Information & Telecommunications: Program for fundamental
technologies of advanced information and telecommunication equipment
and devices, Information infrastructure software development promotion

» Environment & Energy: New global warming prevention technology
program, The 3R (Recycle-Reuse-Reduce) Program

16




2-3 R&D Tax Credit

* Firms, not government, decide the project
—market friendly policy

« Change in design of R&D tax credit system
existing system lost effectiveness because

tax credit was linked to increased amount of
R&D spending

= many firms’ R&D spending were not
increasing and, many firms were losing money

17

New R&D tax credit system

* 10~12% of R&D spending, not exceeding
20%o0f corporate tax payment of the
company, can be deducted from corporate
income tax (2% temporary measure for
three years 2003~5)

« Amount to 600 billion yen of corporate
income tax reduction

18




2-4Tedchnology Policy towards SMEs:Japanese

version of SBIR
(Small Business Innovation Research)

Started in 1999

Setting the target amount of R&D subsidy to

SMEs

Inter-ministerial joint approach: 7 ministries in
2005 (ex. MEXT, MET]I etc.)

Other financial incentives

— Low interest loan to SME’s innovation activities

— Wider coverage of SME’s loan guarantee program

19

Implementation of SBIR

source; METI documents
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» Series of laws introduced to promote closer
university — industry collaboration, following
perceived U.S. model

1998 TLO Act
1999 Japanese version of Bayh-Dole Act

« Culminated in National University Corporation
Act of 2004

—National Universities became independent
administrative body, faculties are not civil
servants anymore

—Flexibility, and necessity to work with industry

21

2-6 Government Labs

« Restructuring of the government labs
under METI and other ministries

— merger of labs within ministries

— most of them became independent
administrative body with non public
servant status

22




3. Discussion

* Further emphasis on R&D in the 1990s
long run consideration and
short run response

« Emphasis on basic research (S&T Basic
plan)—increased government spending for
public institution, but at the same time,
closer ties with industry encouraged

23

» More market friendly approach

* R&D for “competitiveness”, short term
results —industry put more emphasis on
R&D with short term results, less on basic
long term R&D during recession

» With recent recovery, importance of long
term research is emphasized, searching
the best way to do long term R&D

24




Government’s Evolving Role in Supporting
Corporate R&D: Theory and Practice in the
! Advanced Technology Program

Stephanie Shipp

Director, Economic Assessment Office

Advanced Technology Program
National Institute of Standards and Technology
(301) 975-8978
stephanie.shipp@nist.gov
www.atp.nist.gov

“21st Century Innovation Systems for Japan and the United States :
Lessons from a Decade of Change” Symposium
January 10-11, 2006

==TP
i Outline

= ATP’s mission and background
s ECconomic rationale for ATP
» Fiffeen years of Innovation

s ATP Practices
= ATP is part of NIST
= Project competition & selection
= Project management
= Project and portfolio evaluation

National Institute of Standards and Technology ° Technology Administration * U.S. Department of Commerce




—— ATP is Praised by National
Academy of Sciences

“The Committee finds that the Advanced Technology
Program is an effective federal partnership program. The
selection criteria applied by the program enable it to meet
broad national needs and help ensure that the benefits of
successful awards extend across firms and industries. Its
cost-shared, industry-driven approach to funding promising
new technological opportunities has shown considerable
success in advancing technologies that can contribute to
important societal goals.”

The Advanced Technology Program, Assessing Oufcomes,
C.W. Wessner, editor, National Academy of Sciences, 2001, page 87.

National Institute of Standards and Technology * Technology Administration * U.S. Department of Commerce 3

ATP’s Mission and Rationale




—1P
i ATP mission

7o accelerate the development of
innovative technologies for

broad national benefit through
partnerships with the private sector.

National Institute of Standards and Technology ¢ Technology Administration * U.S. Department of Commerce

14
i Key features of the ATP
= Emphasis on innovation for broad national economic
benefit

m Industry leadership in planning, implementing, and
sharing costs of projects

m Project selection based on technical and economic merit

» Demonstrated need for ATP funding

» Requirement that projects have well-defined goals/sunset

provisions

m Project selection rigorously competitive, based on peer

review
m Program evaluation from the outset

National Institute of Standards and Technology * Technology Administration * U.S. Department of Commerce




Economic rationale for ATP

Systematic Under-Investment in R&D, due to:
= High technological risk
= Long fime horizons

» Knowledge and market spillovers
(appropriability)

s Coordination failures

» Information asymmetries

National Institute of Standards and Technology * Technology Administration * U.S. Department of Commerce 7

ATP provides a bridge from
invention to innovation

Capital to Develop ldeas

X OO

Research
(Invention)
Research
Capital (Innovation)
“Valley of Death”
Congressman Vernon J. Ehlers
National Institute of Standards and Technology * Technology Administration * U.S. Department of Commerce 8




Fifteen years of

—1P
* ATP-funded innovation

= Since 1990, almost 7,000 research proposals

submitted to ATP in 44 competitions.

768 projects awarded to over 1,500 participants and
an equal number of subcontractors.

218 joint ventures (28%) and 550 single company
projects (72%).

$4.3 billion of high risk research funded, with industry
contributing half the costs.

= ATP$ to joint ventures (56%); to single co projects (44%);

= average ATP$ to joint ventures is $5.9M; to single companies
is $1.8M.

Small businesses lead 2 out of 3 projects.

Over 165 universities and 30 national laboratories
participate.

National Institute of Standards and Technology ¢ Technology Administration * U.S. Department of Commerce 9

i

ATP Practices

10




i ATP is part of NIST.
The NIST mission is to...

Develop and promote
measurement,

standards, and

technology to enhance
productivity, facilitate

trade, and improve the

Boulder, CO quality of life.

11

National Institute of Standards and Technology ¢ Technology Administration * U.S. Department of Commerce

= ]
—1
PROGRAM

ADVANCID TECHNOLOGY

‘ Companies Apply for ATP Funding...

As a single applicant company
- For-profit company
- 3-year fime limit
- $2M award cap
- Company pays indirect costs
- Large companies cost share at least 60% of total project
cost

As a joint venture
= Afleast 2 for-profit companies
= 5-year time limit
= No limit on award amount (other than availability of
funds)
= Industry share >50% total cost

12

National Institute of Standards and Technology * Technology Administration * U.S. Department of Commerce
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ADVANCID TECHNOLOGY PROGRAM

Project competition and selection:
Technical and economic criteria

Scientific and Technological Merit (50%)
» Technical innovation

High technical risk with evidence of feasibility
» Detailed technical plan

Potential for Broad-Based Economic Benefits
(50%)
= National economic benefits
= Need for ATP funding

Pathway to economic benefits

National Institute of Standards and Technology ¢ Technology Administration * U.S. Department of Commerce

=P Project Selection Process
PROPOSALS

SCREENING

CLASSIFICATION

Gate 1: FULL TECHNICAL PLAN + PRELIMINARY ECON/BUS PLAN
SCIENTIFIC & TECHNOLOGICAL MERIT

ECONOMIC/BUSINESS MERIT
" Technical Innovation = National Economic Benefits
" High Technical Risk with Evidence of Feasibility " Need for ATP Funding
" Detailed R&D Plan

= Pathway to Economic Benefits

Gate 2:
FULL ECONOMIC/BUSINESS
PROPOSAL + BUDGET NARRATIVE

Gate 3: SEMIFINALISTS IDENTIFIED

Y 2
= Oral review f’\\‘ S ‘Y://\
((
&d@/

Gate 4: AWARD Cooperative
Agreement

National Institute of Standards and Technology * Technology Administration * U.S. Department of Commerce

DEBRIEFING

14




Project management

Projects evaluated regularly
« Continuation/termination.
= Annual visits (or more often for larger projects).

Data
=« Quarterly and annual technical reports.

= Annual reporting through Business Reporting
System (baseline, anniversary, closeout, and
post-project).

= Annual performance plans and reports.

National Institute of Standards and Technology ¢ Technology Administration * U.S. Department of Commerce 15

ATP Business Reporting System

"'";’"" Project management:

Business plans:
« |dentification of applications.

« Strategies for commercialization, protection of IP, and
dissemination of nonproprietary information.

= Significant business developments.

« Update of business plans and progress on products,
processes and licensing activity.

= Collaboration experiences.

= Aftraction of new funding.

= New patents.

= Technology diffusion.

= Company financial data.

= Next 5 years-technical and business goals.
» Effects outside of organization.

National Institute of Standards and Technology * Technology Administration * U.S. Department of Commerce 16




=P Project Evaluation Timeline:

What We Measure When

Short-Term ! Mid-Term Longer-Term
Broad national economic
Award/participant Commercial activit benefits
p p y )
characteristics — New products - Returnf(’)r;;_nvestment
- ublic
R&D partnering N N,ew processes — Private B
n Accelerati FR&D - Licensing ~ Social g
5 ceeleration o Attraction of capital — Inter-industry diffusion
< | © Innovative technology . . — Increased GDP & .ax base
o Strategic alliances S
s | development N ~ Societal impacts-
6 _ Patents Company growt o
§ — Publications . Total
@] — Competitive advantage .+ Economic Benefits
% — Prototype products &
(&) processes | et v
T Y (O
............................... Benefits to
................................... Awardees
......................... et eSS T e
-1 0 1 2 3 4 5 6 7 8 9 10 >
Announce Announce Complete Project or More
Compe-  Award P : Years
tition Post-Project Period ]
National Institute of Standards and Technology ¢ Technology Administration * U.S. Department of Commerce 17
_—

Project evaluation activities tied to

timing of expected resulis

Short and Mid-Term
s Ex ante peerreview
for project selection

= Survey tools to
monitor project

Longer Term
Post-project surveys
and data analyses

In-depth and cluster
case studies—return

rogress s
Prog on investment
= Performance . _
measures s Econometric analysis
= Expert reviews = Macroeconomic
= Portfolio-wide analysis
analysis
National Institute of Standards and Technology * Technology Administration * U.S. Department of Commerce 18




exceptional assessment effort.”

"f_i"“ ATP’s Evaluation Program: “An

“The ATP assessment program has
produced one of the most rigorous and
Intensive efforts of any U.S. technology
program...the quality, quantity, and
analytical range of [their] studies are
impressive.”

The Advanced Technology Program, Assessing OQutcomes,
C.W. V(\}/essner, editor, National Academy of Sciences, 2001,
page 91

National Institute of Standards and Technology ¢ Technology Administration * U.S. Department of Commerce 19

best practices [1]

"'_"'Ei“‘ ATP’s evaluation

= Management and institutional commitment to
performance evaluation.

Integration of evaluation into program
management while preserving independence.

= design, implementation, assessment, learning, and
feedback from performance metrics (and results).

Dedicated and appropriate mix of expert staff.
Coordination with technical office staff.
Involvement of outside experts.

National Institute of Standards and Technology * Technology Administration * U.S. Department of Commerce 20




best practices [2]

m;m ATP’s evaluation

= Matching assessment methods to
questions posed.

» Systematic data collection and regular
reporting systemes.

» Gradual evolution tfoward more rigorous
tests of causal relationships.

m Pursuit of development and testing of
new tools.

s Examination of successful and
unsuccessful projects.

» Strategic communication of results.

National Institute of Standards and Technology ¢ Technology Administration * U.S. Department of Commerce

21
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i —}
ADVANCID TECHNOLOGY PROGRAM

i Portfolio-wide analysis

= Performance measures

= Status reports of completed ATP projects
= Descriptive mini-case studies.

= Portfolio analysis of project performance.
= Each project receives a rating between 0 and 4 stars on
how well it met ATP's mission objectives

= overall project performance = knowledge creation and
disseminatfion + commercialization progress and diffusion +
future outlook.

= Aggregation of stars provides portfolio of ATP success.

National Institute of Standards and Technology * Technology Administration * U.S. Department of Commerce

22




Porifolio Perfformance Results
First 150 ATP Completed Projects

40%
o
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0 stars 1 star 2 stars 3 stars 4 stars
Ranking
National Institute of Standards and Technology ¢ Technology Administration * U.S. Department of Commerce 23
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Portfolio of ATP performance
measures of outputs (2004)

Performance Measure Actual
FY 2004

Cumulative number of projects with new technologies under 297
commercialization
Cumulative number of publications 1462
Cumulative number of patents filed 1254
Percent of projects reporting an increase in longer-term and/or ('73
higher-risk R&D
Percent of projects involving R&D collaboration 86
Percent of project participants reporting acceleration of R&D 88
cycle time

Source: ATP Business Reporting System and status reports of completed projects.

National Institute of Standards and Technology * Technology Administration * U.S. Department of Commerce 24




—

—1P ATP accelerates
i technology development

= 9 out of 10 project participants indicate
that ATP funding accelerated their R&D
cycle. Of those organizations indicating
they were ahead in the R&D cycle

« 13% indicate they are ahead by a year

= 53% indicate that they are ahead by
one to three years

= /% indicate that they are more than
three years ahead

Based on Business Reporting System (BRS) survey data from 673 organizations in 347 ATP projects funded from 1993-1998 —
for projects with one or more years of ATP funding.

National Institute of Standards and Technology ¢ Technology Administration * U.S. Department of Commerce 25

=™

——— ATP accelerates
i Infroduction of new products

= ATP participants report that the
acceleration of R&D will reduce the time
it will take to bring products to market
or to implement new production
processes.
= Reduction in time-to-market by two years or more

is anticipated for about 3 out of 5 planned
commercial applications.

Based on Business Reporting System (BRS) survey data from 673 organizations in 347 ATP projects funded from 1993-1998 —
for projects with one or more years of ATP funding.

National Institute of Standards and Technology * Technology Administration * U.S. Department of Commerce 26




—1P Survey of ATP Applicants
i 1998, 2000, 2002

Key Findings:

e ATP awards attract additional funding
("Halo Effect”)

e ATP fosters new R&D directions and
partnerships

e ATP fosters collaboration between
companies and universities

National Institute of Standards and Technology ¢ Technology Administration * U.S. Department of Commerce 27

14 Survey of Applicants-

iWhat happened to nonfunded projects?

When ATP decides to not fund a project, what
happens to these projects?

= 39% of these projects are not pursued.
= 44% are pursued on a smaller scale.

= 4 out of 5 report that project is less than
40 percent of proposed ATP project.

Source: Survey of Applicants, 2002

National Institute of Standards and Technology * Technology Administration * U.S. Department of Commerce 28




Joint venture survey-Key findings

—1P
i Behavioral additionality:

s Governance and contractual provisions
are more important than goodwill in
fostering frust and increase perceived
value of project

= ATP involvement is important to ensure
stability and to help foster cooperation

s Joint venture size

National Institute of Standards and Technology ¢ Technology Administration * U.S. Department of Commerce 29

Behavioral Additionality:

1P
2 Years After ATP Project Ends-
Did ATP Companies Continue in any R&D?

m Yes: 83% continued R&D
=« 55% due to positive ATP experience
= 39% no ATP impact
= 6% negative impact or DK

x NO:
« 17% did not continue any R&D

= Only 2 out of 78 said it was due to negative
ATP experience

Source: ATP Post-Project Survey (2 years after ATP project
ends)

National Institute of Standards and Technology * Technology Administration * U.S. Department of Commerce 30




2 Years After ATP Project Ends

m—i"‘” Behavioral Additionality:

ATP companies continued work on ATP Technology:
= New collaborations with new partners: 27%
= Confinued collaborations with ATP JV partners: 19%

. ggynﬂnued collaborations with ATP subcontractors:
1%

ATP companies work on non-ATP Technology:

= Working with ATP JV partners: 46%
= Working with ATP subconftractors: 14%

Source: ATP Post-Project Survey (2 years after ATP project ends)

National Institute of Standards and Technology ¢ Technology Administration * U.S. Department of Commerce 31

=P Hot-spot cluster analysis
i of high impact patents: purpose

= Motivating Question: What is the regional
impact of ATP?

= Hot-Spot Analysis is a powerful tool that
maps out current areas of innovative
activity off the beaten path. This tool:

= Examines clusters of patents that are highly
cited by recently issued patents.

= |dentifies a subset of clusters that are
developing early stage technologies most
relevant to ATP.

= Analyzes the regional, organizational, and
collaborative characteristics of these clusters.

National Institute of Standards and Technology * Technology Administration * U.S. Department of Commerce 32




Implications and next steps

* Hot-spot cluster project:

Findings:
s Association between ATP-related
patents and Next Generation Clusters.

= Suggests that ATP is funding
technology that is closely linked to
high-impact technology.

s ATP dollars are likely to have a broad
impact beyond individual award
recipients.

National Institute of Standards and Technology ¢ Technology Administration * U.S. Department of Commerce 33

1P Visualizing innovative activity

“Understanding Regional Innovative Capacity” Project
Visualization of the 2002 Hot-Spot Patents

National Institute of Standards and Technology * Technology Administration * U.S. Department of Commerce 34




—

—1P
i ATP is meeting its mission

ATP Studies Provide Evidence that ATP is
Meeting Its Mission through

Acceleration of R&D

Increased collaborations

Strong small business parficipation
Refinement of manufacturing processes

Commercialization of products and
processes by US companies

Large spillovers, leading to broadly
distributed economic benefits

National Institute of Standards and Technology ¢ Technology Administration * U.S. Department of Commerce 35

In summary ... ATP

e Focuses on the civilian sector

*Funds enabling technologies with high spillover
potential

*Focuses on overcoming difficult research
challenges that cannot find private funding

*Encourages company-university-laboratory
collaboration - capitalize on R&D investments

* Requires commercialization plans and
Implementation to ensure societal outcomes

* Measures against mission in our evaluation work

National Institute of Standards and Technology * Technology Administration * U.S. Department of Commerce 36




Understanding ...

1. New Context
2. New Effect/ Aspect

3. New Management

nakajima ichiro

Tokyo, Jan.10, 2006

Government’ s Evolving Role in Supporting Corporate R&D <1> 2

Structural Change in National Economy :
new industry : promising new tech. opportunity #3
broad national economic benefit #6

newly emerging key industries #7

new method: industry leadership / sunset ... #6

national plan #16
tech. roadmapping #20
tax policy change #23-24

nakajima ichiro

Tokyo, Jan.10, 2006




Industrial Evolution : same direction, different speed 3

Manufacturing sector weight in national economy 1970 - 93
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Industrial Change in mid-1980s (Japan) 5

soo ~ 1¥ GDPG) .,
. AP/P /\
400 ~ AG/G 1.2
Industrial Production (P)
300 -~ /\ /\/\ 1
200 / 1
100 // 0.9
o.8
61 66 71 76 81 86 21 96
data source: METI, ESRI
Tokyo, Jan.10, 2006 nakajima ichiro
ICT ratio : balanced US, Japan’s speed 6
1995 — 2000 in added value
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data source: “Measuring the Information Economy”,OECD,2002
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Government’s Evolving Role in Supporting Corporate R&D <2> 7

New Aspects of Industrial R&D :

Science based R&D, U - | Collaboration :
ATP fosters collab. U-1 #9, #27
increased importance of science #7
recent reforms in Univ. #25-29
also in National Labs #30

Region (Cluster), SMEs :
hot spot analysis #32-34
SMEs / SBIR #21-22

Tokyo, Jan.10, 2006 nakajima ichiro

Increasing R&D Budget in Japan 8
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Data source: MEXT

Tokyo, Jan.10, 2006 nakajima ichiro




U - | Collaboration : to Newly Emerging Sector 9

External Research Fund to Univ. (2003) social
\

/
frontier

ecology

Contract
life-science
Research
manufacturing
energy j
Joint
ICT
Research
0% 20% 40% 60% 80% 100%

data source: MEXT, 2004

Tokyo, Jan.10, 2006 nakajima ichiro

Government’s Evolving Role in Supporting Corporate R&D <3> 10

New Management :

project selection #13-14
project management #15-16
project evaluation #17-21
portfolio-wide analysis #22-24
national plan #16

national tech. roadmapping #20

Tokyo, Jan.10, 2006 nakajima ichiro




National Technology Roadmapping (2005) 11

<ICT>

semiconductor, storage & non-volatile memory,
computer, network, usability, software

< Life Science >

pharmaceutical, medical equipment, regenerative
medicine

< Environment, Energy >

CO2, fluorocarbon, chemical products control,
recycle / reuse / reduce, energy

< Manufacturing >

robotics, aeronautics, space, nano-technology

source: http://www.nedo.go.jp/denshi/roadmap/

Tokyo, Jan.10, 2006 nakajima ichiro
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Panel I1: Government-Industry R&D Partnerships - U.S. and Japanese Experiments
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Semiconductor Consortia in Japan: Experiences and Lessons

R =, BN LERFRTPEA ) X—va w3V A v MIERER —BRFA
S N—a URER v 2 — K B HER

T Rz, —HRTFA =3 R o F —BiRRE BARBORNT e T & B RS
TEMEE

EBE R&D EHORFHEE | SEMATECH, EE&EFn—k~vy 7/ Rt~A(7n7
By PERITLA )/ N—va v

Economic Impacts of International R&D Coordination: SEMATECH, the International Technology Roadmap, and
Innovation in Microprocessors
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Consortia for Device Technologies

MIRAI (2002/8)
: Millenium Research for Advanced Information
Technology

Selete (2001/4~2006/3)
; Semiconductor Leading Edge Technologies, Inc.

ASPLA (2002/7)
; Advanced SoC Platform Corporation

STARC (1995/12)
; Semiconductor Technology Academic Research Center

Consortia for Equipment

HALCA (2001/8~-2004/3)
; Highly Agile Line Concept Advancement

EUVA (2002/6~2006/3)
; Extreme Ultraviolet Lithography System Development
Association

ASET (1996/2)
; Association of Super-Advanced Electronics
Technologies

LEEPL (2000/6)
; Low Energy E-beam Proximity Projection Lithography







What happened in semiconductor industry (1M?)

IM | = Korean Companies’ entry = Cluster tools appeared
into DRAM business = Chip companies gave up
developing in-house equipment.
= Stacked capacitor and Trench
capacitor appeared
= Samsung became no. 1 .
4M : = |-line stepper
DRAM supplier. ; i :
= Oligopolizing of equipment
suppliers
16M c |
n
NEC was only 1 Japanese = KrF stepper
company in top 4 DRAM S
sy P = Popularizing of CMP
suppliers.
= AMAT advocated “Total
64M AT
= Rapid growth of Taiwanese solution
companies in DRAM » -~ Cu wiring and Low-k insulator
¥  market. were introduced into the LSI
processing.
Research Schedule
ASET Proiscts s Toe To T T T o T & Tor Tos [T o
Super Advanced Technology
Semicon EB DW High speed EB direct writing az
EB Mask Writer High accuracy EB mask mriter 22
EB Lithography Advanced EB technology 12
PXL Prosimity X vay Lithography 62
EUW Extreme Ultrawiolet Lithogrsphy 75
ArF Lithography ArF lithography 17
Plasma Plasma physics and disgnostics 25
Cleaning Surface cleaning and simulation g
Mag Storage |Msgnetic Storage  [30Gbit/in2 class hard disk technology 57
LoD Reflective LOD Refle ctive LOD material snd devices a2
ELI Absolute Wave Front ELIV shsolute maue front measurement system [
ELIY Process Technology ELI mask and resisit process technology 1 5 : : ’
Process squipment |Plasma s quipment, Eximer laser 29 >
¢ |Simulstion FTP. Probe card 4 —
F2 Lithoersphy FZ licht source, coating, pursing 20 >
PFO Substitution Process ie:ﬁ:ﬂt:zzyanFD in etching process, PFO free new wiring 62
Electronic System Integration 30 packaeine, Optical/electrical combined printed circuit bosrds 47
Dpticl Packasing Stendardzstion |00 e st . mompsers 1 LR
MIRA Project }:lihfk gate stack, Low-k interconnect module, Mew transistor, 151 -%5 >
HALDA Project Enerey saving, miniine concept fab for Sols 82
e e N . - ==
. or Mk D1 Sy i e ol s I R




ASET: Semiconductor Process Technology
(First Stage)

ASET has various lithography technology development
programs started in 1996. They are Electron Beam
Direct Writing Technology, Electron Beam Mask
Writing Technology, ArF Eximer Laser Lithography
Technology and Proximity X-Ray Lithography
Technology. Former 3 programs have been completed
and some of the research results are used for
commercial production.

ASET is also conducting Plasma Science and
Diagnostics Technology and Surface Cleaning
Technology necessary for very small pattering and
fabrication of next generations of semiconductors

ASET: Semiconductor Process Equipment

Technology (Second Stage)

In 1999, ASET made R&D programs for basic
technology of next generation semiconductor
equipment. They were Advanced Plasma Processing
Equipment, Eximer Laser Source, High Speed
Processing and Energy Conservation Technology (Self
Cleaning Wafer Cassette, High Speed Thermal
Processing Technology).

In 2000, R&D of F2 Laser Lithography and Simulation
Technology (High Speed High Density Probe Card,
High Speed Thermal Processing Technology) programs
are continued.




A 1ra

The seven-year MIRAI project (consisting of a three-
year first phase and four-year second phase)
comprises R&D in new insulating materials, which
will be indispensable for semiconductors of the
future, and development of the processing
technologies necessary for their practical realization.
As a result of these activities, the project will develop
and demonstrate the feasibility of sesmiconductor
technologies to markedly improve such basic
performance features as the power consumption and
data processing speed of LSIs in the 45 nm and future
technological generations.

A irar

Gate Stack Technology Using
High-k Materials

Interconnact Technology Using

/i
Development of new materials Low-k Interlayer Insulators

for gate diglectrics and
electrodes, and processidevice

Mew material/process technology
technology, to realize ultra-small

for high-speed and low-power-

transistors consumption wiring in shrunk
ransistor CMOS LSI
New Transistor Structures and Lithoarap Jhy-Ralated Metrology
Measurement f Analysis Technalogy d10aphyRaltedinenolody
Development of new device structures and Silicon substrate Development of metrology and inspection
metralagy to realize ultimately small, high- technology for ultra-fine pattern formation

perfarmance transistors

New Circuitz and System Technology

Post-fabrication automatic adjustment
technology for adaptive correction of
waveform distortions and circuit
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Meaning of CMP and High-k, Low-k

CMP; Eliminating the influence of the difference in
under layers and improving independence of
following wiring process.

— Cancellation of process complexity

High-k, Low-k; New material. The material physical
properties, the deposition method, and the device
structure that are the key factors that decide the
process performance depend mutually.

— Concentrating the knowledge of the device
maker, the device manufacturer, and the material
manufacturer have to be needed.

CASMAT

Japanese semiconductor materials manufacturers are playing a
major role in the world market and will try to continue to offer
high quality and advanced semiconductor materials, but are now
facing the difficulties to overcome the methodology limit of the
individual material research to improve the performance of the
comprehensive set materials under the changing circumstances of
rapid progress of nano-meter devices and complex processes.

Against this backdrop, it becomes more and more important to
have close cooperation between different manufacturers of
semiconductor devices, semiconductor materials and
semiconductor equipments in order to promote the concurrent
development of processes and materials, thus achieving the high
efficient development of the world’s leading new semiconductors
and their necessary materials.

Recognizing this importance, Consortium for Advanced
Semiconductor Materials and Related Technologies (CASMAT)
was formed and founded by a group of major Japanese
manufacturers of semiconductor materials in March, 2003




Comparison among MIRAI, Selete, and CASMAT

MIRAI

Selete

CASMAT

65-45nm

65nm ~

65nm

Next generation (65nm), and
the exotic material for
generation (45nm) and the
developments of the process
module and the device
technology, etc.

1)157 nm lithography, mask,
and EPL (electron beam
projection exposure
lithography). 2) Transistor that
adopted an exotic High-k
material for gate, 3) Multilevel
interconnection using an exotic
Low-k material and Cu

1) Development of element
technology, evaluation
technology, and supporting
tools for back end process of
65 nm semiconductor
devices. 2) Design of
TEG(=Test Element Group)
for the evaluation of the
materials.

=Development of materials,
material and measurement
and analysis technology for
the high-k gate:

* Development of materials,
material and measurement
and analysis technology for
the Low-k insulator.

= Others

Leading edge lithography
technology

-Optical lithography mask

-EB lithography
=Leading edge processing
technology (FEP)

-High-k Element process

-Front end process

-Process module
-Leading edge processing
technology (BEP)

-Back end process

-Material related to the
insulation film between low
permittivity layers
=Material related to copper
interconnect CMP.

=Buffer court and material
related to re-wiring

- Material related to wafer
processing for assembly

MIRAI

Comparison of Consortia roles

Selete

ASPLA

New material

CASMAT

Physical properties analysis

\

Exotic material

}Transistor characteristic

C

ircuit characteristic

New device




Comparison among MIRAIL Selete, and CASMAT

MIRAI

Selete

CASMAT

Part of AIST (Nationa Institute)

Company

Research Association

¥3.8 billion in Fiscal 2001, ¥4.56
billion and ¥1.78 billion for extra
budget in 2002, ¥4.55 billion in 2003,
¥4.55 billion in 2004, and ¥4.55
billion in 2005.

By Advanced Semiconductor
Research Center (ASRC) and the
Association of Super-Advanced
Electronics Technologies (ASET)

Capital: ¥5.5 billion
R&D Budget for ASKA
project:

¥70 billion / 5years

ASM Japan; EBARA; Fujitsu;
Hitachi Construction Machinery,;
Hitachi High-Technologies; Hitachi
Kokusai; Intel; Matsushita Electric;
Mitsui Chemicals; NEC; Nikon; Oki
Electric; Renesas Technology;
ROHM; Sanyo; Seiko Epson;
Sharp; Sony; Sumitomo Chemical;
Sumitomo Heavy Industries; Tokyo
Electron; Toshiba, and ULVAC24
companies

Stockholders;

Fujitsu; Matsushita
Electric; NEC

Electronics; Oki Electric;

Renesas Technology ;
Sanyo ; Seiko Epson ;
Sharp ; Sony ;
Toshiba

Contractors;
Samsung

JSR

Sumitomo Chemical
Sumitomo Bakelite
Sekisui Chemical

Tokyo Ohka Kogyo
Toray Industries

Nissan Chemical

Nitto Denko

Hitachi Chemical

Fuji Photo Film Co., Ltd.

Selete engineer A (High-k); Our processes are not leading edge.
The development of a top major company is more advanced
than we. Therefore the process developed here would not be
used in the major semiconductor manufacturer. However,
their development doesn't necessarily succeed without fail . If
their development fails, the processes of us become the
substitutions. On the other hand, the companies in secondary
position will use our processes as it is.

Selete engineer B (High-K); The content of our research and the
content of the research of MIRAI consequentially become the
same almost. Because the device structure depends on the
material, and an appropriate material is selected according to

the device structure.










Typical examples to cope with rapidly increasing complexity:
- Increasing ex ante indeterminacy should be alleviated by ex post agility -

= Software (including embedded system) :
Structured programming & Waterfall-style development method

— Object-oriented programming & UML-based and agile development
method (Aspect-oriented method considers even the nonlinearity among
objects per se)

= Data base:
Era of Relational Database — Era of XML Database
= CPU architecture:

Architecture that aims to secure ex ante “high reproducibility” —
Architecture that presupposes ex ante indeterminacy induced by rapidly
increasing complexity (Single-core —Multi-core)

= Semiconductor device:
Design and manufacturing that presupposes the validity of scaling rule

— Design and manufacturing that presupposes ex ante indeterminacy
caused by variations in gate length and interconnect geometry

= Production system:
Push-type production system — Pull-type production system (with SCM)

Complexity-Reducing Public Projects in the US: MMST (88—93)

= Microelectronics Manufacturing Science & Technology
(MMST) project newly created open object-oriented MES
(Manufacturing Execution System)

—Revolutionary execution-based factory management software
to easily understand the composition of the whole and part .

—Hierarchical visualization at a glance among semiconductor
processing technologies

—Texas Instruments as a key player in MMST intended to
incorporate Toyota Production System (TPS) in this MES.

—The advent of such a MES with “high visibility” increased the
importance of TPS-like organizational management that could
enhance employees’ intrinsic motivation.

—The fruits were instantly enjoyed by the US chipmakers
through SEMATEC and immediately by the Korean,
Talwanese, and European. (The real dissemination among
Japanese ones was the late 90's. )




Summary

» Against chipmakers’ original intention, the governance of
most Japanese consortia seems to have cut out even their
existing business.

— The business that cannot be done in the chip
manufacturer cannot be done.

— Non-participation of material and tool makers

+ To develop state-of-the-art process technologies, several
process consortia were consecutively built to follow
conventional ways of R&D collaboration.

— They could not catch up with the rapidly increasing
complexity in process technologies.

« Since the most of Japanese consortia were built as an
allopathy, they could not effectively cope with technologically
quite novel complexity.

— This might not be limited to Japanese semiconductor
consortia.




Economic Impacts of International

R&D Coordination:
SEMATECH, the International Technology
Roadmap, and Innovation in Microprocessors

Kenneth Flamm
University of Texas at Austin
January 2006

1990s Were An Important and Dynamic
Period for the Semiconductor Industry

o New US R&D Strategy in Semiconductors

o Acceleration in rate of innovation in
semiconductors

o Increasing global dispersion of technology
& production

o This presentation analyzes how these
events were linked

Focus on microprocessors

o Trace links between details of tech
change and economic impacts of
Innovation




Why Look at Microprocessors?

o Has come to dominate US (geographic)
industry
In 2004, 46+% of US IC shipments
o Compare to 29% in 1995, 37+% in 2002

o Compare with DRAMs:
Approx 14% in 1995, 7% 2001, 11% 2004

o In 90s, highest rate of tech innovation

o Largest value type of semi input to computers
Big impact on tech improvement in computers
Productivity in downstream IT-using industries
Return to this theme at end of talk

o Rich data set

New US R&D Strategy

o SEMATECH formed in late 1980s
Spencer strategic plan, 1992+

Focus on manufacturing, accelerate introduction of
new tech nodes

o From 3 years to 2 years

Apparent success, inspires imitation elsewhere
o National Semiconductor Technology Roadmap

Started as MicroTech 2000, on behalf of NACS

o 1992 workshop and report
SEMATECH provided technical leadership for effort
First National Technology Roadmap in 1994
Update in 1997, codified 2-year tech nodes




(©)

Roadmap Evolved Into International
Effort in Late 1990s

Now called ISTR
Recognized that leading edge pIaYers in semis were
multinational, scattered around globe
Common belief that closer coordination among
specialized suppliers, users, has worked to
accelerate innovation in industry
Has worked to keep 2 year nodes coming
Not all think is a good thing
To date, have been unable to slow it down!
Unique and interesting structure of great economic
interest
Unaware of any other high tech industry with similar
degree of R&D coordination
Coordination- lawyers’ ears perk up!
But US law passed in 1980s that granted limited
antitrust immunity for registered consortia like
SEMATECH

International SEMATECH

o SEMATECH also went international in late 1990s
Recognized that tech capability, best technology
now dispersed globally
Another Bill Spencer initiative

o Encouraged by USG (including KF@DoD)
Prior recovery, stabilization of health of US semi
industrial base

o Critical to decision by all parties

o Began with international partnership to work on

300mm wafer tech (I300I)

o Continued with non-US companies as full

members of IST
No continuing USG subsidy after 1997
o Today, share of world semi output accounted

for by members exceeds share when formed in
late 1980s
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MI SEMATECH

o SEMATECH dropped the I-word in 2004
o What does this mean?
. a “branding” issue
Still has many international members
o (including Samsung, most recently)
o Also, spun off subset of R&D activities into ISMI

Walled off from access to “highest tech” (e.g., litho)
R&D in main SEMATECH organization

All 9 “full” SEMATECH members also get
membership in ISMI

o AMD, Freescale, Hewlett-Packard, IBM, Infineon,
Intel, Philips, Samsung, Texas Instruments

3 ISMI-only members are do not get access to full
SEMATECH information set

o TSMC, Panasonic/Matsushita Electric, Spansion
o First Japanese membership in SEMATECH consortia

)

But...Even as SEMATECH internationalized,
US semi industry did less of R&D globally

MOFA R&D as % Parent R&D Computer and office

equipment

20.00%

—%— Electronic and other
18.00% electric equipment

16.00% —— Household
appliances

14.00%
/ —_— Audio, video, and
12.00% communications

equipment

10.00% = ‘Z i Electronic
|:| components and
accessories
8.00% —
M —_ Electronic and other
lectric equipment, nec
6.00% € quipment,
o : u \

4.00% X — Computer and data
processing services
2.00% = //*
0.00% T T T T T T T T T
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 Source:BEA

— 101 —




Very Recent Trend Toward Increased
Offshore R&D in US Semi Industry

MOFA R&D as % Parent R&D

30.00

—#— Computers and peripheral
equipment

25.00 Communications equipment

~ Audio and video equipment

20.00

=== Semiconductors and other
electronic components
15.00

Percent

—e— Navigational, measuring,
and other instruments

10.00 —+— Magnetic and optical media

5.00

0.00
1998 1999 2000 2001 2002

NSF Data Verify 1990s Trend

Subsidiary R%D as % US Domestic Co R&D

10.00%
9.00%
8.00%
7.00%
—— Office, computing, and accounting
machines
6.00% —— Radio and TV receiving equipment
5.00% Communication equipment
i Electronic components
4.00% . .
—H— Other electrical equipment
3.00%
2.00%
1.00%
0.00%

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
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And Subsequent Turnaround

Subsidiary R%D as % US Domestic Co R&D

16.00%
*
14.00%
)0/
12.00% —e— Computers and peripheral equipment
Communications equipment
10.00%
Navigational, measuring, electromedical,
8.00% Other computer and electronic products
+

—¥— Software
| /

6.00% == —+— Computer systems design and related
services
== Semiconductor and other electronic

4.00% components

2.00%

0.00%

1997 1998 19991 2000 2001

What to Make of This?

O Speculation

o US Semi Firms Best at What They Were
Doing

US the place to be for R&D in these areas?

o R&D Cooperation Thru Roadmap in 1990s
a Way to Coordinate with Suppliers in
Areas Where Best of Breed Not in US

o Increasing Offshore Competence led to

Some Increase in Offshore in R&D by US
Firms After Millenium

— 103 —




Back to Possible Impacts of
Coordination....

Acceleration in rate of innovation in
semiconductors!

Two Sources of Improvements in Price-
Performance

o Declines in manufacturinig cost lead to
lower price for given quality /
functionality

o Improved capabilities / performance /
quality of functions provided by IC

o Both happen, are not independent

Design innovation may be needed to use lower
cost components productively

Improved manufacturing techniques may bring
quality improvement

o Example: smaller features, faster gates
But will analyze separately
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Declines in Manufacturing Cost

o Linked to intro of new tech nodes
Process innovation = smaller feature sizes
New tech node organized around 50% reduction
in silicon area
o (30% reduction in feature size)
o On 2D plane, twice as many devices (transistors,
logic gates, DRAM cells) in given area
o All other things equal, would expect 2x as many
devices in given area
i.e., device density would double with new node
o To rough order of approximation, IC
manufacturing cost per area of silicon has
remained roughly constant
(more accurately, risen slowly)

Microprocessor Wafer Processing Costs

Wafer Processing Cost
Leading Edge Logic, Greenfield Fab

10

8 /
/ 135mmw afers —e— 5/135
7

5/200

35/135
6 —a— .35/200
—%— .25/135
—e— .25/200

5
/ 200mm w afers 18135
4 & —=—.18/200
/ 18/300
3 13/200
—————n
300mm w afers 13/300

$/mm2 wafer area

Source: Intl SEMATECH/ISMI

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
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Simplest model

$ processing cost C
area silicon

Mfg Cost/device =

devices/Area silicon t

e t is what is improved w/innovation in semi lithography
e feature size reduced 30%, device area 50% w/new node
*so t doubles when this happens
e if we assume
¢ no quality change (i.e., simply producing same
chip in smaller area)
e C remains constant
enew t = “technology node” (an approximation)
every 3 years
e Then...

Result:

o Manufacturing cost drops by half
every new technology node

every 3 years
o Works out to cost declining by
-21 % CADR
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Compare to Historical Reality at
the Leading Edge

Decline Rates in Price-Performance

Percent/Year
Microprocessors, 1975-85 -37.5
Hedonic Index 1985-94 -26.7
DRAM Memory, 1975-85 -40.4
Fisher Matched Model 1985-94 -19.9
DRAMs, Fisher Matched Model, Quarterly Data
91:2-95:4 -11.9
95:4-98:4 -64.0
Intel Microprocessors, Fisher Matched Model, Quarterly Data
93:1-95:4 -47.0
95:4-99:4 -61.6

Prices generally exceeded prediction about costs!
Slowed down over time, then speeded up in mid-90s

Why?

o Improvement in device density exceeded 2-
dimensional impact of smaller feature size

o Ingenuity, innovation in feature design made this
possible:

For example, building structures/transistors
vertically, in 3-D
Using additional layers, in 3-D, to interconnect
devices, instead of using up 2-D real estate to wire
things together

o What happened:

In memory chips (DRAMs), density historically
increased by about 2.9x (> 2X) with each new
technology node
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Result:

o New tech node every 3 years

o + historical additional ingenuity (2.9x
density increase at new tech node instead
of 2x)

o =» density increases at 43% per year
o =» cost decline of -30% per year

o = approximate long run average rate of
decline for both DRAM and
microprocessor prices in 1975-95 period

Impact of 2 Year Technology Cycle
(R&D Coordination) on Cost

o Now tech node every 2 years

o Maintain historical additional ingenuity (2.9x
density increase at new tech node instead of 2x)

o =» density now increases at 70% per year

o =» cost decline of -41% per year

o Big increase in rate of decline in price, but still

less than what measured in late 1990s (60%+
annual decline in prices in late 1960s)

o So let’s look at other candidate explanations
(beyond manufacturing cost decline) for the rest
of the story
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First, Analysis of Impact of Different
Attributes of Improvement in
Microprocessors on Price

o Constructed “hedonic” price indexes for Intel
desktop microprocessors
Used detailed Intel price sheet data
Estimated over one year time periods
Price-characteristics relationship allowed to vary
over time
Linked using common month in both periods
o Used regression analysis to links prices of
microprocessors to measured characteristics
o Would expect other methods (price indexes) of
constructing quality-adjusted prices to somewhat
underestimate true decline in price
o Covered period 6/95-9/05
o Very detailed microprocessor characteristics

Processor clock speeds, bus speeds, L1, L2, L3
cache sizes, chip archtecture (Pentium, Celeron, P2,
P3, P4), Instruction set features, voltage levels

Hedonic Price Index for Intel Desktop
Processors

Intel Desktop Processor Price

10000

1000
\/\—\ — Intel Desktop Processor Price ‘
100

Note recent
slowdown!
Y i

” /

1
Jun-95 May-96 May-97 May-98 May-99 May-00 May-01 May-02 May-03 May-04 May-05

Price Index

Date

— 109 —




Example of Hedonic Regression Output

Dependent variable: 1p

Number of Observations Read 484

Number of Observations Used 484
Analysis of Variance

Sum of Mean

Source DF Squares Square F Value Pr>F
Model 25 306.69959 12.26798 510.94 <.0001
Error 458 10.99687 0.02401
Corrected Total 483 317.69647

Root MSE 0.15495 R-Square 0.9654

Dependent Mean 5.21507  Adj R-Sg 0.9635

Coeff Var 2.97127

Parameter Estimates
Parameter Standard

Variable Label DF Estimate Error  t Value Pr > |t
Intercept Intercept 1 -16.77791 1.50892 -11.12 <.0001
1proc 1 3.25134 0.09312 34.91 <.0001
pd pd 1 0.18154 0.04648 3.9 0.000
1lclécel 1 -0.38673 0.12118 -3.19 0.0015
llclép 1 -0.20458 0.13991 -1.46 0.1444
1.2C2000 1 0.11858 0.06139 1.93 0.0540
1.3C2000 1 1.33076 0.05024 26.49 <.0001
B8OO 1 -0.01174 0.04525 -0.26 0.7955
B1066 1 0.44815 0.07751 5.78 <.0001
hvolt hvolt 1 -0.90918 1.09809 -0.83 0.4081
lvolt lvolt 1 -1.89787 0.64063 -2.96 0.0032
HT HT 1 0.18346 0.04849 3.78 0.0002
LGAT7S LGATTS 1 0.01850 0.02095 0.88 0.3777
dualcore dualcore 1 1.06352 0.08021 13.26 <.000
EIST EIST 1 0.05672 1.42 0.1556
EM64T EM64T 1 0.03791 0.88 0.3785
D200406 1 0.03208 0.30 0.7630
D200408 1 0.03764 -2.97 0.0031
D200410 1 0.03199 -3.82 0.0002
D200412 1 0.03674 -3.75 0.0002
D200502 1 0.03749 -4.93 <.0001
D200503 1 0.03665 -4.82 <.0001
D200505 1 0.03634 -4.81 <.0001
D200506 1 0.03792 -4.77 <.0001
D200508 1 0.04038 -6.74 <.0001
D200509 1 0.04004 -6.74 <.0001

Results Consistent with Other
Non-Hedonic Studies

Aizcorbe, Corrado, Doms Flamm

Matched Model Hedonic

Fisher Ideal Price Index Annualized Rates

Q2/93-Q2/94 -28.27%

Q2/94-Q2/95 -57.39%

Q2/95-Q2/96 -66.22%

Q2/96-Q2/97 -48.54% May96-May97  -55.52%

Q2/97-Q2/98 -71.82% May97-May98 -69.27%

Q2/98-Q2/99 -68.06% May98-May99 -73.77%
May99-Apr00 -65.02%
Apr00-May01 -74.56%
May01-May02 -45.46%
May02-Apr03 -58.80%
Apr03-May04  -40.07%
May04-May05 -16.03%
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Hedonic Analysis Suggests Large Big
Role for Processor Speed in Price

o Elasticity in range of 2 to 3 in
regressions for all years from 1996
on

o 10% increase in processor speed
associated with 20-30% increase in
price, at any moment in time

Acceleration in technology nodes also
led to acceleration in processor speed
improvement!

o New technology node historically led to
discontinuous increase in processor speed

o Byproduct of smaller feature sizes is
shorter distances between features,
potentially faster chips

Design innovation needed to make use of
greater switching speeds

o Another benefit of roadmap-led
acceleration in nodes beyond merely
reducing manufacturing cost
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Crisis in Microprocessors?

o Hit “brick wall” related to power and heat
dissipation in 2004-2005

o Processor speed no longer increasing significantly

o Processor speed now increasing very slowly if at
all

o Processor speed slowdown in 2003-04, halt in
2004-05 coincide with big declines in rate of price
performance improvement

o Feature proliferation going on in new
microprocessors, hedonics suggest relative small
enhancement to value of new processors

o Slowdown in new node intro at Intel may also
explain slowdown in price decline rate

Geo Mean Processor Speed, by Tech Node

10000

XX XX

XXX

e o
*0e

100
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geo mean speed, all nodes

1000

—&—geo mean speed, all nodes

100

&
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New Tech Node Introduction at Intel
(Using Intro of 1st Commercial Product)

Year Month

1974
1976
1982
1989
1991
1994
1995
1997
1999
2001
2004

Tech Node (nm) Years since last

NFPOOOWWOoOA~ADNWDN

6000
3000
1500
1000
800
600
350
250
180
130
90

Node Introduction

5.92
7.17
2.17
2.75
1.00
2.50
1.75
1.58
3.08
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Big Trouble?

o Rapid improvement in price performance
for processors and memory=>» rapid
improvement in PC price-performance

o Rapid improvement in PC price-
performance=>» widespread use of IT,
productivity improvements in entire
economy

o Likely to significantly reduce incentive to
purchase new computers

o Slowdown in purchases of PCs,

application of IT, likely to have significant
ripple effects throughout global economy

Microprocessor Industry Response

o Dual and multi-core processors
Unlike faster processors (with higher clock rates), do
nothing to improve performance of applications written as
single threads

o As opposed to running multiple instances of a single app on a
server

Rewriting existin? applications to “parallelize” and divide
work into parallel threads difficult and expensive—lesson
from supercomputer industry

But it is possible to do it with appropriate investment—
another lesson from recent history of supercomputer
industry

Suggests that increased investments in high end
comFuting ultimately likely to be generating new wave of
“spillover” benefits to IT users—and broader economy

o New feature proliferation
Verdict out on how worthwhile
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Feature proliferation

Processor Number Feature Table
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Conclusions

R&D coordination effort started with SEMATECH and
continuing through ISTR appears to have created significant
benefits over last decade

Technology node acceleration has big impact on
manufacturing costs, quite apart from any other benefits

Examination of microprocessors suggest additional important
benefits

Microprocessor analysis also suggests new technical barriers
seem to have at least temporarily slowed down creation of
additional benefits
Significantly slowing declines in quality-adjusted microprocessor
prices
Investment in advancing software technology may be needed
to capitalize on continuing advance in semiconductor
manufacturing
Implication- in long run, supercomputer software R&D
investment is likely to be as or more economically important
than new supercomputer hardware- where $ are now going
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Outline of NEDO

{(nEo

History of NEDO

19 8 0 : Established (New Energy Development Organization)

19 8 8 : Added industrial technology R&D
(New Energy and Industrial Technology Development Organization)

199 0 : Added global environment R&D

19 9 3 : Added promotion of nhew energy and energy conservation

2 0 0 0 : Added support for private companies to strengthen international
competitiveness

2 0 O 3 : Re-organized as an “Incorporated Administrative Agency”
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NEDQO’s Mission )

To strategically prioritize and promote R&D projects
on industrial, new energy, energy conservation and
environmental technology by means of

government ,industry and academic cooperation.

To contribute to solve energy and environmental
problems.

To yield successful results through flexible operation
management and stringent evaluation systems.

To disseminate information about NEDQ’s activities
and achievements to the public.

{(nEo

NEDQO’s Main Activities

« R&D of industrial technology, new energy,
energy conservation, environmental
technology

* Industrial Technology--- IT, Nano, Bio, Mechanical system
*Energy Technology---New energy, Energy conservation, Fuel cell
* Environmental Technology

» Penetration support of new energy and
energy conservation
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BpYR N

Japan’s R&D Promotion Scheme

Prime Minister
T

Council for Science and Technology Policy

*Develop Nationagl- level Strategy
= Coordination

Ministry of . L
Education, Culture, Sports, E l\/_II!nlztryOLI et [ Clgll ]
Science and Technology conomy, frade and fndustry
BLMget

[ Universites |<-Gramts|  NEDO
i} R nag

Basic Principles of NEDO’s R&D Scheme

Competitive Research Grants Mid-to-Long Term /

for Exploration of Industrial High Risk Projects i:gﬁg:t;:: g;n;w;tr%zgfﬁ::illl
Seeds (Universities, Research (Having a Clearly Defined Revitalization
Organizations ) Purpose)

. Best Mix .

»Enhiancement of IndustriallCompetitiveness

» Sustainable Economic Growth
» Contribution to Solving Energy / Environmental Problems

Intellectual Property Strategy Human Resource Development

International Standardization

Public Relations Support for Young University Researchers
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Project Style & Formation

eno

BpYR N

Universities

-~ Grants-

NEDO

Private Companies

Subsidies

R&D Contact

Rate 1/2, 2/3 etc.

R&D Management” (consortium)
ettt ity A
I
: Joint Research Contract :
! - ™~ :

|
| o)
c| C| C| C !
! 65 s/ 5/3/99 9 l
I o=z = =
| o © < < < 3 3 3 !
| —~ D n| w| | D Q QO |
I = Al =l =32l 2|3 I
: g 8 <K ILK|I <K | K| K¥K|< I
| ol > m| OO M T !
|
! 1

NEDO’s Energy Related Activities

(with a view to commercialization)

( New Energy ) Cost comparable to existing energies
Development based on realistic / applicable conditions

( Energy Conservation ) Increasing Energy Efficiency of
Industry | gomelkaly

R&D

| Transportation sectors

Verification

Field Tests,
Overseas Verification

+ Verify developed technology in
all aspects

Trinity
Approach

4-}
J

Contribution to realization of the “Long-term Energy
Supply/Demand Outlook” (2010)

Penetration Support

+ Geological balance & recipient
characteristics to be considered

+ Comprehensive support for
Industry /£ommercial, | Transportation

sectors
J 10
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NEDO ’s “Plan-Do-See” Approach @EDO

BpYR N

to Optimal Project Management

*Development of fundamental project plans

based on industrial technology policy
*Selection of projects quickly and in a fair

Successful and easy J way
: : *Preparation of budget requests for the next
to implement NEDO proj eCtJ N fiscal year that properly reflect the latest

Plan

valuation results

Ooilnlzl Zrujsc
i;

MEnagEIen
_ Do B
Technical )

Project Management
~~Assessments 9 (\w

*Implementation former evaluation in order to decide if a o o .
project should be start or not +Organization of project implementation groups
+Implementation of midterm evaluations for *Effective management through appropriate assignment
all projects after 3 years and post-project evaluations of roles to NEDO and project managers
*Promotion of smooth and continuous R&D through

after project completion .
+Implementation of follow-up surveys in order to improve multi-year contracts

evaluation methods and project management tools 11

v
See(Evaluate)

nEno

Budget of NEDO

(Billion yen)
FY2004 FY2005

R&D 162.9 148.8
Intfroduction of new energy and
energy conservation 59.4 63.9
International affairs 14.8 12.0
Coal related activities 50 5.0
Alcohol production & sales 56.0 56.3
Others 3.4 2.2
Total 301.5 288.2

12
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Organization of NEDO (October 1, 2005)

o
General Affairs Department )
1Y

— AGeounting Deparment . T

] , — Policy Planning and|CoordinatiomDepariment
Chairman Auditor |

Inspection & Operational ManagementiBERament

President — Assets Management Department |

— Information and Systems Department |

Executive Director

Research and Development Project EVallationiBERarimnent

Research and/DevelopmentiRromotioniDepartment
Head Office |
——__ Fuel Cells and Hydrogeni Technology DevelopmenBEpaliment
Energy and Environment Technology Center |
Environment Technology Development Department |
Energy and Environment Policy Department |
New Energy Technology Development Department |
Energy Conservation Technology Development |
Coal Projects Depariments
— Coal Mine Subsidence Department |
Overseas Offices | Washington, Paris, Bangkok, Beijing, Jakarta |
Branch Offices | Kyushu, Hokkaido, Kansai |
Alcohol Enterprise Head Office 13

=it L

@EDO
METTD’s 1 9 R&D Programs

Healthy and Comfortable Society Creation

Bioscience-Driven Recycling-Based Industrial System Creation

Basic Equipment and Devices for Advanced Information Communications R&D
Basic Software Development Promotion Program for Information Communications
New Manufacturing Technology Development

21st Century Robot Challenge

Basic Technology Program for a More Sophisticated Space Industry

New Technology Program for Prevention of Global Warming

3R (‘Reduce’, ‘Reuse’, ‘Recycle’)

Comprehensive Assessment and Management Program for Chemical Substances
Next-Generation Low-Emission Vehicle Technology Development

Basic Technology Program for Commercial Aircraft

Energy Consevation Technology Development

New Energy Technology Development

Fuel Technology Development

Electroric Power Technology Development

Nuclear Power Technology Development

Nanotechnology Development

Innovative Material and Materials Industry Creation

@000 ®OEO

14
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NEDO’s FY2005 R&D Budget

@EDO

BT RO

Technology Development & Research Development Projects Amount

1. Biotechnology and Medical Technology Development Projects 16.6

2. Electronic and Information Technology Development Projects 18.2

3. Mechanical System Technology Development Projects 17.4

4. Environment Technology Development Projects 7.7

5. Nanotechnology and Materials Technology Development Projects 16.3

6. Fuel Cell and Hydrogen Technology Development Projects 20.8

7. New Energy Technology Development Projects 14.4

8. Energy Conservation Technology Development Projects 7.5

9. CO2 Fixation and Development for Effective Commercial Uses 0.7

10. R&D Promotion Projects 27.4

11. Research Evaluation and Surveys 1.7

TOTAL 148.8
15
)

ki

LW

" b
Introduction of the

Nanotechnology and Materials
Processes Technology

e T T EE T

(ieoo

{Ri TR

14
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~Council for Science and Technology Policy

Cabinet Office, Japanese Government ===
' March 30,2001

Budget related to S&T

(Billion Yen)
FY2001 FY2002 FY2003
390.7 393.4 406.8
Life sciences 19.5% 19.4% 20.1%
166.3 175.8 175.3
Information & telecommunication| 8.3% 8.7% 8.7%
84.7 100.6 108.8
Environmental sciences 4.2% 5.0% 9.4%
80.4 85.6 90.4
Nanotechnology and materials 4.0% 4.2% 4.5%
Total amount of above 4 priotisized 2003.1 2027.5 2019.8
areas + Energy + Manufacturing 100% 100% 100%
Technology + Infrastructure + Frontier
Total Budget for Science and 3468.5 3591.6 3591.6
Technology

Not Including University Budget except below two (total)
Based on S&T Basic Plan, Council for Science and Technology Policy (2003.5.27)

38
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Structure of the Nanotechnology Program  gy2o06:about $67milliéd NEDO
(FY2005:about $65millioh- “***

-

Metal

'olymefinorganid Carbo,
field e e

field | field | field

[ Particle |

Nanotechnology Particle Project

o

Interface|

Nanostructure Coating Project

o

Synthetic Nano-Function
Materials Project

Structure/ function |

108lo.1d |e19|\ ABojouyosjoueN
108[014 JawAjo4d ainjonnsouepN
108014 sse|9 ABojouyosioueN

108[01d uogie) ABojouyosjoueN

0

Nano-Particles
Encapsulation
~ @@

7 R&RA Af2N )
R&D of 3D

Nanoscale
Certified
Reference
Materials

| /(naw/ea’ge base Nanotechnology Metrology and Measuring Project

Nanotechnology Program Research Structur&:c.os

METI

pcessing

Nano-Polymer

Nano-Materials, l;
NEDO

Nano-Particle

Nano-Glass

Nano-Metal
N

ano-Carbon

Nano-Metrology

Nano-Coating

Nano-Manufacturing, Measuring

ynthetic-Functio|

[ Nano-Crystal Integration ]
P

[Nanoparticles Encapsulation]

) |

[ Advanced beam-processing ]
|

5

Nanoscale Certified Reference Materiaﬂs

Other Programs

\

Nano-ITDevices

Nano-Bio

) /_\
Number of Companies & UniV:™

Company University
33 18
1 13
11 6
19 11
13 4
6 7
5 5
6 4
10 8
6 2
120 91 "
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Schedule of Nanomaterials and Processing Sub@EDo

Program c—
Project FY 2000 | FY 2001 | FY 2002 | FY 2003 | FY 2004 | FY 2005 | FY 2006 | FY 2007
Nanostructure Polymer Project 1<0'8 9.6 | 7.8 175 155 >
; 2515052363434

Nanotechnology Glass Project < >
Nanotechnology Metal Project &5 56 14.0 133 26 >
Nanocarbon Technology Project (8'5 10.41 9.4 gﬁ
Nanotechnology Particle Project (7 5176 |53 ]5.1 4'6)

Nanostructure Coating Project (4'2 4.3 13.0 3.0 27 >
Synthetic Nano-Function Materials Project (2 1138.0]21 21 2'0)
Nanotechnology Material Metrology Project (1'9 19114114138 >

Budget in million $ ($1=¥120) a0

@EDO

=it L

R&D activities of Fuel Cell
and Hydrogen Technologies
in Japan
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/\
Current Topics ((-_”EDB

Fuel Cell Vehicles (FCV)

*December 2001: Prime Minister Koizumi took a test ride in a FCV.

*October 2002: Fuel cell commercialization and diffusion scenario was
decided by concerned ministries.

*December 2002: FCV supplied for Government use.

Introduction Target \
2010: 50,000 vehicles

2020: 5 million vehicles

2030: 12.5 million vehicles
Support by Government
R&D, Demonstration test,
Examination of related regulations

/23

Fuel Cell Commercialization and Diffusion strategy )

" P

1: To 2005 (Basic work and technology demonstration stage)
e T Drawing up FC R&D Strategy and its Implementation
- Soft-infrastructure/Codes & Standards (Millennium project)
] - Demonstration

2:?)05 to 2010 (Introduction stage)

- Acceleration of the Introduction
and Gradual Establishment of Fuel Supply System

- Leadership of Public Sector as well as FC Industry in Promotion
of FCV and Buses

3: After 2010 (Diffusion stage)
- Establishment of Fuel Supply System and Self-sustained Growth

of the Market
- Private Sector Promotion of the Introduction
New Target <<

Fo¥ecast of Fuel Cell Introduction

2010 2020 2030
FCV 50,000 vehicles 5,000,000 15,000,000
Stationary FC 2.2 million kW 10 million 12.5 million

24
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NEDO R&D of FC/Hydrogen Projects(N

EDO

BpY R AR

Technologies | 9z|
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R&D of PEFC
Phase

Phase I

Hydrogen WE-NET | WE-NET Il | Hydrogen Energy
Tech nology Hydr‘ogen _ Utilizlatiorl1 Technology
7
FC and d Establishment of Establishment of
Hydrogen COde Codes & Basis for Diffusion of Codes & Standards
Standards PEFC Systems for Hydrogen
& Standards \ Economy Soclety J
1 | —p— 1 1
R&D of PEFC R&D of PEFC

| )

IPhasle IIII & Developmen

R&D of Polymer

Electrolyte Fuel

Millennium
Project

L]

Development of

PEFC System

(
L

PEFC Systems

Strateglc Research
t of
for

Commercialization

-
R&D of
Cell PEFC > Mobile PEFC ’
P~ P T T
T R&D PEFC with LPG ]
MCFC Phase I ll_[ Phase II Phase III ]|
SOFC ( Phase II ]J[ Phase I | R&D System
Secondary batteries [ LiIBES ?g\[l)sof Li-ion Batteries for

I

I I I I I I I

Toward 15M FCVs and 12.5GW of PEFC systems by 2030 >

25
NEDO
R&D Target for FCV and Stationary FC System |
- Commercialization period: 2005-
- diffusion period: 2010-
FCV Stationary FC
Power generation | 65%(LHV) 55%(HHV)
efficiency of stack | @250, of rated @ rated output
output
Cost of stack YEN 4,000/kW |YEN 80,000/kW
Efficiency of 60%(LHV) 40%(HHV,net)
system Pure H2
Economy YEN 5,000/kW |YEN
300,000/ unit
26
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Government Programs to Encourage
Innovation by Start-ups & SME’s

The Role of Innovation Awards

¥

21st Century Innovation Systems for
Japan and the United States:
Lessons from a Decade of Change”

Tokyo, Japan
January 10, 2006

Charles Wessner, Ph.D.
Board on Science, Technology and Economic Policy
National Research Council
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Presentation Topics

e The Global Innovation Challenge
— U.S. and Japanese Challenges in Innovation
— The Importance of Innovation
e The Importance of Openness
e The Role of Small Businesses in Innovation
» Policy Myths and Market Realities about Small
Business Innovation
— Myth of Perfect Markets
— The VC Myth & the Valley of Death
e The Role of Innovation Awards
— Fostering Small Business Innovation
— The SBIR and ATP Models
Conclusion
— Learning from Each Other

THE NATIONAL ACADEMIES 2 © Charles W. Wessner Ph.D.

Advisers fo the Nation on Seience, Engineering, and Medicine

— 131 —




The Global Innovation Challenge

Japan and the U.S. face Common Realities

Our ability to ability to invent, design and
manufacture goods and services are vital to
our future prosperity

THE NATIONAL ACADEMIES

Advisers to the Mation on Science, Engineering, ond Medicing

What are the Sources of these Structural
Changes in the Global Economy?

e The Internet and the Death of Distance
are integrating the Indian, Chinese &
other economies into the Global Market
— Aided by Business Outsourcing and Global

Sourcing—e.g. Wal-Mart

e Rapidly Growing Markets and the

Competition for Share combined with...

e Major Programs Designed to Attract,
Nurture, & Support High-tech Industry
within the National Economy

THE NATIONAL ACADEMIES 4 © Charles W. Wessner Ph.D.
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China—-Strengths

e Structural Advantages
— Very high savings and investment rate
— Low wage advantage
— Efficient export trade logistics
— Becoming world’s manufacturing base
e Government with strong sense of national purpose
— Strong investments in education and training

— Strategy to move rapidly up value chain from labor
intensive to more technology intensive exports

— Effective requirements for training and tech transfer

— Critical mass in R&D is beginning to be deployed to
generate autonomous sources of innovation &
growth

Modified from C. Dahlman
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India — Strengths

e Structural Advantages

— Large critical mass of educated, skilled, and English
speaking knowledge workers—260,000 engineers p.a.

— Strong science and engineering capabilities centered in
chemical, software, and IT sectors

— Has network of successful Indians in U.S. and Europe
providing links to markets, technology, and finance

— Relatively deep financial markets; rule of law
= Policy Liberalization now Unleashing Growth

— Growth jumped from traditional rate of 2-3% growth in
past decades to 6-8% last decade

— Emerging as world’s service center for software
development, back office services

— Now a cutting-edge innovation center for global
companies including major R&D centers for core
products for GE and Intel (BusinessWeek 6 Dec 2005)

THE NATIONAL ACADEMIES 6 © Charles W. Wessner Ph.D.
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Innovation is Key to Maintaining Competitive
Position in Global Economy

e |Innovation is essential to compete in the
global economy
— Raise productivity and growth levels
— Position ourselves to compete effectively against

low-wage, newly-emerging economies

e To advance our knowledge-driven economies,
we need to
— Strengthen our science and technology base
— Become the knowledge hubs of the world

— Create incentives for R&D and knowledge transfer
by improving links between Universities, Industry,
and Government

THE NATIONAL ACADEMIES ! © Charles W. Wessner Ph.D.

Advisers fo the Nation on Seience, Engineering, and Medicing

U.S. Enjoys Advantages in Innovation...

» A large and integrated domestic market

e An economic and institutional infrastructure
that quickly re-deploys resources to their
most efficient use

— Strong and diverse higher educational
infrastructure

— Deep and flexible capital and labor markets
— Strong S&T institutions

— Flexible managerial and organizational
structures

— Entrepreneurial Culture
— Ability to grow new Large Firms

THE NATIONAL ACADEMIES 8 © Charles W. Wessner Ph.D.
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...but U.S. Also Faces Major Challenges

e Improvement needed in Education System
— K-12 Challenges in Science and Math
— Fewer students pursuing Science Careers
— Post 9/11 Reductions in Foreign Students

e Uneven & Insufficient R&D Funding

— Physical Sciences and Engineering Funding is
down or flat

— Too Much Focus on Military R&D

e Insufficient Support for Commercialization
— Few programs—Effective, but limited scope
— Too few Consortia—Limited Funding &
Evaluation
— Ideological Blockages limit the
Commercialization of R&D

THE NATIONAL ACADEMIES 9 © Charles W. Wessner Ph.D.
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Growing Chorus of Concern on U.S.
Innovation Policy

e PCAST Report 2005

— Academy Contribution of Innovation
Ecosystem Concept
« National Innovation Initiative
— Led by IBM and leading Universities
— Ignored by the White House but not by the
Congress
e Congress Tasked the National
Academies with an Assessment of U.S.
Innovation and Competitiveness
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“Rising Above the Gathering Storm™

A New National Academies Report*

» Scientific & Technical Building Blocks of U.S.

Economic Leadership are Eroding
— Weakening commitments to S&T puts future U.S.
prosperity in jeopardy
— Risk of an abrupt loss of U.S. leadership in S&T
e Report calls for more support to Education,
more focus on Energy Research, & more

support for Innovation
— Need new policies that address emergent realities
— Popular policy Myths often obscure need for pragmatism

*October, 2005

THE NATIONAL ACADEMIES 11 © Charles W. Wessner Ph.D.
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Japan Shares U.S. Concerns but Remains one

of the World’s Top Technology Powerhouses

e A world leader in patents
— Five of top ten global companies for patents are Japanese
— Most patents in IT, telecomm, electronics

e Leader in Integrated Manufacturing
— Machine tools, automobiles, high-end electronics

= Still, there is concern that Japan’s “innovative
genius is more suited to constant improvements in
iIntegrated manufacturing than to blue-sky
inventions.”
— Financial Times, Oct 12, 2005

e Others Point out that Incremental Approaches have
Proven Effective in the Past and are Likely to Work
Again, e.g., in Solar Energy
— Economist, Dec 17, 2005
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Japan 1s Focused on Strengthening its
Innovative Potential

Japanese policymakers recognize that:

e Innovation in Japan is traditionally
concentrated in large firms (prompting
incremental improvements); less
breakthrough innovation, e.g., Google

e Institutional links between Universities and
Industry are not well developed

e Keiretsu structure may make it difficult for
new firms to break into markets

THE NATIONAL ACADEMIES 13 © Charles W. Wessner Ph.D.
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New Positive Incentives to Improve
Innovation 1n Japan

e 1995 Basic Law encourages University-Industry
partnerships

= More public investment in universities and new
graduate programs designed to avoid hierarchical
limitations of traditional universities

= Government is seeking to create conditions for
new, entrepreneurial firms

= Japanese and foreign venture capitalists are
showing more interest in new firms

e Some Analysts Emphasize the Importance of
greater openness to new global economy for
Universities, Cooperative Research, and Foreign
Investment

THE NATIONAL ACADEMIES 14 © Charles W. Wessner Ph.D.

Advisers to the Mation on Science, Engineering, ond Medicing

— 137 —




OECD’s Tanaka: Openness has Positive
Consequences for Innovation

e Successful innovation closely linked to
openness

— Cross-border Openness of S&T environment, foreign
students, companies (FDI), and new products

— Openness among public research, academia &
business
e Open & Attractive Environment
— Attraction of foreign R&D funding and students
— Mobility of intellectual property

— Mobility of highly skilled human capital both
domestically and internationally

Source: Nobua Tanaka, Director, DSTI/OECD, 11-04-05
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OECD: Japan’s Industry-centered
R&D System is Relatively Closed

Percentage of patents with foreign co-
inventors?! (EPO filings)

(56)

50

Share of patent applications to the EPO with at least one foreign co-inventor in total

patent invented domestically. Eeer g
Source: OECD, Patent database, September 2004, OECD ((. OCDE

THE NATIONAL ACADEMIES 16 © Charles W. Wessner Ph.D.

Advisers fo the Nation on Stience, Engineering, and Meditine

— 138 —




More International Universities

Promotes Openness and Innovation

e U.S. benefited from postwar Internationalization of
University Research

— Access to best minds in the world—many of whom stayed
and in the U.S. and contributed

— Returning students often a source of research collaboration,
business relationships, and political support

— Exposure helped U.S. students to function in an integrated
world

— National Academy of Sciences studies (1982, 1987) found
open research laboratories in U.S. national interest
e Today, Japan is sponsoring more university-based
research; encouraging more cooperation with small
business

THE NATIONAL ACADEMIES 17 © Charles W. Wessner Ph.D.
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The Importance of
Small Business
for Innovation
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Small Businesses are a Key Driver of the
U.S. Knowledge-Based Economy

e Major Employment Generator

— Generated 60% to 80% of Net New Jobs in the
1990s

— Created 2.5 million of the 3.4 million total jobs
created in 1999-2000
— Locus of all net new jobs 2000-2001

e Employs 39% of High-Tech Workers—Scientists,
Engineers, Computer Workers

e Produces 14 times more Patents per Employee
than Large Patenting Firms
— Patents are of High Quality

— Twice as Likely to be Cited
= Source: SBA Office of Advocacy 2005
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The Importance of

Equity-Financed Small Firms

e Equity-Financed Small Firms are a Leading Source
of Innovation in the United States

» Equity-Financed Small Firms are One of the Most
Effective Mechanisms for Capitalizing on New ldeas
and Bringing Them to the Market

— Audretsch and Acs
e Key Goal: Encourage New Equity based Hi-tech
Firms that bring Innovation, Jobs, and Growth

— U.S. Strengths: Firm Creation & Growth—Microsoft,
Intel, AMD, FedEx, Qualcom, Adobe have changed
the U.S. Economy

— Case of Sweden: No new large firms since 1970
— Postwar Japan: New Firms and Rapid Growth

THE NATIONAL ACADEMIES 20 © Charles W. Wessner Ph.D.
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U.S. Norms and Policies Create Positive
Incentives for Entrepreneurs

» Positive Social Norms
— High Social Value on Commercial Success
— Forgiving Social Norms allow more than one try
e Entrepreneur-friendly Policies
— Markets Open to Competition from new Entrants
— Gentle Bankruptcy Laws permit rapid recovery
— Taxes give Prospect of Substantial Rewards
e Strong Intellectual Property Regime:
» Personal Incentive for Invention
e Encourages Research & Diffusion
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U.S. Myths about the

Innovation Process are an Obstacle to
Small Firm Development

U.S. Policy Myths about Perfect
Capital Markets

THE NATIONAL ACADEMIES

Advisers to the Mation on Science, Engineering, ond Medicine

— 141 —




The Myth of Perfect Markets

e Strong U.S. Policy Myth: “If it is a good idea, the
market will fund it.”

e Reality:
— Potential Investors have less than perfect

knowledge, especially about innovative new
ideas

— “Asymmetric Information” leads to suboptimal
investments

e This means that it is hard for small firms to obtain
funding for new ideas

— Development of new technologies within an
economy is not automatic

* Technology trajectories are not pre-ordained
e Firms with Promising Ideas Face Major Challenges
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& The Reality: The Valley of Death

Capital Converts
Ideas to Innovations

Federally
Funded

Research
Creates

New ldeas

Innovation
&
Product
Development
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The Myth of U.S.Venture Capital Markets

e Myth: “U.S. VC Markets are broad & deep,
thus there is no role for government
awards”

» Reality: Venture Capitalists have
— Limited information on new firms
— Prone to herding tendencies

— Focus on later stages of technology
development

— Most VC investors seek early exit

- Large U.S. Venture Capital Market is Not
Focused on Early-Stage Firms
— See the current Funding break out
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Large U.S. Venture Capital Market 1s

Not Focused on Early-Stage Firms

Breakdown of U.S. Venture Capital by Stage of
Development-2004

1.65% Startup/Seed
ﬁ.SS%

$346 million
34.37%

Total = $20.9 billion

45.42%

O Startup/Seed m Early Stage O Expansion O Later Stage

THE NATIONAL ACADEMIES 26 © Charles W. Wessner PhD

Advisers to the Mation on Science, Engineering, ond Medicine

— 143 —




The Valley of Death:

A Venture Capitalist’s View

e A Series of Gaps

e Gaps in Information between Entrepreneur and
potential Investor about

e Technology: What is it? Will it work?

= Potential of Technology: What can it do?

* Business Opportunity
» What size is the market?
e What is the competition?

» What level of risk do investors want to accept?
 Changes over time and by sector

» Result=Gaps in Financial Resources necessary to
develop technology from prototype to market

© Charles W. Wessner PhD
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The Public-Private Funding Transition
& the Valley of Death

Adapted from: L.M. Murphy & P. L. Edwards, Bridging the Valley of Death—Transitioning from
Public to Private Sector Financing, Golden CO: National Renewable Energy Laboratory, May 2003
Technology Technology
Creation Development ’ Early Commercialization
Successful
Cash
Flow Valley of
Moderately
Death Successful
L~ R Time
SBIR & ATP Unsuccessful
Unsuccessful
SN—
Initial FetliJer_aI Agf_nues, Entrepreneur & Venture IPO
Public nl\s/tertm es, Seed/Angel Investors Capitalists
Investors ates
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How does the U.S. fill the Funding Gap?

e The Early Stage Finance challenge is
complex:
— There is no single solution!
— Money to large companies is not the solution
— A multi-phase approach is required
e The U.S. system includes a mixture of
institutions and mechanisms:
— University Research and DARPA Funding
— Proof of Principle & Prototype with SBIR
— Joint Ventures with ATP
— Industry-led Consortia for Standards & Joint
Research
— Broad R&D Tax Credits
— All complemented by an Entrepreneurial-friendly
Policy Environment
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The Government Role
in Crossing the Valley

The Role of Innovation Awards:
The Case of SBIR

THE NATIONAL ACADEMIES
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Funding Sources for Early-Stage
Technology Development in the U.S.

Multiple Lower Estimate: $5.4 Bil, Upper Estimate: $35.6 Bil.
Actors State State
- Goyr Univs Gov't  Univs
479 28% Vos  2.2% ¢39%
Multiple avffm:%} i 23%>’ 'T?mzsé?
AN :
Sources of A Federal /  \\
H : 2 Gov't .":
- Fman(;:e ." 20.5% |
ocused on e e | |
Different 2%01'.";6 \ '
Stages TN
. .
Angels
Government ;?” fg;z 23.9%
Role is

Branscomb & Auerswald, Between Invention and Innovation An Analysis of

Slgmflcant Funding for Early-Stage Technology Development, NIST, 2002
Figures based on 1998 data
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The SBIR Program

e Created in 1982, Renewed in 1992 & 2001

» Participation by all federal agencies with
an annual extramural R&D budget of
greater than $100 million is mandatory
— Agencies must set aside 2.5% of their

extramural R&D budgets for small business
awards

e Currently a $2 billion per year program
— Largest U.S. Partnership Program

The National Academy is Reviewing SBIR
Program Operation and Performance
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The SBIR Model

Social
and Private Sector
Government Needs Investment
g 6 PHASE Il
£ PHASE I Product
3 PHASE | Research Development
IS 6 Feasibility 6 towards for Gov't or
g Research Prototype Commercial
o Market

&

Tax Revenue

‘ Federal Investment ‘
[ 1
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SBIR Concept Advantages

e Program is Focused on Government and
Societal needs in health, security,
environment, & energy

e Proposals are Industry-Initiated
» 2-Phase Filter to Screen Bad ldeas
e No new money, hence politically viable

= Program ownership rests with many
agencies, not a single “tech agency”

e Changes incentives within Organizations
for those who wish to change, e.qg.,
Universities, Laboratories, and Small
Firms
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How Easy 1s SBIR for Firms to Use?

e SBIR uses a Self-Select Mechanism
— A Bottom-up approach

— Agencies post broad Solicitations;
Companies define terms of Proposals

—Most Agencies permit Multiple Proposals
from Companies
—Low Paperwork
e 15-page description for Phase | award
» Relatively easy to fill out
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Why do Entrepreneurs like SBIR?

e Additional Research Funds: $850+
e No dilution of ownership
e No repayment required

e Grant recipients retain rights to IP
developed using SBIR funds

e No royalties owed to government

e Awards attract private capital
—Certification Effect
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Why do Governments like SBIR?

 SBIR helps Agencies solve their Problems

— NIH:

e Biotechnology Research Tools

« Medical Devices

e Computer Software & Audio-Visual Health Materials
— DOD:

» Vaccines

e Low-cost, High-performance Drones
— NASA:

e Aeronautics and Aircraft Systems

e Robots to assist in surgery

e Private Sector Ingenuity helps address
Public needs
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SBIR links the University with Industry

e SBIR Innovation Awards Directly Cause
Researchers to create New Firms
— Faculty does not have to give up University post
— Cooperation creates High-Tech Jobs
- gniversities help diversify and grow the job
ase

— Increasingly universities are the largest regional
employer for all types of employment

e Cooperation validates Research Funding

— Returns to Society in Health, Wealth, & Taxes

— SBIR is a proven mechanism in an uncertain
game
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SBIR Primes the Pump of University
Technology Transfer

ROYALTIES SALES $%$
or EQUITY PAYOUT ]

COMMERCIAL NEW PRODUCTS
UNIVERSITY INNOVATION COMPANY — & PROCESSES
. J
SBIR — A

License
Agreement or Equity

RESEARCH $$ INVESTMENT $$
® Licensing to existing companies — brings royalty $
® New company formation — brings royalties and/or equity
® Other, less direct, contributions to regional economic
activity

Drawn from C. Gabriel, Carnegie Mellon University
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The Government Role
in Crossing the Valley

The Role of Innovation Awards:
The Case of ATP
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ATP 1s the “Next Rung” on the
Innovation Ladder

e Larger award is in effect an ‘SBIR-
Phase III’

— ATP focuses on the next stage—
Competition and Commercialization

—Helps bring early-stage, high-risk,
enabling and innovative civilian
technologies to market
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The ATP Approach:
Industry Leadership

e Industry-initiated proposals: Bottom-up
approach

e Industry Managed Projects
e Highly Competitive: Only 12.5% receive
awards
— Rigorous independent selection process
» Evaluation of the project’s technical merit
e Commercial worthiness and broad-based benefits
e Industry cost-share required

— All ATP awards are cost shared with
industry
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ATP Encourages Synergies between
Small and Large Companies

= Programs like ATP enable business partnerships between
Small and Large Firms

e Why Small Firms like ATP
— Provides significant capital and a powerful certification effect

— Provides access to Large Firm technologies, skills,
management and marketing reach

— Allows shift from a supplier role to full partnership in an
ongoing relationship

e Why Large Firms like ATP*
— Helps Large Firm keep up with faster pace of innovation
— Provides access to niche expertise and unique talents of small
companies
e ATP Encourages Partnering Between Large and Small
Firms, Inventors and Labs
* Kathleen Kingscott, IBM
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The U.S. Approach to

Innovation Partnerships

 Highly Competitive—Not a Right
e Awards are limited in time
e Awards are limited in amount

e Partnering encouraged: Small companies,
large companies, and (increasingly)
universities participate in the programs

— Dissemination of enabling technologies
Is key to public benefits for ATP

— Mission support for SBIR
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U.S. Myths Remain Powertul

U.S. Has Been Slow to Renovate its Innovation
System

— Limited Appreciation of Scope and Scale of Foreign
Programs

— Limited Recognition of Need to Facilitate Transition of
Technology to Products

U.S. Ideology on Perfect Markets limits

Innovation Policy

— SBIR under siege by Office of Management and
Budget

— ATP Budget for New Awards frozen at zero for 2nd
year

Recent Experiments such as HSARPA have
Shown Limited Impact

Congressional Action is Probable
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Conclusion
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Japan and the U.S. Face Common Challenges

« National Innovation Systems are Different
in Scale and Flexibility
— Flexibility is a differentiator
— It is less how much is spent but how well

» All Systems Have Common Challenges

— Need to justify R&D expenditures by creating
new jobs & new wealth

— Need to reform institutions (or invent new
ones)

— Need to try new mechanisms that shift
innovation incentives in a positive way
e Learning from each other is a Pathway to
Progress--That is why we are here
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Programs to Stimulate Startups and
Entrepreneurship in Japan: experiences
and lessons

January 10, 2006
Takehiko Yasuda,

Toyo University

promotion of startups.

Since 1990s, entrepreneurship activity in Japan has been
stagnant, and it is suspected that this phenomenon leads to
weakening of economic activity.

In such a situation, various policy measures are taken for

Trends in entry and exit rates based on number of enterprises

(non-primary industry, annual averages)

Entry rate declines from 1980

618 T4

Sowrce:  MPHPT, Extabiiabment and Entemnse Canates of Japan,
Nates: 1, Survey conducted as the Extabiistmsnt Cansus up to 1%H and the Ectablshment Ovactory Mamtenaca Survey
1984,
2. See Appended Nols 2-2-1 regarcing he method of calculation of the eniry end exi rates,

(Main responses of policy
since 2000)

@ Removal of minimum capital
requirement for limited liability
companies

@ Educational activity on
entrepreneurship (national
startup and venture forum

@ New startup loa
(Loan for startups by N
Finance Corporation;™

requires no collaterz
or personal guarantees)
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@ Removal of minimum capital requirement for limited liability
company: Limitedly executed from February 2004 (in view
that minimum capital requirement is constraint for startups)

Actual performance :

From February 1, 2004 to January 21, 2006
Number of confirmed applications: 24,639 (1,172)
Number of notification completions: 20,211 (927)

[Reference]

According to the aggregation of “Monthly Report on Statistics
(Ministry of Justice)”, newly registered limited liability comp
January-October 2004 tended to increase compared with 2003.

@ Educational activity on entrepreneurship (National startup and
venture forum)

Japan Venture Award

In order to show the next generation role model in startups and
venture, Japan Venture Award is conducted to honor
entrepreneurs and their sponsors who succeeded in the continual
challenge for new business.

“Startup and venture evening forum”
In order to realize startups, small symposiums which focus
on special themes are held for giving advice to problems
participants face.
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@ New startup loan program

Startup firms suffer from liquidity constraint (Evans-Jovanovic 1989,
et.al.). For this reason, National Life Finance Corporation lends up to 7.5
million yen for startups without requirement for collateral, guarantors or
personal guarantees by screening contents of business.

Difficulties encountered at Actual performance of new startup
startup loan program
o 10 2 m 40 s
Shortage of own capital
Raising of startup funds 2 ]88 700 12
18
Development of sales outiets —_ G(H) /a
g o 10
Dewslopment of suppliers %'6 :.
<
Market research and analysis '._E “ 50D § é 8
Reorstment of numan resouross e B wi 2
Acquisition of general business. él() E 9 6
knowledge and know-how z l(m Féu g5
Aoquisition of knowledge of £8 £ g
Snancial and legal aftirs o £ o
< z g 4
Entry-related procedures = 6 200 z S
Regulations in field of business g4 § 2
£ 100 g
Choice of location for startup <2
Putting ideas into practice 0 0 0
jav.d 2B

Choice of field of business Il 4.3

Obtaining expert advice

Omer [l 37

Source: SME Agency, Survey of the Environment for
Startups (December 2001).
Note:  Total exceeds 100 due to multiple responses.

@ The other policies - Startup classes (Education for

startups)

m Startup classes held by strong partnership between Japan
Chamber of Commerce and Industry and local chamber of
commerce and industry etc. help to complete concrete business
strategy and competitiveness to potential entrepreneur.

m Actual performance

No. of places| No. of participants
FY2000 133 5.776
FY2001 184 6.535
FY2002 221 6.963
FY2003 287 11,500
FY2004 275 9.026

©Target of startup promotion policy — Under startup-do
plan, it is targeted that for the period from 2001-2006, ann@als
number of startups of firm is doubled from 180,000 to 360,00
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1. Setting up the questions and framework for analysis

*Which degree of entrepreneurs recognize startup promotion
policies?

*Which type of entrepreneurs recognize startup promotion
policies?

These questions have close relationship to effective advertisement of
startup promotion policy.

ex. For startups that bother to assure selling outlet, information o
policies for sales promotion (venture fair etc.) is useful.
Could startups who bother with pass of sales acquire
information on policies for sales promotion? |
— This question is close to advertisement of startup promatief
— Lessons on advertisement of startup promotion policy coul
attained through analyzing startups’ degree of recognition o
promotion policy.

2. Recognition of startup policy for entrepreneur

Answer to C}uestion to entrepreneurs at time of startup, whether
each startup related policy carried out by national government, local
municipality and agencies.

The rate of recognition and usage of startup related policy by new startups

Startup Seminar

Consultation and Advice

Public finance

Loan guarantee

W Rate of usage(’%)

Rate of ition(%)
Subsidies for promoting BRate of recognition(%)
technological development

Financial support by fund
Venture fair

Business Incubator

00 10.0 200 30.0 40.0 50.0 60.0 70.0 80.0 90.0

Japan Small Business Research Institute
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Relation between recognition rate of startup support
policy and usage rate of them

y=05163x + 1.7274
40.0 R'=09819

30.0 /
20.0

10.0 -
7

Aoljod Jo e1el abesn

0-0 I I I I
0.0 200 40.0 60.0 80.0 100.0

Degree of recognition of policy (by percent)

High positive relation between degree of recognition and:
degree of use of policy measures — recognition is ne
for use.

3.Which entrepreneurs acquire information (recognize) on startup
promotion policy?

(1)Model

In model, the degree of recognition at time of startup on policies useful
for startup (knowing at time of startup=1, not knowing at time of
startup=0) is regressed by entrepreneur components and firm components
(Probit Model).

Explained variable o _
Degree of recognition of policies described below.

(DStartup seminar - Startup classes etc. “

(@Consultation and advice - Inquiry counter for business counse} and
advice)

(@Public finance - New startup loan program etc.

(@Loan guarantee by loan guarantee association

(BSubsidies. for promoting technological development (S

(®Financial support by fund organized by local government g
Business Investment & Consultation Co. Ltd. etc.)

) B
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(@ Venture Fair - Exhibition for business venturing (Organization for
Small & Medium Enterprises and Regional Innovation etc.)
(®Business Incubator - Business workplace for business venturing;
(Organization for Small & Medium Enterprises and Regional
Innovation )

Explanatory variable
a) Components of entrepreneur

 Age of entrepreneur at startup
- Gender dummy (female=1, otherwise=0 )
-High education dummy (university graduate or higher=1

otherwise=0)
=Related work experience dummy (has related work

experience =1, otherwise=0)

- Business management experience dummy (Has
business management experience=1, otherwise=0)
- Startup type dummies (spin-off-type, Franchise-type,
Independence-type, family business development-type and
others. Benchmark is “others”™)
Dummies for personal income level just before startup
(Benchmark is 5.0 million-10.0 million or less)
(2.5 million yen or less, 22.5-5.0million yen or less, 310.0-
15.0 million yen or less, @15.0 million yen or more

b) Component of firm
= No. of workers at time of startup
Startup form dummy (Limited liability=1,Unlimited liabi
Sector dummy (manufacture, transportation, commu
retail, wholesale, restaurant, service. Benchmark is seii
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4. Used Dataset: “Survey of the Environment for Startups”

(1)Responsible organization :
Japan Small Business Research Institute
(2)Period of survey: Oct.-Dec. 2002
(3) Objects of survey
10,000 firms which started from 1995-1999, that is extracted
randomly from database of TOKYO SHOKO RESEARCH, LTD.
(TSR) (Firms age 3-8 years old)
(4)Mail survey (Response rate 11.4%)

(5)Main questionnaire item

. Archival record of entrepreneur, basic data of startup fim
policy etc.
(6)No. of observations with information on explanatory
1s 894

5. Basic statistics

(DEntrepreneur components

Age of entrepreneur at the time of statup ~ Average age 45.8 Median 46.4
standard deviation 9.49

40.0% 37.8%

29.6%
300%
22.0%
200%
10.0%
5.8%
0.0% J | Il Il Il

B 30 yrs. or less 31-40 y.o. 41-50 y.o. 51-60 y.o.

Female High education | Related work
experience

experience™
32. 2%

2.9% 57. 4% 79. 6%
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Startup Type

70.0% 65.9%
60.0%
50.0%
40.0%
30.0%
20.0% 15.8%
8.7%
10.0% . 3967 6.4% 0
0.0% | — -
Spin-off-type Franchise-type Independence- Family
development-
type

Personal Income level just before startup

50.0%
43.3%

40.0%

30.0%

24.3%

20.0% 17.6%

10.0% Ras

000
‘ﬂllion 2.5-5 million  5-10 million 10-15 million

yen or less yen yen yen
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@ firm components
(a) legal form at startup- - - - limited liability (85.9%) .
Unlimited liability (14.1%)

(b) Number of workers at the time of startup Average 11.3 Median 5
Standard deviation

60.0% 5309,

50.0%
40.0% AL

30.0%
20.0%

10.0% 5.4%
° m L% 13% 04% 04% 01% 08%
0‘0% L L L | —] L e L L L

Sector of startup firm

EHmanufacture

7 N M transportation
(Jcommunication
1 4 15 wholesale
Hretail

M restaurant
service

0% 20% 40% 60% 80%  100%
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6. Results of expected sign of coefficient and reason

(entrepreneur components)

Explanatory variable

Expected sign of coefficient

Reason

Entrepreneur’s age
at startup

+ for financial support policies
? for the other policies

Aged entrepreneurs face less
liquidity constraint.

Female dummy

?

High education
dummy

+ for financial support policies
? for the other policies

Educated entrepreneurs face less
liquidity constraint.

Related work
experience dummy

?

Business
management dummy

+ for overall policies

Entrepreneurs with business
management experience tend to
have startup expe

Startup type
dummies

+ for overall policies
in independence-type

Dummies for just
before personal
income

+ for financial support policies
in low income class

Entrepreneurs
face greater liqui

7. Results of expected sign of coefficient and reason (firm

components)
Explanatory Expected sign of Reason

variable coefficient

Limited liability ?
dummy

Employment size ?

at startup
Sector dummy ?

Disturbing factor for interpretation of results of estimation

— Public relation policy (If public relation policy i
perfect, coefficient of every variable is not efficient.)
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8. Estimation results (Basic components of entrepreneur and
recognition of startup promotion policy)

() = 7 .
2w | 28 S = xR s 3| g 5w
g s & Z = S = gs5g2 |35 2 e £
= ® £ <
=2 | B | = =g |S2E82|ES&8| £ S 2
5 E = B 8 = ER S8 |=2e e 29
- = L =
=T | 8% | B g srEs | ZTE| B g2
= 3 -2 = ~

Entrepreneur

age at startup

Female

dummy

High

education

dummy

Related work

experience + +

dummy

Business

management + +++ +++ ++ ++

dummy

9. Estimation results (Startup type. income level just before startup)

o) 09 22 2 — E:
174 ] < =
B2 |E: | B3 |E- |2852|TE5 |5 22
B s £ ® S S0 [g2E8E|=2S8 | &8 iRz
S5 |5 | =22 |Ee [E5sF|ETE | 52 =
EE |22 | g% |25 |E252|85¢2| 5§ 23

E | 8 2 =
- ¢ g 3 EERg|T"E| | 5@

spin-off type ===

Franchising-
type
Independence- . .
type

Family business
development- === =
type

pre-income class 1

pre-income class 2

pre-income class 4

pre-income class 5
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10. Estimation results (firm component)

» Q [ 7] @ e
2 :: | Bx |5 | 18%3% |o5F| 5 | EF
EE|ZZ | EE | 25 $EEE |E2E| B £z
SS|ZE| 2= |28 |Eg:2: |R2g| FE g =2
RS|FE 4% | 8 g4z | gE| 3 | 8¢

Limited liability

Employment at

startup ++

Manufacturing ++ ++ 4+ +

Transportation +

Communication — — é

Wholesale —— ++ ++

Retail |

Restaurant

11. Observed facts from estimation

(1)Entrepreneurs with business management experience tend to

have more information on startup support policy at time of
startup

— Many inferred to be “serial entrepreneurs” with startup
experience.

(2) Entrepreneurs with related work experience have more
information on financial support policy to startups.

— Acquire information on financial support policy through work.
However they do not know overall policy for promoting startup
because many of them have no experience with startups.

(3) Aged entrepreneurs do not know financial support policy.

— Face liquidity constraint to smaller extent than young
entrepreneurs.

(4) In “Family business development-type” and “Spin-off tyg
entrepreneurs tend to know financial support policy.

— Face less liquidity constraint.

(5) Little deference of degree of recognition by income cl

before startup.
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12. Further consideration on the observation
;7\(7)%% ;1‘?0 serial entrepreneurs have better information on startup support
<Implementing and advocating agency of startup support policy >
(D Government-affiliated agency (Organization for Small & Medium
Enterprises and Regional Innovation, JAPAN, Small Business
Investment & Consultation Co. Ltd. etc.)
(2 Chamber of Commerce and Industry, Society of Commerce and
Industry
3 Government-affiliated financial institution (National Life
Finance Corporation, The Central Cooperative Bank for Commerce
and Industry, Japan Finance Corporation for Small and Medi
Enterprises etc.)
— These organizations are familiar for existing SMEs, but for &
startups, they are not familiar.

Distinction of “Small business policy” and “entrepreneur support
policy (startup support policy) (Lundstorm-Stevenson 2001)
— Distinction of policy advocacy to existing firm and that to
newly born firm is crucial.

13. Lessons:
Olt is necessary to establish a different route of public relations

for startups from the one for existing small businesses.
(Public financial institutions, post office, gas station etc.)
O It is necessary to take advantage of those with startup
experience so new entrepreneurs can know about startup-supporting
policy.
(Role of angels and mentors most of whom have startup
experience)
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215 Century Innov. Sys. For Japan & U.S., Jan. 10-11, 2006

Key Role of Startups
in the Drastic Paradigm Change
-Lack of Startups promises Industry Decay-
Tetsuya lizuka
THme-Equgonlcs Inc.
JASVR

Japan Semiconductor Ventures Association

THine ?

Founded in 91, IPO in ’01

Fabless Semiconductor Venture with 200M$ Sales (’05)
Supplying FPD peripherals, RF, power ICs

Small but growing (CAGR=45% ingl9

No loss and debj_ﬂnce f@ﬁﬂﬁi 240 f, ;i‘,:

Floating asset domlnamm%) (o] ?7 /7 o

HALILY FO=S AR w7 AP FILSIOEHBEAEGERIEEDT
f(i—r RN TF AT AEHT tn f-EWN & &
EEK EREWE. RWBE LR AHBIsEL
BEHEARFEO-—XITHT EFA2ILY FOZSR C‘kaﬁl W’H—f

THine Electronics, Inc.




Japanese Notorious Environment
for Entrepreneurs

Total Entrepreneurial Activity (TEA) Index: 38th
out of 40 countries @ 2003, @2000-2003 average

Firm Entrepreneurlal Activity (FEA) Index: 30th
@2002-2003

Employment creation by startup:
40t out of 40 countries

Startup by young géneration: 40th
Startup by women® i

Total valuation: E-rank (worst)
Global Entrepreneurship Monitor 2003, Babson-LBS-Kauffman (2004)

THine 3

Annual Disbursements from VC
120,000

103,494 B U.S.(M$)

100,000
O Europe (M-—EURSs)

80,000
O Japan(100Myen)

60,000

40,000

20,000

y 00 1,600

0 | 1 | e




Key Role of Startups

Hard to see next business winner in age of
drastic paradigm change

Requires various Try&Error tool at low
cost (Time, Money, Human resources)

VB provides_ the best cost performance
social T&E scheffie for.new paradigm

Not just mere money worshlp

THine

Great Success hindered the Change

Financial system collapse and huge debt
destroyed B/S.

Traditional small profit rate businesses required
long time to improve B/S

Even corebusiness lacked the cash flow
Traditionally low fluiplity of talented people

pa 7
. -

e

Slow change in indUstry strusture

Slow in technology, monetary shift to enforce
core business sectors

THine




HEHA AL BUNFr— 12
JASVA

Japan Semiconductor Venture Association

Foundation on Oct. 27,2000
Support startups in semiconductor and FPD

Through seminars, conferences
Action Seminar
IP Design Committee, FPD Committee, RF technology committee
IR Conference «

Collaboration VB 8&8tablished firms

Increase Ex. Of Success =$Shortcut to create stronq
impact (7 IPO companies, 7 University startups)

230 members (incl. 6 Large Electronics Firms,
VCs, Accounting firms, Local public bodies)

HAEA K EBUNFo— 152
JASVA

Japan Semiconductor Venture Association

7 member VBs made IPO

7 member VBs founded by
university researchers

Tokyo JASVA founded in 2000
Kyushu JASVASn 2002
Kansai JASVA in 2003




“E-Nova Fund”

(Electronics, New Star Nurture Fund)

W70 <hio R stor anifactory

M Focus on electronics, semiconductor startups
M Spin-out/off from large’'companies

B Reasonable options for mother company, rather
than owneéership or tight control

m Utilize ample size of resaurces/capitals from
outside the mqther company

M Partnership with’ Astan fl,m-d-s and foundries
M Cooperation with JASVA™

THine

Japanese Electronics Startups’ Performance
BASTAARATEIRVFy—OREAIELSEL

CAGR(3&ERIEH) Profit Rate (ELifi £#E) PER(05/10/313R7E)

FRRRE
EEAEE

104.1% 8.1%

IREHIH AARVTF T FEBWIH  AARCTFY—IH TEBWIH  BARVFO—TH

TESHMH :So, T, H, P. Sa, M. Sh

FAILYPAZ YRRV Fr— AV ILIMA=HR -7 HRIL - IRIZAETFYY - FYTIV R YT -
MCJ- J3L-TL(TH/AS—
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Angel activities

Utilize knowledge obtained through his own
experiences of starting business and success.

Invest some amount of personal money

Connect to large Capital, customers, human
networks

Help creating new business, industry, and
employment | &

Social contrlbutlon fo strengthen the country
against the Change of Paradigm

THine

Summary

Lack of startups, a cause of serious delay against
drastic paradigm change (Lost decade)

Role of Startups: Industrial infrastructure providing
the best cost/performance means for Business Try
& Error (R&D)

Players are the key. Not the easy supply of dull
money (collected from tax payers).

Fair partnershlp‘betwtgp the investors and players.
Risk takers money (Investrrfent) is the most effective
JASVA and ENOVA fund activies

THine




INRIVIN : MEEL A J R—Y g VU AT ADOEEVER

Panel IV: Interaction between Intellectual Property and Innovation Systems
BT b—Z— AR B, IERIARTAHERRRES (WIPO) AT E Rk &/ HUR RS Se b
B E e v & — R B %

KERFFF S AT A DORE & FTRE /R I
Issues and Possible Reforms in the U.S. Patent System

a4y - =L Bronwyn Hall, BV 7 3 /L=7 KRFENR—7 L —RHFF

AARIZRBIT DEEHF Y AT LOBE & Pk

Reform of Patent System in Japan and Challenges

E HE, —BRFEA /) _X—a ik 2 —E, #iw
FTA ATy b

~—7 <A T —X Mark Myers, T v 27 2 (&) , XUVIANR=T RKET 4 — b -
BV R AR — VBB R
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Which effect dominates?

* Economic Theory: mixed
— an incentive for innovation, but
— can slow advance in cumulative technologies
— litigation fears discourage investment
» Across U.S. Industries: great variation
— Clearest benefits: pharma, chemicals, medical devices
— Ambiguous: semiconductors, other IT
» Across countries and time:

— Not much evidence that strengthening IP protection
induces more domestic R&D and innovation

THE NATIONAL ACADEMIES ST E P

Advisers fo the Nation on Science, Engineering, and Medicine

Conclusions from research

* Introducing or strengthening patent system results
in an increase in patenting and the strategic uses of
patents.

* Not clear that it increases innovation, although it
may change its direction.

* Most responsive sectors are pharmaceuticals,
biotechnology and specialty chemicals.

 Existence and strength of patent system affects
organization of industry by facilitating trade in
knowledge assets.

THE NATIONAL ACADEMIES ST EP

Advisers to the Nation on Science, Engineering, and Medicine
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Evolution of the U.S. Patent System
since 1980

 Patenting extended to
— new technology (biotechnology)

— technologies previously not subject to patent
protection (business methods, software)

— upstream scientific research tools, materials,
and discoveries
* Emergence of new players (universities and
public research institutions)

THE NATIONAL ACADEMIES ST E P

Advisers fo the Nation on Science, Engineering, and Medicine

Evolution of the patent system, cont.

 Position of patent holders strengthened vis-a-vis
alleged infringers

— Court of Appeals for the Federal Circuit =——> higher
validity rates from 1982

— Process Patent Amendments, 1988 (blocks imports)

— Major damage awards (e.g. Polaroid v. Kodak,
1986/1991)

— TRIPS Agreement, 1994
— No research exemption (Madey v. Duke, 2002)

 Antitrust constraints on patent use relaxed

THE NATIONAL ACADEMIES ST EP

Advisers to the Nation on Science, Engineering, and Medicine
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Contributing to...

(to 100 per working hour), 1992-2002

Higher renewal rates
More frequent assertion of patents

Doubling of patent applications and grants

e Doubling of U.S. District Court patent suits,
1988-2001
THE NATIONAL ACADEMIES
Advisers fo the Nation on Science, Engineering, and Medicine S T E P
Figure 1
USPTO Utility Patents 1953-2003
350,000
300,000 - —— Patent
applications
250,000
—e— Patent grants
% 200,000
o]
€
< 150,000 1 —a— Patent grants
by appl year
100,000 MWM .
50,000 M
O T T T T T T T T T T
1953 1958 1963 1968 1973 1978 1983 1988 1993 1998 2003
Year
THE NATIONAL ACADEMIES STEP

Advisers to the Nation on Science, Engineering, and Medicine
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Concerns and criticisms

» Volume of patent applications threatens to degrade
quality or lengthen backlog or both

* Decline in quality from other sources (prior art)

 Rising costs for acquiring and defending patents
and securing licenses

 Increase in defensive patenting

« Difficulty negotiating patent thickets/risk of hold-
ups, especially in cumulative technologies

* Some impediments to research

THE NATIONAL ACADEMIES ST E P

Advisers fo the Nation on Science, Engineering, and Medicine

Estimated Median Litigation Costs for Each
Party in Litigation ($ Thousands)

2001 2003 Percent Change,
2001 to 2003
Less than $1 million at risk
End of Discovery $250 $290 16.0
Inclusive of discovery, motions, pre-trial, trial, post- $499 3500 0.2
trial, and appeal
$1-825 million at risk
End of Discovery $797 $1,001 25.6
Inclusive of discovery, motions, pre-trial, trial, post- $1.499 $2.,000 33.4
trial, and appeal
More than $25 million at risk
End of Discovery 51,508 $2.500 65.8
Inclusive of discovery, motions, pre-trial, trial, post- $2,992 $3.995 33.5
trial, and appeal
THE NATIONAL ACADEMIES STEP

Advisers to the Nation on Science, Engineering, and Medicine
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Current prospects for reform

* High interest in U.S. Congress
— Response to NAS and FTC reports
— Lamar Smith (House) Orrin Hatch (Senate)
— Hearings - April, June, July, September last year
— HR 2795 introduced in June, substitute in Sept.

* Interested groups

— AIPLA, IPO, ABA IPL Section, BIO, BSA

— Coalition — 37 large cos. plus these groups propose a
reform package

THE NATIONAL ACADEMIES ST E P

Advisers fo the Nation on Science, Engineering, and Medicine

H. R. 2795 as proposed (amended)

» Changes the current "first to invent" standard to
"first inventor to file*; one year grace period ( § 3)

« Eliminates the subjective "best mode" requirement
from § 112 of the Patent Act, delineating
objective criteria that an inventor must set forth in
an application ( § 4)

» Imposes a duty of candor and good faith on parties
to contested cases before the patent office,
eliminating inequitable conduct as a defense of
patent unenforceability, unless at least one claim
in the patent has already been found invalid. ( § 5).

THE NATIONAL ACADEMIES ST EP

Advisers to the Nation on Science, Engineering, and Medicine
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H. R. 2795 as proposed (amended)

» Reduces the scope of willful infringement by
raising the standard of proof required, and limits
the amount of damages a patentholder can collect
from an infringer ( § 6). Substitute bills change
wording, limit to cases where notice has been
given.

» Limits patentees' ability to get injunctions ( § 7).
Removed.

» Authorizes the director of the patent office to
regulate continuation applications ( § 8).
Removed, but Dudas has taken the initiative with
Fed Register proposal

THE NATIONAL ACADEMIES ST E P

Advisers fo the Nation on Science, Engineering, and Medicine

H. R. 2795 as proposed (amended)

 Establishes a new post-grant opposition system in
the patent office with 9 month window ( § 9).
Subsequent 6 month window removed.

» Allows members of the public to introduce new
information to the patent office up to six months
after the date of publication of the patent
application to challenge the patent and to provide
a final quality check ( § 10)

THE NATIONAL ACADEMIES STE P

Advisers to the Nation on Science, Engineering, and Medicine
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Reform of patent system in
Japan and challenges

Sadao Nagaoka*

Institute of Innovation Research, Hitotsubashi
University

January 2006

*2-1 Naka Naka Kunitachi Tokyo Japan 186-8603 Fax: 81-425-80-8410.
E-mail addresses: nagaoka@iir.hit-u.ac.jp

SadaoNagaoka 1

1. Introduction

* Intellectual property rights (IPRs) protection in
Japan has been significantly strengthened since
early 1990s.

* Initially the impetus for such changes came
from abroad:

the US-Japan agreement in 1994
the TRIPs agreement in 1995

* the reform has been undertaken as a one of the
corner stones of the domestic reform in Japan in
the 2000s

SadaoNagaoka
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» The experiences for the past decade or so
has highlighted new challenges

» Three major challenges facing patent
system in Japan and in the US on which
this paper focuses

-efficient patent examination

-efficient utilization of information disclosed
in patent documents for industrial research

-the patent thicket problem

SadaoNagaoka 3

2. Reform of patent system in
Japan in recent years

» Important reforms in the 1970s and 1980s
-introduction of product patent in 1976

-full liberalization of multiple-claims for a
patent in 1987

* The effect of the latter reform has unfolded
gradually and significantly in the 1990s

SadaoNagaoka 4
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 The stronger deterrence against
infringement through strengthening

-the private damage system,
-criminal sanctions and

-the power for a patentee to collect
evidence of infringement

« The expansion of the patentable subject
matter in the filed of computer program.

In 2000 computer program of itself
became fully patentable as a product
patent

SadaoNagaoka 5

« the affirmation of the “doctrine of equivalents” by
the Supreme Court in 1998

» the switch from pre-grant opposition system to
the post-grant opposition system in 1994,

integrated with the invalidation trial in 2004

* No recourse to a compulsory licensing in order
to resolve the blocking relationship, unless it is
for the purpose of correcting an anticompetitive
conduct or for the public or non-commercial use

SadaoNagaoka
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3 Efficient patent examinations

* In Japan, industrial R&D increased in real terms by 30%
from 1990 to 2003, while the number of patent
examinations requested and the number of claims per
patent application almost tripled from 1990 to 2004.

see Figure 1

 They reflect both stronger patent protection including the
introduction of multiple claims and emergence of new
technological opportunities.

» The sharp increase of the number of patent
examinations requested in 2004 was due to the patent
law amendment in 1999, which forced a firm to decide
whether it will seek a patent examination or not within 3
years

SadaoNagaoka

Figure 1. Increasing patent examinations requests and
increasing number of claims per patent

400,000 12
4 11
350,000
Average number of claims / 110
5 300,000 . 9
E_ 'y
; /’::\ 18
0
5 250,000 "No. of examinations requested ~No—¢ 15 =
B A 3
£ 200,000 6 %
3 e}
el 45 2
S 150,000
é /:'/q// 14
100,000 = 3
Industrial R&D 12
50,000
41
0 0

Data source. The numbers of examinations requested are from the annual reports of JPO. The average
numbers of claims per patent applications are from the 1IP patent database. Industrial R&D are from the
Science and Technology White Paper (real industrial R&D expenditure in 1995 price,
million$ (1$=118yen).

SadaoNagaoka
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The increasing complexity of a patent and
increasing requests for patent
examinations are putting strong pressure
on the scarce examination capacities of
the JPO.

The waiting period for examination
increased from 19months at the end of
1998 to 26 months at the end of 2004.

Fast truck examinations are available for
those who will implement patents in the
near future.

SadaoNagaoka

Patent quality

Application of stricter inventive step standard in
recent years

The grant rate of a patent declined to around
50%, compared to more than 60% one decade
ago. (See Figure 2)

Only 8% grant rate for business method related
software

The increase of invalidation rate in invalidation
trial and the decrease of successful complaints
in rejection complaint trial.

SadaoNagaoka

10
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Figure 2. Application of stricter inventive step standard
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Grant rate=the ratio of the granted patent applications relative to the sum of

granted and rejected patents, including abandoned patents. Made from the annual

reports of the JPO.
SadaoNagaoka

11

Searching for the system of
efficient examinations

e Lemely (2001) for the hybrid system similar to
that of the Japanese system vs.

Jaffe and Lerner (2004) for the presumption of
validity assisted by stronger re-examination
system

» The experience of the utility model of Japan
since 1994 suggests that the hybrid system
postponing the examination of an invention at
the enforcement stage may not work

(see Figure 3)

SadaoNagaoka

12

— 191 —




Figure 3. Applications for patents and utility models, and
the intensity of the use of technical evaluations

500,000 0.25
450,000
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the intensity of the use of technical evaluations=No. of technical evaluations by
The JPO / the No. of applications of utility models in each year
Made from the annual reports of the JPO

SadaoNagaoka 13

* On the other hand, inventors do not want
immediate examinations, since lots of
uncertainties exist with respect to the
commercial applicability of an invention and
a long time is necessary for its resolution

(see Figure 4)

— Forfeiting the option to postpone the
requests of examinations as in the USA
would probably not make sense

 The participation of a third party in post-
grant opposition system tends to improve
patent examination quality significantly.

SadaoNagaoka 14
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Figure 4. The timing of the examination requests from the year of patent
application

60.00% 100.00%
Il applications in 1990 90.00%
50.00% [
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[ applications in 1992
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Source: Prepared from the annual reports of the JPO
SadaoNagaoka 15

In addition,

* International collaboration among US,
Japanese and European Patent
Offices for mutual recognition of
search results and examination results
would significantly leveraging the
examination resources globally .

SadaoNagaoka 16
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4. Efficient utilization of
disclosed information

» All patent applications are laid open in 18 months in the
Japanese patent system. In addition, the first to file is the
priority rule.

« Japanese firms regard patent as the most important
source of information on rivals’ R&D (Cohen, Goto,
Nagata, Nelson and Walsh (2002) )

» The patent examiners in Japan often cite only non-
granted patents as the basis of rejection on novelty
and/or inventive step grounds. — the availability of such
information would significantly help firms to avoid
duplicative R&D efforts

(see Table 1)

SadaoNagaoka 17
Table 1 Unexamined or non-granted prior patent applications
used for rejecting patent applications
IPC sections l::‘;ec;ft;;ited Unexamined Nongranted
A |HUMAN NECESSITIES 27,981 26.1% 49.3%
B_|PERFORMING OPERATIONS; TRANSPORTING 87,715 28.2% 51.9%
C_|CHEMISTRY; METALLURGY 62,307 27.3% 45.4%
D |TEXTILES; PAPER 11,704 27.6% 48.1%
E |FIXED CONSTRUCTIONS 10,684 23.5% 45.9%
MECHANICAL ENGINEERING; LIGHTING; . .
F |HEATING; WEAPONS; BLASTING 32,845 29.9% 52.8%
G |PHYSICS 143,020 32.1% 60.7%
H |ELECTRICITY 115,305 33.2% 61.4%
Total 491,561 30.3% 55.6%
For ultimately granted patents total 582,737 27.8% 49.3%
Source: nagaoka(2005)
SadaoNagaoka 18
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* A rejection based on novelty and/or inventive
step ground are often based on relatively old
patent documents .

(see Table 2)

* This is the case in spite of the fact that a firm
with higher R&D speed is more successful not
only in getting a patent but also in obtaining a
patent with broader scope.

(see Figure 5)

» The patent database of the patent office is an
important knowledge infrastructure for invention
and innovation. There may be room for
improving the functioning of the database.

SadaoNagaoka 19

Table 2 Age of prior patent applications cited for ultimate rejections
of patent applications based on novelty/inventive step(1985-1993)

Age of cited patent
applications as ultimate
rejections

median for initial
IPG section median 75%  goy|reiection for
granted patent
applications
A HUMAN NECESSITIES 5.3 7 12 5.1
PERFORMING OPERATIONS;
B TRANSPORTING 54 ! 12 31
Cc CHEMISTRY; METALLURGY 50 6 11 50
TEXTILES; PAPER 5.7 8 13 5.6
E FIXED CONSTRUCTIONS 6.2 9 13 5.9
MECHANICAL ENGINEERING;
F LIGHTING; HEATING; WEAPONS; 55 7 12 52
BLASTING
PHYSICS 4.1 5 8 4.1
H ELECTRICITY 4.5 6 9 44
Total 48 6 10 48
Note Age is measured by the most recent prior art cited by an examiner for
Source: nagaoka (2005) SadaoNagaoka 20
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Figure 5.  Citation lag and forward citation frequency
(based on the US patent grants between 1988 to 1992)

250

150

100
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00 .

@ 3.8 years or less (top 5%) B 6.8 year or less (top 25%) 0 9.5 years or less (top 50%)

Average citation per |

0 135 years or less (top 75%) M 22.9 years or less (top 95%) B The rest (bottom 5%)

Source: made from the Chi database
SadaoNagaoka 21

5. Ameliorating the patent thicket
problem

» The proliferation of patents and the other
intellectual property rights can deter rather
promote innovation.

» Patent thicket problem: high transaction
costs, holdup risk, inefficiency of the
chains of vertical monopolies and the
difficulty of coalition formation

» Erosion of the profit of a pioneer firm

SadaoNagaoka 22
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The problem looks to be most
acute in IT related standard areas

« Standards can have many essential patents

* It is often possible for a firm to apply for new
patents by using continuations and divisions
especially in the USA even after the standard
specification is set.

« The disclosure policy is weak and no precise
definitions of what RAND (reasonable and non-
discriminatory licensing) means for each firm are
provided by standard bodies.

* Non-granted patent applications may not be
published in the USA

SadaoNagaoka 23

Table 3 Recent Standard-specifying Patent Pools

Standard Pool Admin., Meml:?ers of the Essential patents Non—mem bers Licensees
Year pool licensors
MPEG 2 Originally (July Originally 125
(standard 1997) 7 fi 1 (34 families);
specifiatio[MPEG LA 97) 7 firms, patents (34 families);
nin 1997 ” university; currently(July 2004) |Lucent , IBM 800 (November 2004)
22 firms, 1 univ. 644 patents (127
December as of April 200 families)
1994)
Toshiba,
Matsushita,
Mitsubishi 180 US patents for 245 firms for
6C,Toshiba, Electric, player, and 166 US hardware (decoders
1998 Time Warner, patents for and encoders) 157
DVD Hitachi, Victor recorders firms for discs
(standard Company of
sgeuﬂatlo Japan, IBM Thomson
nin
December
1995) 131 US patents for 179 firms for
3C, Philips, Sony, DVD players, hardware (decoders
Philips, 1998 |Pioneer 106 US patents for and encoders) 216
recorders firms for discs
. Many, including
in the process of
3G 3G Patent |5 fms for W=  |certification (All the |Qualcomm.
Platform, R Motorola,
CDMA essential patents of "
2003 " Ericsson, and
the member firms) Noki
okia
Source: based on http://www.3gpatents.com; http://www.mpegla.com; DOJ Review Letter from Joel Klein
to Carey R. Ramos, June 10, 1999; DOJ Review Letter from Joel Klein to Gerrar d R. Beeney, December
16, 1998.
From Nagaoka(2005) SadaoNagaoka 24

— 197 —




Figure 6 Proportion of the essential patents applied or
registered on or later than the month of standard
determination or the initiation of licensing

90.0%
80.0%
[ registration date on or later
70.0% than the month of the first
determination of standard
60.0% specification
B application date on or later
than the month of the first
50.0% determination of standard
specification
40.0% O application date on or later
than the first month of
licensing
30.0%
O priority date on or later than
20.0% the first month of licensing
10.0%
0.0%
MPEG2. Derwent Family DVD(reader), US patents ~W-CDMA, US patents
Note. There are no essential patents with the priority date on or later than the first month of licensing.
The collective licensing of the W-CDMA was not yet initiated as of the date of developing this table.

Source: Nagaoka(2005) SadaoNagaoka 25

Conclusions (Patent system for
Innovation)

 Stricter inventive step standard

» Facilitation of the third-party to provide information
* Providing the menus for self-selection by inventors
* International collaboration of examinations

» Facilitation of the utilization of disclosed information for
R&D and patenting decision

» Tighter rule on continuations and divisions

» Strengthening the patent policy of standard bodies,
including the clarification of RAND conditions

» Exemption for research on subject matter

SadaoNagaoka 26
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Interaction between Intellectual Property and
Innovation Systems

Mark B. Myers

mbmyers@kennett.net

1.11.2006 M.B. Myers

The U.S. Intellectual Property System

O Held in High Respect Within and Outside the U.S.

O IP Rights Being Aggressively Extended, Asserted &
Enforced

O Coincides With a Period of Economic High
Productivity

O How Well Does It Support Invention?

1.11.2006 M.B. Myers
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Concerns and Criticisms

o Concern for patent quality

|

Difficulty negotiating patent thickets

especially in cumulative technologies

O O 0O 0O

1.11.2006

M.B. Myers

Increase in defensive patenting
Rising transaction costs
Incursions on public domain of ideas
Impediments to research

Contrasting Different Forms of IP

Can you go there?

Can you stay there?

Canyou do it
yourself?

1.11.2006

Copyrights

YES - except for
software’s hidden
“source code”

NO - except for
“fair use” of short
quotes

YES — express the
ideas differently

M.B. Myers

Patents Trade
secrets

YES - NO

upon

publication

NO - not NO

without

licensing

NO —the YES - come

basic ideas up with the

are ideas on your

protected own

Ref S. Winter, Wharton, U Penn
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Economics of the Patent System

Effects on: Benefits Costs
O Creates an incentive for research O Impedes the combination of
and new product/process new ideas and inventions.
Innovation | development. O Raises transaction costs for
O Encourages the disclosure of follow-on inventions.
inventions. O Provides an opportunity for
rent seeking.
Competition | O Encourages the entry of new O Creates short-term
(small) firms with a limited asset base | monopolies that may become
or in early stages of financing. long-term network industries.
0O May be used to maintain a
cartel.
1.11.2006 M.B. Myers Ref. B. Hall UC Berkeley

Incentives and Rewards for Invention

o  The Inventor:

Solving Important Technology in Use Problems
Professional Reputation, Recognition and Advancement
Altruism

Financial Gain

Intellectual “Currency Within Organization

o Patents Are a Secondary Incentive for Invention

1.11.2006

Increased Innovation—  Increases in Patents
Importance Highly Sector Dependent

Only 10% are Important and 1% Are Seminal

M.B. Myers
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Incentives and Rewards for Patents

o  However for the Inventor/entrepreneur Patents Support:
= Opportunity to Start Companies
= Early Stage Funding
0o A Form of Insurance
= 10% of US Patent Applications Challenged
= 2% of Patents Litigated
= Threat can be extremely high for small firm
0 A New Form of Currency for Exchange
= Patents can provide access to needed technology

O A Qualified Option for Future Investment

1.11.2006 M.B. Myers

Hot Spots of Confluence

Hybrid Organics/Inorganics

Quantum Dots Tissues & Hybrid Organs

Micro Arrays

Computational
Genomics & Protonics
Actuators & Sensors

E Medicine

Nanotechnology Medical Information

Systems

Imaging

1.11.2006 M.B. Myers
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Continuing Issues

1. U.S. Patent Reform Act 2005

2. Biotechnology Patent Boundaries
3. Harmonization

4. Developing Nations

5. Science Exemption

6. Proprietary v.s Open Source Software
7. Free Use of IP?

1.11.2006 M.B. Myers
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RV ¢ EEREE
Panel V: Industry and University Collaboration

TF L= U R, ORISR & — B

REIZIRT 5 R&D E

Industry-University R&D Partnerships in the United States

T—"U 4+ 7=7— Irwin Feller, KERZRIUG S LFER A =0T 4 A b/
VR =T WSER P E B AR

B ARIZI T 5 EEE
Industry-University Partnerships in Japan

Uik 1E3E, BHREINECRIFITATER B BALAE s/ BRIRE N R KRB 8%
FTAAB IV b

AV« 1wl Gail Cassell, £ —F AV Y — Bpd Y gtE
Y — LA« X—F— James Turner, &%RE P2 EEERTRF—T7 A X v 7
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Industry-University R&D Partnerships
In the United States

Irwin Feller, Senior Visiting Scientist,
American Association for the Advancement of Science

“21%t Century Innovation Systems for Japan and the
United States: Lesson from a Decade of Change”

Tokyo, Japan
January 11, 2006

Outline

» Framework: Levels of Relationships

* Learning as an Evolutionary Process

* Typology of Issues

» Recent Changes: Firms & Universities

* Principles for Collaborative R&D Partnerships

* Excluded Third Party Considerations
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Learning

» Parties have realized benefits and adjusted
expectations to experiences

* New 1ssues have surfaced

* Parties seeking to formulate revised principles
to guide future collaborative relationships

* Principles are not practices

Framework

* R&D Exchanges
* R&D Partnerships

* Industry-University
Relationships
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Levels of Relationship

National Innovation
Systems

University — Industry
Relationship

R&D Partnership

R&D Contract/
License

United States National Innovation

System Characteristics

* Industry primary performer of r&d

 Universities primary performer of basic research

 Federal government primary source of funds for

basic research (and thus of academic r&d)
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Magnitude of Financial Ties: |
(FY2002)

 Universities perform 13% ($36B) of total
U.S. r&d and 54% of basic research

* Industry share of academic r&d: 7%

» Academic r&d is 1.3% of industry r&d of
industry’s estimated self-funded r&d
($177 B)

» Federal share of academic r&d: 59%

Magnitude of Financial Ties: I

* Industry philanthropy to universities and
college-- $1.5B (cash and in-kind) (2003)

 University licensing revenue-$1.1B (2004)
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Expectations and Accomplishments
(Findings from Engineering Research Centers)

* What do Firms Expect/Receive from Partnerships?

— “Knowledge Generation and Transfer”

— Access to new ideas

— Opportunity to keep abreast of university-based research in a field
— Access to specific faculty

— Access to students as prospective hires

—Leverage Federal investments in basic research

» What do Universities Expect/Receive from Partnerships?
— Funds to support faculty research/facilities
— Funds to support graduate students
— Internship/placement opportunities for students

— Access to proprietary data/specialized equipment

— Participation in state government economic development programs

UC-Berkeley/Google, Microsoft,
Sun Collaboration, 2005

* 3 Firms each to provide $500,000 annually for 5
years to support new laboratory in computer design

* Support 6 faculty and 30 graduate students

* Pre-competitive generic research

» Nonproprietary, freely licensed licensed research

 Decline in DARPA support for academic computer
science
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Typology of Issues

Federal/Other
Size of Firm Industry Funded R&D Funded R&D
* Ownership of Intellectual Property | » Upfront payments
Large * Royalty-free licenses * Royalty rates
 Exclusive licenses * Sublicenses

* Patent filing costs

* Equity
Small * Ownership of Intellectual Property | ¢ Royalty rates
* Spin-offs

Supporting Actions: Universities

* One-stop shopping: integration of Sponsored Research and
Technology Transfer Offices

» Acceptance of publication delays (and deletion of proprietary
material)

» Master agreements (with templates on disposition of
intellectual property rights and provisions for mediation and
arbitration)

* Risk management approach to intellectual property
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Surge in University
Patent/Licensing Activities

Increases in:

* Number and size of technology
transfer offices;

* Number of invention disclosures;
* Patent applications;

» Patents;

 Licenses;

« Start-up firms

Contention about Licenses

Shared recognition that most university
inventions/patents are “embryonic technologies”
leads to different positions on apportionment of

costs and benefits of next steps
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Industry Perspectives

 Universities making excessive claims for I[P
ownership on industry sponsored research
agreements

* Excessive claims for upfront payments, inconsistent
with technical and economic uncertainties of
academic inventions

* Alternative suppliers of basic research are available
elsewhere

University Perspective

Upfront fees/milestone payments are needed
“incentives” to lead firms to make necessary
additional investments to get the university
technology to market.
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Changes in Universities Perspectives
and Practices

* Increased acceptance of equity in lieu of royalties
and fees

* Investments in “downstream” development of
“embryonic technologies”

 Risk management strategies, consistent with low
probabilities of industry funded r&d yielding
economically significant inventions/patents

University-Industry Partnership,
“Guiding Principles for
University-Industry Endeavors”
(IRI-NCRUA)

#1 A successful university-industry collaboration should
support the mission of each partner. Any effort in conflict
with the mission of either party will ultimately fail

#2 Institutional practices and national resources should focus on
fostering appropriate long term relationships between
universities and industry

#3 Universities and industry should focus on the benefit to each
party that will result from collaborations by streamlining
negotiations to ensure timely conduct of the research and the
development of the research findings
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Excluded Third Party Benefits

* Public interest science—diminished role of
universities as independent, neutral sources of
scientific and technical expertise

» Conflicts of individual and institutional
interests

* Development of an “anti-commons” that
impedes the flow of knowledge, and thus the
rate of scientific discovery and technological
innovation
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‘ University-Industry Partnerships
In Japan

Presented at
Symposium on “21st Century Innovation System for Japan and the United States”
Tokyo, January 10-11, 2006

Prof. Masayuki KONDO

Yokohama National University/
National Institute of Science and Technology Policy (NISTEP)

M.Kondo 1

‘ Outline of Presentation

University-Industry Partnerships in a National Innovation System

University-Industry Partnerships
Historical Development in Japan
The First Engineering Department of a University in the World
-- Department of Engineering, Tokyo University --

A Research Institute that Lead a Large Industrial Group
-- RIKEN (Institute of Physical and Chemical Research) --

Recent Movements in Japan
Joint Research

Technology Licensing

Academic Spin-offs -- From “Collaboration” to “Cross-over” --

Concluding Remarks

M.Kondo 2
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University-Industry Partnerships
in a National Innovation System

M.Kondo

Role Charts
(unit: %)
Japan (2003) USA (2003)

B A D B A D

(14.5) (23.0)  (62.4) (19.1) (23.9) (57.1)
Universities 6.5 204 I8 20

16.1
62.0
. 19.6

Public Research 2 57
Institutes L |82 13 —

Industry 64.1
91.2 15.5
64.1

89.1

M.Kondo
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Question:
How can we utilize S&T for society, economy and business
in a national innovation system?

Public Sector _ Private Sector
Universities Joint People
Public Research Institutes Knowledge Industry

Creation

’ o
Transfir

Starting up

Society

Economy

Business

M.Kondo 5

‘ Science vs. Technology

e Knowledge
Knowledge SCIENCE
Knowledge -
TECHNOLOGY | (Utility) __IWealth
Wealth

.......................
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Science-Based Technology

Bohr—type Pasteur—type

Hobby Edison—type

Theory orientedness

Application orientedness
| ified the di { Stokes (1997

M.Kondo 7

University-Industry Partnerships
Historical Development in Japan
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The First Engineering Department of
a University in the World

Imperial College of Engineering was
established under Ministry of Engineering in
1873.

This became College of Engineering of
Imperial University (Current Tokyo
University) in 1886.

M.Kondo 9

Education at Imperial College of Engineering

Dr. Henry Dyer from Scotland was the President
from 1873-1882.
Combination of Theories and Practices

School 2 years

College 2 years

Practice 2 years

Graduates worked in the industry.

Japanese universities were application-oriented in
the beginning.

M.Kondo 10
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A Research Institute that Lead a Large Industrial Group
- RIKEN (Institute of Physical and Chemical Research) -

Academic Achievement
2 Nobel Prize Laureates:
- Dr. Yukawa and Dr. Tomonaga
- (Dr. Fukui was also related.)

1,686 papers in Japanese and 1,072 papers in foreign
languages from 1922 to 1941

Industrial Achievement

RIKEN registered 0.7 percent of all patents (848 patents)
registered in Japan during the period from 1918 to 1944.

The RIKEN Industrial Group consisted of 63 companies at its
peak. One of them is the root of Ricoh.

M.Kondo 11

‘ Establishment of RIKEN

Dr. Jokichi TAKAMINE, a scientist and millionaire living in
the United States, pointed out the need for a National
Science Research Institute in 1913.

Prime Minister Shigenobu OKUMA convened the Council to
Promote Establishment of RIKEN in 1916.

It was established as a nonprofit foundation in 1917 and
was abolished in 1948.

Some principal researchers were joint appointment of
university professors.

M.Kondo 12
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' Revenue of RIKEN

Revenue of RIKEN

year 1927 1939 1940
thousand yen %| thousand yen %| thousand yen| %
R&D 13] 2.0 264 7.1 137) 3.8
patent royalty 0 0.0 1793 48.4 2182 60.4
production work 206 31.2 531 1.4 441 1.2
stock operation 37 5.6 740/ 20.0 6 02
rent 6 0.9 1] 0.0 1] 0.0
interests and dividends 143| 21.7 793 21.4 876 24.3
subsidies 250 37.9 0 0.0 0 0.0
miscellaneous 4 0.6 61 1.6 367 10.2
total 660| 100.0 3705/ 100.0 3611]100.0

Source: The author tabulated using the data from Saito, Ken, Research on a new concern RIKEN Industrial Group (in
Japanese), Jichosha, January 1987.

M.Kondo 13

‘ Unique Management Concepts of
RIKEN Industrial Group

Science Capital Industry (Scientific knowledge is the
key.),

Intellectual Management (eg. mechanical engineering
for chemical plants),

Combinatory Management (the use of byproducts for
other processes in the same premise) and

Rural Industrialization with Single-Function Machines

M.Kondo 14
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University-Industry Partnerships
Recent Movements in Japan

M.Kondo 15

Forms of University-Industry Partnership

Joint Knowledge Creation
Joint research
Contract research
(Donation)

Comprehensive collaboration agreement
Knowledge Transfer

Journal papers and books

Conference presentations

Via students
Graduating students
Internship in companies
Students sent by companies

Consultancy
Licensing

Knowledge-based Starting Up
Academic spin-offs

Notes 1. This classmcatlon is based on M Kondo Pollcy Innovatlon in Suence and Technology in Japan —from S&T

n on
pp.132-140, 2004.

2. Facility and equipment usage is another form of partnership.
M.Kondo 16
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Policies to Promote University-Industry Partnerships
in Japan

Joint Knowledge Creation
Joint Research Centers
Research Grants for University-Industry Collaborative Research

Knowledge Transfer
Technology Licensing Organizations (TLOS)
University IPR Management Centers

Knowledge-based Starting Up
Venturing Business Laboratories (VBLS)
Incubation Centers
Relaxation of the regulation on side jobs

Overall
Changing National Universities into National University Agencies

M.Kondo 17

Joint Research Centers at National University

Number of center for joint research

) . First Plan Peri )
Pre-First Plan Period irst Plan Period Second Plan Period

Cumulative total of centers

8B 8 35 & 8

olal HHHH

FY|FY|FY|FY | FY|FY | FY|FY|FY | FY | FY|FY|FY | FY | FY|FY
1987|1988 1989 1990| 1991 1992 1993 1994|1995 | 1996 1997| 1998| 1999| 2000|2001/ 2002

O Cunulative total of centers 3|18 |13|18|23|28|33|38|43|47(49|52|53|5 |61|62
(Nummber establishedannually)| 3 | 5| 5|5 |5|5|5]5|5]4|2|3]1|3]5]1

Source: MEXT Website

M.Kondo 18
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Offices for University-Industry Cooperation

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

National universities 50pN=153

Municipal universities N=52

Municipal universities with =0
natural science departments

50.4% N=339

Private universities

Private universities with
natural science departments

222% |N=117

38.5% N=52

National research institutes*3

large companies

56.9% N=246

malready establishedmunder consideratioinone

Data: Based on the responses to “Questionnaire Survey on Achievements of S&T Basic Plan (survey on policies related to industry-
academia-government cooperation and regional innovation),” (distributed in June 2004)

Source: NISTEP
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University — Industry Joint Research

Pre-First PI:’:ln Period o First Plan Period . Second Plan Period
7.000 < > Sian rel > >
O National universities
6,000 [ . . .
O Municipal universities
B Private universities
5,000 [ X o
O National research institutes, and IAls
B 4,000
Qo
g
> 3,000
2,000
1,000
0

1995 1998 1999 2000 2001 2002 2003 FY

Data: The data for national universities is calculated, using the source from MEXT HP and its “University-Industry
Research Cooperation: A Status Report, 1983-2001,” March 2003. Others are based on the result from the
guestionnaires made by NISTEP and Mitsubishi Research Institute, Inc. (distributed in 2004).
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Trends of Joint Research at Yokohama National University
- Deepening and Diversification -

Deepening
Number of joint research projects per company increased.
Joint research projects with large budget increased.

Joint research in the same prefecture increased in terms of
number and total budget.

Diversification

The budget difference between the largest and the smallest
became wider.

Joint research projects with new companies including MNCs
increased.

The ratio of university researchers conducting joint research with
companies over all university researchers increased.

Source: K. Sakamoto and M. Kondo, The Analysis of University-Industry Research Collaborations by Time Series and
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Coauthorship between Company Researchers and
University Researchers

Ratio of joint-authored papers between Ratio of joint-authored papers
companies and other sectors in Japan between companies and other sectors in U.S.
60%
L 60%
50% N
3 - 50%
S <
o 40% 5
§ 2 40%
S 30% g
= Z30%
=} <
0 1]
£ 20% 5 20%
. g
10% 10%
0% ! 0%
1991 1996 2001 1988 1999
W Universities[@ National research institutes: Splecial public :orporations B Universities [ National research institutes
i i izati ocal governmen i
[J Hospitals [ Nonprofit organizations [l resear(?h inctitutes [ Foreign [ Nonprofit organizations & Foreign

Source: (Japan)Prepared by NISTEP using the CD-ROM version of SCI
(U.S.)NSF, “Science & Engineering Indicators: 2002”
Source: NISREP REPORT No.74 (2004)
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Science Linkage in U.S. Patents

All Areas Life Sciences
= Japan = U.S. - EU
35 14.0
30 //\_// 120
25 /\/

/

o
o

Science linkage
~
>

=
o

7
I

s
g8.0
£
=
F /
5 6.0
‘S
a
Assuming that to have / /A——*/‘\n
Been done during the First PTan 40

§

o
o

0.0

91 92 93 94 95 96 97 98 99 00 01 02

Year

100 /

20 M Assu
b

ming that applications to have
een done during the First Plan
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Year

*: “Science linkage” is the number of cited scientific papers in the U.S. patent examination reports per registered patent. It indicates a
frequency of the use of scientific knowledge among patents.

Data: CHI Research Inc. “International Technology Indicators 1980-2002"

Source: NISTEP

University Licensing
(Japan-US Comparison)
Japan US Ratios
R&D 3.3 trillion yen |5.4 trillion yen 1.6
(in 2002) (in 2002)
Patent 1,680 6,509 3.9
Application | (in 2003) (in 2002)
Licensing 531 3,739 7.0
Contracts (in 2003) (in 2002)
License 0.55 bhillion yen | 145 billion yen 264
Income (in 2003) (in 2002)
cf. Academic 179 364 2.0
Spin-Offs (in 2003) (in 2002)
Source: NISTEP MKondo "
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Academic Spin-Offs

M.Kondo 25

| Stage-by-Stage Penetration

An Enterprise to Overseas Market

Exports -Licensing —— FDI

A Professor (or a Researcher) to Market/Society

Consulting Licensing | Start-up

Students
Joint Research

Source: M. Kondo, Policy Innovation in Science and Technology in Japan —from S&T Policy to Innovation
Policy-- (in Japanese), J of Science Policy ang Resgarch Management, Vol.19, No.3/4, pp.132-140,,2004.

— 229 —




200
180
160
140
120
100
80
60
40
20
0

Number of start-ups established

Academic Spin-Offs in Japan

Academic Spin-Offs

*Accumulated total is 916 as of August of 2004.

0 O DH

Upto

1994

1995 | 1996 | 1997 | 1998 | 1999 2001 | 2002 | 2003

2000

Number of start-up:
annually i

14 15 22 33 62 127 152 159 179

Academic Spin-Offs by Areas

Others
23%

26%

Energy 2%

Nanotechno Life sciences
& materials 2204
8%  Electronics and
machinery
11%

*: Breakdown of 916 companies as of August
2004.

Data: Calculated by NISTEP based on “University-Spin-Off Survey FY2004" by Tsukuba University and

Yokohama National University.

Source: NISTEP
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. “ . . . ”
‘ Newspaper Articles on “University Spin-offs
In Japan
Number of Newspaper Articles on University Spin—offs
in Japan
2004 700
687
2002 355
- 84
2000 |2
|12
1998 |1
8 o
1996 |oO
|0
1994 |0
|0
1992 |0
|0
1990 |0
(0} 200 400 600 800
Number of Newspaper Articles
Note. The number of articles in four newspapers published by NIKKEI.
M.Kondo 28
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‘Cross-over among Industry, Universities and

Public Research Institutes

Industry

&onventi onal Cross-over
ollaboration

University

Research
Institutes

Source: M. Kondo, Universi_tly Sﬂin-offs in Japan, Asia Pacific Tech Monitor, March-April 2004, pp.37-43, Asian and Pacific
ecl

Centre for Transfer of nology, ESCAP, UN.
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Profiles of Academic Spin-off Founders

Table: Profiles of Founders

Founders Ratios (%)
Faculty 69.7
of which professors 44.2
Students 22.9
of which doctor course students 11.2
of which master course students 7.5
of which undergraduate students 3.0
Researchers/technicians 7.5
Total 100.0

Source: FY2004 Survey.

M.Kondo
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Future Business of Academic Spin-offs

Intended Future Business

Future Business

Licensing out
Product sales using OEM

Product manufacturing and sales
Contract research and design

Sales of developed patents

Others

Ratios (%)
25.7
22.4
16.1
14.6
11.5
9.6

M.Kondo

Source: Year 2004 Survey.
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Concluding Remarks

M.Kondo

32

— 232 —




Some Reservations
A university needs to keep its identity.

Rules to avoid conflicts of interests need to
be established.

Practices to handle research tool patents in
academic research need to be established.

M.Kondo 33

The Roles of University-Industry Partnerships in Japan

At the national level

Narrowing the gap between high S&T potential and low
industrial performance to strengthen industrial
competitiveness

Creating internationally competitive universities

At the regional level

Creating regional innovation systems

University-industry collaborative R&D and university spin-offs are
promoted in regional innovation policies.

Knowledge Cluster Initiative
Industrial Cluster Program

M.Kondo 34
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218t Century Innovation
Systems for the US and Japan

Jim Turner
Chief Democratic Counsel
House Committee on Science

Overview

Professors Feller and Kondo gave very
broad and rich talks

Good pairing

Between them they covered the history
and breadth of university/industry relations

Would love to hear their views on the
other’s talk and to see future Feller/Kondo
collaboration
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Issues from Kondo Presentation

« Many parallels between US and Japanese
institutions mentioned by Prof. Kondo

— University of Tokyo School of Engineering/Land Grant
Universities in the US
— Riken(Rikoh)/Radio Corporation of America (RCA)

— National University Agencies/Charter Universities in
UsS

— Joint Research Centers at Universities/ Industry
presence at major US universities

— The diversity of industries served at Yokohama
National University and Penn State University

University Licensing:
Japan-US Comparison

« Japan’s experience mirrors the US experience
over Bayh-Dole’s first 20 years

* In U.S., growth in R&D preceded large
expansion in University patent applications
came

 Licensing income increase came after growth in
licensing contracts

 Large spin-offs from academia took longest to
develop and were preceded by deepening of
university-industry mutual understanding
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Bayh-Dole Results

« Change took time.

 Increase in patents granted to universities
(1982—375; 1990—1184; 1998—3151;
2003—3450: New patents filed—7203).

« University royalties from licensing (1991--$130
million; 1999--$675 million; 2003—$1.033
billion).

« Startup companies formed with university
patents (1994—175; 1999—275; 2002—370;
2003—348).

Issues from Feller Presentation

» Agree that 25 years is proper period of
review since in 1980 both Bayh-Dole and
Stevenson Wydler Innovation Act passed

» Agree with content of Feller speech

» Relationships and framework of university-
industry cooperation are still evolving

« Large number of second-tier universities
now trying to participate
* International firms’ participation increasing
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Industry Perspective

Feller talk was written from university point
of view

If done from industry point of view,

National Cooperative Research Act as

much a change agent as Bayh-Dole

— This anti-trust reform preceded joint research
in industry, formation of high technology small

businesses, and subsequent decline of large
corporate labs

Industry-University Conflict

Conflict currently a problem but probably short-

term because market forces are at work. Great
competition among universities for relations with
top companies.

Universities who are rigid in patent matters can
lose not only relations with companies but also
labs, professors or students to competitors.

Model ground rules for collaborations will evolve
quickly and become norms for efficient markets.

National Academies involved in related software
development.
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Small vs. Large Companies

It is important to realize that successful
university dealings with small companies very
different from dealings with multinationals

Many university innovations too small for
established companies

Nurturing an entrepreneur is closely related to
traditional university role as nurturer of students

Universities becoming major force in local
economic development and politics

Large Companies

Internet and IT advances are dramatically shortening
product cycle times and revolutionizing the way
businesses deal with those outside the company

Universities currently not structured to move beyond the
1.7 percent of industrial research they now perform.

Working with large firms will increasingly require major
shifts in university culture

Large firms will need just-in-time suppliers of research
ideas, who understand modern business practices.

Eventually, universities will be involved in virtual
companies and company supply chain networks

Government agencies dealing with industry face
analogous challenges
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Preservation of University Culture

Quality of research universities is highly
dependent on federal funding. Increased
university funding by industry will come, but will
take time.

Concerns of Professors Feller and Kondo about
potential adverse effects on university culture
are very real.

Universities have a lot to gain from best industry
practices such as Six Sigma.

In my opinion, the good from closer university-
industry cooperation will greatly outweigh the
bad.
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Panel VI: Government Support for University Research
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DARPA and the US Connected Science Model for Innovation — Where Is It Now?
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William B. Bonvillian
Conference on 21st Century
Innovation Systems for Japan and
the U.S. - Tokyo
January 10-11, 2006

DARPA AND THE US
CONNECTED SCIENCE
MODEL FOR INNOVATION
- WHERE IS IT NOW?

|. INTRODUCTION — FUNDAMENTALS OF

TECHNOLOGY DEVELOPMENT

1 *Carlotta Perez (Schumpeterian economist) —
industrial and therefore societal transformation
roughly every half century starting with the
emerging industrial revolution in Britain in 1770,
and based on long innovation waves; military
power transformed as well, and world military
leadership parallels industrial leadership

1 *US led last three innovation waves (IT is the
most recent); will this continue? If it doesn't,
then over time the US loses economic
leadership

1 *Deep interaction in US between war and
technology — war has greatly influenced
technology evolution, but the converse is also
true.

1 DARPA good example of that interaction
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Introduction, Con’t

Concerning DARPA, can't talk about US defense
technology separate and apart from the technology that
is driving the US economy — they are both part of the
same technology paradigms.

*If technology innovation is a driving force in US
economic progress (and also for US military capability),
we need to understand what are the causal factors
behind innovation.

*One of the factors is critical institutions. Arguably, there
are critical technology and science institutions that can
introduce not simply inventions or applications, but
significant elements of entire innovations.

*We will focus on aspects of the U.S. innovation system
supported by DARPA — Eisenhower creation; primary
inheritor of WW2 connected science model,
disproportionate postwar technology role

*Further, we will attempt to understand where DARPA
came from, and ask, how strong does it remain, as a
way of focusing on the continuing strength of the US
innovation system. Will also note DARPA clones.

SUMMARY OF MAJOR POINTS

AS WE REVIEW THIS QUESTION OF THE INTERACTION BETWEEN US
ECONOMIC LEADERSHIP AND TECHNOLOGY LEADERSHIP, AN INITIAL
QUESTION IS:

GROWTH ECONOMISTS SOLOW AND ROMER HAVE POSITED TWO DIRECT
INNOVATION FACTORS — R&D/TALENT

INDIRECT INNOVATION FACTORS
IS THERE A 3RD DIRECT INNOVATION FACTOR? S&T ORGANIZATION?

INNOVATION SYSTEMS OPERATE AT THE INSTITUTION LEVEL, AND AT THE
PERSONAL LEVEL

AT THE PERSONAL LEVEL WE WILL EXPLORE THE NATURE OF THE
INNOVATION CULTURES AT:

EDISON AT MENLO PARK

VANNEVAR BUSH AND ALFRED LOOMIS — THE RAD LAB AT MIT

BARDEEN, BRATAIN, SHOCKLEY AT BELL LABS

THEN WE WILL TURN TO AN ARGUABLY UNIQUE INSTITUTION:

EEA\?ERI:AS THAT OPERATES AT BOTH THE PERSONAL AND INSTITUTIONAL
AT DARPA WE WILL REVIEW THE STORY OF

JCR LICKLIDER AND THE DARPA CULTURE — PERSONAL COMPUTING, THE
INTERNET; GREAT GROUPS AND GREAT INSTITUTIONAL
CONNECTEDNESS

WE WILL CLOSE WITH A LOOK AT, WHERE IS DARPA NOW?

AND WE WILL NOTE THE DARPA CLONES THAT ARE EMERGING AT OTHER
US R&D AGENCIES
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Solow and Romer

ll. ROLE OF TECHNOLOGY INNOVATION
AND TALENT IN GROWTH

1 What do we know about the nature of innovation in economic transformation? what are the causal factors in
economic growth?

Professor of Economics Robert Solow, MIT --

Solow’s Basic Growth Theory:
NOBEL PRIZE IN 1987; FIRST OF THE GROWTH ECONOMISTS

ATTACKS CLASSICAL ECONOMICS GROWTH MODEL AS STATIC MODEL -
BASED ON CAPITAL AND LABOR SUPPLY

FOUND MORE THAN HALF OF U.S. ECONOMIC GROWTH WAS CREATED
THROUGH TECHNOLOGICAL AND RELATED INNOVATION

DYNAMIC MODEL — WE CAN CREATE GROWTH AND THEREFORE SOCIETAL
WELLBEING BY FOSTERING INNOVATION

DIRECT (OR EXPLICIT) INNOVATION FACTOR #1: R&D
Professor of Economics Paul M. Romer, Stamford Univ.

Romer’s Basic Growth Theory
1 If economic growth occurs primarily through technological and related innovation,

1 Then: the key factor behind that innovation is “HUMAN CAPITAL ENGAGED IN
RESEARCH”"

1 Has a “Prospector Theory” of Innovation

SO: TWO KEY DIRECT OR EXPLICIT GROWTH FACTORS:

1 R&D THAT YIELDS TECH INNOVATION (Solow)

1 TALENT ENGAGED IN R&D (Romer)

1 THESE TWO ECONOMIC GROWTH FACTORS CREATE AN INNOVATION SYSTEM ---
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INDIRECT INNOVATION
FACTORS

Note: also part of Innovation Systems are Indirect/Implicit Innovation Factors:

INDIRECT FACTORS SET BY GOV'T:

Fiscal/tax/monetary policy

Trade policy

Technology standards

Technology transfer policies

Gov't procurement (for mission agencies)
Intellectual Property protection system
Legal/Liability system

Regulatory system (environment, health, safety, market solvency and market transparency, financial
institutions, etc.)

Accounting standards (via SEC through FASB)
Export controls, ETC.

INDIRECT FACTORS SET BY PRIVATE SECTOR:

Investment Capital —

angel,

venture,

IPO;s,

equity, lending

Markets

Management & Management Organization, re: innovative and competitive quality of firms
Talent Compensation/Reward, ETC.

I1l. QUESTION: IS THERE A THIRD
DIRECT/EXPLICIT INNOVATION FACTOR?

1 ANSWER: ARGUABLY, YES -

1 THE ORGANIZATION SCIENCE AND
TECHNOLOGY —

THE WAY THE R&D AND THE R&D TALENT
COME TOGETHER IN AN INNOVATION
SYSTEM

I ARGUABLY, INNOVATION ORGANIZATION
OPERATES AT AT LEAST TWO LEVELS —
THE INSTITUTIONAL LEVEL AND THE
PERSONAL, FACE TO FACE LEVEL — WE
WILL EXPLORE THESE IN SUCCESSION.
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Innovation Systems at the
Institutional Level

WW?2 — Vannevar Bush heads OSRD and
NRDC — science/tech is integrated

Post-WW2 — Bush’s “Endless Frontier” — gov’t
role is to fund basic research — pipeline model
— segregation of research stages

R&D are separated
Plethora of agencies when NSF set up late
Result — Legacy of disconnected science

Note: No other nation organizes science this
way

Innovation Systems at the Personal

Level — Great Groups
People innovate not institutions.

It's not only the process of creating connected
science at the institutional level — what about at
the personal level, the face to face level?

Warren Bennis, “Organizing Genius” (1997) —
writes about the rule sets for “great groups”

Let’s review the organizing elements of three US
“great groups”
— Edison at Menlo Park

— Vannevar Bush and Alfred Loomis at the Rad Lab at
MIT

— The transistor team at Bell Labs
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Edison and the “Invention
Factory” gt Menlo I?___ﬁ_ar"k

'W“H' i .-_.W.

1) Edison at Menlo Park

Edison assembles dozen plus artisans and a few trained scientists at 100
foot wood frame building on his New Jersey farm — calls it his “Invention
Factory”

They work 24/7 — have pies at midnight, sing songs, recite poems

Invent the light bulb, but then have to invent whole electrical infrastructure —
generators, public utility model, fire safety, wiring

Use Challenge Model — trying to solve specific challenge, goal, apply both
practical and basic science to get there — Edison creates connected model
tying invention to innovation — all stages

Edison stands up non-hierarchical, relatively flat, 2-level, collaborative
operation

Mix of experimentalists and theorists, artisans and trained
scientists/engineers

Edison Effect — Edison has to derive electron theory to explain results —
leads to atomic physics advances

Lesson — science is not a linear pipeline going from basic to applied — it
goes both ways: basic to applied and applied to basic — and have to have
team that can collaborate in both ways
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Bush and Loomis and the Rad
Lab at MIT
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2) Vannevar Bush and Alfred Loomis
and the Rad Lab At MIT— 1940-1945

see discussion in: Jennet Conant, Tuxedo Park (2004), Pascal
Zachary, The Endless Frontier (1997)

Bush and Loomis mobilize science for FDR on the eve of WW2

Bush — Engineering Dean at MIT, then heads Carnegie
Institution in Wash., DC — becomes FDR'’s science operative

Loomis — loves science but becomes lawyer, leading Wall St
financier for electric utilities in 20’s, sells out in '28, sets up
private lab at Tuxedo Park estate in 30’s for who's who of pre-
war physics

Loomis’ field of study — microwave physics

Bush centralizes science under “ONE TENT” — makes all the
key organizational decisions -heads NACA then NDRC then
OSRD

Bush brings in Loomis, Sec. of War Stimson’s 1st cousin, to
organize defense science

Loomis stands up the Rad Lab at MIT — in weeks, after British
hand over microwave radar to him at the Shoreham Hotel in DC

2) Con’t — V. Bush and A.Loomis

Loomis and his friend Ernest Lawrence of Berkeley call
in IBhe whole talent base of US physics into the Rad
La

Loomis personally funds it while gov’'t approvals are
delayed

Rad Lab — flat, non-hierarchical — project managers
and teams, intense work around the clock, high spirits,
purposely kept out of the military

Develop microwave radar, proximity fuse — 11 Nobel
prizewinners come out of Rad Lab, lays the
foundations for modern US electronics

Use Challenge Model — challenge based on
fundamental breakthrough, connected to development,
prototyping, and initial product market

Both have the connection and authority to immediately
go directly to the President and Sec. of War
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2) Transistor Team at Bell Labs

1 Bell Labs’ Murray Hill facility is consciously modeled
pre-war on Edison’s Menlo Park, and postwar by
AT&T's VP Mervin Kelly on the great military labs of
WW?2 — the Rad Lab and Los Alamos

1 When Bardeen arrives at Murray Hill in ’45 his first
act is to sell his patent rights to AT&T for $1 — “I really
feel this is only fair. People can cooperate without
worrying who is going to get the patent rights and this
promotes a much freer exchange of ideas.” - Bardeen

1 Mervin Kelly and Shockley want a solid state physics
team of 50 scientists and technicians — emphasis on
fundamental research but with an eye to practical
applications

3) Con’t - Transistor Team

Bardeen and Brattain developed profoundly close
collaboration — scientific skills and intuition of each
matched each other — one outgoing, one reflective —
families are social friends - deep mutual respect

Backed up by AT&T’s rich industrial technical support
system, with latest equipment and tech staff support

“magic month” — mid-Nov. to Dec. 16, 1947 — they
develop first transistor

Shockley, their supervisor who provided initial project
definition, working in secret at his home adds key
features [Semiconductor sandwich vs. elec. contact
point], and tries to preempt patent

Shockley’s secrecy wrecks the trio’s collaboration
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3) Con’t - Transistor Team

1 Before Shockley breaks up the collaboration:

1 True Genius, p. 127 - “The solid-state group
divided up tasks: Brattain studied surface

properties such as contact potential; Pearson
looked at bulk properties such as the mobility of
holes and electrons; and Gibney contributed his
knowledge of the physical chemistry of surfaces.
Bardeen and Shockley followed the work of all
members, offering suggestions and
conceptualizing the work. ‘It was probably one of
the greatest research teams ever pulled together
on a problem,’ said Brattain.”

>2>>

3) Con'’t - Transistor Team

“| cannot overemphasize the rapport of this
group. We would meet together to discuss
important steps almost on the spur of the
moment of an afternoon. We would discuss
things freely. | think many of us had ideas in
these discussion groups, one person’s remarks
suggesting an idea to another. We went to the
heart of many things during the existence of this
group, and always when we got to the place
where something needed to be done,
experimental or theoretical, there was never any
guestion as to who was the appropriate man in
the group to do it” Brattain in Daitch and
Huddelston, True Genius, pp. 127-128
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SUMMARY FROM GREAT
GROUPS:

Teams are highly collaborative
Flat, non-hierarchical and demaocratic

Networked to the best thinking (for ex.,
Shockley and Bardeen travel for 2 mos in the
summer of '47 talking to the best European
scientists in solid state area)

Uses Challenge Model — fundamental science
but breakthrough application in mind across
basic, applied, prototype, development stages
— you have “to ship”

V. DARPA AS A UNIQUE MODEL -
COMBINING INSTITUTIONAL
CONNECTEDNESS AND GREAT GROUPS

1 We have discussed the concept of innovation organization as

a third direct innovation factor, and noted that it operates at
both the institutional level and the personal level. Unlike the
four personal level models we have discussed above,

DARPA has operated at both the institutional and personal
levels.

Eisenhower’s initial 1957 creation ended up as a unique
entity. It got around the post WW2 dismantlement of the

connected science model, and end of the “Great Group”
culture at the Rad Lab.

DARPA becomes a bridge organization connecting these two
organizational elements, unlike any other R&D entity stood
up in government.
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JCR Licklider - “Man-Machine Interface” / “Human-
Computer Symbiosis”: "The hope is that in not too
many years, human brains and computing machines
will be coupled together very tightly, and that the
resulting partnership will think as no human brain has
ever thought.” -1960

JCR Licklider and the DARPA Model

(see discussion in: Mitchell Waldrop, Dream Machine (2001)

In 1960 Licklider writes about the “Man-Machine Interface” / “Human-
Computer Symbiosis”: "The hope is that in not too many years, human
brains and computing machines will be coupled together very tightly, and
that the resulting partnership will think as no human brain has ever
thought.”

By 1960 — Licklider has envisioned both personal computing (as
opposed to the then-dominant main-frame computing), the internet, the
www, and nearly all the features we are still realizing

Then Licklider goes to (D)ARPA — brought in to solve Kennedy’s and
MacNamara’s command and control problem

Rare case of the visionary being placed in the position of vision-enabler
He funds, selects, organizes and stands up the support network of talent
— researchers at Univ’s and co’s — that builds personal computing and
the internet

DARPA under Jack Ruina, Charles Herzfeld, and George Heilmeier back
Licklider in creating the first and greatest success of the DARPA model
Licklider creates a series of Great Groups — these in turn have the key
features of Rad Lab, Los Alamos — Doug Englebart's Demo, Robert
Taylor at Xerox Parc
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Elements in the DARPA Model

At the Institutional level — DARPA is able to do connected science —
model requires:

Revolutionary technology development - fundamental science connected
through the development and prototyping stages

Other ways DARPA assures connectedness:

-Cook-Deegan quote about DARPA role in the Pentagon bureaucracy —
developed ability to make connections across the DOD stovepipes

-Uses funding to leverage contributions from other DOD service tech
development organizations, and promote service adaptation and
production

-Uses other DOD entities as its agents — promotes cooperation across
the stovepipes — helps assure prototypes will move into production stage
where DOD will create first market

Other DARPA Characteristics — affect it's ability to operate at the
Institutional and Great Group levels

The DARPA Model -

Small and flexible —100/150 professionals — “100 geniuses connected by a travel
agent”;
Flat organization - no hierarchy, 2 levels;

Substantial autonomy and freedom from bureaucratic impediments — operates
outside civil service hiring and gov’t contracting rules;

Technical staff drawn from world-class scientists and engineers with
representation from industry, universities, government laboratories and Federally
Funded Research and Development Centers (FFRDC'S);

Technical staff hired or assigned for 3-5 years and rotated to assure fresh
thinking and perspectives;

Project based —-CHALLENGE MODEL -

all efforts typically 3-5 years long with strong focus on end-goals. Major
technological challenges may be addressed over much longer times but only as a
series of focused steps.

The end of each project is the end. It may be that another project is started in
the same technical area, perhaps with the same program manager and, to the
outside world, this may be seen as a simple extension. For DARPA, though, it is a
conscious weighing of the current opportunity and a completely fresh decision.
The fact of prior investment is irrelevant;
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The DARPA Model, Con’t

Necessary supporting personnel (technical, contractin
administrative) are "hired" on a temporary basis to provide complete
flexibility to get into and out of an area without the problems of sustaining
the staff. This is by agreement with Defense or other governmental
organizations (military R&D groups, National Aeronautics and Space
Administration, National Science Foundation, etc.) and from System
Engineering and Technical Assistance (SETA) contractors — builds
collaboration and leverages help across DOD stovepipes;

Program Managers (the heart of DARPA) are selected to be

technically outstanding and entrepreneurial. “The best DARPA
Program Managers have always been freewheeling zealots in pursuit of

their goals”;

Management is focused on basic stewardship of taxpayer funds but
imposes little else in terms of rules. Management's job is to enable the

Program Managers — empowerment model;

A complete acceptance of failure if the payoff of success was high
enough — high risk model for breakthrough opportunity

The DARPA Model, Con’t

Oriented to Revolutionary Technology breakthroughs —
Radical not Incremental Innovation — emphasis on High Risk
Investment

Fundamental through prototype — hands off production to services
OR commercial sector

Usually works on solutions to Joint Service problems — works
across DOD’s stovepipes — and leverages them

Typical project:

$10-40m over 4 years

Single DARPA Project Manager controls

Other Defense R&D agency or outside contractor manages
administrative side—buy in

Typically combines private co’s and Univ’s, all aimed at common
goa
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V. DARPA TODAY — HOW
HEALTHY IS THE MODEL?

Arguably economic innovation sectors are best described as
ecosystems and Marco lansati and Roy Levien have arqued (in The
Keystone Advantage, Harvard Bus. Sch. Press 2005)) that within these
systems are keystone firms that take on the task of sustaining the
while ecosystem by connecting participants and promoting the
progress of the whole system.

lansati has also argued that these innovation systems start to decline
or shift elsewhere where the keystone firms cease being thought
leaders and instead shift to what he calls “landlord” status. There, the
landlord shifts to simply extracting value from the existing system

rather than continuously attempting to renew and build the system.
Does this analogy apply to DARPA?

DARPA appears increasingly focused on a problem DARPA ran into
the end of the Cold War and its higher levels of procurement — the
breakdown of technology transition into services. However, rather than
attempting build a new basis for revolutionary technology investment,
DARPA has been retreating from radical innovation to incremental
innovation, shifting investment into late stage development

Is DARPA Changing its Model?

DARPA has also been growing its black programs, which has meant
cutting back on Univ. ties and focusing on a much narrower group of
innovators, largely in certain secure defense industries — this means
greatly reduced mindshare in the technology community engaged on the
problems DARPA must solve.

So: Cutting back on breakthrough model, its historic mission

Cutting way back on IT funding — down to around $140m — not pursuing
breakthrough IT advance despite past leadership in this area. Budget
analysts report that shorter term incremental work space launch and
satellite “repair” are taking the growing part off the DARPA budget.

“Up or out” review process — placing R&D on short term course with
frequent policy reversals/turns that limits the ability to mount creative

longer-term investment programs so important to past development.

Heart of DARPA creativity in the past was in highly talented and .
empowered project managers. However, the role of project managers is
now sharply curtailed by a centralized management approach
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Is DARPA Changing its Model?

DARPA has always been able to pick the brightest technologists in the
nation, which has been crucial to its advances. However, critics are now
saying that DARPA is now having trouble filling its positions.

DARPA in the past has operated in both the civilian and defense
economies, understanding they are the same economies. It has spun
technology off to the civilian sector where it has further evolved enabling
DOD to buy it back at radically lower costs and taking advantage of
civilian advances, as in computing, or for defense only needs like Stealth,
spun it off to the defense sector.

Increasingly, DARPA appears less interested in civilian economy, despite
DOD’s increasing cost crisis and the need to take advantage of advances

in that sector. Despite DARPA’s historic role in successfully straddling
both sectors, one DARPA leader has referred to advances in the civilian
sector as “NSF’s job” despite DARPA'’s need to play in both worlds.

Danger that DARPA is retreating into lansati’'s and Levien’s “landlordism”
— not renewing but living off past advances

Other Aspects of US Defense
Technology Leadership — Also In
Trouble?

1 CSIS Report — disinvestment in fundamental
science — leadership comes out of this area

1 DSB Report — disinvestment in areas of critical
advance in IT

1 Defense Personnel problems — affects talent base

1 Civilian Sector reports — Council on
Competitiveness, National Innovation Initiative;
NAS, Gathering Storm

I These issues not being dealt with at DOD
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VI. DARPA CLONES EMERGE

AT OTHER AGENCIES

1 Homeland Security Dept. — HSARPA- in
law for homeland security R&D

1 Energy Dept. — Congress proposing
DARPA model for DOE entity

1 Cures Act from Congress — proposes
HARPA at NIH — health advanced
research connected to applied
development

1 Biothreats Act from Congress — proposes
BARPA — for connected biothreat R&D

VIl. CLOSING SUMMARY:

Growth Economics posits two direct/explicit innovation
factors:

1) R&D (Solow) and
2) S&T Talent (Romer)

Is there a 3rd Direct/Explicit Innovation Factor?

Arguably yes — the Organization of S&T — how you put
together your R&D and Talent into a system

Operates at Institutional and Personal Levels

Looked at famous examples S&T organizational success for
common threads

Menlo Park, Vannevar Bush’s and Alfred Loomis’ Rad Lab at
MIT, Transistor team at Bell Labs

DARPA as a reprise of the connected challenge models at
Rad Lab — operating at the institutional and personal level
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Closing Summary, Con'’t

These institutions are deeply collaborative, flat, feature
close-knit talent, democratic, flexible, are oriented to
breakthrough radical innovation

They use a Challenge Model for R&D - move from
fundamental back and forth with applied, connected to
development, prototyping, and access to initial production

Follow an innovation path not simply an invention path

Like all human institutions, these organizational models are
transitory

DARPA as a unigue model — operating at the institutional
and personal level
DARPA model has been the longest lasting — unique in the

federal gov't — seemed to be the most capable of ongoing
renewal

But that DARPA model now may be being shifted — part of
an issue over continued U.S. defense technology superiority

Meanwhile, DARPA clones proposed in other agencies
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Patenting, 1991-2001

+ Does the pro-patent policy for public sector research in Japan encourage
industry-university-government co ion in patenting?

¢ |If so, did the collaborati

important patents in
biotechnol
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1. Introduction and Motivation (cont.)

« After the enactment of the Basic Law on Science and Technology in 1995,
a series of legislations were implemented encouraging collaborative
research among industry, government and university. (Table 1) .

+ Major policy initiatives, such as TLO Act and the so-called Japanese Bayh-
Dole Act, have been i u n

Table 1 Major Policy Initiatives relating to Industry-Government-University Collaboration in Japan, 1995-2002

Year Initiatives
1995 The Basic Law on Science and Technology
1996-2000 The First Basic Plan for Science and Technology
1998 The Law on the Promotion of Technology Licensing by Universities, etc.
1998 The Law on the Promotion of Research Exchange
1999 The Law on the Special Measures for Revitalizing Industrial Activities
1999 The Law on the Promotion of New Business Incubation
2000 The Law on the Enhancement of Industrial technologies
2001 The Council for Science and Technology Policy (CSTP)
2001-2005 The Second Basic Plan for Science and Technology
2002 Biotechnology Strategic Scheme
2002 The Basic Law on Intellectual Property

— 266 —




Table 2 Public Expenditures on Science and Technology in Japan
(billion yen, fiscal year)

2001 2002 2003 2004

Energy 685.6 705.0 671.4 682.6
(Nuclear Energy) (370.9) (338.3) (340.6) (302.9)
Manufacturing Technologies 23.2 16.4 19.8 20.3
Infrastructure 266.0 2554 256.1 263.6
Frontier (Space/Marine) 306.2 295.3 302.9 281.4
Total 2003.1 2027.3 2047.9 2091.4

Data Source: The Council for Science and Technology Policy (CSTP)

Note: The above figures do not include the cross-disciplinary research and university research expenditures
(around 1.5 trillion yen every year).

Patent data:
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2. Data (cont.)

Retrieval of Patent Data from DIl and DWPI

« Date of search: 1 March 2004
« Priority country: Japan

Table 2 Technology Classification

# Classification
38 1 Genetic engineering
ig» 2 Gene analysis
=
E 3 Embryological engineering
2 4 Protein engineering
@ 5 Glycoengineering
3 6 Gene function analysis
§ 7 Protein conformation analysis
% 8 Protein function analysis
: 9 Glycoprotein gene
g 10 Genomic drug discovery
2 11 Genetherapy and diagnosis
§ 12 Nano-biotechnology

13 Bioinformatics
% 14 |[Cell
3> 15 Microorganism and enzyme
% 16 Genetically modified plant
E 17 Genetically modified animal
§ 18 Biopharmaceutical

19 Biochemical product
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3. Assignee Name Matching

+ First, we matched the first assignee with the other co-assignees in case
there were multiple assignees for each patent.

« Second, we retrieved the Japanese assignee names (written in Japanese)
from the 11P Database and matched them with the DII/DWPI patent data by
using several patent numbers with distinct kind codes. The remaining
missing assignee na ent i DL (Intellectual
Property Digi

3. Assignee Name Matching (cont.)

Classification of assignees

Single assignee

corp : single assignee is a corporation.
gov : single assignee is a government research institute.
univ : single assignee is a university.

Multiple assi

institutes.
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3. Assignee Name Matching (cont.)

+ Many individual assignees (as well as individual inventors) had their own
institutional affiliations, but their true affiliations are not shown fully in the
patent documents.

« Thus we searched the original affiliation of all individual assignees by
using the search engi fY land G )

Figure5 Corporate patent (single assignee)
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Figure 8 Number of patent filing (corp_corp)
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Table 3 The top 5 government research institutes in biotechnologies

L Patent Thetop3 Thetop5

# Organization %

rganizal application ’ (%) (%)
1 Japan Science and Technology Agency (JST) 676 251
2 National Institute of Advanced Industrial Science and Technology (AIST) 528 19.6 56.7
3 The Institute of Physical and Chemical Research (RIKEN) 322 12.0 704
4 National Agriculture and Bio-oriented Research Organization (NARO) 191 71
5 The National Institute of Agrobiological Sciences (NIAS) 177 6.6

Total 2692

Note: These data are based on biotechnology patents whose priority years are from 1991 to 2001 and the priority country is
Japan. The top 5 research institutes are defined by the order of the total number of patent application since 1991 through
2001 in biotechnologies.

4. Corporate Patent by Industry (listed companies only)

+ Corporate patents filed by listed companies are not dominated by bio-
pharmaceutical firms, and those patents are filed broadly by many
industries. This would be starkly contrasted with the situation in the US.
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Table 4 Industry classification (listed companies)

# Industry classification

1 Food

2 Textile

3 Paper and pulp

4 Publishing and printing
5 Chemical

6 Drug and medicine

7 Petroleum refinery

8 Rubber products

9 Ceramics, stone & clay
10 Steel

11 Nonferrous metal

12 Fabricated metal

13 Machinery

14 Electronics

15 Transportation equipment
16 Precision instrument
17 Miscellaneous

18 Non-manufacturing

Note: Industry classfication code is based on the JDB Database (Japan Development Bank).

Figure 13 Bio-patent by industry (top 8 industrial sectors; listed companies only)
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5. Patent values and assignee types

+ We used citation counts by subsequent patents (forward citation) as the
patent value measure.

+ Following Jaffe and Lerner (2001) and Hall, Jaffe and Trajtenberg (2002),
we ad{'qusted heterogeneity.concerning propensity to cite on technology field
in each year.

Table 6 Summary statistics by assignee type

Observation  dif_dciting pat_size science_ratio tech_scope fam_size claim bwd_cites

corp 20683 0.05 15.95 0.08 2.03 2.32 7.39 2.62
(4.28) (18.00) (0.19) (1.44) (2.85) (8.31) (8.30)

gov 1419 -0.22 48.72 0.08 2.50 2.05 8.35 1.06
(1.85) (59.89) (0.21) (1.66) (1.63) (9.06) (3.38)

univ 877 -0.12 4.52 0.11 2.42 2.17 8.60 1.34
(2.09) (4.71) (0.23) (1.60) (2.14) (9.65) (3.49)

corn cor 1360 0.10 9.60 0.06 1.73 2.14 6.84 2.59
p-corp (3.37) (11.87) 0.17) (1.11) (2.39) (7.28) (7.10)
corp_gov 792 -0.24 18.36 0.07 2.17 1.85 7.53 1.37
- (1.75) (27.65) (0.18) (1.56) (1.80) (7.58) (3.99)
corn univ 1009 -0.24 7.03 0.09 2.27 2.04 8.30 1.58
P (2.92) (10.56) (0.20) (1.61) (2.08) (8.02) (4.57)

Note: All statistics are based on biotechnology patents whose priority years are from 1991 to 2001 and the priority country is Japan.
Standard deviations are in parentheses.
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5. Panel regressions (tentative)

+ We employed several panel regressions using normalized citation counts as
dependent variables.

+ Main findings are as follows:
1. corp and corp_corp (i.e., joint. application by corporations)
produced highly valued patents on average.

erore especially since

6. Concluding Remarks (tentative)

« There are significant differences in patent values among assignee types.

+ Each assignee would have distinct incentive to patent. Propensity to patent
by government research institutes and universities were rather weak, but
began to increase since 1998.

+ The pro-patent policy in Japan is likely to encourage public sector
(especially government research institutes) to file valuable patent at least
since 1998, although the value of government (as well as university)
patents are Vi rt co e
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