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R&D of SiC semiconductor power devices and
strategy towards their practical utilization

— The role of AIST in developing new semiconductor devices —

Kazuo Arai

The realization of SiC semiconductor power devices has been highly expected to contribute to energy saving, however, it requires
overcoming various technological barriers. AIST has been contributing to this objective for more than 15 years mainly through
participation in national projects. Corresponding to the changes of organization of the institute, in this paper, R&D activities for the past
years are described in three parts, i.e., 1) the R&D targets, 2) the major issues and strategies for overcoming them and the main results, 3)

the evaluation of the validity of the strategies, and lastly, future issues are suggested.

Keywords : Silicon carbide, wide-gap semiconductor, wafer technology, power semiconductor device, power electronics
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Development of single-crystalline diamond wafers

— Enlargement of crystal size by microwave plasma CVD and wafer fabrication technology —

Akiyoshi Chayahara*, Yoshiaki Mokuno, Nobuteru Tsubouchi and Hideaki Yamada

Industrial application of diamond has been limited to the use of its hardness, e.g., in machining tools, because large size crystals of
diamond are difficult to synthesize and very expensive. If these problems are solved, it can be used for various purposes. Diamond is called
‘an ultimate semiconductor’and is located after SiC or GaN in the semiconductor roadmap. If power electronic devices with diamond
are realized which utilize its operability under high temperature and the highest thermal conductivity among all materials, the inverters
for automobiles can be operated without cooling devices, which lead to energy saving through the reduction of power loss as well as the
reduction of weight of the cooling system. The purpose of this paper is to report the process of enlarging the size of single-crystalline
diamond using vapor phase epitaxy and the fabrication of diamond wafers.

Keywords : Single-crystalline diamond, microwave plasma CVD, crystal growth
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Investigation of the distribution of elements of the whole

of Japan and their applications
— Geochemical map of land and sea of Japan —

Noboru Imai

A geochemical map of the whole of Japan has been drawn for the first time by surveying the distribution of elements in land and sea throughout
Japan. This map revealed the natural background of the elements distribution and allows us to know the continuous flow of elements from land
to sea. The samples used in this work are 3024 riverbed sediments and 4905 seabed sediments and 53 elements including toxic elements of As,
Hg, Cd, etc. have been analyzed. In this research, a new survey method has been established for a certain district at first and then it has been
applied to the whole of Japan with modification taking realistic operability into consideration, and the object has been extended from land,
sea to soil. The geochemical map is also used for evaluating the pollution of soils and marine sediments resulting from human and industrial
activities. The results have been made public through publication and website and have had various social impacts. In this paper, the research
scenario adopted to compose the geochemical map of Japan is first described, then a series of research processes are described starting from
material sampling and treatment chemical analysis, measurement of element concentration, composition of geochemical map to data release.

Keywords : Geochemical map, distribution of elements, toxic elements, environmental pollution
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How car navigation systems have been put into practical use

— Development management and commercialization process —
Hirosaka Ikeda' *, Yoshinobu Kobayashi” and Kazuo Hirano’

Japanese manufacturers have played key roles in developing practical vehicle navigation systems (hereinafter “NAVS”). The NAVS have
spread throughout the world and have become extremely useful. The market size in Japan alone is considered to exceed 5 hundred billion yen
a year. This system could not have been achieved without the development of a scheme to create a nationwide digital road map, subsequent
map creation, methodology to provide traffic information to vehicles, GPS development and its utilization in the United States. Much effort
has been directed toward laying down infrastructure comprising these factors. Furthermore, it has been also necessary to develop the required
software and hardware for the NAVS including location detection techniques such as map-matching, gyro sensors, displays, memory and
microprocessors. The NAVS are presently evolving as onboard information communication systems. This report describes their development
and commercialization, which started even before the requisites for the NAVS developed fully, from a development management perspective.

Keywords : Car navigation system, map database, map-matching, gyro sensor, route guidance, VICS, GPS
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New material development by the integration of cast technology
and powder metallurgy technology

— A high-performance hard material which used intermetallic compound for binder phase —

Keizo Kobayashi*, Kimihiro Ozaki, Akihiro Matsumoto and Hiroyuki Nakayama

Hard materials made of ceramics combined with metals are used for dies and cutting tools that support high precision processing technology
in Japan. Hard materials, however, need a large amount of rare metals that are scarce as resources as component and hence developing new
materials with less dependence on rare metals has been expected. We developed a new hard material with Fe-Al intermetallic compound
as a binder. This material was synthesized by a process combining casting and powder metallurgy and exhibited high hardness and high
strength simultaneously. This paper introduces an approach to “Type2 Basic Research” in order to apply the developed material to industrial

use, and a method of efficient research and development through the collaboration of researchers of different specialized fields.

Keywords : Cemented carbide, FeAl, mechanical alloying, pulsed current sintering, die, cutting tool

1 HRDER
SERPLTHELTESHWONRTWABEEIE. Y
LlAbs v 7 AT % 37NV MCREE D72 B R B TR 7
HEMETHY, KO EOHBYHR 5K EE O S
FR VLT HEREIN LRI IEA R E L > T
Who EREG ORI, FRATE oA T E i
(& 2007 422 3500 R % 2 2 AL GEEAE B 17 23 f
i ICEFTHELTWS, —hTIde iRz 1% bo
FERIZEY, Fo 7 AT a0 ARk b 7 B2
FRCARLEDTTTET WD, FRIZT OV MIH A OAliFE 22
BOWL WL TAZNVTHY, BB M A S S L
GIRAEBEMOBRENEIN TV, F2C EHMETH
TEREZAT 9 % BV 70 AR AR & B> 2 28 L WA
B OBIFEE BIR LT BERAT COMEIBIFEAA S — ML T2,
BEMB AR T2 48R E LT BIRMICET Tk

WEELTWAEE V2V EWI T = —ZXDSTETERIC
bolze LU, SRIZRALY (Aby > 7 AT 45 L
IBLR TVl ULV FER EORELMELAELT
Wzo T, INFTHEMAMELBEE A
EALFERBIZWIZo TR0,

—77 BGEOFEHEELT MLGHICBEITS
HIRT TOFMARDONT VS, ThiE. BTN
THIZBWTIIEHEE], MO %2550 TH
0. SRTIEEED 2 VIR TORIEIN T2 EHT5H
MiE7b, INOLOFMIE, BWEHOZ AN F 4T E%x
IR T 2 2 L12D%D3), K CO, #EEDFEJUCINT 728 L
W LRI BHDTH LD, ZD0ICIE, BEAEED
FEAARC B2 A 535 2 LUK TH %o

KETId, ERFCRIBLZ8TVIFA FEBELE
Wtk EME T LA 4 U % W7 2 B 45

FESEFAMAETISEHT FAT T 70~ 7Y TVITERM T 463-8560 i BT ILIX T AR AN 2266-98
Materials Research Institute for Sustainable Development, AIST 2266-98 Anagahora,Shimo-Shidami, Moriyama-ku, Nagoya 463-8560,

Japan 3 E-mail: kobayashi-keizo@aist.go.jp

Original manuscript received July 30, 2010, Revisions received August 25, 2010, Accepted August 30, 2010

Synthesiology Vol.3 No.4 pp.301-308 (Nov. 2010)

— 301 —



WFEaR S Sl & By K SR ORLE I X 2 HA B E (VR

DOFHICE EE T LM R AN 2 KPR fili R
BEMOBAECETIETC RALEMELFTELLD
22212 X BRI 7 7V — T TR I X o TS LT X 7
BRI WTHE T 5,

2 WMROBNEER

A A O #MEZ, St e SR Lo
TYEET A0, 1990 EE L RFHEELADT OV
JhELTRY, REAEZE, ENFZERTIC Ko TRAIC
WM ENTEERBILEMORAPHER7ZEE LN
5o SERMALEWNIR L 548 TR TR S 2B M
THY. LI Iv 7 ALEBOPRIN IR T2 8L
LTHILNT WS, BhTOTNVIZTLAEEL " TIVIHA
R LRI % 4 IE LA W3 i BE o ¥ i BEAR A 2 7R
FTHOHY., - SR TR TE 2 &R S LT
fFENTwb, ERITRINTE TICRHMAEEDMEHED
be, BEHMCIATVIFA FEEEILE o a1
HZOWTHIZER 1T o TETBY, F¥ > TIVIFA K (TiAl
2 TiALSE) 27V IFA F (FeAl % Fe,Al %) a4
BRLEMDEREIT>TEe TVIFA FERMLE
WiE, HEACHEZEORELITETHEIN TV ST
B, ORI R SR B TR SR EL iz
RIS - il v T a AB 2 L7, L
L. BRL-EBEE L2720 Tid k7 VIFAF
SEELEWOMBEAHALRY, To R ER 535
ZENTERD o, TRFEUEH, ERFCIE~T AT Y
LAEEORMMRE AL L TRIE T 28BN E LT B
R HAM OB AT W 2 TRV I LGSR
POETIZIRETIMERE T4 EI2E-T FFV ba
C— W2 B SE2=7 2y MEOE & MBRBOHILIC X 25
BRI 2 FICEHT AL DTH B EHIZ, TIVIFAR
SREALE YOG EE LT RREHMIC ER L.
AR ZANT A ¥ 7 FEE OO TV I R4
BEALE oA RHAA P Iz on T RET LTz,

—7i. WC-Co A 413 A kB L OV LG 7 1t 212
B3 2 ANEIZ R SN TR, R 2 S S 1A
AL L 72M KB 38 2 T S ZE D3 T b T Wiz, AR & 4
(I EAy DAL - SR AL & & BT DT
L. —HEOKIAMEDSRDO LN T, FFIC, itk 2B
DREVIIIV MR EFREEDOENY VT AT 12D\ T
& D VB HLEAR LB E ST wiz,

ZZT HERIEEHILG YOS TGP &
TG CB A R BEME R—RAE LT, TIVIFHA FE)E
LAY 2 R A& L7z 7 e RV A R 2 B 6 3% 720,
INSOEMEZRALH LT 0t ABM OB I

— 302 —

FLize Thbb, BEGEOKEGHELT Confibl
12 Fe & Al BERGBFET AlOAILS S, 2Dtk
FeAl & BHALEWHEZ G TH27 0 A% HIE L7z, &
OFMEMCBLZET, STV IFA FERMLE W%
GHELTHRALY v 7 AT R ALF 5 >y LT 5 &0
REER T L BEAAL U7 2 2 4 358 LR A R 2 32
MTELIDELEZ Tz, T WRTHIEEM RIS
SEORBED—HEAFTE D IHI, ME 900 Hv YLk,
M RET 2 GPa# B2 A L HEEE L7z,

3 BEORRICHIFEHROYFUF

COFAMFFETIE, AR S 2 B R O
BEEDIHBRFETHT VIFA PSRBT
LCHEE R & SR BL M OFEMEZ VIR D 52
PEREMEOEMIBEZ AL TAH281hb, TNET
V2 BPE R O Z LSRR (7)) 74 —2) ZAERLT
B 7287V I FEE L E Y 2 T A 577
R0 BEL 7287V I A REEBALS W O IR 1
DMK ZRA LTI T2 EEIRE ST, il
HRT- & DBEAE DR Z2DIE WIREE IS Tw i
Vo FITC, ERIICIERLE CTHh L RIER L. SR
LA ERE T HEM KRB LTIV I = LB R 2R
BREBHINC Lo THREIMICR AT 2702 W %2 E 2 72,
SGEBRIFHOBEEEZGL TN L0, MER T2
BWELEDPORAETELLDOEMFFL7.

ZIT INFTORMEEORE T O ATV
ZHWT WC-FeAl 44 (WC-8.6mass%Fe-1.4mass%Al)
ER Lo WCHEK. Fe kK. AlKELBIHOMBIC
BAHEINCHALTT 472X ABAZITO, 1440
CCTHZEREMEZTo7 ChETOBMAEIMEAHE
B S E RO BERS 2 AT ) AR TH Y. WC-FeAl
DY E DR AR T ORERLYETHICEE
T OBEREPLETH 572, fEONITBERHHRIIKATT
800 T L THOBENMMRALYEZ IR . BEAG K% Z4IH]
SMIE (HIP) AP % & HidriEid KT 1.8 GPa %
IRL72o 7272, BONTBERRORBEICIIRERIETHDOE
BhHY, ZELIBEREZERLEWCEDDr o7z, T
W, SO Al BSEZERR IR T57:0, G
HOMER B —E LR LRV EIGRER LT WS, 72,
Iz ALZEEB PO BB~ E T2 L8
Bash, fERk7at 2255 WC-FeAl B4 40 /EH
ZHEETH A EHz BNz,

BEREED Al O#FsZ. R TORAITLY Fe & Al 2°
THRISL ol R EZE 2O, KEGRE
THEEERTELHRNBEEHETH A= ANT A

Synthesiology  Vol.3 No.4 (2010)



WFEaR S« Sl & By K SR ORI X 2 FA B E VR

Y7 (DR MA Litd) % WC-FeAlIZH#H LTHA7.
INFEFTIIMAICLETIVIFA FEBEILAEM DO AR T
X, TELVI 7 RAROEGEHRBERINEZENHALN
THBY, Fe & AlOAELHHEIT T2 F TREFH O
fio7z0 REBLTANF—TRRMO MA WLHZEFTH L,
TR L A AL OB DR AR D, AR T OBER
RSN 5, FERRIELAR AN INVEH TR O
MA 24T\, BERELTHA S E 1200 CTHBUE 2 BERS1K P
(s R R O VI B/ N DN 1% (Wb o1 X U NVOE e
BREEIE 0.8 GPa LA <, BREDN LA Mo THi A%
BN TATLEBMOR L2 ST O L. Bekbitko
BREWEIIE DR SR ol Thbh, ThETOM
A4 3% 7 0 A% J8 IR S8 7228 B 56 Tld WC-FeAl
S S HNOREE TROL LI TE o7 Z
DFER, WbWB WO 12y, S¥EEoILFEFIED
BT EF, EAEANDOBIIHS Iz L) IBbh
720

ZIT INFTORBAESHEE T O A»LHEN, 4
BfgE NV —F CTTEN T 7 A KONV T T L L
THIZE LT E 7 VA B EBER Bl 2 WC-Fe Al Bl A 4
DBERINIOH 5 Z EAFF IR L 720 7OV A EBER1Z
B CTIMEZEAT 2SS FIRIE 2 AT 5 2 & THRIRER -
IR TR 2 BEARS R A E RS 2 5 CTH D BIAHBERS I
U7 BEAE TN T Do 7272 WAHE ) BREA SO BE
RTINS XD WAHA BT 27280, WE VT Ov R
EEZTW, L, MAIZBWT WC B EKE Fe ik
EHICIRESNTWSEH, Al L Fe ldnLTwW ik
ECHEAS AT & BERS WAL T Fe 2563 5 Hi11C Fe &
Al OIS CTEBHALEW D ERTHZEE R L2, 20
ROSEFHT 5L, 7OV A BRI B KR (660 T)
TAIDERL. ZD% FeAl &RMALEWZ AL 20
SBEREAHEST T 5. WC-FeAl BEA GO Al &4 81X

b} | Wy dul %)

@
© @

1 Bi3EL7: WC-FeAl @& EDIER 7O A

Synthesiology Vol.3 No.4 (2010)

JNIVR BB

DENTHL72H, MEXIToTHHEKLZ Al DRI
MAROZEZRRZEMTLHRETHHT2HLITROON
Lol Fiow CVARBBEEREEZ W2 ETHEMO
Va— VB XD BEER O E CHSEITmET L &
WCTEZ, —OBRIESET Ot ZDNERIERIZIZH
BROBEEA B CON D05, HL7: ALIZZOFEHEHF
DREERTOIOLEZON S, Al DEHLIZIRET
DOMEICZ, FERTEHAM L 2 F E A=A LTH
V. Mg BEOFERBIEEM TRzl ez ATs2 L
TRE R EREER T LI L. B, Fek
AlDRIME DT R FHMEEI R THY, SEHLE
WGB3 DR EAL A U TRILZ BT 5
B ZOBOMBN LTI THI LN TE
L7t REM I OXHITREND, TOT LA
TR H M7z WC-Fe Al A 4 el A 1% H AR 0 L i i
EWERIFIZZ)T L X iE MR e LT
DHBEEVTHIENTEZ, REGDOIERT ORI
Wik, ZROFLWEEHERER T T AL VA EE
Bed; O 2 S F LW BERE RN 2 BAT A LT EERE
LAVTIRBH DD, CNETOBMAEO—H%EE SRR
BIENTELMBZRIETEI, 7272, ThEFToMM
BEICBOTITHEE L SNT W ARG 72 2 7 2 B
EFUZZIFANSNDHDTIE AL T 7055 7 BERS % A
ELBEETHI LD, BBEBROBEIITEbDDE
T~ OWFRRFIATEFE D IELOHT W,
WP TELREEZ DL CTAHLE, BRA
GNZT B IR D T2 LIXBIRTH DA BRE
GBS M I BERS Bl 2B 3 2 Anak. S % il
5% 720 ORI IR 2 BT 5 B S O Mz A5 %
R A3, BE ARSI C AL 3 2 MU U 72 BRI B R %
Hy ENEFNOT Tu—F o iR EdETE2 s
WREPSIZERDNL, TOMFER. INFETORBREEESE

BEIE

BER LTz Al BSRFZBIE|

JNIVRER

— 303 —



WFTEaR S - S HAl & By K SR ORI X 2 HA B SE (U RIEA)

LT 0w AW SR, AR EAICIE D Wi
T RIS DEEZLND, FNEND
7 70— F CRERIICIHLAZZ O, RISHENTHH5
2 FEIERRAE e 2> © T ALICI A ) AT — Y TldEhEh o
Wf7es OMYER TN L == 7 PR T2 LM T
X7

4 FE2EERMADSEALHFN

LB L7 WC-FeAl MM & 42 FEHAMR L LTE
K3 H2iE, AMEZTHEL AV THERLTHLSR 503
EROFBIENEETH D, 1275 FLOMEEZH LW
T ATERLUTRE OB EZRLTH, hkhrg
ATAMBHIIDHATE S 2B EFHN LV, 7272
BONLERICOVTILE EEE T 558 (AR RG4S
e SoRTHIHELTE20, MEERDSIIED
BB SIERIN TV L) TH D, £2T —&US
AR 2 FALT D720, KEZFEALL 72808,
ARXA=TV P OREPARBILE L TLEET— 5 2 BT
HTEIZL7e FEIZINZF U 2 ML EEmrgE &1
B, KRERPAETIIIAZPELEBLIOSVNEE
2z ENMLICHT 27— 5 IR To720 DD,
RO NAT27b0I)" Tudz 7 EEHL,
WC-FeAl 24 ME LCEALT 27200 F — 7 — N fifd
L7z Tbb, OEMAMNBRRESOEREERT L7720
DORBIBERERERL, @ WC-FeAl A E&OMTaA
M3 2720122 E TOMLHEMZ L2 EFIT. ®
i C O A TR 2 288 L 72— 3 NS X BT —~ v
Tav otk BEROZOOHEMMEE L, B, #
BREOEEDATIIHNIETELVWIEDTIN LD, K
FRNEOH N MNE A2 HEAL 72
RIUBERGEROVERTIE, R T TR AZBWT AL

X 2 WC-FeAl @640 KRB A OBl

— 304 —

ZRHLINERIEEZIT> T A7, ALEAH 2SI
AELTER L. BROBEHSLBINESIATRDZ L
Wb otz. ERIFO/ VA BREESREELVERBIO
METIOK & % BefG2ETE 2 FIH 35 2 & THRBERF7E L [ Ak
DOUREEA THRIBERE R ERCTE, AELAKA
BERSROHBIZ I 2 1IR3 MO ERE L CHIHTE S
BEOKEZ (140 mm) 2HLTW5S, Tz lE %
A GO PN TIEREIN LR 74 Y — v MY
HENTW5E, T, BEAES»HETLHECEEEL
FH L2 IEM THh D, FFEL7: WC-FeAl BEfifAD 2
NECTOBMMAEEEFKICHVEBEEEZAFL VLI LD
5. FUMTEMHFICTIAY Ay MRBEMN T2 532
ENTE, Fow INFTOBIEEEDTIAY—H Y T
T A LS LTE BT 555, WC-FeAl @Al A 4
Tl FeAl O EHOR S & LTGS2 LS
FERR S NIz FEBHIT BRI ThERS L 72 WC-FeAl BT &
G ML A=A =R LU CTE R (BRE) ~mILL7z
M EONBUIK 3 ITR T ITBIEA 4R 4R L [F UAL
EABYTHorze ML MERRR S ChF ToORBMS
GEFUCEETHLI LN, TNETOREA LR
EOAANTAMBEM L TELI LD IR TE 2O
IO &M ErRBREESFTHEHATLZ L TEIE B
T AINEL TR T IS TN 2B E TRl 3
BHIENTE, MTICET 2T AN F— DA IR T &
bo —MEOEMBESETIE. SREZARG LS MHT
LTENHY, BAIAEE KT 900 TITEAL 724,
KPICEEHTEBRET>Th. AR
F412RY, INF TOMMA S TIIRRILO#EITIRE
v REHTMEL 72308 O RN AVE U CTHZE
BLTBY, BSEITIEBINI T Ty 7 ALz —
Jiv WC-FeAl @& 43R M OCRILIEAEL TR R
BN DD, 7Ty 7B EL eh oo 2O EN
BEI%E L7 WC-FeAl Ml A4 1 RAH TmE LT H ML
LI, ZFD®BARGLTD T T v 7 DIER DI M ET

3 WC-FeAl iR D58

Synthesiology  Vol.3 No.4 (2010)



WFEaR S« Sl & By K SR ORI X 2 FA B E VR

HH., BlHOSRMEE LTRSS,

512, WC-FeAl BAA 4 3HA % > 701l 1212
BWTHINF TORAMA SR O T8 B TR o
THE LN, BHHMEREETLR-VIZVFIVOH
T EBEM T TEI BONTZAR—VT Y FINDYg
UERIE 5 D &SI F TOMEL FEON TAEH T
XCTW\Wbe 7275, AR—VI RIS ER D A 54
BEMEHLTEY, #ERONA ZFEE A FHFIC X - THE
ALTWwh, iU, BSLz7 a0 A TIERNBER KD
FREMERTELRVWDTHY, SHOBETH 5,

NSO 2 FIEBERFZE DM R AL~ DBl % K
EHMEL . BB EZEBIMEH L TARIZVEW) 3D
BT TEIz, WINOMEDHALTOMEHELEZ MG S
NTHY, Lot 2AHMZEAL %55 B0 Bl
LRA SELZLICE) BB IOFEE L EMET L TR
EVIFHETH o7, 2T YHITABIO SR Z O
ELTC MBA—D =R T A =% — %% &R AT SEAR
I CEAMLBET 217> TV,

WC-Co WC-FeAl

10 mm

4 RKEHIT 900 CH HARIPANGH L7858l
WC-Co (BEHH) 13#NTVB2, WC-FeAl idfln gl

M—ILIV RZ)b
H5EER © WC-FeAl

5 WC-FeAl THMIELZR -V Y FINVOSHBL

Synthesiology Vol.3 No.4 (2010)

5 EZ

FI%E L7z WC-FeAl @A A 41345 A4 HIC FeAl &E ML
BWERHALLHLWEEHETHY, ZhETD WC-Co
WG EOMEEZ RN TXLWREDLD 5, 2L
INFETOBMAEGEORKEMTH S Co BRIy H—
AMEREET 130 Hv TH Y, ALY ¥ 7 AT X0 27 )ik S
POMETH L, ZD720, KIEZHE LB G
CREER T OIS TIIZIAEL B, —J. FeAl &8
LEWNIE Y 7 =2 A 320 Hv TH Y, 2R K
FTHTIIZIEFMATHLDEEZ LN L, Z2T KEH
DIEKFEE E%ZFH 27 WC-FeAl & & BIOINET
D WC-Co B G &% #A XY FIR THIHI L. K
FAXEYNIAZ A =R (DLC) ZANRyFTIA—T4Y
7 L7120 FNENOFFNI BB HFEI O S 13 85
A& 55034255500, WC-FeAl Tld Ra=4.3 nm
THYH, WC-CoTlE Ra=5.3 nm &7 > Tz, WC-FeAl
EFEEMATNT=D, FIEIHIANE S22k 572bDEF 2
bNb, TNENORERA O IR L7 DLC EO%
EWNEAZ Ty FRBIZLDMELTALE, WC-FeAl D
Jih3 25 % FEEEFIBEIC W B E A% { 2 572 DLC B
SRR E OFHIEREB 6 DX )T, WMRER TR
FEEMO R % DLC AT AE LTV 5 2 EA RS
N7zo WC-FeAl & DLC B0 R % A EIE: 35 &\
S REABg s, IS A L IL T v
ISV LD INT W2, WC-FeAl TIERMIZ#E W

(a)

(b)

30nm

6 DLC I & R84 4 0 B8 O HoHRLRE Bl 5%
(a) DLC/WC-FeAl %1, (b) DLC/WC-Co i

(a) @ EDX2 % CTHALT VI H K

— 305 —



WFTEaR S - S HAl & By K SR ORI X 2 HA B SE (U RIEA)

BALT VI = 2% HEHEOTER SN, BT Ol bk
AEFEENTVDLHDEEZ LN LD, FilfHETHEES
N7zZOHVEIE DLC L OB A2 WHETLMEDOD
B ENbh otz WA ORI DLC Kx BT %
LV ERE I E OBEEIVER 5T A 2 S It s S,
FEB, 72Ty AHER A DLC e a—7 4~
7 L7z WC-FeAl & THHIKE ML LTAL L, N
TROBIEMEL KR TESZ Mi‘ﬁﬁ?&f‘%f:o

fFE L7270t A THER L 72 WC-FeAl #E5 z
nifoﬁﬁliﬁ~éfFﬁ%ﬁk&oféf‘%ﬁh@WCﬂ%

DOFERRENITEAEBRIN R, F72, MRlbHE LT
%uf‘onéwFegc%mﬁﬁ;”im%m@ﬁ/m) RO LN

o BRSEUMNIARIRBERS 2 FBLL 72720 ORGSR LI LT
WeZewBHFVIEA LT Rdh o705 M0 M S
AlDFPRIZOWTHE T2 EE L H O bNI, kIt E
Fe REBEILEWOMELMEHIIOVTEISITRVE R %
1TOVENDH L, TNFETEMMUENLTE 2720, #
MMEREPARL T LMD H Y, KL DILFPF7ESE
L TEORDEZREEITITETDH S,

Rt % FeAl L\ ) B M BHZ 352 8T [/ U
EERBHIEDRGHEIEIALY Y TAT v B&E D HL{THT
L TE. WC-FeAl B A E&OFIEESY v 7 AT/ ¥
MDD PEEEZEZOND, 7272, ZDF YT AT VHIK
BIEDLTDPTHY., S5IZF T AT BRI 57:
DIZIE, ALy ¥ 7 AT L S OB B L DB AL Z M
WTBUEND D, FREFEDY 27 AT AHilitk O FE %
ExbL. FALY v 7 ATV UA ORE MR E DA
DWW TELENH L, €2 T, WC-FeAl DT
DY ARIEHILTC 7% VROMER & FeAl D# G L%
Bt L7ze MWEBREE2H 5 50bT 5 VT % Fe-Al
ERELE W TRE LR R OB % % il a7z 1P,

mRaE

EESE DR

EEEEESYO

ERETISEE - s
" RIRIILEED
e AEIRRTY

f%l’?ﬂi%ﬂ’fé!zéﬂ§
»

l

5172 TiB,-20mass% (Fe-Al) BEFERIZFZREEED 95
% DL ke, ZOMEIX FeAl ORIZES>TEILTS
A5, 1500 Hv PL E&R/RL7z 73, TiB, T3 &4
Fe GHREP LV EBRMEDSRIFTH L7205, L) Fe &
HEOZ W (Fe-Al) €EHALGWEH V. $72, WH
KA ALT & VR LML T & 2R KA AHIC Fe-Al
& EMALE W % H /2 TiC-30mass%TiB,-30mass% (Fe-
Al BPEMEHZ, 30 WmK OBfmERE/RL, ZhFET
DB EEY—2Ay b (TIC-NiRG4) OMOfEZRL
72 WC % FeAl B LEYW TRELoBME & TS
EF A MBEREAFBIL 72 L9123, TiB,- (Fe-Al) & %\
1% TiC-TiB,- (Fe-Al) BEEMFHIDH 72 &I TTL A
DOTRZVUHPEMFL TS, B, TiB, (Fe-Al)
MEHIBEEGSLVEETH Y, RS2 S O I5HI
5L TH LI EETM~OILHAE b, 5%D
JEBADSEEL AT 5o

6 F&H

FE AT TR LB R % B E L 72 BR b 2 2 Rl A
BTH D WC-FeAl B G 4IZOWT, ZORF M
ML WFZE7 N —7 & LCHUD HLA T & 72 2R3 F 5
MO 2 FEABEDRZE. ST ZETANT 7-0F 72 B F6 & A
STV, BROBRHEZRKXMIIRTEN 70X

2720, RSO TSF ST BREMH»RIG S
7o, BAED WC-FeAl A SN2 e h3b b, il
B R ORSs% BIG L7z E0 Sl & &0 — &2
LHZlrHIRL W20, MO LTRERRLTHRICRS
CERHWTH o0 SWDWAMEEIERL 2207 H A
EETHMEEOMIBIEF LIREBRE O b,
FERMIT DR 05 % LR 2 2 IR IR HIATH) LS TE
72 PERSHEATBHZE L 72 A ORI KL 2 2 To R

%ﬁ%ﬁﬁﬁ%h?

e
PHITE
Z0fts

O —

— =EWR —%« 52 MERHE —>e— FALHAR —

{1980 &t —X— 1990 F{t ——X——— 2000 FRX——=X—= 2010 FERX=>

7 WC-FeAl @i &4 Dhi%E

— 306 —

Synthesiology  Vol.3 No.4 (2010)



WFEaR S« Sl & By K SR ORI X 2 FA B E VR

MG T O AR o THEE A ER T5 2 L IEHEET
ol BHGELIEEROLZVIIRAEDH LV
DORFIZEY, REEEFEFEIRRTHI LN TE, 72
72, HEMHEOERAMNERLIZO R 0550 TIE R &
BN D72 o TREBE ISR P RN B 32 221 Tz %6
FLHTAHIET, BENPLDT INAAZWIZZEXRH)ND
FERUICE D GREEZ SSICRT I L TEZ, ThE
TICAMBEM B OFEALZBIRL7270 Y27 LT #%
FHEEBOMITT Y — 2 7 LRHR M i FE A% Py e e b S
BHE (PR V) OTTHREBWEE, EFEOMEEEA
HINZTEME, ZDLDFIEL T TUFZEH 5E % e
LTWbEZATHL, SHOBHEEEITBNTIE CoD
kS F s AN O B E PR EINTEY, REFEM
B OB XY —BoF GBI R MRS D, &9
R SR ISR A R BT IR D HA % G T & B AR H ASHLA
HHY . KR THEEE W WA Y TV R
WTED L) ->TEIZe WC-FeAl ZHUIMIH LW Y
MRDRTEMRELTBHRICAZTE L), ML TS
— AT ARGITHEAET DT ETH S,

SEN

(1 /FRBE=, =lwalin, BOORER]: Sl T ik s @ h
TOMTA G, JEFE 26111775

[2] /MREE=, BIFATE: 7V IFA FEBEALE W OIRIR R
TeA B, FERres2818860 7

[3] K.Kobayashi and K.Ozaki: Synthesis of aluminide
intermetallics in low temperature using mechanical
alloying process, Mater. Trans., JIM, 37, 738-742 (1996).

[4] /NPREE=, Sl — % ALGAZ R L7zFe Al @ L&
DY, 1K B & OB AGE, 42, 12471251 (1995).

[5] /MHREE=, =walh, ks, HTHIEGL: Fe-AlG &2 M6

AN L7 GG OER, BB L 4GS, 41, 14-17

(1994).

frazk ke, NTHIEGA, /MKRBE =, RBIF AT FeAlxfEaMHE T

HRBWA LD OV AGBERERNC X BV, BEBL OB

/54, 47, 510-514 (2000).

AR B, /RBE =, RRIG AV, VR AA=JnTaAl

27 R R L7=Fe ALWCONERL, #H k5L A #, 48,

986-989 (2001).

[8] A.Matsumoto,K.Kobayashi,T.Nishio,K.Ozaki and
S.Tada:Fabrication of FeAl-WC by combustion
synthesis and the mechanical properties., Euro PMZ2004
Conference Proceedings, 3, 641-645 (2004).

[9] /IMRBE=, IR, BRI FIEH A =hvT7af v
7 CEAB L 72WC-20mass%Fes Al 4 DR S, MK
BLHFGE, 49, 284-289 (2002).

[10] /IPRBE =, ARAR TS, VR, KHwd: FmREI ~
7 L7275vol%WC-Fe AR & ¥y KD 2 XV A il FEBEAG 12 B )
LAGEDEAL, BB L H K EE, 54, 269-273 (2007).

(11] /MHRBE=, RBIG AV, ZHEZ, PR, <30 WC-
Fe AVBRE A G ORM I FEPEIC T T WCHE, FeAlZD
WOBL WK & O ARG 4, 55, 593-598 (2008).

[12] /VBRBE =, IR TEZ, BRI 200, PERME, 5ot RER : »
A=HNT A 72K AHTiBr-20mass%bFe, Al —x v My
SOVER, BHEB LA iGE, 53, 58-61 (2006).

[6

[t

[7

—

Synthesiology Vol.3 No.4 (2010)

[13] HLTAT, AVPRBE =, R ATE, ZHE, = R g
BERE TR L 72 TiBiR M TIC/ Fe-AlY — A v b ORE #H 5
B AGE, 56, T75-779 (2009).

HEEIRE
A= (ZIERL FwE))
1986 4F 3 H KPR K& K &b T 0F5eRhE 45
TR ICHRERAS T (RR) Al S8 iy ) s
% % C 1989 4 T3 H Al e 44 BB 13 Bl ik
BRI AT F% v 88 OB SIF 5 IR,
T AV LAEEOLERBIKE R, A=
VT aA X B IET R KA M R & D
WFFEICHEFe 2001 4F 4 H R EH MR S22 T
FEREFA T ER A HI 7 1 AWfFE 7 NV —T
. 2004 4F 4 B X0 AT F TN 7 TIOVRESEERE R R R
eV —T Ko 1997 4E 7 HRBR R L it (T2%) 5. RAf7e
BIZE T, A EORERZE A LT WC-FeAl B &4% ML,
LR R E S IRk Y 0 NG T I RVAL 1 B = L Vg o oV

R AN (BEE& &EARVA)

1994 4 3 H KBRS R BE T4 WFFeRE A i
INE TR R AR T, B (%) W
5. AR T SEEAN BE A R 3R i ZE it
Aife ABZANT TS V7 =25V Al 78 B 4E
BIZX BT AT I LT ENT 7 A4S DR,
70V Al TR BE R 1 0 SLAE B SR 7 & O 58
WZHEd, ARBFZERIZETId. ST B~ O %E
BT 5 L B, BELEEEM O
WZHEF L7,

BAR R (FobE HEUVH)
1992 48 3 4R KR b T2 e &
JE T2 35 X OT Bl oy o1 R A 12 TR AR
B, Wi (570 [AE 4 H SEHAR B4
J= SR SR T I A e RS il nl )
FULEWORSE, T4 RIEME - A4
DM E TRV F—FIICB T2 0F78, BRI
GBS OIS, 2007 £ AT F
TN T ) T OV TR P i A s )
RNV —T o RWFZEHIETIE, WHI TR EN O IE R 2
FTHELHIT, BAWALEBIZ 2 L12 DLC 2 —7 1 ¥ 7 Hili &

FEL7

il AT (R E 050 E)

2004 45 3 H EAGHAM L4 K2 K be T2
WETE R 02 R AR REAT B T2 B B T
Bt (T4), 73 v by R%E AlETEKR
FTORANRY Y —%#E T, 2008 4F 4 HiE S
BAAEEWIETTIC AT, AWERIETIE, &
YT AT M E LTOWGE R A AT S
72, fliAx ORUVE R T-& Fe-Al &8 HLEW
LDOREBLUBELEAZHIEL 72,

BHELDHER
iR BESEOHERREINILETU—0OHER
x> (Rl B ¢ SEBATR A BT S R T T AR
#BIM)

WROEFRT, THORLZHEHISHEMEGEORFITEIRE 2
SNV T7 ) =S B E &) BRI L Twiz7E K 720,

— 307 —



WFTEaR S - S HAl & By K SR ORI X 2 HA B SE (U RIEA)

B EEOWEBEE, HARY =7, 200 b 7)) —ORFENRE
BiicHH SNz L) TL &9 Ho

% ek BE=)

A A o0 I P AR i it 1 2007 SEFEOBBAE T H I ofeatic L )
F3L, BOOBHEBAAEFTIORELTBY I, 7275, 20
BU—<rTay 2ETHALTEY 3% 2000 M % B2 5
T EMERELTBY, ZoBEAMMENICELTEY 3., &

BEDOEBEM LY 27 TIE YU FEv 7, ¥ F X5, 4 X
HMVFENT TR E D=~ 7)) 7V (Bk) RHEkERLE (B)
ERHYFTH, HEOY 2 7120V TRIEMEEEZ BT &
BTEFTHATL, T2, IV 7Y —OFBIIOEF LT
i R A N oI OURMIIAR Tld v MR RICH L TEl
KTV IBRFZ VAT Al L B L& bia, BmEN
Wi GEDANES) Rz B BN OISR L LI < w
WOD% %50 F9, MLz, BUilssE 2 NIRRT
EDEFNCOEFLCIIME - BIEL T Lz, &b, 52 ML
WFZE 20 & IEHFZE 10T TRI%E % e T 5 8% 4013 150 1
M () FEMEy s =88 BEOTHERH 3,

Eime AHROFUIFUT 4

a x> b (Rl EYE)
AFEDELOF) VF )7 113, BEGEOKEME LT,
Co Db Y IZFe & Al Z v, BERET TIZ, Al ZHAFIRET
WA E LTRS¢, 20k FeAl 24 8%, Fe. AlOXKA
BT LE VW) TATATREEEWES, ZOHKREZ2.H5
WIZS AR EINL T LICED R L D AEET L LR VE T,
B20X ) VF) T 41k, ERFERTIE, Feo Al & bIZHAARIR
JEICLCLED L AIDOEFEDIMLL T ) FL Wh ko lzdh,
Al 2 2 WARIRBICT D &, 2GR E LTREEL. 2o,
FeAl DG b EEL L WAL R EBVET, Zhid, B
EEBICE DT F ) ARETEBY O EIE SN0 7205 K
D IRWIFZEIC X o TEABIT 7261 T9

3.0 HEOEBIINF 7LD Y F 1) + %2, Hl2iE, BEER
kDY F ) F B EEBICLDYFYAERICKEX LT TR
FWEND EMEIZED 5 4 F 3 RADHZIEDL EBNET,

[ (bR BE=)

THFEN272FF L2 X H1IC, AWIZETIE Co Db Y IZ Fe &
Al Z W, BEREEPTAIZEM L. ZOBOMBTHOSER
MLEME BERT 2L 2HICIRKOBFEMID ) T3, ZOAFIRM
WOEFLTE, 2.13BMLE Lz, 720 WC-FeAl L w4
DL HRBETHERT 2205 HOMETIIEETH /2L
BuFEd, ChFTCoOBMAESEOMEICHS N THRBEEIT-
TW2liE, EMOFEICOVWTRYISPICTERZDDD, %E
LB 2 E T 52 LN TEIHATLL, 0%, %
WL CTOE AL RETIETSE SF LRIKRN 2RISR
XN, BRE L THIR2RIEWICMIETIENTEE L, I
W22 w2z MR L <, 3 B FEINC T 2o > )
FamE - BIELE Lz, 7272, BEEBREVWHIDLONREZET
O Z RTREMES L OPDBWHEICTEFEATLEOT, &
EEBE V) SHEEIHATHENLIEATLL,

Em3 MEIRERICEY S
ax v b (Kl ')
MR RWEAR 22D 3. Zhd. MREEOREY

— 308 —

T9 o K7D WCFeAl BAA 40 FFE IR 2 2. A3
1Zh, ZOMERBRENLZSVRATL &9 D%

W% ChHR =)

TR LB RRTE ORI A R O B LB 2 TR
T2 H) AT ETHOHEMLRDDOLEER T ¥, 7272, EBITIE,
[ AT I HA B SEASEAT LT D 30T, KMl & Flak
S2ORHL VI ICECE T A DHEIC s TLEVE T
712 10 AEHAL T OREM & GUR Ly I O H ARSI
I THDLZ L EHMLF LTz

Em4  RAEICE EERETTOER

axXy b (AR W) o EWIREEY Y 5 —)
WEGEPIFE O WBEPE, B AR BRI, Ria et LB L
PR EEEBE~NO—EO T Ot A FFR IR TWE T, F2H
FEREWFZE CIX B RHEM O BN E HAOBEPEETT A, EJU
DVTHFLENL EHFIREDLDTIERVTL X9 D%

[ (IR BE=)

TR LA, BERENOBFICOWTH I HICEER L £
L7ze &RMAEZHOEEZ LB AOAMEB L 7O XD}
BIZOWTIE, BETA2¥RETORBMAEL SO T2 Il
LT, BELE LA,

T M T 2700 )Tk, O A=Y LTH - Bild
AR Y AHR, ShE CHREENZ2WYE (BEWASE. TER b
P, BEHEEERSE) D 2] 2 47 - T & 72 WC-Fe ALBRE & 4123 L T
FEFEMICFIH T & 2 B % G T 5 720 0 KB FEM o M, T
a2 b &M B 72D S HE R O REREA 4N L7 B 0w P, hnE
LEHEBY RS LICX 2 HNREALOFNZ B & L7295
ZITVE Lze i3, BT 298 (BB ERGEEmE) 2T
AMENCEIEZ R EINZAELSOL T ) V7% R B U THEL
72 DTT, RXOERABHNEZINE - BIEL., TR0 b2E LD
IZLE L7

EWD VL ABELREDORIR

B (Hi 556

7V AGBTEBERE ORIEE FZ TLIZE v, TIETF T 660C DX
IR TORIE. BEEEHRKISE ZNICHES K E W) 22 ThHN
X EFOMERERET D HOBEASIIMHTEL20TL & 95

[ Utk BE=)

K7L 2ZBITHEZT (TIVIOBEMICE 588 L BREEE
BSOG, BERE) BEwET L, AIORBAICBLTIEAY M
L Z5OMBEME % R ICATZ 204 7 a2 THEBTEX D
LRWE T, 272 KBOWIATIE, Ay P T LADI ) e —
7 — % OB OMETIZ, b — % = & AR hui
ETIRIREEAEDE L, WMHOLEE Y 4 2V 7R ZDHROBIEL K
KISD %A I v 72T ), WM EE RS2 &
DL 20 £, Zhd, REIEERBEIEOBICHIZOT 2
HMATH Y. 7OV ZBEELERE TIPS D BN T,
WARMTOY 2= VINBDAT 2 5 2 &2 54 et o gy i
HRTIREZDOLEEZMA LI ENTE I T, ZOHE. Ko
WC-FeAl BERSROERICBE X T LTH ALBMARIEIHA & LT
WEICHER L, SINO 2R EERTE 200 EZTBY
9,

Synthesiology  Vol.3 No.4 (2010)



yreviuv— Mk

5%
AL TTE "
BEREZHRE B AOYT—
EEZW D55z BNTIE, RN ROE R ZERE V) Db THAIE T ED Z 2 R EIEATWE

§o WOENZ BT B ZORMIEDIRRAED IS IR TWLD%, ESLRH - M EHRIITE > ¥ — DR E R & A
/NI ERERAN L . BREBIC B RIRZEE v e v A u Y — L DIEOEE L EITOWTEHE LA VWE L7,

vy AuY—ERAR

W (BR) ENZ R - AR JE 2 >y — Al S B R - R R

Synthesiology L RES
T4 Synthesiology MHEEEE

=1 S REa B R R N/ W oV N E S 1 <

DM MR SERE T 72 721 T L TS B HE B
ZRER - AT LA TS BEETHLEH X
TWET, RO B se L RS T3
A COTODEAREMICEMELTGE)DDLDON, T
ZHERMIELIZEDL ) BBDONE V) ZE0 5 TH W
Ayl 2 3 VAN

FEBERMAR LIRERES

MO BEIAZBETD720IH RGBSR HIAEL
720, HROENZ ZEW LT 226 IEICORIT A, €
NBEFAMEORE N 2 DT, FEEMZEE, REZ
DHDIZFAL 7 MDY, ZRZHILIHIETLT T
a—F&, NEOERPEBEMBL T2 ERW R HELA -
RBEZ T Il ZOHGERE B Z o TEEOAD
MERUCD) — VB o T EVWS T Ta—F2H ) F
A5 FERERAEIL HETHIEFEOMIEO R 72§ e,
IEHOMEEDOB ST 2 IE L. BRRMFZEILIEARMIZIIHH
ERH A DM E TR ETHHD T,

/NP SRR RRE
U T

SRR IR H L A S LTV E T RO
KZEMB7-DIEBEDTEDIT TR TAOKRIZE
IV EINCTETW 200 [DEIEEEHEMIZE—]
EREDBELTWEO0] &) T EAMIZARIZARE 2.0
EHIREZF o TWiz b, KEDPSIES BT TV D
ZERHDTT,

— i BRI R R TR S N2 B S Ak X o
T R RIRRBIT IR R B L TiRE 5720
PEBFTLEIEIISALEIETELOTT, ARPEREL
EHENREL, BEHLRA T ANL DB TZD#E N
ZHHIEICT S, BAICLoTIE, HEAFENIALEIIHL
D TTER (AR EE KD LDOLHRIRT,
R S TOERIGWA R L, Lo R b L) 7%
Bl EMEN T A& RIS U T ) KBS R
ZEbHYE T,

An REET VOB M) BETESH 0 $5 0%
RBUEZ, AN ADIERIAED) &) h 2 WF5E 5 551
DY TOFRIFTES BB L) ZETT A,

ANEF S IG O L Rk Wz IR Oy) | BT BEE IR OF)

Synthesiology Vol.3 No.4 (2010)

— 309 —



sk REAfEE Y ety —

NG S OREBERZ LIRIEF V) Bt &4 D
55 1 R IERENFE & 5 2 MURERAFZEI TV b K ) At
9o MMIERMZER P H Y, FRERLIZAL S —X
VEZLHRHIEDBHHL, MIEEDZIZIOVTEE
To UL, TOBCRYBIEDEERATRMICZY, &
DN D LI F TITIEREH - B F vy 7
AIEFIIRE Ve XML T H720121E, AT
TR TH SR - AW TEPLETHHEERT
WEdo

MO 52 ARSI AL T 5 D2 L
T5E, HRRIIZECEIYIE T IV IE % £ BFFEi32
CIAEMITONLEBVE T, ERICAZHRELTH
FE LT R BB ERIRIF7E 1 [ RALIFZE | 13EWTT
1o FAld. HOFIH LTV EZADIED LD v E
ATWEY, #liE, MABAK—2E-TATEH, B
BAEDLST, ZOEE[FSTZEDBANHIFLIZEV
CENGEHTE2LLTD, ENDBADPATRIZLTAY
2RI DA, BIEHIZH WO E W) 22 LTRLTH
ZWERIZIZRD TR A

B8 ABZETHEBEORENHIDEHEDID B EWN
IBHR T, BEERMEMIEO S 7T =12 5D TL &
I HRDAN =X LRI NDTL X9 D%

MO AA=AAFEHEIEDE-LEY T TE—F0bL
NFERA. AEFRICLTWTD, FREMZEL HEITED
HVFEF BIZIE TUINAT—TROFEENIET L7
DI, RO OMMBEE M THRLZELHITE
FRHATLZ, LA L. BUEIE BHRBA O#EARIC LT
HEETWLBEORMEGEERLZENTELL)ICRY, *
NEHNTTUINAI —DIFREZ T 5 2 LA HEIS
oTWEY, THIBAZKRICLIIFEME T2, £
TEEFRMAETIED Y A, BRI E-oTRE, C

FlET BEZ G

— 310 —

MURIT & A ETRIRBTZEDHERE T

A& WEBEE T HHRALVIARBL T
GUILIZ AN = AL E R THDITT 20, 4 1 fEIEH
FFRICE VD TLE ) ZNEHBICEWT D LTAHDE
2 MR IR E DL LT ABRDTL X ) 1A,

RERADSEBENDEELZTSHTMC

NG REOMFTIE, —ADWFIER IREIFFE 721,
HHCIHERNEIZTEITIOTLEI D ZFREDIHE
e SmEMEETHLTTA22L13HLDOTLLEY
A%

O WhHHY T3, EREM - ks s — ORI
RATOBITHL LIFF3L, HyAPa 74— EIG
BIZTHRHAT, EIRLYAMT T4 VW) BIEFHHR
ONNFELIz, RS THERST EHV)REENA
HTETHANEHLTOLDOPE W) ZEDBRZTEZD
TIA, FUMEADERIIEE TORITLIELTVE
ED

B WOEAEISHAETHW 220w ARDOIIRIFIE
DT =Y Z#HRTRICHRDEDIE, A7 V7775 —DEW
FEREBE - IEE 4 58 (2000 ~ 2005 4F) I2BIFLHAD %
SO 4 AR 1S, BRIREE#IFZE 3 36Tl 8 i
T XDV NT A,

MO EHMECTEBL LV L A LS >TnT
by BRI AR — IS TI RV, RHEIICA
IRV OBDELTHTI RV EBRLWTIRAVRE NS
AT E->TVE T, ERIFSA LB L 7B ZS
WZIEH2D1EAHIERHIDTT,

By —id, btk ZOoDOMEFT ALK ShTnE
THN PO THIZERNE D - 1E 5 IR 7E 2 O IR LT
BY, HXOBKREIF-TWERkEEDBICIZE A LN
BHYEFRHATL. LA L, MOrfTBUE MEE I, [
BEWE e 2> SIS e 2 R CHEIRIETE ] 259 Tlde v
EVIBRAZD 5, 6EDHICTEDDY, FOELLT
FSFUAL =Y aFI - AF AN F— (TMC) AWK
2L4EICAZ =ML E L7z TMC Tl A5Hh - ks - 7 -
FEVERE S OBRZEICOVWT RS Y AL —Y 3L
ATFAAYPHEDI2D, FREBREEODIL 2L,
BB IRIF7E 2 5 S EAEE L SRTVwET

Synthesiology Vol.3 No.4 (2010)



xi : WRIESETF L ¥ > s my—

BATRHEEAXRIRRAFRIEIETLIOH

AR EEEDOHTANIT4—Dr —ZABZHTT A
BT EOTATTERD L) RBHEL LD LD
2y AR BRIIBHTE 200 TI v, KB
ERRIFZED 2D HARTHIRIZEDS HEE 2V 03¢ T
L&) D%

MO WEEE [V FIVT40HL7F)T405
WIFSEE 7 ) T4 DEWI ¥ —FIVICEIR T 5] 2 et
FELCRHishE 9, KRB ZERDIZEE. = WA
BHEDbST, TV SIEFICHBERINEMLT K
DEHESAZE)IZV—PLT ZLTHDTHY DLWV
HRTT L, AL LTI TITAEEESE Y,
— DO DRI ZEDLLELDIZ, BEIZL-TIES, 6
EPNPVET, Lad, FITTIESLWEREIESNL
ELTH, 77—AMr—%—i21 ATT o=, N+A
DANT=HIZE ST, EW2T RV F— 120§ 55 M % %
ZANTHS —ATTFHFAL VLT 8BWEfi->THIATY
WIFEEZ LT 77 A —H—ho>THRAF¥—, ¥
ALY A L72IE) A5 5 LR VL L, BEliD V.
IV BRI DDIEE, HIBKRTIEUREDOTLLS
AN FNRZOEBEELE TCEAHHO—DTY, TX
VAT, ETICHIRERAZIAL, Lodbt—H—1
DY OEERT, ZOWIEICHEb 7L W) T ETEF
iz z, TOLRDENLDHLDIESH L) DTT A
HARIZHEEMISENE L2,

B 40 KBEBEEEWEIEST 2 vE B
[Synthesiology] D FETIDRE & IEHEICBERITTRNL X
NCHEOFETH, NFRERERIZEIRVT T2,

INEF ERIRIFZEDSEN BN O—DIZ [HFEH L LTD

i SCAERENE | L) BEEAIS ) T L72AN EARNED A 1 AR
JETEWF T & WA ALIFTEDRFIEL & LT 2 FHIERENFJE

NP S R

Synthesiology Vol.3 No.4 (2010)

OHEMERFECL XY e LAz b &, [HFEEE LCRMIILTIE
LV COFEBTY Y —FUHVIRA, E5THDT
Tl LEbhEL. LT [Synthesiology] 25T
72DTY, FREIERLNLIDOTTA, ZOMEIEES
NBmLiE, FeB VbW EBERFELESoTERLE
EZWE) DD, LIV FITADBDHEDOhEnHT
LREEFOTEZT L. TRERBEOLH WL
LTWET, —BOFM Yy —Fid, A F2HEETS
72, BT REA FEHFOAWHETE IS LTE
ZAZT BT, B4 IZZNDOHEEIT5720TT R,
EIVI) BT ENIzD 0 HEWIEFHT SN D o7z
OV ZLICALTREICT =T VIZLTLE ). EW
HERIEL 72O T, EIZAFRDIFIIT DDV R
HVFELT A& IIATOLMIPNEERDE, EY
MBS TERWL, Ro72a AV M TELRL LS (25),

B WEMESET L o7-HHE, 32 HBT

MO ERLLT 2H5VIHbolfifiziEs, &ax
TAL, FLTAZETCLHEVH 22 LT hh o2t
T

PSR AL S RBUBRRIRIIZE 2 L E 9% ZAUTRE
WCHIC R o TRBDOBE SANWH TN B AR
Fo BREAKIDLWINESEE R BICIIEO TR -
IS LEETY, LAY — L7z [ FEREER | &
PR~ —PHEBEE G T STy s Rt
BT B EERIAToTRE T,

ANEBETHEV)ZETIE, HEDVATAIIESTH T
LIZERF A BIRIIZEZAT ) 7203 WAL R
AT OBEMRALETT I, KPFTHEDS 2, ZD72
B, ZEAEDNFATHERLT, FoT A EkiEE
LCBBESAATEE 3, F/o0 RIERRIFZEZ 351213,
ENLKSVOREHMETH BRI LDD, ED72DIHEH]
MENLBWRLENE W) T V2 LTI wiTEA
A ERARIE R M & T HRF O 5 RG22,
MRFLLTDOEFR—3 a3 VI HDBREVDZE T E
by BRIFZEIC T2 BB > T e o7z L, HEN
ED KD DILA TE TV Lh o7z TOME.
HARIZEAEAZENT VRS2 TT,

INEGF FIv7 - 7780 )FELICHETE T

RO HATRERRMIEZ AT ) ARHIA 0 -TH R
Wz, SHETHEZ B EAHA TR 2 NE ) 2 LT,

- 311 —



sk REEIfEE Y ety —

B8 TAVATEEROEBEHIESTILEAILR
D, ZORBIIINT VAL =T aFb - Y —=FLn) e
SONMHLAEESIOTTA, EIEEE THADWIZE
AREMHLTLEI D%

RO BRSO REEZ FF o2 b D)3
MT&7ZEW), RERTL =72V —0HVFE L7z, Eir
FOEBPHEZETIT NP o720. NAFROWIEIC
HEYRELREZL OS2 bLER A

BlE ERBITHNEHBANDOE DL LI LIIDORD S
LARWVECIHATE LX) o7. N7
DFERAFEVHMRTH Y, EFOREEIZ N BB T
LEIDTY, AHNZXLDIL AV PELTEZ T THN
TE7Z2DT, WAWALETAT TR TS L) ->TE
PAR VAL R G i 18

MO )RS EHIRMEDIZ) NS - & RHITTEE
BDe FIVAL—Y gl - JH—FEFEEIIEDNS
LB o7 BERIE. ENDHENICHY T

L, B0 L (R, BIRmREDEBERE, &
WHEER R DO, BB EE T OGRS LTw5
LTI D, bobBMRTT,

RIKIRADHEEZRIRT DcHICHBIRI &

B BT S EIRIIZENTE o T CEEMR I
KMITFABIN TV EITINED, HEDYA, VA
L—2arv 350 0HEN LN LER, WiRZO~, v

FICREDSHHEN)ZETT A, TlE FUMZEHE 2
TERRGE D LERIRATZEIC R B & B\WIZEEBEN 2 BgE%2 LT
WBERHEDERRZEICR S L) T LiZonTEIUEH 5
DTLEI D%

RO BORHLERCTTH, 22XHEDLIETH

I Wz K

- 312 -

CHADRERZZESHLDIFTROLWEWITERA, FF
12 FREBEPISHBOL ZAITHTWLDIZEELWTT 2
5y, F—APLETYE, FRBFVZV=ZANV - FFA TV
ADEZAETHLHGTHE V) ZLIEBZELLELVO
T, WL, Y NE2R SR E L EBRBORIREK &\
ZOMHAET S BTV ZIEEADIEHILTAD CRC
(Clinical Research Coordinator) 7 & ZHuMIF—2%
DX STHOTOR RV EHELWTL X971,

NG ZAUGEIRF R MERFZET DR EN 2 5 TLH DT
LEIhs

RO ZoMwEg, KRB e Rt 2+ oT
Wit Ta vk y—NEN—FE T4V MNTEDT, &
IVIPTF =L MAT, ThEhokdlz =37
LR LTHETL V)R HROLENLTL L),
ZFRIIEORN2nE, FyaFlbery—I3EHLTVWE
Fo RFF—DOOWMAZERM TENTWEDTH Lo L
LuhrdlEdAo

ZEITTUy s MoK, FREEBIZEIR CHEE
THEN), RY—IpLT—VETE—HLTRN L
WZARIZE IR WTLEY R,

INEF BSESHIERICKRELREAREFoTwld
P SEETTTFYAL TESL, kiﬁ’f%ﬁﬁ“ﬁ)fn/)‘
Z5EVH T LTI,

PO HARORIEX—H —DFFEFNIMIERE I AT W
L. EFICTAT 7OV Y ReHS b TS
DEFNE D, TNEENTHGEET S & &I -
T E, AL TWEODBLRTT,

B8 WEA-H—DOSHTHRENTERZTH:0
DIN)TBHDLDTL L) D

BO HADEBOYATFLZEREI A MDD 5 E W
HIZETLLEID BIZIEH LWEEZT A ANF TV
TBPAETT 7 —A AT v TH D LDICAARTIE 2 EH
MBLdl, TAVATT7—APAT v T &#EboE, i
WATHZ LB Ed, Hithd, HAROAOD LEM T3
A HENZ 13 A 4V FBH IIEADOHRTT, £
T NS, EHNOBSEE T TN LS s
TETWADTY, HBROZEMLIZKERMETY,

D) =D, FEHEEOF v/ 3 74 SIEFITNE W,
Z1E 100 BIOFEFOHRERERAH) LToHE, HARIZZS

Synthesiology Vol.3 No.4 (2010)



xi : WRIESETF L ¥ > s my—

A 30 FEFR S HWHEDITTBRRWETE RV, EIAD,
TR AR =3 Tid, —2ODJiix T 10 B, 15 6T
XHDTTS,

A8 FhHEBEOBBOK X SOMEZDOTT .

MO AL VI XD, ZORBFEMERRRABRICE
NZFHEEITIELTVDENEN)ZETT, 413 CRC
DR VEESNT, HANLZ L2 EHEDONED R
T B M § 5720 TEIVWEWI STk oDTY
A5 DHNEERIASERED L4 T RTRoTW/zDT,
IROBERNZINZ T, BHPKREL B THICHEAE1H -
72wy ZERBHNET,

SR 20 AR HARZ M 505 [ HARIZ B2 iR E R
DORERESHZOXR] LV IHIREVHEINTHETA,
T E DR ETEARTI OAM, £ DbLERM:H D
A2y T4 THEFIURNE V) RTEI R ST E
T oI EiL, WA TORERIL, POTENHZ
T OB 2 T T OFBWELEDO YV v —F
WMICHBDOTT A, HRATRKII Y7 - 57 TRRTWS
72, ZHFHELOVORBEENTRSZLIZR>TLE
IDT, 1ZFLAEHD WY ¥ =R T2 Lo,
7275, W, o a— NV OFIZHARD A S S
LT Al b MRRER IR LEEDF = —DhicA
HEVIIHNTRYODOBHNF T,

GRIAROHEEICIFAREBED A VYT TEYR—B
VAT LDRHE

B KERPHEITICWAERZ-HIZE ST, R
BEBIODAL T4 TIZRIEINEHELTL &9 D%

RO AT EMFZEE T, 7272 PR BICHIF 23 o T,
WM BTV ENEN)Z LDV T,

INEF REAGMERHYZH)TT, LIV 5) IR
PLESEBETTD

I3k, THHOLY—DHTII VAL =V aF)L.
VY —F Ly =2 SELENI TN —FTH A9
ke

MO Zh2F3—FTY, TN2oERICED ST
WABANLLPEWEFN= a2 THEICTHIET
Fo BRIRFTZEZR § 272013 MHY O T AV F =BTk
NFEF, EFR=TarEZEDL7DIINANARERTO
AoverF478, I—=F4 A=Y W EE G R—

Synthesiology Vol.3 No.4 (2010)

MNAT L DL BUENHLENH)TETY, TMC D2
YT ME WO R Z RN E ) A E R - T
OXENTHDTTH, HORNDLETT, 2D, &
MiASTAT T &2FE->TW), THWIHRIIFERZ 2 ) 72
EVHEEIT, THA Y HEOTHR— M40 T,

INEF S AL—Yat - VY —FZDbonF) Y
FITFAREL L TOMBEIEVI)DIFEAREZAILH
HDOTLEID

O Loy Aba7e—oisid. 950wk
TH 1 5 ORRIBHZIT) 2B E3, bbbty y—
TOF) IV FNVREE LIS LM T, FEEICES
TIEDHDOTIKRD DB WDH-T, Lhd, BRZTTHRD
59, TREEHRICHICEMLT2LIAETHDNLD
T BFR=Tayid@Ev. 7272 IS Evwa7znT
EETHABIZ M RICL TR 2wk nslze &2, Bz
TENLS WL TN DA Z I ERI T ER D78
DR F T

INEG EMISERORIC Lo TN SO &
IAHETRF STV, ZIhb, HEIZRIMAHITHEL
THhn, EWVIHZEIZRDFET D%

EED %"‘)U‘J):k—f\j—o

HEHZIFAN, ZZDHAN

Ax WAL PHEEHSTRAET 570t 2% 0
THEEERTERL] L) BRI LEIZE ) DT,
REMANE LTOMMEIERELZ T TITELTWD E, h
bRBELHGEEZ 5 TR E LTk oTLE ).
HEHROEREEDP AR EDTIIRVTL XD

INF ZNEVAZITHTEEZ S TT R HEOTR Y
MFFEIA LI L SXIUIZH BDTT A, RED—FA
REERDOTT, aRy M= =BG L TDR% B
ATVDEDIE, HLLFWAREIZLE, EOLHLVOE
FEAELZITNIZVIT VDR, FRIETRTREZD
HELDOD, LW TEHDOTY, BRERED 1o M7
EIAWBHDLEIBREANLIDOTTH, VAZIZZFOHRA
FHOARPEMYIZADLZITIUTWIT 2w oh, #ftsh
72 BV ER DD HEED LTI R Z LTV
EEZ DD

FINRELRLVLDENL, TRy P ERLZVWOT
Fo BRY FOEBRASET VDT (),

- 313 —



sk REEIfEE Y ety —

BO ». %0 (%),

NG ZNT AL ISO R JIS o eHET TRV -
TWZWnIInEd, —IROREERELDO(S>TALI L,
TEBLLEVFAWLYT, BB OZEMELZZEREL.
ZOREMWIELTIZIV T LI EERE), Tz [ 8
A0y bREE] EEoTVADTTH, HENGEAEEDD
LT Mo TATEENENIZEESRHH LT
LEZARDTT,

AE FERFORMAEREMNIEHTE - BHERG >
%— (CREIL) OBlDTTH, ZZTrIvAL—TaF
W) —F %55 L& KRBEOREEDOH L LDy
FI—=2%FHLTFE-oTOH-oTWET, BEEDEA
FHZESTHRRM DB TRV E T L L) T LA
N B E NI >TWD LI T

TRy Iy [VAZEZEHEhb LN ewiThEd, FHiEiL
TLAES VAL L) ET, —BOH £ IR B
i B E N ERTWZE, ZRTHELMHS>TNENS
EXADBHLEDTRZVDRENI R LTS,

NG THRICEAHAEWO—2TTh, £H9nH
MWEFDITHITH, ADIZITHLELONZREVHEEN
LT

8f 501V —LBEZESADLRXLTT
D5, BELALZFLEIA ) TABEYET R,

MO BESALHALHRZHRZEL, wAWAZLAL:
MADENDEDHE05, FNIEHEHZVENVIETAHD
HHOTTI, FTTRRBIEL ENE T, HAITERR
TIPOHESAVELERDZITION S, TAY AT,
ANTEADPEE LI ELTWETIIRED, EARMIC
X7 TAN— MR B RBE 2o TIMALE 9, BB
BEHDPPPERCDT, ZFIIAD v EeHEF S,

IhEd, bo RPN REZAEIRT VT4 THMT
Lo BKTIE. ADO&RICIEBW, EICHEBLZ
WEW), BRI RS V74 THEMZROZCE S, OA
BRSBTSV EWH 2 LIS LT VI EN
SEELE

-314-

A& JAZERRTZ4YIDIBLDORIT 4y MITRET
BA5 YARZIZEN K W EWHHAIDPHAANCIZH B X
N F T,

ING FEDIS, VARZ - RNAT4y M) FHWITE R
WEWVWIDIRELEZIAIZH LIRS LET

ERECOWT, ERBEBRIETTIESLHETTL, it
R—EHGLEHR L. IVIRINEERDH B D7 H
b, ZOFETTVIILALRZWRLESTWAEDEITYE
By FIAIMHICVAZVE, EWHTETLEI D

RO AR AR ODA 2 EDFFICHIEL T B E
WES, HAbbRr oz LTIV TRV En
52 TT i,

INEF HARIRZRD - BREDVOWHEE WL RCEBIL:
EBHYDTT, TNRIEFIINYE—Tho7ziFh e b,
HAEDHEZEB LW ZITRICHED Y, RO AV
F=PHTIHhVEWVH, SFiIZFHIVHIRELDILNLEE
Ao HERORWVEIZRWREELT, RIINVEDLLZVEWT
ZWTT A,

B8 WERRBEAKIZEDboTWLZ R ELAD W
725, I DVT VIR o7z, L) T e EN PR,
WM 720 B0 ENITVVWERDH 70T, &
AN AEEOL LI, AL —HIC, HEaEBERA
Ty ZEZ. THLTWEETT R, EI9bHOAEHTE
WE L7z,

AxFEIE, 2010 4 7 H 2 Hy AR TAAHIXIZH % %
WIS R T IS B W TThbNE L.

[

H&EE
BT HE (0D TH02)

1972 SERRURERFETRE S RRFE AT IS b, R R
FERZE, B R ZEERR AR 2 8E, BRI R bR
RRRER B AT 1999 AR EINLR - e £ 2 — BT B bR
Bide, HMAEBER. 2004 4EE S - oL > 5 — RE0RE Bl &
2007 4 LR - fhiE Ly — IR 2010 4 4 HBRAZATEOE NI
SEREAN - ARG £ s — AR - BB BUEICE S, HARSA
KA H. M, AKREBRBMAEEES (RIBFR), AAXE
MRS ()., BA) OFHES (BF) $0&H,
HMNIR I E OB AL AR, 5 DR ORI TE.

Synthesiology Vol.3 No.4 (2010)



yrkviAuY—

i £52 77 61

T k)

I v—FILDEH

R v —Fd, BN EHRB HAM LR E R AR W
IRA LT RIS OBR LS THEDNZFIZL T
Ay EVIREHORE I T 2m L2 B TH L
RHWET S, COMXOPEZRLL T, BHHABMRO
WFgEH R EMBZHELTBY). MR OMESEAZH
LR T o AR R %E, BHEgMoSE TR L
DOETWLET Do WERDFM T v —FMITBVTE, F
SR AR HAM I e R 2 FFE (T bbb HEM )
ELTCRBLIZDDD AWML TH o725, TOTV v —F
WA BT ZEBA T DR 2 AL 23 120 023 7201 & 47
BRATRODIZOWTOHNA (T b b S L) Zid
WL-bDEwmLETH, INETV Y —F VO LTERTS
ZLICEoT IR ARG T 720 O F i & i
VL. ZFLTEO—REREZPAL,ICTLIEEHTET, &
L2, TOTV Y —FVOHEBE VAL IHLOMERE RS
WG 720D LR 2 EATAZ LRI T4,

3R DECHAEICDWVT

WFZEam LONAF L LTIE, HRIGEATI L2 HELT
HEDTHREMERFEDOH L 7O 22 RHHTEbDET
%o WFEBFE O HEEDATTH B ZLTEOREI &
NS ED L) BAMEAS D 5 h %Rk §5 (RR—IIZHE K
L-BEE0OEE 1 BXU2), 2LC HEZERTS
TeDICLBE L R BHRIEMELEDOLNIEREL, AL
VeEZI oA AMEE RIS LH720100E &
DEILHLCEEFMBLETHY, ZnEEDIHIC
BE-HELLIELZ, EOTOEA (Tha Y FYt
EIEER) ZRfR§5 (HH3), Zo&E, EBEROMIEICH
bolzbDTRIFNEG OB VNAETH LI L2 MFT
%o Thbbh, fEHRELTOEZBNOMECOLRE T
LDTIFRL, EOL) BRBPNI K-> TEEHM % BE L2
Dh EDIHBHMBATHLWHEEZEALZDR, 1290
WCREIICRRB SN CTwa b0l 32 (HH 4). FIzIE
HMAEADT-DIZFFERENHEEFETINIETE LW
720, HEOEFIHEEN LX) bEHAEHOLSICH S
720, FRBUROMAHE LORIRKsH 5720, ED
ML T 5, O B OZEHREAM ONE DAl
MREMNEBEICR RBFAOM L ETIHTAI L LT HE R
FAVPERBETEZT TRV DET L, ZLT I
DEFHMIIHENICED L) RBRICHY, ZNoEHE

Synthesiology Vol.3 No.4 (2010)

kv ruY—HmERES

T57 0t ATBWTIHFRTREMEITHo7zh 2
LCEDEHIENE R LTV oz, L2535 (H
H5)o S5, INHOMZEHFE DML LTHRONL
PICXDHEICENZTES T2, 200 B L2k
M TH LY EEBTSHDDETS (HH 6),

WRET DIRFABFEICDOVT

AT —F NV TIIIIZER T OBCR AL X G AT 7200
FEwmOMEEZHRTIEND, HEDHBHOMIEHSE
WCHRETAZ EFL e &L AIRIE G B OFHEH A O
MXDOERETLILICEST, FHFICEDS v — %
HABEIHTIEEHNEL TS, L7225 T B D
B BB HIRTE L IR TH I EBUET
HHELEBIT, ZOHMG B ORFIEZ I LT 2 Miiam L
ELCOMlifliZ R TNETRIT IR LS,

AL BIFFEBASE L LTI, F OB AR A1
ASNHDIRET S e ml, HAITEITI L2 S
WCBWTEBLTWAMEMBEON LTS, T2 BEIC
HEICEAINTVAELODOEA, EVAAMIRIILT
WALDTHELEI VA, HICBE G L 728 % 5Lk
FTHDOTIERL, HANOBEAZZRLTED L) ITHAw %
MELTVo720h, ZOMETOLAZRLRTLIDL
ERCE

BHIICDOWVWT

KT x—FIVIZBWTH, INFEFTOEMI v —F L&
FRRICEG T O A% %5, LaL, KAV —F Lotk
B INF TOEMMREDO AT L IR RS, TNET
DM T ¥ —FIVTIIHEDIEL SR ROBIM L7
WANE DRI OWTOB S EEMIN TN LD
LT ATY—F IV TRERBROME COMmEMES, %
FHMOBINICBI R EOWFES, TZ0FMUR
FN P BERH TS (RR—DICEH L2 )

— A Y X — TSN TV B SO I3 At
DHHRREKIEMEIZ L oTIRE D, AV ¥ —F NV OEHIC
BWTIE, FERRE OB RGN T 20 E R
T ARE 2T B SHPNT L0 25 Hii T 5.
5T IR OBEEHRIE,LT 20070
Y AEMAI=DITLELRI EREIPNT LT LD
EHEORETHY, WX Oima ORFHL L THEDM
N7 EORBDOAWMEHETLDDET S,

— 315 —



MiHELHE LY W8

WHOEM Y vy —F N Tld, A FRZRIETAE VW)
HICED, A IEATHY, Tk ot ATmE
ENbo FENEINIZFEM T v —FNIZBWTIE, FOHE%E
MR THDICATPFREEETHLLEZLONTV SIS
Thb, LoL. BHEFHERCL>THLSNTELHE
BIHFRZE SRR T A BRI LT, ByREZ LMy T
BB L) BB HEE LR T 20X DH Y JTIZonT
& BSCCEERTRENE, #HE), oL
BRL TP RITIUE RO RV, FO070I2IdH 7 at
AEFETHOTIERL, ARLTWERE S, T4&b
L, BEBALORYVIMYH T, @LONFICBEHLTEER
a2 OWTIE, ZORYVI) 2T L2 L12T 5, S
HICIE, ORI M CTE LD o FE R DER LY
b, BHBLEORVIY 2B LTAMT S, ZOL) I
Tt A EWR RS EDLILEF T O AR
THBICES72PEHRTEIET, Vv —FLOEEH
e b. TR AR O AZBRTSIEICIST,
BREADPZOY ¥ —F VO L e PFETLH L EOERENE
MRTLMFETD, BB, KV —FVDIHTH LW
WO ERE LT A0, FRLIGRE L OHIFEE
Lo T ERER S T LEN DY, BRI z5m
BEZEEFEORFEEOREREL VAL NS,
B RAbRET L,

IR L7z &9, AV vy —FVO@msicBvTid, )
DEFP O WTIIMBD A T v — F IV TRRFEA D
XxBIHTADDET D, T2 AWML HAGEEITHIH
FHMIZOWT, ENENOERFA ORI K IO
TRHEINTVIMX DB ELME LD, 61T, K
VY —=FVORITPERINTELOBICIE, KVY—F
VOEEGGLOHN S, ERBANOEIRDE 2 7R M
HOWRZFTPEMPL TV L EEbNImETIHTLZ L
AT D, THUTKST, HiEEmo— MR B O EITH
LA R s 38

BHEECSEOEAEICDONT

BUHE ZEO®KG, WH7EmC. TLTmadlzEMoAR
TVx =PIV SN D, BIHE L EORMIIOVTIEE
HIMICIEHEZHAI» S OKIEE 5, WIS
JEF N H B DT o 74 RIE D T 720 DI FE R FE DN
HLTOERERBLZDOT, Lok 7ot 2% #
T E T 50 mmaild,. BHFEEAM OWFZEH I O 725 THE:
RITEPTIEZHBLA OB T A0 NEEZH
BT B &7 SHIZERITE DR ZALRITIE AT 72014 1%
LA E R BANETHIUER, Rinimsild i ER R
KD NEPRY v —FVIZH LTV B2 HERE L7 T
WO EHEEZHW L, AT bev. IR L0
Fix. BN ORREZINTE, B, FERIZOW

BEVBICDOWNT TIIHARGE, EFEDNTNIBTE TS,
NEBHLBFEE (2008.01)
HH e kit
WEEEE (T8 &2ovidiiesos) »iEl, @k )
1 5% +2 WF7E BB AR Gk ST n b 2 &,
MocHE LA a0 ) e H A% & 414 & O BRASA B R X
2 ) WFE B & 4 b OBIR, 3 20b B Al % Tk 5 % . N
DN nNTnwshbZ &,
WAL EHT 2 72008H (S F U4 - 30 2R | #E5 (SF U4 - G) 2SEcitg S
< 1
3 YTUVE | ko s 5. nCwn ok,
WFgE A & EBLT 5 720 IR U - R (B A3l | BEREA (B 2R ICRA S hTwa 2 L,
4 DN ¥ 5 WHEPA () OBIROHAAEGHMIZE

E7o. ENOOEHEPA (B 2RIRL BBzt s %,

ﬁiéﬂfh‘élko

5 | EEMOBR LA

BIRLZ2ERDPMEIZE) BB L TV D, $22hb0
KRELED L) IR - G L THFEEEEZ EB L Two
e MR DS E TR T 5,

RERMOBREREVHARMOZETH
HIlREInTwDEZ &,

FER ORI & RO
J B

MR BROERO LA 2 HEHHIT %0
AWfgEE N— 2 & L TRROMIERMZRRT %,

WFE HAR DR D LA &R OB
HEBN, SRR INTHDE L,

7 TV IFITA

BEF MW ZER S & 7 LA DFRLR 2 Lo

BEFI MBI & [ LN OB A
zk,

— 316 —

Synthesiology Vol.3 No.4 (2010)



yrkviuy— HEEE

ITRRE

1 &iREcsE

JFHIE LT, BFgeimsc Tz idmaioki,. BLoHs
T F =T ENDRFaER T B B, RO,
WERBROHMIC IV EFGH L EBL T, BREOKHE
BN, EEE (EREED) CEAKEATOY
EWH b,
2 KBiEER

BREROFEE L. AV vy —FVOREHEHI PR HIN
LTSI IUE, FrEARRIIC X A HIBR IO FE 4~
Bl DHEE 5 BIC LA HIRG TRV, 72720, F—H—
TYTIZOWTEHERLH L2 (EHEBD, KIFLIZO
WCENENAREN L HFGEZ LTSI EEZHFELTWS
ZE)o
3 EROEZA
3.1 —fR=IAF
3.1.1 HRERIIARED L VIZEFHETZINTL, &
T LD IBETT & 7 o 727 F 721372313 Synthesiology

(ISSN1882-6229) (Z¥#k s L bz, ZnF) VT
WD K4 BIRIZEAT SN B F E D IEFERRO Synthesiology
- English edition (ISSN1883-0978) (238 &M%, 2D
L& ERPEEOLAIIEA TV FVEFE—DL D%
PRI T 525, HARGECTHLN TV EHEICIE, F
FEA) T FIVID FEAT .2 A LN SEFER U5 e 2 12
Heazk,
3.1.2 WFZEf S22 W CIE, FREDMIFE i O B LU
EFERIIL229H DL L, fadll oW Tid, fipk - Fi
e SCICHERT 2L DETEH YV T5 4 MV BLUER
B THOEV, FFE 7+ —F L DFEIL, Yk 4n
VB E SNSRI TARERARKE I B E NDOF
WA 2 o L, 11,2000 N CHB#ERE§ 5,
S B I N S T — T ANDERIIOWTIL. EER
STHNEZBRHFO L TEREPET S,
313 Wi, 3 iz e 1%,
3.1.4 TFEMmEIC b L KA NIA U &8T5 L,
3.2 EROERK
321 ZA MV (GHTHA M) | EE, EEL, S - %
Jo. R F—7—F GOMRE) L5,
3.2.2 4 MV, BER, EEL -7 —F, & - #ig ki
DWTIIHARFEB L EFETRE TS,
3.2.3 FER%37 —7 0 e o TER L . A4KIHEEOH
MICHIT 9%, M- %K -BHEEZEO, FRIELTRIY EY6H
BEET5,

Synthesiology Vol.3 No.4 (2010)

kAU —HERES
52 20074812 H 26 H
YIE 20084 6 H 18 H
IE 2008 4 10 H 24 H
BiE 20094 3 A 23 H
%iE 20104 8 H 5H

3.24 WP L I3 Sl A IE R R AT, RIS
ZELF oM (WF2Eim o) 2Rt 35,

3.25 A4 MUEHILTI0~203F (¥ L TIE5~107—
F) fifee L. K VEtaBICHET iR DL 5, H%E
SIS TI5~2530F (330 TIR7~157 —F) Hifk
DY THA M T EFROEFEEZINTLL DL T 5,
3.2.6 BRI HENOBEADIZDD T F1) 4, HE L7
i EREZNE BRI 2HH R OB EOEZHD
R ARz

3.2.7 FISCEANE300CF N E L, HCEH (1257 —F
FEEE) IHICERONE L5 5 Berfmm L% A 121, F
LERNIEWTH LN TED,

3.2.8 R, MILOHEA1E9,0003CFAEEL L, HXDH;
AR TRIFEEE (34007 — FAREE) &35,

329 BEGFICIFELHOREREE (FH200XF
TR, WL AIXTHT — PR, ) RUZEDH%IZ, AEH
BHFGVPMTH o7 EELIT L. 2B TOBKEN L
FHGELIAMBOADIET TR RO &,

3210 WHFEamSCIZ BT A A FEA L Oifam I FA S AR L
T, BF 7 02 AT bz 25 EIZ 2V T3,0003C
FHRE Q—VUN) CHiERERHEL T T 5,
3.2.11 ERIcfA SEER LTV B MRS R, Mo s
MNHOFIAN D HYE1E BEE DS TOF AT L -
729 Z CHRHEF TS OB/R R, S 3CHk) A M AB HTT
DRSS, MY HEY T, 2B, fHfFTEOaE—-%
IRFBRECRINT 2L, 2. BN IHOLAIC
5 T 2 AR SCRICREH T 5

3.3 EX

33IRMLIE, KARMLTH A [ A1, 2, 3., -+ HREH
LTHAH i) H1.1, 1.2, 1.3+  INRHLTH 5 [3H ] H°
111,112, 1.1.3--- =¥ 5,

3.32 MIXEROBEIZIIUTOLICT S, KX [T
HLA] TRABL, BEORBEIHLFTEDOITDL, BIED
BEHLEIFEST HFEE L I BLO %25, 7
T7 Ny b BT RS AL T 5 TEFIEETE
i35,

333 M- F -FEIZOWTREINFRHELE 5% DT, #
U7 28 - BT (20~403CTF L, JELOH;£1310~20
T—FHEE, ) ZFLED I 2 ALPICBIT LI AREE D
AT %o

3.34 HIZOWTIEZEDO T FHIRIT X 282 5K, 7213
{57 74V (GBI A X T350 dpibl L) #3245, JEH]

-317 -



MERRALY BBl

R B CTREALS ecmBUT, FHEREIR &35,
3.3.5 BEIZDOWTIIEEIHAZ 7)) ¥ MR (75 —1T) 7213
1§77 AV (381 XT350 dpibh k) TRET S, 77
ANI AT (tiff jpegpdfzE) #WEET 5. BEANIA T2
cmDHEHIRI &35,
3.3.6 ZECH) A MIE L O S IRIEICEE R T 5.
MR (5] HE4 R, Mt 1y v o), % (5),
Blf_R— = fTR— (B4T4F) .
IR (HEFF2EE) - O] FE4 850 (1) v 7)),
BgG R — 2 = #TR—2, SATHT, Wik (F1T4E) .
4 EFEROREH

JFER O HERIEA T 1 B LOERRIEF 2y 72—
O EOET AL T RO T %,

T305-8568
IO QX TMERL-1-1 2 L2
HESEHAMA A WIGERT LGRS R EZE N

Treihuy-HERBRFHN
LB TRERIEIEI S LGRAL v,

—318 —

5 EERIE
EERIEIX1IEMTHIZEET D, 2O, HI_EDFRY
DAL OMBIE - ETIEIZIERIE LCRBD BN,
6 ABDHIE
BHAFONEOEMLIIER I CHLLDET D,
7 EiFtE
ROy —F VB EN - & TCORBOEEMHEILEE
B AR I RE 35,
fvEheig:
FEEFMARAIZERT LRI R EZE AN
vrkvAud—iRERZERFHN
FEil 0 029-862-6217. 77 v 7 A 1 029-862-6212
E-mail : synthesiology@m.aist.go.jp

Synthesiology Vol.3 No.4 (2010)
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MESSAGES FROM THE EDITORIAL BOARD

There has been a wide gap between science and society. The last three hundred years of
the history of modern science indicates to us that many research results disappeared or
took a long time to become useful to society. Due to the difficulties of bridging this gap,
it has been recently called the valley of death or the nightmare stage ™ ". Rather than
passively waiting, therefore, researchers and engineers who understand the potential of the
research should be active.

To bridge the gap, technology integration & 77¢? #esic Research =Note ) ¢ g ientific findings for
utilizing them in society, in addition to analytical research, has been one of the wheels
of progress < ! fesearch =R - Traditional journals, have been collecting much analytical
type knowledge that is factual knowledge and establishing many scientific disciplines
ipe I Basic Research=Note ) * Tachnology integration research activities, on the other hand, have
been kept as personal know-how. They have not been formalized as universal knowledge
of what ought to be done.

As there must be common theories, principles, and practices in the methodologies of tech-
nology integration, we regard it as basic research. This is the reason why we have decided
to publish “Synthesiology”, a new academic journal. Synthesiology is a coined word com-
bining “synthesis” and “ology”. Synthesis which has its origin in Greek means integra-
tion. Ology is a suffix attached to scientific disciplines.

Each paper in this journal will present scenarios selected for their societal value, identify
elemental knowledge and/or technologies to be integrated, and describe the procedures
and processes to achieve this goal. Through the publishing of papers in this journal, re-
searchers and engineers can enhance the transformation of scientific outputs into the soci-
etal prosperity and make technical contributions to sustainable development. Efforts such
as this will serve to increase the significance of research activities to society.

We look forward to your active contributions of papers on technology integration to the
journal.

“Synthesiology” Editorial Board
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Note 1

Note 2

Note 3

Note 4

Note 5

Message

The period was named “nightmare stage” by Hiroyuki Yoshikawa, President of AIST, and historical
scientist Joseph Hatvany. The “valley of death” was by Vernon Ehlers in 1998 when he was Vice
Chairman of US Congress, Science and Technology Committee. Lewis Branscomb, Professor emeritus of
Harvard University, called this gap as “Darwinian sea” where natural selection takes place.

Type 2 Basic Research

This is a research type where various known and new knowledge is combined and integrated in order to
achieve the specific goal that has social value. It also includes research activities that develop common
theories or principles in technology integration.

Full Research

This is a research type where the theme is placed within the scenario toward the future society, and where
framework is developed in which researchers from wide range of research fields can participate in studying
actual issues. This research is done continuously and concurrently from Type I Basic Research ™ * to
Product Realization Research ™, centered by Type 2 Basic Research ™.

Type 1 Basic Research
This is an analytical research type where unknown phenomena are analyzed, by observation,
experimentation, and theoretical calculation, to establish universal principles and theories.

Product Realization Research
This is a research where the results and knowledge from Type 1 Basic Research and Type 2 Basic Research
are applied to embody use of a new technology in the society.

Edited by Synthesiology Editorial Board
Published by National Institute of Advanced Industrial Science and Technology (AIST)

Synthesiology Editorial Board
Editor in Chief: A.Ono
Senior Executive Editor: N.Kobayashi, M.Seto
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S. Togashi, H. Nakashima, K. Nakamura, Y. Hasegawa, J. Hama, K. Harada,
N. Matsuki, K. Mizuno, N. Murayama, M. Mochimaru, A. Yabe, H. Yoshikawa
Publishing Secretariat: Publication Office, Public Relations Department, AIST
Contact: Synthesiology Editorial Board
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Synthesiology Editorial Policy

Editorial Policy

Objective of the journal

The objective of Synthesiology is to publish papers that
address the integration of scientific knowledge or how to
combine individual elemental technologies and scientific
findings to enable the utilization in society of research
and development efforts. The authors of the papers are
researchers and engineers, and the papers are documents
that describe, using “scientific words”, the process and the
product of research which tries to introduce the results of
research to society. In conventional academic journals,
papers describe scientific findings and technological results
as facts (i.e. factual knowledge), but in Synthesiology, papers
are the description of “the knowledge of what ought to be
done” to make use of the findings and results for society.
Our aim is to establish methodology for utilizing scientific
research result and to seek general principles for this activity
by accumulating this knowledge in a journal form. Also, we
hope that the readers of Synthesiology will obtain ways and
directions to transfer their research results to society.

Content of paper

The content of the research paper should be the description of
the result and the process of research and development aimed
to be delivered to society. The paper should state the goal
of research, and what values the goal will create for society
(Items 1 and 2, described in the Table). Then, the process
(the scenario) of how to select the elemental technologies,
necessary to achieve the goal, how to integrate them, should
be described. There should also be a description of what
new elemental technologies are required to solve a certain
social issue, and how these technologies are selected and
integrated (Item 3). We expect that the contents will reveal
specific knowledge only available to researchers actually
involved in the research. That is, rather than describing the
combination of elemental technologies as consequences, the
description should include the reasons why the elemental
technologies are selected, and the reasons why new methods
are introduced (Item 4). For example, the reasons may be:
because the manufacturing method in the laboratory was
insufficient for industrial application; applicability was not
broad enough to stimulate sufficient user demand rather than
improved accuracy; or because there are limits due to current
regulations. The academic details of the individual elemental
technology should be provided by citing published papers,
and only the important points can be described. There
should be description of how these elemental technologies

Synthesiology Vol.3 No.4 (2010)
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are related to each other, what are the problems that must
be resolved in the integration process, and how they are
solved (Item 5). Finally, there should be descriptions of how
closely the goals are achieved by the products and the results
obtained in research and development, and what subjects are
left to be accomplished in the future (Item 6).

Subject of research and development

Since the journal aims to seek methodology for utilizing
the products of research and development, there are no
limitations on the field of research and development. Rather,
the aim is to discover general principles regardless of field,
by gathering papers on wide-ranging fields of science and
technology. Therefore, it is necessary for authors to offer
description that can be understood by researchers who are
not specialists, but the content should be of sufficient quality
that is acceptable to fellow researchers.

Research and development are not limited to those areas
for which the products have already been introduced into
society, but research and development conducted for the
purpose of future delivery to society should also be included.

For innovations that have been introduced to society,
commercial success is not a requirement. Notwithstanding
there should be descriptions of the process of how the
technologies are integrated taking into account the
introduction to society, rather than describing merely the
practical realization process.

Peer review

There shall be a peer review process for Synthesiology, as in
other conventional academic journals. However, peer review
process of Synthesiology is different from other journals.
While conventional academic journals emphasize evidential
matters such as correctness of proof or the reproducibility of
results, this journal emphasizes the rationality of integration
of elemental technologies, the clarity of criteria for selecting
elemental technologies, and overall efficacy and adequacy
(peer review criteria is described in the Table).

In general, the quality of papers published in academic
journals is determined by a peer review process. The peer
review of this journal evaluates whether the process and
rationale necessary for introducing the product of research
and development to society are described sufficiently well .
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In other words, the role of the peer reviewers is to see whether
the facts necessary to be known to understand the process of
introducing the research finding to society are written out;
peer reviewers will judge the adequacy of the description of
what readers want to know as reader representatives.

In ordinary academic journals, peer reviewers are anonymous
for reasons of fairness and the process is kept secret. That
is because fairness is considered important in maintaining
the quality in established academic journals that describe
factual knowledge. On the other hand, the format, content,
manner of text, and criteria have not been established for
papers that describe the knowledge of “what ought to be
done.” Therefore, the peer review process for this journal will
not be kept secret but will be open. Important discussions
pertaining to the content of a paper, may arise in the process
of exchanges with the peer reviewers and they will also be
published. Moreover, the vision or desires of the author that
cannot be included in the main text will be presented in the
exchanges. The quality of the journal will be guaranteed by
making the peer review process transparent and by disclosing
the review process that leads to publication.

Disclosure of the peer review process is expected to indicate
what points authors should focus upon when they contribute
to this journal. The names of peer reviewers will be
published since the papers are completed by the joint effort
of the authors and reviewers in the establishment of the new
paper format for Synthesiology.

References

As mentioned before, the description of individual elemental
technology should be presented as citation of papers
published in other academic journals. Also, for elemental
technologies that are comprehensively combined, papers that
describe advantages and disadvantages of each elemental
technology can be used as references. After many papers are
accumulated through this journal, authors are recommended
to cite papers published in this journal that present similar
procedure about the selection of elemental technologies
and the introduction to society. This will contribute in
establishing a general principle of methodology.

Types of articles published

Synthesiology should be composed of general overviews
such as opening statements, research papers, and editorials.
The Editorial Board, in principle, should commission
overviews. Research papers are description of content and
the process of research and development conducted by the
researchers themselves, and will be published after the peer
review process is complete. Editorials are expository articles
for science and technology that aim to increase utilization by
society, and can be any content that will be useful to readers
of Synthesiology. Overviews and editorials will be examined
by the Editorial Board as to whether their content is suitable
for the journal. Entries of research papers and editorials
are accepted from Japan and overseas. Manuscripts may be
written in Japanese or English.

Required items and peer review criteria (January 2008)

Item

Requirement

Peer Review Criteria

Research goal

Describe research goal (“product” or researcher's vision).

Research goal is described clearly.

Relationship of research
goal and the society

Describe relationship of research goal and the society, or its value
for the society.

Relationship of research goal and the society
is rationally described.

Scenario

Describe the scenario or hypothesis to achieve research goal with
“scientific words” .

Scenario or hypothesis is rationally described.

Selection of elemental

Describe the elemental technology(ies) selected to achieve the
research goal. Also describe why the particular elemental

Elemental technology(ies) is/are clearly
described. Reason for selecting the elemental

technology(ies) technology(ies) was/were selected. technology(ies) is rationally described.
Relationship and Describe how the selected elemental technologies are related to Mutual relationship and integration of
integration of elemental | each other, and how the research goal was achieved by composing | elemental technologies are rationally
technologies and integrating the elements, with “scientific words” . described with “scientific words” .

Evaluation of result and
future development

Provide self-evaluation on the degree of achievement of research
goal. Indicate future research development based on the presented
research.

Degree of achievement of research goal and
future research direction are objectively and
rationally described.

Originality

Do not describe the same content published previously in other
research papers.

There is no description of the same content
published in other research papers.
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Instructions for Authors

1 Types of contributions

Research papers or editorials and manuscripts to
the “Readers’ Forum” should be submitted to the
Editorial Board. After receiving the manuscript, if
the editorial board judges it necessary, the reviewers
may give an interview to the author(s) in person or by
phone to clarify points in addition to the exchange of
the reviewers’reports.

2 Qualification of contributors

There are no limitations regarding author affiliation
or discipline as long as the content of the submitted
article meets the editorial policy of Synthesiology,
except authorship should be clearly stated. (It should
be clearly stated that all authors have made essential
contributions to the paper.)

3 Manuscripts

3.1 General

3.1.1 Articles may be submitted in Japanese or
English.

Accepted articles will be published in Synthesiology
(ISSN 1882-6229) in the language they were
submitted. All articles will also be published in
Synthesiology - English edition (ISSN 1883-0978).
The English edition will be distributed throughout
the world approximately four months after the
original Synthesiology issue is published. Articles
written in English will be published in English
in both the original Synthesiology as well as the
English edition. Authors who write articles for
Synthesiology in Japanese will be asked to provide
English translations for the English edition of the
journal within 2 months after the original edition is
published.

3.1.2 Research papers should comply with the
structure and format stated below, and editorials
should also comply with the same structure and
format except subtitles and abstracts are unnecessary.
Manuscripts for “Readers’ Forum” shall be comments
on or impressions of articles in Synthesiology, or
beneficial information for the readers, and should be
written in a free style of no more than 1,200 words.
Editorials and manuscripts for “Readers’ Forum”

Synthesiology Vol.3 No.4 (2010)
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will be reviewed by the Editorial Board prior to being
approved for publication.

3.1.3 Research papers should only be original papers
(new literary work).

3.1.4 Research papers should comply with various
guidelines of research ethics.

3.2 Structure

3.2.1 The manuscript should include a title (including
subtitle), abstract, the name(s) of author(s), institution/
contact, main text, and keywords (about 5 words).
3.2.2 Title, abstract, name of author(s), keywords, and
institution/contact shall be provided in Japanese and
English.

3.2.3 The manuscript shall be prepared using word
processors or similar devices, and printed on A4-size
portrait (vertical) sheets of paper. The length of the
manuscript shall be, about 6 printed pages including
figures, tables, and photographs.

3.2.4 Research papers and editorials shall have front
covers and the category of the articles (research
paper or editorial) shall be stated clearly on the cover
sheets.

3.2.5 The title should be about 10-20 Japanese
characters (5-10 English words), and readily
understandable for a diverse readership background.
Research papers shall have subtitles of about 15-
25 Japanese characters (7-15 English words) to help
recognition by specialists.

3.2.6 The abstract should include the thoughts behind
the integration of technological elements and the
reason for their selection as well as the scenario for
utilizing the research results in society.

3.2.7 The abstract should be 300 Japanese characters
or less (125 English words). The Japanese abstract
may be omitted in the English edition.

3.2.8 The main text should be about 9,000 Japanese
characters (3,400 English words).

3.2.9 The article submitted should be accompanied
by profiles of all authors, of about 200 Japanese
characters (75 English words) for each author. The
essential contribution of each author to the paper
should also be included. Confirm that all persons
who have made essential contributions to the paper
are included.
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3.2.10 Discussion with reviewers regarding the
research paper content shall be done openly with
names of reviewers disclosed, and the Editorial Board
will edit the highlights of the review process to about
3,000 Japanese characters (1,200 English words) or a
maximum of 2 pages. The edited discussion will be
attached to the main body of the paper as
part of the article.
3.2.11 If there are reprinted figures, graphs or
citations from other papers, prior permission for
citation must be obtained and should be clearly stated
in the paper, and the sources should be listed in
the reference list. A copy of the permission should
be sent to the Publishing Secretariat. All verbatim
quotations should be placed in quotation marks or
marked clearly within the paper.
3.3 Format
3.3.1 The headings for chapters should be 1, 2, 3...,
for subchapters, 1.1, 1.2, 1.3..., for sections, 1.1.1,
1.1.2, 1.1.3.
3.3.2 The text should be in formal style. The chapters,
subchapters, and sections should be enumerated.
There should be one line space before each
paragraph.
3.3.3 Figures, tables, and photographs should be
enumerated. They should each have a title and an
explanation (about 20-40 Japanese characters or 10-
20 English words), and their positions in the text
should be clearly indicated.
3.3.4 For figures, clear originals that can be used for
printing or image files (resolution 350 dpi or higher)
should be submitted. In principle, the final print will
be 15 cm x 15 cm or smaller, in black and white.
3.3.5 For photographs, clear prints (color accepted)
or image files should be submitted. Image files
should specify file types: tiff, jpeg, pdf, etc. explicitly
(resolution 350 dpi or higher) . In principle, the final
print will be 7.2 cm x 7.2 cm or smaller, in black and
white.
3.3.6 References should be listed in order of citation
in the main text.

Journal — [No.] Author(s): Title of article, Title
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of journal (italic), Volume(Issue), Starting page-
Ending page (Year of publication).

Book — [No.] Author(s): Title of book (italic),
Starting page-Ending page, Publisher, Place of
Publication (Year of publication).

4 Submission
One printed copy or electronic file of manuscript
with a checklist attached should be submitted to the
following address:
Synthesiology Editorial Board
c/o Website and Publication Office, Public Relations
Department, National Institute of Advanced
Industrial Science and Technology(AIST)
Tsukuba Central 2 , 1-1-1 Umezono, Tsukuba
305-8568
E-mail: synthesiology@m.aist.go.jp
The submitted article will not be returned.

5 Proofreading

Proofreading by author(s) of articles after typesetting
is complete will be done once. In principle, only
correction of printing errors are allowed in the
proofreading stage.

6 Responsibility
The author(s) will be solely responsible for the
content of the contributed article.

7 Copyright

The copyright of the articles published in
“Synthesiology” and “Synthesiology English edition”
shall belong to the National Institute of Advanced
Industrial Science and Technology(AIST).

Inquiries:
Synthesiology Editorial Board
c/o Website and Publication Office, Public Relations
Department, National Institute of Advanced
Industrial Science and Technology(AIST)
Tel: +81-29-862-6217 Fax: +81-29-862-6212
E-mail: synthesiology@m.aist.go.jp
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Messages from the editorial board

Research papers
R&D of SiC semiconductor power devices and strategy towards their practical utilization

-The role of AIST in developing new semiconductor devices-
K.Arai

Development of single-crystalline diamond wafers
-Enlargement of crystal size by microwave plasma CVD and wafer fabrication technology-
A.Chayahara, Y.Mokuno, N.Tsubouchi and H.Yamada

Investigation of the distribution of elements of the whole of Japan and their applications
-Geochemical map of land and sea of Japan-
N.Imai

How car navigation systems have been put into practical use
-Development management and commercialization process-
H.Ikeda, Y.Kobayashi and K.Hirano

New material development by the integration of cast technology and powder metallurgy technology
-A high-performance hard material which used intermetallic compound for binder phase-
K.Kobayashi, K.Ozaki, A.Matsumoto and H.Nakayama

Talk

Clinical research and synthesiology
T.Higuchi and A.Ono
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