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WS Fa—TEWAS FREE - B T5LEbII, AR/ Fa—TOREEHEERTE L.

1 HFEOEN

AR/ Fa—713 ARG TOEIT1OD5FHIZ
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technology] DXITEZF L7z,

WD ELDERBFLIMOREH DERRICDWNT
B UMK A

[ LLENLHMDDH > THFNL ZUITEY, — Lot
WLHEOTVDLERG BB o726 LTH, F—FNELTOELSMEI =T
R BRWLEAMERY ) 2] EOERMAEDYFL7205 Zhid
BOTEELLEBVES, KIS, ThEREEETFNAA (X754
RY)— s AVIATFU R FNAR) E4DFE LT FRERHEKRT
Ll & DEFRPMEE T THET I, HLVIIZDOILO®KD
PITONTES 2B ERALZ X5 2 I FAN B FE MG 2 & 5 2 v g
o TORMD (L2 THT T4 <L LHWT50) 2EDEICTS
PIZOWTOTAT T BT BREPELTZE N,

[ (B P dt)

AR L TZIANSON L W) ZEE2EETLHE, T
[ EE] W) DR OMBE LTI LErH D EEZ T
o MY H2T BUREHMER ZHILRA Y MR#RTEL L) TH
i, 2oz ANSh B EBvEd, 72720, #EEko kg
WHEVICDRETERLHBICZITANSN L ZH>TLEVE T, £
D72, TS| ZL TR THEI e ZOAALFEOHT
IWTEZR ZE R RA ¥ PSR TEL LT HIEEVIDAS, H
MRMBD 2T I 72D DR OIS EBVE T, 20 TR %
EOXATTHMIIE, EPLERA M EEDEIEHTEL I
BERPEVHTEIRYETOT, SIS LTIMATE ) =X W
FHIITRELRH R T —HRE G SLROERE &) %
ELZEDBEELROTIIRVTLE ) MYBELBRLZ IR F
TAL MEHMSEFICBWTIE, HEE R g IC keI A L
N, TYRZ—HF—IZXBLETADHPEEMITEH NENH T LD
Bl o Tnb720, Hiitt )Ty 7y FTIERL wWhlHEE:
FVILY Ty RICTAHIENTELDD, EERTIREDTIE RN
NEEZET,
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Uit s

KIS EEIFREDREIL

VUIVEBERRZEIARETDIBEON U —YEVUT(FR

W B —

WEOEE, Ho5IE, RECHRE, REL VoW EZFHIT 5720 088 & LTHERIRDIECHWOILT W2, BETS
VT CIE % (B RTR T 2 EMMOW O FHEL LTHKRPHCENE ZED S\, Ll IKOFEEIZZ ORIV B KA LT
ZALL720 BT AD R R 2T 5720, 1970 FFAAHIE ) O B RR SR O L E G R 2 L LUTHRELFHIT 2
CEPMEEN L LI, FURETIEFHIO M —H Y 74 2R L. BGOEEMER [ L SE572012, XD EELSE

FHIBA A EE R P L ROON L L)oo TEI. DL %

RN LERI TR EREY HE LTy ) a v Bz v, it

Bk LR EEEERR TS Lo BEOIMEL PRI SERIZY 7 M52 81, BabiEEm iz Fo 3, HED:
DD 72T B MEAT LR P DR RAZ M AT OB S 2R T DD TH A,

1 LIS

KIFEEORKAL L TOES O eNTEz BUE B
FOEMELLTHOONTWAEEF O/ I AR IEL 1T
I8 RIS SN 72 A= PVE RIS VTS 7z
Uy MVOKDEREREL L THROLN72HDTH LY,
FIBSHALR (SD P2 BV THEEDHAL (kg/m’) 1XSTHEA
B ChHEREOHMF T T4 (kg) LESOHM A—]
WV (m) D ORI SN5STHL AL TRIN S, EFSHALR
DEFTN N> THEZFNTH7-0II3HEEL RSO

(standard) D3HIUI T TH Y F7 I EOENEZ R E
THLERIRVEIICEDN LN LA, Ll L
VYL EZ L7 OIE m e BRE DM E N SIHD S S
IR Y ZEHEBA 2 S 5720 MO THEETH Y, £
NEDDLLAKEOMIHED S S L OFHI S -WED
BRI L LTRIMOWE OB 2 A E T 55551
ENEDTH D, CDTOHD VAT TE, 220, BED
FHIEREHOWEIZOWT, H 50 LOEEDMIEZ 5
WLTBE, COYWHEDOEE R ILHEL LTRMOWEDHE
EHRHE T ES— RIS N L, O XHEDIK
WL R BWPEO S L I R L IR

HKIFRD L DSOS NTEEEEEY L TH Y,
MDY EOERERL T, NERZRDL720IZEHNS
NT & 720 T DOHEIZI890EA A H19104E 122 ) T EIBRIE
R (BIPM) © CRANIHEHIE Sh 208, ZoHlE
WERIGZAK (isotope) 2858 BN 2 LIRIZAT bz 728, K
D FARRLE DA FED S VE K 35 MR STz,
C D7 FNARHLE AT 2 KO FEE DM RHEZ 1x107°
IS /NS VIR A AR E AT S THIME T2 Z & 3E
A IE DRSS (TUPAC) #IZUHETH LD

EBFEE O/ SN, INE )T TE—A 7)) THILFE
FE EWFFERERE (CSTRO) © & 37 [E o RE K AF 3 o e
BAEyy— (NMIJ. YBHE TR bR 7 T
W IREHE I K (standard mean ocean water: SMOW)
BNZEE L RGRRUE 24§ B AL IR 7 K D
DR WE Z1990FERNAT o720 A=A T ) TEEDE
2B TR L 72 fod S 8 A5 R 2513 H 7z A%, i o fid
WCIEATEDPEZ EHS 21x10 O 2@ 720 253 -
72720, EREEHLZES (CIPM) B&ME N EE
2 (CCM) OFEEMEERS (WGD) IZBWTliZE DT —4
AT SR, 4 T, 101.325 kPall B35 SMOWDHEE %
999.9749(8) kg/m’:§50~40 CDHEFHDHEILMHE A P>
SN BN OB Fe s OHF OPLRA TS S (k =
2) BFT, TOMIIBUE. EIBSHEREE LTORHWHNRT
Who LU AKDOEEEIXERIT AD 5 8RR R D
EENZL->THIEINTE720, IELWERTE 57201213 %E
B FHIRDU IS U7z o D O IE DS BT 2 5,
KROMWIZKRPDHEDILMEL LTHOONTE R, K
ROBWEL, ENEEOZEEZHNE L TIISTEB LY
196 14F (2 3 [ Wy BEAF 2297 (NPL) U UY s il Sh
720 TNODORED FIEZBAEDOIE HETH HITS-
902534 &, 20.000 T, 101.325 kPall B} 5%
13 545.854(3) kg/m*>Td 5" o JlE DI A HUALHE AT
2 0.2x107°°TH B L E SN TV B FAAARHLELD
FEWSEIZXY, FEHL O 2 KGR OB XK T
L7X10"  OHMHRE A D B0 ZD7280, AT IT ShTuien
KPDOBEE DM AR AT S X107 ° LD HRE
WEEZZLNTWAY  KROBEDOARE S, JE I
W DBEICRE R BR52 5750 T3k L BIBIHE

FESEFAN RS AISEA RHIEREERIZEARM T 305-8563 o IR 111 o UXHRE 3 ERINO 3y —  E-mail:

fujii.kenichi@aist.gojp
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B & B RASE BROMIE " R, AR AL EHNC X
57 at 7V R Ki=2e/h (ZZTeldBMFHEEZ, hidT
7w EFT) OMiHIE" IS BB EARHES SO
HHNELR ST WD,

DL FERP SRV HNT WSRO B R
(E KSR O LR IO A S ITER TS
AR SN TV AZZD, TRHDF =55 1x107°kD
H/NS ORI S OBERERR AT 5 2 L3
OTHEETH %, TDO—J T\ BHEEEDOFIFITBNTDH
B AR (MRA) Z2h# L HlicB 15 ML —9 e
V74 MRS A EDRDOHN B LR, KIS
MDOEFRIZIL —F TN ah /2 b THEZFHIT A2 LA
RKOLND LI >TETz, 7o IRBXNBIERT 2 21248
REINLIBEELRBEL =P EERTHLHER
HEICHY, FEETIToTWAEFO L) O HEIR A
] B R0 A 28 il BE 7208 T T4 e K B2 D B BE AR HE 2 i 3
BT EDWHEIC R o TE 7z, FICHEEEETIET VI -
KMo TEBENESHEEOT VI —IVREEZROT N
57290, HEEHIALIZHIS TEL 2D, B 2l 23T
REZR IR EEET OBMA DT SN B XHITRD, fHEE
(ZHED CRIEFHFER B G (JCSS) 12X B L —HKY)
TARROREENTRDO SN D X ->TEZ,

AR FEER D S 721 Tld e L, SIHM D EFHOYL BR
SERE B B DYt B E R BRI B2 B D K0 E R
FE 7 B R R HE AT IR 0D ST WV B o FRIC N 5B 20 5 M
—ODSIEARBNTHLFO T TLEHERTLHIZODFE
BRI FEASNMIT R ¥4 O BT AR EEWF e 48 B CiT b T
W vy g MR OWEE, BT E R EVEROR
EDOMET BT R AN 1 $k P 35 XH A i

(XRCD) #: Tl AR SN 722) a v Bl ow®
B 1x10  OAH X EHEAHE 2> S THEXIE 55 2 & ATR
BHHRTWBL,

ZDX) IR SR TIZ20014E T TIZY Y oV B
WWMEPEHEETAEEDO N — Y T IRREREEL ., 1t
KOFHREPETIIHIO T & b o 72 FEREE O %
PG L 720 BUEF TITIR0 L) WIS, IRB)X B,
BEARBRE L, PV T S 0k L 72 9 BEAR IR Bl &
BIZS L. ST DR FRIC ML —F TV R A AE % P S R
L= T D EICHM LTV 5,

2 WM BEEREFROLEN
21 #HEmw=—-X

AMALSAPESE, TV T —VRESE, BEIEPESE . FahPESE
ETITEE TARRLMEE OO RO B EFHI S
N 5o FEIZT VT — Vi BE O 2 5 H NI o B % 4%
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L, 5 2OR, MMl LTATFRBEROBRICA TR 2 b
DTH 5o FH i TIIARFIHE R I —E AFITB VTR
HE R 2 A E R R B ICIRE L AR S O R xE LA
BRI LTI SURREBR 2 T i35 22 B0 TE 0 i)
ROBEFHINCOWCIIFER R 2 L LORE SN 2%
FOL) HERO L), REEFO L) EPMHGENT
E72o RO LI TREED D] EHIFIIN D HEOF &
THY, TVI—IRELHELOBRERT T VIR

A S TR TR 008 ) OHEAKIESN 5o 70029
DO HBEIITERIIK DT % I L UTRIEST W25,
ZOREE b B O RIER ) O EEZITR 3R
Dr I X2 HEMEOHIAMHEASITRD NS VEET
b 1X10 "CTH Bo THUTHES LTI —VEEHIEDOAR
HEASIZH0.1 % TH o720 T2 F 0L D OHEBEIT I E
VSRR CTHAI S LI B D ZAliTIEH B 255 O H B
BRI LI e T D B %o

—Ji EBUTIC X 2 BB ORI BV TR IES WS
NTVBEHIHRFEREEF LTI BT VI — Vg
FHTH %o EBLTHNE ST L TGRSR D WK
EENTZEHEF O LIS T WS, ZHIZIRED
BV ON T —F I AT RO SN LD, =%
HIADHESNT VI —ViEEREE LTIREIEET
BE SN2 REEE R Ok ) DA L UG ST
Dol THh b,

DX RIRVLD % AT, B TR EE O &
b, FB bR EIHIE T & B X0 ER E A BRI g~
TEDN R EoTW Iz, BE TRAZBEICEIT 5720100
TN IA—VigEZ0.05 BREEORE TEHIIL72vwin) B
YNHEERPSH), TD72DI213A 75 EB0.005 %D
JECERGMHEAEAEIC N —F TV R B R R R 95 2
EDLETEST,

PREY BRI O T RRE O B VB EERHIIZR TH ).
WHLER DD TIZI0 ~10 " O FHHM: THAE O BEZ 5
MWITBZENTED, ZOMBEMGT LD 72 MR 5
S TR IR B U R 2 B I A ST v
A, FDIERES Z RIS 572012 I3 H R L I IENh %
B 50U OFE AR IE SN2 HE AR TR L IR B B L
BRERIELTBLZEDARURTH %, ED72DIITE =
B REAED1G O NI EERHE % #90.001 % DA AT S
TG 52 EDETH B985 HASETIZ L —H TV
T B R O B R BI 2S E fl S Qe o7,

2.2 #BEM——X

BTN S, Ty Eh, BRERe, TARA
FOEHN, &L IHRB R 2R 3 2B BN 5 3K
RWPLERTH ). TS0 IEREYBLE B % FEES AL R
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e S 2 ARIAUD 2 TR E DR ()

[ZHEFL L 72272 HCIRETENE, INSHEHAFGDET
SFESF LI E A FETLI LN TE S, LY
HUEBOMIZF MO EETH Y R EDKREN
DT, EBEAEAM A & (ICSU) Bl T — s BRES
(CODATA) (2%l S 7z Seak Wyl e B E i & cld sk
TEWPE B O BRI B MEARGES N B XD #2417
WHERHE LTI EDTWVE™,

TARF NI, I RO T TR W
HaEOHAEL (mol) ZEFK TS ETHEETHL, 5
2 TARA FOEBE Hor NS AR ENS THRETSL S
EATENR EBEEMRICBOWTATIYIC Lo TERS
NTVLME—DOSIEARBN THLFIT T 0%, DY
H DI I e e ML LT E T S 2 LT
BEE 7B B Z 7z A— MV GRS WTHLER S
7- RS R sy (CGPM) 22 S R o & AR s 7% 5%
BA3 0 ) U CEIBS 1 27 7 2 s O B 22 e Ve & BFAT L
M EREHCTFR T FL02IL0E T OHh D
SIHEAR WA 2 FE R T B0 DERIIEZITHIZ L L
PRI ENTE 7,

) aVHEEROBE NS OARIEP S TR 2 8
Wi, XHas %8 (x-ray crystal density method:
XRCDE) o7 KA PO EBEIETS) R CTEELRK
HE2HSTWE, XRCDIFEIZBWT, 7R K EEN,Z
) A HEER OB p EVERM, BT EBanFnE
NEMAE TS EICE) N=8M/(pa’) LTRDOEN
%0 20054FICNMI]. KA WP 2258 T (PTB) Kk
Joint Research Centerfi#eW)Z 5HHIMFZEAT (IRMM) &
WL CTHRFEMAKLD V) 3 V#5257 R4 Fa g
ZE L. XRCDEEE LTI B REEOE WV 3x10770H]
S EEHE R A S AR L 722 o 20044 (2 [EIBR T BT R
2 (CIPM) I &> TR SN 2T R FaEB oY 27
MEEZRES (TAC) TIINMIJZ & &R O8I 7EHE R O
IO T Ty ) a AR Si% wh i A L7z Bk 5 % 13
L. 7HRA PO E@HMOKEE 2x10 °F Tl L&8, Fur
TAHEFREERTLDOWENfTTONLTVS, ZOH
BT 5720121332 Y B0 BEL 1x10 504
SAFEN S TRIETH I EADEL INT W5,

Y aAVHEEERASRKOSN LT ARA P a g i, K
Tak 7V VR E TRV RETHY LN T WA IR
ORGECO W HRTWE Ry at 7y Ve s
JRERBEE U=nf/K; 038 AZY a7V v #E
FFIIS 72347 OB, Va7 B BK =
2e/h) « mFAR—NVEICBIFLEBLAIEIUIR =R 7 (1Z
B 74y 2) w0 PR BR=h/e") TEREN, Th
SIFELAIEELRTE.TH ETORERELEBHERHEL-T
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WBH, INHDET L BLAIEPL M 2 2e/hd B\
h/* WAL LTR TSN TWAO0E) % B
LT 52 L IETERVOT, TNHORIEEH VR WE
Brar HRDIzh et EDOEE DI - RS EEBROA
file 2> S OHFPAN TG A MGET 2 MEEDIT DN TV 5,
CODATAJEBEW B e BIE (R XTI Y a7V V%)
REBTFR—VHRITTESTICARe 2 RODLIENTES
7= E LT XM EELED HROIT KA Fa g o
iz ZHWTWE, SRODOKIRIZ LDV 5D AV at
TV VRREBTR-VAIRIIHNI0TREOAR A S TIE
LW EDTERDHRTWE

2.3 BEERDIDDIFUF

HEAN ==X LW =—ZXOWFH 2R L 2055 B
ZEWTH720OIIE, BIZERAFE O 2 HEIC L T2 L
MEETHL, INLELUTICEED,

(1) SIHEAMALDEFIZ P L —H TN ) ETHEO
sERLELR (F O Mo REHE) 2 ETELIE

(2) BEOF EREREIRAF AR == X721 TlE % Rk
ORHF ==X b I TE MR D ODDOTH L L

(3) 2—=F =DV DBIF VL), B R, HREH X %
AR EORHRBFUNHO R VEEIC > THEIEL, %
D E RN LAEDNOIT L E DR TH D &

(4) BOEFFER B SHIE (JCSS) ZiGH L. ISO/IEC
170258 1A L 728 S IE R DL — W — LW
DOKIESF —E2A%FT) ZENTELRRTHHZE

(5) BEAIEFEA DA T DI MLOFEREZI 5312
LR TH Y AR DIRA T2 JEE BRI X 2 BB AL
E2ELZVWHDOTHLHTI L

NSO D% T1) % BIRT LT, KRORE )Tk
RAEEGHT N FIAAHLSG E ik E 2 BEL ., KE
FEOEEERIIRETAZEORF L. L2, &
KIROFEMW LN 2 BRI LTHEOREEIR 1x10°%
L% 2 23O THEETH 5o —H, 7HRA N a2 ofl
FEDT=OIZ AR THFE L T2 T v B o %l
SEFAMIZIES IXI07DLNIVICEEL Tz D720,
YVaAVHEREROBEE N - T OTEM & T LB
BEHEARRE BRI 720 ONIB G IEF L L5
A—=H—OHEMEZE LI ECEE LT 778 —Lb,
CORIZOWTIIER L AR IEFEZRLOITEEEIT-
72L 2 A, BIEEBEANOBRYORMREH L L EitiTdo
Th, INVREGBEOBERZIRATHZ LI TRIE
DOIFFEVEZFEPRL | LR OB AL IE 2 HEBR$5 2 & 28
TELHEDIZH) P EMMIIGEE LR T E ORI
FELTZ. NS OBGE RIS W TR CIZHLWE
JERRHE SR ORGSR TF L 720

JE
JE
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e S 2 ARIAUD 2 TR E DR (BEH)

3 #HMULLWEEREFROREFRE

YA VHEROBEE MO TEELTWLDT, B
PP & LTI B 2 & AT19T0 4 AT 2K [l 42 3 5 4k 1
Jeit (NIST) THRANIHRGET Sh 72 1987412 —A 5
) 7R FL A ST IR HE (CSIRO) I2B W T T v B
sl S BRAR R WP 2 Bl ™ BB ST BI1E, 20
TEREEFEOWUENSBEZEREIIET DI L2518
Y BEOAHENS ZIRBEINIRA S LT EATERIC
otz HER. V) aVHEHES O IL, TRAE 2 S AR A
DIEMEC IO S 7= kO R A & F ik & LTk To
FHME R 25k HNTWIAS, T I MR % 3Rk
RS 22812 X) . FHEER 35 2 e R REDOH
WHEZ EHEIRD LI EDTED, CSIROTHA T
I VERR R HICE R & UCRE T 2 720721 Tld L,
TR FEEBOIEIHMZ D LT H7012, WHED
OB RS 12 BV TRIR I BR 25721 Tld e AB2EMBR 205 1%

(mechano-chemical polishing) ZH(0) A7) 3:%
FZE L BRARRME R KA TEBZTALRVWEI &
TRAMR SN\ EBIC X 2 BRERE AL
WIS Tl A A 3R 7o 7o F F R RAL IR AT
LTWAIENFERINT VD, BIETIZZORERMIC
XDEAER mm. EREH] kgDIRIKREEIRE CFYEE
MO ORAEDIRAAE) 50 nm, FIEAME0.1 nmDFFE T
FIFBZENTEEE 5T B o FERHFTIZCSIRO THEEE
Bl 2SS SN2 40053 ) a v BRI OB
BBICER L. KIS DB L B R O 71275
%':Lf: [27] - [30] R
3.1 YUIVEGFEEZEEDSH

D) 3V HAE NI ARE B A B ETH D
BUIE IR, Bl KR0S ESIATFT
&%, ) ANE3D DR FMAA Si, # S, ¥ SiAHEE
T 5D TRRFEAREDIZSD & L fHSLHE TRIC B
DB EENZ I 2 DY O L BRSO BRI
1X10 R EIX 52 A5, Z O FH1X20.000 T, 101.325
kPalZ BV TH2329 kg/m* Th %o V) a v Bk 2%
JERHE L LTHWAL A ORBII D TO X I i bh
b

(D) BREWHSEEAE T2 T EIELTLERR
ZOEERIBDTEELT Wb,

(2) KRR KRR TH B DITHT Ly 1) T > Bk 1
7% DT TR OAL2A IR T R AR D ZE LI
By % YA

(3) RHENIERALIECTE DN TVEA, BALIEO %13 3E
BTHDLY) IVHEEOBEITEVOT, BALETICX
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B LIIBD TS,

FHI (2) KIS D 2 H - AR R OB S 2 4 5
KBS HELREETH Do V) 3 BRI LIS
FEREETH 57207 Tld % L BIEHEH DT ) EBE O IE
PEERREME LR OMEFE - A HIC B WTH . MR OB ERHEY)
BHIZIZ W FENEZ HeAafi 2 TV 5.

3.2 EBEODHEMAIERIMTORFRE

BALIZ, 2 T > Bl G OB & Ao e 5 5 72012 B 5
L7zL—FF et R L728 AAREF 07 S L5k
L= 7N B ilEE2 E BT 5720103 3 Y BRIKO Y
WA kgb A RESE RN MR, COHEFIZH
mmTd %o HIREAVNSVERIE DRI, T OEEE S
FASHE LCEHEEEZRD D I EI2ED TIc/hs
WARFENESTRDDZENTE S, TO/DEIREA00
nm& ) /NS TV ERIRDSERE QR EEEERR & LTH
WHNT WA,

SIFEARMALTH B A— MV, EFREINTIEHEE, JF
BHDPRIESNIHOWELSRDOENLDT, L—HFF
WRTO IR BID DR R P —F TN L TR
EENTwARTERS R, L L, BRESMEDEIDLRE
PRz MxT e 352 LIEHEERO T, BoERIT ML —
TN TR D S0 Uit fllg sh iz
ORI WAL —F OHESEY RO ERRE R R E A

(CIPM) I2XoTHROHNT VS, ¥ 2V ERE DA
ETIE $)FERE(LHe-Nel —F OB EE AL L
TRESNIZL—FFAF—FERFEETHIEITLD A—
MVDEFRND L —HE T4 ZHER LTV S,

FEPN X BIERERIERIED /20121, ERA R RO
BE OIS 2 3l L ASHEATZRE C R 3 2 B A%
LZFMIT2IENEETH L. FFICT R Vg R e
DIEFEY P E B R E L TFOY S LR EDSIHEAR K%
FEFRTH2DIE, V) AV ERREBEEOT T A=
VOKEETHETLIENRDON L, V) aVEREDFK

M1 ) arRikorgEzls L —F TiE
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e S 2 ARIAUD 2 TR E D RN ()

3% 3~5 nmOBILIEECE Db TV LD TEE ST
Hi OBADRLIETH 5o TDO72DITHERIZ ) T v BRK
RO L) TV AN =% 4T o> TEZZH AR TIEX B S
K (XRR) RX#OGES 76 (XPS) HEDEHGHT
iz e L, L0 IR CEBEMEO R WRIIEHI 2T b
TWh, V) A HfEhiIZ b —E D BIGIRIR KA S 5 DT,
BN EDB OERMKIRE %] mKFEEDOARRENSTHlE T
HZENRKRDOEND o ZD7-DIE TIFEZERIZBITAY
ROMER L) IR0 DT 7 T4 73S —IV K
ZEATHREOYRAIMEAENT VS,

) 3V HAEE OBE & M § 5 720 O ER A &
FKUIFNZE L 720 SHEADEFRIZ L — 570 72 [ R 5 BE AR
WML S B 72D OGS W B e | AR, R AT
Heatr, HmAR LR 8L L OFHIEERLETH L, 2D
DREHE R AE D TR 7 WA AL 72,

3.3 EBEUEBAIEENIOMRE

ML= T NIIF 0L B, IRBY R RT e &
== T B 72013, B AR SR T B WA
D) A VERIK OB E % FE e & UCREE & LI EHI 2 Hefiir
PLFETH Do TOIOIFERII TR IR T Ok
IEEHE, PO LI MIEEE, BAXNBE O
115720
3.3.1 HHULSEEICKIDIEFEMEOBERKIE

D) AV ERIR DO EEE % HL e L UC AR R O A AR IE
FH72OIBFE L7 0 ) m B E O 2 K218 L 72
B VAR R IR AV S L B RE R N T
71 (n-CysHyg) DS SHNT WS fif AR E 2 T
Huians ) a Y EIKEWERN G Th HERM R L 228 H.
RO R )T 2 EICEY, ShEDOEEEE 4x107°D
HIHE AT S TR IET A Z AT E D, iR
ROHEIZ X BN DL EZMIET 572012, FE T
AL L 72 248 o0 Bk 52 1) 3 & 3ROk oo L AR bR

X1 IV a VBRI OBIEDMER P D720 I FE L7 Bl

EES5l] BAFEZ BiSZEMDIZD ICRIF U e BRii
KEEE | FREHEEDHARALV—YIC | IHOVOEHIIER (mechanical scanning) IC&DFi5
DAl - | KDERODF/ A=KV | TUVIDEHR - B - 3 nm OERAIEHEEZRIR
il Bl (R TOXEREE | (1994 F)
HHEANICREER S IctE
DRFEIR)
L—Y5 1A —ROEAIC | 20 GHz TEICOXEREERETAIFIE
KRDWFEEBRBOLTFES | (4827 h& (phase shifting method) [CK2ERDTE
HEEROTEEBENAE | BEEHE  BRAEREZ 1 nm (LR (2007 5§)
YIF /) A—RLDRET | =0 TUVIAICKDFH IV IEA  8F /A XCELD
DERAE PR FTREZEA L (BEFRH)
KEADW | VU IVRGEREAOKRLE | RERAODHTYTYXRU— (~ 1996 F)
DEE OFH X#RREIERE (XRR) & X fRABFHIE (XPS) OHA
(2007 %)

BEEHA | BEZERICHIIDIUIVIEK | BEKERICKDIEZREDREME : 1TS-90 (CEDEE
- il RDREDIEEAIE BIE EBEN T K 2REDMOFHIEIC & DRERIERE 5 mK
ZiER, (1994 )

BE Y —IL ROBAEZDT U T « TIHBEFIEIC K DBESR
EAEE 1 mK ZiER (2008 )
HADS | BEATOZHMNSDE | BEFICHIFDEAEDHMEEFHIEHA D= LDBEFEEZDOI
I ZRIE VEa1—%lE (1994 )
{g*ﬁ@éﬁ AELHIREDOREDRE | HAFZHERICKDIFEFESEDRIL
g
BEEAl | BEERCHIFHVUIVER | ERFIEBREQRDDY Y H—V AT LDOBEA
ADBEEETH ¥ D VEARE C ORISR D

B2 0 ) BB O
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Message

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 T2 Bic Researeh =Note ) o geiontific findings for
utilizing them in society, in addition to analytical research, has been one of the wheels
of progress @ Pt Researeh =Noe 3 g ditional journals, have been collecting much analytical
type knowledge that is factual knowledge and establishing many scientific disciplines “*
Ype 1 Basic Research = Note ) Technology 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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Message

Note 1 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.

Note 2  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.

Note 3 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 1 Basic Research ™ ? to
Product Realization Research ™*°®, centered by Type 2 Basic Research ¥,

Note 4 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.

Note 5 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.
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Abstracts

Abstract of Research Papers

Development of regenerative medical
technology working toward practical
application

— Construction of human cell processing
system in view of safety for the purpose of
clinical application -

Hajime Ohgushi

Research Institute for Cell Engineering, AIST
Nakoji 3-11-46, Amagasaki 661-0974, Japan
E-mail:hajime-ohgushi@aist.go.jp

Recently, technology of regenerative medicine
which utilizes cells after their proliferation and
differentiation process has drawn attention. In order
to utilize the technology for clinical application,
safety issue of the process as well as usefulness of
the cells should be confirmed. We analyzed the issues
and succeeded in utilizing the cells after proliferation
/ differentiation process for the purpose of therapeutic
applications.

Development of highly-active hydrodesulfurization
catalyst for sulfur-free diesel production

— Full research from in-house laboratory
catalyst to commercial catalyst —

Yuji Yoshimura* and Makoto Toba**
*Research Center for New Fuels and Vehicle
Technology, AIST

Higashi 1-1-1, Tsukuba 305-8565, Japan

E-mail: y.yoshimura@aist.go.jp

The need to reduce diesel exhaust emissions requires
stringent specifications for diesel, in particular, sulfur
content less than 10 ppm. We have recently developed
a highly-active hydrodesulfurization (HDS) catalyst
supported on Al,O, using some chelating agents.
Newly developed catalyst was quite unique in
structure, i.e., consisting of highly dispersed and
highly crystalline MoS, nano-particles, etc. This in-
house NiMo/Al,O, catalyst was further developed as
a newly commercialized HDS catalyst of LX-NC1.

Development of massive synthesis method of
organic nanotube toward practical use

Synthesiology Vo.l1 No.3 (2008)

— Integration of molecular design, molecular
synthesis and safety assessment for materials
having market competitiveness —

Masumi Asakawa*, Masaru Aoyagi, Naohiro
Kameta, Masaki Kogiso, Mitsutoshi Masuda,
Hiroyuki Minamikawa and Toshimi Shimizu
*Nanotube Research Center, AIST

Higashi 1-1-1, Tsukuba 305-8565, Japan

E-mail: masumi-asakawa(@aist.go.jp

Since organic nanotubes have excellent dispersibility
in water, and can encapsulate guest substances, such
as proteins and nucleic acids, they are expected to
be applied to various fields. We have planned and
implemented a strategic scenario to meet various
requirements, such as large quantity synthesis,
applications, price competitiveness, safety, etc. to put
organic nanotubes to practical use. We have designed
and synthesized the most appropriate amphiphilic
molecules for the formation of organic nanotubes
and developed massive synthesis method of organic
nanotubes by integrating design, synthetic, and self-
assembly technologies.

Development of flexible-printable device
processing technology
— For achievement of prosumer electronics —

Toshihide Kamata*, Manabu Yoshida, Takehito
Kodzasa, Sei Uemura, Satoshi Hoshino and
Noriyuki Takada

*Photonics Research Institute, AIST

Higashi 1-1-1, Tsukuba 305-8565, Japan

E-mail: t-kamata@aist.go.jp

We have worked on the development of the flexible-
printable device processing technology as a
processing technology of information terminal device
that can make the best use of user's individuality. We
have succeeded in the development of several low-
temperature printing technologies for flexible active
devices such as flexible displays and circuits. In this
research, we have paid attention especially to the
social requirements for the technology, and positions
of respective technologies in the total set-up concept.
We believe that it would contribute to the expansion
of information technology in the world.
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Abstracts

A new density standard replaced from water
— Using silicon single-crystals as the top of
traceability in density measurement -

Kenichi Fujii

National Metrology Institute of Japan, AIST
Umezono 1-1-1, Tsukuba 305-8563, Japan
E-mail: fujii.kenichi@aist.go.jp

In order to measure and calibrate the density, volume,
and concentration of substances, water has been used
as a density standard. Not only as a density standard,
but also for measuring other properties, such as
specific heat and surface tension, water is often
used. Since it became evident that the density of
water changes depending on its isotopic compositions
and dissolved gasses in it, silicon single-crystals
have been considered to be more stable materials
for measuring the density. Recently for clarifying
the traceability in measurement and improving the
reliability in the products, more precise density
measurements have been needed in the society
and industry. Considering these circumstances,
AIST established a more precise density standard
system using silicon single-crystals as density
standard reference materials. Shifting the density
standard from liquid to solid introduces not only an
improvement of uncertainty in measurement, but also

—-241 (72) —

new evaluation techniques for material science and
new metrological standards for the next generation.

A rationalization guideline for the utilization
of energy and resources considering total
manufacturing processes

— An exergy analysis of aluminum casting
processes -

Hideki Kita*, Hideki Hyuga and Naoki Kondo
Advanced Manufacturing Research Institute, AIST
Anagahora 2266, Shimo-Shidami, Moriyama, Nagoya
463-8560, Japan

E-mail: hideki-kita@aist.go.jp

For reducing the environmental burden as well
as improving the efficiency in manufacturing,
it is necessary to find the resources and energy
consumption process which starts from an individual
stage and spreads to overall. In this study, first,
exergy analysis was conducted on the production
systems of ceramic and steel heat-tubes, which are
used in molten aluminum, and they were compared.
Secondly, the same analysis was performed on the
whole aluminum casting processes. On the basis
of these results, rationalization guideline for the
effective use of resources and energy in casting
process could be obtained.
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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.1 No.3 (2008)
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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.

2 Relationship of research

goal and the society for the society.

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

Relationship of research goal and the society
is rationally described.

3 Scenario “scientific words” .

Describe the scenario or hypothesis to achieve research goal with

Scenario or hypothesis is rationally described.

4 Selection of elemental

technology(ies) technology(ies) was/were selected.

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) is rationally described.

Relationship and

Describe how the selected elemental technologies are related to

Mutual relationship and integration of

5 | 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 | Provide self-evaluation on the degree of achievement of research Degree of achievement of research goal and

6 | future devel opment goal. Indicate future research development based on the presented future research direction are objectively and

research. rationally described.

7 Originality Do not describe the same content published previously in other There is no description of the same content

research papers.

published in other research papers.
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Instructions for Authors

1. Types of contributions
Research papers or editorials should be submitted to
the Editorial Board.

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,
however, 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

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 in. All articles will also be published
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.

2) The manuscript shall be prepared using a word
processors or similar devices, and printed on A4-
size portrait (vertical) sheets of paper. The category
of article (research paper or editorial) shall be stated
clearly on the cover sheet.

3.2 Structure

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).

2) Title, abstract, name of author(s), and institution/
contact shall be provided.

3) The length of the manuscript shall be, about
6 printed pages including figures, tables, and
photographs.

4) 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.
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5) The abstract should be about 200 Japanese
characters (75 English words).

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

7) The article submitted should be accompanied by
profiles of all authors, 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 contribution to the paper are included.
8) Discussion with reviewers regarding the research
paper content shall be done openly with name 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 boby of the paper as a part of the
article.

9) If there are reprinted figures, graphs or citations
from other papers, permission for citation, if needed,
should be clearly stated and the sources should be
listed in the reference list. All verbatim quotations
should be placed in quotation marks or marked
clearly within the paper.

3.3 Format
1) The text should be in formal style. The section
and subsection hapters should be enumerated. There
should be one line space at the start of paragraph.
2) Figures, tables, and photographs should be
enumerated. They should have a title and an
explanation (about 20-40 Japanese characters or 10-
20 English words), and the position in the text should
be clearly indicated.
3) 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.
4) For photographs, clear prints (color accepted)
or 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.
5) References should be listed in order of citation in
the main text.

Journal — [No.] Author(s): Title of article, Title

of journal, Volume(lssue), Start page-End page
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(‘Year of publication). revisions or correction of printing errors are allowed
Book — [No.] Author(s): Title of book, Start page- in the proofreading stage.
End page, Publisher, Place of Publication (Year
of publication). 6. Responsibility
The author(s) will be solely responsible for the
4. Submission content of the contributed article.
One printed copy or electronic file of manuscript
should be submitted to the following address: 7. Copyright
Synthesiology Editorial Board The copyright of the articles published in
c/o Publication Office, Public Relations * Synthesiology” and* Synthesiology English Edition™
Department, National Institute of Advanced shall belong to the National Institute of Advanced
Science and Technology(AIST) Industrial Science and Technology(AIST).
Tsukuba Central 2, 1-1-1 Umezono, Tsukuba
305-8568 Inquiries:
E-mail: synthesiology@m.aist.go.jp Synthesiology Editorial Board
The submitted article will not be returned. c/o Publication Office, Public Relations
Department, National Institute of Advanced
5. Proofreading Science and Technology(AIST)
Proofreading by author(s) of articles after typesetting Tel: +81-29-862-6217 Fax: +81-29-862-6212
is complete will be done once. In principle, only E-mail: synthesiology@m.aist.go.jp
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