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Relationship between confinement and material losses
and generalized quarter-wave stack condition
in nonhollow-core Bragg fibers

Yuta Suzuki, Jun-ichi Sakai

We show effects of the core index on confinement and material losses in nonhollow-core Bragg fibers. Various
propagation properties are computed using a multilayer division method. Confinement loss is investigated as a function of the
core index 7. under the fixed value of cladding low-index 7,. When the cladding high-index #, is relatively low, the light wave is
confined to the core thanks to the photonic bandgap effect. On the other hand, for the large cladding high-index #,, the light
confinement is governed by a light concentration capability due to n.. Cladding low-index layer thickness at which the
confinement loss exhibits the minimum loss, agrees well with that calculated from the generalized quarter-wave stack condition
even for the nonhollow-core case in the TEq mode, while the fact does not hold for the TMy; mode.  The nonhollow-core Bragg
fiber is superior to the hollow —core Bragg fiber for a small number of cladding-pairs from the view point of the confinement loss,

whereas the situation is opposite to the former for a large number of cladding-pairs.

Keywords; Bragg fiber, Photonic crystal fiber, Antiresonant reflecting optical waveguide, Photonic bandgap,

Quarter -wave stack condition
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Wik Y, EEmET Y, BB Y, SEEL

Quantitative Proteomic Analysis of 3 Developmental Stages
in Caenorhabditis elegans

Kanami Monobe", Yukako Tohsato" %, Toshiya Hayanol’ 3 Masahiro Ito"?

Caenorhabditis elegans is a model multicellular organism, and its genome sequencing project was
completed in 1998. The genome is the blueprint of the life system. However, directly elucidating the life system
from the genome is difficult, even with the recent advances in biotechnology. The proteome, which is directly
related to biological functions, has become important for understanding the life system of multicellular organisms.
We initiated a nematode proteome project for comparing and analyzing protein expression at different
developmental stages and culture temperatures in 2 nematodes—C. elegans and C. briggsae. In this study, we
focused on the 3 developmental stages of C. elegans—the embryo stage, larval 1 stage (L1), and adult stage—for
comparative proteome analysis using 2D-DIGE and iTRAQ. By performing 2D-DIGE, 1,214 spots were detected
reproducibly in 3 developmental stages and 204 spots of them were identified. By shotgun analysis using iTRAQ,
1,239 proteins were identified. These spots and proteins indicating differing protein expression levels at the 3

developmental stages were analyzed by the Tukey-Kramer test and were classified to functional annotation.
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1990 EIlC e RDOEY ) AEffEiT o NP A7a Yo7 RRREE L, 2001 FEICIE KT 7 R AESIR,
2003 FRIZIESER T/ LB RSE S ILT=[1]. #H Caenorhabditis elegans (C. elegans) 1%, & N7/ L7y
=7 bOAA 1y MRALESIT T, &7 LARSIOMRHTAED B, 1998 FIZEMIES & LTI
TERY 7 AESIPRE STZ[2]. 7/ DMIFEMOBRHKBZENTND Z Lnn, Bos / AEYID
DAEMY AT AOMERPNRALE LT, 7 AEYICHE T ) AOREHTTET T2 Z L IXREETH S
ZEbbhoTEL. 7205, 7/ ARINIAEHOERITIEE T, HEEOHR, BITITHREEM R LD
WL DL ORBIFARI &2 T 122 VR ERERNOMREEZ S 7o, 7 A EBREE OBMRITH E VI H
BT E50THD. LoT, AP AT LAOMFIIXEREN R T 0T F—MENNASLEE RS, T, #
XY BIIREISOBREE 22 E DS K o THRELT 2RO RIT R 5 720 3][4], RO EMRZRIERITN 2
TEEMRERGERS LR TER 5720,

IR U7z 1998 AR HIIAAEY) & L CHID TRY ) AESIDTRE S V- R C. elegans 1%, B TR E 1 mm
FED/NS LMY T, BAE 7 OO LY BEEIET 226N TE S, ZOREEENL,
W T U BAMEE 2 WV T OB T O RER, AWML LTI TRMIRENFH S NTZ[5]. %
7o, A, YRR, MRS R B L L CEARINR IR ZREo TR Y, HIZ, REAFIRE 20 CT
FTATHA T NDKI3 A6 L L, MERERIARD 1 EEN B2 < DIRREINS LD T2, BIJEE TRERET
LZOICHLTND. ZILbDFEFEND, C elegans (ZZAMAEM DMy AT LA BT 5 L CRiERET v
ED 1 > TH D, AR T, ZHRAEYZ WAy AT L0 L B2 B L, #Hh C elegans
L Z DD Caenorhabditis briggsae % AT, BEAT — P LEBBEZONCHM E W72 82535
DELED O ORI 2 L X ERBIO T 2175 7 a Y =7 M EED TN 5.

AR TIE, vy =2 MEEDDITHT Y AT IO E 70, EHREIRE CTHD 20 CTH#
L7z C. elegans DFEAEW & HHEE 1 #], WONCEHRII D 3 AT —DIZBIT ERN R T 0T F— LR
MraiToTz. 22 /]7 EOMEMEN L EHTIZIX, 2D-DIGE (Two-Dimensional Difference Gel Electrophoresis) &
iTRAQ (Isobaric Tag for Relative and Absolute Quantitation) > 2 D> — /L & W CE RN T — X 25 L.
NG 200V =L ERNTELNIZERGEHRND, HFHFEICLVEREAT -V THREIZHEEL T
HHEUNRTEEMEL, ZHUODBFRFOMENDIAEICBIT D VAT AORHEZHIE L.

Fik

AHHRA

20 CTH;E LT C. elegans O N2 R Z Y, TRLFEIC L 0 IRFSAEW], Shdld 1 B ORI o 3 584X
TV OREZ BRI LTz, £, BLRSEICINA 3-4 [ o 7RI T A A ) 7 ) —FIEIC TR Z AR L,
ZDO—EEEARORELE Lz, I, 70 0Ji%& 20 °C, 135 rpm T S Basal |2 C—Bris# L, FAML
L7z o—# 28 L, S 1 Mok e Lz, i, 50 OB OEEEE %%, SBasal LI THD
KREGHE OP50 ANz THEE 21TV, #REBEEIC 3 MRRER - 72, R 27 v — A3k Tl 2 [R1IY
L, RO EE L.
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H I Caenorhabditis elegans DFEEA T — V2BV 5 B 7 0 T F — L RMT

2D-DIGE
BREL U 72 5ok 2 BB 5 I AL BRI X 0 il L, 2-D Clean-Up Kit (GE Healthcare) % T # /87 B 2 kEHL
L7-. &IZ DC Protein Assay (BIORAD) # W CH L 7 BEERL, FREOX 7' EEB% 40 pg 1272
DX LT, HEAT—VRIAIC 3 BRI L4 9 FEORE A% 5 L 37 BT DIRA Licb D% R
el L Cy2 THIEAEH L, Cy3 & Cy5s THRABI AL (R 1. ZNOER L 3 FEEOREBZ RS L,
1 %ot BIZ pH3-10 @ IPG A VU w75/ (BIO-RAD), 2 JCHIZ 10 %R U 727 VLT I R AEHWT
2D-DIGE %17~ 7-. k@t 7 L% Typhoon9400 (GE Healthcare) % F\ > CHEif§ % BV AL, AR v k%K
WL, PABlo~y F o7 a2iTol. v v F U T TEREARY MO L, 3 BERAT—UFTTUIBWNWT 3
B 2 MU LDV THRIL TWD ARy OB ZITRE L, EBEZIG L. £AKRy MIBT D
FBLEIL, TV KT 2 AR E AR v PO EHE#ORBIEILA K 2 THEEEZRIBL, &34
AT =V T - T2 v,

#* 1. KERUE SRR DM A&

VA Gel 1 Gel 2 Gel 3 Gel 4 Gel 5
Cy2 PN FAf A 4 PN R e PN R e PN R e PN R e
Cy3 JIRFE A 1D % HEAD s 1 Q) JIRFE A 1A % O
Cy5 s 1 O JIRFE 1@ % @ s 1 0 —

%8 4 1

K N B DB LIZTE D e H

Tukey-Kramer {£% H\W o ZBEWEMEITIC LD, BREXT— UM
DRBBEIACICHBZN S HRE (q<0.1) Z1T-o72. T OFERIC
HEOF, BBEAbESELL (K1),

h e 1Y
i 1. BBEZLIZE SN\

RBELENAHBENRONT AR Yy b k@7 AN 0 0 L, ~FF Fefitid27Dic b 7w
HIbZAT o7, o Te "7 F Rkt 2 i L72%, LC-MSMS Z W T~TF NEEORELZIT 7.
ProteinPilot (Applied Biosystes) % N TF — & N— 2 BFEEATV, & 27 ExFE L.

7T/ 7= g

/7 ¥8f5#\Z DAVID Bioinformatics Resource (http://david.abce.nciferf.gov/) % T, Gene Ontology (GO) I
LOMRET ) T — v a U ERITo T, RITICIIR R CRE SN Z VNV BEOT— 2 2 ANT, BT
& A (Biological process) @ 2 M H &ML 7-.

iTRAQ Z# /=2 o B AMEHT

FRLE [FRRICRUBI D & R 7 R - EREZITVY, BRERT—VOFEF 50 pglzxtL, Y 7Tk
L=, SoN7_XTF FEaRERAT—UmICRR D iITRAQ RIRICTERR L=, ZhboREEZRAL, A
WA A ZHiT T hrm~ 7T 74— T OB L, B L72% LC-MS/MS [ZTT7F FEEZH
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ELZ. BOoNZHERKENS, ProteinPilot TF — X RX—2ZMB LY VXV EORIERIT-T-. O %
3EUT-T-. FEX 37 EORKELEIL, ProteinPilot 75 & L7 R AT T D27 — 2 DR &t
TR LTERD 2 O & R, FRAEAT — VU CTEHE - T EE AWz,

B0 2N FDFEB AR (LN TN = 0 & RS
2D-DIGE & [RIRRIZ & /87 OB L) D, Tukey-Kramer 5% W TRURNCHE L. £72, 0%
IZESWT DAVID 2 VY, GO WX BHERET /T — 3 V& T 7.

bR

2D-DIGE %47 7= BICHNT, 3 HERT—V £ 2. BPROAA v MEE AT
STTHOT 3P 2 M ECRRLTOBTIE o | xory i % 7
DEN 1,214 ARy FEBE L. ZRHEDAR Y b AWy M ST BR
DFBLET — 2 1Z%f L T Tukey-Kramer 1512 L 5% H I 167 36 10
LBEIRNT 24T o T4k, 477 28w Mok TREx 67 24 17
F—URTRERRICAEREERLE. chbox 65 34 28
Ry ML, RAECBOCHENRS V7 HTHE Y 3 ! !
TEEMES B, LC-MSIMS Z N T 204 2Ky Y 128 80 64

VI 45 28 8

S NSO HX R EHRFIE L. £DND 28

ZURTEIL, BEOARYy " LRIESNTE (K1, £ 2). ThbZ NI BEOREAT —JHO B
HRB7=0HIZ, DAVID TGO IZ L AHRET /7T —a v &iTo1- (& 3).

# 3. 2D-DIGE CRIEENTZH LRIV DOHK AT — DO

FERAT—T GO term 2N

Multicellular organismal development
Positive regulation of growth

R A 1] PAS-4, SIP-1, PBS-1, F17C11.9, HSP-4, VIT-2,

) Regulation of growth

(8 1) NUO-5, TO5SH10.6
Positive regulation of biological process
Catabolic process

S 1 Organelle organization FTT-2, PAR-5, TBB-1, SGT-1, LEV-11, RPT-3,

(3% 1)

Post-embryonic development

RPS-0, UNC-27

i A
(434 1)

Cellular metabolic process

Primary metabolic process

Regulation of growth

Catabolic process

Positive regulation of growth

Positive regulation of biological process

Post-embryonic development

ACO-1, AAGR-3, EFT-2, C04C3.3, EEF-1a.2,
ALH-8, BCAT-1, EFT-3, RO7H5.8, UCR-2.1,
PMT-2, ECH-6, UCR-1, RI11A5.4, GDH-I,
CTH-2, GTA-1, ALDO-2, CTS-1, TKT-1,
AHCY-1, PDI-1, SAMS-1, HSP-3
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H I Caenorhabditis elegans DFEEA T — V2BV 5 B 7 0 T F — L RMT

FICHEREN 7 0 T A — LENTZ iTRAQ (X DY a v N UM 25 3 e %e A 301
[BfT -7, ZOREER, A 1,239 D% o X7 EORIERE L EE&EH %
RFL72. 3 [EIH 2 [BIOHIE CTRIE S 7 436 # "7 Blcxi LT, |
@ 2D-DIGE & Rk (X 2) LipeT /27— a v (R 4) %
1T-o7-.

ikt 18] Zh b 1

X 2. ZELEMENTIC X D05

# 4. iTRAQ TRIE SNT=X LRI B DK AT — 2 DR

RHEAT— AW T a A BRI E
Embryonic development ZK1236.5, F55A11.1, ATP-3, F32EI10.6,
g A= H1 Multicellular organismal development CDC-37, DSS-1, TPXL-1, RPS-4, RPS-10,
G 1) Determination of adult life span ICD-1, F27D4.1, PBS-7, SIP-1, C29E4.12,
Aging RPL-27, ATP-4, VIT-2, RPL-36, CYN-7, RPL-5
CO08H9.2, RPS-17, C34E7.4, UCR-2.3,
Ly 1 Organelle organization
C53C9.2, ANC-1, LEV-11, F56D1.3, LMN-1,
(G3fE 1) Positive regulation of biological process

VHA-13, DEB-1, TAG-192

Positive regulation of growth

i HL 4] Regulation of growth C15C7.5, IFA-2, RPL-24.2, RPL-25.1,
(77¥8 1) Positive regulation of biological process TO2H6.11, PDI-1, NPA-1, GDH-1

Regulation of biological process

KA R TFIFERAEAT U TR ENTZ GO term ODFIZEEND D)6 HE Z RV CieE

EE

3FAERAT —VIZBWCHEFRN 2 2 NI BRBLET — 2 5T 572912, 2D-DIGE Z# T 3
BO5EE - AL AT o2, BBMEORWAR Y M 1,214 AL, ZEBHIT 21TV, 477 ARy LB
WCRAERT —VRICHERENR O, BREABBICHEENH D ANy b E&oHrEr2 v
TRT AT S T2/, 204 ARy b DF LRI HZFE L2, £ OEITHI 60 %llXH7=2 115 HTH 7.
28 XU RTENERD ARy b CEE 42 ARy bvb 1 ZU7E) DORESNTZ. ThbD% <,
SRS FROBEIEN R 2> T (KM 3). TOFERIE, #2377 B0V o h s &7z & OFIER
M B L DB LB ZTVBHT[8]. & I CTHEED AR v b bIAE X7z 28

]

i

BRI LT OBV A R % UniProt THALZE A, 5430 F
v D10 7 /By A P THREBEMiSNDL Z e Bbrore (R 5). B,
‘i ] PhosphoPep (http://www.phosphopep.org/index.php) % H\T YU U ER{LHIAL DT
A ATl b 25, 8 ZUSUH 9 A b Y VRRIGEME Td B & TRIS L.
3. BFT2 AFEanye SEEY, SEOFRETEEDO ARy M CRES LS 37 BCIRRES
S TWVWD ZEPRBRENT. Ak, THhHDOX 7 IS L THERET

473
B

"

467
L

™

2 AR b



ViR dr s - i - I ik - BHE IS0

R W BRI EM O b L ETH D .

#£ 5. BV A PR CTE I H NI E

AV TS TS Effi GREZES)
VIT-2 WA ORES DI Th HI0H X 737 'E YP170 | N-linked Glycosylation (1268)
VIT-6 WA F ORE SO TH HIPE X 737 YP88 | N-linked Glycosylation (252, 1288)

Phosphothreonine (57, 59)
Diphthamide (709)

VHA-13 il ATPase D JELEAA VI Ot 72 = > k N-acetylalanine (2)

N-linked Glycosylation (74)
Disulfide bond (1020106, 312¢344)

EFT-2 HEHERT, GTP A% /78

ASP-6 TANG X T T T —8

—7J7, iTRAQ fi#HTCTIX, 1,239 Z VXU EEFIE L=, DI C. elegans DRIEIR T HDE % #1 5% T
bole. ZDOJFKD 1 2L LT, SEIOHEEREHIATBAMED Z R BORZRT LTI Z ERHIT 5.
C. elegans 1%, &% /X7 DRI 30 %BEH 7B L TRISNTIEYI[9], BKMEY VR IHE2ED %
W72 FRHT AT O LB B 5.

WIZ, BEAT =V TORENEZ RET 720, MWIEAEM, S 18], i Hliz->u\T DAVID 28T 54
WEH) 7 0 20 GO term Z FIWTHERE T / 7 —3 a v 21T - 72 (5% 3, 4) . R34 T, 2D-DIGE & iTRAQ
D7 T[RRI & & B I MIAAEY ORAEITERT 5% /N7 E A EW%T 5 Multicellular organismal
development N FFHEAY72FERET / 7 —3 3 » Ch o 7. il xIE, Proteasome subunit alpha type-7 (PAS-4) (i
JE LIS L TND X NI ETH DN, pas-4 DRABIFEEEA B U ANDIREZHIEIT D720 % 8
2 G T % skinhead-1 (SKN-1) OiFMA 7254, [FAFEIC Proteasome beta subunit (PBS-1) & FEAEW TE
RHTH Tz, D pbs-1 (RNAD) TH SKN-1 NEME LSS, BTz 2 >07 077 Y — LIRS
T, KT D LMBOEICR D 2 L ORI AEICITEETH Y, A TRERAT — VIR T 5 E&M
BT —HEHLNIZZ LITAERTHS. £72, mRNA LV THRIL & IR CRBBLT 5551 ¥ Xm v
@ Stress-induced protein 1 (SIP-1) HMFEAEMFF RN 2 NI ETH D LREIN, EOERNT — 4 &
BL7-. HIZ, iTRAQICEVFEEESNZ 20 DF L RNIEDHI L 5 DX VR —LbZ LRI EThHhotz. ¥
I1Z, Ribosomal protein, small subunit (#ps-10), Ribosomal protein, large subunit (rpl-36), Ribosomal protein, large
subunit  (rpl-5) O 3 DIIMBIEO LR A RTI20, 5 OMEAEIERACEIRTH VR Y —L08, Ik
FWAMNCEIE R 2 R B R AR LTS EFE X BiLD. flliZ, ATP synthase subunit (ATP-3), 26S proteasome
complex subunit dss-1 (DSS-1) °7'1 77 AflfSEIZES 40 % Transcription factor BTF3 homolog (ICD-1), fifid
7742 B3 5 Hsp90 co-chaperone cde37 (CDC-37) & TPX2 (Targeting Protein for Xenopus Klp2)-Like (TPXL-1)
IR EDLZ R EHREA TRERIEB L TV e, IR RAYICFIE STc X 7 DR 70 %I KR &S
HHEMBEEIC/RD 2 ENDNY, KFETIEENG X RV EDOERNT — X 2 BET& 7. $£7=, Hhih
FHIMTHERICFEE SN Y R EDZIE, EWFHIT7 11 A D Organelle organization (il N o A1 77
T T OIIRROAANE & AR 7 DBLIERCZ ORERMIE L ~L TORKRE) 123 Tz, Bl Z1E, Tubulin beta-1
chain (TBB-1) 7 7 F & KA A > %D Nuclear anchorage protein 1 (ANC-1), hwaAKRIA T EED
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H I Caenorhabditis elegans DFEEA T — V2BV 5 B 7 0 T F — L RMT

Levamisole resistant protein 11 (LEV-11) =< Troponin[2 (UNC-27) 72 ERAEIZCEFEEL Tz, T bHDOR
BRE, SR IR BUER ES B MICRRN TH 7. RSN TE, FFET LA E L TCEECIRE
(CRE L RDORBME R LT, (o TINO X /7 TSRS | B CEEAREE ZH - T 2 ATRErED
. E T, IR REFORIED 53, FERUZEE G- 2 MR THE— Lamin-1 (LMN-1) & iTRAQ fiZ#r
DOFFRTRAONTZ. TI00V) Uk, WY CBEIC LV BIEONEZ Bt T 2HME7 + 7 AL MET 2
T D4R E FAITHIBE S, ARDZITIELS B> TWA[0]. C elegans TIIMHLIE % O AAIENE 558 T
HDA, BBROEMIEIL 959 12722 272D MBI bR AR HP T TV D Z &ITBEE L T
LMN-1 OFBENGHRE 1 HITHEIML TWD EEX b5, BT, AR TIX Cellular metabolic process &
Primary metabolic process (2B T HRHMBEEDO X L RIVENFE TH-7-DT, 7T — % X—Z Kyoto
(KEGG, http://www.genome.jp/kegg/) % H\\T, Zib ¥ 7 EMRH
ORI A A LR, 2= x ¥ —
AEPEIZIEAERS O 5 h AR R ICBIE L T\ Z
ENRHENT (X4). B1H, pihiicido
WEAT = VI, TR F —ERENEHIC
ThhEESL TS LEILBND. ThbD
5 R B DFEBIEANL 2 mRNA L~V Th 03
LT - The
(NEXTDB, http://nematode.lab.nig.ac.jp/) % >
TATRER, W, PEIR A CATE R & D TR

Encyclopedia of Genes and Genomes

Nematode Expression Pattern DataBase

~—aPhpsphoenolpyruvate -
. e C04C33, CTH-2

pte ECH-6

¥ 2-(alpha-] vl jamine
R11AS4] coaksh | 2-(alpha-Hydroxyethyljthiamine

, i diphosphate = BIRITHBL TNWDZ Lol L. 51241
Malonyl-Co/ 3-OxdpHPAN oALE ALH-8 ECH-6 CTH-2 %—fﬁ—\‘ﬁ— “hb 0)%%75) 5 , Ejz Eﬂ}ﬁ T%\%fﬁﬁ) ﬁ
ALDO:2 ALH- —\ : : ECH-6 L-Cystathioning B}-mh B
me— Ux;:lua(L‘utﬁl‘c‘ ':-r\"(tb ATV BTbhol=Z X7 ’fér0)§ <, éﬁﬁﬂ%mﬁk%ﬂ,
¥ cis-Aconitate
ALDO ACO-1 SAMS- | KT TR IR O T 3 0D R L R — A I M

" Jsocitrate i
! REL TW D AREMEA IR SN D . £z, Rl

2-Oxoglutarate GDH-1  L-Glutamate

4. KRt~y T EREH N7 EDH D BRI

Ri1ds\H

X 5. RIIA5.4 D insitu ™A TV EZA ¥ —2 3
in situ ~NATVEAB—2 30280 RIIAS.4 D
mMRNA NI L TWAEFNEL AN TND
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FAEIE#HE L SVMAE AW BEEINCRBIT 5
ECE 5 OHETE 15D B3

WHEEE D, FHEREL Y, ERAET Y

Prediction of EC Numbers for Enzymatic Reactions using
Mutual Information and Support Vector Machine

YoshihikoMatsuta", Masahiro Ito"?, Yukako Tohsato'?

Enzyme Commission (EC) numbers plays key roles for prediction and classification of enzymatic reaction in proteins
as an alternative approach to sequence analysis. However, there are numerous reactions known to be present in
enzymatic databases with incomplete or without any EC numbers owning the fact that they are manually assigned based
on enzyme assays. In this study, we propose a new method to predict EC numbers for enzymatic reactions. The
proposed method automatically computes similarity between two chemical reactions considering the similarity of
chemical structures between substrates and products in the reaction using a maximal common substructure algorithm,
and predicts EC numbers for a targeted reaction using mutual information and support vector machine based unknown
enzymatic reactions. Jackknife cross-validation test was adopted to evaluate the performance of our method. As the
result, 86.1% sensitivity, 87.4% precision, and 100% coverage achieved for the prediction for the first three digits of the
EC number. Furthermore, we predicted to the reaction assigned multiple EC numbers and confirmed the effectiveness of

our approach.

Keywords: Enzyme Commission assignment, enzymatic reaction, mutual information, MCS, SVM

Email: yukako@sk.ritsumei.ac.jp
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&

il

e & & DR % i3 2 8% 35 121%, EC (Enzyme Commission) & &5 [1] &) 3T —0NE D B TH
NTED, BEERESCKOSE RIS TS, ECEFIL, SRR REOE LY UE
THERL S 4L, B 1 BEIIRUSRRRME T 6 IS S LS. 2D & &, EC 1T tiEsT, EC213#%, EC3
VMK %, EC 4 1XAHINBEEE, EC 5 13BME(L, EC6 IZAMMIGIC®H -5, 2 BEELIRIE, 1 BBz X
S THFERENR R 503, —MAICILER 2 BRI EBE R O LB R SO ROB R B, 28 3 BB IR oA o
PRI CEIVIRS N, 4B I EOREE R T VU TR LR D.

BERNOFEFRIZB VT, “IRIEEE DO EARCIEESALO T 2 BRELY &\ o -l 4 DR % EC %= Bl fif
W52 &T, MBHECL > THRBICZEDS 2 EERFENREI N2 EnD[2] , EC &S IIRERIGME
D TR FE DFELMEDFEIEIZ b W BT E 72, SBATHFFE[3] TH EC&F 5O 3 BEE B 28— 2 EE UG
FLIZI T 2 B L AR OIS ECOBRERER SN TWD. LA LeR D, 587 EC 5 IXEE
Aoy T A OfFFEEES (NC-IUBMB) IZX-> CTTRHTEV S THND. £D—F, ECEZIX
FERINIEEZ R T 22 LI > TRESND 120, RERZ ECEFEFXEL ECHFEZRE D Y THRTH
BROGEENRHD. TN~y RO OBER OGO & EC & 5DOEIV K TL ORI Z/EATH
v, ECESZMWHlx Offtr 2175 ECRIBEE 2> TWH[4] .

FDRH, KT —F_XR—RCEBINTMRLEIENL, S5 ETHRIND EC Fiza THT 5 FERN
SOMERENTWD. 20 TH E-zyme[5] 1%, KEGG/RPAIR 7 — X _—2[6] & HAT, BEHELIGE K
TLEE L AR OEMREEDEWE, ISORIE TRESNIERT, B LEF, Zohhend
JRA DI F — 2 b LT, ECEFEZRNCZN S DO NRE — U BT DRSO % £ & DR~ 7 v
EEKTD. Z LT, F#M7 MABOMBIZE Y EC BEOTHEITS. LirL, HOLUHER LS
B =N B LRWIGIE EC BH &2 THITERW. 22T, (bAWOEREL 7 v X LT 4 — 7 —FI)L
WCEVEFE L, ECHESZFHIT S TIET] bIRESNTVDD, @VIEEZ RS 501X KEGG OFEHR S
IZBWTCEERILE LAY OMAEGDOEDOERNLETH S, —J7, MOLMAP[8] X, EESARYOY)
PR - SRR 2 0 B ISR 27 bV e LCREBIL, Adiikfb~ v 7% HWT EC FHo Till%
IToTWEN, fOFEE L TTRITE 5 EC HF 5 OFEEDI.

Z T CARMGETIE, BERRSZHERCT 2 HE & AR oL &S DiE V&, MCS (Maximum Common
Substructure)[9] 7 /L T Y XA THIH L, T A By FMERICEWR T 52 & T, HAFHRE (Mutual
Information)[10] & SVM (Support Vector Machine)[11] (2L VW EC & 5% THIT 25 FiEAZBR Lz, AFEEZH
WTC, ECEBD3IWEHE TOTHEZITY, BEFFIEEORKEITo72 L 2 A, ETIEE, BEMOMISIC
XS OB RO RURICR LT EC & B4 TIT 2 FRIEEL, @m0 FHEE 2R L7z,

ik

EEDOISZHRT 5 EC B ZOTHNE, FIZ=2DOFHX TiTo7. (1)MCS 703 Y XAIZ K DEEFR
MO GO, 2) HAMNEREE HWZ ECESOMBEMY A DA, 3) EAL2 DO & 725 EC
BHEERNHRE L2 SVMIZE 2D ECEBZOTHl. DL FICETRE OFEMzaR 5.
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ML DI & £ P D AESE

WER SO 2 MR T 2 B L AR N 36 1T 2 e RALIEER 431 MCS 7 /b 3 A A[9] ICE W R END.

MCS (X =207 7 7B T DK~ E2RDD T LTV XL THD. MCS 73U X LEREE G
BT HHE LA RRICEA L, il &7z MCS Z RRRTZ IRV T MRIF Sz oiiit), %0 oy
ERISHIZICBNT T Lok &L, $ro MRESHEEOEE) LT M0 %2 TSR
OIHEE] L LT L (KD, 2oLl E, BAE3 U Tos1 Ok, BHE, —mBliHk 7UoE=7,

oy, BRA AR E) OBICH LT, MCS 73 XA EEHT 5 & BERIGDERITE DRV
IHEEZRD 2 LICR D720, oD FIE Uyt OZE LTHET LS. ZOBRBTEAZNOHE
OIS TR & AT £ B B U DAY, FEME AU OIET DG A HIC L, %
NENOESEEZHOET 1 DOy MNCEHR L. Zo L&, B UEoEiEoMIIEsR4E T 5w
HEMENDH DN, TOLIREAETHLTRCOEOHEEOMASTDLEEE Y RIlE LTEKRT 5. EoHiED
v M ~DZ #5151 CDK (Chemistry Development Kit Ver. 1.2.5) C 5% X 7172 MACCSKey[12] % L7z,

(6]

@)

|

H_ _H =
o~ HO FCH;

B 1. i S D EOMEE O « RIFSNIEORRE BRIV, ZAE LB g (BRASKRW
), BRISEREOESHEE (L), Ao+ (M) (2hb7eb.

L G#RE 2 /1 7= EC BHDIERE Y X DAk
MABHREIL, 2 2OERNLE L THEHASLTVESWERGICEEL L2 b O THH[10] . AT
X, ZOMAERRELY, MOWEOM LS ECHEFHOLEOMEOIIESL L THW. BIRMIZIE, BEm
DRSS B 20O s & EC &5 e MO AR I(s; )23 (1) THEH L.

p(s=ie=))

I(s;e) = —ie=p]I pls=Le=Jj)
i) ie{zl;o}je{zl;o}p(s be=J)log; p(s =ple =) (1)

ZIT, HFECE S LILET HHMMEOMIT LENRRE 2D,

MEEHRE I(s; )2 VT, ECEF%Z THIT 2RO r 0> B S 72380 #E&E O S,={s1, 55, ..., ;)
WL, ECERe ZLicXQDAaT7 WEHEAL, 2AaT70OKIETZED ECESE2E~5Z LT, ECES
O MERY AN AR L.

1
W(S,,e) = Z exp (I(s; e)— mz I(s; e)) )

SESy eEeE
T, VTEA FEEUE, UG r O SN EE O s & RO EC FE e O AEEHREOMEN,
EC HEEOVHMEE ERIIZA T2 LD K&, £H)TRWEEIFI VNS TE2EALE L THW:.

e

_23_



WH - #EZ - PhiE Ol - mEh T

72720, MHEBHREDMI(s;e) N0DEE, AaT7 Wi0ET5

R Y A N E2AERT 25812, TSRO RIGE H5 B 55 HEOMA, BEMORIE bl Sz
RS ORUCAFE L2 WEHEATE, R OFRT2MoMEOMTRAT 5. 207w, HA(3)? Tanimoto £23K
[13] ZHWTE Y MNIBOEBEZFR L, BEAOT — 2 b h A a7 BRRKEWERSEEOM TRAH L.

T(x,y) = N, t N, —N, (3)
NENIFEY RlxEyD 1 Oy N0, NITEy Fllx &y lcdkilBL Tl AR5y hOFERLT

Wb, EFEELD, Tx,y) 120 B 1 FTOHEEZRY, 1 1TESIEEE Yy MR OELE X E .

SVM (Z J- 5 EC &5 TH

ATEIC R LI EIEHREIC K 26 U 2 b OMERERME CiX, ECHEZHDOEKMFMELZBR L Ty, 22T
EC & 5O THIC SVM 2 A L7z, SVM 38 o—F<h v, BEmT —% % 0T 570 05 %
RETE D, HIRIZIE, ECESOMBAM Y X o DHAERB#EN 1 fLL 2 L0 ECHEZZIEINL, £ EC
FHICRTHMOBEERGEZ SVM IZFEB SE S, ZOB, £OGF, BB 2EoE0M 2 fEE (IR,
Ak, W, yF) TEICEHLERLEES 132808y Ml LTHEZS., ZhickY, 250 ECH
FH TG AT D E & AR S S T RS O RIR DO ER A BE T LN TE D, 2B
SVM D ZEEEX 1ibSVM ver 3.0 % VY, SVM ORI B /23T A —42 CEB I UYIX grid-search [14] (2L D %
BT =& o> TRl iz e Lz (C=128,y=0.0078125). 75— %/LiX RBF (Radial Basis Function) % —
FIVEFH L.

FEGEFIEDFIM %

ERFIEOFmI, T XTOMRINIIH LT, 3BEBETOECETE Yy v 7 A 7IEICXY THRIL,
1O XD 72 TPHFERNIEMED ECEBT NG L B 2x2/7E|FK % b & I TP (True Positive), FP (False Positive),
FN (False Negative), TN (True Negative) & 3K © , & J& (Sensitivity=(TP/(TP+FN))*100) 3 X O ¥§ &
(Precision=(TP/(TP+FP))*¥100) % % H L 7=.

% 1. TP,FP,FN, TN DE

ECE =BT 5 EC HEHITB S 72
i ECEZIZET S TP FP
Rl lh TS
EC FEZIZE S 72\ FN TN
ERLEE

T DFTIPE

TR, T — % X—2TH 5 KEGG (Kyoto Encyclopedia of Genes and Genomes) [6] (Release 58.1)7
EC #7523 MEA £ TH U TONTWOBRLUSZFM Lz, 5,643 RS & TN EMKT 5 4978 (LAWY
P, 2,744 DRAF SIS, 5,860 OZAL LT-iB s, 3,391 ORI O/, 388 D/
A iian ke gyl
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THHANGFHLE & SVM D TR DI

FHAEIEHEIZ LV EMY A Tl 572 BECHF 5 & SVM T Tl S 7z EC F 5% TN Eh EC,, ECy,
EL, BETHHRENDBELBELZE R L (F2). R2I1I TN TORENSE X OMHEGE % EC &5
DIBE LT EEZORELRBED L Z R L TWD AHAEERETOPHNZ SVM Z8A$5 2 & T
TR KOS O 5 Tl B R ST GRE 86.1%, FEIE 87.4%). Fiz, RBEOIE /G DM Z G
JEIZR L TOHD, BEE &L S RIBRICHE I L7z (323). RBERDOBISIT3T 2 RE & FEE 1T 80.3% & 80.6%
LY, TRTCOMISICHTHREE LEE L LT, ZORTI/NIVEIZE EE o7, ECEERICHAD
&, EC2 OEEHELUS D TMNTIRE LR E (R 2,£3). ZHITEC2 DRISEMNZ W=, xRk
IKFESHOEEM & KT EEOMEFIAT S Z N T, HUT 2BBISITE O HEEOME RO <90
TeHEBEZLND. —J, ECSIFFLIEENMETLTWSD, ZHUX ECS BREMAALKIGTH Y, fhod EC
FB LB L TR OSTERTHE SN D 2, TRICADZRBELMEER ROt Wiz iZeEx bh
5. H2REEH TS EFFICECS54 (O TNEERE) L ECSS (PR 7T —E8) ORKEIL 18.8%, 12.5%Th
D RBETH o7, L LB S, MCS ORI RMALSUSICR L LB A BN L 722 812k - T,
EC5.1 Ot RMZ#) & EC52 (A« M7 AZH) OREIX, THEN 68.2%, 37.5%& WEN AN
7.

2. R LS ORI 5

Bap 2R EC1 EC2 EC3 EC 4 EC5 EC6
T B

G 5643 2015 1816 917 535 213 202
TR 84.0 81.5 92.4 81.7 77.3 60.8 85.9

ECmi
FE R 85.3 81.4 90.0 84.1 87.7 87.2 80.1
RIS 86.1 87.1 88.9 86.0 80.3 67.0 85.9

ECsvm
R 87.4 87.2 92.0 84.7 79.7 &9.3 &1.6
% 1 RGP, KEEE

# 3. RBEOE S OMPNRET B RT3 D RE & EE ORI R
Gag IR EC1 EC2 EC3 EC 4 EC5 EC6
T B
e 2406 550 990 440 266 72 88

R 79.2 70.3 91.5 76.5 62.4 43.7 87.6

ECmi
FE R 79.5 68.5 86.7 77.6 77.2 77.5 80.4
R 80.3 75.6 88.2 81.5 67.3 423 854

ECSVm
R 80.6 74.4 89.0 77.8 694 714 79.2

BEFF D PR Tl & fEZE TFlD I
RETIE L MAFO T (E-zyme[5], Reaction graph[7] , MOLMAP[8] ) DO FHIKEE A s L7z (£ 4). ##F
FEPRLEWVEELZRLTEY, HONEATEER EC H O (M#ER) bIEV. ZOEWE#ERIL, EC



H - Bhik 50l - B

T B % TR LT EER IS S S RS E OB OFT — 2 ITFIE L7 & X b el L7355y
MEIEDOMTHRHATHZ E TRV LS TS (F2, %£3).

4. MEFIELBAFOTHFIEL O

Fi& SRR MR S FEIE
BRFE (EC.n) 162 100 86.1 87.4
E-zyme[5] ¥ 93.4 79.4 85.1
Reaction graph[7] 124 100* =¥ 82.5
MOLMAP(8] 110 100* -k 85.0

OSSN ARE S AL TUVZRVN. % - MR, R, R

S
s

BEAF T T O —RAHTRES 1 0O EC /B 03MFAE L 72V 36 RUSITx L TR TN TR Y, BAxE
DN K> TFETHIY BT ECHEZOBEME LT 2 2 & THREDOZUMAMRIEL TW[7] . 22T
RERFETHZD 36 Ik L CRBOKGEZ T2 (£5). FETOE VY TT, ECESO 3 EAMN
99 FZ /o TN AHLEREV ETHNTWRWGAE, 2EEE TO—HE2M iR L. £S5 IEFEICE
W, RDAaT ZFfD EC HHEDTETOEN D Y TR EABT DRI, FHY A Mo 3 fLLNIC
FERTOHRI Y THRBFET RIS, ECEFEFREREZEIV Y TDH LN TERDP ST ZRT. #E
FEE, TRTCOSIZH LT ECEBEZTPHITHZENTELZ 0D NA Lo fERkiznl, BT
B LT, IO bRLEoT-.

# 5. BHFIEITBIT D ECESDEND B THATWZRWEISIT T 2 3l

REFIE Reaction graph[7] E-zyme[5]
1 fi2 13 10 8
3 LN 2 2 4
N/A 0 0 14

FEECD EC ZBEH DN 0 25 T 577 b ~D T HiE R

EC HFENEHEID Y THITWAUSCXTT 2 Y A SO I bR 5IEHERFT 5720, 347 5 56
Ik L TR SN ) 2 b O BALICIEfRD EC H 5 NG EN D0 E M DT-. ECFE SO 3 M HICH
T, BRI A NO 1 IBEEED L THATND ECEZDI LOWTINTH L5, EEFHIV YL THN
T2 ECEEDBALRL TRTEMY A DR T EICHFET D5, EOECEFZLE L —H L0
o8, DRIGEITENEI25, 54, 6 Tholo. WTNDD ECEBVREKRD A 2T ZFFOREIEZ 0N,
@@@Ecﬁﬁ# BARERS AT iz 5O 5EEITHAETH L. ZgElv Y ToinTund ECHF I
BT B EOSIN THBG R DORIE DI E Vo1, BED EC FB LT HT —ZEMND RN LICERT 5. £
7=, FIGIZEDETHNTND ECHBFEFOARY—I L TRINKRLEZEREZLEEZ NS, 2 DR ()X
EC3.1.4 (U VYT AT VONKSE), EC4.6.1 (P-O YV 7—18) BNEV Y THLRTWDA, T 5 MG
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OIUTIX EC3.14 OABEFD ETHNATVD. S @IZHT 2IETEO THFERIZBWT, EC3.14 1322
THRKERSTZN, EC 4611327 9L/, ORGSRV VB, SRR IG B E DT
WL BB S () & il 2 %3E T 5 EC 4.6.1. 13 1XMIEREE TH D, Z OIFMHIZEM TH Ro0 - 7228,
ZHUTEC3.1.4.11 (RAKA v F RBEARY =¥ C) ODIFEIC LD LD THS. EC3.1.4.11 1X EC 4.6.1.13
(RAZ 57 FONA I b= T N TV Ea— LT —8) OXIRKAT 7 FINA ¥ b=t
L CiEtE 2R, 20X ) REERA OMIEIC L > T, BHUT5RIETH EC FH0E W LY TIZB T AR
B—EIPRECLTHDHEBZLNS.

(1) EC3.1.4 £ ECA46.1 M B TWDRIE | o o
KEGG Reaction ID: R03332 RJ_O‘[O I " 'i-'o N
[ Jis4 : 1-Phosphatidyl-D-myo-inositol o j@l { \‘ "o ji;:c’“
inositolphosphohydrolase : oH ) :

. o ol

o hL%{

(b) EC 3.1.4 OHBHT BTV D s N
KEGG Reaction ID: R03435 ° ° on on on P_o
R4 - RJWLLLOOMqWH o -p0
1-Phosphatidyl-1D-myo-inositol-4,5-bispho j@i . ‘ § j@/o_P -
sphate inositoltrisphosphohydrolase b

S {° -

2. BHETAROSICHED HTHNATWD ECEF 5 OARYE— S 29

MCS DI I 7 B

BEFIETHWS MCS 72U XA, & =6m
o e &t 500 all
Bk & < 2 OB IR IS = B 100 1
ERHOENTWA., 2 THENTICAWEZEE 4 F"ﬁ 300
AR D MCS DI 3 5 FHEL R 25k o 7= ﬁzm
FHRRE R OB, Intel Core i7-860, 4GB A € Y Z 100
DFER FTIToTWA. ik b5 T— 0
B mlo TR o E OGS U CEHE QS QO D PPN
. B NN » o % \") ,b'\)
2SI L TR Y, MCS DR T—HERS D \c)\ Q\, bb\ @\ 0000\ 0)\, b\/
Bz FIRE BT 578 L OB O LB E 2 5 WV
N5, F7-, AW TIL CDK OFEEA%E L, B AT TR TR O A

BEREROT o o b By MRROMILIE 3. 7550 ka S5 MCS OTHFHIH :




WH - #EZ - PhiE Ol - mEh T

ERR-5)

ABFFETIL, BRSBTS BC HiramEEIC T2 FELIE L. REFEL, FHHROK
JEPHAF LN DI OMEDOMBBES N TORWEGE TS, BT 2MELAMNT 52 L TrWE LR
ZEAvRESNTZ. £, BEO EC FEVEID L TONLISIIH LTS, B A o iz 558G
W<, BERTHRRENGLNA TS, LL, FHIT S ECESHIICAD L, BMAEKIE (EC 5) 12X
TORBEITARIIES, BT Dy MNRMERISICRHME LICE M E A D272 EOUENLETH 5.

%, SOEEEILIERISZFRMIC X, EFEORER L2 BT L b, BCESOBEMY X M
FOSEABEMEDIEIRE L LTHWS Z & T, BERRIG & T ORIGZ i D% & OBE Mz AH L7z

3
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ENRRERF RN — A F U BELL E—FRBEEHEICL S
3C-SiC(001)-3x2 FHE R D JR T EREAT
A RGE., BURSR, M BIESS. St

Anton Visikovskiy, Y% 758

3C-Si1C(001)-3%x2 Reconstructed Surface Structure Analysis by High
-resolution Medium Energy Ion Scattering Combined with the First

Principles Calculations

Taishi Matsuda, Hideki Okumura, Masataka Tagami, Kei Mitsuhara,
Anton Viskovskiy, Yoshiaki Kido

The atomic structure of 3C-SiC(001)-3 X2 reconstructed surface was determined by High-resolution
Medium Energy lon Scattering(MEIS) and the first principles calculations using Vienna ab initio Software
Package(VASP). Present MEIS analysis clearly shows that the (3X2) reconstructed surface consists of 1% Si
adlayer (1/3 ML) on 2™ Si adlayer (2/3 ML) sitting on the bulk Si terminated surface and this result supports the
two-adlayer asymmetric dimer model (TAADM). Further precise analysis of the observed MEIS spectra led to
improvement of this model. The modified version of the TAADM contains long and short dimers in the 2™
adlayer which is consistent with the model proposed by glazing incident X-ray diffraction. Interestingly the ab
initio calculations using VASP preferred symmetric dimers in the 2nd layer in contradiction with the above MEIS
analysis. This is attributed to the fact that the ab initio calculations performed at 0 K tend to optimize the total

energy by taking more symmetric structures.

Key Words; 3C-SiC(001)-3x2, Surface, Medium Energy lon Scattering, ab-initio calculation

E-mail: rp008075@ed.ritsumei.ac.jp (Taishi Matsuda)
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1. XL®HIT

INFEFTOFERMEEOREEZ L ZTEZOIET) arS)ERER—2 L L7 hr=7 A
Thb, L, IETIE, T8 ZOPEEER LAY Si OFFSWHERIIRA & 0 IR 722 > TV % 504
72 T AN F—Ab~DERND KO A RFX v TORENTY a2 B— 31 RSIORENT VU
A(GaN) & W o Te T A RN Ry ZEERICBET 2 AFENEFRICH 2 b TV 5 [1-3],

SiC 1%, MRITE L EBIEFORALD R XA FRERTHZENMbNTEY, TR 447
X T L D 3C-SiC AT D 4H-, 6H-SiC 72 & TH D, BIERGISHNEL TVWD DI
4H-SiIC(000 )AL TH Y, v a3 v hF— NI T XA A4 — R 3 EBICEM b S Tnb, ZARH,
3C-SiC (&, SiC DR Y XA 7O THRrbHEWEF FY 7 MEHEST O 2 5L B)EZFFD, @O E2h$
IRTNA Z~OFAIZHE L TWD Z &R0, Si & REMIENE U Ch v ZliZe 7 = "BEERIFRFcE 5 2
EDD | HE 1KV LT OT AL 2B LTHERE SR TWS, £ LT, O CVD IEDYGEEIZ LY
BB 72 3C-SiC HAE TR D Si HER LORENTIREL /oo 72 2 & T, fld KMt mIZ B+ 2 HF5E 2 AT
BIlhebhsd X oicioiz[1-3],

AT O SiC HAESICIIET 28, BHD Si & C OB OEWIC K D84 72 AR 2 O TR
f%éomsmwmm@%@_%bf%&ﬁm&3&%wm&yCﬁﬁ%ﬁ&&éq%aﬁ8®ﬁ%ﬁ
FHNDHE SN TND[4-6], FHD KD Si-rich Th D Gx2)HEAEMEHIZE L CTiX, Dayan H[7)IC &
F— = B MIEAES) AR = R /L X — 8 F#R[EIHT(LEED) /2 & & W iiE A i pl & LT, %ﬁm%
VUW@WWWWMW%%t“ Sy FE(PES)[10,11] & N o 7oKk 2 7 EERC 8 — RIS K S < B At
[6,12-14]13 T T WD, HIE Tk, U X #REPTE(GIXRD)[15] & 68 7 BIFTVEPED)[16]12 L - T
REEEICET 2RBEROVTRERBRE SN TS, LrLAERL, TRLOMIT T, <07 1 v
T A TNRGA—RILLDET X OFANMTONLTEY, ZO—EBMHICBWTHoREEERD S &
IEWVEER, GIEFREOHBEICE LT, ZhETEICSEEOEEET LV (K12 BREIN
TWDN, ZOERRMREEIRIZITDOIL TN,

TIVETH AT, @O = R L X — A A4 U HELMEIS) SO 14y Y6 & VT 6H-SiC(0001),
6H&Q%M)&@6H&qnm)%@®%ﬁ&ﬁ REEZ ST L TE72[17-20], Fex OB L7z b
v A KRR ITEL, B2 —oFEr b, B EE TORTOMESEES LT
(Manm%EMTmé[]iﬁmo&qwu@ﬁ%&%ﬁ@%%%ﬁ%%ﬁﬁéK%ﬁﬁ/~w@&
%o AWFFETIL, F72lZ 3C-SiC(001)-3x2 FKifi DAEEZ MEIS IZ X 5 0TI Lo THREET 5 2 & 3l
2o F 72 MEIS OfFHTIZ X o Theiifb L 72#§i&EE 7 /L & | VASP(Vienna ab initio Software Package) [22,23]
W 1 RBRERIC X DR R & OGS IR TiT o 72,

2. 3C-SiC(001)-3x2 {ERE DEEETT IV
3C-SiC(001)-3x2 FAEALFRIE IZRE L Cld, EREO@ Y | Bix 29 FIEIC L » TERFEE O ST 7 VN
MEINTWD, T, INOOHBEET MOV THIT 5, ThE THRE SNTZET VO ERE
WE LTI, 32 BZHEY D @ Si - OBOENREIT G5, K 1IE, ZE TREIN TV SH(3x2)
FHERLR IO 5 FEOET VOB TH 5,
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FRRET T R OV — A F VL & 8 JFIEHANIT X % 3C-SiC (001) -3 x 2 Fifi B 22 1 O J -1~ 38 ff T

ADRM ‘SDRl\I SDDRM

A0 AR A III IKZZ:I:

TAADM-Si

G

132y EHR AT oMEET /L

OO Sidimer at 1 adlayer

©  Siatom at 20 adlayer

©  Substrate surface
S1 atom

(1) Alternate Dimer Row Model(ADRM)[12] & (2) Single Dimer Row Model(SDRM)[4,14] ClE, HALEY 7=
v 150 Si dimer AFET S (X 128), ADRM & SDRM D%, ADRM Tl Si dimer A3x2 J5[H]
(2 ATV D DIZHF LT, SDRM TIHIES 7 23%3 FFANZ 72 5 TW AR T 5, £ DIz, (3) Symmetric
Double Dimer Row Model(SDDRM)[7,8,10|Z A i@ & 7= D 12 2 DD dimer ZFF>ET /L THYH, 220D Si
dimer 136 FF dimer TH 5, LLEICIZ T, XED SiJFFOEN KB, SiJEF2 1/3 EFEML) &
2/3ML D2 %R LT\ 5 &5 (4) Two Adlayer Asymmetric Dimer Model-Si (TAADM-Si)[6,13] & (5)
Two Adlayer Asymmetric Dimer Model-Alternating Long and Short Dimer (TAADM-ALSD)[15,16]3 2% S 4L
TW5, AIEIEE 1 FEHELY PR LAHEET L THY | BHIXGIXRD BL U PED IC LV HH
TRERTH D, @) EGUIEARMNTITHELIL TWDHA, ZOEWX 2 J8 H D adlayer 10 2 -2 Si dimer
D &) TAADM-Si TR U TH D DIZ% LT, TAADM-ALSD TIIR 25 RICHDH, £-
TAADM-ALSD E7 /MZEWNTH, 2 J&HO dimer £IZBI L TIE, GIXRD[15]& PED[16]IZ L 5 fft Tl
B ENRHEN TV,

3. BBk UM 5B

IR EOER L MEIS HIEX, LM RT SR £ % —d BL- 8(SORIS) BWT, BEEZET (<
2x107'° Torr) THTo72, ZDOE—ATF A F, KBTI DIFNNT, MEIS ¥ 27 A, FARICE D
AEDINENES, /it B 7 % o — 258 (Bl I BT 4EE (RHEED) f1&) 2345 2 Mz L 728
—hELTHASINTEY JHEREOERNOHEE TORTREEL  EE RKUCH T Z & 722 < in situ
THED D Z LN TE D, MEIS HIEICEBWTIL, Toroidal F&ElwEIEL M e Z2 M5 2 & T, 4EE =
9x107* DE T R F—SRRENE DL, ZIUC K o TR CERE T ORSINE &2 500 T 5 2 LR T
&5, SORISHB LV MEIS ¥ A7 AT D3I O SCEREZ Z L TV e 72 & 7200 [21,24,25],

_31_



B KGR - BAY JEM - IR IEZ2 - B ZE - Anton Visikovskiy - 37 &

3C-SiC(001)-3x2 {EHFR I OVERIL, e KT T RCA Wi, B 22 600°C THA AL, D
% 1050°C T 10 53 DIIFA TR E DOFELE 2 FrE L7z, IRWT, MBE I X - T=ILTH 6 ML @ Si 27855
%, 950°C T4 WINENT 5 Z LIT &0 32 yEHRE AT, REN IR TIVRAL L THDH T &
IZ. RHEED /X% — TR LT,

MEIS #ll7E Cix. AR RAF—120 keV O He' A 4> % (1).[ 1 12 JEICA A 54.7°GRE O B 5 1) &
D)) &@2).[01 1 JHCASK S 45.00) TAF L, HEAEZKE< &5 2L CRELHEOMBESREE ST,
HIESME (). Tk, HE A% 86.0°L 85.00, &MEQ)TIEHF A% 86.0°0L LT,

MEIS %<2 LiE, AR E—AR%EQ L5 & . koBaRYY o r o ats+s - Lt s

1),

(i) do

Y = (O0— pAxAQ P
sim ngp en Pn) ..

::@\g%ﬁﬁﬁ%ﬁ%\M!ﬁﬁﬁ%®ﬁ%ﬁ\sﬁ@m%wﬁm%$\fmﬁﬁéhkﬁ%®
He' fraction T 0, HIEDEIHC L VIRET 587 A—2 Th 5, pAx iTEIRI 74, Pn) 13480
Si JF - O UTHEE ZEME=R (Pel) (RIS 7O Pl % 1 LB TH O | IET 2HBEET ML - TED
W72 %, Pl oW TiE, REZSHAIC LV HE SN TV HEEEET LT, 27 fll% Si-C @ bilayer
ESEIEL, TErT AR Y al—rya BV TEBEET VST EEFEH L, 20 Si
JFA-D Pcl Z WD Z & T AEEET V&M L7Z MEIS A7 ML %G5 Z L BN TE %, ADRM, SDRM,
SDDRM D% dimer EIZIEH—HEEF R ORER[13]12 H\\ =, £ LT, TAADM-Si OIEET /LIZIE
Pollmann ©(Z X % 5 — R BRFHE OFE R[61%5E L. TAADM-ALSD O##iEE 7 /LIZ1X PED[16]I2 & Y #
HINTEEEN Lz, AR E— L8RS ONARAIZELN/2 DT, MEIS A7 ML & EHEKT
52 EETELNR, T TIHRRVED D ORELR Y (B - H =R /13F— 108 - 111 keV) ZFEARYT
MUZEDED Z EIZE D MEIS A7 hMLEEH LT, C 2D OBELK TR R L X —fEIRIC B
AUy BRWVE D Si 226 OBGELA Sy & B2 D REat 23 DO IR IENZ G- LW 2 &b | 0T Ot 5:
K UERINL TV D,

HEFES I 21— a3 ONZANT ¢y FOEEIFHNIX, RO L 9 72 R factor fEEK2)ZEHKRT S
ZETIToTz,

@ _ y@ Q)

R = Zi }Iexp YSim Yexp
- Y(l) Ymax e (2)

Zi exp exp

oo, YO 1a MEIS oiEf, Yo dBIEEORKIE, Yoy ZR()THALEY T2 l— 320

BTt b, Yar /Yo i3, €= (IBOHEEKE K EET B0 TH B,
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4. FERLEBZE

3C-SiC(001)-3x2 IZxf L TIREIN TS 5 DDET LOR BRI R2E VRREO Si T HOETH
%o AHUH THIE L7z MEIS A2 bV Si R\ — 27 1%, PEICESMHT 22 LB THD, i
LORMEEZFIA LT, 9, BRINTWDHOOMIEET NV EZRE L2 MEIS A7 MVD T 4 T 4
VT EITV, G)FHEREmICK b LI HEE T VOBEEIT oo, D%, MEIS A2 hLdD R
factor & H\ N2 RERIZR AT 21T 5 2 & T, ST T VoKL 2T 72, &%, REbEiT-7-ET
V&R E O RO AT 5 T2,

AT LF—% 120keV & U, [ 1128 AS, 86°HH THIGE L7= MEIS A< Rk ZHICK L
C ADRM, SDRM & SDDRM #RELTT o4 v T 4 T EBATSTZRERD AT MV &K 2 1R, 1272
L. ADRM (2P U CIEHT &I miN 71 % 90°[Hlfis S+, [112 [ AS, 86T 4 v T 4 v /%
{T-72, ADRM & SDRM |52 A3(1/3+1) ML, SDDRM [Z(2/3+1) ML @ 2 JE® Si Jil 1-J& TR i
TW5b,

140 | 120keV He'— 3C-SiC(001)-3x2 (a) 140 | 120keV He'— 3C-SiC(001)-3x2 (b)
T yonl ©O Observed Tyagl © Observed
3 120 | —— Fitting(total) o) S 1or Fitting(total) e
=100 ADRM (@) E 100 SPRM O
g S ° g | S A
= © 1st Si layer 2 .
T 80r si7 g amr) | = 80 - §) 1st Si layer
= : Bulk < Bulk (IML)
>~ 60 -~ > 60
2 0 — & 2 0l
= - G O = -
£ - .m!&»r.ﬂ'\-e"""é‘s&k S Ist adlayer ] A 1st adlayer
= QG SSES =7 (0.33ML)| =
3 20 eSS i g 20 (0.33ML)
wn . /\k@r n
0 2P \(Krﬂﬂ(mﬂmmmmmmﬂm, 0 N 1 . 1 . f
108 109 110 111 112 113 114 108 109 110 111 112 113 114
+
Scattered He' Ion Energy[keV] Scattered He Ion Energy[keV]
140 [ 120keV He'— 3C-SiC(001)-3x2 (c)
120 I o O.bs.erved ¢
— Fitting(total) 1st Si layer
100 - SDDRM @) (IML)

A N X
[~ — I ]

Scattering Yield[counts/uC]

[\
(=}
R

AN

0 » T
108 109 110 111 112 113 114
Scattered He' Ion EnergylkeV]

2 120keV @ He A 4> % 3C-SiC(001)-3x2 (=, (112) 27> T 54.7° Adt, 86°H S CilllE L 72 MEIS
A V& (a) ADRM, (b) SDRM, (c)SDDRM #1KEL7Z7 4 v T 4 v 7 Hk 5
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2(a,b)® ADRM & SDRM #HW/=7 4 v T 4 V ITHRERTIZ AR MVOFBIARARETH D,

-
—

¢

B DR F MO FEMERENT LD RUE LIeBREO Si DR RS

M THDH, £72. SDDRM ZE LB RO RN ENLTEBY . ZEsE2E 2 CTHIE LT-
MEIS A7 NLOfEMTCHIREETH A, WIZ, K32 2FHED TAADM #IREL T 7 4 v T 47 L

Pt i 3 N
140 | 120keV He' (@) 140
- — 3C-SiC(001)-3x2
120 - 120
O Observed 1st Si layer

100 — Fitting(total) (IML) 100
TAADM-Si [

80| 2nd adlayer 80
Bulk (0.66ML) 60l

L))
(I —]

(=]

Scattering Yield[counts/uC]
[

109 110
Scattered He"

111

S
<

D1st adlayer

\:

[
(=}
T

Scattering Yield[counts/uC]

| 120keV He' — 3C-SiC(001)-3x2

- ———Fitted(total)
| TAADM-ALSD

(b)

O Observed

1z 113
Ion Energy[keV]

109 110 111 113
Scattered He' Ion Energy[keV]

3 120keV O He' A % % 3C-SiC(001)-3x2 12, (112)i (T - T 54.7° A8, 86°H s THIE L 7=
MEIS A7 /L & (a) TAADM-Si, (b)TAADM-ALSD Z{E L7277 4 v T 1 > THER

K2 ML @ SiJfFE23 9% TAADM ZET 5 Z &L TREE— 27 OFHN R TH D, K2, 3
L0 EEREROET /L E L TIHEREN(1/342/3+1) ML O Si & TR STV % TAADM 73

LTWbEBEZLND, LIER->T, ENLSD 3 DDET VEIEHED

2SA
¥k A

DX BEFRINT D,

CHETORENS, G2)FHREHOMEET/LE LTIE TAADM Al L TW5E Lz, LanL,
3 ™(a) TAADM-Si & (b) TAADM-ALSD TlX . ALSD Z W=7 ¢ w7 4 > T OREERENZ &R
%o ZhUE, X4 12777 TAADM @ dimer =X FIFR DOEVMT LV | T HEEZRHERBRR L1 ETH D,

[0o1]

il

111
v

[110]

Side View

I-

~

AZ
:AZII—I]I
/

Top View
°© o °. 2P 9 oo
09%0%0 0900
0ol 202 o W 030 o

~

-] -] (-] +] Q ]

) 11 12
o020 o o0 30 o
© o (-] o o (=]
—>[110]

-1V

OO 1" adlayer
© 2% adlayer
© 15" S1 layer
e 15t C layer

4 TAADM-ALSD O#EiEET /L, TAADM-Si & -ALSD D ERIEWMT dyy & dss DEITH 5,
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3(a)® TAADM-Si Tk, H - JRHEHAEICL > THEINEZHBE[B]IZ2BHELTEBY, b)O
TAADM-ALSD TiX PED (T & » THE SNEE16]2I0E L TV D, IS OKR S KE & WIE, -Si
Tl d5.4(=2.37 A) & ds.o(=2.38 AYOEENFE U TH D DITH LT, -ALSD TiL di4 78 2.41 A T dss 73 1.83
ALRESPERLZETHDH(XA), /- HEBICE L TYH ERLO2 o8 E TRARZMAHRE SN TV 5,
INEDNRTA=ENRIP DT, U R—A T T =N 7HRIZEDE Si RO PeE 22
MR DOENELT 5, K3 Tlk, TAADM-ALSD O 2nd adlayer Z %3 % Si Jf+ DT HAE 2R RN L ¥
R TR E 0BT D720, REE—Z DOLH ERYRST OSLH ERVITHTHL 25T
W5,

SICAHF TR F—% 120keV & L. (@) 12 IS, 859, (b) [O11 JHh ALY, 86°HI CHlE
L72 MEIS A~XZ kL% TAADM-Si & TAADM-ALSD #{RE LT 4 v 7 4 > 7 LR R E2RT,
AR LTE/NT A= DFEIT L H-Si & -ALSD Z i E L 72BED MEIS A7 KL D FEWEDE N % Mg
D10, B bITHEE RHEROMEIZER S -T2 SIRFEOMS bEhE TRR LI, £7. WA K
JNCEWT, EH O T O HEEZZMHERIT 1 TH D72 1st adlayer O dimer £CEKIZ X5 MEIS
ALY NSO FEII D, £, [TI2ASR O 222 (™ 5@)Drh A Y oL, K 3
DOHATHIRAR7 L 512, 2™ adlayer DITHEBEEHER DOENDOTZHDTH Y | -Si TIET +—H ¥ v IR
IZE Y Pel BAEF, -ALSD Tlikv v R—A 27 - Ta XU ZHRICEVED LTS, FEEEIZ 2nd
adlayer O ITBHE Z2TESE D I1E. -Si T 1.56, -ALSD T 0.80 T 7=, KT, [011 AR D 2~ k(X
5(b)) T, 2™ adlayer TOMTHEHEMER DTV 72 <, 1% Silayer & ED T D Si @D Pel IZKE 22N
BT, ZHUE. AZpg OENE —FEF R CTIL 1.59 A, PED TiX 1.43A L4 10%DENH D72 DITAE
Uit Bz b5, ZDXHIC MEIS A MLVOENTHERN D, 2" adlayer 1D dimer £ (ds) & 2nd
adlayer & 1st Si layer D i FE(AZym) 2 MEIS A7 MV OFEBIMEICZ E < HFHELTWDHZ LI LT
HD, T HAILdss & AZym & /37 A—4 & LT TAADM O 2 2t 87208 5 _LFLO R factor
Z M2 MEIS A7 NV OFENT %47 5 Z & T, TAADM D fifb & 377,

180 - T
L 120keV He — 3C-SiC(001)-3x2 (a) 50 - 120keV He — 3C-SiC(001)-3x2 (b)
L:)L 160 [ O Observed " ' < O Observed ~
g 140p ===~ TAADM-SI ek TAADM-Si £ 40pmo - TAADMLS (%) "\ TAADM:S
E L _ -Si = _ \ EN)
g 120 TAADM-ALSD “ 2nd adlayer g | TAADM-ALSD Q\ 1st Si layer
F 0! o — < 0 o —
% 100 L 54.7°; gs.0 (Pcl=1.56) § 30k 45_0i 86.0 (Pcl=1.38)
o ] ! " =
= 80 -110] | \'\ TAADM-ALSD| »~
o0 ' 2nd adlayer 2020
£ 60f / z £
= | Bulk (Pcl=0.80) | "=
5 4 (5
E 40+ ’ / \ =
3] | S 10
Q / Q
@ 20 , \ @
7 N\
0 . 1 . l ~ 1 = 0 - - | ) » L X \ itz
109 110 111 112 113 105 106 107 108 109 110
Scattered He Ion Energy[keV] Scattered He' Ion Energy|keV]

5120keV O He' A A2 % IV Ca)[ 110151112 54.7 A&, 85.0 . (b)[0101H7 1811 45.0 A&, 86
HiG CHIIE L 72 3C-SiC(001)-3x2 @ MEIS A-X7 kb, ZIZi, #RIE TAADM-Si, FEHRIT-ALSD %
W=7 4T 407 ThD, HBDTZHIZ Pl DFE WK RKE WSO 2T L,
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dss TNETHESNTODRIMETH D 1.83 AN SR KD 240 A £ T AZin %z 1.43 A 725 1.60
A FTEAEERN D, MEIS A7 MLZEMEHT L7-F558 D R factor fEZ X 6 1279, £z, iD=
WIZ, ZHETHRE S2MEE MEIS 227 ~L® R factor fi#HTIC K D i b OfE 23 1121,
E L7 MEIS A7 MOt ROFBIMEIX, dsg=2.05A & AZyy=1.50 A 2 ETHZ & THLNL,

0.19

0.18 1 ValueofAZ  [A]

| —m—143 —A—155
0.174{ ——1.50 —o—1.60 n/

_ 0.16- %

=] 1 0

k5] _ A

;%0.15_ . 7

Z om0 .

=] 1 ]
£ 013, Ve ><:\. .
0124 © /
0.1 42 -

0.10 ] T T T T T T T T T T T T

1.8 1.9 2.0 2.1 2.2 23 2.4
Length of shorter dimer d__[A]

6 TAADM @ ds. L AZn 75_’7/]' T A .\/7\\/\0?)( — & L LT,

fEMT U7= MEIS D A7 kL BB L7- R factor D& EHE

7% 1 3C-SiC(001)-3x2 JE§-Z< M D MEIS |2 X 2 i O fgii b 5 & 2535 10 L A E[A] D bk
]

Parameter MEIS DFT Calc.[6,13 GIXRD[15] PED[15]
dsg 2.05+0.03 2.37 2.2620.08 1.83+0.20
AZyan 1.50£0.02 1.59 1.56:0.04 1.43+0.05

MEIS DOfEHTIZ LV F Ok R4, B & i35 2 & ¢, WHICEEREROBLENRAHET
H%, F 11ZR L7 Pollmann 512 X 256,131 472 53, FITHiA e 7 —712 X - CTH— R ELG
BOMRNPEE SN TVDED, FEBICHET 2 IITFEMARHESE 2 M- TR VERDH S, £ T,
Fx B TAADM 2DV T VASP Z W25 1R RIC K 23R 21T o 70, Fx OFHFRTIE, 3x2 &£ 9
FrE 1 o0Oa=y bt L, HEZ2/KFE KRS, FEREEOPEREE S L TiX, Pollmann 5T
& o THE S 472 TAADM-SIi[6,13]& PED (2 LV G S V7 fl[16]% Hv iz, Zivh % VASP TR
W2 < 7173 0.05eV/ A BLFIZ72 5 £ THEEZEM S, RiEO dimer B3 E D X 9IS 270 % Hg
T5Z LT, KVLEL TAADM OfEEZEE T Z L #3772, VASP IZBEWTH, BT RLF—%
BB OULEIE L LT, Kohn-Sham G [26] % H OGRS 2 & T, 2T RLF—N
MR 2 B A A EZ RO D, ZOfEE, ElHN O IEMIZIELS 72, ZRETHAOT LT Y XLARERE
SNTND, ARFHE TR, AT EEREEEA T | JR 0 HEWGEFT TR T v v i
SABE O 2 W BRI S A 5 23, 2R VX —FHETIX /) — F&2 b OE LW E IR BB E 26 5
5 PAW IEZ R L712[27,28 . & BT, AHa - #HEAR T > 2 v /L1 Perdew-Wang[29] (T &k - TIRES L
7= Generalized Gradient Approximation (GGA)% ., Brillouin Zone P47 IZ1%, 5x7x1 @ Monkhorst-Pack [30]
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Dk BAY M Ay vak, BEREOHEOESEN KT LT A& LT, WP LTE
RMM-DIIS 2 5H L[23], JRFALE OISR GHEIT 3R ABE3 12 vz,

OIS & U CE A Lo ARk 7Y TAADM-Si T% TAADM-ALSD Tt ., bk icix
TAADM-Si (ZIVR L, ZEDOFEFITH W22 - MHBEAR T > o v /L OFEW K 0 AT T L3,
Pollmann & O —FEFHHEOFER & 5% LN T—E L7, 3C-SiC IL Zinc-Blende AU 2 B v | 5@\ 3k
BREEZATN, REENIR L - R T > vy VORKEOH L d, fETEZEERNT END,
F—IREF RO RN =BT 5 DITMFEONHERTH L B BND, £, WTHOFHHE T Lt
EEMUESNTEY , BUEBIOEIZE EN TRV, 207D, L0 FRED SV TAADM-Si ~ &
N L, ERER LD 10%REOR—ENELTZOTH S H, MEIS 1L DS OFE ST GIXRD
T 4-8%., PEDZX LT 5-13%T, GIXRD DR & ) KL< —& L T\ 5, ZHlE, GIXRD OFF
JEIR PED OZN LD 2372 L BB EE 2 XD,

5. BbhiT

3C-SiC(001)-3x2 15743 1Hi % 2y fiRiE MEIS & VASP % FW /28— JREGHH Cofr L, Mo E & R
factor fifHT & AW otk 2 B8 28 o7z, ZNETHESINTNWD 5 FHEOET VO T, RED
Si adatom D&Y 1/3ML T& 5 ADRM & SDRM & 2/3ML T# % SDDRM Ti& MEIS D A7 kL% F
BRI LeNTE Aol FrZ, RE—7 DR AV X—ZEHETT 1 v T 4 7T DHITIE,
LV HREO Si i EDZ TAADM ZARET 2 ENH DH, L7zh-> T, MEIS JIEDFER LV | 3x2
DOREEET VL L TEEREIC 2 B D Si adlayer BEET HET /L Th D TAADM HENE CThH D Z &
DGR STz, F£72. TAADM &8\ T 2nd adlayer 1 dimer DR INERLRD 2 DOET IV
(TAADM-Si &-ALSD)MEZR STV A, @ fifEE MEIS oATIC K-> THREET 5 2 & T& /e, Zh
X, T =7 Ux RUA TR RE ORI E CBUR R T2 Th 5, 1354172 MEIS A
7 ~V%& TAADM @ dimer BXCHMEIRE /X7 A—& & L CHELT S5 Z & T OMEOKE{LEIT> 72,
ZOFER, B dimer &\ dimer 23fF/E 95 TAADM-ALSD 73 X V) 3x2 iR EIZHE L2 ET LV Th
L EBHBMNEIR T, —F5, VASP IZ X DGR Tld. TAADM-Si E7 V& XFFT DR & 72 o
Too ZAUE, 1 FEREE O, EEEFEEOSM T TIThbi s 7). X BV A b ot ic
L ENDEMEZ OO EBEZbND, EERIT, 74/ VEPBETLIEIRTOMETHY . 47
L HRAMED BTN E LIRS /20 2 &k, Si(001)-2x1 DIESFR dimer O LI LMNTH A 9,
x> MEIS 1T X5 3C-SiC(001)-3x2 D IEfRAT 1L, TAADM-Si H3E (2 L~ THRFRME DR
TAADM-ALSD €7 /WIZHE L < —F& L7z, S5, PED IZESWTIRESNTZET VLV EEDS
VY GIXRD 22 53 H S 4172 TAADM-ALSD ([ —# L7z Z &l HaBlic o iR L S5 2 XL 9,

6. HFEE

Z OWFEIE, EABIS (BIE ROHM (BF) ([28)%5) O L RRICK T 2 EEEZ5 I &V D THY |
D% DAWRT KA ZEHT 5, F7o, 1 REFREICBE LT, ERF - Bt ¥ —0FIL
EEELICEERS 20T W LICHBEER L, RBAIEO L, SCHEEE - A58
R - T m T 4 THEREOEDO L LI ThilT,
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Development of epoxy resin polishing pads for glass polishing

Junji Murata”, Yasuhiro Tani", Ryoichi Hirokawa”,
Nobuyuki Nomura®”, and Yu Zhang"

This paper describes newly developed polishing pads for glass finishing that employs an epoxy resin instead of a
conventional polyurethane resin. The porosity of the polishing pad was controlled by changing the amount of a
chemical foaming agents mixed with a prepolymer epoxy resin. It was found that the removal rate of glass surface
using epoxy polishing pad was approximately two times higher than those using urethane polishing pad, which
means a 50 percent decrease in a usage of CeO, abrasives. The waviness and edge roll-off of polished glass
surfaces were markedly improved by utilizing epoxy polishing pads, while the surface roughness of glass surfaces
finished by epoxy pads was comparable to that finished by urethane pads. The investigation of substitute abrasive
materials exhibited that the CeO, abrasives were completely substituted for ZrO, abrasives. The mechanism of
higher removal rate of epoxy polishing pads was also investigated using measurement of contact angles, sliding
angles and dynamic friction coefficient of polishing pads. These measurements indicate that abrasive grains are
supported more strongly on the epoxy polishing pad than on the urethane polishing pad, namely, higher relative
velocity between workpiece surface and abrasive grains to be obtained.

Keywords; Ultra-precision Machining, Polishing, Tool, Abrasive Grain, Polishing Pad, Epoxy Resin, Glass
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1. #
W7 VERTZ 7 v MRV T 4 AT VA BHCORT 4 A7 HMR, Lo AT U XA L7 EORFENTFFH#
TR EDT T AIIFTE DRI L S 72, RAEBIITHIEIC K-> TREZFR LS. HTAD
B EE I, EWBHBRERNG 0D Z &R0 IR FRRETH D Z &b, kN ofi bt Y v A
(CeO,) MRRIMIRS VLN TWD. ZORRBILHETHLEY VAL, FHEERE (LT 7 —R) O—DT
HY, PEN IT%L O EE O TWD, ESDLT 7 —ZA0HHIRESZF, Bkt U v LSkt
MR ARELTEY, ENCBTAMMERE L TWAOBREIRTHS. ZOXHIREFOLE, TT7ADKE
R 3T Db Y v SO R AR 2 EARC, oKL 2 HAlT OBR N A8 & 22 o T
L. T, EEREIFE Ny FOBFEO—2L LT, #EROD L B Sy RIZRbDMEE LT ARF
RIS AR LT2AFEE Sy ROBAFEZIT> TV DY, R IR ISR EIROE LA & L TILL A
BRTVEM, LY Ry FIREORMAAIDE LTHWLRATWA. LnL, =RF UREE AR
v ROWEFNI DALY, £, ERNAMBAAESNTORVONTRTHD. AiRsCTiE, BuEic
Dﬁ?Z@HW"Lkiﬁ%vﬁ%ﬁgﬂyb%%%b,%®Hgﬁéﬁﬂﬁ%ﬁ9kk%_,%%®ﬁ
LNy REDHRIRAZIT o7, £, TRFIME NSy FEHAWDLZ LI2ky, Bkt ) v Lae R
T ABLO FTHEMEIC DWW TR 21T o 72, S BIZ, ZARFURBIEE Ny R&E HAWBRIS, &WIFEBR:N
BONDIREIZDONWT, WSy ROMBMITEDOBLE I BB R ET - O THET 5.

2. IRFIHIEHE/NY FO/ER

BRE LI L0 =R VBRI Ny R (BLF, =ARX v Ny ReT5) OFEREZITo72. =R UBiED
FURY =, #{bHE ORI ETERT 5720 ORIAHELIRE LN 2B IR L%, PrE DRI
MENL, Bak X OB AT . L L2 @M E VR L, —EDEIICAT A AEITo72t%, Hn
HAFEREIZ S DR - RICEIW 21T 5. AAFZETIE, BIIRICEL G T 2 RIEAORINEEZ 2 LI E o =R
FIRy REE LT, £ 1ITRENZRZAF 2y FOBIBELG &2 1T, TARXFUHIEO 7 LAY < 100
WXL T, @kﬁ%ﬁS@ﬂAfmébt.H%NyP@%@$(%E)%EMéﬁék@,%@ﬂ@ﬁé%
BALEHT-. IAERL U 72 EAR 200mm DK E SOTARF I8y RBIOMROE Y 7EARERY v LH
/Hfﬂyb(nﬁﬁb%%;K96mAMTWV&Vﬂbe¢5)@%ﬁﬁﬁéﬁﬁ £ 1Oy
R OSBRI~ T L 212, BaflORNEZEx 52 LT, M Sy ROZKILE (5

Tablel Properties of urethane and epoxy polishing pads

Urethane Low-foamed epoxy High-foamed epoxy
Resin - 100 100
mixing
Curing agent - 55 55
ratio

Foaming agent - 2 5

Density (g/cm’) 0.40 0.63 0.40
Hardness (JIS-A) 78 97 90
Tensile strength (MPa) 39 4.9 1.9
Young's modulus (MPa) 49 225 78
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90 T T T T r T
85k 4
urethane pad epoxy pad . g 30l i
Fig. 1 Appearance of polishing pads (¢ 200mm) %‘
£ 75k -

70 1 1 1 1 1 L
30 35 40 45 50 55 6.0 65
Ratio of foaming agent

Fig. 2 Optical microscope images of polishing pad  Fig. 3 Relationship between pad hardness and
surfaces. (a) urethane pad, (b) low-foamed epoxy pad, and  ratio of foaming agent

() high-foamed epoxy pad .

) OFFENTRETH Y, LISV RIRE 2 EOYMEN R > THD Z LR brs. vLd
Ny FEHBELT, RCEETLZRE Iy ROFGRLCHENEND, FIEREIIES 2> TS, £
NENOIEE Sy RENFEMBNC L VBELZHORK 2 ThoH. BEFZRINT D2 Licky, S
v RN LOREICKADPTER SN TN D Z E3D0% (K2 (b, o). [ALITEE ym OA—ZTH Y,
TLEeRy R (M2 () LRBREOLORELNE. £, EuAlOoREZZLSED LT, KIRNR
7o TL D 2 EDHERBE LS. X 3 (KRR 100 (253 2 FETUANRINER L LR O =R F 28y ROED
BfRZ 3. FEUAIRINEDOHIN Y, HHEE/ Sy FNOKARPHINT 5720, #ERE LTZRF /3y
NROBEEMET I DIAICH D 2 Lvbir-oTe.

3. HSIROBEREOTME

ERLL 7= R ¥ 2%y RIZL D T ADMEEFEREZIT, T OMBREOFM AT o 72, £ 2 (CHFEEFEER
Gt aomd. WREEHSITIE, AR 200mm O FEREE T v B VHEE (R 7 7 7 28, NF-300) % fV iz,
TAENCIZY —Z T 2%, 38O LTEMEZER IOmm OV — 27 ARAZITR L, HL 5% 35mm O
MBI MR TRV T 72, TR I, ALEEE L THI200 OfkaRILEESR (GO) ki W =T v B
I XD REME Ra 24 04um (ZINL L7z, WHE Sy RO, WHERE EIZWTHefEF¥EE 1mm O
N NERAWT, YHAZE 150pm, 734 hk 0 B 0.5mm/s, 23> REEZHEE 100rpm OS5 CUIH] (7 =A
D) EAToT. ZDE, #100 DX A YEL NEE Ny 2T, FLy¥/3y REESHE 90rpm O
FECTRL YT E 10 AT T2, WFEBRESRIIIN LRI O TR OB &2 K-> TEI Lz, g% TI1E
ORI ZI1E, HERNAHY 7 N FSBEEE (Zygo, Newview 5032) Z VT, > A 7E 0.08mm D&
tk 7 ¢ v A5 A LR L 7.
3+1 BREEREROFHE

4 IR LT 2 AR 2Ny ROWFEERESR F L OMFEE % TAEMR M S &)y NEEOBMRZ RS, B
LicmRE oy Rty LZ Ny REHR L TEWIHERENRGE LN TEY, Ny REEIN/NS
725 L SLTHFEERER NN 2 Z L Wb hD. KRS, L Xy REFRREOHE (78) ZHH>TR*
TRy ROMEEREEN R b E L, TR LZ 23y RElg U T2 5MOBEENR GO, —KIC
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Table 2 Polishing condition 1.0 T ' T ' T T T 25
Lanoi hine NF-300 . -O- @ Removal rate
L. . apping machine - = i {1 W Roughness
Polishing machine Nano Factor Co.,Ltd E 08 ¢ 120 &
. Sodalime glass: ¢ 20mmxt10mm £ E
Workpiece : 206} )
Surface roughness: Ra 0.4um P s ﬁ
Pressure 20kPa £ 04 17 ¢
. = U4F =1
Work/Lap rotation 90rpm/90rpm g L4 ﬁ Epoxy E‘O
Polishing time 30min 5 02k Urethane K 41.0 S
. 1.2um CeO, (SHOROX A-10 J
abrasives
Showa Denko K.K.) 0.0 \ A . , ) ] . 05
Concentration of slurry | 3.0wt% in deionized water 74 76 78 80 82 84 86 88 90
Supply rate of slurry 25mL/min Pad hardness
Fig. 4 Polishing performance as a function of pad hardness
O Removal rate (w/o dispersant) [J Removal rate (w/ dispersant)
1.0 v v . . v . . . v O Roughness (w/o dispersant) @ Roughness (w/ dispersant)
—{— urethane —@— low-foamed epoxy 25 1.0
= —O— high-foamed epoxy ©
‘£ 08} § g . G
= =201 408 =
E ) —— &
o6k 1 3z o e ofle® £
g E15F {06 =
& 2 2
— i ] = z
s 04 ot 104 5
e Wear rate of pads = =
=] o £ 5]
202} urethane: 1.4um/'h = -4
e low-F : S 05F 40.2
ow-foamed epoxy: 1.8um/h z
high-foamed epoxy: 1.2um/h
0»0 1 1 L L 1 1 1 L L 1 0.0
01 2 3 45 6 7 8 9 10 11 Urethane  Epoxy (low-foamed)
Iteration
Fig. 5 Transition of removal rate as a function of iteration count Fig. 6 Effect of the dispersant on polishing performance

WFEE /S RO E < 725 & TAEM~DO Y 7= 0 BEEL 72 O AFEEREE AT 5. RIFE T, —BIICH
B2 R VMR 2 TR Y L Z 2%y R E[RIRREE & CHIE 2K F S 7248, =R UBIEOR>MWE %
R TEXEHOIBERNE LN EEZD. YL E Uy RE@bt ) v A2 HWERE, REEOIES:
T COMERERIZR BT 0.1-0.5um/min THDHZ ERRESNTEBYY, ZASDOMEL HE L THTRF Y
2Ny RBEVFERERZ O Z ERNbn s, SEMICOWTITHBIRT 228, UL &3y REV & EWIFERE
BRESNFERE LTE, =RFI Ny ROBALT RLUAERE N L0y FREDO AT Y —ITxT 5
BAMEDN & <, BRLOMRFFNINE N LR ENRBE 2 OND. ZARX L Ny ROMEL 18 L FIZT 5 &, &
RALEDIZ /3y RREOBEFENM L <, BHEREEMET L. v L& o3y RIZxEL, 2 (5O ERER NS
b LiE, R—®REZET D OICLERRFHRIA R L2 L2E®RT 5. A7 ) —ofHgRIIFA—Tdh
B8, fERELTS50%0mbt Y v AMEHAEORHEFEBE L2 LiZhb.

WRIZEFEE N > ROWFEBRERDORIFEA(L 2T 0 L. — BB Sy N3 —ERMTE 21T 9 & IFERE
BRRANURT T 5720, FrERERRE%IC NLy v 72 EiT 5. REBRTIL, 1B HOHBEERANCO
IRy ZEATV, 30 S OB E R & RIS TR0 Ik UFER L7z, SAFEEREO KLy oo 7137
STV, B 5 ICHWIEE/ Ry ROFEERRSE L ERIEEOBEREZ TT. =Ry N, FEREONT
Y ERNRDLNDN, EHHIZIET L2 %y RELEORIERESRZG L TWDHZ ERbnd. Zib OiE
REZRD/NT Y XL, WFERES 5 HIH £ THREETH Y, TR ZEL WD, 2
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Fig. 7 Power spectral density profiles of polished Fig. 9 Cross-sectional profiles of polished glass edges.
glass surfaces.

+10

nm

-10

Fig. 8 Optical interferometer images of glass surfaces polished using (a) urethane pad (Wa:3.841nm), (b)
low-foamed epoxy pad (Wa: 1.645nm),and (c) high-foamed epoxy pad (Wa:0.985nm).

D EMND, B Ny RREIOIRENFEREONTYXFORKTHD EEXLN, ENETNOWE Ry K
W L7car T o va =y P5EME T Z LI RO AT Y RNMGICE 5 B2 bhvd. 5 R OME IR
Dk, WFE Ny RORESZHE LRI LZEREZK 5 120 TORT. WIROE Sy RTH BRI
lum/h FEETH Y, 7L F oy RETRFI Ry ROEREOEI/NS N ENbhoTo, —fRIIcT R %
TRIIRIE T L Z IR 7R & ORI L Hei U CEEMEM B T D Z E A BTV DD, AW TIER L=
R UM Sy RIZBERERNNE L, RO L& Ny RERIROEFIZB W THEHAN AR TH D Z &7

RENTZ. ZoZEnD, TARFI Ny RKOBVATZ RULAMIZTLZ %y REREETHY, Znng
WFESRER DO BR TiE 7\ &Il S -,

Flo, ATV —IZxT DA ORMMBPHEREIC G- 2 2 8270 Lz, btV U AKX ED
6.8g/cm’ & KEWNZ LD, KRADIHIENEL FHHRE2ITO R TSI HICIEENE T D, 207, HFE
DOBIGIZBNTIE, A7 U —IZx Lo#EEcmmL ER SN, BRI 2 ECHER LB bt Y ¥ LK
bl Uy AILEE 2 i L7- 6 o (BBFIE THR, SHOROX A-10 KT) %MWz, ZOOBFESMIEE 2
EREETHD. B 6 IR T Lo, vLF LNy RERWEES, SBEIOBINC LV ARGV 09 < 72
0, BRRIORFF MK T3 5 72 OWHBREE N DTN Uiz, ZhicxtL, =R ¥ 3y RE WIS
I, BEIE TN LT HRRRLORF IR S vz B 2 B, EFEIERINOREL & [R5 0L EOAFERES
DEOLNDZENHALNE ST, ZOZ X, ZARF U Ny RBEEOAESGIZBWTY, #AREET
bH I EERET LR THD.

3:2 WE#IEMREOTE

BASE LToAFEE R RIZ K VFEEA AT - 7o 7 A TR E O AT > 7. (Y 7 N FSBMEHc L v
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Table 3 Properties of abrasives

. Mean diameter Product name, 1.0
Abrasives (um) compeny R Ourethane [Jepoxy (low-foamed)
=08} [
. SO-C2 ‘=
s =] —
Si0, 0.5 Admatechs Co., Ltd. E
206
FE-227101, ~
Fe,0; 0.5 Nilaco Corporation %
MO L1 020-47425, E; 04r
23 : Kishida chemical Co., Ltd. g
0.2F
710 3 ZIROX, K-BC0007, &
2 : Universal Photonics, Inc. 0.0 — |_
CeO 12 SHOROX A-10, ©Si0, Fe0, Mn0O, ZiO, CeO,
e : Showa Denko K.K. " Used abrasives

Fig. 10 Comparison of removal rates using various abrasives

+5

nm

-5
Fig. 11 Optical interferometer images of glass surfaces polished using (a) CeO, with urethane pad (Ra:0.676nm), (b) CeO, with
epoxy pad (Ra:0.609nm) and (c) ZrO, with epoxy pad (Ra:0.62 nm)
0.7nmRafREDHETHY, HilRD L ¥ /3y REBROARWRAM I PHEOND Z Elboote. EME
% H T AREOTRIZET 5 2284 (Power spectral density; PSD)  f##T©% 320 L7-. PSD St 1345 7E D
ZE[R]JE T OYRIESREZ I RIS 5 37 A —Z TREEZMIT T2 b DO TH Y, ZREAEEN 2L o235
B LIftT T D, B 7 IR 7 AKE 2N S 7 N FBBRHMERIC & 0 BE L7 —# & Jtic, PSD fi#
WradTo TR 27 . HE L2 E TH 55 um 2> 5 100pum FEE O 2FEKIC BT, Xy ROKE|Z
Moo oLy REYDZRF I /Ny NCHEE LT T ARIED T RT — AT MVEEDI/NS <,
TARF Ny FIZE O EWBIRBENGOND Z ERbholc, TRF IRy NZv L2 o~y REHRL
THIPED mW 28, Bt pm OR 2R B W CENEFICBENATWD 2 LR Sz, M8 ITRT
BHFEE S B THHE LT= 0 T AREOAA S 7 MRS bR K01, v Z oSy BT
BE L= R 20T RKEV (Wa:3.841Inm) DIZXF L, AT /8y RTHE L7-RmIL D 20 plkan
/INEWY (Wa: 2nm BLUF) 2 L3RR S LTz,

BT, WMERT 7 AREDSHIGIROFHE 21T > 72—, TFEN L% O TEWIL, TIEHOED
IS ER LIRS L END 728, P HAZBOTIR (X L) Ld. ZORF LBKE
W E L & U TR C & 28EAV NS K R D720, @A LENRIT 208 RS 5. X9 I ENENOF
JE/ Ry RCHHE L7 7 ADFIBIREZ R . UL Z 3y RTHIBE L2 7 A%, 1.5pm BEDfRZ LAAEL
TWAZ ENbMND. ZThUx L, EBKILEOTRE L Xy RTHIEEL7=H T ADKA LIL 0.5um £ & /)
SNZEBDND. TRF DNy FOKILEOEIMIE, I VIIRESRDL OO T L Z Ry REH
LTRSS LONSOWTE RGN ZhUS, L2z RE /8y FOBENREWZD, TIEHON
Y FIZHT DB ZHBPNEL, BADISHEFIWNE S Rolz b THDH LEZbNS.
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—O— ceria —@— ceria w/ dispersant
—{— urethane pad —8— epoxy pad (low-foamed)
20 T T T T
130
10+ . O w/o dispersant
S = 8 O w/ dispersant
= -10}F . o [
= )
= =]
2 -20F . =
& g
8 -30F . = 110}
g 8
40 b J o m]
=50 1 1 1 1
2 4 6 8 10 12 100 L . —
pH urethane  low-foamed high-foamed

epoxy epoxy
Fig. 12 Zeta potential of ceria abrasives and polishing

pads as a function of pH Fig. 13 Contact angles of polishing pads

LLbED L D1, mRF Xy ROHE LI T AKEE, VL Z o3y FERELTHSIIFRRETHY,
IR RESLIPRO B TREREBMMEZA L TEBY, L EFHE Ny FE LTORMRHRFTE 5.

4. BtV LKRBEHOKREN

THETITERRTE LS, Bt U U L2 HOTCBEREHIOFE RS, =ARF Ry ROy L
Z Xy REHI U TERWIHEBRIEA BT 52 ERALNERoTc. 2Tkt Y U ALSNOIRR TH =
RE T8y REFIA UBRC, BFERERS M L5 Z L8NS, mRhF v 8y R EREBRRLOMA S
bEICEY, vLx Ny REBbE ) U LZ ORI & [F%DL EOFEBRERAER T XU, Bt
U U LEERIIRETHZENAETHD. £ 2T, FHBIHIKLE ZRX /Ny REFNWTH T A0
WFEERFE DM 21TV, B bt Y ¥ 22 2 RBRIRRLO MG 21T o 7. % 312 LB bk O FEH
LR ZRT. VU AR EER, Bk a= g L7 EOWEEICE N S D IRRL A FV e, BRI ORI L
BB lum iz TH 5. MHEERRIL, UL Z Xy RBLXOZRX I Ny REHWT, FIRRLIZEBW T
S CEBREER L. FRLOAT U —JREIL3.0Wmt% TH— L7z, TOMOEBRSEMHITE 2 ITRTHO L
FfkCH L. X 10 ICEFEARRLO B T AR HAFERER 2T, TNENORRLIZIBNT, YL Ry R
LV bTRF I Ny REMWIGEICBRBLR 2 FREDERENGOLND Z L03bh 5. FFT, Hilko
ity b a =0 AERRL (= N—H L7 4 b= 2418 ZIROX, K-BC0007) W =5sE, viLZ Xy
R & L TR F o3y MEHKRHIR 4 (G OMEBREEN SO, Flov L ¥ Xy REfbt U ¥ LK
LA L7208 RS I LT, BFEERE SRS 7 BRI B9 2R3 bz, )11 (o) gk nra=v
DR & AR 2Ry REHWTHHEE L7 7 ARIEO TS A=~ . REITIERAZ 7 v F HIAEE
F, RIEHLE1X0.629nmRa THo7-. ZHUE, 7L X3y FEbE D 7 AR OMAADE (K11 (a))
RTRF /Ny MR ) U ARKOMAEDE (K11 (b)) IRV LR E & FRERVMETH D Z
EDREER SN, mARF LNy RORGERHSOMEL O 2 2 NI, 1ERkO U L Z Ny REIZIERBETH Y,
FBbY L a =y ARRRL OIS b E T U U ARRRLE D 2l (2010 4 12 HBIE) ThDH. ZhbaEET
L&, ZARFI Ny FEEHT 22 LIk 0 BT EWEEZHER L2 D, BBkt ) v ARk 2 gk =
=0 AR SE R T 2 Z LR FTRETH D LIl S 5.
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urethane epoxypad
pad (low-foamed)
\

\,
)

Fig. 14 Result of inclination test of polishing pads Fig. 15 Result of inclination test of polishing pads
with CeO, slurry with ZrO, slurry.
dry ——slurry
0.8 -elpoxy{iow-fo;amed)l ' ' "

0.6
T slurry drop A

0.4

0.2

J(b)

- probe
glass ball)

0.0

0:8 - urethane -

Dynamic friction coefficient

//z < 0.6
i 04F T T slurry drop .
Polishing padi 02l A
) . . . 0.0 L 1 L L L 1 L
Fig. 16 Experimental apparatus for measuring the dynamic 0 50 100 150 200 250 300
friction coefficient of polishing pads. (a) overall view, (b) Time (sec)

detail view of measurement area

Fig. 17 Dynamic friction coefficient of polishing
pad surfaces as a function of time

5. EHEREEDOFREEHA

IHETICRARTZE DI, BAR LI ARF TRy RIEROT L Z /3y R E G U TRVFEBEREZ A
LTCWAZ EMALNERoT. T2, by a= g MERLE TRy REFIFHTHZ Ly, i
RbFEE (Befbt U o MERLL U L& Xy R) OBERERZ BRS Z LR S, bt ) v ADOREIK
kil L CORMBEMENTER STz, ARECIIE Sy ROREY — & BALCEA, BIEERGK & OB
PEAFHEL, =HR¥ /%y RCEWBHERRER S ON D ERIZOWTER LT 7.
5-1 BREE/Ry FREOE—4%2 ELIOFHE

BFEE Sy REHEB L OB b U o AR Z B — 2 BAat (KEE R, ELSZ-2R) XV FHE L.
EIXHFIROMAKF TIT o7z, £/, HIEEIRO pH % 0.1mol/L DHEEEE X OVKERL S V v KRR TEL &
, & pHICBITHE—FENMNEFHI L. X 12 128 EOE—ZEN & pH ORREZRT. AR
SNTOWRWEEEY VAZXRZ Y =@ pHIL 7 THY, ZOpHIZHET HEE{bE Y U ARK.OE — & BN
+4.55mV & EOEZER L. FU pH Tk, 7Ll /3y R322.6mV, TARFI /8y RH3-10.4mV Th v 3t
WCHRDENMEZ R LD, UL 2Ry ROGPMMERRENZ ENDnole. DFEY, YLZU Ry R
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DIy REMEEBRIB OB NBRRENZ L EZRL TS, ZHUSH L, SEFIZERM LR e 7 A
AZ Y —OpHIFELZE 10 THo7o. ZTOpHIZEWTIE, 7L &y RELIORZRF /Ny FIEZ35mV
BREOE—FENMTHY, ZHO0D/ Ny FTRERERITBD LNRNoT2. LI L, HI3ETESTZL DI,
A ZBMUT-EMb U o ARRL A2 L7 H A8 0nTh, TARF I Ny RIEvLZ oty RED 2
LU EORFBERERN G LTV D, BFEE Sy RREOY—Z BAIIpH R TIZBWTERH-T-H DD, pH
P10 TIEAENRRL, ZNOORRNGHET 5 &, Sy FREIOE —Z BALOE D @O ERE SR 0 3 Fd 2
KTV EfEmST bivd.
5-2 2351 —NOHEBHEDOT

A7 ) — O U THERRZAT 5 72, W/ Ny FREOH A LA T Y —OIRTEIZET 27
EiTol-. BEMAOREL, MBSy RERZ 7 =AY 7BIO RNy o7 Uitk it (R
AR, CA-DT) Z#HW\WTiTHo7-. 13 ([ZHHEE Sy RREOKIIKTT 28 2R3, oL 2oy
FEHET 5L, KALRICEDLLTTARF Ny ROEMAI/NS <, BUKMEREWZ Ebnd. £z,
Oy HE 2 BN LTk 2 IV C b, B O KITIN S o 72, RIS, BMbe Y U ARX T Y —% 60uL i T L
TAfFEE Sy REMER S TA T U —OfB 28152 LAk 121X 14 1277 RHE 25 FETIER 7 U —idiiih
HHT (K14 (a), WISy FEICE EE 5T, TLH iy ROBEAIIERS FIckE<E0HL
7RRE (K14 (b)) Eieotz. HAMAZ 30EIC LA, YL X8y R EOEMIZBEL T LE- .
—Ji, TARFI Ny K EOWRREIIERAZ 5SS EIC L THIE LW R TE 2. 08 EIMA Z
U —ZBWTHIRFFREROB MR S 7z, DL EOFHEORER, =R X Ry RIv L2 o3y RE g
LTt Y VAT Y —IZxd 28AMENE LS, BWATZ U —REENZHETHZ LRIz, [FEkD
BERER o a=y L2 7 ) =2 JWiciBR T b gL S, MISITRT ROy ra=ysx7 Y
—DGAETH, RNFVZRFI Ny RBT LH Ry RICHARRERBEERALZFOZ ENDroT. UL X
Py RETIEBLZ 25 EOBRATAZ V=% LI-DICK L, =ARF Iy R ETOHEEMAITBLZ
WETHoT. ZOXIITBbT NV a=y 227 ) —OEEAITBEE) VARXT V=L /SN &R
Dinol. ENENO/Ry RERAT Y —DOMABE ORI DIEAZ/NSWIAN LI~ 5 &, WHEREFEO
JELR U TH Y EOFHBENREO bz, 2O Lhh, WEANKEI, OF VRO INEN &2
TARF VY RCEWIHBRERENGON-ERTHDL EE45.
5-3 BREE/\vy FREOSIERFREO M

WAZHFBERESR & LOFHBEBIER AN SR & B DI TV D (DIFFEE S R R O BHEBIR I ORI 21T - 72, &
BRI OFHANEIK 16 12789 b7 A RilBai%  (Center for tribology £, UMT-2M) %\, R—LA T 4 A
7530 (JISR1613-1993) (Z XV RBRZAT o7, SHHE/ Sy FORMEIIEREOVIEFRZBHT L5720, HIEH
W72 AV TBIR RNy v 7% L TlRY, BUREBSLIOMIbt Y Y ARXT Y —% F Lok
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Development of Alternative Abrasives of Cerium Oxide for
Glass Polishing
SeungBok Lee?, Okiharu Kirino?, Yasuhiro Tani? and Junji Murata?

In glass polishing process, cerium oxide (CeO,) abrasives are widely used because both high removal rate and high-quality
surface finish can be easily obtained by using CeO, abrasives. The metal component cerium (Ce), however, is one of the rare
earth elements. Recently, because of the problems of the skyrocketing price increase and the supply risk of the CeO,, the
development on alternative materials/technologies and reducing consumption of cerium oxide abrasives have been strongly
requested. In response to the requests, the authors have proposed the zirconium oxide (ZrO,) abrasive as the alternative
abrasive of the cerium oxide. Even under the low slurry supply rate, a larger number of effective abrasives between the work
and pad can realize the better polishing characteristics. Two methods have been proposed to increase the number of effective
abrasives on the polishing pad. The first method is to use the cohesive abrasives during polishing and the second is increasing
stagnation of the abrasives during processing. Based on these results, it has been confirmed that the zirconium oxide abrasives
have the possibility as alternative abrasive of the cerium oxide for glass polishing. This paper describes that the results of the
series of tests proved high polishing characteristics in terms of the surface roughness and removal rate for soda-lime glass.
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Table 1 Polishing Conditions CeO, : O Surface roughness [1 Average removal rate for 30 minutes
- - ZrO, : @ Surface roughness [] Average removal rate for 30 minutes
. MAT - BC15 Single side
Machine f--------------=------- 398 393
Desk top CMP machine 3 A 0.5
Pad KSP90 (Polyurethane) E _ o
=]
Time 30 min E 25 ¢ 104 E
Pressure 20 kPa % . 1 o3 E_
Lap plate (P380mm) : 60 rpm £ T
Speed f-------- - - s 2 P 8
Work holder (® 100mm) : 60 rpm & 15 102 o5
° >
Sodali 1 i Q 2
R . odalime glass 1_)130_@ _____ g | O 8 loq E
Workpiece ®23mm x 5mm x 3 pieces 2 Elj ~
Surface roughness : 0.4um Ra 0.5 0
Concentration of abrasives : 3wt% 0 10 20 30

Slurry Supply rate : 25 mL/min Polishing time (min)

Fluid : Pure water Fig. 1 Polishing characteristics of CeO, and ZrO, abrasives
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Fig. 2 Change of polishing charactenstics with concentration (b) Casc of Z10, (6wt%)
of ZrQ, abrasives Fig 3 Finished surfaces after 30minutes polishing
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Fig.4 Polishing characteristics using combination Fig.5 Schematic of improving the polishing charactenstics
of CeQ, and Zr0Q, abrasives by means of formation of cohered abrasives
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ZrO, : @ Surface roughness B Average removal rate for 10 minutes

60 . . 4 CeO, : < Surface roughness [ Average removal rate for 10 minutes
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Fig.6 Change of zeta potential and mean diameter Fig.7 Change of polishing characteristics with pH value
of ZrO, abrasives with pH value using ZrO, abrasives
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BHRET, REHIIIEND Z ERmhote. Tz, BBILU IV a =7 ARRRL ORI X OEERR TSI O R
REHE L THT RN COMBERECREEICENTHD Z EAMRTE . K11 IRT O 10 SHfE% O
ETNEFNOERmMKRETH D, Bkt vaikh (AX @) OLERNLEARILTND Z &P HERTE,
AIEI OB v a =0 MRRLE VEILTWD Z BT, Bilg (R (b)) Xy b EUNEENHEA
LTI EDERTE D, ZHIUCK LT —8 (A (c)) DO&EEI3MUNER DI EN 2 &N
HHERIZBNTWARLMEDOE W TH D Z ERHRTE D, MEAE SR X 2 FEE R -
NHERTE-Z L0, RICEDFRMNE EFBEEMHEICOWTHRS Z Ll Lz, K12 127789 Icmby
Jb = BRRRL 3Wt%IZRRIE S — 8k % 0.5wWt%72> 5 1.5wt% E THRM L7203 6, 2 E o 10 53 iF % OB
R 2l ~7z. 7=, B by v a =0 LARRL & iRt ) U ARRLOFE R b —FEICEK L. ZoMM»MS
MBS — 8K OTMEZE 0.75wt% 5 1.5wt% & L-BRICITER L Vv 2 = v ARRRLIZ b CHFBREMEN
ZEWG ol TO XD ITIRINEISREMEA HBLT 2 OI3EED pHAS IZBW TR bBEF LR D7D L
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O Average removal rate for 30 minutes O Average removal rate for 30 minutes
& Surface roughness after 10 minutes polishing 4 Surface roughness after 10 minutes polishing
O Surface roughness after 30 minutes polishing O Surface roughness after 30 minutes polishing
2 0.5 R 05 _
% — g
g E
T L6 ey 04 = £ 4 04 5
A ES
1 ol E £ — o033
§ 1.2 03 3 Eﬂ |
= Q ° 2 0.2 =
2 o = = L 4 @) >
2 08 o OH 02 E 3 o g
= S g1 bof 0 0.1 £
3 z g o
£ 04 01 £ 2 ‘ ‘ ‘ 0
& L2 CeO, 70, Sio, ALLO,
Specific
0 0 ; 7.1 5.4 22 4.0
Zr0, 3wt% gravity o -
t%
CtO 0 05 075 1 125 15 2 3wt% 3wt% W
. . .. «— Z t% —>
Concentration of abrasive and additive (wt%) 10, 3wt
Fig.18 Effect of CuO concentration on polishing characteristics Fig.19 C_hange of pol{shmg (.:haractensncs in addition of
using ZrO, abrasives light metal oxides using ZrO, abrasives

Bond. LEOFREREIVAZ Y —0 pH Zii% L, MLy a=7 R OEEERZRESYTHZ & T,
HIATIMORRMS T L VENT O LD 2 & LHHBRERSILE U ¥ AR & IV 7230 & A%
UELETHETED ZLBMRTE . ZRHITEENRICEY, BEOHMEMEZ SO ONTHRTHD
EHEEREIND.

WREREE — R DWRINC £ 0 77 A TAEMOBBRHE DS S E TE 7203, 202 & ITHEESE — kDb Er1EM
NEFH L TWDDOPRFEEIT > 72, Z ORGEC AW ENANL pH 85 M CHON L 7298 ER O, 358 TH
% WElE & BREREE — 8k 3T THh DH. T OMGED BANE, IINAIOMEM A pH R OHRTH 570, &5V
ZOMIZH T ATAE E OOSIZHERA LTV 0EHLNCTH720THDH. BMaFD fiks LT, B—
B EEBREIT 72, 3 FEOPIA 2 MKICZNZ pHAS IZ72 5 TIRINL, WROE—hoHichHZ7 AT
TEWRE 2 AT A Y — T TRARIRS TP B 30 0 ETOH T AOREM S L IREREZR~72. Kifik
ST 1077, 2047, 30 43 & 3EHAIE L, BREREIL 30 2% ICERAEZEOEEDOETRDZ. K 13 ITHFEFER
faERZ T, ZORNOHEEEEFERROLAE, RS & bICT 7 AORBMI DB LIZDITHL,
WERH — S DOHE A ITNE L A LT T ADREM S IZER R0 o7z, 0B, REEIWTAOHRE LT/ A
— A A —F TR TE DIEE Dotz STEOWMANC L D07 A TAEMOREIREZ LT, N
EHEE DBEIIN T AREICERORAESCH S BB E 2, M - SkOGAIIE ML A LD
BRRNI ERHERTE L. DS ORGEERAE R SRS — Sk O RNAl L Bie v, 2F U —rh
THIATEME ORIGITIFE AL LS, LY a=7 MR OEBEREICOLE S LTWD I L0
WTET.

4. BHESEREVMORMICESHSAHEREORE

4-1 BREESERIELHOBNICEL SHHERNE

RTFEClL pH A3 L 2BEH G 2RI L, BRERIC 72 o 7o BRRLASTE R R 2 D BRRL O W R ME % 500D
LT L wToM. AEFNOBENG, ERBRLOLRERIEEZE X DI 2 AivD 2 & CTHRELO 28I
HIRR 2 23, BB Ny K ECOMEMELZ B T/E»OM TITEARR R EZ NS5 2 2E 27, K14
(R BLEIAC £ 0 BRRL O M % ) | S & CRFEE R & ds T 2 S 2 n . ERICAHVW T 21k
VA= g AMEROHEIXS4 THD. £ T, NINT 503 BKMERELZF OSBRI E L, TO&R
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Table 2 Properties of abrasives and additives used in polishing experiment

Abrasive or additive [ SiO, | ALO; | ZrO, | CoO | CuO | NiO | SnO, [ CeO, | AgO | WO, | Ta,O5| PbO

Mean diameter [um] 1 1 1.3 2.6 32 14 43 14 1.1 1 14 4.1

Specific gravity 2.2 4 5.4 6.1 6.3 6.7 7 7.1 7.1 7.2 8.5 9.5

pH @1wt% slurry 7.1 7 7 72 7 6.7 6.1 7 10 4.5 7 10.1

Color of slurry white | white white- gray | gray light- | white- | light- | light- | light- | white-| light-
cream gray | cream |orange| gray | green | cream| gray
O Average removal rate for 30 minutes O Average removal rate for 30 minutes
@ Surface roughness after 10 minutes polishing @ Surface roughness after 10 minutes polishing
O Surface roughness after 30 minutes polishing O Surface roughness after 30 minutes polishing
5 0.5 - -
ZrO, 3wt%, additive 1wt% 10 . 0.5
§ R R L 1 04 c} % 8 ] 0.4 )
O g r 404 8
g Value of CeO, only ‘D O g g g
%) O 7]
T e S D o 103 2 Z 6t 03 2
2 i B8 8 E °
o P i e 5 s
S S — éwwwwwwwgqozg 2 4 02 3
o O * Q 8 2
g Q A2 5 = 2 H 0.1 5
R e — R 2 s e U 12
0 Value of ZrO, only 0 0 0
Abrasive CeO, ZrO, ZrSi0,
0 1 2 3 4 5 6 7 8 9 10 3Wt% 3wi% [ 3wi%
Specific gravity of additives Cu0O 0 0 0 1wWt% 2wit%
Fig.20 Change of polishing characteristics in addition of Fig. 21 Improvement of polishing characteristics
metal oxides with various specific gravity in case of ZrSiO,

LD EIZZOELIYV KEVWLOERETHZ L E L. 15 2fgfb# v 7 A7 (W05 : LLE 7.2),
el #R(AgO : L 7.1), BR{b= 7 /L(NIiO : lLHE 6.7), F{LEI(CuO : LLE 6.3)7% ORIt %2 =
U AW%ININ LR A AT o 7oA 2 k. EBAER O R S EWHEBRERICB W TIE, Bk ra=7 A
BRLDOAZDEGAE L, REEOERBILD Z RN LR T X CEMN & 200 2 LR TE . £,
REBEOR LT U 7 AR L Wl U T LR O P i S35 R CombES BB 2 RN L7z
FOFERDFRZFELLED, HDHWVILEVEND Z LR oTc. ZOEBRFEENS, MHKKLE Y &ELED
&BERALY 2 TRINT 5 2 & CRRRLO MM & 1] b S-SRI AR A 2 BRI O BT S 72 2% 0 B BEREIE ) |-
DAGETH D T ENHERTE 2.

L E AR OWINC K D BRI EOBGEZFIR L5720, RN L& REB{em ok, HHERER
Wb olzg{b ¥ v 7 AT v E AW THERIER AT > 7. @ LES BRI LY )N EERRL & 72 0 BN
TIHERT 22682, BILX v T AT DI 3wt%, 6wt% & 10wt% % T ILEFLERM L 30 730 7 A D
WHEFR 21T 7.

ZOEBEREZ 16 17T, ZOERERNS, By VAT OHTIE, Wbt L S E
RMBERERN LITIFE AL AN ol 2O LD, BHESBBRILDITERIIEZIT )k & L
TOBEITEL, WEIRD D A A VIRRL O @b botEx b5,

WIZ, BV a =0 ARRRLICHIN U7z S b R S B ORI X DR OB b 2R 2 L &
Lz, B17 12 by a = ARRRL 3Wt%IZIE 5 o 7 AT v OIRIIEE &2 25 2 7253 & FEBR L 7o fE R 4R
+. ZOBEAT Y —o pH IX pH4.5-pH5 THo7-. Z O HEBBRILWIRINEIC S BB H 5 Z &M
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Sote. ZOFEBROFERIGIX, TINE Iwt%DBRICHFERER L4 LI S 8 kb END 2 & A HERT
o, ZHUL, BIMINETED &AL VERRIOMBIER ZET 570 B2 bN5.

EHLEAEBIE E L CTHWERIL Y v AT AT U —0 pH 23 pH4.5 - pH5 Th o 7-720, WLy
Na=y ARRLOEEBR LRI X AR S5 LB DD, £ 2T, FLESBEBREYORM
Mod, A7 VU —0 pH BNEbLY Vv a=0 MMERLOARTH D pHT HitkIZ/R D bDEFHNIZE 2 A, BRILH
Z W BRICH MR O pHT (2725 Z ™ol £ CTHIbY v a=7 LARRLZ 3wt%lZEEL, &
®X7)—m@&ﬁ%@%mi%osm%mgﬂmmif FZIRIN D ERE T o7z, K18 IZE DOfER &R
TR LY AT OBE LIFIERITT,  0.75 wt%y D 1.5wt% £ TORLSRTIN Tk v o =
7mﬁ3m%®ﬁ%%ﬁ;@%méﬁfﬁé#%<?%t PSRN D 0.5 wt% & 2.0wt% DA 1T 30
5y T DLW EREZR DME T U 72 DI R PRI AR 0 2 LSRR DEE A D 20 Z & EWFEEITAE & 2 Fa 1l
DA = TR OEBE B - T2 THDH EEZLND. £, IRINRICHE L CUIK#ERIESLERHD, =
D FERTITERL 2L 2 =T RRRL 3wit% & B kil 1wt% DIR-E LA il & 72 o 7z

4-2 FMERBIELMOLEICKLSHERFEOEL

RIEI O 21RO Do OICBME Y b a =0 AR L Y LESBRWVKEES BRI LR L, < OfE
FtEERB L e Lz, BELEZOIX, 8L A F(Si0,, HE 22)EEILT VI =7 A(ALO;, HLE 4.0)
D2 THDH. ZNENEZMILY V3= AR 3Wt%IZ Iwt% T DU L, HEEBRZIT-7-. TDO%E
BRRE R 2 B 19 12T, 2FEOMEE & HIZEbt' U U ARRL L B L UL 3 =0 AMRRLOFSER S g o 72
W, it L7z, EBREREZRD &, 2FE S LIRS X 5RO UCEEDRB R o RN Lnb, K
WEA B & BN USRI, REH S EHEREE T TN IEY L a =y AR LD £ 5
FER L 2ol ZOZEICRY, KEEOEBERMICYITII L T H K OME MG EO S FIIWRFTE 7
W LR TE .

AWFFED FEERIZ NI RRRL & RN U 7= BB b OFRSE, FXRIfE, tE, A7V —O pHBLURAT Y
—DEREER2ICE LD, AT U —0 pH LRI DY Iwt% DEED & DT 3 FIZIR 72§ U 558
WGP EMBDToOICEKR LIz, A7V —OaIBUGNEA T 2BEOHBEEL 2 5 7-IZ5tk L. IR
BOLOIFERMAICEL VOB S L AREMERH D, A4 VIRRICThHE LY V3 =0 AORKIEEN 1.3um
THDHIEND, I OFERAEED A A > ORKLOBFEER ZHE L2 IlymBEE L Lz 7208, A
FORREET, —EIL 4um A X D PR L 7o TV DD, MR b EEn D £ B2, ERICHN
7z, B120 (XX 15 BEOX 19 OFERE F LD, IR OHE L HERIEOHBRBRFRAE R LD TH S.
Tz, D=, btV v AR E BR{LT L 2 =0 ARRLOAFE R S RIRFIZIX 20 128 Lz, Bfb'
U U AR OB ERFEIX HIE CH D=0 TEL, E0BHFE 30 MO FRMFEERESR, = OWDMHFE 10
SO EITER S, &b T 30 2% OE BT HH IS TH L. by a=y LA0LORERIThES4
DLEZAZTay hENTHDHDTHD. ZOKMND 30 W ER OBFEM B S 3 e E ORI
EMZDIEEEND Z ENDh-oTz. ZIUIIERIM OB EIZL2HEER ENFRNTH L EEZHND.
B, HHBRERICBO IR U ¥ AR OLET.DOMIETE—2 L7220, Z ORI TIZ RS 58
ool b v a=y AR OHEEL R bR LS50, B by va=0u L0 b3 thED
HWRLTHHZ LML, £, FHREROKEWVIRIM OBEWT I L FEREE O EOREE N
Bz &b ool
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4.3 BHEDILa-HLBHOWMEREOHE

RIEE DN FITMAL T v a =0 AERRL (FLEE 5.4) LV BRVRKI CH BT 2O ERT 5720, LV KLLE
DEERR Y V=7 b (ZrSiOy, VYRR 1.4um, FLE 4.7) BEKL & UV CRFEERRE O 2L 2 i~ 7. Efg v
o= KRR 3wt%ds K OEERE UL o = 7 ARRRL 3wt% Z R LR & T E A Iwt% & 2wt% T oW L R &
Tolz. TOEBRFREZK 21 I1RT. O Zof bt U o LKL & (/L 2 = 7 AR OBFEERHE b
—FEICRK R LT, ZORMNLERY VI =y AR ZE W EGE, TFERMEIIWIT LR E U ¥ ARKL
BLOBLYVa=y ARRLIZIZE D Z EnghoT-. LivL, ERY Vv a=u AMERLOHADOEE & X
DL, BALERZ RN U2 S A T B R S R & S B SN D 2 L SRS C& 72 FrlicRmM S B LT,
RIS DTN & 0 R SGEN R O, 2 b OfE R BAK L ERRRL T O M ORI L 0 S
RO ERFIRETH D Z L DR TE, REBMRRIATREMEDIENIAR Db D EEZ LS.

5. #& if

AL TIE, 7 AFBIZBWTEZHIN T DIt ) U AR ORI RZ B E L, X
BRRr & LT by L a =7 R 2 R E U CHF B R ORI 21T o 7. WFEE Sy RIZBEfFORE Y L& v
Mg Sy R &AW CTRBRRRICE T 2 EZRE1T o 72, ¥R, WFEICERT 2RO MICER L, WY
PEED kL LT, MWL a = AR O Y — 2 EBAL L pH I L DR A2, BEL K
LYEFARRKL OS2 2 < $HZ L 2B L. £, RLELSBRILYEZIRINT S Z L THENT h ok
KLOEN X 2] - HIE LIERABRIEEZ <752 L bI_E L. LIFIL, RFETHONTEREZE LD
5.

(1) Bfeyva=v L&k E W= AT U —% pH4 7°5 pHS FHITICHE L, BEEHZRESED 2

& T, MRRLOEMENRTH 7 A TR ORI S EEBRERE O AR T2, L, Bk
W) (Bl - 59BR) P 7 A TAEM & SUGHERRN 7 oAb 2RI L2354, MEERERN M B+ 25 850
O, REIZEy bBRFAEL, WEZOM BT SIEE Lz

(2) BHEEHOIRMA & LT~ AV ReBBE Ch DR —eka2 W5 2 & ¢, ikt v A KD R
W TR O S OERNATHETH D Z EDNHERTE -

(3) RO IR L —BEH L HEE LT, BEESBBILDZIRIMME L TAND Z L2 REL,
EBRCHENDZEZ A, EHAIIIERRI TR LTI R oot 728, HODHIK
KO LYV a =0 AL ) EEOKRWNEBEBEIEH ORI T, MEOMEENELS, REHS &
WFEERESR XL D = L SR T & 7=,

(4) Bt a=v MMRRLIZEBEBIL ORI & LTiE, REPEBRILY Va2 =0 ARRR L D /N E

<, WEEFLTPICEVWLONREE LW LR TE. UEoZ &b, BEfFo v L& HiE
Ny REBEY LV a =0 MMERLOMAEE T, bt Y U AR ORENATREE 70D 2 LR T
7.

(5) g L a =0 ARRKID L 912, EHICEEEOIRKIOBLAIZ b @ EOSBRRIEY ORI XY

WFEEE P O [ SRR T & 72,

& F33

AWFFEIE, REFFPEHEE /NEDO (BT /L — - PESEDITIR G BISEMAS) b @RS R 7 0 ¥ =
7 & TRSEEATERN T & U 7 S0 BAREAN B 8 M O BB 2 ) oI 2321 TiThbhvE L7z, 22
(CBEREALICTRS R 2R LET.
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Memoirs of the Institute of Science and Engineering, Ritsumeikan University, Kusatsu, Shiga, Japan. No. 70, 2011
TEEIEIREEFRIE (SOFIX) (ZHD < T =2 =05 LTz A AREM

SAESEIL Y, RRBREE ), ARITRES ., G O, BRI, S,
FAFESCHRE D, AR Y, AdRE

Database of Japanese Agricultural Soil analyzed by SOFIX

Sachie Horii"”, Toshihide Matsuno”, Kenzo Kubota", Yuki Hukuhara", Yoshiki Matsumiyal),

Jun Hirakawa?, Bunyu Matsuda®, Chikayoshi Kitamura® and Motoki Kubo"

The evaluation method of soil fertility (Soil Fertile Index; SOFIX) had been developed for the measurement of the
material circulation activity in agricultural soil. ~Soil bacterial number, Nitrogen circulation activity, phosphorous circulation
activity, and nutritional components (SOFIX) in soil were analyzed for construction of database of the Japanese agricultural
soil. The range of bacterial number was between detection limit (7.8x10 © cells/g) to 1.9x10 * cells/g, and the average number
was 6.4x10 ® cells/g.  The average value of nitrogen circulation activity and phosphorus circulation activity was 26 points and
43 points, respectively. The average values of all samples suggest that material circulation activity of Japanese agricultural
soil was low level. For the efficient and reproductive organic agricultural system, the total evaluation of agricultural soil
should be needed.

Key words; Environmental DNA, Material circulation, SOFIX, Japanese agricultural soil

E-mail: kubo@sk ritsumei.ac.jp (M. Kubo)
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1. IZTHIT

20 HEFCLARE, 2 < OSEHERE TIHMEFIERI O RIZ L > T, BIEMOEEROH KR X OVEFEM OB A A
BEIZ 72 o 70, L LBITE, (LRt oo sE O el it IS R K 3 D A% & 2 RS BRTE(L L TE T 5, Bl 2,
TEEAFE N ORT (HRiEEDORD . BHEOME ) 0, By OWHIIAE 5 T KGO A, 1 - 1]
B D WIFFASEMER COERBLAENFTOND (1,2,3), O, —HOERETIE, /LB OME
MENED L TETEY, I —r vy XTIE, AU 7 LOFIERIOMH D 1999 £ 5 2008 40D 9 4E[H]
T235%D LTV D 4), 20X T, BERE~OIVMALED SN TE TS, £/, AR
JEEF DTN S HE FEPLOAEBRED . AL FICEHER b B L TR 0 . LERE OB KITAEFES DR
FAHEZHNTND,

ZOXIRBEREEROESEY LAE R FOEBICHEV, HEIREOFREIEEOBIF A E 2 b T
W5, HEREOAMEIREHIAHER LOEEREOR S 250 LT Y . MmN HEERER S & BRI T 5
ZEIEFTERY, TORD, AERERZFIAT 10T, HEPOMAEWIC X D HERERER Y O B L3 2
Thsd, HHEPTIL, ZHESEREDSMAEMIC L > TWERERMTOILTEY (X 1), AEYITEMOE
AL - T, W ofiE (BH(E) Sb, o ST T I 3AEIZ X > TR & d, FEIENICITE
Ehb, ZOBRRIBOTIL, BRSO
WD 70 S BREBEAR /NS WD, fEERA
DOEBHEFEIZB W TIX, AHEEEOF]H A = KGN - Aot
HETHD, ( | _

LU, HEIE7: & OB HIIEEHUE TR |z | g, | Deanin: an | -[wxtwn) - (waton] | <60
LRI 0 IEE AT Y AORENERE | T
WEETdH 5, T0, HREIRE O I A
BWTIEL, LR OEEE Sy DA R & 7R
HHZENEBETHD (6), £im. EMIC L
DI BRI B RIET o b || Bk
B, TEAYS TEME OTEMEICER T 59
HERZEEB LTI bRy, S0z
LOECRE E UL Sl By T e s 1. KM GEEEY: (6) X5l
Bk L OHEEER BT & IEfR ISR 3 2 L BN
»Hb,

ZIVE TICAMIEE TIX, HEOWEMRICHES T 2EWIEMEICE R LIoREa 72 HIEIEIRE R (Soil
Fertile Index; SOFIX) ZBi% L7= (7). SOFIX & i, T OAEYOIGEMHICE B L, BMEEOE B RIS
BEIOY UERIEEFEICZL > T, TEOEMH), (L0, MEREFHE 2R A 5 BIETH H, AHFET
L, INETICERB LI RE T — 2 X—2{t L, Z ORI O HARO R T OBURIZ OV TH
BT,

2. MEbB L OHE

A B 2 D I

B P ORMIE Sk, #Eh OEREE DNA (environmental DNA; eDNA) Dl 35 L OMENTIEIZHE - CTHRIE
L7z (8,9) A L7=TF 2 — 7 |ZHHF 58 1g, DNA SRR 8 mL, 20% N7 /UGl N U o AR 1 mL
BNz, 1B CHEEE (1,500 rpm, SRR, 20 43fE)) L7z, ¥R U729 1.5 mL & =000 B (8,000 rpm, =R,
10 23f]) 1ZHE L KR8 700 uL 287272 F 2 =72 Lic, 7 audb beA VT I T b3 —/b (24:1 (V)
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FIENMIREEIRIL (SOFIX) (230K F— 7 RN— 275 JL7- HA

700 uL Z IR L, FERICIRMEE . BLAYEE (14,000 rpm, SRR, 10 43[) L7z, K@ 500 uL 2 H7-72F =
— 7L T, 2-7' R — VB RINL ., FERNCIRFNE O BE (14,000 rpm, =R, 20 43fE]) L7z, K
JExREH, 70% (viv) =% /7 —/L ImL Z@INL, =058 (14,000 pm, =i, 590) L7, KEZkRE
e, TAE L —F —TIJEREE L eDNA 21537, 1.0%7 H e —AZ L EER L, 55172 eDNA IEIRE L O
BRERH O~ —h—& L TEEME D DNA % & e Smart Ladder (NIPPON GENE) % 7 Lt L7z, BR
KBV AT S T2 7 T — AT T =F Py AT r~vA R TYE% UV S L DNA /N> RZERE L7, KODAK
1D Image Analysis software (KODAK) Z/HWT, =F VU AT m~A R&ifiks L7z DNA /N2 ROEOGHAE
WEZAToT, 7T AR—A5 )/ 10 DNA BEORIER RS 3B 1.0ml H7-0 D eDNA BEZFH L, 556
FU7= eDNA B & eDNA-RANE SR AR (HIBRMIEEL (cells/g-sample) =1.7 x 10 ® xeDNA £ (ug/g-sample)
(r'=0.96)) ZA\WT, tHRMELERH L,

R BRTE N E 1k

R T OE K LTS 572010, TEORKBKERLZ RO, ZO%, KHEITEL IO LEITE
NE NI KRB ED100%E £ V60%DE KRICHHFE L, ERMERIEEORIEICA W, HEICHET €
= LB DVITFEREEE S U U A E TN EIVRKEIREE D60 ug-N/g-soil & 725 L 9 IZUIN L, 25°C C4H MFFE L
72o 1HHE L4H B O 114 g/ b BHEAEZE R 2 IM KCUKIFIR4A0 mLCTHiHH L, 7 =7 BEERIEE R L O
HMBEERBEZZNENA VU R 7 2 ) =V HEBI N7 FL=F Lo o7 I EEZ AW THE L7 (10,
11) ., 7Yy E=THEERL LOMMBEEREOBDOEIT FRORUHE - THERH L,

WA (%) = (1 BB NHAN EEEH D UVIENO,—-N EE — 4 HHD NHAN EEDH 5T NO,—-N
B /(1 B HO NHA-N BEH 5N NO,—-N ) x 100

T U= T RRERB LOHEBEEROBAEEL . FNENT E =T BIETER X OREEEER LIE M &
EFE L CRllh L7z, MBS OFMMEIL, HRME O FHMES.0x10 ® cells/gZ 100% & L THER LI O MK
OFHIE A XS E M Lz, 2D = 2OFMEIZ X 5 L —& —F v — h Omifi{E & 2= FB 08816 M O FAf
& L7 (0-1004) (12),

U G BRTE PR E 1
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1. Introduction

The study of effect of random forces on equation of motion has been a long subject.
The standard way is carried out by adopting the Langevin equation [1].

In this note we study the stochastic equation for the motion in the pseudo-sphere.
This is inspired by several phenomena; e.g,. the stochastic behavior of the photon
excitation in quantum optics [2, 3] and the particle in strong magnetic field on pseudo-
sphere [4].

In what follows, we consider the equation of motion of pseudo-spin, which stems
from a concrete two-photon process in laser. By adding the random forces, this turns
out to be the Langevin equation, and we get the Fokker-Planck equation by assuming
the Gaussian white noise [5]. Based on the Gaussian noise, the Fokker-Planck equation
is derived by using the functional integral.

2. Equation of motion on Lobachevsky space

2.1. SU(1,1) coherent state

Having mind of application to the optical problem, we consider the pseudo-spin that is
described by the SU(1,1) algebra in terms of a set of bilnear forms of boson creation and
anihilation operators for a single-mode electromagnetic field; (a, a'); with commutation
relation; [a,a!] = 1, that is, we define

1 1., - 1

K, = SR K = S Ko =7 (aa’ +ala). (1)

The physical system we take up here is the composed system of cavity mode and
the squeezed state generating interaction. the Hamiltonian for the system is given by,
for example,

- 1
H = huo(dla + 3) + KV*(ah) + Va?), 2)
where V is the interaction parameter including the effect of pumping light and can be
controlled.
In order to describe the two photon system, it is suitable to use the quantum state;

called the coherent state[4]. It is well known that the this is constructed from the

irreducible representation is divided into two classes characterized by k = }l or k = %.

For | = %, |®o) coincides with the photon vacuum [®¢) = [0) and &y = af|0) does the
state of photon number being one for k£ = %. Using this as a starting state, we have the
squeezing state:

S(Q) ) = explC Ly — ¢ L) = expl3 (¢(aT)? — ¢'a)] o) Q

with a squeeze parameter tanh |(| and a rotating angle ¢/2. By applying the squeezing
operator to the vacuum state, |®¢) = |k, m = 0), we have the SU(1,1) CS:

[2) = H o) = (1= o) e [0), (4)

Hereafter we take the one photon state as ®.
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2.2. Action principle and equation of motion for pseudo-spin
The dynamics of pseudo-spin system is described by the variation equation[6]:
0 .
5/(z|iha _ fl|)dt = 6/Ldt —0 (5)

where L is the Lagrangian. The second term is just the expectation of the Hamiltonian
H = (z|H|z), while the first term, which is called “canonical term”, is evaluated to be

0 z2E* — 22"
h{z|=—|2) = ikh———
(el 1) = ik (0
By using the angle representation
0
z = tanh(§) exp|—i] (7)

which just corresponds to the stereographic projection of two-dimensional sphere to the
complex plane. The sphere is replaced by the pseudo-sphere( see below). In terms of
the angular variable, the Lagrangian is written as

L(0, ¢) = hk(cosh§ — 1)¢ — H(0, ) (8)
and the variation equation leads to
b= 1 8_H ) — _ 1 a_H (9)
~ hksinh® 09’ hksinhf 0¢

The equation of motion derived in the above is nothing but the canonical equation
of motion on the pseudo-sphere (which is denoted by PS?; the surface with constant
negative curvature). We here some fact about the pseudo-sphere; the point of the surface
is described by the equation in terms of the rectilinear coordinate; 2% 4 y? — 22 = —a?,

which is parametrically expressed as [8]
x = ksinh 6 cos ¢,y = ksinh fsin ¢, 2 = k cosh §

The scalar product and the vector product (which is denoted by ) are defined by
a-b = &1[)1 + ngg — agbg,
a® b= (&ng — agbg, (Igbl — G,ng, —((Ile — G,le)). (10)

Note that the 3-rd term in the scalar product has a minus sign compared with the
spherical case. As for the vector product, the third component has minus sign. The
triple product is written as

a®(b®c)=(a-b)c—(a-c)b (11)
Now, we introduce the pseudo-spin
K = ksinh 6 cos ¢, Ko = ksinh #sin ¢, K3 = kcosh @ (12)
Then the canonical equation of motion can be rewritten in terms of the pseudo-spin:
dL OH
—=-K® —. 1
i ¥ 3K (13)
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If the dissipation effect is included, Eq.(13) turns out to be

dK OH  dK
= KOGk Ty (14
Multiplying ®K to (14) and noting the vector product formula, we get
dK OH dK
K®— =k _—— —nk?’— 15
ST oK " ar (15)
From (14) and (15), the equation of motion for K is derived as follows [7]:
dK
— AK) =0
o T AK)
1 0H 0H
AK) = —— (Ko 2 _ g2t |
() = (K S — 0 (16)

3. The FP equation on pseudo-sphere

3.1. The Langevin equation and Functional integral

The Langevin equation is thus written

dK
— 4+ AK) =
o tAK)=c
Here the random “torque” c has the norm
=cl+cs—c; (17)

where the minus sign of the third term is a consequence of non-Euclidean metric on the
pseudo-sphere. We adopt the Gaussian white noise for the random torque;

{ei(t)) =0, (eilt)e;(t +u)) = hoy;0(u). (18)
This is an analogue of the random magnetic field, namely, the correlation on time-scales
much smaller than the characteristic response time of the spin system. By putting the

variance of ¢ as the form (c?) = 2h, which means that the probability distribution of ¢
may be given by

Pl&(t)] = exp {—% /0 t c2(t)dt} (19)

with m = 1/h. Using this distribution, the propagator K between two definite spin
states at two different times, is given by the functional integral [5]:

KK (1)K (0)] = / [[0IFK () — c(t)]

X exp t[% / c2(t)dt1 DIK|D[c(t)] (20)

with ¢ the Dirac functional. By carrying out the Gaussian integral over the field c(t),
we obtain a reduced form (see Appendix);

KK (1)K (0)] = /eXp [—%/Ot (% +A)2dt] DIK] (21)
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Now expanding the square term inside the exponential term, one can put this
functional integral under the usual form:

K = /exp {—% / (K24 A-K+ V)dt] DIK] (22)

with V = ATQ. The above form is analogous to the path integral for a particle in vector
potential A and the scalar potential V. This functional integral can be transcribed to
the quantum mechanical path integral by putting ¢ = 7,

K= /exp {% / (%KQ + %A K+ V)dT:| DIK] (23)

Furthermore, this is expressed in terms of the Euclidian form by replacing K by
L; for which L = (iL4,iLo, L3) = (K3, K», K3); then we have the path integral for a
particle on sphere which satisfies the relation L? + L3 + L3 = k*:

K= /exp {% / (%L2 +2iA L — V)dT} DIL] (24)

4. Derivation of the Fokker-Planck equation

Following the analogous manner with the procedure to obtain the Schroedinger equation
from the path integral expression, we can derive the Fokker-Planck equation for the
pseudo-spon K. Namely, the probability distribution of the vector K; P(L) satisfies the
integral equation:

P(L.1) = / K (L 41/, 0)P(K", 0)dL. (25)

Following the standard procedure of path integral, we find

op |1 T )
which can also be put in the form:
oP 1 0°P O(AL)P
_LPP_dAWmP) o

T 2mIL? oL
which is a usual form of the evolution of probability distribution of a particle moving on
a sphere that is submitted to the potentials (A, V). The Fokker-PLanck (FP) equation
of this form is essentially identical to the result that had been obtained many years
ago[9]. Finally, we return to the original variable K together with the real time

oP 1 &*P  O(A(K)P)

o oK 0K (28)
Using the spherical vortex case, we obtain

oP 1 0 @qu

= — (sinh b

5t~ sinhe Lge i) + g (29)
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where the current is

__op P OH 1 0H
0= 790 T 1- K2 90 sinh © 90
h P P OH  nK? 0H
%= 7 Sinh© 00 + n?K? (8@ sinh © 8_(13) (30)

The equation (29) is the starting basis to investigate the random behavior of the
pseudo-spin. To carry out this will be discussed elsewhere.

Appendix A. Reduction of functional integral

Here we note that the integration measure D(L(t)) includes the Jacobian factor from
L(t) to F(t). The procedure to obtain the Jacobian factor is seen as follows: First we
use the functional identity:

e [ TLOFE) Do) =1 (A1)

then
K = /dt FC/H6 DIK(#)
x expl-2 / c2(1)dt) Dle()] (A.2)

Here we can remove the constraint that attaches to the det, namely, F' = c¢. Because,
it can be obtained by the well known the relation for the delta function f(x)d(x —a) =
f(a)o(z — a) Thus we have

K= [l /Hj K()

< expl- [ OdDle]DKE) (A3)

This is a correct form functional integral form including the Jacobian factor. The

determinant factor is generally a functional of L( ), so it does not depends on c(t) any
more. Next we use an integral identity d[g(x)] = [ exp[iAg(z)]d\, the above is further
rewritten as the functional integration over three variables K, ¢, \ is shown to be given
as

K= / expli / t) — c(t)}dt] exp[ 2 / c2(t)dt|D[A(t)]

<M5mememw] (A4

By accomplishing the two Gaussian functional integrals for ¢ and A(t) successively, we
get the functional integral (21).
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Maximum Output Operation by Equivalently Field Weakening and

Optimal Parameters of BLDC Motor

Komatsu Yasuhiro, Syed Abdul Kadir Zawawi, and Yoshihiko Araki

Permanent-magnet brushless direct-current motors excel in maintenance and control, compared with
direct-current motors. Therefore, they are attracting attention today. In this paper, the authors discuss a
non-salient pole brushless direct-current motors. Usually, the quadrature armature current which contributes to
torque generation is supplied in this motor. But, in this case that the source voltage cannot be increased, by
supplying the direct armature current, that is, equivalently field weakening, a quadrature armature current can
be increased. Consequently, the motor torque increases.

In the case that the load characteristics are settled, the motor torque can have a maximum Tm by adjusting a
direct armature current. At this time the rotational speed and output are maximum also. Tm changes with the
change of the motor parameters. Consequently, the motor parameters which maximize Tm are optimal. In this
paper, the authors have clarified an optimal parameter determination method considering of the load
torque-speed characteristics and armature resistance, and the power factor and efficiency where the motor has
optimal parameters and generates the maximum output. Further, the authors have verified the obtained theory

through experiment.

Keywords: Brushless DC (BLDC) motor, Equivalently field weakening, Load characteristic, Maximum output,

Optimal Constant.

1. Introduction.

The operation of weakening field control of DC
motors increases the armature current by
decreasing the field current when the source
voltage of the armature circuit cannot be increased;
it decreases the field system magnetic flux. The
generation torque 1is increased by it, and the
rotational speed increases. However, the operating
range, whose rate enhancement is possible by this
method, is limited when the torque-velocity
characteristic of the load has been determined. This
method is effective in regions where the field
system magnetic flux exceeds a threshold value.
Although the armature current increases due to a
weakening field, generation torque and rotational
speed reversely decrease when the field system
magnetic flux is smaller than this threshold value.

The permanent-magnetic BLDC motor whose

maintainability and controllability outperform the
DC motor is mainly utilized today. By improving
the characteristic of the permanent magnet

material, this motor’s characteristic are also
improved. This motor is mainly used in the factory
automation field. In the BLDC motor, equivalent
weakening field control, which closely resembles
the above DC motor, is also established.

In this paper, we consider the non-salient BLDC
motor in which the permanent magnet is located on
the rotor surface. Since only quadrature axis
armature current iq contributes to the torque, only
iq generally flows. However, when the source
voltage reaches maximum value, the field system is
equivalently weakened by running direct-axis

When  the

torque-velocity characteristic has been determined,

armature  current  id. load’s

the region where the rotational speed increase has
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been limited as the field system is equivalently
weakened. If this limit is exceeded by weakening

field system, iq reversely decreases, the motor

generation torque and the rotational speed decrease.

Therefore, the iam of optimum value iq, in which iq
takes maximum value igm exists. When ig=igm,
motor generation torque, T also becomes maximum
value Twm. Naturally, rotational speed ® also takes
maximum value om at this time. Furthermore, the
value of Tm varies due to the motor constant value.
A motor constant that maximizes Tm can be
considered the optimal constant.

The equivalently weakening field system is
operated before the source voltage reaches
maximum value, in the case of the structure of a
BLDC motor, where the permanent magnet was
embedded in the rotor, reluctance torque operates
effectively and high efficient operation becomes
possible 1,

In the case of equivalently field weakening
control, the optimal value of the d-axis inductance
is determined using a different method [2]. In other
words, when the maximum armature current value
(rated value) is given, the optimal value of the
d-axis inductance is determined by this rated value
and the armature magnetic flux linkage number of
permanent magnets. The load’s torque-velocity
characteristics are supposed to be optionally chosen
in that determination. Furthermore, ra 1is
disregarded because the effect of the voltage drop
by armature resistance ra of the BLDC motor is
slight in order to examine them in the high speed
area.

In this paper, we adopt a non-salient type BLDC
motor and examine the determination method of an
optimal motor constant value that maximizes the
output in equivalent weak field control. However, in
the case of the acceleration and deceleration’s
operation, we can run the armature current over
the rated value for a short time, without setting the
which is

maximum armature current value

generally done. In reality, there are many cases in

which the load’s torque-velocity characteristic has
been determined; hence in this paper, we can
assume it has been determined. Since most BLDC
motors are small type less than dozens of kW, there
are cases where ra is comparatively big. Therefore,
ra cannot always be disregarded. Consequently, ra is
analyzed and not disregarded. In addition, the
condition in which load’s characteristic does not
influence the optimum constant value is clarified.
Furthermore, when generating maximum output,
the value of armature currents, the power factor,
and efficiency can be calculated. Finally, this theory

is verified by experiments.

2. Locus of current vector.

For fan and pump loads, the load torque
becomes a function of the rotational speed in the
steady state. These are the loads of BLDC motors.
In this section, we consider the locus of the current
vector during rotational speed increases: in other
words, the locus drawn by the current vector’s tip.

The load torque is given as a sum of the unrelated
term Ti at the rotational speed and term Do in
proportion to the rotational speed.

Equation (1) is established since the motor’s
generation torque and load torque are equal in the
steady state. The positive direction of the magnetic
flux and current uses the right-hand rule, Egs.
(2)~(5) show the fundamental equations of the
per-unit system when we assume that the g-axis is
90° further than the d-axis. However, we assumed

that the non-salient pole machine is at a steady

state.
T=Do+T o )
vi=v,’ +Vq2 ............................. ()
Vg =—OLi, + 1,0 3)
V, =@+ OLiy + 0y 4
T =@y, 5)

Here, v is the terminal voltage, va is the direct-axis

component of v, vq is the quadrature-axis

component of v, L is the synchronous inductance,
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and w is the number of armature magnetic flux
linkages due to the permanent magnet.

The following equation is obtained by substituting
Egs. (3) and (4) into Eq. (2):

2 2
2
. o gL ) w
’d*% + lﬁ%
oL +r, oL +r,

2

Figure 1 shows the circle Eq. (6) in the ia-iq plane.
(a,b) is the circle center coordinate, and c is the
circle’s radius. The locus of the center coordinate
becomes (d,0) when o changes. Now, the origin
point is the central point when o i1s 0, and it
becomes (e,0) when o is infinite. However, a~e of

in the following

given

the superscription is

equation.

_ —a)2(0L
(0)2L2+ra2)
__ Top,
(@*L*+1)

T 7 o
w—os
Central point —=
w=7r.. L th
Central circular locus 2 L

Fig. 1. Circle shown by Eq. (6)

Fig. 2. Relation between o and iq

The following equation is obtained from Egs. (1)
and (5):

1, =(DO+T)/ @i (7)

From Eq. (7), the relation between ® and iqis shown
(Fig. 2). In the same figure, the operating point of
®=0 and ig=iqo is determined by Po and so on. The
maximum rotational speed in this load is
determined by @m of point Pm. Therefore, Po~Pn
becomes the operable region.

When point Po extends to point Pm in Fig. 2, the
locus of current vector at the ia-iq plane (Fig. 3) can
be determined. Since the load torque is small at
region ®=0~w1, an equivalently field weakening
method is unnecessary; we can assume i3=0.
Therefore, in Fig. 3, the operating point of Ao and A:
in the 1d4-iq plane consists in proportion to point Po
and Pi1. Operating point Ao is the intersection point
between the circle made by Eq. (6) and the ig-axis. v
may be increased to move the operating point from
Ao to Ai1. Assume v becomes maximum value Vm at
operating point Ai. In other words, circle Ci1 is the
figure made when v=Vm, ®=w1 in Eq. (6).

1q must be increased from iq1 to ig2 to increase ®
from o1 to w2z in Fig. 2. The intersection point
between straight line ig=iq2 and circle Cz from Eq.

(8) becomes the operating point Az in Fig. 3.
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Fig. 3. Current vector locus when load characteristics are

settled.
2 L 2 2
Ly +% K +%
w, L" +r, w, L" +r,
2
V
= e (®)

Two values of | ia | which are small and big, exist
as an intersection point. Between these two
intersection points, small | ia | is more efficient;
hence it becomes operating point A2. i can be
increased by generating negative id. Consequently,
rotational speed increases. The operating point As
from Fig. 3 can be determined using the same
method.

iqg must be increased to igm to move operating point

P3 to Pm in Fig. 2. Straight line iqg=iqgm meets circle

Cm from Eq. (9) at operating point Am in Fig. 3.

2 2 2
o, oL o, Qr
T AU
w, L +r, w, L +r,

2

Operating point Am has a maximum point of iq in
circle Cm. Coordinate (idm, igm) of operating point Am
can be determined from Eq. (9). They become the

following equation:

2
. w, ¢@L
Lim ——m .......................... (10)
. v, a)msz +ra2 -, or,
Ly = ) SR (11
o, L +7,

The following equations are obtained from Egs.

(10) and (11) when ra=0:

The next fact is proven from Egs. (12) and (13).
When ra is small, iam 1s almost determined by motor
constant, and igm is determined by the motor
constant and load characteristics.

Equation (14), which is the 6th algebraic equation
of maximum rotational speed om given from Egs. (7)
and (11) may be solved to obtain the value of wm
constant and the load

from the machine

characteristic.
D’L‘w,’ +2DL'T\w,’
+ AT +2Dr, (Dr, + %) o, *
+20°Tyr, x(2Dr, + o,
r, (Dr, +¢%)? )
LT =V, 0h) "
+2T,r,” x(Dr, + 9",
+r (Tr =V, 20*) = 0. (14)

As stated above, if the load characteristic is
determined, the locus of the current vector reaches
maximum speed operating point Am after passing
points A1, A2, and As from point Ao. Operating point
An is also the maximum output operating point.
dw/diq is 0, since gradient dig/did in operating point
An is 0. The gradient (absolute value) of the circular
locus of the current vector during a field weakening
system is small. Therefore, a large absolute value of

ia is required to slightly increase iq. We must adopt

[2 .. 2 . .
armature current, Ly +1,, ,  which is

determined from Egs. (10) and (11), as a short-time
rated current of a BLDC motor.
3. The optimal constant.

As shown in Section 2, points Am and P in Figs.

3 and 2 becomes the maximum values of igm and ®m
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5 L 0.33 pu [ |
\ w = 0.90 pu
2 ||
\ Vv, =1.0 pu
%15 D = 0.30 pu | |
- \ T, = 0.30 pu
1
05 \
_\___\_

ra(pu)

(a) r,~w,, characteristic

w.-fpu)

Lipu)
(b) L-w,, characteristic
Fig. 4. Variation of om caused by change of motor

parameters.

of the motor when iam in Eq. (10) flows. These
maximum values vary by the motor’s constant
value. In this paper, such motor’s constant value is
called the optimal constant.

As ra changes, the change of om can be determined
As tTa

increases, om decreases, and finally becomes 0. The

from Eq. (14) and is shown in Fig. 4(a).

relationship between wm and L is shown in Fig. 4(b)
using the same method. As L increases, om also
increases; after it becomes a maximum value, it will
decrease. This tendency is more remarkable, as is
smaller.

In this section, we examine the L value that
maximizes om (the optimal value of L). The
following equation, which shows L's optimal value
Lo by differentiating both sides in Eq. (11) by L, is
substituted for dom/dL=dign/dL=0, and maximizes

om of L.

However, ®mm is om at L=Lo. 1gmm 1s igm at L=Lo.

In Eq. (11), the following equation is established
when L becomes Lo in Eq. (15):

The following equation is obtained from Egs. (7)
and (16):
ST+, DV, 1T,

0 =———— .. 17
mm 2}/'aD ( )

The following equation is obtained from EKEgs.
(15)~(17):

¢2 -r,D—

4r
L =2 oy it e T DE) 09
V 2

m

m

Lo can be determined by substituting various
constants in Eq. (18).

The ra-Lo characteristic, which is determined
using Eq. (18), is shown in Fig. 5(a). Eq. (18) is
justified since Fig. 5(a) and the result from Fig. 4(b)
match. Lo strongly receives the effect of ra.
Generally, ra’s value is approximately 0.2. If ra has
such a value, Lo is approximately proportional to ra.
If ra is larger than 0.964, Lo and wmm cannot exist
because om at Fig. 4(b) becomes a monotonically
decreasing function in L if ra increases. In that case,
®m becomes maximum at L=0. However, in reality,
ra cannot exceed 0.964 (pu).

The ¢ -Lo characteristic, which is determined
using Eq. (18), is shown in Fig. 5(b). Generally, ¢’s
Therefore, Lo 1is
D-Lo
characteristic, where the parameters are ra and y,
in Fig. 5(c). Ti-Lo

characteristic is shown in Fig. 5(d). The next fact is

value 1is approximately 1.

approximately proportional to ¢ . The
is shown Similarly, the
proven from both figures.

In case the load has small D, T1, Lo is large, and
the decrease of Lo is so slight that even D, T:
increases. Lo = Loo when D and Ti is 0. Loo can be

shown by the following equation, when Eq. (18) is

used.
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The condition in which Lo= Loo is established,
even if D and T increases, is that ra is small and ¢
is large.

4. Examination of power factor and efficiency.

In this section, we examine the armature currents,
the power factor, and the efficiency during the
maximum output operation of an equivalently field
weakening method when L takes the optimal value
Lo.

=

FER

-

[=1=d=1

0.2 0.4 0.6 0.8 1.0

rofipu)

a) ro~Ly characteristic

Fa=1.0 pu
ra=0.1Tpu .
D=0.3 pu P
0. 4 Tir=0.3 pu ‘_d_,-"'
.-"-J-_
r e
| —
< 0.2k -
-
- ol
r’f
: j
0.5 -0 1.9
# (pul

(b1 @-Ly characteristic

0B {pul

D-L, characteristic

Ty (pul
@) T-L, characteristic

Fig. 5. Variation of Lo caused by change of parameters.

When L=Lo, armature current imm during the

maximum output operation is determined. igmm at
this time can be derived from Eq. (16) and is shown

by the following equation:

2
V
Lym = # ........................... (20)
ruwa)mm
Direct-axis armature current 1ldmm, which 1is

determined from Egs. (10), (15), and (20), can be

shown by the following equation:

V 4o w -V 7
1dmm — _ m w mm L (2 1)

4r[l (Da)mm

©mm at Egs. (20) and (21) is calculated from Eq.
(17). immGEY (dmm?+igmm?), which is determined
from Egs. (20) and (21), can be shown by the

following equation:

Eq. (22) can be transformed like the following
equation using Eq. (19).

Next, the power factor is calculated for carrying
out the maximum output operation at L=Lo. This
time vd4, vq is respectively made to be viamm, Vgmm.
The following equation is calculated from Egs. (3)
and (4):

Vdmm = _wmmLOl + raldmm

gmm

+ri

dmm a“qmm

v = a)mm(D + a)mmLOI

qmm

The following equation is calculated from Eqs. (15),
(20), (21) and (24):

VY um 14
o e (25)
vdmm 4(02a)mm2 - sz

The following equation is calculated from Egs. (20)
and (21).

Ly v
= N (26)
Lgmm 4¢2a)mm2 _ VmZ
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The phase of the voltage and current vectors
corresponds to each other by understanding KEq.
(25), and (26). The power factor becomes 1. The
following equation on vqmm is calculated from Egs.
(2) and (25):

=V 2 1Q2@®,, Yoo 27)

qum

Next, motor efficiency nmm 1is calculated for
carrying out the maximum output operation at
L=Lo. For simplicity, core losses, mechanical loss,
etc. are ignored: only the copper loss is considered.
Nmm 1s given by the following equation:

@O, Pl g

K ) T eeerenseeens
ra lmm + a)mm @qmm

77))1”1 =

The following equation is

substituting Eqgs. (20), and (22) into Eq. (28):

determined by

T (- T (29)

Therefore, motor efficiency falls to 50% for the
following reasons. The increase of the armature
current 1is getting larger when equivalently
weakening field control is executed. However, the
increase of the motor output does not increase very
much. The output of operating point Am in Fig. 3
and the output of the maximum output operating
point A: without equivalently weakening field
control does not change very much. However, the
absolute value of direct-axis current idmm of
operating point Am, which does not contribute to the
torque, greatly increases. As a result, the copper
loss of armature current imm increases, and lowers

IImm.

5. Experimental result

A ferrite magnet and four poles of a non-salient
BLDC motor were used in the experiment. The
rated capacity was 500 [W], the rated line voltage
was 100 [V], the rated current was 2.89 [A], and the

rated motor speed was 2000 [rpm]. The measured

values of the various parameters of the tested
machine are shown in Table 1.

The command voltage signal is generated from a
PC to a place voltage vector in an optional angle
with regards to the d-axis of the rotor. A PWM
signal is made by comparing this and the triangular
wave. The motor is driven by a transistor inverter.
The carrier frequency is 2 [kHz]. A separately
excited DC generator is used as the motor load. The
measured load constants are D=0.319 [pul and
Ti=0.295 [pul.

The synchronous inductance of the BLDC motor,
which was 0.334 [pul (Table 1) can equivalently be
increased by connecting the reactor to each phase of
the motor in a series. By doing this, the L of the
identical motor can be increased by 0.334 [pul.

With regards to value L, the size of voltage vector
was fixed at (Vm=0.600), and the angle between the
d-axis and the voltage vector was changed. vq, vq, 14,
ig, and ® change due to this angle’s change. By
doing this, the operating point was determined at
which rotational speed o became the highest. This
® 1s ®m. The value of each om is obtained in the
same way with regards to several L's value, and Fig.
6 is determined. The solid line in the same figure is
the calculation result obtained from Eq. (14). The
calculation and measurement results
approximately agree and om of maximum value @mm
exists. From Eq. (18), Lobecomes 0.457 (Fig. 6).

Next, we examined various characteristics
when the maximum output operation is carried
out as L takes optimum value Lo. Vi is set to

0.807 [pul. From Eq. (18), Lo=0.334 [pul: the value

of L in a single motor.

Table 1. Parameters of tested machine
Armature resistance ra 0.169
Number of armature magnetic flux 0.876
linkages of permanent magnets ®
Synchronous inductance L 0.334

Then, the maximum output operating point when
the reactor is not connected in the motor is searched.

In this case, the waveforms of the command voltage
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and the motor current are recorded in Fig. 7. From
this figure, the phase difference of the voltage and
the current is approximately 0, and hence the
experiment and theory approximately agree. imm
changes to 2.37 [pul from the current waveform
shown in this figure. imm, which is calculated from
Eq. (22), is 2.39 [pul, and both values are almost the
same. ®mm is 1.12 [pul, since the frequency in Fig. 7
is 74.8 [Hz]. iqmm becomes 0.981, if such measured
values as Vm and omm are substituted in Eq. (20). If
these values are substituted in Eq. (28), nmm
becomes 0.487, and it almost agrees with 0.5 of the

theoretical value.

6. Postscript.

When the torque-velocity characteristic of the
load does not change in the BLDC motor, the output
can be maximized by equivalent weak field control.
Furthermore, the maximum value is changed by
the motor constant value, and the motor constant

value that maximized it is called the optimum

value.
frL=0.334pu
) cuperimental valsc ! : : g '-Il: -.; ]I| :" :
= \*L=D.50Tpu
= [ - Ll‘-—:'J-—-_____I:I'u'n-tult.ll.llll
L o i =
e £=0.31%
L Ti=0. 285 pu
L S T—— — i

Current

3 A/div

Time 5 ms/div

Fig. 7. Relation between voltage and current when
®m = Omm
In this paper, we analyzed the characteristics of

synchronous inductance optimum value and

maximum output operation in terms of a

('ummand viotage
.. Nig

non-salient pole BLDC motor. The results are

summarized below.

(1) When the torque-velocity characteristic of the
load is constant, it gives ldm, iqgm value from igq, iq
of maximum rotating speed om' The value of iam
is always negative. Therefore, the rotating
speed is always maximum due to equivalent
field weakening control. The motor output also
becomes maximum when the rotating speed is
maximum. Equations idm and igm can be
deduced.

(2) When the armature current becomes optimum
value idm, igm while the load’s torque-velocity
characteristic i1s constant, maximum value
rotating speed om changes due to the values of
the motor constant value. wm increases when ra
is small. ®m becomes maximum value ©Omm,
when L becomes optimum value Lo. Equations
omm and Lo can be deduced. omm is determined
by Vm, ra and the load constant. @wmm does not
receive the effect of ¢ .

(3) Lo becomes almost Loo (=2ra ¢ /Vm) without
receiving the effect of the load characteristic,
when ¢ is big and ra is small. Lo is almost
proportional to ra.

(4) The armature current becomes Vm/(2ra) when
the maximum output operation is conducted
due to equivalent field weakening at L=Lo.
Moreover, the power factor becomes 1, and the
efficiency becomes 50% when only the copper
loss is considered.

(5) An experiment was conducted based on the
above theory, and both approximately agree.
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Coulometric analysis of ethanol oxidation reactions
catalyzed by acetic acid bacteria
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Gluconobacter oxydans has a characteristically active respiratory chain oxidizing ethanol to accumulate
acetic acid in the culture medium. Acetic acid fermentation from ethanol by acetic acid bacteria is accomplished
by two sequential catalytic reactions of membrane-bound dehydrogenases. The function of G. oxydans cells was
combined with electrode process by immobilizing G. oxydans cells on the carbon fiber electrode surface, where
Fe(CN)s’~ was used as an electron transfer mediator. We also discuss unsolved issues and future prospects related

to this bioelectrochemical system.
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1. [XC&HIC

WER L, =% ) — AR D-Z N aA— A& I LD LT DRAx 7 va— A0k L, #ReELTAELD
FERESC D-7 L 2 U7 & 2 AIRNICERET 5. oM 285 O CIE, A% CO, £ TR
b S oTxt U, BEREEMIEPIZIZB LA R P RN ERIICERE T 52 LI, £V ol
T IRERMb) & bEIND. FERREAAELS 25 RERRRISIC OV TR, H<nbmbi, SR
Ebph, e, BFFREZIICDE LT, BMAEE - TEMEEIDSSHP I TEL.

FERS B DSBS D Rog 2L AUGIE, AR ORI E#ES LW ERRLRICE > TR Lo T 5. BEE
fEICL BN = H ) — A0 BEHB~OBILRISE, MlEEEAT T L a—LT e Re 4 —+t (ADH)
&, RS HIRBERS SR VT e Rk Ra /) —¥ (ALDH) AMbfid 286 L7z 2 SOBLUSIZ L - T
S, 2 2OFT e FalZF—EnoflaENICHFEET 2 28% /7 v (UQ) IZE T3, KinflbiER
WZBWT2EF /—/b (UQH,, ExMatbr ¥/ V) oflbs 0, DETHITOIND & RIS, MM S
NY T T ALMASOT v b CEENTOI, AR U TEGHIZRMEREE K Y SLoTnD (K 1).

TH )= B EEE A~ ORALSUS ISR O THRET 2R & LC, 1978 4512 ADH ARl a2 | ARgsR
T lnwaryy 7 2—Thrtuax /) rx )/ PQQ) 2T 52 L THIER Sh, il 7R L Fa00r
JENER SN DY . —7F, ALDHIZOWTIE, ADH & AR S S 9, —#iE, ADH &[RRI
PQQ &L cZATHX /) ANETBTA LU THHEZZ LN TV, LML, I, ALDH O4 FHMEIZD
WTHBRNBLETHLEEZOND L)k, —5T, HlREZ HWFRITEATE LT, X
BENlEETHD.

AWFIETIE, BERRE LS D= % ) — NV in B EER~ DR LOGIZOWT, B AIRE LT O, 2 FIHT
Dt L, 72 )V T UALA A (Fe(CN)s ) 7R EDIENBINZ b D N TEFZREEEFHAT 256
IZOWT, BRACEMSIFRE (BBEmE W=7 oA Y —, Z25W0NS, HERERED—R 7 =
v NEmEHWe T 0 —2E RGN (7—r A N =) ZHWDZ XD, BT im b OfEHT N AT RE
2B EEZ, THMNFEREZI T2, FHREZ XU T 2MEMIRE, BEER AT L LTEXT,

SR BINZ B % E T
KR (7 55) 2ATE

TN L OO % R _ 2o _ ¥
AT4T—5 | AT4I—5 |
WS ZERARETH D Z (BIEE) 4o vy (BILE) 27 1—4&
! Bt / (EFTE)
LARERTING D AR S i R
] I2/—JL ! / I / (3
TlE, 2TNETONED L H { #tl*7)|/'7"|:|*’l /
7 | /
\ / \
\

P e e S
RYFSX L

BMA~DIGHZ BRI 572

T L, MR E o K ) ------ *K = UQH, === | -
BT FIELE LToORHE2%E Cimmemees «---ua ; \

> = SN T A T FLa— ZILFER —
~DISHEEBET. 22 [dEES

M1, BFRREOI S/ —ILERE RIS & BERILFERISDHK
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2. ERAE

HRREOEE

Gluconobacter oxydans NBRC 12528 (%, () LM MBS N 4T 7 /o o—k o 2 —EWER
# (NBRC) L VEAL, AWETIE, WAMEE & L TABEMKOZZ AW, AKEROREICIE, RIS
TWDHHB O AT L, HFXKANCERZIT-72 %Y . EROBEIE A& 2 E WIS & L
ST L ERER L, mOHEE A W CERE L, 10mM Y ABRY U v LFEEE (pH 6.0) % T2 EVEE L,
WIHENTRELZ b O2KIEFEE L UTHER Lz, BIEICE L TIE, EiSEEEz v CHAEER
0.1 g/mL OEREIKZMHEL, Zhix i

BRILFAIE

FERE T O BRSE RIS EOREIE, TR 7 7 — 7 BEaFEMm (FEfift /L%, Rank Brothers tLH &1F
fRFREM OXY042A) #H, BT T T 7 A ¥ — (ALS L8 612A ) % Hv T He/EHEMIZ-0.7 V vs.
AglAgCljsat. KCl DEMZFIN L, EfEE /L NEIRH OWFRRFIKAE Lo B A G L, BRI E WL %
REb -7,

70 —REMSNNL, H—ARr 7 b MERAEMR (B 12mm, ES:5mm, #hfE: £ 850cm?) A i
2RO 7 a—2E ey (f—v—T7arT ¢ TR VE-1 8) % HVv, HPLC A== b (&
PEFTRL LC-10ATvp) ZHWTIEREZ XKL, N7 va 24y b (FRERERR 1112 ) 2H0Th—R
7 )V MEHBBIZENMZEI Lz, EffElY, A7y aRxA¥y @l T/~ hT—XA0BE AT
A (Fr—UAx—F7 o= zv— K ral) TE=F—L, RVATFL%HNT, EfE (B
— R B B — 7 W) AR L7z,

3. MREER

ErERE OB RITIREM
%%twm®%%ﬁ(mmMDA%%®WQﬂ6m):M%%%ﬁﬁ%%mb,ﬁwf T B ) — LK
WAaBML, MFEEEZBIRL7-. £WE, EH%OMBEMIZIZIE, @H, NADH (XU &3 5NIEMkET

WMENEENTWNDHTD, -w%ﬁﬁ%ﬁmfét%TM%%%#%%%M&%Aﬂgmﬂ,a@@%%f
13, FARRETEIRINC X 5MAEE B ST, BE (=4 ) —/V) ORI X mEEERBRG S L.
ARG, BETHLTH ) — AR HBINTHBT2ET, H2WE, EEETZHEERTH HEFMREN
HE SN TS 5 E THEAT L, WEIREZ & EFRFRREZ OIS, (1) XKTREIND LI, =
& ) —NEETHER, WEBRELZEBETSREE L2 4 BEFRISHEITL, =% ) — VITREICHIE E T
PR STV D Z L D3RR STz,

CH,CH,OH + O, —> CH;COOH + H,0 (1)
ERREEIRIC, ALEFZAEKRE LTO Fe(CN)y 2N L7254 b, FAEROEREEMILIC X 2 BRI

BHISNT=. ZoBE, WH (=% /—/) 1F(ETF, Fe(CN)y X, ADH, & 5%, ALDH OE % H KK
ISEALICB W CGEIE S, B0 U —2 BNAEL, BREMERIEESME 425 Z E B FHINA, Fe(CN)y A
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HELBRWGES L LT, BMEHEVEHE L L THE%NDIERTIZE EEo7c. 202 &%, HEEEMALNT,
ADH, & %5\, ALDH OAEFAEFZ AR E L THEL TWb B2 b5 EF /v (UQ) &L T,
Fe(CN)e™ WHNARETZARL LTHIEL TV AN LICk DL Z2 605, LV EMARHEREITY 20l
L, BRI T T, ERREMIA Vs ) — VIR LSOREE & JIE L, Fe(CN)y BT A R e Lz
Talarx U (FlxAiX UQ,) ZE/FZARELIGEZHERL, EMICEMED s T2 NEE /T XA —4
—H T OMENDH D, RERIZONWTIE, BlE, EXULFHFE, OO, PR FEE AWK
JIERTHREFTTH 5.

HBMERENA—R T o)L FEBEAN-T0—2BHRHI

WEBR T D 71— R > 7 = )V NEMA~OE T, HIZ, I—=Rr 7 /b N e B R BRI SEEN T —

Whiz U, BERETEAMALZ BRI AE S5 HiEE e, MEMROREEIC BIKET 2 EEX 650,
FERRE ML L 1 — AR 7 =)L NEM & OBRETRE <, g, BEECAIOSREEZ N 2 T BRI E E T
HUELRL, £, BEEMEON —R 7 b NEMBH S OEZ D CHERE Lo TR MNERL,
DD HLOFEIOWEZEAT D 5 2 TlE, LilHHBEWAE T —R 7 =)L NEMD BAFICHERE L. KEMmE 7
0 —2EME/VICHEE L, 10mM Y AEEH Y 7 LEEER (pH 6.0) % 0.1 mL/ min Ot T HPLC &R > 7' %
WTHEKR L, 7 v —2BEFt/ o Nk Lo RS T S T =2 — L7y bR B o i 23 E
CTWanzZ &t Lz,

WIZ, BEIFEZ 1| mM KsFe(CN)g #5320 10mM 0 ABEET U O AFEMEHR (pH 6.0) IZEHE L, I—AR 77
A N—TEBMIZIT+0.4 V vs. AglAgCljsat. KCl DFENZFEIINLTZ. ZOFENMIL, Fe(CN)s / Fe(CN)e"™ DA T
:%Héﬁ%*ﬂi@ﬁ ICIETH B2, BEMBICE £415 Fe(CN)e® 1 XFEMIC L 5 W(biE T e %% T,

E L2 — R AR (=2 Z 4 2) PEH ST,

I, BEmEOT X ) — LK
ViliE, ~A7av ) e UERn 29
TA Y=l Z—X D EALLR
B, h—Rr 7 =) hEMmEICE
B LEFBEICE>To® ) —L
FRALIOER 234 U, [RIFFIZ, Fe(CN)s ™ <
ZEIELT Fe(CN)' DVEMT D, T q .
AR L7z Fe(CN) 1T —HRr 7 =~
= /b NEMIZ LV HGEIC R X 0.5 1
h, EimE LTRSS, B
ST BB 72 I — WD 0
X 3 {Z/~"7. it 0.1 mL / min D&

T, BREZSHICERL, §02 4 0 10 20 30 40 50 60
SBITRKMEICEL, ZO%BITHK t/ min

HBECHL AR, B 2 BMEREN—RL T FEEERANTIO—2ER
WERIARIT 0 5 U =2 BRI SRISE T SRR ABRGE (B —ERMR).
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B2 — U T ORKERLTWD Z &id, H—Rr 7 /b NEM WS L FBRHE I & » TR S
DHETT L, BUNDOHEITE L BICHETH DL X ) — VORENED L, ISEENBD L TnD 2 EICiER
THEEZLND., HAEMIZIE, ALY =R, BHREWED —R 7 =)L FERETTRTET
SN, HEALELZY ) —VOWERIIELLEMENGELNDIITT THD. MHOEEBIOWNTHRHNEIT-
7o, VEA 0.1 mL/min KV &EICT D E, HoNDEMEDED L, iiE% 0.1 mL/min £ Y AREIZT
He, BONDIBEMENLZE LBV ERH LML RoT, FHLSMNT Y, EMFICREREEL X5
FR & LT, EREA T%i—§_(:@%éMR@M{)@&V H—R 7 o) NEBOI, 72
MEZBLNDLN, ZOHICHONWTIE, BE, BT THD.

X 3 ok oiz, MK ZREN—REFEBRAG DTG-S, BATEE B — R A Y — s mfE L
LT%%L,ﬁﬁ%ﬁot”me%*®ﬁMMﬁmﬂ,M%ﬁﬁﬂﬁ@AMI@ﬁ:ioT%ﬁéﬂék%
ZT2%E0E, TRt (2), Q) RIS T KIenEITT5 B 261 5.

h

CH;CH,OH + 2Fe(CN)y~ —> CH;CHO + 2Fe(CN)s" + 2H" ()
2 Fe(CN);"Y ——> 2Fe(CN)y” + 2¢  (BMEFm ET) (3)

—77, Fe(CN)s~ DFFELIUSEAY, ADH D F72 59 ALDH IC L » Thfi SN 5 & &2 -8E81%, T2 (¢4), (5)
KU S T IERETTHLEEZBNS.

CH;CH,OH + 4Fe(CN)y~ + H,0 ——> CH;COOH + 4Fe(CN)y"” + 4H' (4)
4Fe(CN)"" —> 4Fe(CN)y + 4e  (EMEm L7T) (5)

(2), 3) KU~ T=HAE, 1mol DX ) —/Linb 2mol DEFZ YV —27 TEZ L2720, 4),5) Rihit
STESEIE, Tmol D=F ) — /)b dmol DEFZ Y —7 TELZLIRD. ARIOFERTIE, 222 (1) K
WCHESTZRURDEIT LT B X TYH, ATHH 70%DEMIRLNELNRNE VI ERIZR 72, 2D
ZliE, ERRoOMBBEEMEAWVCERTHONTLHERNL LN LD, BFAEKELT, 0, &
Fe(CN)s"~ M 3EAF L7254, O, O BEBRANCHFNHEREL TRV, h—R v 7 =)L NEBEZ AW ZERTYH,
WD OISR Z MUEAICERE LARWIR Y, =4 ) —ABILIRIC L » THLNZE T2 O, 12t T L%
FENV) ZEIIRERBERNR DD EBZZHND. — 5T, BEEBMEHAVLEEREITo28L61L, HOHHEE
(=& ) =) BIESMET, 0, & Fe(CN)y OIHIFTFT, BU%DEFD O, ICITIENTIT Fe(CN)s 1AL T
WHEWIFERNEGESNTZN, D—R 7 )b NEmERAWZERTIE, =& ) —LVHEKOMYBEOE N
0, IZITFHNFIT Fe(CN)e IR TND E W FERN/E LN L1chD. 7 a—2BMOWIIERITE N
T, HEEEMIE~D 0, DT 72 ANHIR I NIy, & DX, R ICHERECAF7E T 5 BEme B & i L
T, B—ARr 7 )V NEMB IS L FIREMR OB 2R EFEN (L LI-0n, 5%, BT 5 0E
Wb, LRRORERAGNCT D7-01C0E, FiREME HnWic= 2 2 —VBERISIZOWT, R HET
ZREERNTGEDOIGEENT A — 2 —Z B S 2 LRI, 7o —2@BfoirkORICEN T
b, MRS ZER L, HDWIE, RiMIEEEREERZ MWD STk, X0 AR L8R &R
MENZI B EEZD.



EH OB - B i

AR T, ERARAOLUBDBMLETH D ENWH LN ERoTo)d, BEREWAE I —R > 7 =)V NEmE H
WIS R EZBRALFHINA AV T 72— LTHY, MEAERSNCHTHZE LA THAD. 6-E R
0%y = aF RO FEIZIE LT Pseudomonas fluorescens TNS Z W TZBESR 10 o X 512, BERRE OBEIEWT
v —VHH, BERICKTT D bRE AR LT, BROWEAEEICHRNRISREZHET L2 L b RETHD
LEZD.
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(RER 2L LTO)
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HEEWMOR A2 DGR OGN A E 7 4 V2 OAEY 7 v Z % 16SrDNA D
YERRECA X 0 T U7z, 5528 T ZeWRAEMIZ DV CTld PCR-DGGE #4512 & 0 4%
W BAR T OFFETR 57 & EEEHEE U, VAR E AR 7 Vv oY7L DNA
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AIEE T, MEIBER AR L, JFREMICAERNEIO N #2152 3
EREETH Y | HFRE BT DMRT & 5 FOEECIRIER E OB 25
MRS 24 2 TV D, BARBIICIE, g fE @ b AR O RN & (BT
HERG . PIBBABAS) B A& i B OREMAS ATRE Tdo V. MRSTIELZ L 0 BN &
TRNF =Y LAY DOZACEFHITE 5 Z LD EBRFOFHNT L
F—BREAIMET 5 Z &N TE D, BRI FEEFEE, &g, mEIC

JEOME . . s - e g
N—= U VSN HER T &) M, fkx 2iER RS KOS EGER) L —=
T aAT o T2BRC, EROIER L OMREIC RIETEBIC O VW THRFTT 5, £
7o, EEhE RELZ T RGED RO ES L ONEERFE A = r L%
—REHCRETREBEZRHFT 2 LlC LY, BEREAHER - #2595 2 CTHE
e 2 Jol- T B IRIEEh IS L ONEB O ARIC BT D &ENZ SV CHFZE T
Zap

FH AR
AREBEZFIH L TR EITo7o, TOMBIILLTOEY Th D,
ML(EFEDH D)

1)

2)

3)

4)

5)

The use of muscle near-infrared spectroscopy in sport,health and medical sciences: recent developments.
Takafumi Hamaoka, Kevin K. McCully, Masatsugu Niwayama, Britton Chance. Phil. Trans. R. Soc. A.
369, pp.4591-4604. 2011. Oct.

Relationship between reduced lower abdominal blood flows and heart rate in recovery following cycling
exercise. T.Osada, H.Iwane, T.Katsumura, N.Murase, H.Higuchi, A.Sakamoto, T.Hamaoka,
T.Shimomitsu. Acta Physiol(Oxf). 204(3), pp.344-353. 2011.Sep.

Attenuation of Muscle Deoxygenation Precedes EMG Threshold in Normoxia and Hypoxia. Takuya
Osawa, Ryotaro Kime, Takafumi Hamaoka, Toshihito Katsumura, Masayoshi Yamamoto. Med Sci Sports

Exerc. pp.1406-1413. 2011. Aug.

Increased muscular dehydroepiandrosterone levels are associated with improved hyperglycemia in obese
rats. Sato K, Ilemitsu M, Aizawa K, Mesaki N, Fujita S. Am J Physiol Endocrinol Metab. 301/2,
pp-274-280. 2011. Aug.

Unperceivable noise to active light touch effects on fast postural sway. Tetsuya Kimura, Motoki Kouzaki,
Kei Masani, Toshio Moritani. Neuroscience Letters. 506/1, pp.100-103. 2012. Jan.
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SEEL R SOSEA Ay F o 73 E (MUC-21)

MR RS AR fE—RE Kk =
R4 BT - ~ A 7 vk AT DTSR Hediied e -+ ) v A7 W R AR gEt s -
s —~ MEM S H4RE DO HF 52

I, TSRO 7 1 — RN RMEEITIZHED, B30T A A0 B R 55
PEREE N ER SN TV D, [EHREER T 2 F— 7 o 2D —2Z ik
NdH Y, KRB X° SAW (Surface Acoustic Wave) 7 /31 ANZH I T
Do LinL. ZHbz W IREG OJEH L L IRITA 100MHz TH Y | iE ]
IRADBERH SN TS, ZORREITWS 2872727 /314 2L LT, MEMS

K (Micro Electro Mechanical Systems) JHRERANEH 48D TS, MEMS 3t
s ORE E L TaABM L, MM, B LR ENET O TR, A
AIAERERE 7R & OWFFENSETT LTV D, AEGE T, EARASER S TY
HHAEDOIIRZRITMAD Y H 2 MEMS H4RE5 D 10-100MHz #5 C O SRR 24T
-7,

FIHRCR

ARE L7 RIFOFM 21TV, LU FIORT LI 2 F0fm & 3 HHDEBRESHE T I OMREFHE L
7o

1) M. Kiso, M. Okada, A. Tamano, H. Fujiura, H. Miyauchi, K. Niki, H. Tanigawa, and K.
Suzuki, “MEMS Resonator Utilizing Torsional-to-Transverse Vibration Conversion,” Japanese
Journal of Applied Physics, Vol. 50, pp. 06GMO03: 1-7, 2011.

2) K. Hashimoto, K. Ito, H. Tanigawa, and K. Suzuki, “Evaluation of a Single-Crystal-Silicon
Microelectromechanical Systems Resonator Utilizing a Narrow Gap Process,” Japanese Journal
of Applied Physics, Vol. 50, No.6, pp. 067201: 1-8, 2011.

3) M. Kiso, M. Okada, H. Fujiura, H. Miyauchi, K. Niki, H. Tanigawa, and K. Suzuki, “High Q-factor 80
MHz Resonator Utilizing Torsional-to-Transverse Vibration Conversion,” Digest of 2011 International
Microprocesses and Nanotechnology Conference, Kyoto, The Japan Society of Applied Physics, 25B-3-2,
2011.

4) T. Okamoto, H. Tanigawa, and K. Suzuki, “Lame-Mode Octagonal MEMS Resonator Utilizing Sliding
Driving Electrodes,” Digest of 2011 International Microprocesses and Nanotechnology Conference, Kyoto,
The Japan Society of Applied Physics, 27P-11-151L, 2011.

5) K. Suzuki, “MEMS Resonator: What is the challenge?”” Digest of 2011 International Microprocesses and
Nanotechnology Conference, Kyoto, The Japan Society of Applied Physics, 25B-3-1, 2011 (invited).
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iDB Workshop 2011 (& 38l 7 —% ~—2X, Web, [F#i~1T A v MIET 55 F0F
FEEBR Y —2 v 3 v7) httpi//db-event.jpn.org/idb2011/

BifeE H F2 20114 8H 1 H ~ 20114 8H 2H
= KXY AL HBE, KigE#2=EIT))
WENE iDB Workshop 2011 i, T —# X—2R, 5 —& T2R0EH T 5558 OF5F0F

REERBLE LTEHLWVBREOTY —7 v a v 7 ThDH. 2008 FITHITHIT —
7 a sy FhrE TR L TLIKE, 2009 42,2010 4EIC4 4, ARE, BURCCRAME
Lz, KU—27 a7 TIRENIAD v 7T 7 T ARENA L H—L72 0,
HFEE O T —~ I L CRERESEEREm A DT, UKk
HFREED N > 77 T ADOEBERE TR REZAIHT 52 L % H
&4 5, iDB Workshop 2011 i3 2fERFOEENH L L 700 A CTEN
S5 DIGEDE S L VRES v S A TR LT, M GEE, K1, B,
VTR —I)DD 4 A OEBRIEL R B L OEND SRR, T
FRRF, B KT D DB 43 B THFEIERE K ORBR OB E 7 9 % O#H=, W
Ba A H—L L, 18 A DHEFMIEH DWIRANE I L OGO EEIT> 72,
HEFRIE O IIRFE TH V. RS, HEEEN. H@HEE. XMLDB
(B9 2 e N E R I T Tz, iDB Workshop 2011 O#) H (21%, 4%
REVFFHREM 1 A 40 2 CilHEE1T o 72, FlEF I TOWmN A 2 —1
LABIOCENA X —1 4L EEZEETTEY, GEEE IS L TR L < ok
RIN7RT RAA Z%AT o0z, 2 A HOFRNE 15 1B THEFMIEE N A ¥
—LHEBICT R, 2AEZF D52 N TELEERAE L2, 1ML E S EAl
WZRl—=A 2= FHR LT RANA A& T 508 F B0 | G OBEEIZ T
TERANCEV ATV, 2 BHHDOF®RIZ, WA 02— XD RFERES %
fTole, ARBESIE—HEBSINEH LIAARE) THEiE Lz, HEmDT —4
NR—ABHER OB EZ D Z ENTED LVEETH D720, SLAERKFED
FARTAER KOV DB B S 5 IME R HE %0 o7z, Al 100 A< O
SINEDPERNHEGE L T, ESORZICIIRY —7 v a v T OREFHH
LEOFREXE(T-o7Z, 2HABIOZOFEAO 2 AL, B EREBEES
T =X T REMEESB LOERUE SR T — X RX— AV AT MFES
DWAFIES % 2% HRE CRIRBHEE LTz, KU —2 v a v 7ORMEICHZY | 1§
HH T A FERB L ORET ¥ v S ARBIEE v VSR, 7 LA T v
7 DEERRIZ T WS ABIEEIC o7, T ZITEHOBEERT 5,
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BLAMET L VRV L - T—0 v ay THlEE

(g:;%i&% ) TR Lo - 2% - /NI 2y
ey The 6th Annual International Workshop on Haptic and Audio Interaction Design
2011
PRRERTE 2011 4-8 A 24 H~8 A 26 H
24
SRR RSE BRKC  (m—AFL/&HE REiE= (4 1), G R (31))
SRR ARKU—rvay 7T, ABEICEDLIEE, BIY, Fa— )T E2r—2A

FLAAE 4 BEOREHE, RAZ—,
Bl - BRETITo 7.

24 HiZ AT =T =2— F U 7%, 3D Division, I-Net Corporation D1 /)
T, MBI, VT NEA DB NT T 4 v 7Y —VOfEFRE T ENTON
o, ZIEIL, F264ThHolz.

25, 26 HONEHFER TIX, MfFEHE G0 16 HFORKRH -T2, 72, K
AZ—RRIT 124 ThH o7, EROSMETENNEZEZD, 464 ThoT-.

BLY, TEERE D —LLEEH 3ROE

WA DEOZMEN 12 2 TH Y, BIFEL VBRI R T20, T3
R FROZETH L. (BMEFEREH ISR~ TWE) —J7, SRy

DA, BLY, RFEREAICE L TE, FGEE ISR BEISINEZ58D7-.
H 244, 26 H 17T AOHGEE N H -T2,

KU =7 vay 7 TlE, HaxoffEERICES Lz, fitfy, B3I, 8%
FIH L7 R CREICRIH SN D 22— A 2 7 = —R(TBIT HAIER
T AT 4 7RIS FFNCLIT 2B T BN TOI, ERRERDH T
AU —r vay 7ORAEBEDONRIZOWTIE, ["Haptic and Audio
Interaction Design” , LNCS 6851, Springer (2011)] TAE I TW5

25
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ey International Symposium on Ubiquitous Healthcare (uHealthcare 2011)

PR A 2 20114 9A20 H~20114 9H22H

= UhEDHRY VR R SWATATRA AV TIL—23 a7’

HENE AEMGREEERINOMEILIZROT, 2004 ENoBHREEETREICH

#£L TL % International Symposium on Ubiquitous Healthcare (uHealthcare)
DFE B8 EIURIDLE 9 B 20~22 B, MGfERZRAR—VBEEXHAEL
VAL UICBREREIFSBETERIBER ZEREEXIETSVHET
UhIEDFX YU NRFUATATR A TIL—30 a7 ECRfELT-.

BE, KOURDOLIFE 26 BEABBHEEREREBRTEIURDY
LEDIAUMREEL, BERDIVUROY LOSMEFTEL OROY LOREHFEE
AlaE&LT=fth, 9 A 21 BFRICBELIBREE 7oTDIEFIANILRY
T 2011 F£EE 5 BUMEERFERAR—Y-BEA/RX—2aVPFRKELT,
— AR AL

RRIIFANEBEBEZESD, BRBIOFEE 104, BELTICHENISDEE 16
HEHAT-. -, 20 BH5 21 BNITTER 15 SHRGTEZEBT HED
FELHOITEIDDLT, DURDDLLKRDOSMEL 291 BEHAT-.

—h EREBIZURDVLICFBROEREIZSHOELLGHE
ENBEEETHN, BETOERNE, OE—TOILEE, FRIBKTO
REFELT, BE PEOCONFOARELD IVUEEDEELTEILEN
TE MIEDHREZLITAIENTES-.

R [E M uHelathcare2012 1% 2012 & 10 A, #E® Gyeongju (B ) /1 T
fEEN B LLlioT-.

TRICFESEEZRT.

2 1 : International Symposium on Ubiquitous Healthcare (uHealthcare 2011)
T UMERFERAR—Y - BEEXEHAR L S—
HiE BREREIFBAXE, ZEREEXEISY
FR# (ROPRES) -
FITERER: WIIARBGIE&AAK), Kwang Suk Park (V™ JLK), BFEH
(FEX)
E%H: EHER(GLHX)
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ZMAR:

EEE-ARE EE, FE 17 4
=N (E
SmE AKEHERE-FEF 24 %
K- A HIAEES 222 %
T 17 %
it 291 £
TOUSLBE:
September 20(Tue) September 21(Wed) September 22(Thr)
9:05-12:00 2U1 9:45-11:15  3U1
Bioinstrumentation Il Clinical Application
. . (Oral Session) (Oral Session)
Registration Closing remarks
Lunch time
13:00 - 13:10 13:00-14:00 2U2
Welcome address Poster Session
13:10-14:50  1U1
Bioinstrumentation |
(Oral Session) Coffee break
Coffee break 15:00-18:30
15:40-17:20  1U2
Signal Processing Special lecture
(Oral Session)
Intermission
18:50-20:00
Gala party

PARA N
Tuesday, September 20
1U1 13:10 - 14:50

Bioinstrumentation |

Chair: Toshiyo Tamura (Chiba University)
Chair: Keun Ho Ryu (Chungbuk National University)
1U1-1

Forehead EOG Signal Measurement for Cap-based Human-Computer
Interface

Jeong Heo (Seoul National University)
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Hyun Jae Baek (Seoul National University)
Min Hye Chang (Seoul National University)
Kwang Suk Park (Soeul National University)

1U1-2

Automatic Detection of Anthropometric Parameters usoing 2D Images
Fozia Rajabdad (Kyung Hee University Global Capmus South Korea)
Fakhira Anwar (Kyung Hee University Global Capmus South Korea)
Seung Hun Park (Kyung Hee University Global Capmus South Korea)

1U1-3

Measurement method of pulmonary blood flow using electrical impedance

tomography
Satoru Nebuya (School of Allied Health Sciences, Kitasato University)
Kei Ebihara (School of Allied Health Sciences, Kitasato University)
Makoto Noshiro (School of Allied Health Sciences, Kitasato University)

1U1-4

Development of A New Fitness Index Based on Non-invasive Assessment of

Cardiac Reserve Using Electrical Admittance Cardiography

Shinobu Tanaka (Graduate School of Natural Science and Technology,
Kanazawa University)

Tempei Ohkanemasa ( Graduate School of Natural Science and
Technology, Kanazawa University)

Masamichi Nogawa (Graduate School of Natural Science and Technology,
Kanazawa University)

Mitsuhiro Ogawa (Graduate School of Natural Science and Technology,
Kanazawa University)

Ken-ichi Yamakoshi ( Graduate School of Natural Science and
Technology, Kanazawa University)

1U2 15:40-17:20

Signal Processing

Chair: Kazuki Nakajima (University of Toyama)
1U2-1

Development of a New Personal Identification Method During

Door-Opening Operations Using a WII Balance Board
Kazuki Nakjima (Division of Bioinformation, Faculty of Engineering,
University of Toyama)
Kiyoshi Sakai (Division of Bioinformation, Faculty of Engineering,

University of Toyama)
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Kazuo Sasaki (Division of Bioinformation, Faculty of Engineering,
University of Toyama)
1U2—2
Development of the Time and Frequency Domain Analysis Framework for
the Heart Rate Variability Analysis
Dae-Geun Jang (Korea Advanced Institute of Science and Technology)
Umar Farooq (Kyunghee University)
Jae-Keun Jang (Kyunghee University)
Seung-Hun Park (Kyunghee University)
Minsoo Hahn (Korea Advanced Institute of Science and Technology)
1U2-3
A Study on the Software Validation Guideline for Smart u-Healthcare
Applications
Jae-Keun Jang (Kyunghee University)
Dae-Geun Jang (Korea Advanced Institute of Science and Technology)
Seung-Hun Park (Kyunghee University)
1U2-4
Automated System for Exercise Prescription using Evolutionary
Computation and Data Mining Technologies
Fakhira Anwar (Kyung Hee University Global Capmus South Korea)
Fozia Rajabdad (Kyung Hee University Global Capmus South Korea)
Seung Hun Park (Kyung Hee University GlobalCapmus South Korea)
Wednesday, September 21
2U1 9:05-12:00

Bioinstrumentation Il

Chair: Yong Gyu Lim (Sangji University)

Chair: Masayuki Nambu (Osaka Electro-Communication University)
2U1—1

Evaluation of Thermal Noise Level in Indirect-contact ECG

Yong Gyu Lim (Sangji University)
2U1-2
Behavior Momitoring System on WWW Using Flash
Hiroki Takeuchi (OsakaElectro-Communication University)
Masayuki Nambu (Osaka Electro-Communication University)
2U1-3
12-lead ECG Derivation using Four Capacitive EASI-lead Electrodes
Hyun Jae Baek (Seoul National University)
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Jeong Heo (Seoul National University)
Yong Gye Lim (Sangji University)
Kwang Suk Park (Seoul National University)
2U1-4
The Effects of Light Source on Wearable Photoplethysmograph Sensors
during Walking
Yuka Maeda (Graduate School of Engineering, Chiba University, Chiba,
Japan)
Masaki Sekine (Graduate School of Engineering, Chiba University,
Chiba, Japan)
Toshiyo Tamura (Graduate School of Engineering, Chiba University,
Chiba, Japan)
2U1-5
Sleep Posture Estimation from Capacitively Measured 12-Channel ECG
Hong Ji Lee (Seoul National University, Republic of Korea)
Seung Min Lee (Seoul NationalUniversity, Republic of Korea)
Su Hwan Hwang (Seoul National University, Republic of Korea)
Hee Nam Yoon (Seoul National University, Republic of Korea)
Kwang Suk Park (Seoul National University, Republic of Korea)
2U1-6
Deep and Light Sleep Estimation with BCG Signal HRV Using Support
Vector Machine
Heenam Yoon (Seoul National University)
Gihsung Chung (Seoul National University)
Suhwan Hwang (Seoul National University)
Sojin Lee (Seoul National University Hospital)
Do-un Jeong (Seoul National University Hospital)
Kwang Suk Park (Seoul National University)
2U1-7
Assessment of Mental Stress by Incoherent Oscillations of Respiratory
Sinus Arrhythmia
Kyuichi Niizeki (Depanment of Bio-system Engineering, Graduate School
of Science and Engineering, Yamagata University)
Whkana Imano (Depanment of Bio-system Engineering, Graduate School
of Science and Engineering, Yhmagata University)
Naoki Harada (Department of Bio-system Engineering, Graduate School

of Science and Engineering, Yamagata University)
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Tadashi Saitoh (Depanment of Bio-system Engineering, Graduate School
of Science and Engineering, Yamagata University)
2U2 13:00 - 14:00

Poster Session

Chair: Shinobu Tanaka (Kanazawa University)
2U2-1

A Bio-Textmining System for Protein-Protein Interaction Extraction

Meijing Li (Database and Bioinfbrmatics Laboratory in Chungbuk
National University)
Tsendsuren Munkhdalai (Database and Bioinformatics Laboratory in
Chungbuk National University)
Taewook Kim (Database and Bioinformatics Laboratory in Chungbuk
National University)
Peipie Li ( Database and Bioinformatics Laboratory in Chungbuk
National University)
Keun Ho Ryu (Database and Bioinfbrmatics Laboratory in Chungbuk
National University)
2U2-2
Risk Factors of Major Adverse Cardiac Events after Percutaneous Coronary
Interventionin Non ST Elevation Myocardial Infarction
Ho Sun Shon (Database & Bioinformatics laboratory, Chungbuk
National University)
Kwang Sun Ryu (Database & Bioinformatics laboratory, Chungbuk
National University)
Soo Ho Park (Database & Bioinformatics laboratory, Chungbuk
National University)
Keun Ho Ryu (Database & Bioinformatics laboratory, Chungbuk
National University)
Eun Jong Cha (Department of Mechanical Engineering, Chungbuk
National University School of Medicine)
Jang Whan Bae (Department of Internal Medicine, Chungbuk National
University School of Medicine)
2U2-3
Comparison of the Center of Gravity Unrest by Having Visual Suggest or
Not
Nobuko Shichiri (Bukkyo University)
Shima Okada (Ritsumeikan University)
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Masaaki Makikawa (Ritsumeikan University)
SpecialLlecture 15:00—18 : 30
"Ubiquitous Healthcare Technologies of ASIA"

Chair: Toshiyo Tamura (Chiba University)

“Nonintrusive Sleep Monitoring for and Ubiquitous Healthcare”
Prof. Kwang Suk Park (Seoul University)
“Clinical Trial Using Ubiquitous Healthcare System in Korea: Smart Care
Project for Metabolic Syndrome & Obesity”
Prof. BeLong Cho (Seoul University)
“Cardiovascular Health Informatics: Wearable Sensing and Medical
Imaging Techniques for the Non-Invasive Identification and Monitoring of
Vulnerable Patients”
Prof. Yuan-Ting Zhang (Chinese University of Hong Kong)
“Research on Ubiquitous Healthcare: Our Experience”
Prof. Toshiyo Tamura (Chiba University)
Thursday, September 22
3U1 9:45-11:15
Clinical Application

Chair: Kwangsuk Park (Seoul National University)
Chair: Shima Okada (Ritsumeikan University)
3u1-1

Non-restrictive Monitoring of Swallowing Frequency Using a Throat
Microphone
Hajime Tsujimura (Graduate School of BioMedical Engineering, Osaka
Electro-Communication University)
Hideaki Doi ( Graduate School of BioMedical Engineering, Osaka
Electro-Communication University)
Masafumi Matsumura (Graduate School of BioMedical Engineering,
Osaka Electro-Communication University)
3U1-2
Developing Technology of Remote Consultation Based on Mobile and
Evaluation of the Usefulness for Chronic Wound (Pressure Ulcer)
Chan Young Heo (Seoul National University Bundang Hospital)
Ji Eun Kim (Seoul National University Bundang Hospital)
3U1-3
Oxygen Saturation Monitoring Without Direct Skin Contact : Preliminary
Study
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Jongmin Lee (Seoul Nationaln University)

Hyunjae Baek (Seoul National University)

Kwangsuk Park (Seoul National University)
3U1-4
Aspects of the Gross Movement Monitoring by Video Analysis for Clinical
Applications

Shima Okada (Ritsumeikan University)

Masaaki Makikawa (Ritsumeikan University)
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R&EH
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BT 2R - 2% - ACKKE

Eah

HASEIA NI AT 4w I VAT AR A (SSS'11)

BifeE B2 2011410 A 28 A (&), 29 H (1)
=5 10 A 28 H (&) 1 EBEWEMET N,
10 A 29 H (1) : SafER% BKC =& v 7 ifny 21
WENE IR DAL, 1FIFHR—ARIZET L THE I TND E W BN S

FNWERHTH D, HHIZ, FRIARMAREINTND [ 27 AHEITEHRY:
=] BEME, SImEERFPIMEL R STFH A3 BIA NIRRT 4 v I VAT LY
YRV U L (RVAT LHEREEDIEH Y AR T L (888'11)) The 43rd
ISCIE International Symposium on Stochastic Systems Theory and Its
Applications OEFESENBMESNT-DOT, ZOMELHET D,

T, PRETHT BT I v 7 REHOEBEAEA TN D, ZOERT
L, R UART T LIEERE S, BEIC 25 UL EOSEERRI R IEEN & 5 [FH
B Td 5. AENE, MmfERFTHREIND EWH Z LT, EREWD
HOF| AN LT, EEM EOEM €7 h] N imfERF R - <32
¥ v R 2(BKC) TilESMSM SN, U U RY T A, HEERR
SRR R IIME BEIR ORI R P4 EER) |, FEITZRBERIILmEE R,
BT ARRREESR, FHRIE, B EMARSEIAMEESR & W 9 SR
(22D OB HHE THER S, Bl S - 2INEREIT 1014 (it 64 4,
3T 4, R SCETHARE 2 1, —ik 69 fFTh o7, KRIZ, Sl
KRFOHE - RA KR « RFEFHEIZLDRERNEL o7,

Proceedings |FHEHER L& &l L7-1%, 2012 45 AICHITESND TETH
L. Fie, TO%k, KU URT T LA TEIRI L Proceedings paper %
— A2 LT, FEEMEROGRGEIZH R, Peer Review D%, 2012 4 11 A
T B 2013 4F 2 H BIZNT T, BRSGREICHkRE L 7R R S S AL, AR
MRS L TFETHD.

AEIOYURY T ATE, PIRE TET > H) © 2 2T, 2 AHIZSY
ENAEERT: BKC, =Ry 7128 L, 3RO T Lty v g TEliS
ATz, BEEIEE, EWANOOMEIIHIFE LY £, @E, PE, K
E, A2V T7 L0 MEIZLBENH T,

SMAEERF OB SEI O T T, fFF KT Banks #d% (N. C. State
University) (24 %, Propagation of Uncertainty in Dynamical Systems
DOBEHE T, 7= Kappel #i% (University of Graz) {2 X% Methods of

—142 -
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JHER Ry T REAXB LTV U7 ICBHR LT TH Y, BINE I
ROWESR A 52 7.

Ny M, 28 BRIZ, K80 ADOSMEEET, ©7 Ik L TH
iz, BEWMTOIZ V=0 7R mDELS, LIESWVTZFRHAX L,
NEAREERFAEDT ART ITN—TOEBE L H Y, FEELPROEL S, FELW
K - BBlOLG Lo Tz,

b, B oRYy MIESEICHEL, AARETbLE LD, HAKE)
SOBIMNE, SMAMEERFPOFAELZHIRST LS I bh b,
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WENE FEER (HEBABHEY =T AX v 7)., 25N HPHIRE AR 2B L., £

7o AAEMZEMRKFED S 24, BN (KIRCKF) 06 24, FHNL 84 DH
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< Jffe >
R-GIRO [ H RIS EL S 2T LRI T B Y = 7 b |
SCHEF BB EAT R BB A - HEI R TSy S A 21
SEAVER B TR B
JST FEFILAIEREIARITE [~7 n & hl#] 7ry= s b

<PAfEEE>

DREORFEM B DA% DI RITIL, EMESEF OO R - b E2 X572
FTR T = WK ERD, BROB~OFFLICHSNIEEFAMOF
RSB R T D, ZO& I RBURND ., MER, BESEEE, 520958,
FHFER. 2% —U— RN WEMAME - AthU—2 23 07 2RI

WAk : 201 1%10H29H ()

BT BKC T2 /av7Lrx 2 2=

BN . SN 50 4

[NGER 5 908 10 4, N (411 4, BeEis 4, #A - PD1 44) ]

| A7 N

12:00-12:10 £ :  SMERFREE LYER  SUREZS

12:10-12:40 THETMSOEL & REERE O] ST R R 75 B
12:40-13:10 A ARD BEHNHPEED 7 o — U b & fgkEhn ) HE BB FSgRAS
o HhPESRE AR

13:10-13:30 [~7 = A& A BF D BA TS & 2 D FE ) MRS BTAEE BR
ITE

13:30-13:50 [ The structure of metallic glasses and its behavioral
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characteristic |

EFHUZERTR IR R FBE - Prof. Chaoli Ma

14:00-14:20 [Numerical prediction of deformed microstructure subjected

to plastic forming and its macroscopic strength]  CH)¥'E - M EHFFFERERE
(NIMS) oM Bt 2 — ERFE

14:20-14:40 [Atomistic simulation on strength of bulk nanostructured

metals |

KRR ZF T 5078 F,. Dr. Guo-Jie J. Gao

14:40-15:00  [Cavity sintering behavior during the hot isostatic pressing

rejuvenation of turbine blades|  JbAULZEMT K KA BEENFBE  Dr. Zhao

Zihua

15:10-15:30 [ Creep mechanism transition in nanocrystalline metals |

KPR ZF TS558 F, Dr. Yunjiang Wang

15:30-15:50  [Fabrication of Tool Steel / Carbon Steel Complex Harmonic

Structured Material], RIF&EFEKRFLFE  BRIFEGL

15:50-16:10  [Fracture path analysis for metallic materials by means of

FRASTA technique|  SfERFEE T EEFHA

16:20-16:50 BFIEE  BERAS — - va— T LB T—va v
16:50-17:40 RAR—¥ g

17:40-17:55 wawhim - £

18:00-20:00 e BKCW [v— Fa—7)
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