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Ultrasonic vibration grinding of next-generation
semiconductor substrate materials (1st report)

— Prototype of self-vibrating ultrasonic vibration
grinding wheel —

O Bunpheng Thanawan - Kasuriya Peerapong *
Thipprakmas Sutasn (¥ 7€ 27 v PTEAK M 7Y —¥) -
MOHEE (HALR)

As a highly efficient method of grinding next-generation
semiconductor substrate materials such as SiC, we investigated
a grinding method that uses ultrasonic vibration in the radial
direction of the grinding wheel. In this report, we embedded a
piezoelectric element in the base metal of the grinding wheel
and prototyped a grinding wheel that ultrasonically vibrates
at a frequency of 20 kHz.
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Atomistic Insights into Diamond Tool Degradation
in Iron Machining Using Machine Learning
Molecular Dynamics Simulations

O Nguyen Trinh Bao Anh - Enriquez John Isaac Guinto *
Halim Harry Handoko (KBK) - FKIETEZ - IR -
EABEAN (EKERLNE) - DNAZFER - FINEE CREOK)

Diamond tools are widely used in ultra-precision machining due to their superior
hardness and wear resistance. However, when machining ferrous metals, severe
tool wear occurs due to complex thermo-chemical interactions at the diamond-
iron interface. In this study, we employed machine learning molecular dynamics
(ML-MD) simulations to investigate the atomistic mechanisms behind diamond
tool degradation.The ML-based interatomic potential was trained on ~6,000
structures and achieved high accuracy: ~130 meV/A for forces and ~4 meV/atom
for energies. The model reliably reproduced key properties of bce iron, carbon
phases, and Fe-C alloy systems.Cutting simulations with over 8000 atoms were
performed using a 1 fs timestep. Results show significantly higher wear when the
diamond surface is used as the clearance face compared to the rake face. Lower
temperatures were found to reduce wear. Among low-index diamond surfaces,
(111) showed the highest wear resistance. Early-stage wear rates were 2-3 orders
of magnitude higher than experimental data, but longer simulations are expected
to yield closer agreement.These results provide atomic-scale insights into tool wear
in ferrous machining and demonstrate the potential of ML-MD in designing wear-
resistant tools and optimizing machining processes.
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Machine Tool Thermal Error Measurement via
a Vision-Based System

Oz FE - kR (BilER) -
Vogl Gregory (K [ [E 37 AL #E AN FEHT) -
Landers Robert - Kinzel Edward (/ — hV ¥ 4 °K)
A vision-based method to measure machine tool thermal deformations is
presented, where a wireless digital microscope mounted to the spindle
is used to capture images of patterns on the worktable. Fiducials
with different types of patterns are applied and the three-dimensional
positional errors between spindle and worktable are acquired through
analyzing the images. Experimental studies are implemented on a
desktop machine tool, and the measurement results using different
fiducial patterns are compared. The results verify that the presented
method can achieve thermal error measurement accuracies of 1x to 2x
the machine tool resolution within five minutes. In addition, a heat-up
experiment is conducted to validate the proposed method to measure
the actual thermal deformations of the machine tool. It is expected
that the proposed method will be fast, precise, cheap, and practical for
thermal error measurement in production facilities.

A90 51
THEBBOBATET IVICEDLC
SHMBTMETNDEHDERE > Y IBHE

OZRNG - Al 3 - FHr 2 - PIBHAR - F/ T (RuiK)

MMIERAED D HRE LEAE 505 BEM 2T 51213, &
X & 7 BENHEE AR R TH D, RO HIgIZ
2 RIS R & AR T 7OV 2 T U 7 BV R 5 0 e A 1E AL
ThHb. WREHOBISEWNIEDOE, £y REHREOH
B R A BRI o S TR T4 2 LT, ZHAmIcE v
THERERBENEE A EHT 52 Y REAIRE L.

A91 53
EIWMVE—ZAECRILOEBEFRIEICE TS
HEMOREE

ONERAAr - PRER— - IABRE - FHER (#E)1K)

EVIFL VE—FAEYFVIE, XTY Y TFBIOE—F D3
BACX DB HSEL, IMTEESRIFIKT T 28R 5.
ZZ Ty FHO— ADPFE L7 HIIRE % 5D Sk I
HET2 Y AT AL, A Y FVIREEILE X Ol o 2
MR TE A2 L29RE N7 LrL, ALKV K
VI EZALOIIHNCHY 10 5 OISEENDA LS 2 L 2FRETH
0, AWFZETIE Z DIBEENOWE IOV TR 21T 5 720

2025 FEMEHE LA 2MFRRT 7277 ME

A92 55
BEREOODOE EEAIREE AV
EMEIRIE O RERAVEHEETE

OFEFEM ORI - & KA (DMG AR -
R (GUERR)

Tk 72 B TAEW O TIZ BT, EE OB T2
IR OMHIC K E RBREEZ 52 5, AHECIE, HRET
VER) DEME TG IRDIREN G- 2 5 B2 WS 5720, G
W23 2 PR O By R RIE 2 BRI ICE-IE S 5 T2 R T %,
COHWD7-DIHE LB 28 A L7z 7 2 5 IR
BT AEEE 2 A L2 2 A, FTIRRERRE - & A —E
L. M5B RHI2EIC X D EHli2s i CTH 5 2 L AR S L
725

A99 57
BBV TEREBERORZTEORE

OXHi el - R (5HR)

BT TVERW OB RZO TR R HNO—>THAL. LaL,
3WICH R BAETEOMEIZHEL <, TIERMOBRKL T OLIE
AL HIEU T OBENIC G 2 58 % FEHICHAE L 726l
e, ARIFGE TG 2 H > C TR O IR O =R ITH 7%
BEREMAT S, TIEBMICEEDO Y —7 v b~ — 5 & &iE
L, A7 VAETE~—DOBENEZWE L7z F72, WEH
REAWMERFIWCLDBLEROY I 2 b—Ya VERZIREL
7z.

A100 59
R R & O EMEO T IMEICE D
BRESEOREHEOETE

—EL3FE - MARBEORERENOZE -
OFEta L - WE R (5HRKR)

FEMRE SR B T, S5 O IRB IR R O IREN IR 12K
B EL 2 5. HAEORNZEA = X KITHED W
SNVF AT — VN 2479 2 & T, MR E oI % 92
7 — 5 0HpS, WEEEZE LG R ORE L 2 i E
THFHEERET S, Resbil, MEORRFLRIIHLTa
YTIGAT Y AOEIEL RO E TV, HEET VO
3 52 R BE 22 BFA L 72

A101 61
PEERICEREL a2 MYy K- ML D
BAARTY -7 OREBFHEOZ(EDORE

OFHBI= - B 5 (5HR)

WAMGE T — 20, WK<, SR A IS B - # e A
EBRELRTV. Z0720, FRZINWTT — 2 ORI
i EL, ZBRCWRE) M T 208 D 5. Al Tl
TEROER T & L2970 ma il R — b 2 A5 B 2 AL
L725a B0 2 AME 7 — 7 OREFEOZ L2 AL 72
ZORER, AR — b EMEICRE L2 L0 b EAIRE
ML, 7 — 2 ORI T L7



2025 FEME LA 2RFRRT 7277 ME

A102 63
FHEMBRMESRZ AV - TR MOBNERICET S
BRIV ERUIEFOX v v TRO#E

OfH B GURR) - KRB (BRTK) -
TR - AR JE (RURRR)

FH OITBRHES) 2 2 IERMOINIRIC X ) TAESM E o B =
VTIGAT UV AFMELTCEZ., TAETICERIA NVOER
EHCOMRNAHET 2 HEeEL L. ZoOHEETIEH
AiicEy b7y THOB@IA NV ERUTLAEMOFX Yy vy 7E%
LT HLENIDH LD, RUIGETIE, MRFICEEO VT AZN
ET LT ERYMNT, OTAOMWEMED? ST Y v 7RI
ETHIEEWREAT S,

A104 65
EER=IWRUAYIANT L REIFRESET 3
R T ITERBOMIERS LSUORGEEEZRBL -
2Ty TEMED#E

Oftisd % - PIIESR - Rdrfet (REAK)

AR O/ - ERRRRALIZHE V. B o~ A4 70 FYVIIT
TREMHEL BB ROLNT WS, kD Y27 v 7
LT, IRBRU Y IEFEE D IS 2R T 2HETH - 720
AWFTE TR HIHRERE T & TR Z vy X7y TN OR R
N i SR ARNLEATIE D S Rl L 720 M TR EE R 4o O d ol
b BID JEHEL RN 2 — 2RO & O IR 2 A
FLOD, RAEREZ 51%. /N H S 2K 59% 00 L7,

A105 67
7774 THIEREEE AL
HEE R E 2RIV OB RS

OHHPER - B RE (REIKR) -
Dmytro Fedorynenko (HAtLK) - wREE;— (F&IIK) -
BUH IR - BARIEN (F AL VT 7Ly 2 R)

TEH A O [ BRAR AT OB 21T UE, @ BB B R i M e o3
HA S, BEMZPHCONIEENH B, T O,
INTAEEEIC R & B 5. M LRE O EBARZB) IS, Tl
EN W2 HIWE LT, 7251 THIEEREZ AT
LI A E Y BV ZRSE L7, REcid, BSLZALE Y
FVE#HNALIE =TV —FRBLI 74 —F v 7%
A 5] % & ) L 22 B o A e % 3P 5.

A106 69
BUEREITIERRICE TS
WE V) FIEEREED /- DIEHEERE EDRR

OMMHAR - &FM— - FIEHE FER)

NC LM OISR O 3 —F —HIicB VT, EEOEWE)
PECIXNE D 34T 5. BITHIFRICB W T, I —F =Tl
PO RS R IR EEINT S 2 & TRkE LN Y &
TOEMFESEZEHTE L, L L, BIds4A Mg o
) EEOIRBOBEN LRI N T ARd o7z, ABFZETIE,
B4 OB R EIZ B\ TE Y EEEHUHR 5 W[ 2 %
T5ZETHENED RICTLMEEZ/NS L TE LT LN
RBTE,

A107 71
BiEMREsENE L
TIEEBANY NICH I 2EAMH OB EHRK

O WM - | 8 - (HHKEK - BHEE (HHK) -
H2EEHE - AL (v ) TR =V 74 Y 7 A)

TAEBEM OIRBAF GG D 720, FERM L & EIRIEH & oA
MR EATWD, —F, 52 OIREE— FO@EERn LI
Il e MR XIS 2 o T e\, AFFZETIE, £E—F
DOTAEHREITTO T AV FHORMEEZ K E L, &iE
MORBWIEZILET S, Y=y 7y ¥ OxRy FICHEERE
ZHEAL, MRE—FICBIT2BEROZLEFMLL. 0
FhEA, BEMGETBLRE IS B B W EM OBLEIES 2R T2 LAY
T&E7.

A109 73
BT 7F1I -2 AVETEEBROEZRERLE

ON B - AREER - Hfr e ORLCK) -
HPEE— - RS (PARERE ) - BHEE (ER)

TAERM O TR, 7TEIMER L b T, FEIZ, 3
WICI R BT X 2820 MERG ORZIINEETH 5. ARIF
BT, BT 7 F 22— F 12X BEBEEMEZIRET 5,
BAMIEENREL, WELAL22H0Z HnEET—5 &
TCP DM ZEN P OAREZEF VAL L2, 512, T
E 7V ETHMAREN ) BTN TN T 7 F22—5 D
WEREE TSI LT, REFREOMIEICLELRHE LT L
72

A110 75
IERmICE 3
2y FTO-TROBHRIEDY 2T LORFE

O &t - frtll - Pl (F—2 <)

TVERERICBIT A Y v FTu—T2 w7 LR ciE,. ¥ v
F 70— T OB RSO BB TR AEDPE LA D S,
Do, KM BN R Y v F S u— T ORKIE
BRETHLN, CNETY v F 7O —TRIETFHTRIET S
VBB Y, WYICKIES N T ARWESSE o7, F2 T,
o Fra—T7REFHTRIETRERZ Y AT A% L. 20
R BGE L 720

A111 77
EfRETAICEL B
TEERSMBNL ALY T4 — KNy 7 ICET 3%

Ollife i - T EFRHE (hiHRR)

LRI B VT, =y a—F %t kof@tiz i,
BEM G EORBICI Y, LR mMIZBIT 2 Z kT z2 Ml
ETHIEIIRETH . RIFZETI, WifEH T LR
BHOZRIGMEZYV T VYA LATHEL, EHMEE2HIET S
VAT AERET A, ARETIE, —RILOEEIRAELHIET
LHERIZONWTHARRS, ZHhk ) RICK > TH 27246 %, W
BEHNORRICEDE, EBEFEFICL A6 EZ W THIEL
7z.



2025 FEMEHE LA 2MFRRT 7277 ME

A112 79
EfREHEICE T B REFEMOELD
=7y MY—HOBESRICEZIHEORE

O}y i “ERU PN MCTE YN

AR, WA 7oA TR O B R sl CiEH &
TWa., Wiz HWZNEICBNTIE, =%y bx—h Ok
JEAT DBALDSBEER]DO—DOTH L I EDBHSL NI G5 TW»
A, RHETIE, e hmOZbcEs5 =7y b= Ok
FEAT DAL Z FEERIICIRAT L7z, BRI HEo X, S
T EERABRC & 2 TAER O W A JE AR M 22 BT B s o
BALDO B R ELEL 72,

A114 81
TERBOTIERORET — 7 OBBEMICHEERIET
T— FOFRE & BRENERE A OE AR

OIS - Rk - LF—] -
SHHH - BHEE (GUTK)

TAEREM OREEEICEA T 2 K7 & LT, AR 7 T2 e 0
(Tool Center Point, TCP) &7 —27 L OMRNEMNT DS, L
VEREML D TCP MR ZE 2 =Y ¥ ZRERIC X ) i 5 IICETE
filiZ 47\, RIS B Y RUT TR E E— FERIFE Lz, 4
R B T AEMMEENET LI L HME LT, TER
WEFE O — % B M FHI B L <. FEM BUHEITIC Coss
MEE R L7,

A115 83
3XTNF v AT 1 2 TEREL LREREFORERSEN

ORERAREL - ekt - LF—51 -
HERFH (v ) Fh—NVT 4 V7 R) -
e g - HEE GER)

TR OMEEBRENE, AERIMITRBEICEE L2V EI )
—EIRFEICT B 2 EAET LAY, 7 O ikiE BB R 22 ik il
eI X 0 EBNEE R ENRZ V. Z2T, BUNREEIE W
IATNVFYRAT A VT RWERR Y FICHIE L7 TR E
TR THAERNOBEZHHY I 2L —2 a3 VITLDEE
L7, IATNFXYATA VLTI L) TCPHM
WAL D 24 WM O ZBIEZ 19% R T 52 EHh 5, FEREfE
BEHICBOWTRE LM THBEEE SN RN D 5.

A116 85
TERBOX)#ENEE S I 2L -2 32500
BT T IVIERE

O/IARERES - HR/NKRES - IR (7 7F v 27)

B LAtz m &g 5729, CNC ¥ 3 2L —% THKHl
OEEFEE BT S [H—FREFIV] ZHEL TS, BT
OPTHEBEILIELIIMTOREE LG T 5720, Eidl
AR oNE. =75, MIBYTOERANEEZER L LETV
EHICERTE 2 eI L. 22 CHESE vy ol
BT — 5 = o THEHEE 7V 2 AR 2 )5k 2 Wit L
HEENIAER S B BHE) L ) R B SR



2025 FEME LA 2RFRRT 7277 ME

BO1 87
B7ANY MEBEDESREHREL 1
FERLIRETAM A DB 5
—AEMMEXPSICLD
Si b2 FREEEMROREREDEAI—

OM AL - 3 a0 - FREPER] - AR ORIROR)

SAEOPEAFETICIIE LT, &7 A2 b A = koohdE
WL AWM EAKSNTB Y, HALBRETOH -2 KHE
i ORI BLEOMETH 5, Fex 3, BT AT b IHEE
DNEEBI FAE Y HE 2 D A T BURME S AT & L B0 X
BTHE ALY, KO RMAIRE 2 IEAE TR 25 5H
HOFEEZWIEL TWbH, AFTIE, Si ML FREGEITH L.
M FEE TR Si ORIFHI % 17 5 745 ROV TR
Z&)O

B02 89
REOEME S ORABERGFAEELICLS
FRELET/ RERE TORGERETBIEORE
— B8 REBITEL LOEDE S BEDFREOHE —

OKHAR - HFa—2 VT vr8F—F -
WORE - R LToR)

Pl B A — VEREE RIS EE L 22 X 2B,
ATy bTOF  YWHEON - HEER REBIELR 0
) A = VBB RIS B 72, FERE W2 FHIT 5 A
b b Z DFEETIWIIITHREAZ T ST 720 AT,
BEAR S A5 SR TEEDE wbid, WEIERSHEOHR 2
AL CTIRITREMOES 2 HE L, ENHEOWNERTH 5
PraRZAL & AL S DJE S AE % 3 E L 720

BO3 91
SERFIREERVE
BEEETO7 7 IEHEIEETHECET HE (B 25H)
—RMREER OB CFEER E—

OG- B - EHIER CGRECR) -
Nz - N BT - HIHE GOt - @6 B ORER)

FEARASEARHR i O AR AL ASE S rh, FEEL O B & BRI %
AR ICE RS EE CHE T & 2 FE~D = — X7, B TROmE
HHLERIVALOBEASHE-TETVL. (EROAMR
THFHCRMEREE RS 7 0 m B L, ZELASEEH
W22 TR EREL, 100nm HEOWE ZEH L7z, AHTI,
SRR ORI DHER LIS 2 B EIZ OV T T
N, ZNOHEYEET S LI MEREON L& HF

BO4 93
BHRHELBERICEL S
Y4077y 7 kmMEFEOFEECET MR

OmEmAZE - EWE %5 - REHEGA - s OBoR)

WA T AL DY Ty 7 hEmOBRMIGINE, HEEL &k
L, MEOMERTIZORNS 20, ZOFHIPEETH .
WIS 2 5y 7 ORS LRmMEERIKET 5. ohE
T, WWHFHIOE—BREE LT, ESICEH LB RIS
— YOBHAITOINTE 72, ATl EEIERL, B
WEEERE2 Ty 7EFVEHWCEFDTD ¥ 32—V 3
UIRRTRATV, BFEHE Y — VL5 A BRI LM L.

B06 95
BREBERAVEIHAE L HICHT MR
—ZBETIOHMT —2DE VLD
HERED OB —

OMIRIRA -5 ARl SRR %

F—ra) A= g VEIHES RO 3L V¥ T,
HDEF L VAR Y s ORIRPZEALT 5 Z & TEHIK LD
BFT2 L0 YD 72 ABIFETIE, JEAKRy MLER
WA 2B AT 52 LT, AEDS 2R L 72 mREE 3
WMAEL Y2 RET D, BLERTA v T4 Y TEREDNE
Kk & DHEEATEDP S DI L, FEHETIVOHIMT— 5 D
WIS K BHEEAHED S DK ZAT o 12 R 2 W5 5.

e (RER)

BO7 97
HEEAERICBIET 1 —T 77— TRV
ETEORRE
—FHtEGERVAEREMLEBIC L HEREDOME—

O (tiEEk) - AEIEn - R B (RREERR) -
WY - LEAFH - FRIAE Pk -
AR (CIEiEER) - BIRNIEA (REEFRK)

V=Yool E A L CllE A1) EEENER T, 2
LIRPTROBEMY - 222 (B5IE L X) 12X 2 WERHE
PE OB HEE 2 5. 2 OFBEBIIZ I, BREEEO#
AP SN TV D, BITFHIZETII Y — 2 W% % 28 W T
W72, BEIR L KEBOHWEBENRNTE T o7 AT
1, Y AW{RE LY — A WG & OREGIRE FH I
225538 S X OB & A HEEREEEIN I % AR A 72 0 % U
5.

BO8 99
EESERAEL > ADE-ODREZELT7INT) XL

Oty R— - FfF % - ZIE B GHRR)

eI & B WHEARAS - FHAEA Tk, B L v X (i v
) BH SN BEE RGN —T5, EZEM RO
W7 — T A V=T PRV, FZTERA I, mE
M fREEE HmANV—Ty N2 W TE 5 [ EHELL ~ X |
FREL T A, AEHTIE, HELL ¥ D720 0P HEIC
BT A WHEEAL T VT X5 DB% & EEBREERE SO WT
W3 5,

B09 101
Al BRE) - FEFEGRIA 2 A HETRIICEET 2 TR (ElER)
—-YEETIVHEPAARRBZFE I OEXICLS
AR EHAEDRE -

ORETER - WIFEE - B - =6 8 GRaeR)

SO A GHNL AR B e U TR ROEATTH Y,
R ZE M R RE TR D XIIR Bl ATk Shn. o
NO DR E Mm-S MAHSARHEOMEZHYE L, MiH|T
BL U XL ARG R Y A7 AR IREL, HEFEICX
o CHUEHREE 554 70 & FHSEA M A o2 % i 7z, RIT
&) WA R BROEE E Y, WELE TV EMIAGAAZZH
LWiREEYE 7a e A2 REL, MAHFBKOEIEITY HA
7z,



B10 103
MIREZZRL AR FORGFFEOHEE (F—H)
—IvFrIMIREPAFHECRIFTHEOHEN—

Oy - KArHEsL - BB %% - Sl ORBoR)

MR FIED 53 - OB 2R, WA W35 A
ENTwa, RENERETRELTIV T I 74—y T
YT OMABEDEPHON TS, —RINIZE v FHVRES (B
SRS VPN IEEZAE LR, LY BRI
B AR AT RE 2 DML I A o mABEshs. A
W CIIRGEO B & R IC L D, LA Lz
Pi& T O 2 T Uil LT % 7- 0 O G E: 2 MET
.

B30 105
L%%ﬁ?ﬂfﬁﬁ?b%@?;?(x>b%:@—@ﬁ%
7 8
—%F v o XITHENCEL B 3 RTUBEL -

OAKiEik (KEK) - BHIEE; - #5iF 3 CGE0R)

1L, BB T 212D IR TSRO E O N R
VT, EESEZOMEEREE TICT, B 700 mm, &3 1
m O ARG A BRI ERO 3IRIET 94 A~ NEF%, ppm
LAXIWVORMEN ST, B AU LEORMMESRTAZ 2 Hig
LTWwa, 22T, AL v FEHVRGEICE LT %
A NOMFIRTWE R L, g Ve 3 RITALE R
Hz1r- 72,

B31 107
Circular Optical System Z Fu\ /=
BELEE) T A5—IVICET2HE (BAH)

—EHRIY 27 LDRE—

Ot WPk - WA - BMIEL: - 546 3 GERTR)
VAR, FEERICBWTIE, Y3 27— V2B 5 B0 35
BeASERk S, T2 02— ¥ OESREALAKD ST
Wb, ARIFZETid. Circular Optiacal System &9 #i7-7%%
FREEAL, HEETOMTHET~NOT7 27X A2L D, 5
OWIEA TR FH Y AT A 2 ERT B, AHiE T, 38D
FHHETICT7 72 A LG5 2 iR L. B S M E5ICKIE
LENPR LN L 2HMET 5,

B32 109
F_REREHESTO-TICET IR
— B ERAREHEIA OB O ERIRE —

Ofeik # -2 B & -w e GeR)

BECIE, POREZ 8z Al ke LT,
e ST BT B 55 R R S A I & S 72 S e A S A
Tu—TRBR L. KT, koo 2—pzillE s
O—7E L THWAEF— T A —F 2K BMBESAICHEDL
HH I ERZAREHINC B 2 ¢, & 0 B maE 2 | b il i s Tk
LT, EAOENE T — 7 b5 B R AT RE 2 5 T
WER T O — T 2T 5 2 & 2T L2 RIS oW TG
5.

2025 FEMEHE LA 2MFRRT 7277 ME

B33 110
X #& CT IR DR EFHHEA T — DI EMAREFEDRR

OUEBEFH GERTE, HHCK) -
e B - SERRELY- - Rk — (EERNE) -
EMIERE - & 2 GO

AR, RESEARE O WAVE IR % IR TRl 4 720, XMCT
WEDHEPEE o T 5. WEMBROBELEZMHERS 5720
i, A — U 2 N THER 2 FEli 5 2 W VD 5. KA
SHEZE I DRk A AT, J5 10T OMRERTEE 2 FFAliT Re 2, A
BRI ERE MO A A ZZH 7o r — VR RFE L, T OIEmMAK
IETEEZRELTVS. REHTIETORIEIRIZ HL T 2.

B41 112
HERERO-4YI2a-4%2RV:
B A B (& D < BEmMERIKE A
—HRREMLE IC L 5ROl —

OWMEFHAL - AT - I8 28] - BIEE— GERHT)

X PR EUV 2 504 DY AT 2 OREAIZL D,
TR E 72 E NG5 1 O RIREHI B SR & 22 > TE T
Who AWFFETIE. BB O 5T BE & TR ks BEAG
KFTNEZERHT2AF Y= 77707 M A M) FEEFERES
B MR EPERO 2 5 HE MRS 50 AHTIE 2
EMGEE LC, BUBHRIEME IS & 28I oW CEHI L, )
R EAEE RIS X o T2 OB T lfTRTH s 2 &
ZHEREL 720

B42 113
TO-THOFHERFEDHEICEDC
CMM I & % T AZ DO #EHE
—H1H #EEFEZAVETO-THEHEROHE -

OftH B - F0 B - BEHEK - BAEK - BARA -
LR IECAIEAVON)

SUOCIERE (CMM) TR 7 U — 7RO EAERED72® nm
T = ORMEN S THMERHFEEZIET 52 LIIHETH
%, RWFFETId 70— TERO A R AR 25 54 12 30 & i % o
JERE 2 HHIE L, CMM IC & 28T AZEO R HEFH O FZIIHY
Mt A#TIE, CMM & EEEMERIC & 2 35245 R 1 Bk
FHREMNNT, 70— TIRERELER 25548 O HEE DFEAT ] e
PEIZ OV THGER 175 72,

B43 115
3RAERY 4 mAIC L ZAR ARHMEOREAFAORRE

ORAFN - SEDEBE (UHRR) -
EREA AN (B VXN TR) -
W r G - JORFIRS (RURR)

Feoid, 3 REEIC & B KRB E diE O B 723 P o i
TR OEHMTE 2 S LT & 7225, GHIIRSBE & 220 3 fif aE
) EASE?E 5 720 £ 2C HEFHIKC 4 D OFHI R 2 45
FIRBICALIE 5 FHEZ H7210R%E Lize TPHISEOFHIERER T,
RIS RMS~1.6m T, T#EFOFHIH R & RMS~35n0m
T—8 L7 £/, 3REEARTEZ M L OB H il o
RIS ATV, GRS RMS~15nm 21572,



2025 FEME LA 2RFRRT 7277 ME

B44 117
u-CMM OEfEE LICE Y 70— TRIEF*
=7V LR - IVEORE—

OEREAHL - NG 2D A - BHFE - RIEE— (ERHT)

u-CMM & I-IE 5 88 A B = on il E i, JEERIE = H il
i 72 ST 2 R T ORIKME IR K TH b Z O
RGP TS % 70 — 7 ORIEREFEARAT T % o RIFFE TR,
HO5H LOEKEIEFYERIRIE SN RERE 5V 5741
[l & THEIEE L, ZoREE2 LT 52 LT il
iR 7 a0 —TRIEX FERT 5 FEERET 5,

B46 118
7974 7 REHEEEAL
KFBEIVITZ7 4 ICBT MR
— 287V A PUKXFEROBKE -

Ol 22 - kM (LiEm k)

FAE, R MEMS 0 I2BWT, 4270y X7 LA%
PREEMER 22 &, um OGS & % SR TRp L7288 —
COFENPEE o TV D, IS — R T 2Bl & LT
RFEH R THEIOETHY V7574 (LIL) BT S5 NR 505 &
T 7 oA 2 O TR H IR 2B 0, BUIRE LTI H A
RoNTWDE, 2T, ZHMAHEZREGEEA L 28 LIL %
B AR Sy — N T— 3 ORI E A
RIZOWTHIET 5.

B47 119
L—UhhiEEEE AV
TENEEHBOEREDHDOT7IV T X LOKRE

OER¥PE %5 - THHER - REHEL - S s O

THOBRIMTRHEEICRE RMEEZRITTI NS, TOBE
HEZHBEIGHNTAZ LRk ONS. BHELRY v~ Y
FHIZ G2 5 2002, THASHE L 22 L — ¥ % g
TH I ETHRET 290 E AV TENERROFHIT5: % 12
FLTW5S., KHTlE, WHE- TEREIZBWTEAT S
WO BERMEICEH LT, BHEAFNEFERT L2007V
T XL EME L.

B48 121
Z4 87 4 IV NEREMERIC L 2 SRSHKE = RTEHE

O/KRBES - FIFF R (BFER) - &2 08 OKEK)

T4 M7 4=V ERFERZFT L 2 & TlEEH AR = kIcEH
PEHT B, BHE<A 70l v XT7LACEhH Ty v
T HWNEND D120 —RIIIRRIRETH 5. RIFETIE,
HEGRESEICBIT ) TV 4 A =RICHEISE, BESEICh
FAEEBANV—=Ty PEWOcEHllZ HEEE LT, I4 b7 4 -
R Y68 R HE D 2 BB R U TR L I B & BT
ot s v a= v ra8AT 52 L CTERMBIENT 5.

B49 123
FEFERE ISR U ABERLIRIC B 2 REOHBENE
— XBABFARE L BERTOBEICLZ 7T O—-F—

Ors¥FRst - MIEE - AR ORBCR) -
T - RS - RiLiEs -
BEHIHE— (SCREEN sh— V7 1 ¥ 7 &)

FEM R EAF TN AT, AR LTI R L 72k P
[ DIBLE DE N AP PER PR (BT B 720, BRIE 2 RIS
BLAZV, XBOEEFEE (XPS) AT TE725 AT
IO E RS LIETH B0 AT TIE, XPS WEHR
ZAE ORI LA G DE, L)AL WEEHOWHERT
JEIE 2 4§ B 72 e PR RET 0 R BLHIORITH L,
INOZRRMEMEL CTFHELZEM L, ZUMEZHAEL 720

B81 125
FBFL —URERO L NME L &R

ORMPER - St - & F - il % CldesEkeR)

V—Hofiz 2z e LT, w2 ag L — 3 B o i 5§
ZHED TV D, PAGEEE 200 FE 60 45 ifER 2 H BB O R
ZATo 7z WA E TN FE TOS00W 205 3k W 12 F TH
ELRUFL L omakiEom a5, I 2 TiEZ o FBHER
ELC Mz IkWICEEL, BN OFEImEE, W5,
BoRBoOBEr A ERA L2 fR /ERX D DIV
AX_ET 200 BELL_E o> BEF % 2 FfE AR L 72

B82 127
A7 ZWAO L —FEIMBHIC &L BB > ZER

OARTF - fiuk Wl (THLIK) - mFIH— (FFEK)

T ABUNERE L —F 2 4T 5 2 L2 X BHUhL v Xk
B ST S WFBEEE S AR LM IETH B . L =37 — R
WM 22 EOMTEMNTL Y ZAORESPENTHDTL VX
P A 2O AHERRHCHPTBRECORIZ E=5) ¥ 7 F 54
YN B ARBIZETIE L — ) 40~60W CHEGTIE] 10~30s @
P TEAL S WAL 20~200um DL ¥ ADVERTE B 2 L2355
Moz NLRICA U 5 T30 & OBBRIEICOWTERT S .

B83 129
AEESL > AORERBERMY

OmlEFw - fivk W (TELKR) - Z2H5%— 0LRIKN)

WPE7 4V A 2 WA T S A AEHE AL XIZEEEEE
TRHEZENBEHSTETH), LW Lllagdbesr I LT
BB 2 EHERBREA~OISHP R E N5, AL TIIERE
55mm DL ¥ X% HwE m O CEBIE 2R fl2 L
5m M TG L 72FHI i 0535mm x 0.960mm (2GS 1,
HEEHTFTY — 2 OWHAIEH 1/80 IZHi/h SN AR L Lo
7z.



B84 130
L—YRAMIICH T2 REZFA L LR ICBT 2%

OHBFERW - ik W (THELIN) - Z2FsE— (RBLIK)

L — 12 X 2 AR ARAIRE TR 2 & AR ZEER & BU D B <
TTH#ELRY. COMOMLIZET Y v 7L FEETH/MN %
MEMRITLTWD. R TIRRERDIZ VIS ICH L L —F
ZoOVAMGT L2 ERICRELY S 2, BETAHEETH LR
O Z LT AMM) N TEE2RET S, Y 2)—L V%
BEEHWTL =75 A< & MEEHEEREOMEHIIOWTHLZEL
7.

B85 132
BERZSICOL—YRITMI L TICET DA EFHIHE

O3LEFR - IHEF - WFIH— FER)

AHSICOL—HFRAFGA4 T ZIZBNWT, ~EXHOHIEIA 5
G ENPEE o TWD., 22T, EH51EH5H L SIC
PIEBIC S T REZ R L, T OIS~ &2 PR SE T8 RE
Tl 2 W) HHTHZEL L EBROMSE, ~&HidL
PG THED MR L, IRETHEZ T & B R D
HIETRETH B I EARBENT, ST LY T2 BIFAH
AN RASTI N RS Y

B87 134
WIBMIZECALEL-—YRANT +—I2TI0LD
BHRRSRIN 2 OER & £ OXFE E WO LEED
NxRBICEZ 228

OMfTHRER - BEAIRA - INER - B (FEAR)

FUFZeTIE. L—F 7+ —3I V7T X o THEEILIRI N 2 5L
VBT % B FRT & RO I DN RIS S 2 BB D ¢,
FHREFBIC X 2 IEREB LIS T A OFH P OFEE B 2
o7z EORER, LRI E IO RO LI X - TERR =
RILIRKGEE, EREBDBEAT D bl 72, AR
ERFICXOR D52 THEL TEIMTL—FREANEMZ %
o A& a7z,

B88 136
L=¥7x—-32 76 5HITAREFENEEL

O HBE - BMYCH - HEIEER (THER)

ATV VABBO L =7+ — 3 72BN A E R E
DO EZRAT V=B L 2 IRESA % ARSI X
DEWL, BT T a—FI2 L - TN R e L7z
INET, L—¥NEAF v v SRINT TR FENE & E
PRELTFEEHL TV, 22T, BT AXRY FHoOKHMYE —
LEME LI EE L ZICED, FEEICSIHE - ek 2
MEBAGZPMAPRRTVDL I L 2R L.

2025 FEMEHE LA 2MFRRT 7277 ME

B89 138
L=¥7 4= 3 2 IMIEEIC L 2R T ERARIEER

OffKIAK - INHVER ORFKR) - T3 (RIFEE) -
HPFEERER - FAWEZ ORER)

ABEFETIE, BEAE 2 WL =% 7+ — 3 ¥ 7 LT
TR H B TEOMTI X 5 HEMEANOHKZ HEEE LTw5b.
ZD7HITE, EROLEBEMESEL S X9 REMATICBT 5
SCREHIBEAE 2 f0 3 L C, BB T — 7 2 L5 2 LEN D
5. TIT, MIHOOTHMEDS, JhFIET TR
BB L. ZORME, HLLL - FREEFTIZEY
5 B ZETERRE D oA 2 B 5 712 L7z,

B90 140
GEBEBERAVEL—YI74—3I  TMIOERFE

OBEHBET - TR @I - IHER 0L EK)

2IRTCEB L —F 7+ —3I v 72BWT, BYHIE WG E,
L= —ZMITEEE LT, =2—F Wk hT—2 %
WS EBIN 7 v A v Fa—= Ik, BN
P EIT- 72 ZOME, FHEHEAET NV EHMT—5
TR L 28R TR, v rF— 7 HTL PR ES R
ZEbhr ot

B96 142
Cuf ALy bL—HETPHR—IMIICETS
72 MERKREOR{LLEISERT 5
RIREDEVHRBERRICEZ &

OB THCP - BEAIHA - PIER - B (RREAER)

AWFZETIE, T ZMkERALA G & PE L 722 R R 240 Cu
FAVLZ PL—FET R VIILEITV, REOBLLIHITE
5 2 WIER O WA TATARIZ G 2 2 EHIZOWTEEE
L7zo T RO L MR OB B oW IFHRE & 0. W
W Z AT, O AT o 720 ZORER WINE D@D,
MLFIRIC G2 BB I oT2720, TNEHWET Bo

B97 144
CudM1L 7 bL—HET7HR—-IIMIICET S
NIVABSEO PWM 7 2—7 4 — L MIRRICRIETHE

OBEAAN - HTHCFE - PIINER - BHERE (FEAR)

BEMETH DT ¥ MEHAO Blind via hole ® L —H¥XdH
FINTA, FEWICHEMTH S, 2T, MLHEZKRIICH
32720, Ml TETh pMETRAET) v 7261 L
TV VR OKRFTHBH T A7 a AL E - §iERE O
PR T RIIR - TR AR A S BT X 2T HE DN
BB ERE L. T892 —% O Duty HASH R
R THEBIZOWTHRHRT,

_10_



_11_

2025 FEME LA 2RFRRT 7277 ME

B98 146

Ultra-high-speed laser drilling of transparent materials through
spatially controlled transient electronic excitation

O ZHANG YANMING - Koike Takumi * Yoshizaki Reina *

Ren Guoqi (HEK) - Shibata Akihiro (AGC) -

Kiriake Sota - Hasegawa Ryota (#%{K) - Nagasawa Ikuo (AGC) -
Nagato Keisuke - Sugita Naohiko * Ito Yusuke (H#{HIK)

Femtosecond lasers with extremely high peak intensity have driven remarkable
advancements in manufacturing across science, medicine, and industry. However,
the problem of notably low machining speed remains unsolved. Here we
demonstrate that by transiently exciting electrons in a transparent material,
the laser drilling speed is increased by a factor of 1,000,000 compared to that
in multi-shot percussion drilling. By irradiating with a single shot of a spatially-
shaped ultrashort laser pulse, the optical properties are momentarily changed on
the picosecond scale by generating a long channel of electronic excitation. The
selective absorption of laser energy in the transient channel leads to rapid material
removal within mere 20 u s, producing a crack-free through-hole with an inner
diameter of approximately 3.1 x# m and depth of 1 mm (aspect ratio of up to
322). Furthermore, the high repeatability and stability of our proposed method is
verified by fabricating thousands of through-holes in 1-mm-thick silica glass with a
speed of 1000 holes per second. The applicability experiments to diverse materials
has demonstrated the great potential of this method in photonics and electronics
applications. The concept of transiently altering material properties is expected to
usher in a paradigm shift in research and development for manufacturing.
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To address the challenge of stray corrosion in electrochemical
machining (ECM) and improve machining accuracy, a method
of ECM with bipolar pulses and auxiliary electrode (BPAE-
ECM) had been demonstrated. The underlying mechanism
relies on intensive hydrogen bubble generation and the
electric double layer effect (EDL). To investigate the effect
of pulse duty cycle on material removal in BPAE-ECM,
experiments were conducted in which BPAE-ECM was
compared with conventional ECM using unipolar pulse (UP-
ECM). These experiments were carried out under different
pulse duty cycles.
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High-Precision Permittivity Measurement
for a Single-Piezo Stage Positioning Self-Sensing Control
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Piezoelectric actuators play a vital role in high-precision manipulation.
However, conventional control strategies based solely on voltage feedback
are inadequate for nano-scale applications due to intrinsic hysteresis and
creep effects. To address these limitations, self-sensing approaches have
been investigated as promising alternatives. In the self-sensing framework,
achieving high-precision control requires high-resolution measurement of
the actuator’ s electrical response, which serves as the basis for calculating
the piezoelectric displacement. To enable accurate self-sensing, our previous
work introduced a push-pull stage configuration with dual piezoelectric
actuators based on permittivity change. However, the complexity of this
structure made it difficult to isolate and analyze the fundamental impedance
characteristics. In this study, we proposed a simplified single-piezo self-
sensing system combined with another two alternative types of differential
measurements, which improves the resolution of permittivity measurement.
The proposed self-sensing approach has been successfully applied to a
magniflication-type piezoelectric actuator, enabling precise sensorless position
control.
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Sensorless Torque Control Based on a Physics-Informed Data-
Driven Hybrid Model for Ultrasonic Motors
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Ultrasonic motors (USMs) have an urgent demand for precise sensorless
torque control technology in applications such as precision clamping.
Traditional physical models struggle to accurately estimate torque under
dynamic operating conditions, particularly exhibiting deficiencies in
parameter identification and adapting to changes in driving conditions. To
address this issue, this study proposes a physics-informed data-driven hybrid
model specifically designed for clamping applications of miniature USMs to
achieve efficient sensorless torque control. The model innovatively combines
the USM's equivalent circuit, reflecting electrical characteristics, with stator-
rotor contact mechanics, revealing the torque generation mechanism, as
its physical basis. This allows key operating states to be inferred from
easily measurable electrical signals. Concurrently, a data-driven nonlinear
compensation strategy is introduced to correct the real-time residual of
the estimation, thereby enhancing model accuracy. This hybrid model fully
leverages the depth of physical insights and the flexibility of data-driven
approaches, providing a solid foundation for achieving precise and robust
sensorless torque control for miniature USMs in clamping applications.
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Understanding Near-Field Scattering Mechanisms
at Nanostructured Metal-Dielectric Boundaries

OL k#b - # EEE - PRIABES (RETR)

Thermally excited evanescent waves, generated by charge fluctuations near
material surfaces, carry localized thermal dynamics information at the nanoscale.
Passive scattering-type scanning near-field optical microscope (s-SNOM) detects
these waves without external illumination by using a sharp tungsten tip to
scatter near-field components into propagating waves. However, the mechanisms
governing signal formation near structural terminations remain unclear.This study
focuses on the spatial resolution of near-field signals in the edge region, defined as
the sidewall of the metal film and the adjacent transition zone in contact with the
GaAs substrate. This region presents a sharp geometric discontinuity and distinct
electromagnetic boundary conditions, which can significantly affect near-field
scattering behavior.To investigate these effects, we have fabricated gold-embedded
GaAs samples with well-defined step structures using photolithography, etching
(dry or wet), and gold deposition via thermal evaporation or ion beam sputtering
(IBS), ensuring a flat surface. Scanning across the step allows to isolate the influence
of geometric discontinuities on signal behavior.By analyzing the decay of thermal
near-field signals, we aim to reveal how edge geometry, image dipole interactions,
and EM-LDOS variations contribute to spatial resolution. This work deepens the
understanding of signal formation in passive near-field microscope.
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Thermal radiation spectroscopic analysis on different material

in long-wavelength infrared
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At any non-zero temperature, the motion of charge, lattice vibrations, and
molecular motion within a material give rise to thermally excited evanescent
waves localized within 100 nm at the material surface. In order to obtain
the evanescent waves, we have developed a passive long-wavelength
infrared near-field microscope, which does not use external illumination and
is capable of detecting the thermal evanescent radiation directly.Spectra
of thermally excited evanescent waves can provide reliable assistance for
phonon energy change. Therefore the final aim of this research is to perform
the spectroscopic analysis on the thermally excited evanescent waves on
different material, especially dielectrics. It should be noted that a portion
of Planck’ s radiation originates from thermal excited evanescent waves.
Therefore, in this stage, we aim to measure the spectral characteristics
of Planck radiation’ s to demonstrate the feasibility of the final objective.
This study uses passive-type infrared microscope equipped with a blazed
diffraction grating and a highly sensitive phototransistor (wavelength:
8-16um) to study different dielectric samples , such as SiC and AlN, to get
the spectral characteristics of Planck’ s radiation.
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Structural modification of amorphous SiO, films using EB
irradiation
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Electron beam (EB)-induced solid-state phase transformations are
effective for structural modifications at the nanoscale, making this
technique invaluable for fabricating nanostructures. In this study, the
transition of amorphous SiO, (a-SiO,) to form crystalline Si nanodots
(c-Si NDs) using scanning electron microscope (SEM), EB energies
ranging from 1 to 30 keV, is demonstrated for the first time. A
framework based on three fundamental irradiation parameters, namely
beam energy, irradiation dose, and substrate temperature, is proposed
to quantitatively understand the crystallization mechanism. SEM
irradiations are made by varying the irradiation parameters, and then,
structural modifications are confirmed through direct observation
of irradiated regions under TEM. It is experimentally found and
confirmed using Monte Carlo simulation that the density of crystalline
dots can be effectively controlled by changing the beam energy.

G02 466
2Ny SRER L 7z Cr/CiN S BIROBREFHEIC RIS
R RELOZE

ORMHN - SRR - BrAel - lHEd (KHEISZR)

CrN R M, MEBEFEME, WS EMEICERTB Y. FHERG
ANDA—F 4 YL LTRELSEHEINTWS, ZRELick
0. BN OBENEIIH L. S TRUE 2k S TR S v B
Z LT Mo AR TE 5, RIFETIE, RF
FAR IR Y ARy ZY) B WVIESEETH S Cr #E &
ﬁ%f@é&N%ﬁ%ﬁ%ttCﬂ&N%%ﬁ%@%L\%@
FEMA VLS 29 I & R L 52 BT D W TR L 72,

GO03 468
FI L= EAVYELRICHTEIRANT Z—ILOFHE

OBl TEDE - WA - i 1E W - A AR - K CRBR)

WAFE, NV FAXEY FEER22WMEMEFE SN S 2 %ot
METHLF /) TL—=FFAYEY FopD)WEHENTW5S,
Frix, EOYA 707 A~ CVD #:12 X Y np-D D
BIANF =25 HIE L T\wb, 4 M. np-D AHEFIC
J %&éh%ﬁ?774b%%@k?%tb\t%?:-
WL BAKETIARTZ—NVIZEBRA M T Z—VOEH
BRIz RFEHTIE, 7=—NVHnp-D DFEE, % 5 CICE
MBS 2 5B OW TR 5,

ZRE

G04
CHeN, RRIEH A0 5 DRER T XV & AV -
ZBUERFORRICRETEREEOHE

O —F - RiFsBa - BHZRM (eEILR)

CTH8-N2 IR& T A% vy, RE 7T I A~O—FTHbr~ A
ORI 75 Al ko TEILRFEE R L 72 &K
W D FEAGRIE 2 200T A5 600C & 2 L X B 740, LA
ﬁwY%w77x%mk$®ﬁ& IRCRDPS 7 7 4 N—IRIC %
o720 TP ORFIT HEFOLIIRKTI0 ZR L,

469

GO06 471
1AVE-LTYANEBEICLD
Cr-N EOEBHE AR RINFHOFIMICRIFTHE

ORILAE - fmIHIgW - SARBA - BEHED -

PR EH (BREH IS K) -
BORR 2% - 3R % - MILEE (K ER &)
4 =0T VA MEE (IBAD) 3 lUL@%ﬁKCPN
Wz EME L, il Sl & BEIRAE I 2 SN L 7z 2, BB L
tCPNﬁIE%mWTWﬁ%@%ﬁ®QWE@ﬂﬁ%%ﬁW
BESEEEME SO HIRPT B X O 0 < BRI IT T B 2R L
7.

Go07 473
DTV T4 T U
REEBEOEBIEO T A XA VI T—Y 3 R

OREES - AdE K R mFEKR)

FAEREALT 23D 7 Y74 Y IEWICE Y, RERINEE S 5
ToH 7 I 70 UREERD I CIERTREEE 2D, N F R
MEMS 5B COIHP RS N T b, REFFETIETHIRO 3D

TNy — R, A rzahrbF ) T TORBILEED T
AX —HEE R EEL L, A XR38EH S B 12 5- 2 %
W (VA ARREF VU F— Y 3 YRR BAE T CEMb
L7

G08 475
FeET7EINT 7 RAEEHEEIIHITS
AL BRER D5 BRIC kTR
OKKER - A - FPAORE - BESRE (BRI R)
E— Y ORNFATERTLIMEE LT, TEVT 7 AEED

WFEINTwd, LHL, E=Fa7o8ETRICBWTEN
IR L. %htﬁfﬁmfh ME B LS &2 END 5. AT

TlE, BXBIZEIC LY Fe 7 BN 7 7 A& 4 OBSIHE
%%mtto$ﬂ%1i Fe 7 BNV 7 7 AE4MFOIR TR
FiEREM i O & HAR L. 51RO VN5 & 2 L S & 7
5 R RB OB 24TV, BEERI)IC LTI HE 2 R
L7



G09 477
IVIOZTUCIMRELT
Hh=RoF/Fa—-TaEIHIC

QYK - Singh Abbhiraj - ABFE GRARSERBIEK) -
BIRE % (BMITA)

REWM LT ) N—RMBO—DOTHLUEAN—KRF /) F2—7 (SWCNT) &,
ZOIERINCE VIRERRIL2 S FHI L= OffsiE & LTiffshTwb,
FH T LR — 5 ORI 60GPa % 2 % 5 [IRIMEASRD 5 TB Y, SWCNT
ITEBRMIC S EHEMIC D TN AW TS 5 2 EAVRENT WS, SWONT %
FERBCHR T > =7 ) v MR e LT 1SId, BB & R L 72
FEFSWCNT OH A A2 KEL LT E RS %8wAh, SWCNT 28> Kk L
QY= 5 L L ORIAAEA SN, BEFKIEIK TS 2MEED L,
N AT IR RS 2 A% RO SWCNT BT > 2 =7 v 71Tk Hh
TWwb, KIFFEDOHIIE. SWCNT 2203 > PO YEE ME o SEM X
MEMS 5lHER Y A 7 A % W CRREHI L, GIRIRE O 4 4R % #awT % &
LThH b, RMETIE, FF. FHAOIMEL 72 SEM WIZ MEMS 51RRER7 /3 A
AbkF/v=V¥al—var7u—7%GH LA T 2 MEEHE Y AT A%
$ 5, €L T, SWCNT, SWCNT /N> Fib, SWCNT ¥ — Y %S DFRREDHF 4 X
WL ZORKELERRD,

G26 479
BEHE@7 Ot RICLD

BB/ 2 — 2 FREND Ag T/ 74 v DORELAECS]
OV/NEEA - HHEIH= GZafER)

Yo, EENE, EWMR EORRWIEE L O&)E T /R
T, EERE, F/MLRETHEI IR TS, L
L, Bl & W 2B F 7 KT OIRIRIEDS X O E 1 8
LENTWE, FZCTARMZETE, BHTEMEEZHwE
GALHA TV Y NIV TS 742X BT a OIS
F— VM AR L, RSN HBUKET LA 2w,
&IEF /KT A ICELY S & 2 A% 1T o 72,

G27 481
BEHERILZES > TY S MILD
SiCAD~YA0 - F/BLE/NG — > DK

OXHERE - FHME= (LK)

SICOA 2T/ F ) ALK S ¥ — 2 2 BB O ¥ ¥ %
Y VREHIM L LCOmHAMES LTV o, L Litk
D SIC ~ORALBL S & — 2 M B Bl 2 AL E T Y
SEHR L YA b & I B 2 BUS BRSO O & AT 4.
Z 2 CAMIEC I B % 0 L 72w T % 0 i
HIRALEL S 5 — > DB & Rontzo F 72 BANZIF & BRI
D0 BEALBS Y — 2 BHIC B4 B BB L2 HIG L 72,

G28 482
AKEETIAVIVvFLTIcED
BWXEAGe Fvxbhy MERE/ 70X —4D
EZHAE LTI

OZ= g krl - NHFER (RBRK) -

BHIERE (A —7 X727 /0 —X) -
INEIRE DR ORBOK) - RIRFSE (BL2EAT) -
ITHGRESE - B KE - IDNFIAN CRBOK) -
FAEHs (BLARE) - PR (RBRK)

77 7 RTINS B RS SRT T IR e & ATE R T
HBHY, FxANAy MERFOWMTHRZ AT 5H T T,
K EADBADHET SN, KAFZINFET, KRAET T
ALy Fr ZIE 4 EIFIMTEZ L, —Mi7% Stk
TR EAREZER L. SH, Hzil Ge WETFITHL
A oM % A, MLEMFORBELIC XY Si & FEOMT
BREMMS ZER L, BEMUDPTHRTH S Z LRSI

2025 FEMEHE LA 2MFRRT 7277 ME

G29 484
ASEEBIBBETTXVICEB
X EREERTOEEL

O/NHFER] - =5 (RBOK) -

MNTERE (LAY —7 22527 /0Y—X) -
KIFR} - L RIS - (DRI CRBROK) -
FAEH L (BLAHE) - AR (RBRK)

Iy F Vv TEMDO—DTH BT I A<LFELRALMT. (PCVM)
. REET I A< EFHET B 2 & TSI TAST hE 75 A5,
WD THNZRBTOIMTIE T I A REET, W25,
ZFIT, MARFRLEN 2 RAEU EE T2 E2MELT
&720 AT, BEALIC X Bk ER T T I X< ER L,
IMLARREDT FIZDOWTHRR, TOFEET T A<E2 iz
PCVM % X M EHHET L — % — Of GOt E T~ L 72k 5
LT 5,

G31 486
AKIE PECVD &I & B

EREMARSED—T 1 > T OMBRT O ZOMH%

OJk#EE N - Leapheng Uon * /NEF#EC. -
KS#E - HALE (KBRK)

Si RALE PRI I b1 % 52 Pk e T VB AP & D B -
BFTFNA AELHWSONRT WS, AWFgETiE, BlzIE, &
FARLT 7 ) Vip EQFBRIM FIC HMDSO LR AFL v 5
F v 7 AKFEHOMEOR—F A SiOx KA1k a2 —5 1
VOB T O A EFRELTWD, AFEICE > TER LR
—F A SiOx YFRh I o — 5 1 > &7 o 5k 3k o OSSR 1 40k
oW THET 5,

G32 487
BERRBEARET 7 AV ERAWE

PECVD %IC&BUFI LS+ EiE Si BEEEEORE

OJRARE#E - Afif Hamzens * Farrel Dzaudan Naufal -
AR - KB5E - AR (KBRK)

Fxld, RKEEPECVDIEICL AU F 7 44 F vEBOAMRIC
I I ik 2 s R Si TR O B e SR B 2 W28 L T\ %, Bk
it BUERIEE 7T EL Y 7 AEO T EkE A Ho SiEE %
WL, BWEt &L ERAAR T RO OS2 Bat L
TV B AFEETIZIEES pm P o @ SRR &2 /L L,
ZORBIFHB XL OEBRICRIEL 2N —7 2 VI X B EMER
BOREREEZRET D,

G33 488
RAEHIEINTICm T 2Bt & A7

77 A OFFER - ZRFEEICET 5 B8R
OFMITE - BRI 28K - KT - INHEMET - EFRA OBK)

HE IR S 2 BRI LT 5 ke LTI T 5
A=A b EALIT. (NC-PCVM) oM ##EL T& 7. NC-
PCVM TIE3E D B 2 M L 2255 B4 2 24 5 720,
MTCREEMAZE T EPETH o7 22Ty FA D
BEEHNTT I A oAKfHEE 5 4 3 ¥ 7 Z 8k
B4 —4#5 NC-PCVM ZIREL T 5, AFZETIE, LM
DGR, 7T XL E 2 S AR L. B mm/us @
HEECTHPAICIAD D S E RO LT,

_34_



_35_

2025 FEME LA 2RFRRT 7277 ME

G41-G42 %¥—/ — b RAE—F
BIVEEICHITD
MNMEEDE Y VT EF Ly JERORY EABN

OlAftl 2w )

BEEICBTF L7 — 7L - ITHOMEE . TOH ) A E LT
[eVARE] 2B MEEOFTRER-NT 5. MEETT—%
LS BE7Z > 7 i % TEDRRMRA ) & [VEERRR] 2R3 5 2
LT L. TEERHOFHIRR MV Ay 7 OFFEZ FEH L 72
EHIS, INLDOF—=F G LIAEET A ¥ A2E )., fE
FEADOAX IV L2 IET HMAMAZIRET S,

489

G43 ‘ 491
SRR Al T—2 £ > b OFIEEH

Orffht - AKE—HE - 3 siflt (54 F 2 T3) -
FRERES - F # - B (H 28

BLEBIY O BARIEEZ W TR, RO LA b & Bt B HE R
DHETH bo Frld, RMXHEEZFL Y V77 7ML, R4
RLERR T A T 4 Bl 2 H D BRI R AT & A AT 125 S
HAT T ==Y a7, FEIEFERIE 5 MO %M T
% 5 Hrofg g 2 H v, BB E 2 2448 5 B RE ATl TR
R Z MG L 720 i, 10 B BANIZ 90% LU L D KEIE C IR & xf
WaPoR Ly EMEPHER SN,

G44 493
CAMICL 2T ERRBRERICHITS

BHBIXVX—ETNVCEDCGEHBENTRORERE
—I7A Ty DOEBEEHELEBLEETIVOBE-

Oy B - Too—Hl - FEHHE GERER)

TR Y 27 2 2B 5 AV F—HE =D& T,
BRI AR - BB R METH B, AWFE T, #izic
HRENEORKEVWITI S Ly 2B LB R L
F—EFNEMEL, THREFNIBT A TR AV F -5
PEi~OBH 2% 2 5. 22T, LEBIZALVEF—FEFIL
ZHWT, CAMIZX 2 TEREARKOMT. Y X7 5 4fk0
IANVF-WHEEZTFHL, TORYLEERGET 5.

G45 495
REGLICE T REBFEFEFEORE (F—H)
—{EEFTREM A OR B 2 B L - B ER -

OM&R & - =Z1rthe - MEE 5 CGREECR)

WO RIFar LD EBUTINT T, RGO BRI ek O R4l T3
PEBHHE SN TS, Th o OFHGRRIE, oz —HH
SGTOBHIRLHMIEEO—D L 5. —, FHliEH O
FEVEDAL S & FFH I H AN O R A T DR, HHSh7zX
a7 & —YPERITHHET D BH OB ATV 5.
AAETIE, BEAF OB ReERHIG T T o RN EHI 0 Sk 2 5
LT, 2—HIZE o TRYRBHT MO 2 RET 5.

G46 497
BEY 2T AORMEREFICH(T S

HEREA ETVOERFEORE

ORI - IRl GRETR) -
DRLEPHEd - EEAE (R - MEH 55 ORE0R)

B BSEEED ATRE Y A7 A28 WT, BT MR
JEDMK T 9 2 WD H 5 A5, KR &2 MEFES 2 H 3. ST
Wi\, ZF2TARIZETIZ. AL EF NV OEDERIEC BT 5
MR D7D DETNVEHFLEEZIRET S, CNN & H W 72 fiii
KHORGHES A2 2B AHEHTHE LT, FA AL V#EIG
Tie XAT (B#THAL) Z2HCEFS VSR THE2ZEH L
WA XAL 2 V727 VER RO AR SNz,

G85-G86 ¥—/— NAE—F
Ta—Fv— - THAICES
BREEICL BIFRTTERMEEE

OBHATE CRBUR)

SRR E R ESORE IR E B AMETHY, K
W E DB EST R OBAHO FICRELTWD, 20
X9 R MHACHER L 2 AR DA R FREICB L TEEE S [Tk hE
BHE] ZRBLTVW5, HOREE2VWEHAICBIT2HAD
FX ) TRRDO—BIE T B0, EmAEEEICELT—2 v ay
TRERL TS, AT 2018 4EFE X ) DN 2057 L4 D5
B R G IR R CE Tk 2 AT o 7o L E R AT
WL T %0

499

G87 501
HEIDPSAEEZ TORIREROBRMEEZRL
BHEERROYERIIRFEORE

O HAE - SCHEH - Hi - =040 (HZ8F)

RRET D AEBE F TO TR A MR EN & BRI 2 LB
AW EHT 51213, H 5 LR TOWHEI M TR M
HCHZ BWBOEENFEETH L. A5 LR BRI
O IR ERE T A E Lz, H#LRICB U %% E,
M THEAOEE, FEoZ Lz KT LT, SEke
TREOMGRE ET ML L7 GBS O FEIRERE, £
e, LT 23050, BRI HS-9 5 UGG KL R & ik
L7

G88 503
FHENEY AT LICBIT S
TEQES EFEHAIR FOEHIARSE(

ORAIPRES - WEEEE (FERR)

AWFE T, FWEY 2724 (FMS) OBEIIRMICH 72558
MIEHL, U TEOBEHI A N 25/MEIZT 2 L9 4T
B TERWAOEGICEH T 5. URHIIBIT 5 THIRED
T2 RIS 5 2 L2 & 0 R4 T EA B O ki % 5
DL ELEMD, ZOMEE HIIRELETVE LTEIL
BT HOBREAHEMA T HORG BRI A MZED L)
B D EET b,



G90 505
RANRGTEEDHOEERE I L—LT -7

—BHEEAICED CERERE -

OSARERE - ARG - Bk CRIRAILR) -
PR - WS - Bl R RBEK - TR 2 ORE) -
IR PR CHCHR 37 B SR R BE)

KRR Z R E T 5 ZERFEETIE, BEY—F7 A 298
EL BB OREEOEE N E . A—HoffeTid, B (%
HEFEARGOMNE ), 1 G- H), MY 1+ H) o4k
FICoWT, &S & WAL % F— Ok TERT 5 2
LT, EPEDFI B X TR S Rk 2 2 B R pE RN 7
L—2T =27 &RELTVD. KIFETIE, BZIFAMIIEIH
CHE 2 GRS L D ET 2 FER IR T 5.

Go1 507
b7y VEXETEIREICKH § 2 BBEEEE BV A—FE
(B3H) — K71/ \HOETERMDTEL—

Ofik - IHMEE R W% (FFR) - kL GElX) -
AW (DX F—IVF 1 v 7 R)

JEETFEAC X YRS ROWIEICEV, F Ty 7 FIA4
NOGFEERERICBE S 2 H#IE— i L wd 0L 2 ), FRICEER
Bledik 2 40 Bk Etm o Wil L & =Ibskd b5 Twnd, K
WPETIE b7 v 7 Bk FH R 2 /N1 R 4y S
TS 2 & TRy 2k i 2 E 3 5 TR Z B L T& T
Who ARRTIEE LT, FIANHMORPIEICEE S 57207
T AL 2 Z 2. FHABIERIC X D T ORR LR T 5o

G92 509
IEBERHORL2EHM EZEMNELL

B#RERIZY 2T A

OffAEE (WEIK) - KB (4 b—%) -
PRy o - WEMETRE (BERUIRSIR)

BEBY O 5 SAG A Bis L, B4 BIEHAN 2 72 ek ke
VAT AR L7z, FERERICARE T EY - THAEREREL
FERONY BV EUN—THRMEZATS . fEBREMEEZ AT % &
BB AR Sl 2 Bl E 7213 B 23R $5 2 L T, AIHEIE
REPOWIGEDOE VR T, ST & Fik s DR EEHRE
ZHTEL, REASHTIM S EERHRTIE, FhRBIEFH
WOWH S 2RO, BERRIIERITE OBMEZm E 3¢
7z,

G93 511
Fuzzy-ART Z W\ T
EERAlEmE UERAT 22 B ICET 5%

Oz - WATORES (SRR K)

IR BN T, JERHBE D3RS R 3 2 Bl o 374l
T P D SRATEEER AT R 2 516 3 2 AR 2%, wmfbaEE &
FUL w200, BEFEPCTREICIESST M 2% 5.
A7 ETHATHER STV D, AIFR TR, RILEE oI
BOTREBHIZ G5 2 E AR E £ 2, Rk
Fx A7) WAL E 2 W RIS, Fuzzy-ART # v CHlll L72#&%
BRHN 2 05§ 2 s b8 2 —E L 2 0% Z R L7z,

2025 FEMEHE LA 2MFRRT 7277 ME

G100 513
B AR RE LR ORRE

- EMRBELFEICK 2 REIEBERE Y AT LADRE -

ORMERS - BHHid: (YA 727 b) -
FbEZ - A — CeH PR mr7e)

eAxle O/ - R LIS, NV L AEEZ R ET 5
BB ORELI RO LN TVSE, TDE X, HEME R
T 5EEMOREPTRMEOMAER T TR L, REMOMEE
TOIRTITA XY NOEEPRERGT CTIILETH L. KR
RTIEIATIA AV PDIRESOEE fuaq FTHEEEL
TSR ET Y AT A 2% L, HmET IV EHEEN T VT
VAL RIGEH L7222 BEEALI X0, il 2 155 0 1T 2 a2
ML L7z,

G101 515

BLEDRMICE D

KAt T MNERXED - HOBESRRFEICET 5%
—BI SRR (TR ¢ 2 EERE —

OmAmt - EHEN - EB % (EILIRTIKR)

BEME SO CAEN 2 BT V2 7 oK IR
BOT, MEOHEIS U THMHELIEL 2B EbNTWA.
LaL, MaMotEOES Y (Bamlm) oeBmeribl
FEWRETIE V. AT, BA2lez LT HEOM,S
BT AT T R T Bk EERE 7B SD % F Vv 7z AR
T AT T OFBEFHMI L VIT- 72, HEEOBSCESE KIS
D703 B B TR B 2 MG NI D W TGS 5.

G102 517
ETFIN—-ZBRICHTD

MAOEFO-HOREHRED T EEFAROBEL
OV HSCT - AFREM - BRI K - EHEAM ORBRK)

BT NAN— AR BT B0 7 & FEERE M L2 A0
Tt - HEEL ORI AR OER - WAEAMTHL. 0
TWREDOIRED 7280, FERMENOBIARETH 5 & DfE
KON L, ROFFEIIEBIFOH L v 7 O I & 2 H4F
0 7 oA, KBESEEE T V2 LG5 F EROREL
DFELRRFET 5. REHBUEIEA L, FEs: - Mgz m
UC, REFLEOHMEEBGET 5.

G103 519
#i - sEEEROR LBROHENEAOHA

Offpdbflt: - ZRBAT - FHES - T G0

GRPLEEDVHRFENEZ MR T LI L RIERTRL, Hikn
B ZOR O AT X B 5590 & Wik 2 R A ST
Wh. —HT, BEORGEHIZEED TEIE, b 0¥RH» 5w
B MR LS 2 LIZENN, ZOREIETH LERD
FEREARIIIR EIH SN TR, T ORER, B EKRDFE R,
A ETE DR L PR IS RN TV B, A EEE IS
X W7 mBE IR 2 RS 2 ME B ORI 2 A 5.

_36_



_37_

2025 FEME LA 2RFRRT 7277 ME

G104 521
NI IJVRIEICHT
SUNE 2RO B & EBFRHROBEY

O AT - FRFME - 1A we (RSER)

BB, ML ACHESANE OB ICABRENRAET S
ZrIZXY, HMEESEETLIBLTH L. AR, RSV
BRI B0 % BT E AR 0 T BIERAN & SE Bh 22 10 R oo B
EHET L7, REVEIEICE U TRBEZNO FHEE 7V os)
XRLBALS D ENIEIR Y AT AR R L. B ER
TROA M X A EIVEEBLE % Derivative-DTW % H v TR
L7z, SEBODEIRICH T 5 EEMESGVICE 5T, DDTW @
HEEAEFNE VAR Sz,



HO1 522
AT IVEREERVE

BRLZEWMIAEIC L 5 SiC 7 2 /N\OHEE
OHRM&E - HHIE= (LafER)

KA AR F BT B A 4 FZHINLH & LTS
THBY, EFEREGOMUERIN LODIZKTE EICT 207274
W EDS RO N T D, BERALAREMBTE 3L % 1
FFITERPORMEICHETE 5%, HWHEEHCL720
BREANOAMRBROLB I A LS. 22T, KFKET
EET T VERE AW ERE 7 ) — D ECMP 2 %L,
X0 B T O Pl & A7z,

HO2 524

WreBRATA Y L TRMICET 2 EHIRE

OAEFSE - BRAFIER (KHEER ) -
MW P - MR (R E)

MBI DAL Ty MY = A~OYBTRRE. &L
B D KRER % oD B 2 & h b BHALANDER A, 2T
COYMTRICHVOEND T4 Y — Y —O @z bt I =
MALZ HIE LT U4 Y —TH LB IR EEE %
L. YIBiEORR 2 7 4 ¥ — FACR)ER0 2 M@ R 3 2 B A
TAT Y TEREL TS, ARG TIE, BRAIA VU 7
MICERZMET S 2 & TN TWICEILRIE 2R L, sy
R E XL RO W TRE L2 RICon T 5,

HO3 526

BHIGENINBRE A A — L O TRER RS
OWARAG - PH 35 - AR (E1lEs)

AWFZE T, MHEICBSE L7 ERESGENMBIHE R 4 — v 2 v
T, B L OTI5IE I OS5 R % i3 5. BE -
BT TR, MTHETIER S NBHA Y T A 7 Rk 0 288)
ZHEMTERETH Y, ERREL EOLMEEELSEDD, N
BrFidm, RMMER, BXOMILEO MV 2REL, &IN5
PEASE MG 2 BB AR Sz L.

HO4 527
ERKGREN L A TEEIERNIICE TS

EIEH B ERF O E
ONALRIERS - fediiE (FHIR)

WEBAMTHER, 7V I VICERTREBRN T T T
ZMILTEE UCTHAT 2720, MR o Zmhn 1125w L
TWwWh, Rifgecid, BEKICHNTYZREIET, WahT
7T Y OEMO AKX ) RN L A24T 9. T TR
A EF S ¢ 5 LT, EMREISIN G % EoRmEE R
FHOMCLTE L. R TIIEBENMIEE LT, ISR D
B O A BT TAREIC T 3B O W TG L 72

2025 FEMEHE LA 2MFRRT 7277 ME

HO7
REORHET—FEFTEICHTIERNMR (F4H)
A TR EFEOTENHAE -

Of HeZ (HATR) - # 1E5A (QVI Y x/82)

529

P & IXFEAT 400 ~ 500mm BEOEFEDOZ L 2 F ). A
RTIL, BHEOWIRE S OMRERTBEY, AHTIZ,
PO NMNZHES D 2 D) 72K L 5a o5t i i
7o, ZOREE, BARBE—F, TRBIPIZDICONT
ZORMEMNSONMCT B I ENTE . BRito—o0ikst
wh 27

HO8 531
RAKECL 2 EEHE A LBEFAICET 2R
—5—% HEAE A#E) ATCEKkLIS
BAIE R BO%E -

Ok IE5L - R TR (QVI Vv s¥Yy) -
et HEZ (HARTOR) - SaA sk (B2 BER)

WA T I SHARMOAERZNFEIZT 2720, FEAEN LY A
ARAERRMEAEZ AT 2 X ) URT S iz, BIRRTHRA
AEDOFNEHNCIEHED S  ZNE ATV RV, 531
B E TR S A2 R EA D D WEIZE VT D EAE
W2 & ZEHIiA O ORI DRD SN Do LA LAD S, BITAE
TOHEZRAT) OIEY 2 FEPIHETIE 2R < FFARMTIE
T LM E S B3 2 E RS DWW THGE 2179 & & L7

/N i

HO9 533

INTTRERMO DX & AWK EDRE

OREIED] (KAGAMI) /MR S - KEFEA (IMARSBE LAERT) -
R (REFRTEY) - BIEEAE (RHIRIK)

INTIHEFMR O T 5 ML - B2 AW BEIC % - 7245, B
RS ro IS EMCTH B HED D > 72, 4, BUIRE
HAL TV BUHERICHERTE, ZMMcEHE ) 7V s 4 Ak
WEH O & AT HEIC 22 0, NN T3 25 Mk % 325#%
TEXDL VAT AR FMimARD, BB Lo THE LY
YT 4= TE2L%25%.

H10 535
3D Z2F v > F— 4 EAVEET U L TEBEOHR

OMKAH (WIK) - AR CIRURTRHRK) -
WAL - A W CRER) - HBFBE) G 3EfEsR)

ADAFY Y L7EYDOF—5 %L EIZ3DCAD THL—27 5
BT U TEMERE L., HB LM AR TEEE TSR
CR¥ERERL, 7vr— I 2EiTsL b, 3DEFLVD
SEREI 21T o 72, KHRE LT, BB L OFEDHRE L EK
THI LN TE, XHOMFERE R 22 HARFE IS Z LwiEg
12E o TiE, ZHLESETY) ¥ FIEOMRIEEIC DR A
WM TETFT) v ERETLLETHM TH S Z MRS
7=.

_38_



_39_

2025 FEME LA 2RFRRT 7277 ME

H11 536
MERICBY 5H% (5 3%H)

OffEiER4 - IHET - WHIH— GFEKR)

W I I S A R Th 5. WL TIEFMEE BT
TEHBETOMSICEESINTWDEA, THHBLEL S ORI
FEAEITTbNT W, 22 TR A ISR O FrHmi 3
Dby EHBLZEEAHME LT, WHEROMTEEIZOWT
FEL 72, AT BB RO TAEICE B L, BF
BERAHHT 2BERADA v ¥ ¥ a—, S5IEBEBELH
W EER % 4T o 7R BRI O W TG 5.

H12 538

MEFMEL AU DXV ORIS
OB T CArher i)

RFZETIE, 77 AF v 7 BEIEYMB ORI, YrFkesE o B
BT D720, T IAF v 7 ORFMEE LTHT S
CLEHMELTWS, MHoHCHEAECERL, h2E
MEELTAY A NVEYZERL, BBz ERL T, €0
PEREZ POM BRI, FrPpiai & IbB L7z, T MR, Ay
ANVFXIE, POM HE, P& D EVEFHZR L.

H26 540
Pl EEIEED DD

NUBEBBOF Y b OSEHEIET 5HE

Pea RBEK - 1/ & - @A - OKREHEN - FEREE -
WETEE (RHIR)

T - ARERZEHIC BT B4 ¥ 7 IR R TIE, Ry M A
RO/NE - BREALHRD 5N D, FEATHIZETIE, B - BT
DEERE 2N E LT, A6 WRIE TR Y s DRZEHI»IT
b, BERZETIEIWBEORE R MBERES W 50 & %o 72
A TIE, BEMZHEHZ M LT, L LREEAE O
72DIWARITR D BB WA I LT T VAR TV, AR
BICBIL, BEDH - RELEMET 217 o 7R 2B <2,

H27 541
MRENETORY bD
N2 TR - 2 U HIEREREORE

O WP - AR ATRRS - K FHEA - AERSEE - T (S0 LK)

I SRR BT B A v 7 SR T, v Ry M H
TRO/NEL - BRALDSRD SN 5. SREEZ2R T OMER A O R
AL R AL~ OE R ERT Ry Fo@HEHVWE LT, &
RS BB & FE R L 7o R RO R Y S OB E 1T o T
WA, ARG TIE, A 6Smm GO/ ETT R Y M
BIL, ZEEAT D720 ORRECL B Ol s - 2 > 923
BTS2 Mt R bR .

H28 542
BEATAVYERVEY(7O08—ECOME (8 13H)

Ot / fi - AH 8 CEEHRIIR)

ANEOB O O G EAVEERO 4 0, GRS AR Y
YR AT, TRy EAHD 4RO Y ¥ oM THM
TAXEMAAL LT, ¥—ErOREPELIZPER~ A
ray—YrEER- L ARTIE, SVEHICRELRY
YOELARMEEZEZT, 1 OMEORBRSRLRL~ A2
0y —vraREL, HREREZITo 2O TLORRZHET
5.

H30 544
BEM7AYERVEYS/ VO2BEEOHE (E10%)

OBHIZRE - AH 2 (RAHRIIR)

AT A Y EHWT, MMEDOY ¥ 7 OIVEIHMRIE, NI
N A RIZ Lo~ A4 70 2B Hiie, ZORIEIZBEAE ) <
47 a/NEEZEEL, ChoZlatbei~l 2z o2
B A ER - I L AT, ¢ 1 mm O
Y2 A 40 B8, PIEE 32 B o> 2 BE i EE & A1 8 B oo/
BHEZEMEL, T, EHERO7L—AZHWT 2ERELZH
A 5 RS B TAVE 2T 1% BE L 22 R oW THiE T 5

H31 546
EZEHUREEZFET 55T - BBEOKR v bOFR

OICE - $5AfER] (TEBER)

ARG & L) B2 A5 2 84T - Bkl R v b oifgE%
HiE$5, Mo I 2L —Ya VERFICXY, BREEICLE
ALy, FRhER Fht BATOEEGSoMGHREE
Kb EITMA, BAOELEZ FEICHEETT 52 2T, &
BIHREX 2D ZAREE Lz, AR e LTHE S 70mm Mo
Tk L BRI O & LD ISR L 7.

H32 548
NFRUEREBE LRI ERAOK Y FOHR

ORMEHHF - SR (TFBER)

AMEOHMIE, NF R 2L L ERPa Ry b
W200F—F WL CHMGIHZIT) 2L THD. HHR
IND B E DR E N B /NI R R R A LT, PRV ERITY
BATE20ERy FZRIET . BIKIZ706[g] & BEREALICK
WL &9MEORZEEL, 35DFIEMVzhoflET,
535[mN]| D ERA I LK 278[Hz] DI X7 E Ik E %2157 <
faveEHRL, EADE—FICBEEZG AL EICX D1k
R I 217 - 72



H41 550
HABAUEREBRFT /A2 TVMIVIST 1%
HAEbe EBHECEBEE Y/ /0= — NIV

ORIy - A7 e (FILRSEKR) -
Ml (EIEERTt) - BHEAN (E0E8)

AWFFETIX. FAEBEEMEREF /A TV VIV TS
T4 RS LET o 22X ), EEAKEES T v
VEEEH OB A AR~ £ 2 0= — FIVOERE 2k
EaEH L7 WERROERNTH - 72 5H 0L L5k % (K
WA T TS 2 2 & T, KREr ORI 7 0=
— FVORIIIEI L7z AREIE, EE, BFE. Koy 757
Y1) =3 A7 24 (DDS) A~ s S,

H42 551
BREREIC L 2 BEBHEEDEHOD
74 7 A=— NIV

ORI HEET - R - BIFIVHE GIiR) - RAHEAW - W
FIAFIG - HP 8 GREILIR S BERER) - k2 GESR)

JEEARHR OB MRS T NAL AL LT, ¥4 7@ =2—F
VA yyay—1F (MNMS) OBZEDHED SN TW5b, BITHF
Ze T, AR~ OB % e L, KB cogm & B
IO % HIE L7z MNMS 255 R S 7228, Bk Bh ks o
BIZIZES oz AHETIR, 2O AMZIZ OO,
W& B 11 BE % 4 2 72 MNMS ORI %47, @idkb ke 7
% 7 AT BRI & 0 2RI EEG 2 F2 0t L 72

H43 553
ENTFEENSLE
SEMOZVPLAEI YA 7OZ—RIbAyYay—bD
{E8LE 7 DFHE

OWIIAESE - A R0E - J9IHEA - B3R -

B I0HE - BARE— GEgAR) -

KR - PIRBET - WP 4 (R LI SZBERER) -
ks GRS

&M CHELzZT7 ) =2 2Bz, R FAEE (PLA) #
~Ar7Ba=—=FVAyyay—1F (MNMS) O X v ¥ 2ifm~
A TFBROER % ATz S PRGN REEE T 7 — 7
(LASCol) %M}l L7zo LASCol &% }5- L 72 MNMS A3 o £
TCHi 2 9 AEREZERFEFL TV A9 2T 572012, ASTM
F2392-04 #JERER % 1T 9 o LASCol FBift & MNMS % {5 H A2
EL. Y)Y IRYT 2 mL/min OFEETHEZ 0. B
Wi L7 E 2 WET 5o i RICOWTIEY HIRET %,

H44 555
TAYAZ—FIX Y1y — b OMESHED 50
772 b LR E MMERE— 7 H— 4 —

ORFEN - FHEIET - PR - s GE%KR) -
KRR - PIRBET - WP 4 (RO SZBERER) -
IR GRS

KA IZBERERT N AL LTI 70— F b Ay Tay—1F
(MNMS) #BIFE L T\ %, SBATIIZETid. Parafilm® # ikt &
LT MNMS OB 217 > T A 7%, Parafilm® 12137K5
NEINTBOFTHMENWH TE VD, B & i
5 HITIZ#EY) Tl v AIFZETIE. MNMS OYEREEFl % 17
I 72, HEMEINCEBEEEL AR T 7 v P ARZREL, 20
TR & T

2025 FEMEHE LA 2MFRRT 7277 ME

H45 557
SBRTUOHh—BEICLD
BKREMEEEEMHEE L
Y4 AZ— RILOER E Z O

Ok - MHEEET - BPEE Gk -
KGR - PHEES - 8 FIOLIR SRR -
FEMENE - BB - gk GELER)

BUE, Bl 55 TR S A 2 SRR 2 HC IR G E R 5
PR A7 PBEINTWD, £ 2 THMEERNCR DS TN
A AELT, A4 Z70=—FbAvTay—1F (MNMS) 252
RENTWD, TOFNA AL, B OB~ DG4
VLR & SRR LI WEES TSRO S b,
AWF7E TR B & A% A L 72 MNMS % /E8 L, 2250 -
Pt — [l i 3l B v CHRAL S - e HEE 2 55 L 72,

H47 559
FERRERAYA 70— V7 LA OERR{EICHET =
mE - MR ORE

OBHFFAT - LRERA - FEFA M - WA N — ARG (AR

BRI G2 HE L4 270=2—FLV7 L4 (MNA) OR%E
D SN TW5S, B LAEOER % HG3 57202 I13iFE
BRI DS LENI % 2 HN BRBUG CHREZ MR CE v
& MNA A OMED v Rl Tk, B RS
FAEWITERT O S\ & RS TIT > T b, MNA ORE
REREICHE T RO, MET A FI4 Y OEKRIC
BT 7235 E oW TR T S,

H48 561

Systematic Study of Fabrication Parameters for Porous PLA Microneedles
with Aligned Tubular Pores Using Ice-templating Method

O LI Jiahao (HHK) -
Ab #E - DENG Haitao - & #i¥% (BU5URZENF)

Interstitial fluid (ISF) has emerged as a compelling alternative to blood for health
monitoring and disease diagnosis, owing to its rich biomarker content and accessibility
beneath the skin. Biodegradable polymer-based microneedles (MNs) have demonstrated
significant potential for minimally invasive ISF extraction. Our previous work showed that
pore structural engineering—particularly the introduction of vertically aligned tubular
pores via ice-templating—can enhance both mechanical strength and fluid absorption.
However, a systematic understanding of how fabrication parameters govern pore
formation and the resulting macroscopic properties of MNs remains lackingIn this study,
we systematically examined the influence of three critical fabrication parameters—freezing
temperature, solvent extraction medium, and polymer concentration—on the development
of vertically aligned pore structures using the ice-templating technique. Specifically, we
investigated three freezing conditions (liquid nitrogen, dry ice, and an ice-water mixture),
two extraction solvents (ethanol and deionized water), and various polymer concentrations.
Our findings revealed that rapid freezing at ultra-low temperatures combined with ethanol
extraction produced highly uniform pore structures and minimized dimensional shrinkage.
In contrast, milder conditions often led to pore collapse and structural deformation.
The optimized PLA MNs exhibited superior mechanical performance, enabling reliable
penetration into porcine skin and significantly enhanced ISF uptake. These results
emphasize the importance of precise process control and provide a robust framework
for the rational design of porous MNs for transdermal fluid sampling and point-of-care
diagnostic applications.

H49 563
MESOEEEPIELENS

BRICEEZ5A TFRERBICT T /N1 ADREERRE

OKM#EIE - FIMRA - BiGE— - SHAREN (X -
WA — (AIKIV A5 v 7)

Tx TR B RS ORZE & FEHEZ HEIZL T, HzH
MR 5 e, EHIKMAMPETT 52 Lo, +3I X7
17 ADLMIFEATD B, BMlEHIBEEOENDH L. £
ZT, $EFET AAME R R, AME 2 B IS LA TR
SHD L THEMIIC ISR, BEZPIELoo%fl %
i3 5. RKTFNA ZDOEMI L 2 HEERTIE, SE 2 &G
7 OBPERNIEII L, ATHEOAMED MRS N7,

_40_



_41_

2025 FEME LA 2RFRRT 7277 ME

H50 565
BEMMEETANTIRYI7O0Z-RNILD=HD
FRIAEDRFE

OREERN - HHIRKFE - S — - SREA (BWLK) -
PO)IFERE - e - ORISR (U R T3

BA I HMEEEE~ S 7 0= — FL OB L EREE coEAL
ZHEIZLTWA. HATHIZEIC BT NITi & w7zt~ A
su=—FUVEFZE L. LarL, — Rl RS
P EEOEEETLPFETE L WITRELNDH Y, HES
RILET 2 LIEFIEE LT SRR EETH 2 &)
U7z, 22 TABIETIE, COREEFRT L7084
FEEZ B L E ORS00 diz 5.

H51 567
7F LY BIERE M L S-S K S RRARIB DR L
YA YAZ = RIAQERICE T -k

Ot Wi - FHERE - SR — - SARE A (PR

BREL<A 70— FVERHIET LI LI D, BRWES
DRIMFFOFGAZEIXT HZ L2 HIEL TWD, AW TIE,
WD T 2D FITBMAEBLIC X VRIS 2 T2 RET %o
7F LV OBMBEEICER L, ShENE5 52812k
BRI LS 7 L — P 2ERL 72, BMlifEo 7 2~y
M EOZACIZ X B WM Ol 2 R L 770 U L CRiE
ZAzi & CISHE) 2 v TllE L.

H82 569
Risley 7 X LXZZRER W -

BABEXEI12T 77 1 DEE

ORAMAA - M CRBCK) - ISR - Rk -
IR (LD - sfEd ORIER) -
e ORT - ETREA CRIRK) - RAEHA (FALET)

FTRRE X MY £ 3275 7 4 WEICB VT, EHEARE O BT
MRS, BT 2 MIBEOR2TF Eoae —L » APMKT
SR, T—7 4777 POWRSLEMSHROEAEZIFL. KA
X, BT AR XHoREREEREZ HWIZ, Risley 7V XA
LAKBHENIF—FHWIE—2AF v F—2HELE K
] T, FEBRIATo 2 Risley 7V A A& 59437574
BRI DO WTHET 5.

H83 571
RIEENIERES 7 —R2RICLD
X ERGE 242557 ¢« DESE

Okl — - kT - BIF B AT S -
Va—Frd—=—)b - EHAREKR - PHBTE GLEK) -
FEAS - Al ER (R R e ) -

TR (BYLRD) - JAGIRE (REEOER e L) -
AMEEE (RHEK)

TCFEFRIE R LIS %2 i 2 728 X MBEMMA X — Y v 713
PN TEE LTHEEPE T > Twb, L LIEkoBE AT
. BUEHICHETY - Bl s v HIR S E T W, £2
TAMIZE T, Bk X M E SRR IR A ETAR S, K
St E M4 5 SO %2 Bi%E L 720 SPring-8 - BL25SU D EAE
BFREE S 7 —FRICBUT B, ¥4 275 7 4 MAHEER IS
L DB A=V v F OFEHLERRNT Do

H84 573
Advanced KB 3 7 —IZE5<

EE - BHE X REMROBEEANE T 55

ORMEYR - IIHHET - BRI 1 - SRS ORBROK) -
TIPS - ERSAERES (ROl BEERHEIFsE£) -

e RE (CRIRK) -

WAL CRBOR - BAL A BB pir i i 7E ) -
EIFZRA CRBOR) - Ffftiss (BALAF)

A - REIRI X ORBEME, 1 RICOENFE B L ORISR ET
VT4 Y AF v YRFRICEY, B R R TR -
WMANAHUE O RS e f A=Y v I TETH B, Kx
& Advanced Kirkpatrick-Baez 3 5 =120 S GER -
14T X R EE 2 BT L LTWwWAh. AKi#E Tld, SPring-8 12T
To =B ROBAKE RS, WL XHWA A =T 7
ANy I 2 b —Y 3 VRERICOWTHET 5.

H85 575
B ERE R X RO ABHBEORE M (T 7

ERSE X BRIEHFRTFORE

O B 5 - RF T+ Jordan Tyler ONeal BT Bl (HHTK) -
gk (AL -

R - A i (B EDRR g &) -

AKAER - ANEEHEA - SPRAEERER - A5 NEM (K HoB&) -
R - KIGHE (REEDLRHEIE ) -

FREHA (BT - RABER GRER)

XSO LSS, AE—2WEPICB T 5 RO IRER
RN T & B 720, KA B ELOWIVEMNTIZ AL - T B
LA Ly BUAF ORI TR 0 ae - 2220 ek - =4 L ¥ —
DIERED § T 2 FREICMALS 2 ONWHETH > 72, AbFJE
TIE, IS 3DO5MFRE % W 30T 5. 2 87 72 70 S0 G %
K9 bo AERTIE, RET B0 0GB 2 M5 5 iz
Wolter3 8 3 J — Z JJ W 72 R IR DOHERIZ OV THIE T 5o

H86 576
I7-RFFRERAVEX#T/ CT DREE

—BEFEZ AV ERRREREFEORE -

OMiHEY - I EBE - AER1 - &R EE (R -
RO - RARRC (BRI R (R R)

X T 7 CT K o WS 2 JEmE - W miEicplgci
HFHETH L. HAIIEMNRISHICITERE»O@NED
BV T —REGEEREHWAF ) CT ZHELTWAS. Ly
L., 39— TIEEMPEDE KN THRBGSER, 2H 5
TREEDMET LT L E 9. AW TIIBMEE % v 722 B i
WIETFEZREL, TORREICOVWTHIET 5.

H88 - H89 ¥ —/— FAE—F 577
KR X BRI 7 —REE XA HEREMT - FHARMTORRE

OHMEZ (YA Fyra—KL—vav)

MAIE I & & HISEILT B A X I 5 —~oBERIC
IBZ B, HAe I T —BEFEMEHBELTWD, —flE L
T, CGH Tt > 2 7 24 0% & CARE M LEAM OB %
HHY. WHETIE2REMEEZ AT 5 I T — OFEKED DI
FIRENI %2, %% Tl 400 mm & I 9 — 4 CEMH X 005
nmRMS OJET- LAV R A FEH Lz, 2 b K%
i & FAS U7 AR PERM BRI IS X D L FERINEECTH - 72 X
IT—OBEBEIHELE > TWVD,



H90
RLAHEEEI T -RETOCAOREE (F18H)
-7/ RERAY 2T LOEEME—

Omlg 3 - A - BAWKRRS - I -
& - e - SNE GO0

F 7 KGRI - FHOHIC X D, BRKEE 1 nm OB I
=8N B olze LALARDS, L - RS0
R 37— D% - B IZMEERITEKAFELTBY. AONTE
70k A ERORMEDN S & . RFETIE. BEEIET S
oRy FEHWAEI T-#ETo v AR i EELE
HiE LTwa, I5—0RGHI 7ot 2% HELT %720
AT o 7 KB AL Jesd Bkl 0 B & GRS D W TS 5 %

579

HO1 580
LiTaO, Z AV - XETSPIRE & X SRKTTE I T — DEH

O/MATERE - JF EBsR: - BINASS - Sl (BlR k) -
RO - RS (BYLERD - IR (IR R)

X BT O NI 2 FBUR T ) A r — VBT & B
TR, AL ERERLITHE ST B TR L T4, X MO OF
PRI E 720128 — A £ AW EGERRO LN THED,
IR I 7 —HRFEshT& . —HT, TERDOIIRITZE I
T—TREGPATRTH L LERENSSTET, &
WHEOMRPHETH -7, KBTI, &> FIVIRY F7 4
EHCTRERTRARE )V Yy ZIBIRTEI 7 —2FRT 5.

H97 581
7T 2 IVEGEREEE RV
REMEI XY —HRICE T 2L - THORE

O#F MBE - P - &7 H— FER)

FRIME T AV F—HEEE2 V7238 TR 2 BRI X %
BN DFAEL, B OIS R I RIE DT R
ok COMELT SR TWHEELSD L. 200, &
AT X - TH L L0 T AN %048 LB g 2 Hun ) o5t
a2 COBENRDH L. KFETIZ, BETICBT 58605
BB E TV VEEHEEIC L A ENBLI Y I 2L - 3
VIS X BRI X o THRA L 72,

H98 583
BRI E AV
TA4Y+ 7 - 7REBICL BRI XN —HRICETS
A 454 0D 558 FE T 60

OR By - PR - &FIH— FEX) -
WIFEL GEHA T4 7 v 7) - AHESR (MK 70y s )

AZETIX, WINGE L2 EE F T 28R 0OT7 71 74
T eRZaT7 7 FYY T (AM) W ER GO %
HE 35, KREBTEAMOHTLIAY + 7— 7B X
LIRIAMET AV F =R B VT, MRS TV I Rl
LT 5 v OB EEIRH S BATRRE fHT TR L 72 E o
W NOEBIZOWTHAE L2, ZOMSE, #id & i L <
D ERR IR OERAR S Nz,

2025 FEMEHE LA 2MFRRT 7277 ME

H99 585
TA4Y+7—-IWEICLD
T XIVX —HEE & 5 BHIECIEIIN T2 A/

BEEMIOMIIEIPZREICHEERICEZ HHERE
OABEEEN - B - &FH— (FEKR)

DED & EIHIM T2 W7 & 2 Cld, M TRICSE
WIS LS. SORBISIIC &L 0 @B ISLR 4
U, BRHESMET T 52 EEHE LTHETFLNE. £oT
ARFZETIE, BEMTO TR ) B2 )T EIRRIETT L LA
G250 HNET S, ARETIE, TRZUIHEZ
7B ORI L B OM B MBT20I2, RET L3201
R I CHRE 2 3T LIRS T) & A0 & JUi - 3Tl L 7.

H100
TAY+L—FiEEAEI VT -HEICLS
HR{LERSLERYORZE LR EORE

OFH—HE - FIEgEE - &7 0H— GFEXR) -
BHELE -y v Fr (EHEETE

587

NC2 iEa vy Y Ea%2RX—ZI27 0 X ZHFM L 728 gt
DIEETHY, BHVRE LM EZRED. —hT, #EME
HID L CEE SN 2058 F 0 2K, BALLH & R
IBEASLZETINTACHER & I X b0 %, EWIHMEL H 5.
Z2T, AT YomEL BB TREOMZ HWE L, 74
¥ L — WAk A OV F —HeifE &2 H VT NC25 DI & 17w
BT OWIEFRE E WIS E D X ) B BENN L0 % AL
7z.

H102 589
FEFARA A - TERWE

ERBREERH O

OB - iR (50 - B sl CGleR) -
HEFIER (RUERK) - FHEAN (DMG ZRAEH)

SIEME LY OERETIE, EHYA X007 -2 Nz Ik
WEETHRAET 2 2 &MWLV, ABIETIE, SRz fay
5 IEWIRABANT TH B P ETFMA X =Y Y 72 HwT, A
7 ¥ LV A O ER Y O Z2L0 A 2 WE L7z, WERR L,
KB TH BIETWIHOBIEMRE KT S LT, RETF
EOAMMEZBGLE L7, BB BT OZBLER QMR 12 3
TIPS A=V Y I BEMTH D Z LARENT.

H103 591
J4—ECTERVE
RESRBERORNTEYIalb—-Yar

OWNZX - FHTIE - WmWAEK - fElEnhe (BIK)

AWgETid, RMEHNR T —27 0L 2 ZEB L2 FEZ W
T, WAAM ZHWAT Y LA EADT VI AEED
BEEEEETFT Vb L7, 72, EEERICHEBRT /85 X —
5V Ial—yarvTitiliL7:. ZofE, v —Er s T
B, BOELFEUYHZ P —F2NEY, Eo NIRRT %
BREGESHD L LT, Ak —NEiflcE /-,
BREROHTNIEBRIRITEEL WL 2 Ex LI L.

_42_



_43_

2025 FEME LA 2RFRRT 7277 ME

H104 593
BHEICHEE SO

¥ Ti-on-Mg A &TEBH D5 3R E O 3T
OKRMHL - KRFEW (BREEKR) - #EHLZ (BITR)

F& v (T b~xr7txvyva Mg #Mik, BMEFKERE
L7280, INOLORMEREFEEIIRNETH L. RIFETIE,
TA X+ 7 — 2 REIE AM B % TR Ti & Mg &4 (AZ31)
DY — P2 HAIATH & T, 2ME 2 BMmIcHe s
B, Wil REAREEEE R IRET S, fE8E L 726 Ti-on-
Mg A& 05 IRRIE % 53l L 724558, Il ) oz
BB X CRENE SN, EWHEBES RSN,

H105 595
BMIHZzZERL

BREBRIES 7 — 7 OREER EMTEAORERE(L
OB - BRI (R R)

WARRBRAE IS L D EES N2 T — 7 OO S 3%
TCBTA2UHIN LA REECT 5. RETFE, 7—2 0
RETNOMUN R IRE T & BN L4 o FEsHR#Ebc X Y, #
MLAARCT B, AT, 77— OMAERTD?SORRE
W i/ MU L 2255, THEE - %0 H - GRS 22T
LEIHIRED 7 — 7 AL &2 PR ENICHIZ 5. 7 —AA Y T4 12
BWT, RPHEIIMBREAL & DB R FTE R 2 5 L
7=.

H107 597
BRANTOERICLD

REEHRATIVI 27 LBRREIC B 5 ZRTHFRARE

OHRWiE - ik AL - FJEPRAG - MdARW -
HH O (HEABE) -tk 2 IR (R SS i <)

SRBF I LD PG HIR R Sk sE i LS 5.
L2 LEEREIHE I A P IFohs 22 TRIA ML
CREBRKEEFHEE LTH 2B 7o 22 _E L K
JE &R R IIE BV IREIEDR O S 5720, RFEFETIEHN
KOBWN 7 10t A TH L HHEETIEEEL V=000 2k 2
KA N E 5. KWZETIXRTIIRICE 2 2 I T&M40
WEEZRAL, BRI SNHEISROND L2 L2
L7

H108 599
ALO, D Si0, EHEN

L—HBm7T—IVOEEIC5 2 5 RE
OARMS - FEHT - FH 3 GERER)

B L —FEREO LT I v 7 A0 Z W2 T, HkR
Hote v CERLY — VA ORRLG 2 AL S 2 B 2 B JE L
T&E7z. AWIETIE, ALO; 1o SiO, & HE2S, L — WG
W2 & BT — VN O & OEEREIZS B R B R W
fbL, RS ICE L7 BHDK DR 217 o 72, 2 OFEHR,
Bowt% d Si0, I X Y Wz E A% L CELTHZ L, &
TeARERBE 2 B L TR RER T 5 2 & 2SI L7,

H109 600

L—HIEICENT
L—HEERERITEDOEMBEICSZ S
HEICET MR

OmfGEL - e e OREtR)

L — ¥R OB E 2 7 L S5 iE0—D212, L—HFoiE
AR EINT2 2 & TEERMBZRS T FEFH 5. L —k
i Tl = AV ¥ & —RICHROLED D 2P T, SEERBO
BIMC XY ZAVFOGAHA LY, RITH 2L LA
X BBRR OB, R ORI R KT
THH 5. AWIETIE, EEMEE 2L S TER LA
WRHEL, ZOREEHH L.

H110 602
Effect of Surface Treatments on Heat Cycle Resistance
of Metal-Polymer Direct Joints

O MEI JIAJIE - Wang Shuohan « AF 15 - BEE#EE CGRETKR)

Traditional joining methods, like mechanical joints and bonded joints, have
limitations because mechanical joints require holes or rivets, and bonded
joints involve lengthy curing times. Therefore, we here focus on injection
molded direct joining (IMD]). IMD] involves two steps. The first step is to
treat the surface of metal to create micro- or nanostructures. The second step
is to inject molten polymer onto the treated surface by injection molding.
After the polymer is cooled down, the metal-polymer hybrid joint is formed
mainly through mechanical interlocking. Previous research on IMD]J has
primarily focused on joint strength, while understanding its environmental
durability is also crucial when it comes to industrial applications.This time,
we focus on the effectiveness of surface structure and chemical state on the
durability of injection molded direct joining by using heat cycle test. The
heat cycle test exposes samples to high and low temperature environments
to evaluate the temperature change resistance of the joint. The objective of
this research is to find environmentally durable surface of IMD] joints and to
improve the technology to achieve better joints. The surface treatment used
in this experiment is blast treatment, hot water treatment and molecular
adhesives.
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Efficient 3D Object Representation
Using Neural Signed Distance Functions

O Fd - KT & (HEKR) - FHIGEWR (—1FK) -
AT - MAE MR - FA—F] (ZERTL)
Efficient compression and high-fidelity visualization of industrial assembly data
are critical for modern manufacturing. We introduce a lightweight neural-implicit
framework that encodes complex 3D assembly geometry via a compact signed
distance function (SDF). Our method employs a two-scale network: a coarse-scale
base SDF network with Hessian-based regularization to suppress ghost artifacts
and enforce smooth global geometry and a high-frequency displacement network
to capture fine details along local normals. We propose a relaxed off-surface loss
stabilizing far-field SDF transitions by penalizing large negative values and allowing
gradual gradient changes, improving reconstruction robustness. The combined loss
encourages accurate surface fitting, unit gradient norms, and consistent normal
alignment. Experiments on real-world industrial assemblies and public 3D models
demonstrate that our approach achieves state-of-the-art compression with model
sizes under 2 MB while maintaining superior geometric fidelity—achieving low
Chamfer distances, high normal consistency, and F-scores above 0.9—compared to
existing implicit and mesh-based methods. The resulting lightweight representation
enables efficient storage, transmission, and interactive visualization of intricate
assembly structures in resource-constrained environments.
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