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Thesis Summary (approx.2000 Japanese Characters )

A3 [Nano-micrometer size structural modification through laser absorption in borosilicate and silica glasses
for functional device fabrication (BEREVEZET-DRFICIAT 2L —F —BEIC L 20 HF Y 7 A BER 5 2B &
RV AHTADF ) —~< 4 7 afESEHIE) | LEL 28 ETHKEINLH/LTH S, FTA~DL —F -k
IE. RS )/ <4 7 A5 —VORGEZ L E D 7263, ZOMEREDZERNZ X v v 72 R L T,
PUNATACHEEMNG LT S R RE, MR L, L—F -tk b F )~ A4 7 uRT -V ORGEX
fEx =X 203, g - HEEROME S 7 ARG O ZFB O EHRBE R OFHREY Tar—vavicky
Ko ohdz L —F — ST O BVEE X b IHE 7z,

% 1% [Introduction (#5)] TRAEERB LCHEHIBBR SN TW5E, H 7 X DOHEE IR Z Rz
s, MEBKIRCY 2 = v R ok R LI X o THAMEZ Ffo. MBI OFOfidIic L > T
WA LG5 L — P — RO ERCPINE, KHNEITEL 2720, L—F— ML THELE L — 3 —FHDER
BEETHEZEREHINTV S, BROINAEOE VY AT I X 2HIHEEPRINTTEEIC L L —F—
DPINES), ICHES fEAPREBOZMEZRE 2. L—F—INTICX 2577 2754 Z{ERORH| A5 &
NTWw3, 2720, L= X 24 7 AOYECHSIREBOLZNMIILCHEINTVEHE, F/~ «
4 7 a0 Z e OEMAMMICBE L TidF &EE ST, KRR AL AEET 5, BREEY 7 AR T
FFDO LTI H IS DHARREL R I h b, AFROBEELIBROLNL TS,

%5 2 & [Space selective porous/non-porous design on silicate glass substrate by CW laser (CW L — ¥ —&&fIc
X2 ) 75— H 7 AEROLIVE/IFL FUETEIE O RIS AGIED ] <ld, X o CHvEE) vy FHE 7
ABRY v FHHD 2 AT 7 HfZ TR L T3 4 7 2 Z L — 5 — MEACRFTNICIZEL T 2 £ & CHlio
O TERAATe DM LAY T ABET 7 AFMy F v 7 XD SV BHEOREH L, LB ) A
HIARLRDZERMBNT WS, RS 1064 nm @ CW L —F =3I EDHA T 7 4 B A 7 2 SR E
570, ZOFERBICIR 2850 NiZ* £ 7213 Cu?* 4 4 v &1 T RCFORML 72, BML 72 2o 0ER
EREAFVBHOACRET 2 2 LMo NTHE Y, L—F -2 KM L TR Ci3wm L 7
Ni2t2 Cu?* DIFHIAER S N7z L —F —BEHEMCIE TS OFMA A v IIERF R L TB Y. /AT
Iy F VIO D 28 R+A Y T AMBEN 7 ABBR I NIz, SHICBT y 7V 7 %lid T & THILE/HES
LEEE R oN 7 AEROMFR A ERK I N, T XD REMRILILET 2 iiEe L, L — 3 — 84
TALCHAYT Y 2T T 2 £ 5 A KB Y 7 7 2 oHfibkl e L CofERs#fFE 15,

%5 3 & [Evaluation on phase immiscibility in borosilicate glass probed by Ni?* ion (Ni¢*DE¢fiifhE % 70— 7
& L7 7 2D EMIEEICBES 2 3Hli) ) Tld. 3 2 Eicksw L —¥F - X v HEL L 2T
Ni2+4 A vic L2 FEOZBRoN 2 LicEH L. 2HMMOIZK & Nizt 4 4 v OB OB 2> & &l
MBS CTD 7 ZADRFEZFHM L 7o Nizt A 4 v FECMEEIC X VIRAVWROZEST 2 26N TED,
I ATELERIETINA = 7+ v X O X BRIk (XAFS) % FIF U CEEli L 7z, XAFS HIE (& & inzh
HFUCHE 217 5 & & THELBRE TOEKR D8 % Z 13 T WIRAIRNKIC 313 2 NiZ* O RS 028k H
Bl nrz,

% 4 % [Time resolved in-situ observation of dynamic transition behavior of phase miscibility during heat
treatment (BAULPLEFEIC 513 2 iR 2 o HHZEE B O K E] in-sita BUHD ] CRBEPIMICHOMH L T2+ ~HH
> 7 A7 — OO BN ATEE 7 X BN BGEL (SAXS) ZFIH L CH 7 AWNEE D o MR % 3P4f L 72, $7x
2 BIR O E I BT B RIS 2, E#~1200°CIC 313 2 2L - HALER OB R AL BB HE T 2
T e CHHEOEBENICE T 2 REPRR, F-HEREZ RS G 281510 2 0K RE IR
Rtz ns,

% 5 & [Computer simulation on spatial distribution of thermal history and phase separation in glass substrate
by laser heating (L — % =gt 234 7 ANTRIC 5 2 2 BVENE & SRR D 22/ 1B 3 2 5H MY T 21—
vav)] T, H2ETERLZLV—F—RITMEIC X 2 %8 /IS LUE O HIR R BRI & - kg %
L »IcT 270, AREREZAVCL—F—FEET O A7 ANEIC BT 2 RE S ORREIZ L% FHHEIC X
Dk, BMEEHRERCHE TR L —F -GS X 2 58, S X 22 Bicma, RN+ T 7 41k
5777 A DFF ORI DR E 2 BB L 72, BVERE IR L — ¥ —Hiicma, EREEZICH REFEL Tv
Too (DN L5 2 B CRD O N BB Z IR T % & SILE/ IS ILEOHR A I h T




BALE I 4 FECRD LN HMER LEEIC A BERRE L LB L Twiz, L—%—% 1.0 mm/s 72
ETTiEe EATII LI, BIREIHEEL 2B ctahnildErExonb itk %1l
B/IFLIEOMRBERTEABER I NS 2 3L IR 5 72,

% 6 &= [3D micro processing and microstructure control of silica glass by femtosecond laser irradiation (7 = 2
FOL—F =AW 3RIT~YA 7 0 BRI ) A A7 RCRIETRHE) TR, 72 L MoV 2L —F—
ey =y b2y F VI ERGEEY ) AR T AD 3IRIT~A 7 afPIRINLZEM Z2FIH L, ~4 27894 XD
AVFULN—LT A—=RT 49277y 7R —AIRONG2E ST, I X ) HIRM O % fED 7t
RIRE OME SR S Nz, C OB, HIRIEEIEA Y 22—y a v oo h e KEL B AL L2 b,
RENCHE L5 2 2R (v v 7% BE) BL—F—NLoBEEZ T WL I LRARsBIN:, Zh
FCL—F—BENIC XV ELZ I BTy F v I XD T RCTBEEINE LE X LN TR, KRifsk
KXY IMTgOENAHEICE L == FLH2 OB MEICE T 2EEE M EEETRETH D
LS DT TR o 72,

% 7 & [Nano-micrometer size structural control by laser irradiation on glass (L —%# —B&HC X 2 477 2D F
J—<A 7 ulEERIED ] T CW L—HF—RUE7 2 A MPASAL R L —F =it X > TR LE S H 7 ZDIREE
BiEoZ 22T, BRNRICHCARR L TR ONERREEZE L 2 5K%OBEICOWTiRRbNT W 5,

% 8 % [Summary (F845) ] CRARLZRIEL. L —F—RBEHEZMAVET I ZDF ) —~< 4 7027 — LD
B - BRESIENIC X > CEANRICHOHFZSA T bz iRz, & 512D X ) il KT 2
D O EWAL ST 27207 7 ADFEOWE & il - R BHHE %2 &0 78R WBLR 2> b §Hlli 2 1T 172,

%« FRSCEBIL, FI3C 2000 7 & 9530 300 354 LRI ORI 572, b L<ITTEL 800 5% 1 HRH L T 723wy,
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Laser absorption in glass causes the structural modifications selectively at irradiated
area. Since glass is metastable material at room temperature, absorption of high energy
will transfer the glass into various metastable states within same composition. The laser
irradiation gives contrast on material properties in the monolithic glass plate.

Although, understanding of the laser absorption mechanism is difficult to be achieved since
physical and chemical reaction take place at short period of time.

In this study focused on two different laser and glass composition which are expected to
realize functional glass device fabrication. The first one is CW laser and phase separated
borosilicate glass with bearing transition metal ion as a laser absorber. By local heating on
phase separated borosilicate glass, laser irradiated area turned miscible and showed higher
chemical durability against acid leaching. By acid leaching on laser irradiated borosilicate
glass, borate rich phase in phase separated area selectively washed away, and the glass
substrate with porous/mon-porous region with clear boundary could be fabricated. In order
to understand the mechanism of glass transformation through laser absorption, structural
investigations were derived including high temperature in-situ and time resolved
measurements. From the measurements, temperature and time dependence of phase
separation homogenization and development was clarified and structural modification
though laser absorption was understood by thermal history calculated by solving heat
conduction equation with finite element method.

Another combination is femtosecond (fs) pulse laser and silica glass. Taking advantage of
high-resolution space selectivity of fs laser and wet etching, 3D micro structural control
technique had been established. A silica glass cantilever with Acoustic Blackhole effect could
be successfully fabricated by realizing precise thickness control in micro scale. From
comparison of experimental and calculated results, the modification of material property
which affects dynamic behavior was observed and remaining effect of laser exposure at
surrounding of focal point was suggested.
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