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A, FSVA - BEASVAREOE R &Y, L=V E RO T Y 2 A5 BRI E L TV
5. L—HE—ALMBOMAEREZHM L BT, MURERTERND Z L THEA ZIEAEMRBNIEET
x5, KL TIE, EITH/ BV L —FE AWM L7 7 2 OB T, ¥R T ORI L
L—HT7 7 L—a VBROMH E WD 2 2OBLENL T e —F L, EEOMEREEZT L. 1% T
il 6T [iiam ZBRE, F2ENLLE S EIZENENOMEREOAFIZ OV TR AT,

2 E IR FERTZAOERE— Ay = A 28— TiX, RIKOBL v R 2 AV ikik 51
OIS T 2 BREIFIC OV THRFZ21T-o72. 9, CW L —T KA E 7281 5 AR RO R AE
& Z DT FIEC DWW TR LT, CFD & B —AEBWIEE T v 7 ) 7 LEBEET VE RNV THF T A —H
DOV THRF EAT S TR, e & Dt OB RALE &I E 2 BWOICRE T2 2 LIk - THR
SO EE /ML L O O@ERT =2 7 —E—ANERTE D Z RSz, £, F /B AL—%
IR AR Y38 TR D ER ORAEZ AW T, IEEF EAHIEETOFRIEEEMEOITR L.

3% [TCOHEMKD T /) VAL —F R Z 4 T O&E/R) Tk, T /B LA L —3% A=l
ME7aeAONREBHO—DTHEIRGHNAFNVAT TA L TO—FETHD TCO BIHORET mEADE
FEAL LA TR - ERRMRRGEEIT 7. £9°, TCO RO L Y ITRFRBEIDHEEL Y KEWGEOH
BEER 25 A Ty = X BT DWW TEBRAYIRIRFT 24T o 7o, IR RT3 2 U Fm o 828813 TCO RHITH T 5
7T AN HRNT DI EBHALNITR o, ZOMBEANT, Ry A=A EHAWEMTY AT A
EREL. Xy —NIERAZE X BB AR TH H72DE 2.3 um L IFFITHEERA 7 74 v
TRAREE Y, MO TRWEREELZROZ L0V T ASERD D a2 MMERH LS
S5, Ny E—L2OHOCHBEEZHWD Z T 7 AVEROEEBENMZ RO L VBRNT T L— g
VL= EAELND D EEER - ERROIOR L. ZORBICE W ERHERO S BV A L =Y Tk R
By E— LD HATREESRE .

9 4 7 [THES 4H-SiC O L—WEREIMN LA B = X AOMRH] Tk, WHARCEERERMEE L TR 2180
T % B dh 4H-SiC X3 1 I T.(Through substrate via; TSV)D A 1 = X A& EBRICHH -, HE - ©—47
077 AN s MTHEHKIEORELRE LFER, 25V 22 HAWA5E SiIC OFEMAFESICET B ETICRL
L, BRIARE O DLC BAEK SN, LEWVELY G/NSWIILZ U ATINLEND Z B0 otz. D=
W, Ny BAE—LAERAVDLHERIEERIA Ra =TIk T7 7 v —a URBE LR, WES IR OB
CETEWMLRLS 22T DET AT NEEROROITMTIIARTRETh o7z, £, AFEREREINKEN
BEOGEIFITV Y a v ANV NOBFEEBEORETY 7 v 7 ORENMEEL, ROTRSDREI LRV L
Dol BB, 4HSICOT 7L —va U AR=ALERY F O ET, RETMLOZHDO vk
N=H T BTN AN TIERRE LT,

BSE [Z ARyt y My AKRBER ORI T, AfiZedyL r ARRERTFar Ly AR
—ZADMBE DZ ARy MRy EANEARFOFEEFE L ZDISHIZ DN TRz, THFa AN
— ZADWNFERTH D= OIEFICEMCTIHFZRBEO T NRA MERE W L AR L. £7, )5 & LT Sub-
um A —Z OfIEHALZ D B, EBROREEIT o7z, FORE, EAFMIZ 310nm, 18 3 um OIEF KK
M7 b BT D Z ENARETH 7=, 2D LI, SR IORFHETEH TR 2 2N T 7 v+ A
DBV TEDHLEEZDND.

AWFIEZM L CHE/ VLA L =T T L— g DA B =X LANERE LU, L—FE—A4
DOFE E B OISE & RIRFIC BB LIl @ik L 27 U U P RIERIRRE SN2, 5%, BRx e shastd
DHFN L —VF T AORRICET HMANMEON-EEXHND.
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This study aims at improving quality and versatility of nanosecond laser microfabrication by
investigating mechanism of several materials processing and suggesting novel beam shapers. Excluding
the first and sixth chapter which describes “introduction” and “conclusion” , the specific
research works are separately reported in the four chapters.

In the chapter 2, operation characteristics of the beam shaper using the fluidic optical device
were investigated. Experimental and numerical study was conducted to suppress effect of natural
convection on beam propagation. In addition, principle of temporal focus control using nanosecond
laser induced fluidic optical device was demonstrated by numerical simulation.

In the chapter 3, experimental and theoretical studies on nanosecond laser scribing of TCO thin
film are given. Bessel beam was used to improve resolution of the processing and ablation rate by
using its special propagation property. Theoretical model, in which beam propagation and heat
equation are coupled, was applied to explain mechanism of experimental achievement

In the chapter 4, mechanism of the drilling process of single crystalline 4H-SiC was investigated
for through substrate vias (TSV). Effects of various optical parameters such as beam profile (Bessel
or Gaussian), wavelength (532 nm or 1064 nm) and environment (ambient air or water) were
experimentally studied wusing microscopy and Raman spectroscopy. Key findings indicate that
carbonization and silicon re-solidification had critical impact on quality and structure of the
crater fabricated by multiple pulses. Based on the knowledge obtained in this study, novel processing
method using double pulse of Bessel and Gaussian beam is suggested.

In the chapter 5, the axicons—based optical device for generation of evanescent Bessel wave is
introduced. This “object lens free” optical device was used for additive manufacturing of photo-
sensitive resin, and sub—micrometer resolution was experimentally confirmed

Through this study, various experimental method and analytical model was demonstrated to understand
and improve short—pulsed laser processing. 1 expect that those will contribute to development of
original processing method of various materials in the future
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