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1.1 BFJE O &

BiAE AW REEMESCERMABRES B2 HKRTHIRLT
W T IR ERVR I LR TS YV FFIC, A 2k V¥ — L IFE E Th
D, ZNOEMRIR T _XLKF =T ANAZRORFENEAICEBIRDb TS, 4
AL THE SE B %8 ST\ % LED (Light Emitting Diode) Jt I, A %
EL(Electroluminescence., Organic light-emitting diodes :OLEDs)J & .
KGBEMBREDT =T AAXIHBEMRER THY, TOR T BLOHR | I
BWCT . HOZ W ENEHEBELREBERIE Cbd, TOMINLHHM B O M

RCHAEORETERBIZCZ=R cEELENMN G T52LT, T4 RELTOR BE
EE2AIHLTBY, 2o L HEOEELEE LS TWD, Fig. 1-1 13/E
MBRORLAIMBIRABMICBIA2OZ B K EZRLELOTHS, Kk
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(a) Transmission characteristic (n,;=1.00<n,=1.59)
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(b) Transmission characteristic (n,=1.59>n,=1.00)

Fig. 1-1 Transmissivity and refrectance characteristic of light at

optical interface.
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BT 0, OME PO AR A 0, CTAF L. JEITE n, O & ITH & A
0,708 & .

(\rz

2

_n,cos@, —n, cosd,
n,cosé, +n, cosd,

(1—1)
(= 2n, cos b,
n,cosé, +n, coso,
TRIN, TOM K KR RFBHE T
R=r?
t2n200392 (1—2)
n, cos @
THEEND, 2T BT ENE M EPSE WM E O8 & 120 2%

éﬁ‘éo%é%fuj:fﬂﬁfbtj’ni RS T D, EOH E &R KA
SV BRI,

6, =sin"—= (1—3)
r\l
TERIND,
EFNRAZATHOEZ B RN ERREER20X. ZHME P60t %

BBRIKWMOH TS AL . GHM B Z RIKARNIELIS A LEHD,
SOFV.FEHME OO BOE LET, TICEITERS M E NLE W
ME~OFBELHE EIHEHILETHY, TORKFE K ERDIER LTI

BT R OR DM E R THAETLIZU RV ER m I L TR DT
26D IR LTRETORDBRH TLHLERF AU LI LTAELD
EXFBRERDD, Tl EHME ~O AF L3, EICE TR OK W
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ErbEmWHME ~0FZ B RE R EIHLIETHY,. TORKKFHKERLE
KELTE, BT RORBRLIMERET TRAETIOIIVLRAV T BZEHDH, 2D
20@&%%5‘%%{&1@@@6:&75\@@%A%ﬁﬂiéﬁé:k (% LCHE B
Eheh, —OHOEK KB REZL BIEDLDIIE., F o ol T L EF]
MLEbORE R THD, bIVEODDTL RN FH B AR B IELH-DI12
. R EOEITFOLEAERELNICTLZIET, BN EICTLHIEN
TE2, EXHBERLEBIELIRF LR ESELIHMELLTUT B R Y
AXPLHE EOLIOG R E OM M ENLECTHDH, £12, 7L VK § A
KEMBSELHE L FHEEELLTIE, DA\ LT I 5 I
REMATDZER RO, 22T W ED 1/2 Y AXLL T ORCH 72 )8 ]
i a2 5 35T RB LD, VRNV TR KRR Y —FY . £
J@ B IZEDbDb B, A S A ISR L TFE B R SHERICE{L, &
HOANF A LTIE,. S RE2HFLIZEDRNETHDLH, 22T, il TOX
FHRZERBIELZEZHVELT, MMM EEZE K T22030F %S
TWD PV EE P EEEEIIEYN BN BER ol E ThDHDO T,
G ICEs T E 2L LS ETHITFLHEIBRIEICR o7 1 .
BRI 2R LEEEZA N 2R/ THD Y, BIRMICIX

Fig.1-2 TR T IIRTAATVLADHITE NIV T PHNTAATRET A T A
Z.DVD BB 3 B R E DL U XA I U LT D8 2 72008 i . MEMSHD
X u TAS(Micro-Total Analysis System) (\ZFI il T& 2 519 F7/- F Mz
FTIA=MNYAXDT Vv —T 4 7% KL, Bl LE2RAEIEDLN T T

Anti-reflection structure Diffraction grating
( Moth Eye Anti-reflective Nano-structure )

Fig. 1-2 Application of surface processing of optical glass.
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REDMFTBIT O TWD, ZHH OB RE B 5F ST & 206 % 7 /3 A A~
DG Z5 252 MEMN G T2 L2120 E THD,

INHDOF =T NAAZBWTHEHR SR TWDHIN T H LT, £im L
REIW T AN T RETOND, LED T XA AT, 7747 X SiC,
GaN S EIZ InGaN M 2B E R INIZHEE THY, Y7747
InGaN fEda OFXRm I M EZE K TN Lo R y= %25 100
m~# mm A OFyTIUE TLE. NP/ E R EEZR TL50T, K
ARNVATHYRTIATIIORE LWL AV T HIENRLEENLTND, 2,
AH EL 7T /3AATII LED 7 /A AL AR TSR f 05 f IS0 1 1E 208
BT OM IR, M BRI EZRINT22ETR NS T D72 T

TAEM OKREES TENEEINTVWD, F,. 20X B EHKE X A
DU HIHELELTR L= T 2 WEFENBE SR 00 K
BLLTEHITAOE EE A B S 2 LY R - T R S
NTWa, KB EM CIE. I IR ckaHF EEKT OB K& 1k 325
TyVT AL —varRL =R —= T oIl TR RIS TV
D EEICT NAAERE L L CTHE B LR TWDHIEN, K FHELLTOE
me S O FE R OF M THD, LED TNAARTIEH, Y7747 EDE

EWoRHEICM M EEZERLOEERH LS EZM LT T, B
J& S A7 B R O BN T e 3B B S Tng 9T g B BL O
HRLKBGEM T, T7AERKRE ~OM M E R RICEDE 0FRE X
R EOFEEEON EREFOND, ZOMLEEEL X, £ EMN

FBHAME ORI T2AE 26, 2oF THERE B E N T I3m Tk
Wosl #ERRDLN, FEF SN iEZREIC, BAE~OHBE R A
BALT2ZENMELRY FERM TEMNPEENL TS,

Flo, ERTAAAON T XM EHELTE, HTRREDE P M E RS
SVBIEDODTAALRACHRBEZEH WL TWDEHME THsH 22, — ik

FBHEFEMELELTHWSONDLY T AT, 6% %8 M. B L7
WL EMERED R TENL,JR W B TR HINTWD, & B # o
REBMRERELLT. mWEBRERETOND,



1.2 ZE WM B ORE

B M EEELTIE, AT AL PMMA, RU B —R R ALY a—
fE72ENE SN TWD, Table 1-1 AT ALK g DR 2L fg L, & M
72 fE MM E LR CThsr, g ORME L 0 RE—FyMNIHY., T
TV —va ko TH B2 WS 22NN B LD, VI A% E 8
TEFTICRI—OMMEELE KL TOH5IETOHR AR ZE L2281
AR CTHLIN, B ICH AR D, 20 EOME DL ETHY, K)~—
TIEARRTIH AN NWIER M FHREERICBV TR —IEHTA
IZH >TEBYD, ZORTHOHIA~NDEZE N TITHEEINTWD, £2., H
RS ICHWORRWE S TH, IZ720WM I LT oM i&iEdbs, il 21X,
JREAL AR~ —ZH W S A R T &R T et xe M
WTHE & B &2 954 & ICIE, B REIZ UV 208 i Ak P R Y~ — I IR
THIENME THD, TOKICHWLIERELTHIAZH W, &F T2
BLIZUV R Z2RH LT, R~ —% L SE5,

UL Eomhs, etk s Bt cho, EEM T oTTAM BHICx LT, % 4
MEZERTOLEZBEITES EEZRITBWT, KaXM X7 A LD
W HBERKEZE LT oAl L B LI TV,

1.3 Bl # 3 DT Bk F B

FEMERO =K MMM LTOFELEL X KA. ZyvTF 7 #iR
MI | v—HRERHWSEND, Table 1-2 (ZZNSO M L5 1L 2 #M N L
PELOID Tl OIS 3 A N TR ORIRPEICE §50BERLEZHD
THDd,

Table 1-1 Comparison of the characteristics of optical glass and

resin.

Optical characteristic Processing characteristic

Electrical
insulation
properties

Mechanical | Chemical
strength stability Molding [Molding
time temperature

Trans Refractive | Temperature
-missivity | index change

Glass O © © O © © A A X A

Mold cost Mold life

Resin| O O X A A A @) @) @) @)




optical glass.

Table 1-2 Comparison of three—dimensional processing method for

Laser processing Etching processing Molding processing Mechanl_cal
(Imprint) processing
Modification
RS processing @) (@) X X
8 |(Functionalization)
D
w
@, Removal
8 processing o O x o
—
= . .
3 | Fusion/Junction
processing O A O X
g Micro fabrication O O A . ><
o Nano size Nano size Sub U Size MU size
2
=4 Stress
>
« by processing O A A X
—
D
= b )
c rocessing
@ atmosphere o A o O
Cost A X @) @)
Tact time A X O X

Ty FUZM LTI WRICLDV oy by F T e [RA T TA~ICLDE
FTATF L I NoD, HITADU zy vy F 7 TiE, Fig. 1-3,1-4 TR T
o~ AruAA T T—artTyBIZL LAy F U T ENRREIATYD
DA P T AR LIRS, JE 2 W CE ) FLIN LTS B E e 6
5 5 A R

mEEAASINIEA BT TARE I =y F 7N L35, BE RIS
HEHTAZREIELE, BB E IR THEK DA Ny TF o rEh,
ERTE R ESND, €D R VJETFOEIEARTTIAD Ty F 7 & 1L H
Bt ices, Do Fig. 1-5 TR TEEY,JEFICKVITIARE %@ 5B
FEALEBIZ 7y oy F Uo7 ICIVM M E 2 R T 520N RE THD,
LWLV JEFOEDEMEFH 72720 MM ALICERmEThy, oW
AR T 1lym BB ENRR K THD, 27, 7R EIBD T Ivelzd ., Kl
A0 MO BICE S THV. A B DODUBRICESsTEEE TR
LR TEHLEZOND, A KT TADRTIA Ty TF 7% Fig. 1-6 TR T &
IR ER RN TEE TCHLIFATE RIS ATy F o7 AEE
(RIE)ZH WT, EH& ¢200nm, & S2um OFT AT R 10 O T. &2 5k L
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Indenter

X High
:\,: density
Glass [:>
(1) Polish/Washing (2) Pressure impression

5 5

(3) Etching by fluoric acid (4) Washing/Dryness

Fig. 1-3 Basic process of micro fabrication using etching and micro

indentation®®.
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10 }

0.0 1 1 1 1 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0

Amount of etching (uzm)

Fig. 1-4 Relation between the etching depth and the height of

intenter®®.

TV 3 F B EAIER TH-DICE R EERE FEE2HWTE
MLUUANDNRF == T HITHo>TWD, DF0 N LT EE NEL, £/, L
SR TLICEHERE T AL ENDY, BEE TIELL IR ETHD,



Fig. 1-5 Structure of a lattice—like pattern®® .
(Width: 1 um ,Height:500 nm)

Gas In [> /AnodeclectroddZi

High-frequency

power souece
Gas Out <::| 7/ Cathode electroddZ

Substrates (silica glass tec.)

Vacuum Chamber §

Fig. 1-6 Capacitive coupled plasma—- reactive—ion—etching

equipment?®?.

MO T Tl Y — AP A XL T T AR EShD, # 2 1F,
Fig. 1-7.1-8, TR $TLEBY, AT7AOHE QAN LT TIE, M0 T iE 152pm, N
THERES15um AR 75, B 0.4mm DR — /LR3I % W, [ iz
¥ 20,000rpm., X VHEE 0.48mm/min TN LL TV 'Y, T H 24l &4
HZETHM T REME Ra X 0.07Tum 2/ 52en T RmELTHW
HZEWAI B RV )LD, T URINVIZED M T iz nTix, TE®
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Direction

Angle of gradient of cutting

Fig. 1-7 Processing posture inclined in the sending direction 7.

(a) Angle of gradient : 0° (b) Angle of gradient : 45°
Fig. 1-8 Smoothness of processing surface by difference in the

angle of a tool gradient?”.

T E . TEEM B OBEMBHST EOBERAALEOHRENE->TND
PEDCF MBI T B RE A, M T HEESEL, BT
TIXE M TR 727 oA THHA, & FE TR ELTILFE KIS 5
M T THZENKNETHY, 2. LY — L OB ML K R, F/
PAZXOM TIZIE AR M ERTrEATHD,

FIAT VRN LTI HIRAEZRTE T 572012 CVD (KM & ) ¥ A
YTEUREMELTH WD E, B B & L DRl 25 24K i S 2 2 &2 ] RE
THD, CVD Z AV BRI E NS WD, MIBRZE R T2FBELEL T,
Ga A4 YE—AIZLD FIB I LR REINTWD Y /4 E—ADK—X
EArxiEib T2 TR EROMIRAEZMFES2um T 10nm 2L FIZT
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HZEMARE ThDH, 2O TRAVYIAT TR B LR R . &% o
RELFEUMBIRBDIEE SN TS, ZOLEXOR IR E X 670°C, B A iR
B 510°C, BB £ IMPa Tho7o,

Flo, & ELTWSI SRAZEZN LIERIA =y F U 7I2KD SiC O M I T
AT >T-bDEH WV VB R HFTA~NDAL T IR R ENTNS P9,
VY AMIE £ T0nm DR & Bl L, BCRS HE TA CHE , ~ D 2 37 I N 7% ] 18
T5HZET SIC R oM TR & # b 217 o72, ZORE R . Fig. 1-9 23R T
FHOICHEXE A ) 300nm, HEiE m & 200nm OB IR EE C0D, 20 FH ik
TIX, AR ERICR M Ea AR B LR R M EHCH K B3 57
DL HBICHWOIZERRE E ThH 5,

1.4 U—Hh0 T Ok

V=PI TE. M ReLTHEEOE NI TAEH WS &
THBHICL =R PIFEAER N SN WD  FEHE N T 3520 K 8 <
L, M TEZR ESELHEELELT, KEL32DM L HFEREToND,
—OBIF.MIT ALY —YRIFE O E LT, T E D5 ok IR

Depth of structure : 355nm Depth of structure : 320nm

Hight of structure : 250nm Hight of structure : 290nm

Reflectance : 0.47%(@530nm) Reflectance : 0.2%(@530nm)

Fig. 1-9 SEM photograph of SiC mold structure (upper row)
and transcription pattern to phosphate system glass
(lower berth) *%.

(a) CHF3 gas (b)CHF3 gas+0O,;3sccm
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WHDERE T 5, DB XL —HF SRR OF W E SV AL — R W
LHERDDL, ZOHIX. ML EXEM B EZH N, L—YEd—H O
BTN SE, ZORICEAELEAM TR ICREELFT AL, I L x £
MELZLE 55500385,

—DOHDOHETE . AENTIAOL S RN K RHEOL - THHEK
ML —FE2HWLIHFIERETOND, il 21F, K E 157Tam © F,L—H%%
HOWX, A B TIFRACH LT EBERIZEALEE WL TR B 4o E
BT 2FEBL TN F XLICEEE O X BRICksm T ICB
LTHIFEENTVD B UL, F,L—Fid b zxHm. H A . v —aimE
RT AP AAINREL, BEICHWAZENTELL —FIBEDOLZA, B
DREIRTHD,

ZOBHBOBEASVAL —HFELTHWHNATZ AN L —HFTiE, RO T
R 2 TR IR TE N F R LT =D RV E
800nm DL —H ThHhoTHL N FWMINAEZF 22L& T K 1570m O
—PELRESEOM T 247N REERD YW, 7= L —P i, L—
BIRDONIVAE N T2 AN A —F DL —HFTHD, I RIS I E
TOWH E CHRBEITEDIZENARERSTWVD, L—FREIZFE—FRryY
EREIENDE B EH WD, E—Ruy X L=V OIEEONMMEEEAZ
HZEWCEDV, VR ELZLZEAAIE,FFITEHNNAAAVLZAOL —F 5 &2 /4E
T % Thd, COFE—FayZickvBEon-r—¥iam it ik 5%
TEB, FX—T NV AHIE ThHD, TE—RFaeyZnbDL — ¥t 2% 0 F Ei
g 2L —7MENRKRESTEIC HMBERON TR FELMBELTILE, £
TNV ARBEZAN T X LM IO E IV R LEZICHEEL, 20
B NNV AME 2 T Ly TN E ICKVER T5F v — 7 3L AHE
g R U EH WD, T2 AN L — R W OB Gk, B A T
AN=ZALTHHATL2ZEPRE THL, fl X V—FEE ., NV RE
— WM N REEE FTHRITA=ZIT LB IZhleo TV, & BDOT 7L —s
LD =N T OV RIE AR FHE IO T, - OR E A b LBV
HMoOET N BIVOTIXANZEIDL —F B DET NV D RERDD, Zh
LG, LY L RE R EL DL, TIX <O BEAE A NE 2D, Wl
B MR S ICKOB M TR B LD, Elo. MBS ARk T kEL
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TiX. Fig. 1-10 IR TIORL —VEr—2a ERE T 2 KL, 0% .
EH LT — P —L2E2ERAEDLELITUBERIEEZHN VAR REINT
Wp IR T2 AN L —TFOF W K E TN L E— A A XN K &L
L Fig. 1-11 1238 TV RIE R 100fs O A . L —F L OHEAT
T DR SH 30um L5770 TN L E 8T ¢ 45nm R EE LD DT,
KM LICEAMETHDL, F. BHLIZZ72LN L —V 248 B £ @

RTINS — B EE2T 7L —va BT CTrH2L T,
BHEmEmCNTILVL—TEEREOHMMABEERNERINIZLER
HLTWD 3 2ol T HETEH. @B ICHLTEES ML 35260
TEDN, A FEHTAITK LCHE M 2 F S TWD2 N L5 fF 2548 8 T

tical del sample
optical delay p

half mirror

\ Femto-second laser

Fig. 1-10 Experimental setup of single pulse 2 light—flux interference

processing using femtosecond laser®® .

6=20° 6=90° 6 =160°

]
|
!
|
! i
d=25um d=0.58u m d=0.43um

L0 st dii i Fringespacing

d= A /[2sin( 6 12)]

SEM image of cross section

Fig. 1-11 Photographs of processing structure by femtosecond laser

single pulse interference exposure °%.
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W ZERMLEITHIENHEHE ThHD,

COHOFETE.ENABREEOL—FEH WTHTAE @ ISH M
EEML T . L= 2R N T2 KAZM LHICEELTE %26l
—PRHFH T2V FFEETEE Xy F 7% (LIBWE ) BRZE TFond
NIV oM THEEKEN TR E &% Fig. 1-12 IR, # &N T o
e A AL IZIERA2HY, . omE EDRRF THL, 20 E TR, &
TEHEICHEIREEE 7506 NG, LM EHH AL —F 2R L
N NEVN SR RBEENZI D, . 7= L —F 2 H
W T EXEMEBEER WEFEF EL T, A7 A% m S A E 8%
HEEK THEICEBEREZH VWHIIERERIN TS, ZOM T T,
SERBRMEINRT T —varENABICRE S IRAECRTIN BT B LTV
LEHER SN TVDR, FEMARN TAD=XLREH I TRy, &8 0
JREERIE RN SN2/ RT 77X AR S, k&S
ZEPFTRFLOBETD2NIC/NDNSVEHRICH ELIEDLILER AR THD
95—96)O

Tl XHW TTRAECRTVNAEHA WM T HELT, F /P AXDE R
BREZEELED, T/ AXDORI N2 K L2358 1IXH 50, E % H
WEWVWHL L TE RS, BRE 7T XEVRITVNEH W2 T8 4 o fig B
BRI TNAL UL THD 97101

Beam Pigment
ho nlogenizer lens sTlution

Excimer
laser

Silica glass

Sum

Fig. 1-12 Experimental setup of laser induction back wet etching
method (LIBWE method), and observation photograph of

processing diffraction rating®® .
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HE N RE LR D,
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Table 2-1 Metaled complex index of refraction, invasion depth, and

reflectance of metal material in each wavelength.

Refractive | Disappearance | Invasion Reflectance
Metal A (nm) index n coeﬁPi(F:)ient k Depth (nm) | (%)
Ag 220 1.32 1.29 54 25.1
500 0.05 2.87 55 97.9
Al 220 0.14 2.35 30 91.8
546 0.82 5.99 29 91.6
AU 200 1.427 1.215 52 22.5
500 0.84 1.84 86 50.4
200 0.94 1.51 42 37.8
cu 500 0.88 242 66 625
Fe 367 1.95 3.53 33 63.1
510 3.19 3.86 42 60.7
Ge 207 1.27 2.38 28 53.0
516 4,71 2.00 82 48.5
In 500 1.019 2.0805 76 51.5
Mg 200 0.20 1.40 45 76.5
546.1 0.57 2.32 75 70.9
Pt 257 1.17 2.83 29 63.2
589 2.63 3.54 53 59.1
Si 206 1.14 2.83 23 63.8
515 4.16 0.10 1639 37.5
1.0
Silver (specular surface)
08
2
= 06
g Aluminum
o)
< 04
Carbon steel
Nickel
02 L
0 | | | | e —
0.2 T 0.4 0608 1T 2 4 6 81
KrF Excimer laser YAG laser CO, laser

Wavelength A (¢ m)

Fig. 2-1 Absorptivity of various metal materials in laser

wavelength!'®,
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Fig. 2-2 Transmissivity of various optical materials in laser

wavelength.
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Fig. 3-1 Production process of buildup multi-layer printed-wiring

boards(PWBs).
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Fig. 3-2 Configuration of PWB used for experiment.
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Fig. 3-4 Waveform of CO, laser used for the monitoring experiment.
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Fig. 3-5 Relation of the depth of VIA hole and laser fluence.
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Fig. 3-6 VIA hole cross sections accompanying laser irradiation time.
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Fig. 3-7 Relation of the thickness of the resin which remains at the

bottom of VIA holes and the laser fluence.
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Fig. 3-8 Time variation of reflected laser power from inner Cu surface

of VIA hole.
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Fig. 3-9 Emission side view images during laser drilling.
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Fig. 3-10 Light intensity from a bottom of VIA hole and hole depth

during laser drilling.
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Fig. 3-11 Calculation result of radiation by heating caused by laser

irradiation.
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Fig. 3-12 Measurement result of the spectrum by the radiation at the
time of heating by laser irradiation, and the emission

spectrum by laser irradiation from black oxide surface.
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WBLEE ST, o, TOREZFR AT T 58 5 2 W m Bl 2 Lok & . F ot

DROLENRLrolb DX, 2um L L OB EERE PR I, 61T, K
J'E O 8 R O BE X, L PNBLE SN OO A il BT AL T,
Table 3-1 |2, 4% & M & B T i W I =R | 8 §& & T O 8 B H & (2%t
TOHMBERHBEOL VL —VRE OB £ T OH THEEZT T, WH
FKECORMERGWLOIZE, 8 7E £ m CTL— ok AW I S CTEg 1k
il oy R R DL B ETH R L, BB AL S R JT 4y R ST O BL S Nl
BINDHEZ NS, THIE, AL 8 230 M S DR B ETH IR L7 5.
NJE COR IR EEBMEBMIN TS, BLEXD, Zo% ok E 25 0 35
LT RIEICERAF TOMMBE AN E THZENATHE &2 D,

3.3 B=HXVU T H M~ B

Fig. 3-13 ICv—V¥Diay b aZ b S E7zke O8I 3 6 KB 2R 7,
KT VR RIEM T ICB LR ICB A ESND, 1vavyhEH OF 50
ps REIZLV—FITRNEICEEL, BV BRINIHE DD, ZO% , ay bk
ZEROLTWE  RAICARIEELZE N TL50T, B FB A SN, T2
v AR RNAITEICRERIZ—EDOREITIE £5720 ., 56 8 E 13/ S
K7po TV, ZO0EE B APB RSO, RIEIZE T T8 20— &
DEHBLL T2 45 Thhd, LER-o T, B AEBELZE=FL, O

Table 3—-1 Observation result in each Cu surface treatment condition.

Black oxide Black oxide Black oxide

(Normal process) | (Short process) (Short process) Reduction

Surface treatment

Absorption rate
on Cu surface@10.6um

Surface compositions CuO CuO,Cu CuO,Cu Cu,0,Cu

O signal peek / Cu signal peek
by EDX analysis

36.2% 29.4% 23.3% 21.4%

0.33 0.23 0.20 —

Calculated temperature
of Cu surface 3368 K 2735 K 2168 K 1991 K
by laser processing

Light emission

by laser processing o % x x

Cu surface’s color change

. Black—Cu color No change No change No change
by laser processing
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Fig. 3-13 Change of Light intensity by the number of laser pulses.
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Fig. 3-14 Relation between the integrated light intensity which is
measured at the time of VIA hole processing, and the hole

bottom area of VIA hole.
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Fig. 4-1 Models of simulation for light extraction efficiency.
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Fig. 4-2 Results of light transmittance and light extraction efficiency
by simulation.
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Fig. 4-3 LED sample without sapphire for experiment.
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(a) Before laser irradiation (a) After laser irradiation

Fig. 4-5 TEM bright field imazes of cross sections of InGaN/sapphire

interface.
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Fig. 4-6 Composition of femtosecond excimer laser oscillator for

experiment.
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Fig. 4-7 Relation of etching depth to processing energy density.
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Fig. 4-8 Relation of etching rate to processing energy density.
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Fig. 4-9 Comparison analysis results in depth by Auger electron

spectroscopy analysis.
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Processing by nano-second laser
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Fig. 4-11 Evaluation of crystalline by time-resolved

photoluminescence.
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Fig. 4-12 Optical setup with Schwarzshild optics.
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Fig. 4-13 SEM images of InGaN surface structure by 4 beam
interference processing and change of surface structure

by the number of laser irradiation pulses.
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R, A o 1.8um, I T AREYF 2.5 um, M TIRIES1.14um THDH, =
DM T A7 OFE St o8 BE 28 & Lz, Y Rl & 1TiX, 10 A2 F DO 47 Bk
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AIEEME N HDHDO T, HCl A FL 24T o7, HCl ¥ I1E 19% K IE WK T 3 4 A
BIEALE L7, Fig. 4-14 BX O Table 4-1 12h1 T IR &2 0 %h =R Hl & #%
RERT, ZORER, 660um OF W LHEBAHEVELE K T52L T,

(b) Observal result of SEM

Fig. 4-14 SEM images of LED chip InGaN surface structure by 4 beam

interference processing.

Table 4-1 Measurement result of light intensity.

Light intensity Ratio to
(mW) initial value
Before lift-off processing 52.6 1.00
After Ia:ser surface . 909 173
processing and cleaning
With resin covered 150.2 2.86
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Fig. 4-15 Emission spectrum and current / voltage characterlistic.
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Fig. 5—1 Relation of the transmission rate to degree of incidence

angle and hight of nano—-periodical structure.
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Fig. 5-2 Experimental setup of laser processing by femtosecond laser.

Table 5-1 Specification of laser oscillator used for the experiment.

Parameter Conditions
Wavelength 800 nm
Pulse duration 100 fs
Repetition 1 kHz
Beam shape Gaussian
Polarization Linear
Laser energy 1w

B WIALNR o7~ Fig. 5-5 ZV—V R E ICIVE R EINT-K G HEE O
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RWEE ZDND, LTeid> Ty AKBFZE TIEL — ¥ B GF Re (20 T8 o 5% <
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Fig. 5-3 Experimental setup of scanning laser processing by
femtosecond laser.
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(a) Copper irradiated in atmosphere pressure
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(d) Fused silica with coated copper irradiated in less or equal 20Pa.

Fig. 5-4 SEM images of laser irradiated samples by femtosecond laser with
laser energy density 15000 J/m?.
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5.3.2 T KR

MITERICHWEERIZ. AR TIRAEREA W, 206 8K TITA L
WC~ 7 R RR ANy B 778 5 B KO R 2 5o L B R 1Rk I g
FICEo Tl EE LT, SO WA R LI VTR R A FEHAET) 1.0
X107 ° Pa, € i & 0.10 Pa-m®/s OEFFHK F TTr=—95ZLT,
HIAFER B OF 78+ By 8 Lo K A E R LTz, 7=— V51X,
22D 850CETZ 15 /9 CTHIMML,30 R FLAEZIC, 15 20 CTH IR F
T HEISE 72, Table 5-2 IFEBRICH WM T HEKRZRLTEY, Fig.
5-7 BIHTARMWICT /R Faop @ IEm THEROERm 2 1 M5
A 85 (AFM) ZH WTE R L=/ R THo,

5.3.3 A0 LW A AR o FFE Al 05 A

MIHEKROREB ZIZIEH KEF7 2o ok &R E 1 B M
# ( SEM ) JSM-6390A & . & i H M ® & & E + B M B
(FE-SEM)JSM-6320F Z | & [ 1 1& 0 J& ) [ & o m SO IR fl & 12133
— A DOJF F [ 7 BE 8 (AFM) VN-8000 Z M Wiz, 3R i 128 f# L T
WLt EOFEICIEZ, =X X — 4 BAE X 8 45H EDX(Energy
Dispersive X-ray spectroscopy)® H WTIE & o 1 217 o 7=,

Table 5-2 Substrates for laser irradiation process.

Number|  Material Copper | Glass Situation Cop_per nano
Thchness particle size
1 SiO2 0 nm 1 mm —_— _
2 _ _ 10nm | 1 mm |As deposition
3 5102 with 50nm | 1mm |As deposition| ———
coated copper
4 300nm | 1 mm |As deposition
Heght:18nm
5 5nm 1 mm Annealed Width-159nm
SiO2 with Heght:33nm
6 copper particle 10nm | 1 mm Annealed Width:321nm
Heght:418nm
7 72.7nm| 1mm Annealed Width: 1900nm
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Fig. 5-7 AFM images of Cu particles on fused silica.
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e [l 7 A STE A STV, A 55 0 7 A HE 898 ik Sz B A 1T
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5.4.2 4 & WAL A 98 T T AO M LA R

WICH B A TAREICHER A L, E&ELF R TEmMLET -
oo ARATAZAOM L RmEmER — KM TN UHEm OB 28 R %
Fig. 5-9 IZR T, L—VRHFICEIVA FEHTIA L O EBREIZTT TR ES
N, A RTITAREICRK V=R micx LT E 5w oE
ERE RSN TWD, 8l K O B IO — Wl Lo vF —%8% K24
fEE&ELEE MR %2 Fig. 5-10 2 3, & B4 & o i3 T =%
WX — I E AL IS EDZEICRVIE N DTN MR SN, £, T =x

polarization

Fig. 5-8 SEM imags of fused silica surface irradiated by femtosecond

laser.(Processing of fused silica without copper film)
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polarization polarization

Periodic interval: 172 nm Periodic interval: 650 nm
(a) fused sililca surface (b) copper surface

Fig. 5-9 SEM images of fused silica and copper surface irradiated

by femtosecond laser.
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Fig. 5-10 Relation of the irradiated laser energy density and

nano-sized periodic structure.
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Fig. 5-11 SEM image of fused silica surface irradiated by

femtosecond laser of circular polarization.
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Fig. 5-12 Model of processing mechanism by plasmon generated in
interface of copper and fused silica with femtosecond laser

irradiation.
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/ Surface Plasmon
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Fig. 5-13 Model of mechanism showing localized surface plasmon
formed on fused silica surface by copper nano particle with

femtosecond laser irradiation.
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Fig. 5-14 Electric field intensity calculation results by FDTD method.
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Laser energy density: 15000 J/m?, Laser polarization: I

Thickness of Cu film : 10nm | Thickness of Cu film : 50nm

Y D00 g 4 s

Thickness of Cu film : 300nm

Fig. 5-15 SEM image of fused silica surface with thin Cu film irradiated

by femtosecond laser.
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Laser energy density: 15000 J/n?, Laser polarization:

Size of Cu particle:159nm Size of Cu particle:321nm

Fig. 5-16 SEM images of fused silica surface with Cu nano particle

irradiated by femtosecond laser.
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Laser energy density: 15000 J/m?, Laser polarization: I
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Height of Cu particle:418nm

Size of Cu particle:321nm
Height of Cu particle:33nm
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Fig. 5-17 SEM images of fused silica surface with Cu nano particle

Fig.

irradiated by femtosecond laser.
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Fig. 5-19 SEM images of fused silica surface with thin Cu film

irradiated by femtosecond laser.
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Fig. 5-20 Measurement results of amount of Cu on fused silica surface
by EDX.
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Laser energy density:15000 J/m?
Pulse number:10 pulses
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Fig. 5-21 AFM image of fused silica surface with thin 300nm Cu film

irradiated.
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Fig. 5-22 Cu localized process by femtosecond laser processing
fused silica coated copper.
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Fig. 5-23 Mechanism of nano periodical structure by surface plasmon
induced by about 800nm convex structure.
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(b) 50nm Cu coated glass substrate.

Fig. 5-25 Relations of pulse number and pitch by femtosecond laser
irradiation.
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Fig. 5-26 Effect of Cu thichness on relationship of energy density and
pitch fabricated on fused silica with femtosecond laser

Laser energy density :30000 J/m?
Pulse number:10 pulses
Laser polarization: __,

Surface structure [nm]

position [ 1« m]

Fig. 5-27 AFM image of fused silica surface with thin 50nm Cu film
irradiated.
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Fig. 5-28 Amount of remaining Cu when changing laser energy density
and the number of pulses.
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Fig. 5-29 Relation of Cu thickness and pitch of fine periodical
structure.
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Fig. 5-30 Relation of fabricated height and pulse numbers.
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