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RERFRIMT & Z DEBR

HF (T KV)

W = 30,000 K

SHTEBLTED P L—T—

E) BAEFIRILE— (AJfRi) E=hv~25eV
BT R)L¥— (300K) :E=kT~0.025eV
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HRERL —HY—  KLLNL L —Y— S hEs%

2 MJ oL—H—3 (3f&FiK) Z 250-350um (C5EK
: >108K FTHERLEZMEZ3IERIT

Ref. K. Schaffers et al., IWCGT-4 (2008).

\W,_"V

\ - o o »
" NG .

7. NS

~ \

r—Fvvoznal-—
» 409 kcal
v ~i—) W/ . Sk 4 » 409 kcal x 4.186 J/cal
ESSRINING VS ORI, o =1.712x106 J
optics and dig 5 25 i 2 e

continue through 2008.
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R E®L —H—  KLLNL L — ' — Rt &%
o HHREEL—Y—, EBAMANIF (LLNL) : 4.2MJ ((BR1pm), 1.8MJ (351nm)
o =I%6E{t, ELI-DIiPOLE : Nd:iZX — Yb:YAGEZ v 7 X, 100J@150K (1ym)

NIF (LLNL) Ref. K. Schaffers et al., INCGT-4 (2008).

ELI-DiPOLE

L—Y—1g& : 7v MIR—ILRY I 7L 3l DEE

EFEIREHEZ !
® 4.2MJ, 10-*Hz — 420W &h{E
Ref. M. L. Spaeth et. al., FUSION SCIENCE AND ® 100J, 10Hz, R DFFE N 1kW BhfE
TECHNOLOGY, 69, 25 (2016). Ref. P. Mason et. al., Optica 4(4) 438 (2017).
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BICERAL=NTVWSERE/IND—L—Y—(CF. ASR
L——PYAGL—T—ELL<H DD

o BHZICHES BRRIBICHE LRt
o MLYXPREBITHR, MEC LB

FDRBRBZERI DIEOHICEEHNEMI DODXREIE LR o1,
S5 ([CHEMEVWE (T T, BEZLVCIRENCHELZO
ERENSTBIHNEHNFELEEI. LKHABEINBEXTICIE
ES5IEH o7,




@R pespibal e Z DRI

SEmAL——HEOF =
REEMREOEE
MEBM BN DXL G
WNINTTHRDESE - EOEHHEM L
ANRYT N - BiEDEEEEERS
Surage fEEME U TORER E

damage threshold) | (6) Sintering bonding E&EL*E %k } l/ — 'Ij:"—% 103 ‘iZ‘:E‘IﬁE

Peeling, Coating damage

(1) Grain boundary,
q

(2) Inclusions / Pores

(3) 2nd phase

(4) Birefringence

g

Fresnel loss

Depolarizatio

(5) Sﬁrface roughqess

@ Dissimilar Materials
N

oIV XOHEER T. Taira, A. lkesue, and K. Yoshida: OSA TOPS, 19(3), 430 (1998).
Ref. IEEE J. Sel. Top. Quantum Electron. 13, 798 (2007). INVITED 3 FSR = 10GHz

Iy IL—Y-m¥ [ |
® EFARBIARRICRE = I

T

| BB Sy oL —t—
B.C. 3000, Japan (19984F ASSLIRE)

http://www.pref.aichi.jp/touji/index.html A.C. 1998, JFCC/IMS, Japan
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@ FRAE i flish =

eI & Z DielE
1 1IN =] Jias
= —H— |==] Thermal Conductivity [
o BiSL——OBRLH mal Conuce
40
Sapphire <
X f 30 :
—1 A A
_ Al>0O3
L: rod length etc.\
BFEAERR REFME  BENEFME (BEE%) KKFE > M ' [>
x= 20 -
<« RN IC 1K D B AR HDH
BT RIBODE VR o
s Nd:YAG LB - 7T - EFWEREDICK YVO \
10 REWEEL — 5 — =7
RER/\SX=F BIRER | YEICR < K77 chgo e
g 2 <U=V)0n [Kow | ¢ HRBEROBEMEA
T
ak a FAP
v: Poisson ratio, E: Young’s modules, ~a: expansion ratio, omax: maximum tensile strength 0 Nd:glass

*DFC : 2 %ESH (Distributed Face Cooling) 7
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l%/ﬂ]l RD(L- :]Feﬁg%jl\bt.ﬂ /¢1|$T2z‘ (|| SAB)
/fd)ﬁﬁﬁlhc; DE‘ZIjJ L/Tg_o

0 IERISRERBREZZSE UEARMBIDESICRERSN
TULeh, BRTOEEMNTEICK >, ]R8

SAOF AR el SYRIEGAEY:. T %ﬁ@ﬁﬁb@ﬁ*ﬁaﬁﬂ
ZEoMOJEEICR o7,

O AEMDERICEKD, SRBED/NUEREL —HU—
(TILA) DO /\—OBRICEDTJREE R D,

TILA : IBRERE L —H— (Tiny Integrated LAser) g
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iI-SAB : Intermediate Layer assist Surface Activated BondingVechanical
(ZEEE + PEILD7RE) L&D (£2iE) AXEMROBRIESH OJEE

) 060666 0¢

AdAAAA

@ FRAE i flish =

\ Amorphous
layer +

/ dangling bonds M

A FAB#1

Heatsink
a) Initial state b) FAB c) Amorphous layer d) Bonding
Surface roughness: RMS < 2nm (Fast Atom Beam) creation

DFC-structure Tiny Integrated Laser
. /e

Flatness: A/5 @1064nm
UHV ~105Pa £;

Ref. Opt. Mater. Express 7, 3214 (2017).
Opt. Express 27, 30217 (2019) .

HKER THFETRLAL

w/o coating | with coating
Photo: Aug. 15, 2016
® Low temp. bond = coat-material
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BRI - RERER & DB
DFCHE&E/N\BVERS L —H—
DFC-structure for Tiny Integrated Laser

TEM and EDX anaIyS|s of SAB boundary

100
90 | | | | N
80 Nd:YAG Sapphire |~ m 4
70
60

50
40

Atomic %

30

20

10 Resolution 0.63 nm

0 10 20 30 40 50 60

Distance (nm

10
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4t 4 A AV S
ATIXINT VI TFEX * 1 (0] X
Ref. L. Zheng, A. Kausas, T. Taira, Opt. Mater. Express 7, 3214 (2017) ® Nd:YAG : 4 chips

o0 ' | ' ' | | | | | 1| ® Sapphire : 5 chips
A: Anti-reflection (AR) @ 808 nm & 1064nm RT operation PP P
e QRR%BS%% o bich I;(reafllr(:"é:rtrimci)sr‘sEol-lnR()H@%1@%614 064 nm P =47.7W / P. =86W
50~ S o o Tt in™ ¢ 7L XJLIEK >95%

Output Coupler
- > EERAEBROSHIREILLT
40~ Siode Pomp Lasor Ottt Ty=12°C 1 ZROBABOCERE
e = >64% & SHHEFIR ?

1064 nm CW Output Power (W)

30 = o [S— 3+. ]
- > Nd°*:YAG = ~ =
Cavity Length: 15 mrln Cracked! BlC~ ?%%?ﬁ%% %Eﬁb\ 5 E'I'%
808nm 1064nm
— —_—
20 J — T _ .
Nd>*:YAG-single chip cracked L = (L/T) T -(Me/ma) T,
O DFC chip, 1=64.6%@Toc=4.46% NeMa—H/T,
10 v DFC chip, ng=61.8%@Toc=3.10% —
¥ DFC chip, 14=62.2%@T 46=3.10% —
& Single chip, Ng=61.0%@Tc=3.10% ¥ EERH\S (&
(IS~ v/d A | ' | | | | | e o
0 10 20 30 40 50 60 70 80 90 100 t L' =0.51%
. AL DL s
Incident Pump Power (W) RF LN ogakR

11
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Ref. L. Zheng, A. Kausas, T. Taira, Opt. Express 27, 30217 (2019)

Cavity Length = 12 mm | I I T— T T T T T
7 , 4 mm

Coating: | II ||| ||| ||| 100 |- —e— Directly-bonded bulk-chip
vy

- End-cooling bulk-chip
—o— DFC-chip

808 nm ' { 7 1(3;;'):.:1 > 80F
o
f C @ g eop
,,/ 8_
5 & 40 |- ; v %@ﬁ
Heat sink Gain medua Saturable Absorber Output Coupler %
Sapphire  Nd:YAG Cr:YAG BK7 =
Unit: °C axis unit: mm -8
; <
U: 308 : 2‘05 o 1 mm T, =15°C on copper holder
o m: I I ; : ! i I I |
v 5% ° 0 2 4 6 8 10 12 14 16
(8 Orocty-bonded Uk chip. Tnay= 925°C () Enc-cocing Bullchip, T, = 67.2°C €) DFCohip Tog= 335°C Cavity Length / mm
Temperature Difference, AT / °C
Repetition . . .
Rate / Hz (a) Directly-bonded (b) End-cooling  (c) DFC-chip with different Nd:YAG thickness
bulk-chip bulk-chip Nd:YAG 1 mm Nd:YAG 0.2 mm
10 3.3 2.5 0.8 0.8
100 39.2 31.5 8.3 2.9
1000 458.9 393.2 111.6 34.9

‘ ¥ &) Q-sw. with Cr:YAG = 21.5mJ, 32.3MW@10Hz = >20mJ@100Hz Now! '
12
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SEEDOEOHOBERIEMIEEHE., =5(ClFE—=
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o&t\@ ERICKDEAE. BAREREREDRRES
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® LASIK - FLAP CUTTING/ ® CUTTING OF
CATARACT SURGERY STENTS/TUBES
[ ————8

® FUEL INJECTOR
NOZZLE DRILLING

osBEL——p KA
CUTTING o NI P /NEY

Spray pattern

® OLED - FOIL

ps-Laser processing

Spray hole ' ps-Laser processing of flexible plastic substrate @ 800kHz

Linear Absorption is a key element for precision laser processing

especially for thin film, foils, stacks of dis-similar materials
PCESH 10,

Ref. N. Hodgson, “Industrial

0807

ifemtosecond Lasers for Material Processing”, OSA ASSL, JM1A (2008).

14



gates s o
(o 5545 187 X123 R bRl
A AE YRy

E—=Z=Y9 :2E0XKAZMWNTIHUEXT C &ic kD, REICEMREX
Bith K-oTEa5H) #5212 %

Giant-pulse Laser Laser
. Laser
Ul
Ablation
(few GPa) O @

Sr ATV NULARBHICEDBE Peening Forming
(#GPa) DEE7 7 AVHE o vA(HOFvIL—H—
HEEDFHE - GHR. MTEZBEEH : 5mJ, 400ps, frep=100Hz, M2<1.03
AEBDEMEMIRIC K D REICEHEDAD Y8R B: 1.3 x 1015 W/sr-cm?2
BB (BE—=>%) FEREERE Te: ~8.2x 1020 K

BWHHTRREIMRUTHMD BT,

_ &7 o FERIFIE
ﬁ(éﬁ 7:“_% f;; SHRELABMSL TR  77.8 W/cm?

7S5XAYEN : 12.5 GPa

15
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aAGES =
7475?/7b e

7.5 md, 100 Hz
: AFBfE ~10MW

A6063 ifxH (B @ 2 mm)

Y 7F/
Y172 RILAD
14 2IN7 ~

yZERZ S - BT BEER = KBL—Y-DnE?
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® FETES : 555762455875
® HREA . BRARIZFHR S

® FHBRE . FEHLES, A. Kausas, L. Zheng
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TEL 0564-55-7136
FAX 0564-55-7119
e-mail r/136@orion.ac.jp
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