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Detail model of gas optics for high power laser applications
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Institute for Laser Science, Univ. of Electro-Communications, “Hitoki Yoneda and Yurina Michine

E-mail: yoneda@ils.uec.ac.jp
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[1]Y. Michine and H. Yoneda, COMMUNICATIONS PHYSSICS, (2020) 3: 24
[2] Y. Michine, R. M. More, and H. Yoneda, Physics of Fluids 36, 041703 (2024)
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3cm? large diameter gas optics for high energy laser system
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70-W Hybrid ArF Laser for Material Processing
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Fig.1.(a) Focusing property of the ArF laser for lithography (inset: beam waist profile); (b) Pulse shape
of Hybrid ArF Laser. (¢) Amplification characteristics of Hybrid ArF Laser; Focusing properties of (d)
the long-pulse and (e) the burst-pulse in Hybrid ArF Laser (insets: beam waist profile)

[1] T #fd, b¥% Bk, N &, e 5, =l &/, NMLTHE VAN T Y Y
N ArF =% = L—H#—0FR%”, L—V—F5E 52,1 (2024).

[2] Yasuaki Moriai, Yasuhiro Kamba, Hironori Igarashi, Atsushi Fuchimukai, and Taisuke Miura

"Development of pulse shape controlled DUV solid-state light source for hybrid ArF laser", Proc. SPIE
13341 (2025).
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Development of compact Optical Parametric Amplifier for 193 nm solid-state laser
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Fig. 1. Configuration of a 193 nm solid-state laser. Fig. 2. Optical layout of a double-pass OPA.
2% 3R

[1] M. Arakawa, Y. Tamaru, A. Fuchimukai, Y. Sasaki, T. Onose, M. Tamiya, T. Miura, T. Nakazato, S.
Watanabe, and T. Matsunaga, “Amplification of DUV solid-state laser pulse using ArF laser,” CLEO
Europe 2017, CA-1.6 SUN (2017).

[2] C. Qu, Y.Tanaka, H. Igarashi, Y.Tamaru, A. Fuchimukai, Y. Murakami, T.Miura, K. Kakizaki, “OPA
Based Compact 193 nm Light Source for Hybrid ArF Laser,” ASSL 2020, JTh6A.2 (2020).
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High-Energy Operation of a Blue-Diode-Pumped Alexandrite Laser
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Fig. 1 Cavity configuration of the diode-pumped Pump energy (mJ)
alexandrite laser. Fig. 2 Output energy as a function of pump energy.
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INEY - BRRYERL Cr:ZznSE— FRI#IL—F— DB %

Development of a Compact High-Repetition-Rate Cr:ZnS Mode-Locked Laser
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°Ayu Konno!, Masaki Tokurakawa® 2 (ILS UEC!, CNBE UEC?

1. XC®»IC

T RO O R AL 5 7 D SRR & b PRIE
NTHEY, LEOJEF 531 DB AFET 5.
% D 7z & HRINVEIR O B S L 2 L — 3 — ()
P )i, AERBIH - BREEEHI 2 & oS 20
SiIEHZED TW 3, Z olRE o /N L3
FEx A Eo sz b, ~L 2ok iE L,

KO m e - fite — PR BIcw 595,

AREFFETIEL, 2~3 pm HFICIAFE AR RIS & FE o
Cr?*: ZnS[1] %#FIfRIEE & L, SESAM % 7z
INES - BRAR R D B B &g D R L RS
NN 2SR DOFAFEE HIE L 7.

2. EEBRER

14, R Cr*t:znS IR ORER % R T
FISEUE 113 Cr2*:ZnS (4 mm, 5.2 at.%) % Fy,
#5% 1611 nm Er:Yb 24300 fiber laser 12 X U Jihitc
LT3, HIRERIZHE 100 mm 2>0@E#E3E 3%
D MEiHE M1, J U SESAM 2> IR X LT 5.
FERTIL, Kk R % 2 @ SESAM Z I L
2. TNENOFERE XK 1 oRNICR T, R
w13 100 Mm(1.5 GHz tHY) L 7> T 5,

f=200mm f=154mm

Cr:ZnS / DM 1611 nm Er:Yb
fiber MOPA
X MI L ~100 mm

Ry[%] AR [%] F[nJ/em?]
SAM A 98 09 95
SAM B 97 2.5 5

Fig. 1. Experimental Setup
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[1] C. Y. Cho, et al., Opt. Lett. 42, 5226-5229 (2017).

[2] C. Honninger, et al., Opt. Soc. Am. B. 16,46-56 (1999).
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Implementing Deep Reinforcement Learning for autonomous laser cavity optimization
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Fig.1 Experimental setup Fig.2 Learning Progress
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[1] T. Popmintchev et al., Science, Vol 336, Issue 6086, pp. 1287-1291, 8 Jun 2012.
[2] A. Pushkin et al., Photonics 2023, 10, 1375.
[3] Daiki Okazaki et al., EPJ Web of Conference, Vol 307, 04069 (2024).
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Femtosecond-Direct-Laser-Written Waveguides in Tm:YAG Ceramics
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Fig. 1 The setup of fs-Direct Laser Writing Fig. 2 The beam profile through the bulk
and the created waveguide or the waveguide

[1] T. Sumiya, et al., Opt. Express, 33(5), 10047-10056 (2025).
[2] Llamas V, et al., Opt Express. 28(3), 3528-3540 (2020).
[3] Esrom Kifle, er al, Opt. Lett. 42, 1169-1172 (2017).
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with Fine-Grained Microstructure and c-Axis Orientation

YE - MHBIREE CCONR B, #K ZF T8 HBE

National Institute for Materials Science, °(PC)Sanae Koizumi, Tohru S Suzuki, Hiroaki Furuse

E-mail: KOIZUMI.Sanae@nims.go.jp

[#E] oAbt RaIH IC v FENL T %R
DEWPS G T Ty 2 ZABMEH IR TV, I
SLTT M TR B R AR T D BRE S L R A AR N

BRI O JE IR 2T X BRI REGEL D &
HERTOFERE 220, KABELOKE X1

Ft AL D P A R R B R i D Je A =2 1 He ) 5
% 728 ZAVE TIT i bR O i AL <o B i RN
Lo T, 2z oMl 2553 A b T & 7= (e.g., [2-4]),

AWFFE TR I TRRL —F -k T I v IR
DIk sEmbibE BiE L. [Hl#&a] &

(R PE] 2z L 7230k o AU H Y #HA 72,
WRE LML, d0 - b —3— - FRINEE -
ARG 25 AT RE 7o JEBRRETEM B C B 2 /N7 R
® Nd:Ca;o(PO4)sF. (Nd:FAP) TH %, Wi
N X 2 R AFELERR IC 5T, Nd:FAP
PR T D VE L D3 L 17 B 0 ST 352 %8 % MRt
L7z,

[52B8] J50RHT HsPO,, Ca(OH),, NdCls % s,
WHZEIC X WONdS A4 Fafo 7824 b

(Nd:HAP) HiBEIAH KA AR L 720 26 72 R
BXikic 7 v RACMIE % f L. 600~1400°C o i
TIREE L THRLF1E D % 7 5 Nd:FAPK + % {F
B 720 30 NIPRTIC 0 BULER & fifi U, 5t
WG 2 RET L 72, B DM R 2 127 X 7
D [BIR1E 5 th T HA B BT &2 17\ BC A R %
1372 AEHIINE 7' 7 X~ BekddEE % v i
fEL7=, o zilrhicxt LT, RS, i
M., AR, (LA, & s X OV EOEF

YD BE & 5l %17 > 72,

[R5 L UO#EE] XRD Of5EH, L, AL
Wk FIxH—MHTH b & 2R L 7z, SEM |

— KL BTG o A5 5L ROBE ¥ IR D 28I

X0 PRI 50 nm 2> 5 2.6 um D HiFH T
LU 7=, BHABIEA S X OB A D XRD HIE 2>
b, 35Nk cllfici 2w L7z (Fig. 1),
%5 N7 B S K SR O R 1% 300 nm LA
TCH o7z, d#ETlE, Nd:FAP ofidmE s X
SEFHERTR DR R 2 W5 32, £ 72, BERG Sl
Y S e A W S S o At YD e LAY
AFERICOVWThGEm T 2 TETH 5,

SEWR

[1] R. Apetz, et al., J. Am. Ceram. Soc. 86, 480-486
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[3] H. Furuse H. et al., Sci Rep 9, 10300 (2019).
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Characterization of Cr:LiSAF/Sapphire bonding interface and thermal properties
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1. Introduction

Despite being a more efficient material for tunable CW lasers compared to Ti:sapphire, Cr:LiSAF-based
lasers are not widely spread, mainly because their output power is limited by thermal problems due to low
thermal conductivity of the gain medium. In order to improve the heat extraction inside Cr:LiSAF, aimed to use
inter-layer surface activated bonding (il-SAB) technique which consist to bond the low thermal conductivity
Cr:LiSAF (~2.5 W/mK) with high thermal conductivity transparent sapphire (~36 W/mK). In this work we
present the analysis of bonding interface between Cr:LiSAF and sapphire as well as the thermal properties of
such chip stacks.

2. Bonding and interface analysis

Successful bonding between uncoated 5 mm diameter and 1 mm thick c-cut Cr:LiSAF and same dimension
sapphire crystal was realized after surface activation using ion beam under high vacuum conditions (10 Pa). After
bonding, the interface was analyzed using TEM and EDX (Fig. 1.a). The results mainly show the diffusion of
Oxygen and Fluoride through the bonding interface between Cr:LiSAF and sapphire. The thickness of the
amorphous layer forming the bonding interface can be estimate at around 40 nm. Also, the bonding interface seems
more extended on the Cr:LiSAF side indicating a longer diffusion depth of Oxygen in Cr:LiSAF (compared to
Fluoride diffusion in sapphire) and a higher sensitivity of Cr:LiSAF to the ion beam performed for surface
activation.

3. Thermal properties measurements

First, thermal diffusivity was measured by laser flash lamp method for the bulk c-cut Cr:LiSAF crystal and
for the bonded samples in the 22 to 100°C range (Figure 1-a). The results show that the bonded materials present
a 2.5-3 times higher thermal diffusivity (2.693 mm?/s) compared to the bulk crystal (0.961 mm?/s). Also, the
difference between measured and calculated thermal diffusivity of the bonded sample was estimated to be
similar to the standard deviation of the measurement (~3%). In that case, the thermal resistance of the bonded
layer can be neglected. In addition, Cr:LiSAF specific heat was also measured in the -20-200°C to accurately
calculate its thermal conductivity using the relation « (T) = D(T)*Cp(T)* o (T), with o (T) the volume mass
estimated using the thermal expansion coefficients of Cr:LiSAF. Finally, the effective thermal conductivity of
the bonded material kefr was calculated to be around 6.6 W/mK, ~2.5 times the one of bulk Cr:LiSAF (2.5
W/mK) considering no thermal resistance of the bonding interface.
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Fig. 1. Measured thermal diffusivity for bulk Cr:LiSAF and bonded samples (a) and calculated thermal conductivity of
Cr:LiSAF bulk crystal and of bonded samples (b).

4. Summary

Successful bonding at room temperature between low thermal conductivity fluoride (Cr:LiSAF) and high
thermal conductivity oxide (sapphire) crystals was demonstrated using il-SAB technique. Bonding analysis
revealed that Cr:LiSAF is more sensitive to FAB compared to sapphire, resulting in a 40 nm thick amorphous
layer, more extended on the Cr:LiSAF side. In addition, accurate measurements of thermal properties of bonded
materials showed that the amorphous layer do not induce thermal resistance. As a results, >2.5 times higher
effective thermal conductivity was demonstrated for the bonded sample. These results are promising for the power
scaling of Cr:LiSAF and fluoride-based laser systems by using bonded chips as gain medium.
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