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FIG. 1. Absorption spectra of 2.0, 3.4, and 6.6 at. % Nd:YAG ceramics
(solid curves) and 1.0 at. % Nd:YAG single crystal (dashed curve).
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FIG. 2. Fluorescence lifetime as a function of Nd** concentration. The open
squares show the experimental data for the ceramics and the closed triangles

Absorption Coefficient (cm”)
[¥%]
o

[~ Resolution = 0.2nm 6.6 at.% Nd:YAG

Ceramic
3.4 at.% Nd:YAG
Ceramic
2.0 at.% Nd:YAG
Ceramic

1.0 at.% Nd:YAG

790 800 810 820
Wavelength (nm)

1 r | rrrfJlrrryirrrjJrr
O Nd:YAG Ceramics
To =248 ps
Co=28at%

A Nd:YAG Single Crystal
To =250 ps
Co=28at%

1+ (Cpy/ Cof

0
0

2 4 6 8
Nd Concentration (at.%)

for the single crystals. The solid curve is the fitting with Eq. (1).

10

100 rr 1 rr vy rr ] rT1rrJrrrJ11
- Toc.=4.4% 7
§“ 80F 0O,A Ceramics -
= X ® Single Crystals ]
il A
o 60 Nd>: 3.4 at.% JB887 T
: e S
o A
% .~... -
O 20 . Qe _
o % Nd*™:09at%
0 La bl v 1 31 4

100 200 300 400 500 600
Input Pump Power (mW)

FIG. 4. Dependence of the output power on the input pump power for the
3.4 and 2.3 at. % Nd:YAG ceramics and the 0.9 at. % Nd:YAG single crys-
tal when an output coupler (OC) with transmittance of 4.4% was used.
Thicknesses of the 3.4, 2.3, and 0.9 at. %-doped samples were 847, 868, and
719 pm, respectively.
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Fig. 1. Experimental setup for the thermal-birefringence
measurement of the laser materials.

Fig. 2. Depolarized beam patterns for (a) a 1.0-at.%
Nd:YAG single crystal [(111)-cut sample] and (b) a
3.4-at.% NA:YAG ceramic at absorbed pump powers of
1052 and 1085 mW, respectively.
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Fig. 3. Dependence of the depolarization on the absorbed
pump power for the ceramic and the single-crystal samples
with various Nd3* concentrations.

Table 2. Dependence of Radiative Quantum
Efficiency 7, and Thermal Loading
7, on Nd3+ Concentration in YAG Media

Nd3* Concentration (at. %) nr Nh
1.0 0.80 0.38
1.3 0.76 0.41
2.0 0.54 0.58
3.4 0.40 0.69
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pump power under lasing and non-lasing conditions. The dotted curves
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FIG. 1. Dependence of the depolarization on the absorbed pump power for
the (111), (100), and (110) planes which is calculated based on Koechner .
and Rice’s theory. The parameters used in the calculation are also shown.
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FIG. 5. Dependence of the depolarization on the absorbed pump power for
the (111), (100), and (110) planes when r,=ry/4.
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r_—_l EB _I%_l T, l/ -Ij- E}l:j'b 37(4)’ 101 (2009) Crystal di Fundamental Wavelength (pm) Ref.

(pm/V) ~0.532 0.852 1.064 1.31 1.55

Crystal d;; Fundamental Wavelength (pm) Ref CsLiBgO19 (CLBQ) dia 0.69 21
Y (pm/V) 0.532 0.852 1.064 1.31 1.55 o d3e 0.92 0.83 0.74 o 21
KH2PO,4 (KDP) dsg 0.39 1,13-15 GaAs dse 170 119 1
Alg 17Gag g3 As dsag 167 12
quartz dq1 0.30 1,16,17 Aln on G ) e .
N 0.20Gagp.goAs d3e 163 12
(NH4)H,PO4 (ADP) dsg 0.47 16,17 Alg 21 Gap 7o As dae 159 12
Congruent LiNbOsg dss 25.7 25.2 19.5 1 Alg 31 Gag 79 As dsg 157 12
(CLN) dsq 4.8 4.4 3.2 1 Alg.42Gap.ssAs dag 130 12
1%MgO:CLN das 27.5 24.9 20.3 1 Alp.50Gap.50As d3g 128 12
dsi 4.8 4.6 3.2 1 Alp.g1Gag.3gAs d3e 97 12
5%MgO:CLN d33 284 250 20.3 1 Alo.70Gao.30As d3e 74 12
d 4 9 4 4 ,} 4 ]_ Aln.gnGag_gnAS d36 63 12
o . 31 : ' P AlAs dse 39 12
StO‘IChlﬂmth‘lC ds3 24.2 19.5 18 GaP dag 159 70.6 36.8 1
LiNbOs (SLN) dsq 4.8 3.2 18 Alg 59Gag 71 P dag 53 4
dsq 4.7 3.2 18 AlP dsg 25 4
1.7%MgO:SLN dss 24.6 194 18 Gag 5Ing 5P dse 114 4
ds1 4.9 3.2 18 Alp 5Ing 5P das 39 4
o . ) Ordered dsg 138 4
3.0%MgO:SLN dss 24.8 17.9 18 i
Gag.5Ino.sP da1 2.6 4
' ds1 4.5 3.2 18 dis 3.8 4
LiTaOg ds3 15.1 13.8  10.7 1 a-7ZnS dss 170 125 9.0 1
ds1 0.85 1 da1 8.1 6.2 4.8 1
LiIO3 dsi1 4.1 13 dis 8.0 5.8 4.3 1
KNbOj5 dss 29.3 19.6 16.1 1 Cds dss 19.1 16.8 14.2 1
dsq 11.0 10.8 9.9 1 dsq 10.1 8.3 7.4 1
y dis 10.7 8.8 8.0 1
dis 12.5 1 . .
, o ZnSe dse 53.8 30 1,4,20
KTiOPO4 (KTP) dss 16.6 14.6 11.1 1 6H-SiC dis 12.5 99
d31 3.7 1 ds1 6.0 22
d32 2.2 1 dis 6.2 22
dis 3.9 3.7 2.6 1 4H-SiC das 11.4 22
doy 1.9 1.9 1.4 1 d31 5.8 22
3-BaB204 (BBO) d22 2.6 2.3 2.2 1.9 13,19 d1s 6.0 22
das 0.04 19 Mgo.1Zng.950.185€0.82 d3e 24 4
. ’ ) CdTe dse 109 73 1
d31 0.04 19

dyis 0.03 19 2The value at the fundamental wavelength of 1.53 pm.
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Surface Activated Bonding [T suga, et al. Acta Metall. Mater. 40, pp. S133-5137 (1992). ]
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* Bonding can be made for variety of materials including semiconductors, metals, and ceramics, even between different
materials.
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i% Nd:YAG + diamond heat spreader

YAG diamond

Thermal conductivity 10 W/m=K ﬂ) 2000 W/m~=K

Linear Expansion Coeff. ~ 8x10°/K X8 1x107° /K

Specifications of the diamond

- CVD Single Crystal (Element Six)
- Size:3mmx3 mmx 1.5 mmt

- Surface Roughness: R, <1 nm
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Diamond m \

A=1064 nm
AR@1064 nm, HT@808 nm
Nd:YAG 1.82
Diamond 2.39

Possible to minimize the Fresnel
reflection loss at the bonded interface

8-

Suppress a decrease of the slope efficiency

Nd:YAG/diamond composite with AR coating at the E We succeeded in bondmg of _
bonded interface the coated crystal for the first time.
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H. Ichikawa et al., Opt. Express. 25, 22797 (2017).

14 LI LI LI I LI I | ILIL L L I
| o Nd:YAG/diamond (Intelrface AR coated) | _
12 0 Nd:YAG/diamond (Interface uncoated) —
g L 0 Noncomposite Nd:YAG °©0o
< 10 ’ .
) " a0
= 8r -
D? N _
-+ 6 ]
a N _
ERE i
2 |
| o2 | | | | | ‘( :
O -G 1 L1 1 | L1 1 1 | L1 1 L1 1 1 1 ICI | 1
0 5 10 15 20 25 30 NG:YAG single

crystal

Input Power (W)

Nearly the same slope efficiency with that of the noncomposite Nd:YAG has been achieved.

Still higher output power than that of directly bonded composite has been obtained.
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@ Bulk BBO crystal ® Walk-off compensating BBO
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K. Hara, et al., Appl. Phys. Express 5,052201 (2012).

from bulk BBO from RTB-BBO
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Absorbance (arb.)
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Wavelength (um)
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13 1. Molecular fingerprint region in spectroscopy

Zhao et al., Laser & Photon. Rev. 11,
1700005 (2017).
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13 2. Laser processing for plastic waste separation
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No high-power laser oscillating in this region > Wavelength conversion



hERENBERREEME: GaAs

GaAs LiNbO,
0.87~ 17 um 0.42~ 5.2 um

Transparent
wavelength range

Nonlinear-optical
coefficient

Thermal conductivity 46 W/mK 1.2 W/mK

170 pm/V 25.2 pm/V

GaAs is a promising material to realize high-power wavelength conversion in mid-IR region.

GaAs is optically isotropic

$
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* Degree of vacuum: 10 Pa
* |rradiation time : 10 min

Ar beam source (FAB 110)
Upper rod

/E GaAs plates
: 4 Face to face &
- — Orientation reversed
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Transfer stage YAG substrate
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Pulling up
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Supplying another plate
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_ Transfer



GaAs QPM#EE

Terumitsu Kubota et al., Opt. Mater. Express 7, 932 (2017); Hiroaki Takase et al., Proc. SPIE 10902, 1090201 (2019).

53 stacked plates with 106 um thickness each 30
(first-order QPM for SHG of CO, laser@10.6 pm)

T
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5 53-plate stack
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SH Power (a.u.)

Fundamental Power (W)

The 53-plate stack generated 29 times higher SH power than the 9-plate stack.



SHEAPFRNERZEBRLHFL: ZnSe

GaAs ZnSe
Transparent wavelength range 0.87~ 17 um 0.46 ~ 20 um
Nonlinear-optical coefficient: d 170 pm/V 30 pm/V
Thermal conductivity 46 W/mK 18 W/mK

Advantages

i% Wider band gap energy than GaAs

— High-power 1 um lasers can be used as pump sources for optical parametric
generation/oscillation (OPG/OPO) due to their low two-photon absorption.

i% ZnSe is transparent to longer wavelength than GaAs.
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ks, EARSE, EARKEZ, E53—8, FIRIR, 20258 FZFHY) 15p-K308-5.

Intra-pulse difference-frequency generation (DFG) using a Cr:ZnS fs laser as a pump source
[Pulse width: 14 fs, Center wavelength: 2.25 ym, Bandwidth: 1500 cm-', Rep. rate: 40 MHz, Average power: 1.9 W]
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O DFG spectrum

Difference-frequency Power (a.u.)
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Laser-two-Focus Velocimetry (L2F) k(- k5B
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Signal Intensity (V)
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ARMEE, FKE =BHEEth, E7—B8, EEEH, 20265 FZFGY) 15a-M_110-6.
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