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semiconductor disk laser

3 SEEEIRE T

SR TR J D04~ S AR R 7 SO A B PR RE L [F]
ISR VR S B S AR SO A B A R Y, A0
K4 Frs

SDL pump M1

K4 ELRESS R SRR HOL RS

Fig. 4 Direct-cavity semiconductor disk laser

fi R R B BE ML i 22 42 Dy 100 mm (7 M43
O H NG 35 L 2k 396, 1AL B M 1 4 90 mm
i I K R 808 nm  die i D46k 240 W42 4 200 pm
14 56 £ SO 4 R AT 2 1R, R AR AR B R 3R 1 0 A
JGBERY AR 400 pm o B85 Fr 3l 0 2 S AR e R AT
TR E R 10 °C

3 RSO i 1 Sy A AR O A R A T
o X2 G AR b HE AT 2 T S I A TE 3000 1Y S5
PRI S T 7E A 20 20 Sy 5 I, 18 S 25 30 06 3 1T S A
IR € R NN N T P S R <)
B HOG A AR BOR N 47.3 %% 5 76 W W 3 2 Rk F|

2301004-2



2% 50% 5 23 #1/2023 £ 12 B/ E#*x

52.7 W I i o Rk F) T 22.5 W, R G-6 5
R A2.7% .,

24 —@—measured value
21 F

0 985 990 995 10
" Wavelength /nm___

©

Blue output power /W

980 985 990 995 1000
Wavelength /nm

0 5 10 15 20 25 30 35 40 45 50 55
Absorbed pump power /W
KI5 SGH 1 SRR OB AR 19 D3 AOE I Rk

Fig. 5 Power and spectral characteristics of an optically

pumped semiconductor disk laser

TR AR T B 32 BEOE T A i A7 i Ak ) R
JEE AR fh R A B R RS IR 2 . 1945 T F
SRR O A% B9 SN EE AL AT LA S AR B R
ARSI ) 7 X, T R R B AR A /N RS SRR 4 s £
W it A A BTN ) D R R S P 6 FIIAT 7 BT R Sl A A
If 2R B4 VR R 454 7 B DA B RO BE R ST 5 1
FLEMRAR .

SDL pump M1

M2

6 VRIS ks 2 A
Fig. 6 Schematic diagram of V-shaped cavity structure

300

------- sagittal surface
tangential surface

Beam radius /um
—
(1]
()

100

50 F

25 50 75 100 125 150
Cavity length /mm
7 SCBERST 5 AL E 1 OC R

Fig. 7 Relationship between spot size and cavity position

M1 55 2 i 2242 77.5 mm B Mg, H 3% 1w o
il 996 nm 99.5% B34 [z AN 498 nm 99.5% B 38 i fiE
Jei VB R A5 450 B M B s M2 5 2 ST A S 1T B, JH 9 1l
il 996 nm F1 498 nm 99.5% [ WU I 5. S5 R OR
1V Y AR R T 5 MK R 150 mm., K] 7 B 2R
IR A, SEZ IR T . IR 7 HR] DL AR N A
B A 150 mm &b WS BEE 42 R 58.5 pmy, B M2 47 - TH
BEAb o AR S AR REPE WGE B AR H IO B Y TR RN IR
2 WA ] A5 S O A5 R0 5 i K, R AR AR R
1o A A AR, R FH A B A /N DA B B A L R 42
Wy 55 KA LBO f iR, LBO f & i R ~F 2 3 mm X
3 mmXx10 mm. $AELLE LBO 4k & T M2 51 B
1 mm &b, fh A RO A7 B AL B R4 R 62 pm. N
JEESRWOLA AR BB, kG AR A S B
i M BB 45 255 TR 7 DG iE 2k K 2 1) AL, 1 1 2 S 4
H1¥8 7 CTEC) X i A F 7 0 B 1 Vb B 1 10 10 °C
(GRS I 5 R 15 S B R S ) e R
XS A D R A G R AT T i 8 IR L R
g%t i R R R AR N 17.8%, fe K T R 1k F)
4.8 W, BG-GB AR 1540, an i 9 TR A

5 3
—o—measured value /0

= crystal temperature: 10 °C Pad

4 Pad
= )
() /
2 9
Q )
£3 /
= Pt
B 9
= /
o 2 /0
9 Q
= /
an} /°

1 9

)
7
o°
0 aaZ L L L L M
0 5 10 15 20 25 30 35
Absorbed pump power /W

K8 RS R i 2
Fig. 8 Frequency doubling power characteristic curve of blue

green light

7000

6000

5000

4000 f

3000

Intensity /arb.units

2000 f

1000 f

OWW

400 420 440 460 480 500 520 540 560 580 600
Wavelength /nm

E T S rEa
Fig. 9 Spectral characteristic of blue and green light

2301004-3



% 50% 5 23 #1/2023 £ 12 B/ E#*x

WU 1 SOE I K 496.1 nm. B T A9 ZE I 6 BE
2R 400 pm , FEIZZEHOE R ST T, o RS 0 i i o %
T B S T AR A A O SR S 3.8 KW /em®

72 IC BT 490 nm 6 2k SR 5 OE A% B
AN SE A ST 45 R, T LA A ARG i D) R 5 R ok
P AL VA O¢ o Chilla 25738 i3 K A0 2 3 L 3 542
(£9800 pm)3K45F T 30 W AT 6 A1 15 W A5 455k , B
SRR T AR AR A IO O R R 2.98 KW /em?, Tl 38

it BLAR N 120 pm A ZE IO BE H B S B H 22 KO
OGN o AR T AR IR OB BE ) B4R R 400 pm , 315
T 22.5 W HSRE A 4.8 W RS AF AT, X I e K PR AR
T TR0 AR A5 5O 658y 3.8 kW /em®, AH#L T Chilla
MR EFH R BE R O R B R
(IR AR 1D o WA = MR AT AN S 2 S TS (BN 1
F IO B8 A5 A Th R RN R B AF AR 22 1 )R Sk 0K
HE— 20 34 RO W G BE A

#1490 nm 6 IR A T HOBRE T WO AR I DN AR S 46 45 2R X L

Table 1 Comparison of 490 nm lasers by intracavity frequency doubling of semiconductor disk lasers
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Abstract

Objective The attenuation coefficients of blue and green light in the 470-580 nm band are the smallest in seawater, especially at the
peak of transmittance near 490 nm. Therefore, blue-green lasers have important application prospects in underwater communications,
laser detection, and radars. Currently, blue-green lasers can be realized using a middle-infrared laser quadruple frequency, solid-state
laser sum frequency, and gas laser and AlGaN semiconductor laser direct excitation. However, these methods have low energy
conversion efficiency and poor beam quality. The advantages of semiconductor disk lasers used to produce blue and green lasers are
good beam quality, high-frequency doubling efficiency, and improved stability and reliability. The thermal problem is a key factor
affecting the performance of semiconductor disk lasers and must be improved by optimizing the packaging structure. The
semiconductor disk packaging process uses Ti-Pt-Au as the bonding layer and realizes bonding between the chip and diamond by the
solid-liquid diffusion bonding of gold and indium. Pt acts as a diffusion medium for bonding. The experiment conducted herein
identified that this method has some problems. Pt tends to spread onto the diamond surface and condense to form points during

electron-beam evaporation. Packaging quality decreases and thermal resistance increases, limiting laser performance improvement.

Methods The epitaxial structure of the 980 nm semiconductor disk consists of 26 pairs of distributed Bragg reflectors with undoped
AlAs/GaAs layers, six pairs of active regions with InGaAs double quantum wells, and a high bandgap energy cap layer (Fig. 1). The
quantum well spatial position in the epitaxial structure of the semiconductor disk must coincide with the standing-wave peak at the
designed wavelength (Fig. 2). Based on the Ti-Pt-Au packaging technology, a Cu-Sn alloy with high thermal conductivity is selected
as the barrier layer to increase the thickness between Pt and diamond. Pt is prevented from condensing on the diamond surface and the
packaging process is improved. A 490 nm laser with high power is obtained by constructing a V-shaped cavity and using an LBO

crystal cavity with intracavity frequency doubling (Fig. 6).

Results and discussions A direct cavity is used to test the performance of the semiconductor disk laser. The output coupler M1 is
a concave mirror with curvature radius of 77.5 mm and reflectance coating of 97%. The resonator cavity length is 90 mm (Fig. 4). A
fiber laser of 808 nm wavelength of is used as the pump source and the spot size is 400 pm. The temperature of the chip is controlled
using a thermoelectric cooler (TEC) and the temperature is set to 10 “C. The laser slope efficiency reaches 47.3%. When the
absorption pump power reaches 52.7 W, the output power will reach 22.5 W. The total optical-to-optical conversion efficiency is
42.7% (Fig. 5). The V-shaped cavity is used for second harmonic generation output. The output coupler M1 is a concave mirror with
curvature radius of 77.5 mm, the reflection film of 996 nm 99.5% and antireflection film of 498 nm 99.5% are coated. M2 is a
parallel-plane mirror-plated 996 and 498 nm 99.5% reflection film. The size of the LBO crystal is 3 mm>X3 mmX10 mm
(Fig. 6). The temperature of the crystal is controlled using a thermoelectric cooler (TEC) and the temperature is set to 10 ‘C. The
slope efficiency of the blue and green light output is 17.8% , the maximum output power is 4.8 W and the total optical-optical
conversion efficiency is 15.4% (Fig. 8). After frequency doubling, the wavelength of the blue and green light is 496. 1 nm (Fig. 9).
The pump spot on the surface of the disk has a 400 pm diameter. Under the spot size, the maximum output power of blue and green
light produces a frequency-doubling light intensity of 3.8 kW/cm” per unit pumping area. This study compares the experimental
results of a 490 nm optically pumped semiconductor disk laser at home and abroad (Table 1). In this research, a high fundamental
frequency optical power and higher frequency doubling light intensity per unit area are obtained under a higher pump power density,
indicating that the proposed chip unit area has an improved heat dissipation capacity. The frequency-doubling light power and
efficiency reported in this study can be improved and the pump spot area can be further increased in the future.

Conclusions A packaging process is developed that significantly improves the heat dissipation capacity of semiconductor disk
lasers. This packaging technology can suppress Pt condensation on diamond surfaces during packaging. This packaging process bonds
the laser chip and diamond heat sink more closely, reduces device thermal resistance, and improves heat-dissipation capacity. A
fundamental-frequency optical output of 22.5 W with a pump spot diameter of 400 um is obtained using the packaging process. The
optical conversion efficiency is 42.7% at the maximum output power. A blue and green light output of 4.8 W is obtained through
frequency doubling. The total optical-optical conversion efficiency is 15.4% , and the intensity of blue and green light produced per
unit pumping area is 3.8 kW /cm”’.

Key words lasers; semiconductor disk laser; packaging process; optical pumping; intracavity frequency doubling
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