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Design and fabrication of wide-spectrum diode array

YAN Li-hua, CHENG Yi-tao,ZHANG Hou-bo
(The 13th Research Institute of CETC,Shijiazhuang 050057 , China)

Abstract: In diode-pumped solid-state lasers,the matching degree between the output wavelength of the pump source
and the absorption spectrum of the laser crystal is caused by the thermal drift characteristic, which reduces the pum-
ping efficiency and affects the laser output energy. In order to avoid this influence, the project team adopted the design
idea of broadening the coverage range of emission spectrum,and carried out the wide-spectrum diode array. This paper
completed the modeling of 6-chips planar array,the design and simulation of array center wavelength, and the design
and simulation of dual-wavelength superposition based on Gaussian spectral model. At the same time,the chip with
four wavelength intervals of 2.0 nm,2.4 nm,2.8 nm and 3.2 nm was verified experimentally. The results show that
when the wavelength interval is 2.0 nm and 2.4 nm,the spectra shows one single peak after superposition. When the
wavelength spacing is 2.8 nm and 3.2 nm,the spectra after superposition shows peak-valley distribution,and the cor-
responding peak-valley ratio test values are 1. 03 and 1. 14, respectively. The design simulation results are basically
consistent with the experimental results. This paper provides an idea for the quantitative calculation of the non-temper-
ature controlled pump structure of a wide spectrum array laser.
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Fig. 1 Structural model of laser diode array
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Fig. 2 Thermal simulation diagram of laser diode array
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Fig. 3 Simulation results of different wavelength interval overlay
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Fig. 5 Overlay effect with wavelength interval of 2.4 nm

%107 Superimposed spectrum

=]

Relative intensity
£ (=2

S}

s XIOJ, i i Original spectrum
o 15| .
24
23
22}
2! F18 B pEs
goo 802 804 806 808 810 812 814 816 S8I8 820 Fig. 8 Packaged arrays
Wavelength/nm
(0T Swermpcdspeenm WAEFIA7 V8 TS 1 ~ 4 XERE A5 F UK
>
2 FE At 2.0 nm 2.4 nm.2.8 nm.3.2 nm, %
24+t
§ e TE R A AR 4.3 nm 4.9 nm 5.6 nm,
%‘2 L N N N N
e | 6.2 nm, B 5 AR IR N 4.5 nm 5.1 nm,
0 - - - - AL S A —
800 802 804 806 808 810 812 84 816 8IS 820 5.9 nm 6.4 nm, JEIHYEREMEEI W9 s

Wavelength/nm
B 6 Pk 2. 8 nm LT &R
Fig. 6 Overlay effect with wavelength interval of 2. 8 nm

Kl9(a) ~ (d) KK NIE 8 51 1 ~4 SEik il
AR B9l L. AR R A b Bl 5 ] B 1Y
S, B e B ETE 5E L I IEI 9(a)

=107 Original spectrum
>\5 T T T T g T
24
o
£3
o
22
5]
21 J
0 1 I I L 1
800 802 804 806 808 810 812 814 816 8I8 820
Wavelength/nm
%1077 Superimposed spectrum
>\.6 T T T T T T T
Y
2
g2¢
o)
~
800 802 804 806 808 810 812 814 816 818 820

Wavelength/nm
BT WAk 3. 2 nm FO0T & sior

Fig. 7 Overlay effect with wavelength interval of 3.2 nm
it AR E A, A B DG TR MG
FUREOT B R, AR 1

k)1 FRBEKEBEHENGTEER
Tab. 1 Simulation results of different

wavelength interval parameters

WA ARG x,/nm 2.0 2.4 2.8 3.2
I3 F5 R/ nm 4.3 4.9 5.6 6.2

W7 /im | Bl | Al 1.01 1.10




=

Wot 5 45 No.7 2023 BN 8 USRI e R e Rs s 1041

ros e soo BN o Bl e SR

(d)
P9 B3 i FDE IS
Fig. 9 Spectral test diagram after packaging

BLO(h) XTI 4 8 5 /P AR, TES InaCR
R BT U 33 PR, T 2L R PR T
BN Ab T B — WA A B0 DX 8], EL K 8] B 2 0
THRORIEE R EMBMTEEE . B 9(c) & 9(d) X}
BT 6 B T B A R, Ho il 5 SOk B ] i
Ay LB , B S35 5. 9 ~ 6.4 nm ASERYIEHE
GORE o MR EAE R, B 9 () FIE 9 (d) Beitigedy
FeoR 1,01 01010, SE0HE > 1..03 F1 1. 14, 5230
RORFI LA RIEAR —2 . [RII), 1&1 9 (d) L1 58
J¥ 6. 4 nm X PR Er K BRI [E] B 0, =3.2 nm (Y
BNEE R, MR B IR IE R TR RO
B JE X L TR BE VW FRL Ol + 11, 4°C, BRI B4
VAR P AR T

4 &

AR SR AR B 0 3, BT B T —Fhid
AT = 114 CHRUERRE A RE 1 Y ARl 42 981 —
R - T P OG A AR T AR IR EE T A Nd
PYAG @RI A SE R . TR BUTEAE U4
SR, — I L Fr G T T BE I B BV X BT A BT

Mo LS RO R ) 25 R E R A FUE
OB R AR ) A — Bt T AR P, X
Bsgm e HE TR SR . TR E R b Eiie
HEAT B REFT A0 i SHORI, 5 60 D) 554
Bk, FEAR A 5 SR A 7 5L F B S i s
S, T SE B E P B s PR AR T
ARSCA] R RO AR R i B =%, B A —
e NEE = 9

SE 30k :

[1] Zhou Bingkun. Principle of laser[ M ]. Beijing: National
Defense Industry Press,2014. (in Chinese)

SRR FOEIEHIM]. dEat: FERG Tl it ,2014.

[2] Zeidler G. Pump-power-dependent efficiency in a YAG:
Nd** laser [ J]. IEEE Journal of Quantum Electronics,
1969,4(12) :1016 - 1017.

[3] Lian Wen, Wang Shouzeng, Peng tangchao, et al. Study on
thermal design for diode array pumped solid-state laser
[J]. Optics & Optoelectronic Technology,2013,11(5) :
13 - 16. (in Chinese)

YR30, EFFH, w0l AE. W00 0 A ST R
HoOta BT EEIT ()] e 5 0E M H0K, 2013, 11
(5):13 -16.

[4] Lou Kangping, Zhao Baiqin. Using multiple absorption
peaks to lower DPSSL temperature control power dissipa-
tion [ J ].
(4) :405004.

[5] Kim J,Kong T,Gwak J,et al. Dependence of a Nd : YAG

Infrared and Laser Engineering, 2019, 48

Laser’s output characteristics on the pump diode’s charac-
teristics [ J ]. New Physics Sae Mulli, 2015, 65 (2):
194 - 198.
[6] Zhou Zhihao. Study on multi wavelength pumped Nd :

YAG laser[ D]. Changchun : Changchun University of Tech-
nology,2022. (in Chinese)
JAEEE. ZUPKAEM N 2 YAG FOLaIE[ D). KA
KA TR ,2022.

[7] Bradley W. Schilling, Stephen Chinn, A D Hays, et al.
END-pumped 1. 5pm monoblock laser for broad tempera-
ture operation| J ]. Applied Opttics,2006,45 (25 ) : 6607
-6615.

[8] Goldberg L. Compact laser sources for laser designation,
ranging and active imaging[ C]//International Society for
Opyics and Photonics,2007.

[9] W Zendzian,J] K Jabczynski, M Kaskow, et al. 250 m]J,



1042

5 RS AN

053 %

[10]

[11]

[12]

self-adaptive, diode-side-pumped Nd : YAG slab laser
[J]. Optics Letters,2012,37(13) :2598 —2600.

Zhao Po, Yang Ruixia, Yan Lihua, et al. Wide-tempera-
ture-range and uncooled solid-state-laser[ J ]. High Power
Laser and Particle Beams,2016,28 (10):18 - 21. (in
Chinese)

BRI W E R, 15 S, S 9 BE Y I 0 T v (8 A
Jedr[ ] SREOL S HRTH,2016,28(10) : 18 - 21.
Huang Tao, Wang Kegqiang, Luo Xu, et al. No-tempera-
ture-controlled multi-wavelength LD pumped square rod-
shaped Nd : YAG solid state laser[ J]. Laser & Infrared,
2020,50( 1) :49 —53. (in Chinese)

HYE, TodiR, B0 5. R 2 P LD B4 5 Bk
Nd : YAG BE{ABOGAR [T ] W0t 541.46,2020,50 (1) -
49 -53.

Dong Tao,Song Yan, Qin Hongqi, et al. Non-temperature
controlled side pumped Nd : YAG solid state laser based
on multi-wavelength array[ J ]. Optical Technique,2022,
48(5) :531 - 535. (in Chinese)

G, RHE, ZE LM, 55 T 2 K A i JE R 4 )
R Nd : YAG BABOEHES (1], 624K ,2022,48(5)
531 -535.

[13]

[14]

[15]

[16]

[17]

[18]

Zhang X ,Bo B,Qiao Z,et al. Analysis of thermal charac-
teristics based on a new type diode laser packaging struc-
ture[ J]. Optical Engineering,2017,56(8) :085105. 1 —
085105. 5.

Mathew J, Krishnan S. A review on transient thermal man-
agement of electronic devices [ J]. Journal of Electronic
Packaging : Transactions of the ASME,2022, (1) ;144.
An Z,Ke H, Deng H. 808 nm wavelength locked high
power semiconductor laser array|[ J ]. Micronanoelectronic
Technology,2011,48(5) :296 —299.

Li Min, Sheng Yi. Study on application of gaussian fitting
algorithm to building model of spectral analysis[ J]. Spec-
troscopy and Spectral Analysis,2008,(10) ;2352 —2355.
(in Chinese)

2B R TRl S O A B 1 5
[J]. 6124 5%1% 50 #r, 2008, (10) 12352 —2355.

Wu G, Lou Q, Zhou J, et al. Propagation of flat-topped
beams[ J |. Optics & Laser Technology, 2008,40 (3) .
494 —498.

Baykal Y, Eyyuboglu H T. Scintillation index of flat-
topped gaussian beams [ J ]. Applied Optics, 2006, 45
(16) :3793 -3797.



