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Thermal Analysis and Fiber Coupling Simulation Design of
Multi-single Emitters Stacked Semiconductor Laser
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(State Key Laboratory of High Power Semiconductor Laser, Changchun University of Science and Technology, Changchun 130022, China)
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Abstract; Multi-single diode laser emitters combination technology is an important method to obtain
semiconductor lasers with high output power density. The difficulty of simplex packaging method and
large volume restricts their application of high power and high optical quality. In this paper, a pack-
aging structure with vertically stacked arrangement of multi-single emitters diode lasers is designed
by vertically encapsulating single diode laser emitters between auxiliary heat sinks, making the de-
vice more miniaturization. This method can not only increase the heat dissipation channel of the sin-
gle diode laser emitters, but also realize the improvement of output power without increasing the vol-
ume. In simulation, with ZEMAX optical design software, 3 single emitters diode lasers are coupled
into a fiber with core diameter of 200 wm and NA of 0.22. The simulation results of the maximum

output power of 28.6 W and the coupling efficiency of 95% were obtained.

Key words: semiconductor laser; finite element analysis; ZEMAX; heat dissipation; fiber coupling
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Fig. 1  Schematic diagram of multi-single emitters stacked

semiconductor laser package structure
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Tab.1 Material parameters

Thermal conductivity/ Coefficient of thermal expansion/
Material | ! Thickness/ um . .
(W-m™— -K7) (107" - K™)
GaAs 55 150 6.4
ALN 180 325 4.5
Cu heat sink 398 500 18
WCulO 170 400 4.5

WOLAA IR IX IR X EOCa RO IERER  HP T Oy IR IR EE, T, A IRDGRE, P, A
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P () 1,2,3 B ERR AT HEAT T P IR A =
S FantE 2 firs

(b) (c)

298 302.484 306973 311.459 315.946 298 303.489  308.978 314.466 319.955 298 304.238 310476 316.714  322.953
300.242  304.73 309.216 313.703 318.189 300.744 306233 311.722  317.211 322.699 301.119  307.357 313.595 319.834  326.072

K2 ANFEEE RO T B IRE A =K, (a)N=1;(b)N=2;(c)N=3,
Fig.2 Temperature distribution cloud diagram of package structure with different numbers of single emitters diode laser. (a)N =

1. (b)N=2. (¢)N=3.
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Fig.3  P-I characteristic curve of each single emitter diode

laser under different thermal resistance
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Fig.4  P-I characteristic curve with different number of sin-

gle emitters diode laser
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Tab.2 Fast and slow axis parameters of semiconductor lasers
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Tab.3 Parameters of single emitters diode laser before and

after collimation
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(a) Focus point size and spot diagram. (b) Three-dimensional map of light intensity distribution.
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