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High efficiency composite waveguide structure

for semiconductor laser
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(State Key Laboratory of High Power Semiconductor Lasers,
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Abstract: A novel structure of high electro —optic conversion efficiency semiconductor laser with
composite waveguide was presented. Because of the AlGa, ,As waveguide layer with Al component step
distribution, the electro—optic conversion efficiency of the device was high. Due to the optimal design of
distribution of resistivity and band, the series resistance of the semiconductor laser was reduced while
resulting in the improvement of electro—optic conversion efficiency without reducing the optical power.
Based on the theoretical analysis and software simulation, the mechanism of the electro—optic conversion
efficiency of the composite waveguide was analyzed. In the condition that the laser width was 6 wm and
the cavity length was about 1 000 wm, the material composition distribution was optimized, and a step of
the composite waveguide laser could achieve maximum electro—optical conversion efficiency. The results
show that the series resistance of the semiconductor laser with composite waveguide is reduced from 3.51 )
of the conventional laser structure with conventional waveguide to 2.67 (), and the electro —optic
conversion efficiency is increased from 54.7% to 69.5% at 900 mA.
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Tab.1 Extensional structure of the CWG LD

Layer Material Doping/ Thickness/ Compo-

cm™ pm nent/x
p—cladding layer  AlLGa,_As 1x10%, P 1 0.7
prwaveguide G As 025  0.6-0.1
layer
Barrier layer GaAs 0.05
Quantum well InGa,_As 0.005 0.236
Barrier GaAs 0.05
”'W&Vyigr“ide AlGa,_As 025 0.1-0.6
n—cladding layer ~ Al,Ga,_As 5x10"", N 1.2 0.7

HMIHT LASTIP A%, TElEE B F)ZIEE 0.25 pm
MISEAET 2 Al 21 530 4% 55 IR B2 AT B # J A , DALt
W32 NPT RIS AN B 1 BRI R A, 1K 1
25t T CWG LD 5835 NI it 2800 A s s K, H
T E N AL S AT BT ER R n S 1, I R
bR T iS22 (Upper Waveguide Layer, UWL)
AP F)ZLower Waveguide Layer, LWL)I{/ ' ,
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Fig.1 Diagram of refractive index distribution

CWG LD of structure(n=1)
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FUEERE 5 S S i itk i i A e AR 7 SR S Y 4
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Fig.2 Relationship between the resistance R, and the number

n of steps in composite waveguide structure
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Fig.3 Diagram of energy band of two devices

at 900 mA working current
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Fig.4 Effect of the step number n of waveguide on refractive

index and optical field distribution at 900 mA
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Fig.5 Relationship between the confinement factors I' and

the number of steps n in stepped waveguide structure
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electro—optic conversion of different structures

at 900 mA working current
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