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Abstract: The theoretical simulation of the extension structure of high-power GaN-based laser diodes is of great
significance to improve the photoelectric performance of GaN-based laser diodes. A green laser diode extension
structure with an n-side dual-wave conductor structure was designed. The effect of indium parts in the n-
In,Ga,_, N waveguide layer on its photoelectronic performance in laser extension structure was discussed. And the

mechanism of the n-In,Ga,_ N waveguide layer on the photoelectronic performance of laser diode was clarified.
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The results showed that when the indium part of the n-side In,Ga,;_ N waveguide layer was 0.07, the photon loss

was minimal, and the threshold current was the lowest. When the indium part of the n-side waveguide layer was

high or low, photon loss and operating voltage were increased, and meanwhile, the output power of the laser diode

was reduced. Therefore, by regulating indium parts in the n-In,Ga;_,N waveguide layer and controlling the optical

field distribution of the outer layer, the photon loss was reduced by 0.2 cm™, and the threshold current was

reduced by 193.49 mA to 115.98 mA, and the operating voltage was reduced, which increased the output power

and electro-optical conversion efficiency of the laser diode, increased the laser output power to 234.95 mW at

6 kA/cm’. The n-side dual-waveguide structure design provides theoretical guidance and data support for the

preparation of high-power green laser diodes.

Key words: green light;  GaN based laser diode;
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Fig.1 Epitaxial structure of the InGaN-based green laser diode
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Tab.1 Structural parameters of InGaN-based green

laser diode

Concentration Mobility

Name Thickness Jom™ fem?V-s!

p-Contact layer 100 nm p-GaN 1x10* 200/20

500 nm p-

20
Alg 12Ing 01Gag g7N P10 200120

p-Cladding layer (CL)

p- I 19
Waveguide layer (WG) 70 nm p-Iny o,Gag 9N 2x10 200/20

14nm p-

18
Alg15Ing 01Gag g N 510 200120

Electron blocking layer

(EBL)

Quantum well (QW)/ 3.5 nm Ing 5Gag 7 N/11 0/6%10'8 3000/30/

Quantum barrier ~ nm Al gsIng o;Gag 94N 200/20

(QB) (x2)

QW 3.5 nm Ing ,0Gag 7N 0 3000/30

n-WG 47.5 nm In,Ga, ,N 5x10" 200/20

n-WG 100 nm n-GaN 5x10" 200/20

n-CL 550 nm n- 6x10" 200120

Al 09Ing.01Gag N

n-Contact layer 100 nm n-GaN 6x10" 200/20
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Fig.2 Refractive index of In,Ga; N with x composition 0.04-0.08 at the

wavelength of 525 nm
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Fig.3 Refractive index profiles and intensity distributions of TE-modes versus the different n-In,Ga;_ N waveguide indium content ((b) is the

magnification of (a) from 550 nm to 1050 nm)
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Fig.4 Optical loss outside multiple quantum wells ( a,,) (a), optical loss

in multiple quantum wells (aqw) (b) and total optical loss (0rroar)
(c) of laser diode versus the injected current for different
n-In,Ga;_ N waveguide indium content (The arrow indicates

0.5 A or 6 kA/cm?)
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Fig.5 Leakage current density (a), injection efficiency (b) and IQE (c) of
laser diode versus the injected current for different n-In,Ga;_ N

waveguide indium content
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