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Abstract An asymmetric large optical cavity waveguide structure is designed and fabricated, and a stable output of
a 980 nm high power semiconductor laser is realized by combining distributed Bragg reflection (DBR) technology.
The experiments use electron beam lithography technology and an inductive coupled plasma etching process with
SiO, as a hard mask. By reducing the Ar beam current, the consumption of the SiO, hard mask due to physical
bombardment is reduced. A DBR grating with good morphology, period of 890 nm, and duty cycle of 50% is
fabricated. Combined with ridge waveguide laser fabrication technology, the DBR laser is successfully fabricated.
Finally, when the device injection current is 15 A, the output power is up to 10.7 W, slope efficiency is 0.73 W/A,
device threshold current is 0.95 A, and central wavelength is 979.3 nm. This study presents a new approach for the
fabrication and research of GaAs-based DBR semiconductor lasers.
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Table 1  Diode-laser epitaxial layer structures

Thickness / Doping
Type Component '
nm content /cm *
pt+ GaAs 400 1X10%
p Al Gapg As 1000 1X10"
p Aly1 Gagy As 1100 110"
I Alp1s Gaggr As 10
I InGaAs 7
I Alo1s Gaggr As 10
I InGaAs 7
I Alp1; Gaggr As 10
1 InGaAs 7
I Aly13Gaggr As 10
n Aly1 Gagg As 1600 1X10'
n Aly» Gags As 1000 1X10'
n-+ GaAs 200 110"
Substrate GaAs
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Fig. 1 Relationship between grating length and reflectivity
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Fig. 2 Structure ofridge semiconductor laser
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Fig. 3 Production process of DBR grating. (a) Grow 200 nm-thick SiO, by PECVD on substrate and then coat with PMMA

photoresist; (b) perform electron beam lithography; (c) etch SiO, mask layer by RIE; (d) remove photoresist

and etch substrate with ICP; (e) remove residual SiO, mask layer
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Table 2 ICP etching parameters

Parameter Numerical value
ICP power /W 350
RF power /W 50
Cl, beam /(m’+s ") 5X10°°
BCl; beam /(m®es™ ") 1.167 X107
Ar beam /(m®es™ 1) 2.5X10°7
Time /min 4

¥l 4 DBR G SEM . () JESIRALHT 5 (b) JE AR AL IS
Fig. 4 SEM images of DBR grating. (a) Before shape optimization; (b) after shape optimization
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Fig. 5 P-I-V test results
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Fig. 6 Spectral test results
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