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Abstract Using the split-step Fourier method to solve the steady state traveling wave equation of tapered
semiconductor laser amplifier, the optical and thermal characteristics of two kinds of laser amplifiers (with linear
and nonlinear angle-opening structures) were analyzed by numerical simulation. By comparing the input current-
output power curve, input power-output power curve and the number of filaments of the two laser amplifiers, the
formation mechanism of filaments in the amplifiers was studied, and the reason of the different optical field
distribution in the two laser amplifiers was explained. Results show that the nonlinear angle-opening structure can
not only make the gain distribution more consistent with the optical field distribution, but also reduce the coupling
between the reflected light and incident light at the edge of the waveguide. Furthermore, the tapered laser amplifier
with nonlinear angle-opening structures has a higher optical-optical conversion efficiency and a more stable mode
output.
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Fig. 1 Tapered laser amplifier with linear angle-opening structure
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Fig. 2 Tapered laser amplifier with nonlinear angle-opening structure
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Fig. 3 Light intensity distribution and gain distribution in amplifier with linear angle-opening structure when input

current is 1 A. (a) Light intensity distribution; (b) gain distribution
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Fig. 4 Light intensity distribution and gain distribution in amplifier with nonlinear angle-opening structure when input

current is 1 A. (a) Light intensity distribution; (b) gain distribution
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Table 1 Parameters in simulation

Parameter Value Parameter Value
Beam waist radius w,/pm 2 Transparency current density J,/(A ¢ cm %) 200
Central wavelength A,/nm 980 Internal quantum efficiency 7. 0.98
Effective index 7. 3.34 Linear loss «; /cm™! 5
Effective differential gain I'8 /(cm « A~ ") 0.093 Index thermal coefficient a7 /K™™' 0.000334
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Fig. 5 Relations among output power, input current, and input power. (a) Input current-output power curve;

(b) input power-output power curve

0314002-4



% {5

MR O EER F R 55 IR, 1 25 R 3k B4R AN,
PAARZr=A: SHB, 7= i AR MK . R & T8 Wil 35
B4, B 6 FE 7 a0 Ae ki B DR 0.1 W E

200

0 0

PARCOR &5 OG5 0 Al . Hh T4 g 0 A B 50, )
VLA B A SCH R iy A A B 6 ARORE L
P g 7 A i A AT A ROR B R

250
150
x [y

100

50

P 6 AR 2k Tk A 45 H RO 2 7E I 2 B Y Ot

Fig. 6 Intensity in amplifier with nonlinear angle-opening structure at low output power
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Fig. 7 Intensity of amplifier with linear angle-opening structure at low output power
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