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Table 1 The fitting results of , and y obtained by traditional subtraction method according to Eq. (14) and improved

parameter extraction formula according to Eq. (21) respective

/. obtained by /. obtained by improved y obtained by y obtained by improved
Bias current /mA  traditional subtraction parameter extraction traditional subtraction parameter extraction

method/GHz formula/GHz method/GHz formula/GHz

20 6.744 6.433 17.967 17.967

30 9.372 2 8.874 2 26.763 26.773

40 11.317 10.63 34.483 34.497

50 12.726 11.876 40.597 40.615

60 13.95 12.92 46.718 46.74

70 14.914 13.585 54.66 54.687

80 15.673 14.108 60.647 60.677

90 16.192 14.549 63.142 63.174
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Table 2 The calculated value of 27/y°
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Fig.3 The fitting results f, and y according to S, curve on different bias currents

(b) Results obtained when the bias current is 20 mA and 60 mA

X e 1 AR 58 7 vk AN AR SCT5 i B A SR AT LA Y A 5 L AV FBLIA , BELJE TR 1y O ECARAR 3 . IR
TR fBEARZE A K, T HEE DFB HOG & B I A 38 R, 575 PR 7 i 4R IO £, 22 (E 2 g . RT3
O R, T AR B Z B (A f S R TR I R R R (22) AT A I 4 (a) o TR HRRT LLim i £ 5y
56 Z it £k, 023 B A (24) #EAT 1005, ol ARS8 K 5 o, B9 {H .

0251206-5



11000 T . . - . . 220
© Subtracted 190 o Subtracted
9000 - — Curve fitted — Curve fitted
160
o 7000 N
z & 130
N 5000} RS
100 f
3000 | 70t
q
1000 . . . : - - 40 Ot o . . x
20 30 40 50 60 70 80 90 10 20 30 40 50 60 70
I/'mA 7/GHz
(a) Z versus current (b) f? versus y

W4 FREERRAEREETHEBRAEPPEREZNNEEE SRR
Fig.4 The value comparison of f,* and Z between curve fitting and parameter subtracted data in terms of different bias currents

and damping factors

M Z5 TR E A T LA 76 20~90 mA 5 HL i Bl OB R SR U 25 R 520 (20) B R UA 2 =
WRR, SE 2(a) X LA R B4, WE A TR 5 y R 522 WA FEA, 5K 2(b)
Xt HG IRTRE RS RO B A, Rt T DDA s sl 3 2 HR BRI 5 o S B Do 1, S DI 30 B 52 PR 1R

HRAE O 28 A S5 M HEAT T BV = 18 um® I = 10% , 45 & B (E /047 5 18] 1 (a) ihill ik 75 3 i) P-Tih 28
AT RAAS B R D7 R 2 (D) A (2) i ir S 5008, an ik 3.

F3 FARHTHAERIEHNEEESRE

Table 3 The subtracted laser parameter values by a new improved method

Paramete Name Value Unit
K K—factor 0.210 5 ns
7, Electron lifetime 0.130 4 ns
L. Threshold current 10.585 8 mA
T, Photon lifetime 5.23 ps
B Spontaneous emission factor 3.2xX10 "

\% Active region volume 18 pm?
r Optical mode confinement factor 0.1

g0 Gain slope constant 5.6X10°° em’s !
€ Gain compression factor 0.74x10°" cm’

N, Transparency carrier density 0.9 10* m~’
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Extraction of Semiconductor Laser Rate Equations Parameters (Invited)

WANG Jiankun/**, HUANG Yongguang"**, LIU Yihui'**
(1 Key Laboratory of Semiconductor Materials Science , Institute of Semiconductors, Chinese Academy of Sciences,
Beijing 100083, China)
(2 Center of Materials Science and Oproelectronics Engineering, University of Chinese Academy of Sciences,
Beijing 100049, China)
(3 Beijing Key Laboratory of Low Dimensional Semiconductor Materials and Devices, Beijing 100083, China)

Abstract: Semiconductor laser is one of the core light sources of optical fiber communication systems.
Better semiconductor laser performance helps to increase the capacity and quality of the entire fiber optic
communication system. In order to design better semiconductor lasers, it is often necessary to simulate
various performances through rate equations. However, some parameters need to be obtained through
experimental results, so it is necessary to fabricate semiconductor laser chip to extract the parameters.
Through multiple rounds of iterative experiments and theoretical calculation, chip optimization is
continuously carried out to achieve the final goal. In the process of optimization analysis, in order to better
analyze the performance of laser chips, laser parameters are usually divided into eigen parameters and
parasitic parameters. Parasitic parameters mainly include capacitance, resistance and other properties. They
can be obtained by means of a fitting method by combining a reflection curve of the small-signal frequency
response (S;;) with an equivalent circuit model. These parameters are basically not affected by the laser—
current change. However, the extraction of the eigenmetric parameters is related to the selected laser—
current range, and the parameter extraction results themselves have a variety of possible answers. How to
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obtain more accurate and suitable for a wide operating current range of eigen parameters is the focus of this
paper. In recent years, with the development of emerging applications such as 5G optical communication
and Radio On Fiber (ROF) analog communication, semiconductor lasers are required to operate at larger
drive currents to improve high-speed performance and are required to have better linearity. In such ROF
analog communication systems, semiconductor lasers need to work at a lager bias laser—current and in the
linear region to obtain excellent microwave performance. Besides, it is need to test and evaluate many
microwave performance indicators, such as third-order intermodulation, second harmonic, relative
intensity noise, etc. The acquisition of these indicators requires complex test systems, expensive
equipment and difficult testing. Therefore, how to accurately and conveniently obtain the microwave
performance of the laser at a large drive current is particularly important. By testing some basic performance
of the laser, the eigenvalue and parasitic parameters of the semiconductor laser can be extracted. These
extracted parameters, combined with system characteristics, can be used to quickly calculate and evaluate
most of the microwave performance of the system. This method greatly reduces the test requirements and
the costs of test equipment, greatly speeding up the performance evaluation of semiconductor lasers and the
entire design process. The traditional parameter extraction method can obtain the parameter values of
semiconductor lasers operating at low bias currents (10~40 mA ). But the parameter extraction at large
currents is not very accurate, and more complicated tests such as measuring chirps are required. This paper
re—evaluates the applicability of approximate conditions in common semiconductor laser parameter
extraction methods and finds that approximate conditions fail at large currents. To this end, it is proposed
to use a more general formula for the parameter extraction of the semiconductor laser rate equation. Taking
the DFB laser chip as an example, the small-signal frequency response curve (S,;) is used to accurately
extract the resonant frequency f;and the damping factor y of the semiconductor laser, and combined with
the laser power—current (P-I) response curve of the laser, the various parameters of the semiconductor
laser rate equation can be calculated. Compared with the previous parameter extraction approximation
calculation method, the present method has three advantages. First, the range of laser drive currents that
can be analyzed is wider. Second, there are fewer items to test. The third is that the extraction of
parameters such as the resonant frequency f; at large currents is more accurate. This method is an important
reference for the optimization and improvement of semiconductor laser with wide operating currents such as
analog laser.

Key words: Optical fiber communication; Distributed Feedback laser; Semiconductor laser; Rate
equations; Parameter extraction; Resonant frequency
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