A ER-INC)

Chinese Optics B

Effect of GaInP and GaAsP inserted into waveguide/barrier interface on carrier leakage in InAlGaAs quantum well 808-
nm laser diode

FU Meng-jie, DONG Hai-liang, JIA Zhi-gang, JIA Wei, LIANG Jian, XU Bing-she

Citation:

FU Meng-jie, DONG Hai-liang, JIA Zhi-gang, JIA Wei, LIANG Jian, XU Bing-she. Effect of GalnP and GaAsP inserted into
waveguide/barrier interface on carrier leakage in InAlGaAs quantum well 808—nm laser diode[]]. Chinese Optics, 2025, 18(1): 186—
197. doi: 10.37188/CO.EN-2024-0006

RPAEI, FEESE, PSR, UM, B, VPIFAL. DS FHHIHE A GalnPRIGaAsPXT InAlGaAs i T BF808—nmiot — & 4
TR B[], DG, 2025, 18(1): 186-197. doi: 10.37188/CO.EN-2024-0006

View online: https://doi.org/10.37188/CO.EN-2024-0006

Articles you may be interested in

InGaAs/GaAs(P) quantum well intermixing induced by Si impurity diffusion

SiZR A WA S InGaAs/GaAs(P) & T-HHE 2205
Chinese Optics. 2022, 15(3): 426 https://doi.org/10.37188/C0.2021-0200

InGaAs/AlGaAs quantum well intermixing induced by Si impurities under multi-variable conditions
2SI F InGaAs/AlGaAs T PR A2 TE
Chinese Optics. 2023, 16(6): 1512 https://doi.org/10.37188/C0.2022-0257

Recent advances in lateral mode control technology of diode lasers
P ARBOCA M ) B AR OB f
Chinese Optics. 2022, 15(5): 895  https://doi.org/10.37188/C0.2022-0143

Research progress of optical chaos in semiconductor laser systems
PRRBO LA R G IR TR0
Chinese Optics. 2021, 14(5): 1133  https://doi.org/10.37188/C0.2020-0216

Synchronization transmission technology of semiconductor lasers with transverse effect

HAT R O - O G Y [ DAL R
Chinese Optics. 2023, 16(3): 559  https://doi.org/10.37188/C0.2022-0031

High—performance self-powered photodetectors based on the carbon nanomaterial/GaAs vdW heterojunctions
LT BRI KRGS A AL BT PR S TR 1) M RE 11 UKl D' A P ST
Chinese Optics. 2022, 15(2): 373  https://doi.org/10.37188/C0.2021-0149


http://www.chineseoptics.net.cn
http://www.chineseoptics.net.cn
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.EN-2024-0006
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2021-0200
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2022-0257
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2022-0143
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2020-0216
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2022-0031
http://www.chineseoptics.net.cn/cn/article/doi/10.37188/CO.2021-0149

8% 1 rhEDGE: (Hrsesg) Vol. 18 No. I
20254 1 H Chinese Optics Jan. 2025

XEHS 2097-1842(2025)01-0186-12

Effect of GalnP and GaAsP inserted into waveguide/barrier interface

on carrier leakage in InAlGaAs quantum well 808-nm laser diode
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Abstract: There is nonradiative recombination in waveguide region owing to severe carrier leakage, which in
turn reduces output power and wall-plug efficiency. In this paper, we designed a novel epitaxial structure,
which suppresses carrier leakage by inserting n-Gay ssIng4sP and p-GaAsygPy4 between barriers and wave-
guide layers, respectively, to modulate the energy band structure and to increase the height of barrier. The
results show that the leakage current density reduces by 87.71%, compared to traditional structure. The non-
radiative recombination current density of novel structure reduces to 37.411 A/cm?, and the output power
reaches 12.80 W with wall-plug efficiency of 78.24% at an injection current density 5 A/cm? at room temper-
ature. In addition, the temperature drift coefficient of center wavelength is 0.206 nm/°C at the temperature
range from 5 °C to 65 °C, and the slope of fitted straight line of threshold current with temperature variation

is 0.00113. The novel epitaxial structure provides a theoretical basis for achieving high-power laser diode.
Key words: 808-nm laser diode; Gag ssIng 4sP and GaAs,¢P, 4 insertion layers; InAlGaAs quantum well; carri-
er leakage
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1 Introduction

Laser diodes (LDs) are used in extreme condi-
tions such as very high or low temperatures owing
to their low voltage operating characteristics, high
efficiency and reliability, and long lifetime!). LDs
have excellent performance and are widely used in
various fields, including medical aesthetics, laser
welding, laser guidance, laser ignition, and most im-
portantly as a pumping source for solid-state
lasers™™. However, as the demand for 808 nm LD ap-
plications expands, the performance requirements
for LD are becoming increasingly stringent, particu-
larly in terms of high output power, high wall-plug
efficiency (WPE), superior beam quality, and reliab-
ilityP-L
For traditional high-power LD, there is a prob-
lem known as carrier leakage, which can increase
nonradiative recombination in waveguide region,
leading to decreased output power, WPE, and stabil-
ity Over the past few years, researchers have con-

ducted numerous studies to reduce carrier leakage.

doi: 10.37188/CO.EN-2024-0006

CSTR:32171.14.CO.EN-2024-0006

Zhang B et al. inserted GaAs intermediate layer in-
to InGaAs/AlGaAs multi-quantum wells, which re-
duced carrier leakage and ensured more radiative
M. Cao YL
et al. inserted thin GaAsP interlayer into InGaAsP/

recombination in multiple quantum wells

InGaP/AlGaAs LD to optimize epitaxial structure
and obtain strong carrier confinement™; Li X et al.
added low Al content in AlGaAs interlayer between
active region and n-side waveguide, and the elec-
tron leakage was remarkably depressed, owing to
the reduction of injected electron energy and the
improvement of quantum well capture efficien-
yP; Asryan L V et al. adopted GagssIng,sP and
Ing 1, Aly4,Gag 36As as asymmetric barrier layers with
electron and hole barrier heights of 78 and
240 meV, and compared to original structure, de-
signed structure prevented hole leakage into wave-
guide layer resulting in low threshold current!'”
Zubov F 1 et al. adopted Gaggslng17Pg79Sbgo; and
Gay 47Ing 53P as barrier layers, which suppressed the
fluxes of electron and hole for significantly improv-
ing WPE!"Y; Zhang X et al. used GaInAsP/GaAsP as

asymmetric barrier with electron and hole leakage
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barrier heights are 2.22 and 1.76 times higher than
that of conventional structure!'?, respectively; Yuan
Q H et al. inhibited carrier leakage in active region
by adding GaAsP material between barrier and
waveguide layers for improving the temperature
characteristics of LD, From previous studies, we
find that researchers have significantly increased the
carrier leakage barrier height by adding insertion
layer or adopting asymmetric barrier, which en-
hances the confinement of carriers in active region,
and reduces carrier leakage. Therefore, adding inser-
tion layer or adopting asymmetric barrier is an ef-
fective way to reduce carrier leakage and improve
optoelectronic performance. In this paper, we optim-
ize the epitaxial structure by adding Ga, ssIng 4sP and
GaAsy P4 insertion layers. This approach reduces
carrier leakage, decreases the device's series resist-
ance, and enhances its temperature characteristics.
However, the mechanism of adding insertion layer
and its effect on carrier leakage need to be further
studied.

A novel 808 nm LD is proposed in order to re-
duce carrier leakage by inserting Gagsslng4sP and
GaAs¢Py4 layers between barrier and waveguide
layers on both sides of active region. Gagsslng4sP
and GaAsygPy, materials possess wide bandgaps,
providing strong confinement for electron and hole.
This effectively blocks carrier leakage, reduces non-
radiative recombination in waveguide region, and
utilizes high carrier confinement to achieve favor-
able temperature characteristics. Moreover, the nov-
el LD not only can enhance optical field limiting ca-
pacity but also reduce optical loss by increasing re-
fractive index gap between waveguide and active re-
gion. The relationship between optoelectronic per-
formance and structure is discussed by comparing

with and without insertion layer.

2 Design of epitaxial structure

InAlGaAs/AlGaAs active region was used for

808 nm LD. AlGaAs, a commonly used material,

was used for barrier, waveguide, and cladding lay-
ers of LDI, as shown in Figure 1. We optimized
content and thickness of each layer of traditional
LD1, and obtained its optimal structural parameters
as 2000 nm-thick n-GaAs substrate and 350 nm-
thick p-GaAs contact layer, 1200 nm-thick n-type
Aly55Gag 45As cladding layer and 1000 nm-thick p-
type Al ssGagssAs cladding layer, 600 nm-thick n-
type and 300-nm-thick p-type Algss.0.55Ga065.0.45A8
gradient waveguide layers, 6 nm-thick Al,,GaygAs
barrier layers and 5 nm-thick Ing4AlysGag;As
quantum well (InAlGaAs has a high band step and
thus will act as a good electron confinement and

14.15) Tn contrast to

have a high temperature stability!
LDI1, LD2 used 8 nm-thick Gay ssIng4sP as insertion
layers between barrier and waveguide layers on both
sides of active region. Designed structure LD3 used
Gaysslng4sP and GaAs 4Py, as insertion layers
between barrier and waveguide layers on both sides
of active region, and only insertion layer material
was optimized, while other parameters remain
unchanged. The bandgap of GagssingssP and
GaAsy¢Po4 1s larger than the bandgap of potential
barrier, so that carriers in active region need high
energy to cross GagssIngysP and GaAsggPy4 inser-
tion layers, thereby effectively suppresses carriers
crossing barrier into cladding layer and genera-
ting nonradiative recombination. So we choose
Gay s5sIng 4sP and GaAsy4Py4 insertion layers to op-
timize the epitaxial structure. Figure 1 (color online)
displayed the particular parameters of three LDs epi-
taxial structures.

In this study, LD was simulated by the simula-
tion software SILENSe with six-by-six k-p method.
In the simulation, the device cavity length and strip
width were set to be 2000 and 100 um, and the re-
flectivity of the front and back cavity surfaces were
10% and 98%, respectively. The nonradiative life-
times of electron and hole were 5.0x10™ and 5.0x
10°* s, respectively, and the dislocation density was
100 cm ™. The specific parameter values used for the

device in the simulation were shown in Table 1.
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LD2 LD3
D1 p-GaAs (contact) p-GaAs (contact)
-Al)ssGa, 4sAs p-Aly5:GagsAs
GaAs (contact) s b
. P-Aly35.055Ga65.045A8 P-Aly35.055G8g 5.045A8
p-Aly5sGag4sAs N © YO0 Yo% T rZ /o, e,
P-Aly35.0.55G80 65.045A8 T -aois_no_%_ _——— e e L i s E
Al . Ga. As . Al ,Ga, As Al ,Ga, As
S ’ In, ,Aly,4Ga, ,As In, ,Aly,16Gay;As
Iny 4AlyGay,As Al,,Ga, As Aly,GayAs
Aly,GayzAs e S .,
e 1 Gay ssIng 5P 1

0-Aly 35.0.55G80 65.045A8
n-AlssGay 4sAs
n-GaAs (subtrate)

Fig. 1 Diagram of three LDs’ epitaxial structures

0-Aly 35.0.55G8 65.0.45A8

n-Al, 5sGa, 45sAS
n-GaAs (subtrate)

0-Aly35.0.55G8g 65.045A8
n-AlyssGag45As
n-GaAs (subtrate)

Tab.1 Parameters of 808-nm LD’s epitaxial structures

Structure layer Materials Thicknesses /nm Doping concentration /cm
p-Contact layer GaAs 350 1x10"
p-Cladding layer AlpssGagsAs 1000 1x10"
p-Waveguide layer Aly35.055Ga0 65.045A8 300 1x10"7~1x10"
p-Insertion layer Gay 55Ing 4sP/GaAs Py 4 8 1x10"7
p-Barrier layer Aly,GaggAs 6 0
Quantum well Ing 14Aly16Gag 7AS 5 0
n-Barrier layer Aly,GaggAs 6 0
n-Insertion layer Gay s5Ing 4sP 8 1x10"7
n-Waveguide layer Aly35.055Ga0 65.045A8 600 1x10"7~1x10"
n-Cladding layer AlpssGagsAs 1200 1x10"
n-Substrate GaAs 2000 1x10"

3 Simulation results and analysis

3.1 Optical Properties

We investigated the effect of inserting Gay ss-
Ing4sP and GaAs, 4¢P, 4 materials on refractive index
and optical field distribution of three LDs, as shown
in Figure 2(a) (color online). Figure 2(b) (color on-
line) is an enlarged figure in the range of 1750—
1900 nm. It is found that during photon transmis-
sion, optical loss for carrier absorption in n-side is
lower than that in p-side region. Therefore, optical
loss can be effectively reduced by adjusting the op-
tical field distribution to shift toward n-side. Tradi-
tional and designed LDs have adopted an asym-

metric structure for both waveguide thickness and

cladding layer thickness, which is effective in redu-
cing p-side optical loss!'""'”. With insertions of
Gagsslng4sP and GaAsy¢Py4 between barrier and
waveguide layers on both sides, it is found that re-
fractive index differential between active region and
waveguide layer become large so that limiting optic-
al field enhanced and photon leakage reduced, res-
ulting in low optical loss. As shown in Figure 2
(b), the refractive index differential between barrier
and waveguide layer of LD1 is 0.101, while for LD3
the refractive index differential between p-side in-
sertion layer and the waveguide layer increases to
0.121. The asymmetric refractive index distribution
keeps optical modes away from p-side, and increas-
ing refractive index on p-side for enhancing optical

field limitation, all of which lead to a decrease in
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free carrier induced optical absorption in high doped
p-cladding layer. Therefore, designed structure LD3

increases refractive index differential between act-

@ 0 1 000 2000 3000
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Fig. 2
of 1750—1900 nm for LD1, LD2, and LD3

Reducing optical loss in epitaxial structure is a
key factor for achieving high output power!*'"), In
order to investigate the effect of Gaysslng4sP and
GaAs P4 insertion layers on optical loss, we ex-
plore the variation of optical loss caused by free car-
rier absorption of three LDs, as shown in Figure 3
(color online). Figure 3(a) demonstrates optical loss
owing to free carrier absorption outside of quantum
well for three LDs. Optical loss outside (0g,) of
quantum well are 0.281, 0.262 and 0.254 cm™ for
LDI1, LD2 and LD3, respectively. The difference in
0oy between LD1 and LD3 is 0.027 cm™. Insertion
of GaAs¢Py 4 intermediate layer on p-side increases
refractive index value between waveguide layer and
active region, and the overlap between p-side optic-
al field distribution and waveguide region decreases,
thus reducing ag,. Optical loss in quantum well
(0Qw) of LDI, LD2 and LD3 are 0.060, 0.034 and

0.033 cm™, respectively, and the difference in aqw

Refractive index

ive region and waveguide layer, which reduces op-

tical absorption in cladding layer and decreases op-

tical loss.
(b) 1750 1 800 1850 1900
T T 0.003
In, ,Al, 4Ga,,As quantum well
3.24 0.002
3.12
0.001
3.00
5 gg |=— n-cladding p-cladding —= 19
: : - 0.003 Z
Al,,GaAs barrier §
f=~
3.24 0.002 &
g
2 0.001 &
01 &
3.00 2
<
288 b Ga, 5Iny 5P insert layer 2003 :f:’
p-GaAs, (P, , insert layer R
324 F 0.002
3.12
0.001
3.00
! n-GaUSSInlI,_45P insert layerI 10
1750 1 800 1 850 1900
Position/nm

(a) Refractive index and TE mode optic field intensity distributions of three LDs; (b) magnified diagrams in the range

between LDI1 and LD3is 0.027 cm™. Therefore,
Gay 55y 4sP and GaAs, Py, insertion layers reduce
its free carrier absorption and provide sufficient
energy barriers to limit carrier leakage in active re-
gion. As shown in Figure 3(c), total optical loss
(0or) of LD1, LD2 and LD3 are 6.648, 6.603, and
6.595 cm™, respectively. The difference between
Ororas Of LD1 and LD3 is 0.053 cm™'. This value is
approximately equal to the summation of the differ-
ential values of o, and aqgw of LD1 and LD3. Cal-
culation results reveal that the percentage variation
of aoy and oqw accounts for 49.06% and 50.94% of
the total variation in ogy,. Compared with LDI1,
quantum wells of LD2 and LD3 are shifted toward
p-side by 8 nm, which solves the problem that ab-
sorption in the p-side is larger than n-side owing to
the difference in the properties of electron and
hole”. It reduces loss of p-side photons and de-

creases optical absorption loss of free carrier in
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waveguide region, which leads to a small reduction

in oo and thus improves conversion efficiency™!.

Therefore p-side region is more critical for aqw.

(a) (b)
04F 0.06 F :
/’ 10.06
03} 0.281 !
[} ]
7 T 0.04} PN
g T0.062 g 10.034
<02} 10.254 = !
3 | % [’ :0.033
: 0.02 } :
0.1F i !
l —LDI ! —LDI
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Current/A Current/A
(c) 6.8
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i
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~ s6b :(mo
= 16.595
< i
64} !
! —LD1
: —LD2
6.3 i —LD3
0 2 4 6 8 10 12 14 16
Current/A

Fig. 3 Curves of (a) quantum well external loss (aoy), (b) quantum well internal loss (aqw), and (c) total optical loss (aro) of

three LDs as a function of injection current

3.2 Electrical Properties

To investigate the effect of Gagsslng,sP and
GaAs( P4 insertion layers on carrier leakage, en-
ergy bands of three LDs are analyzed at injection
current density 5 kA/ecm® (10 A), as shown in
Figure 4(a) (color online). Figure 4(b) (color online)
provides a magnified diagram of LD1, LD2 and
LD3 in the range of 1760—1860 nm. By comparing
LDI1 and LD2 with LD3, it is found that the effect-
ive electron leakage height of LD1 is 338 meV and
the effective hole leakage height is 405 meV. The
effective electron leakage height and the effective
hole leakage height of LD2 are 287 and 416 meV,
respectively. LD3 has an effective electron leakage
height and effective hole leakage height of 397 and
425 meV, respectively. It can be observed that the
effective electron leakage height and the effective
hole leakage height differences are 59 and 20 meV
for LD1 and LD3, respectively. LD3 has a larger ef-

fective electron leakage height than effective hole
leakage height compared to LD1, which solves the
problem that electron migration rate is higher than
hole migration rate at the same concentration owing
to electron’s effective mass is smaller than hole’s ef-
fective massi??. The effective electron leakage hei-
ght and the effective hole leakage height of LD3 are
1.17 and 1.05 times higher than that of LDI, in-
creasing the effective blocking height between
waveguide layer and cladding layer in n-type region
and p-type region, preventing the escape of electron
(hole) to p-cladding layer (n-cladding layer) and en-
hancing the restriction capability of carriers. There-
fore, LD3 effectively suppresses the leakage of elec-
tron and hole into cladding region by increasing the
heights of effective leakage barrier of electron and
hole, which reduces nonradiative recombination,
improves carrier utilization efficiency, and in-

creases radiative recombination.
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Fig. 4 (a) The energy band comparison of the LDs with three structures at an injection current of 10 A and (b) the magnifica-

tion of LD1, LD2, and LD3 in the 1 760—1 860 nm range

We explore the effect of energy band on carri-
er transport in above part. It is found that increasing
the effective leakage barrier heights of electron and
hole is beneficial in enhancing confinement to carri-
ers and reducing nonradiative recombination, which
has an important effect on the improvement of the

performance of LD™

Leakage current density,
Auger recombination current density, SRH recom-
bination current density, and nonradiative recom-
bination current density versus injection current
for three LDs in Figure 5 (color online). From
Figure 5(a), leakage current densities of LDI1 and
LD2 are 0.236 and 2.108 A/cm?, respectively, leak-
age current density of LD3is 0.029 A/cm? and
LD3 reduces leakage current density by 87.71%
compared to LD1, owing to enhanced carrier effect-
ive barrier height, leading to a reduction in carrier
leakage. As shown in Figure 5(b), the Auger recom-
bination current densities of LD1, LD2 and LD3 are
31.545, 37.796 and 30.931 A/cm?, respectively, at
injection current 10 A. The Auger recombination
current densities of three LDs are almost constant in
their values with increasing current. As shown in
Figure 5(c), the SRH recombination current densit-
ies of three LDs are 20.172, 10.664 and 6.480 A/cm?,

respectively, at injection current 10 A, the SRH re-
combination current densities of LD1 and LD2 vary
with injection current, and that of LD3 remains al-
most unchanged versus injection current. From
Figure 5(d), it can be seen that the nonradiative re-
combination current densities of three LDs are
42.209, 57.969 and 37.411 A/cm?, respectively, at
injection current 10 A. Among them, the nonradiat-
ive recombination current densities of LDI and
LD2 increase with increasing injection current.
While LD3 has a steady trend as current increases,
and the nonradiative recombination current densit-
ies of LD1is 1.11 times higher than that of LD3.
Since LD3 optimizes carrier transport, nonradiative
recombination current density and SRH recombina-
tion current density of LD3 remain almost constant
as injection current increases*¥,

In order to meet high efficiency and develop-
ment of device, low threshold current and operating
voltage, high output power and WPE are the main
objectives of epitaxial structure design®’. Figure 6
(color online) illustrates the relationship between
threshold current, operating voltage, output power,
and WPE versus injection current for three LDs. As

depicted in Figure 6(a), threshold currents of three
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LDs are 0.511, 0.512 and 0.501 A, with LD3 show-
ing a slightly low threshold current. When analyz-
ing the optical performance, it is found that the op-
tical limiting ability of LD3 is enhanced and the op-
tical loss is reduced compared to LD1, so the reduc-
tion of threshold current is due to the decrease of
carrier loss?". Figure 6(b) shows the variation curve
of operating voltage with injection current, and the
slope of I-V curve indicates the magnitude of series
resistance. Operating voltages of three LDs are
1.702, 1.744 and 1.636 V, respectively, at injection
current 10 A. It is clear that the operating voltage of
LD3 is very low, mainly owing to the reduction of
its series resistance. According to the series resist-
ance formula, we know that the resistance is mainly
determined by the thickness, doping concentration
and carrier mobility. Owing to GagssIngysP and
GaAs¢Py4 are very thin, so their thickness is ne-
gligible. Moreover, GagsslngysP and GaAsygPo4
have large mobility and high doping concentra-

tion, resulting in low series resistance, which re-
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duces the operating voltage of LD3. As illustrated in
Figure 6(c), output power are 12.68, 12.66, and
12.80 W for three LDs at injection current 10 A,
with LD3 having a high output power owing to low
optical loss, threshold current, and operating vol-
tage. Figure 6(d) shows WPE of three LDs are
74.48%, 72.62%, and 78.24% at injection current
10 A. The WPE of LD3 is improved by 3.76% and
5.62% compared to LD1 and LD2, respectively. The
addition of high doping and high mobility
Gay 55Ing 4sP and GaAs, Py, insertion layers in LD3
leads to reduction in operating voltage and series
resistance, which in turn improves the WPE. The
WPE of LDI1 is slightly higher than that of LD3 at
current of 1-2 A owing to the abrupt change of re-
fractive index at the interface of LDI1, causing in-
creased energy loss. However, as the injection cur-
rent increases, the carrier loss decreases, and the
high power and high WPE are achieved by redu-

cing optical and energy losses™.
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Fig. 5 (a) Leakage current density, (b) auger recombination current density, (c) SRH recombination current density, and (d)

nonradiative recombination current density of three LDs as a function of injection current
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Fig. 6 (a) Threshold current of three LDs; (b) operating voltage, (c) output power and (d) WPE of three LDs as a function of

injection current

3.3 Temperature characteristics

The above discussion shows the optoelectronic
performances of three LDs at room temperature of
25 °C. In order to evaluate the stability during oper-

ation, we simulated the variation rules of wave-
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length and threshold current of three LDs at differ-
ent temperature. Graphs of wavelength and thre-
shold current variation over the temperature ranged
from 5 to 65 °C for three LDs are shown in Figure 7

(color online).
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Fig. 7 (a) Fitted curves of wavelength and (b) threshold current of three LDs as a function of temperature

From Figure 7(a), it can be observed that three
LDs exhibit red shift with increasing temperature
owing to bandgap shrinking caused by Joule heat-
ing?”. The temperature drift coefficients of LDI,
LD2 and LD3 are 0.210, 0.212 and 0.206 nm/°C, re-

spectively. LD1 and LD2 have poor wavelength sta-
bility at high temperature, whereas LD3 exhibits
more stable wavelength owing to the addition of
Gay 55Ing 4sP and GaAs, Py, insertion layers, which

has a small temperature-drift coefficient at the cen-
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ter wavelength. Figure 7(b) reveals the graphs of
threshold currents of three LDs over the range of
temperature variations. Threshold current gradually
increases as increasing temperature. However,
LD3 exhibits a low threshold current at the same
temperature, and the slopes of the fitted straight
lines of threshold current versus temperature are
0.00128, 0.00118, and 0.001 13 for three LDs. This
indicates that LD3 has excellent threshold current
stability during operation. From the above analysis,
it can be seen that the center wavelength temperat-
ure drift coefficient of LD3is smaller and the
threshold current change is more stable than others.
Therefore, LD3 has a slightly superior temperature
dependence, which can reduce electron leakage,
thereby improving the reliability®®. So adding
Gay55lng4sP and GaAsygPy4 insertion layers is in-

structive to improve the reliability.
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