@%% (@)

Chinese Optics e

SiZk Y B0 S InGaAs/AlGaAs B FBHEZL M BFSY
X EE kA, REE, Rk, REx NEF, DRTF

SIFASC:

XIFRR, PRA, REHH, & K1k, BXEEE, XIZ P, DERT. SiZd #5 FInGaAs/AlGaAs g F-BF iR A4
BIBFZE). PR EE2E, 2020, 13(1): 203-216. doi: 10.3788/C0.20201301.0203

LIU Cui-cui, LIN Nan, XIONG Cong, MAN Yu-xuan, ZHAO Bi-yao, LIU Su-ping, MA Xiao—yu.

Intermixing in InGaAs/AlGaAs quantum well structures induced by the interdiffusion of Si impurities|J].

Chinese Optics, 2020, 13(1): 203-216. doi: 10.3788/C0.20201301.0203

TELR R View online: https://doi.org/10.3788/C0.20201301.0203

FEAT ARG HoA S EE

Articles you may be interested in

12 Wisg D2 i il SEPEOLS nmf Sk OGRS i1
Design and fabrication of 12W high power and high reliability 915 nm semiconductor lasers
HREDE2E. 2018, 11(4): 590 https://doi.org/10.3788/C0.20181104.0590

FL T SESAM#B B QA HOE M S Yb:CaY AIO4JK thiO G #S

Output characteristics of diode—pumped passively Q—switched Yh:CaY Al04 pulsed laser based on a
SESAM

HH DB, 2019, 12(1): 167 hitps://doi.org/10.3788/C0.20191201.0167
AHLAS ST RO AR RIS

Study on Bragg reflection waveguide diode laser

[ 2. 2015(3): 480  hitps:/doi.org/10.3788/C0.20150803.0480
TRV T 5> SO G AR A 5

Research progress of horizontal cavity surface emitting semiconductor lasers

rREDE. 2017, 10(2): 194 hitps:/doi.org/10.3788/C0.20171002.0194
1 & A U RO R

Surface emitting distributed feedback semiconductor lasers

2. 2016, 9(1): 51 https:/doi.org/10.3788/C0.20160901.0051


http://www.chineseoptics.net.cn/
http://www.chineseoptics.net.cn/
http://www.chineseoptics.net.cn/cn/article/doi/10.3788/CO.20201301.0203
http://www.chineseoptics.net.cn/cn/article/doi/10.3788/CO.20181104.0590
http://www.chineseoptics.net.cn/cn/article/doi/10.3788/CO.20191201.0167
http://www.chineseoptics.net.cn/cn/article/doi/10.3788/CO.20150803.0480
http://www.chineseoptics.net.cn/cn/article/doi/10.3788/CO.20171002.0194
http://www.chineseoptics.net.cn/cn/article/doi/10.3788/CO.20160901.0051

F13E A1 T EDE Vol. 13 No. 1
2020 42 A Chinese Optics Feb. 2020

XE/HS  2095-1531(2020)01-0203-14

Intermixing in InGaAs/AlGaAs quantum well structures
induced by the interdiffusion of Si impurities
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Abstract; Catastrophe Optical Damage ( COD) usually occurs at the front cavity surface of quantum well sem-
iconductor laser diodes, and it is a great trouble to its output power and life. The preparation of Non-Absorp-
tion Window (NAW) by quantum well intermixing based on Impurity Induced Disordering (1ID) is a common
method for inhibiting COD at the cavity surface, which has a great potential to achieve blue shift with high effi-
ciency and low cost. In this paper, Si impurities were used to induce quantum well intermixing. The epitaxial
structure of the InGaAs/AlGaAs quantum well semiconductor laser diode and the Si impurity diffusion layer
and Si; N, protective layer were grown by a Metal Organic Chemical Vapor Deposition (MOCVD) device. After
several thermal annealing treatments, the Si impurity diffusion inducing the mutual diffusion between the quan-
tum well and the barrier, which widened the band gap of the quantum well area and resulted in blue shift of
the output wavelength, reducing the absorption of the emitted light. Usually thermal annealing will affect the
surface morphology of epitaxial surface, and the surface morphology may affect the preparation of electrode in
the subsequent packaging process. Combined with an optical microscope and photoluminescence (PL) spec-
trum, experimental results indicate that about 93nm wavelength blue shift can be observed under the annealing
condition of 825°C /2 h. In conclusion, annealing can affect the topography of the epitaxial wafers surface, but
it does not affect the blue shift of wavelength and the preparation of electrode.

Key words: quantum well semiconductor laser diodes; catastrophe optical damage; quantum well intermi-

xing; blue shift
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1 Introduction

Laser technology is one of the major achieve-
ments in the development of modern science and
technology. With the continuous development of
high-tech fields such as laser ranging, laser guid-
ance, coherent communication, atmospheric re-
search, medical equipment, optical image process-
ing and laser printers, more and more attention has
been paid to the 900 ~ 1 100 nm lasers''*’. Theoret-
ical and experimental studies have found that the la-
ser wavelength of the InGaAs/AlGaAs quantum well
laser diodes can cover 900 ~1 300 nm waveband"*
by adjusting the component and thickness of each
layer, which not only fills the vacancy of GaAs la-
sers and InP lasers in this waveband, but also great-
ly promotes the development of related industries
such as lasers"’.

However, the Catastrophe Optical Damage
(COD) of semiconductor laser diode, i. e., COD
phenomenon, often occurs at the cavity face, which
not only inhibits the output power of the laser, but

" to the device

also can cause an instant failure'®
within 30 ns. It is found in practical applications
that the problem also exists in InGaAs/AlGaAs
quantum well semiconductor laser diodes.

The preparation of Non-Absorption Window
(NAW) by quantum well intermixing based on Im-
purity Induced Disordering (IID) is an effective
method for inhibiting COD at the cavity face. In the

1980s, it was found that Si impurity diffusion in-

doi:10.3788/C0.20201301. 0203

duced the mutual diffusion between the quantum well
and the barrier. Since then, scientists have never
stopped developing this technology, and they have
continued to make new breakthroughs.

In 1985, R. W. Kaliski et al. found that Si im-
purity diffusion induced the mutual diffusion between
the AlGaAs/GaAs superlattice structures, and resul-
ted in blue shift of the output wavelength by about
85 nm after 144 h diffusion at a diffusion tempera-
ture of 750°C.

In 1987, P. Mei et al. " found that Si impuri-
ty diffusion would cause the Al element in the AlAs/
GaAs superlattice materials to diffuse in the active
region, and the diffusion coefficient of Al would in-
crease as the Si impurity rises, which proved the re-
lationship between Si impurity diffusion and point
defects of Group III elements, disclosing the intermi-
xing mechanism through Si impurities.

In 2010, G. W. CONG et al. ' obtained a
blue shift of 160 nm for InGaAs/AlAsSb double
quantum well structure chip by means of Si ion im-
plantation technology and rapid thermal annealing at
600°C/1min, and the blue shift effect is remarka-
ble.

Although the effect of intermixing in quantum
well structures induced by the Si impurities is signif-
icant, research on this technology has been mainly
concentrated abroad, and few has been reported in
China due to experimental conditions and cost con-
straints. In 2007, experiments on GaAs/AlGaAs
high-power semiconductor laser diode quantum well

intermixing based on Si impurity diffusion and Si ion
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implantation induced disordering were conducted by

Peng Haitao et al. '’

of Hebei University of Tech-
nology. However, the blue shift effect is not obvious
due to the P-type dopant Zn in the epitaxial wafer in-
hibits the diffusion of Si impurities.

In this paper, we redesigned the experimental
method of intermixing in quantum well structures in-
duced by the interdiffusion of Si impurities on the
basis of the previous research results. The purpose
of this research is to find a low-damage, low-cost
and high-efficiency quantum well intermixing meth-
od, making preliminary preparations for InGaAs/Al-
GaAs quantum well laser diodes NAW doped with C

as P-type dopant.

2 Mechanisms and Preventive Meas-

ures of COD

2.1 Mechanisms of COD

Fig. 1(a) shows the optical intensity distribu-
tion along the direction of cavity length simulated by
PICS3D software. It can be seen that the light inten-
sity of the front cavity surface of the entire light area
is the strongest; therefore, COD is more likely to
happen at the front cavity face in theory. Fig. 1(b)
shows the COD phenomenon at the front cavity sur-
face of a semiconductor laser diode under Electroflu-
orescence (EL) test.

To deal with COD), it is necessary to understand
the mechanism of COD at first. As shown in Fig. 2,
the following two items result in COD; one is the
large optical power density of the cavity surface and
the other is the absorption of light by non-radiative
recombination centers formed by surface state and

197 Both can increase the temperature

interface state
at the cavity surface, and the temperature rise will
narrow the band gap of the cavity surface and result
in red shift of the wavelength, and the light absorp-
tion will be enhanced. Then the temperature will

continue to rise, and the vicious cycle will eventual-

ly result in COD.
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Fig.1  ( Color online) COD phenomenon at the cavity

surface of LD. (a) Distribution of 2D optical
intensity profile along the direction of cavity
length simulated by PICS3D; (b) COD phe-
nomenon of the front cavity surface in EL test
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Fig.2 The mechanisms of COD
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Therefore, the effective method for inhibiting
COD at the cavity surface is to reduce the photon
density, non-radiative recombination and light ab-

1]

sorption at the cavity surface''’. In order to solve

the problems stated above, researchers have pro-
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posed a variety of solutions, including preparation of
carrier non-injection zone at the cavity surface, vac-
uum cleavage coating, passivation technology at the
cavity surface and preparation of NAW' '/

The preparation method of semiconductor laser
NAW is mainly quantum well intermixing. Common-
ly used methods for quantum well intermixing in-
clude Rapid Thermal Annealing ( RTA), Ion Im-
plantation Induced Disordering (IIID ), Laser In-
duced Disordering( LID) , Plasma Enhancement In-
duced Disordering ( PID) , Impurities Induced Dis-
ordering (IID) , Impurity Free Vacancy Disordering
(IFVD), etc!™. However, IIID, LID, PID and
other methods require expensive equipments; the an-
nealing temperature required for IFVD is too high,
which will result in serious damage to the internal
structure of the material ; it is easy to achieve simple
RTA process, but the repeatability and reliability are

"4 In overall consideration, IID is applied in

low
this paper to deal with COD at the cavity surface of
InGaAs/AlGaAs quantum well laser diodes.

IID technology is a relatively common NAW
preparation method. It causes the interdiffusion of
materials in the active area at the cavity surface of
semiconductor laser diode epitaxial wafer by impurity
diffusion, which widens the band gap and results in
blue shift of the wavelength, thereby reducing the
absorption of the output light and inhibiting COD at
the cavity surface' *"'*.

2.2 Preventive measures of COD

IID technology is a common method for prepa-
ration of semiconductor laser diode NAW and pre-
venting COD at the cavity surface. There are two
common sources of induction: donor impurities,
such as Si, Ge; acceptor impurities, such as Zn,
Mg. In this paper, Si impurities are used to induce
quantum well intermixing. The performance of Si I1ID
is closely related with the concentration of Group III
interstitial atoms and Group III atom vacancies''".

The induction process shows as follows

Voo = Vea + Uy +Vy) = (Vg + 1) +V,y =V,

(D

Lo, =1, + (Vy + 1) = (I, +Vy) + 1 = 1.
(2)
The induction process can be understood that
Ga vacancies are generated by Si impurities induced
disordering. The interdiffusion between Al atoms in
the barrier and Ga atoms in the quantum well is
mainly considered while the diffusion of In atoms is
not considered because Al and Ga atoms are smaller
than In atoms. Al vacancies generated by Ga vacan-
cies and Al interstitial atoms recombination continue
to move, so that Ga atoms in the quantum well con-
tinuously enter the barrier, and Al interstitial atoms
in the barrier enter into the quantum well, finally
the material of the quantum well area is gradually
changed from an InGaAs ternary compound to an In-
AlGaAs quaternary compound, which widened the
band gap of the quantum well area and resulted in
blue shift of central wavelength of emitted light.
Suppose that the number of Group III element
sublattice points in the material is N, including n
vacancies, the possible arrangement of vacancies is
shown by eq. (3) at this time'""’ .

N1
nl(N-n)!’

Combined with Boltzmann’s entropic equation

G = (3)

and Stirling’s approximation, the free energy of the
system can be written as eq. (4):
E =E, + nk, -
kgTINInN - nlon — (N = n)In(N - n) 1,

(4)
where, E, represents the part of the free energy of
the system that has nothing to do with the number of
vacancies, E represents the energy that forms a va-
cancy and T represents the temperature. The expres-
sion of the number of vacancies can be derived as:

. N-exp(;ﬁEij, (5)

B

where , the number of n is approximately equal to the
normalization thermal equilibrium concentration of
Group III atomic vacancies and interstitial atoms,

therefore,, the number of Group III atomic defects is
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a positive correlation function of temperature. In ad-
dition, the degree of diffusion of impurities and point
defects also increases as the temperature rises, so
high temperature annealing is an indispensable aux-

iliary method for IID technology.

3 Design and test of semiconductor

laser chips

3.1 Growth and testing of chips

The schematic diagram of the epitaxial structure
of InGaAs/AlGaAs used in this paper is shown in
Fig. 3. The detailed information such as thickness

and doping is listed in Table 1. This semiconductor

laser diode epitaxial wafer was independently design-
ed by our research group and grown using the

MOCVD equipment of Aixtron AIX-200 system.

p-contact
Isolator
GaAs
AlGaAs
Al0.37GaAs
AlGaAs
Al0.255GaAs

\\A10.255GaAs

- AlGaAs

\A10.3 1GaAs
GaAs

GaAs

Fig.3 The epitaxy structure of InGaAs/AlGaAs QW LD
K3 InGaAs/AlGaAs it 7 BHEOLAR ISME LS

Tab.1 Epitaxial structure and parameters of InGaAs/AlGaAs QW LD
#1 InGaAs/AlGaAs BF B>t RAIIMNES I RIBN S

NO. Layer Material Composition Thickness Dopant
13 contract P-GaAs _ 150 nm C/P+ +
12 grin p-AlxGaAs 0.370.1 67 nm C/P+
11 cladding p-AlxGaAs 0.37 1100 nm C/p
10 grin p-AlxGaAs 0.255-0.37 120nm c/p
9 upper waveguide p-AlxGaAs 0.255 380 nm c/p
8 grin p-AlxGaAs 0.1-0.255 30 nm Un.

7 QW InxGaAs 0.267 7.4 nm Un.
6 grin n-AlxGaAs 0.255-0.1 30 nm Un.
5 lower waveguide n-AlxGaAs 0.255 800 nm Si/N
4 grin n-AlxGaAs 0.31-0.255 100 nm Si/N
3 cladding n-AlxGaAs 0.31 1460 nm Si/N
2 buffer n-GaAs _ 500 nm Si/N
1 substrate n-GaAs _ 450 pm

The carrier gas is hydrogen (H,) for epitaxial
erowth of the chip. Trimethylindium ( TMIn) , Trim-
ethylgallium ( TMGa )
(TMAL) are for Group III source; 100% Arsenic hy-
dride (AsH,) is for Group IV source; P-type and N-

and Trimethylaluminum

type dopants are carbon tetrachloride ( CCl,) and sil-
icohydride (SiH,). The growth temperature is 550 ~
700 °C, and the reaction chamber pressure is 5000
Pa. n-GaAs with (100) plane deviation {111) A
crystal orientation of 15° is used as substrate for the

orderly growth of ( Al)InGaAs and other materials.

It is necessary to perform PL spectrum test on
the semiconductor laser chip before manufacturing
the device. Information such as light intensity and
peak wavelength can be obtained from the PL spec-
trum results. The PL spectrum results of this chip
are shown in Fig. 4. The chip has a peak wave-
length of 1 002.2nm and has uniform light intensity.

Electrochemical Cyclic Voltammetry ( ECV)
test equipment is applied to measure the carrier con-
centration and its distribution, and the results reflect

the doping of materials. The chip meets the design
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requirements according to the results of ECV testing

shown in Fig. 5.
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Fig.4 PL spectrum of chip. (a) The mapping results
of PL testing; (b) PL spectrum of chip
K4  InGaAs/AlGaAs %%@?i%i)‘ﬁ%%ﬂ@ PL 35 I 45
R, (a) TR PL % B (b)
PL i¥%

i Mapping %

=
o

1E+020

1E+019F

1E+018F

1E+017F

L

Carrier concentration/cm?

o

0 pm 1 2 3 4 5
Depth/pm

Fig. 5 ECV test results of InGaAs/AlGaAs quantum
epitaxial layer
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3.2 Results and analysis of impurity induced
disordering test

The purpose of this paper is for blue shift of the
wavelength by Si IID, so a 20 nm Si impurity layer
and 20 nm Si;N, protective layer are secondly grown
by MOCVD on the basis of the original epitaxial
structure , which are used to provide the impurity in-
duced disordering source and protect silicon layer,
respectively. The secondary epitaxial carrier gas is
hydrogen (H,),
(SiH,).
(NH;),
ture is 800°C and the pressure is 1 200 Pa.

Two annealing furnaces are used in this test;

the reaction source is silicohydride
the flow rate is 100 mL/min, ammonia gas

the flow rate is 500 ml./min, the tempera-

RTP-500 rapid thermal annealing furnace and tubu-

lar thermal annealing furnace produced by kejia
company. First, samples for this test are divided as
Group A and Group B. Group A samples are pro-
cessed by the RTP-500 RTA furnace of which the
applicable temperature is 300 ~ 1 100°C, and can
only be used for short-time annealing and be used to
obtain the appropriate annealing temperature and
time and roughly determine the impact of the impuri-
ty induced disordering process on the quality of chip
materials. Then, Group B samples are processed by
a tubular annealing furnace of which the applicable
temperature is 200 ~ 1 500°C and annealing time can

reach 600 min.

The best annealing conditions can be achieved by

Long-term annealing can be set.

combination of these two annealing furnaces. Protec-
tive gas for the annealing furnaces stated above is ni-
trogen (N, ).

Based on the previous experiments, RTA tem-
perature range is 750 ~ 900°C and the step size is
25°%C ; the annealing interval is 60 ~ 180 s, and the
step size is 60 s. Group A samples are divided into
Group A-Si and Group A-O according to the presence
of Si layer and Si;N, layer on the surface. Then,
Group A-Si and Group A-0 are divided into two sub-
groups according to whether GaAs cover exists dur-
ing the annealing process. As the surface morpholo-
gy of the chip may affect the preparation of electrode
in the subsequent packaging process, and the rough
surface also has potential risk of oxidation on or be-
low the Si layer structure. Therefore, the impact of
annealing on the surface morphology of the samples
is observed in the test, and whether the difference in
surface morphology would affect the preparation of
the electrode in the chip packaging process is ana-
lyzed. The surface morphology of Group A-Si sam-
ples after RTA under a high-power optical micro-
scope is shown in Fig. 6.

Comparing with Fig. 6, it can be seen that the
unannealed sample surfaces with Si layer and Si;N,
layer are very clean and are basically free from de-

fects; ablation holes appear on the surface after
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RTA. The reason may be that GaAs decomposition
of epitaxial wafer surface, and when RTA furnace u-
ses tungsten filaments to directly irradiate and gener-
ate dust, resulting in local overheating of the sample
surface, finally causing ablation holes. However,
samples with GaAs covers are in a As atmosphere,

and not easily contaminated by dust during the an-

100 px

nealing process, so there are fewer ablation holes.
In order to know whether Si layer, Si;N, layer and
GaAs covers affect the quantum well intermixing
effect based on impurity induced disordering, a PL
test is performed for the annealed chip, and the re-

sults are shown in Fig. 7.

100 px 100 px
=

Fig. 6 Surface morphologies of group A-Si samples before and after RTA. (a) Before RTA; (b) after RTA
at 850 C/120s; (c) with GaAs cover after RTA at 850°C /120s
El6 A-si 1FE5 RTA BifE MR ETES, (a) B KHT; (b)850°C/120s PR HIR K ; (¢) H GaAs i

H, 850°C/120s P HuB
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Fig. 7 PL spectra of group A samples after RTA. (a) The central wavelength of A-O samples after RTA; (b) the intensity of A-

0 samples after RTA; (c) the central wavelength of A-Si samples after RTA; (d) the intensity of A-Si samples after

RTA

B 7 A LFES RTA S5 89 PLIEIRZE R, (a) A0 HEEN RTA JSRUHLIEK s (b) A-0 4LEEN RTA JEAYEIGIREE; (o)
A-Si KL RTA JE RO ; (d) A-Si ZHAE S RTA JE I R GiRE
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Fig. 7 shows that the maximum blue shift of the
central wavelength is 52 nm under the conditions of
RTA 900°C/180 s. With the increase of annealing
temperature and time, the blue shift of the wave-
length has increased, and the blue shift effect of
samples with Si layer and Si;N, layer on the surface
is more obvious. As the annealing temperature in-
creases, the light intensity decreases first, then in-
creases, and then decreases again. It can be seen
from Group A results that GaAs covers has little
effect on the blue shift, and there is no direct rela-
tionship between the blue shift and the surface mor-
phology of the material after annealing.

According to the experimental results of Group
A, the annealing temperature of the tubular furnace
is selected of 775 ~ 850 C, step size of 25°C ; the
time interval is 0.5 ~2 h, and the step size is 0.5
h. The experimental samples of Group B are also di-
vided into two groups: Group B-0 has no secondary

epitaxial structure on the surface, and Group B-Si

100 px W\ . P i00px S0
L | A : B

has 20 nm Si and 20 nm Si; N, secondary epitaxy on
the surface. The surface of the sample taken with a
high-power optical microscope after conventional fur-
nace annealing is shown in Fig. 8.

Fig 8 indicates that a GaAs cover can adequate-
ly ensure the morphology of the surface after annea-
ling. Conventional thermal annealing will cause ab-
lation holes on the surface of a sample, which be-
come larger as the heating time increases. When the
sample has no cover layer or sheet, uneven heating
zones in the furnace cause the surface of the sample
to burn more easily and produce island-like pat-
terns. After removing the surface Si layer, the Si;N,
layer, or the GaAs cover layer, the surface of the
epitaxial wafer with or without the GaAs cover sheet
is relatively clean. This indicates that the surface
ablations generated under these annealing conditions
will not penetrate the GaAs cover layer and will not

affect preparation of the electrode.

100 px
=

Fig.8 Surface morphology of group B samples before and after annealing. (a) B-0 samples before annealing; (b) B-0

samples after annealing at 850°C/1 h; (c¢) B-Si samples before annealing; (d) B-Si samples after annealing at

850°C/1h

E8 BAMEMIBARIEMREIES, (a)B-0 41k 5, JCiR K ; (b)B-0 4EEd, 850C/1h iB K ; (c)B-si 41, JGiR

K (d)B-si AR ,850°C/1 hiBk

The PL spectrum test results of Group B sam-
ples after annealing are shown in Fig. 9. The analy-
sis shows that as the annealing temperature increa-
ses, the blue shift of the wavelength and light inten-
sity both decrease first and then increase; the longer
the annealing time is, the more the blue shift is and

the stronger the light intensity is; the light intensity

and blue shift of the laser induced by Si impurity are
greater than that of the laser with impurity free va-
cancy disordering. For this group samples, the max-
imum blue shift of 93 nm was achieved under the an-
nealing condition of 825°C /2 h while the maximum
blue shift of the bare chip with impurity free vacancy

disordering is about 65nm after annealing.
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Fig.9 PL spectra of group B samples after annealing. (a) The central wavelength after annealing; (b) The intensity after an-

nealing
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When comparing the experimental results of
Group A, we can see that the samples obtained the
maximum light intensity after annealing at 800°C.
Combined with the test results of Group B, it can be
known that when the annealing time is extended to
several hours, the light intensity generally decreases
first and then increases as the heat treatment temper-
ature and time increase. The analysis shows that the
increase of light intensity may be related to the grad-
ual elimination of defects during thermal annealing.
However, the light intensity of Group A samples de-
creased after thermal annealing at temperature over
800°C, and the increase in light intensity of Group
B samples after thermal annealing at temperature o-
ver 825°C were also weakened. This may be related
to the sudden release of thermal stress in the epitaxi-
al wafer and the deterioration of the crystal quality
caused by impurity diffusion during high-temperature
thermal annealing process. This phenomenon is more
obvious in the rapid thermal annealing process. The
experimental results of Group A and Group B show
that the surface morphology of chip after annealing
has no direct impact on the blue shift of the wave-

length and subsequent electrode preparation.

4 Conclusions

In this paper, the epitaxial structure of the In-
GaAs/AlGaAs quantum well laser diode using C as
the P-type dopant and a 20-nm Si impurity layer and

20-nm Si;N, protective layer are grown by MOCVD.
The impact of diffusion time and temperature on the
luminescence characteristics of the active area during
the quantum well intermixing induced by Si impurity
was investigated. The relationship between the lumi-
nescence characteristics of the sample and the an-
nealing conditions was obtained by means of optimal
annealing temperature of 775 ~ 850°C for RTA
process first and then a long-time thermal annealing
treatment; the central wavelength of spectrum and
the light intensity decrease first and then increase as
the diffusion temperature and heating time increase.
About 93-nm wavelength blue shift can be observed
under the annealing condition of 825°C/2 h. It is
suggested by analysis that Si impurity mainly induces
the interdiffusion of the Ga component in the InGaAs
quantum well layer and the Al component in the Al-
GaAs barrier layer through being induced Group III
atomic point defects, which widen the band gap of
the quantum well area and result in blue shift of the
emission wavelength. Meanwhile, the observation
results show that the different surface morphology
formed during the sample annealing process will not
affect the blue shift of the wavelength, nor will it af-
fect the subsequent packaging process. Next it is
necessary to research on how to inhibite the blue
shift of wavelength in gain zone, and to improve the
performance of InGaAs/AlGaAs quantum well semi-

conductor laser diodes.
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