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InGaAs/AlGaAs quantum well intermixing induced by Si

impurities under multi-variable conditions
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Abstract: Catastrophic Optical Mirror Damage (COMD) on the cavity surface is the key factor limiting the
threshold output power of high-power quantum well semiconductor laser diodes. To improve the output
power of the laser diode, the band gap width of the active material in the cavity surface of the semiconductor
laser diode can be adjusted by the quantum well intermixing technology to form a non-absorbing window
transparent to the output laser. Based on the primary epitaxial wafers of InGaAs/AlGaAs high power
quantum well semiconductor laser diode, using the single crystal Si dielectric layer grown by Metal Oxide
Chemical Vapor Deposition (MOCVD) as the diffusion source, the research on Si impurity induced quantum
well intermixing was carried out by using the Rapid Thermal Annealing (RTA) process. The effects of
growth characteristics of Si dielectric layer, the temperature and time of RTA on the intermixing process
were investigated. The experimental results show that the epitaxial 50 nm Si dielectric layer at 650 °C com-
bined with 875 °C/90 s RTA treatment can obtain about 57 nm wavelength blue shift while maintaining the
photoluminescence spectrum shape and the primary epitaxial wafers. It is found that the diffusion of Si im-
purities into the waveguide layer on the primary epitaxial wafer is the key to the remarkable effect of

quantum well intermixing by the energy spectrum measurement technique.
Key words: semiconductor lasers; quantum well intermixing; rapid thermal annealing; blue shift; photolu-

minescence spectra
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1 Introduction

In 1966, shortly after the advent of semicon-
ductors, COOPER et al. M discovered that increas-
ing the output power of GaAs homojunction semi-
conductor lasers to a certain level would result in
Catastrophic Optical Damage (COD) and failure. In
1977, CHINONE et al. ™ discovered that an Al-
GaAs/GaAs double heterojunction semiconductor la-
ser operated continuously for a certain period resul-
ted in Catastrophic Optical Mirror Damage (COMD)
on its cavity surface. Using Scanning Electron Mi-
croscope (SEM) observation, it was found that high
power density light output and cavity surface oxida-
tion were important factors leading to its COMDF!,

For InGaAs/AlGaAs high-power Quantum Well
(QW) semiconductor lasers, COMD suppression
should start from its induced mechanism ™. Accord-
ing to test results, methods such as reducing non-ra-
diative recombination at the cavity surface, sup-
pressing light absorption of the cavity surface ma-
terial, lowering the carrier concentration at the cav-

ity surface, and improving the heat dissipation capa-

W FREOLE BT PR A Peak AR Kk KR EAS; LB b
doi: 10.37188/C0.2022-0257

city at the cavity surface P! can significantly suppress
COMD. The preparation of non-absorbing windows
based on Quantum Well Intermixing (QWI) techno-
logy is a low-cost and effective method to suppress
the light absorption of cavity materials 7. Com-
monly used QWI methods include Impurity Indu-
ced Disordering (IID), Impurity Free Vacancy In-
duced Disordering (IFVD), Laser Induced Disorder-
ing (LID), etc. ®'1, Among them, in IID technique,
a large number of point defects are induced by intro-
ducing impurities, and in combination with thermal
annealing and other methods, the impurities and
point defects are activated to obtain diffusion kinetic
energy, ultimately causing changes in the compo-
sition and structure of quantum wells. In the 1980 s,
LAIDIG ™ first found that QWI phenomenon oc-
curred in AlAs/GaAs superlattice structures with the
introduction of Zn impurities and heat treatment,
and the heat treatment temperature in this method
was only 575 °C, far below the temperature requ-
ired for impurity free induced disordering. Until
1985, KALISKI ™ found that the effect of Si im-
purity inducing AlGaAs/GaAs superlattice QWI was
better than that of other impurities. In 1987, MEI


https://doi.org/10.37188/CO.2022-0257
https://doi.org/10.37188/CO.2022-0257
https://doi.org/10.37188/CO.2022-0257

1514 HRE 2 (FREE)

#16 %

et al. " used Secondary Ion Mass Spectroscopy
(SIMS) to test and found that the diffusion coeffi-
cient of Al atoms in AlGaAs materials increased
significantly with the diffusion of Si impurities.
Comprehensive research results show that Si impur-
ities can form defect pairs with larger diffusion
coefficients with Al atoms, and Si impurities can
also increase the density of point defects in the QW
system, thus effectively promoting the QWI of the
AlAs/GaAs superlattice structure '3,

This paper presents a Non-Absorbing Window
(NAW) preparation scheme for InGaAs/AlGaAs
high-power QW semiconductor lasers using the
method of Si impurity induced QWI. This method is
based on the principle that the Si impurity is used as
an induction source, which can efficiently induce
the atomic interdiffusion between the materials in
the QW and the materials in the barrier of the In-
GaAs/AlGaAs semiconductor QW laser, eventually
broadening the band gap of the active region materi-
al and suppressing its absorption of the self-gener-
ated laser. The preparation of NAW using the Si IID
method not only reduces the optical absorption at
the cavity surface of the laser, but also serves as an
N-type doping element to form a non-carrier injec-
tion region at the cavity surface of the device, thus
reducing the non-radiative composite here. This
design does not require expensive equipment or
complex processing, and can effectively increase the
COMD threshold triggering power of the laser

without changing its characteristic parameters.

2 Simulation analysis of QWI

2.1  Chip development and performance analysis
The primary epitaxial wafers of the InGaAs/Al-
GaAs QW laser used in this paper were grown by
Metal Oxide Chemical Vapor Deposition (MOCVD),
with a reaction chamber growth temperature of
550—700 °C and a pressure of 5 kPa 'l The sub-
strate is n-GaAs with a (100) plane offset [111]

A-crystal-orientation of 15°. The schematic dia-

gram of the ridge laser structure formed based on
this primary epitaxial wafer is shown in Figure 1

(color online).

Fig. 1 Epitaxial structure of InGaAs/AlGaAs QW laser
diode
Bl 1 InGaAs/AlGaAs t—FHHEOG I SME L,

For Ing..,,Ga,Al,As quaternary compound se-
miconductor material, its band gap is shown in for-
mula (1), so the increase of Al component will lead
to the increase of E, Therefore, we determine
whether QWI has occurred in the material by the
central wavelength position. If a QWI occurs, it is
proved that the Al component has entered the QWI
material, and the band gap becomes wider, which is
shown by the change of the luminescence wave-
length toward the short wavelength, that is, the blue

shift occurs.

Egyev) = 0.36+0.629x +2.093y+
0.436x2+0.577y* + 1.01xy. (1)

Photoluminescence (PL) spectroscopy test is a
commonly used method to obtain the central
wavelength of lasers. The original PL test results of
the primary epitaxial wafer of InGaAs/AlGaAs QW
lasers in this paper are shown in Figure 2. Accord-
ing to the mapping scan results, the luminescence
intensity is uniform, indicating that the composition
of each layer of the epitaxial wafer is uniform. From
the single-point PL signal peak, it can be seen that
the peak center wavelength is 1002.2 nm, and the
Full Width at Half Maximum (FWHM) is about

23 nm.
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(a) Photoluminescence spectrum mapping of primary
epitaxial wafer
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(b) Photoluminescence spectrum of primary epitaxial wafer
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Fig.2 The PL spectrum of InGaAs/AlGaAs QW primary

epitaxial wafer
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2.2 The effect of temperature on QWI

The existence of point defects in crystals leads
to the breaking of the perfect arrangement rules of
lattice atoms, changes the vibration frequency of
atoms around the defects, increases entropy, and de-
teriorates the thermodynamic stability®. By combin-
ing the diffusion coefficient equation of group III

atomic point defects, it can be concluded that:

E E

Dlll = ﬁDVlllA exXp (_K_VT') +‘f2D1mBeXp (_K_;) N
B B

(2

where A is a function related to the vibration en-
tropy S, and vacancy, B is a function related to the
vibration entropy S ; and interstitial atoms, Ej is the
energy required to form a interstitial atom, f; and f,
are constants, Dy, is the diffusion coefficient of
Group III vacancies, Dj, is the diffusion coefficient
of Group III interstitial atoms, Kg is the Boltzmann

constant, and its value is1.38 x 1072*J/K. Under the

thermal equilibrium state, approximation can be
considered as: Af, = Bf,, 100Dy, = D;, and 2Ey =
E;, and the relationship curve between the relative
interdiffusion coefficient of group III atoms and
temperature can be fitted qualitatively according to
formula (2), as shown in Figure 3. It can be seen
that the diffusion coefficient of point defects in the
group III-V material system is exponentially posit-
ively correlated with temperature, indicating that in-
creasing the temperature is very beneficial for pro-
moting the diffusion of point defects and enhancing

the effect of QWI.

0.9
0.8+ Py
0.7 + o
.61 4 In thermal equilibrium 4
0.5+ g
0.4+t s
03F
0.2+
0.1+
0

Relative diffusion coefficient

400 600 800 1000 1200
Temperature/(°)

Fig. 3 The relationship between relative interdiffusion coe-

fficient and temperature

K3 I B R AU R AR

2.3 The effect of stress on QWI

At the interface of two materials with high lat-
tice mismatch, there will be a certain amount of
stress, which will cause compressive or tensile stress
on the surface of the material. The surface com-
pressive stress will cause the GaAs lattice atoms to
be squeezed, and some atoms, especially Ga atoms,
will be squeezed out of the interface, leaving a cer-
tain number of vacancy defects on the GaAs sur-
face '), To study the interface deformation during
annealing process, the COMSOL multi-physical
field modeling software was used to simulate the
stress-strain behavior of GaAs with Si dielectric lay-
ers after annealing.

It is assumed that the epitaxial wafers are an-
nealed at 850 °C, and stress is released when the an-

nealing temperature drops to 200 °C, and finally
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stable deformation occurs at room temperature. The
relevant parameters used in the calculation are
shown in Table 1. The substrate material of the
primary epitaxial wafer is 450 um n-GaAs, the total
thickness of the epitaxial wafer is approximately
4.5 pum, and both contain a large proportion of Ga
and As components. To avoid calculation errors
caused by excessive relative tolerance, the simu-
lated substrate and epitaxial wafer are both 25-um
GaAs, with a dielectric layer of 200-nm Si. The sim-
ulation results based on COMSOL and magnified by
100 times are shown in Figure 4 (color online). It
can be seen that the surface of GaAs undergoes
compression caused by compressive stress after an-
nealing, indicating that the Si dielectric layer will
provide compressive stress to the GaAs surface and
induce more Ga vacancies in GaAs, which is condu-

cive to the QWI process.

Tab.1 Young's modulus, Poisson’s ratio, density and

coefficient of thermal expansion of related ma-

terials
Fz1 HEXMRNTIRERZ. AL, BERBEKAR
Sample GaAs Si SiO,

Young's modulus(Pa) 8.50x10" 1.77x10" 7.31x10"
Poisson's ratio 0.31 0.2891 0.17
Density(kg/m’) 5500 2328 2203

Coefficient of thermal expansion(1/K) 6.40x107¢ 2.60x10°° 5.50x1077

Stress tensor, xcomponent (N/m?)

50+
40
30+ The surface of GaAs-Si

20 +
10 +
ol

0 20 40 60 80
Horizontal/pm

Vertical/um

x108
5
6
5
4
3
2
1
0

1

Fig. 4 Deformation results of primary epitaxial wafer sim-
ulated by COMSOL after annealing
Kl 4 RIS HIRANE A LA COMSOL #RALAER

3 Experiment and result analysis

3.1 Research on the effect factors of QWI
3.1.1 Effect of cover layer

During the annealing process, covering with
GaAs cover plates not only reduces surface contam-
ination, but also provides a certain pressure for As
concentration, which can inhibit the decomposition
and volatilization of As on the surface of the epi-
taxial wafer to some extent. The surface morpho-
logy of the primary epitaxial wafer at 875 °C/90 s
RTA is shown in Figure 5 (color online). Figures 5
(a) and 5 (b) show the surface morphology of
primary epitaxial wafers with and without GaAs
cover plates, respectively. Similar to the predicted
results, the surface of epitaxial wafers with GaAs
covers is smoother, and there are fewer ablative
holes generated during annealing, indicating that the
GaAs covers have a certain protective effect on the
surface of the Si dielectric layer. Therefore, sub-

sequent RTAs were conducted in the environment

with GaAs covers.

@

200PX

Fig. 5 Surface morphology (a) with and (b) without epi-
taxial wafers after RTA

K5 (a) A (b) Joa 1B KRAME J YR HIEA

3.1.2 The effect of temperature
The calculation results show that temperature

has a significant effect on the diffusion coefficients
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of impurities and point defects. Therefore, the ef-
fect of temperature on QWI is investigated first. By
using MOCVD, a 20-nm single crystal Si was
grown on the surface of GaAs primary epitaxial
wafers at the growth temperature of 800 °C. Then, a
90 s Rapid Thermal Annealing (RTA) was per-
formed in the interval of 775 to 900 °C, and the PL
results after annealing are shown in Figure 6 (color
online). It can be seen that the effect of wavelength
blue shift increases with the increase of heat treat-
ment temperature. Compared to the original primary
epitaxial wafers, a maximum wavelength blue shift
of about 90 nm was obtained at 900 °C, but at this
point, the FWHM was significantly widened and the
waveform was severely deteriorated, indicating sig-
nificant material damage. At 875 °C, the wavelength
blue shift is about 57 nm, and the FWHM is well
maintained. Therefore, it is believed that heat treat-
ment at 875 °C can achieve a good QWI effect

10l RTA@90 s
' —— Before
——775°C
~ 08 ——800°C
s ——2825°C
E‘ 0.6 850 °C
z ——875°C
204 900 °C
=
Ay 02t .J-z
900 925 950 975 1000 1025 1050
Wavelength/nm
(a) PL spectra of epitaxial wafers after 90 s RTA
(a) 90 s RTA i K J5 1) PL %
25
1000 | —=— Wavelength
—— FWHM
= 980 124
£ !
= e
2 T
S 960 <
) 123 =
z 8
B
940 +
122
920 1 1 1 1 1 1

Before 775 800 825 850 875 900
Temperature/°C

(b) Comparison of parameters before and after 90 s RTA
(b) 90 s RTA B KT J5 SHO0 L

Fig. 6 Effect of RTA temperature on wavelength blue shift

of primary epitaxial wafers

K6 RTA MELEEXRISME AR HERS AR

while also ensuring the lattice quality of the material.
3.1.3 The effect of heat treatment time

The effect of heat treatment time on QWI is
further investigated. The annealing temperature is
always 875 °C, and the annealing time is set to 60 s,
90 s, and 120 s respectively. The PL results of the
primary epitaxial wafers after annealing are shown
in Figure 7 (color online). As the annealing time in-
creases, the wavelength blue shift of the primary
epitaxial wafer introducing Si impurities also gradu-
ally increases. However, when the annealing time
reaches 120 s, the peak of the PL spectrum is
already deformed. It indicates that after 90 s RTA
treatment, a good blue shift effect can be achieved,
and the peak intensity of the PL spectrum and the
FWHM remain good.

1ol RTA@875 °C
—— Before
——60s
~ 0.8
5 ——90s
S ——120s
S 0.6 +
g
£
|
&~ 02
ot

900 925 950 975 1000 1025 1050
Wavelength/nm

(a) PL spectra of epitaxial wafers after 875 °C RTA
(a) 875 °C RTA B K J5 By PL i¥%

24
—=— Wavelength
1000 + —— FWHM
E 123 z
= L
5 980 =
3 <
o =
= 5]
122
!
940 : : - - —1
Before 60 30 100 120
Times/s

(b) Comparison of parameters before and after 875 °C RTA
(b) 875 °C RTA i K Fi 5 S5t e

Fig. 7 Effect of RTA time on wavelength blue shift of
primary epitaxial wafers

K7 RTA BRI RISME R K RS 12

3.1.4 The effect of the properties of the dielectric
layer

If the Si grown on the epitaxial wafer surface is
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too thick, the lattice mismatch and the difference in
coefficient of thermal expansion will be amplified,
which will trigger the stress release during thermal
annealing. The ability of a thinner Si layer to sup-
press the decomposition and outward volatilization
of Ga and As atoms in the GaAs ohmic contact lay-
er will also be weakened, so it is necessary to con-
sider the effect of Si characteristics. The Si dielec-
tric layer grown by MOCVD equipment is single
crystal, and its lattice quality and density are af-
fected by the reaction source, growth temperature
and other conditions, so the Si dielectric layer
grown under different conditions will also affect the
QWI effect. Therefore, three types of Si epitaxial
layers were prepared: 20 nm high-temperature Si
grown at 800 °C, 20 nm low-temperature Si grown
at 650 °C, and 50 nm low-temperature Si, set as # 1,

# 2, and # 3, respectively, to investigate the optimal

RTA@875 °C/90 s

1.OF

o
)
T

<
=)
T

<
~
T

PL intensity/(a.u.)

021

900 925 950 975 1000 1025 1050
Wavelength/nm
(a) PL spectra of epitaxial wafers with different silicon
layers after RTA
(a) AR BUZ BORE AL IR SR B9 PL 3

Wavelength/nm

growth conditions for Si dielectric layers that in-
duce best QWI effect.

Similarly, a single RTA treatment at 875 °C/
90 s was applied to the group of the primary epitaxi-
al wafers, and the PL spectra of the primary epitaxi-
al wafers were tested after heat treatment, as shown
in Figure 8 (color online). It can be seen that the dif-
ference of QWI effect caused by the three types of
Si layers is relatively small. For Si layers with the
same thickness, the effect of Si layer growth tem-
perature on wavelength blue shift is relatively small,
but the FWHM is narrower for the high-temperat-
ure Si layers. For Si layers with the same growth
conditions, thicker Si layers cause more wavelength
blue shifts, reaching about 57 nm, but their FWHM

is also larger, indicating that the material quality is

greatly affected.
1010 24
—s— Wavelength
1000 + — FWHM
990 +
123 g
980 + %
970 + ) 5
#1: 20 nm@800 °C | 2y 3
960 - #2: 20 nm@650 °C
#3: 50 nm@650 °C
950 +
940 . . . 1 21
Before #1 #2 #3
Type

(b) Comparison of parameters among samples with different
silicon layers before and after RTA

(b) A[FA BUZ FRE SR KRR S EOT T

Fig. 8 Effect of different silicon layers on wavelength blue shift of primary epitaxial wafers

K8 Si BRI HIRANME F 3K R IR

3.2 Microscopic characterization of QWI effect

In order to accurately understand the diffusion
depth of Si atoms, EDS was used to test the element
distribution at different depths on the epitaxial
wafer. The Si IID primary epitaxial wafers treated
with 875 °C/90 s RTA were carried out Si layer re-
moval treatment, and then corroded for 0 s, 15 s, 30
s, and 45 s using a special solution. The test results
are shown in Figure 9 (color online). Experience
shows that the corrosion rate of the corrosive solu-

tion is about 25-35 nm/s, so the surface of the

etched epitaxial wafer corresponds to different
depths. From the EDS results, it can be seen that the
p-type doping element of the primary epitaxial
wafer is C, so the element C content is ligher when
the surface layer of GaAs is not corroded moreover,
the element Si content is also higher, and The con-
tent of both in the same order of magnitude; with the
corrosion time increases to 15 s, the element C con-
tent gradually decreases, and the element Si content
decreases significantly; when the corrosion time

reaches 30 s, i.e., when the corrosion depth reaches
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approximately the upper limiting layer, the Si con-
tent has decreased to 22.2% of the original Si con-
tent in the surface layer; when the corrosion time
further increases to 45 s, i.e., when the corrosion
depth reaches approximately the upper waveguide

layer or near the QW region, the Si content basic-

seco0s . .
2 2
875 °C/90 s 20 um 20 pm 0 gm |

. omic Con
No corrosion At
Result: Si-0.36%

Ga 4272
Al 233
C 0.50
Si 0.36

20 pm 20 pm

®

A
012345678 910111213141516171819
4752 268 counts in 165 seconds

(©

RTA conditions:
875°C/90 s

30 s corrosion
Result: Si-0.08%

20 pm 20 pm

[Element| Atomic Conc.
As 56.64
Ga 35.85
Al 6.76

20 pm ¢ 067
Si 0.08

®
012345678 910111213141516171819
3004 265 counts in 100 seconds

ally decreases to 0. This result shows that the Si im-
purities can diffuse into the upper waveguide layer
of the primary epitaxial wafer after 875 °C/90 s
RTA treatment, and then produce an effective QWI

induction effect.

RTA conditions:
875°C/90 s

15 s corrosion
Result: Si-0.10%

20 pm
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Ga 3535
Al 7.57
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0123456738 9 10111213141516171819
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(@)
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012345678 910111213141516171819
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Fig. 9 Surface EDS results of element composition at different corrosion times of primary epitaxial wafers after 875 °C/90 s

RTA. (a) Untreated sammple; (b) corrosion for 15 s; (c) corrosion for 30 s; (d) corrosion for 45 s

K19 EDS ik 875 °C/90 s RTA Ab S HIHAME Jr A[F]JE i K TR AT (a) ARALFERESD; (D)1 15 s; (c) i 30 s;

(d)JFMh 45 s

4  Conclusion

In order to comprehensively improve the per-
formance index of InGaAs/AlGaAs semiconductor
QW lasers, a feasible scheme for Si impurity in-
duced QWI is investigated in this paper. The rela-
tionship between the effect of Si impurity-induced
QWI and the nature of dielectric layer and heat
treatment conditions was investigated by using the
variable-controlling method with multiple sets of
control conditions. The PL test results show that

growing a 50 nm Si epitaxial dielectric layer at 650 °C

—— SO R ——

1 3l

nn\a

P AR AH R A Y 1966 4F, COOPER 25 A1

in combination with 875 °C/90 s RTA heat treat-
ment results in a wavelength blue shift of about
57 nm. Combined with EDS test, it is found that Si
impurity atoms can diffuse into the upper wave-
guide layer or QW of the InGaAs/AlGaAs semicon-
ductor QW laser primary epitaxial layer after 875 °C/
90 s RTA, resulting in a significant QWI effect. In
the future, Si impurity induced QWI NAW can be
prepared by combining epitaxial growth technology
and RTA technology to suppress CODs and con-
tinuously improve the output power of InGaAs/Al-

GaAs semiconductor QW lasers.

RI, Y GaAs [7] Fi b1 SR BOG S 095 D)%
T 5 B — 8 (A B 25 77 A 2R K AE B (Cata-
strophic Optical Damage, COD) Jf:2 %4, 1977 4,
CHINONE %5 AP % # AlGaAs/GaAs W57 JFi 45



1520 RED2E (RgEs)

#16 %

RO AR S TAE— g i (B, 76 H s T b
PR T T G AR R AZ 54 (Catastrophic Optical
Mirror Damage, COMD). i F = H1 7 & 1 5%
(Scanning Electron Microscope, SEM) WLl % #i ,
T ) 80 RO b e T AR 2 S B R AR
COMD M PR,

1T InGaAs/AlGaAs = 3EETBF (Quantum
Well, QW) - KOG AR, i COMD Lz M5
HAF LB T, 2ok, 388 o o/ s T A Y
AR A L TR TR RE B SR L AR T
SRR EE | e e B T AL PR ) A T AR, 1
Al i M COMD, #t T & FPFHEZ% (Quantum
Well Intermixing, QW) ill &3-S T 11 J&— il
AKEAR L A5 2 ) A T A RE S A Y
N L p el B e R IR AP/ DR 7 A %
FBFIR 4% (Impurity Induced Disordering, 1ID), J&
Zk s S T BFR 24 (Impurity Free Vacancy In-
duced Disordering, IFVD), #6175 5 & 1 BF IR 4%
(Laser Induced Disordering, LID) %% &1, H |
1D $¢ A28 0 51 A 2% BT A K kb, Jf45
B PR KR T A2 ot S s Bk B T I 3RS 9 HE
M BhRE, f 2 as e B o LS5 Bk, -
teg 80 4F /L, LAIDIG!™ f 4t & 5| A Zn 7%
I ZIAME P AlAs/GaAs # ARG Z5H & T =
FHHEZIS, I bR B 575 °C,
AR T IR IR A TR IR . EHB 1985 48,
KALISKI"™ % Bt Si 441175 F AlGaAs/GaAs i
e BIFIR 2 IO RCR L H A 2% B 4. 1987 4F,
MEI %5 A U4 F] F] — K B F 5 3% (Secondary Ton
Mass Spectrometry, SIMS) Jlli{ & BL7E AlGaAs #F
B ALY BORE SRS St iY #le
F LT, AN, Si 4R S Al IR FIE AL
PHCRBEL K B EBEXT, B Si 4%t mT 3 i+
BI AR 2R e o s B 1Y) 9% B, O T A AR E ALAS/
GaAs # g 25 ) 11 BFR 241,

ASCHIH Si 24 Bifs T i BHR 2 W ik ok
1T InGaAs/AlGaAs i Hp R & 1 BF 2 SR 0t
o8 UL AE W U 10 (Non-Absorption Window,
NAW), FEJFEHUE R Si 22 B/ s I, &
LA T InGaAs/AlGaAs 2 TR B FBFOL &%
1) B XA RS 22 bR A A i B HE B
LA IR X R AR AT S B2 AR v, T B B

RO, R ST & RE SR TTIRA
A RIS B RS AT DA SO G I T Ak A
I, AT DAE SR N BI4B 4 00 R e 2 0 1h Ak
T RCAE R A, D AL AR R S R A
IXFR ST NT fR AS 1) 15 2% A2 2% 1) A B
FEA S HOGER R R S B IR, AT A 808 v
COMD [ {Efilt & D%

2 FF R AT

2.1 W REIRMERE S

AR SS9 InGaAs/AlGaAs & T BF O
ar WA E R ok 4 R A ) Ak SO TR
(Metal Oxide Chemical Vapor Deposition, MOCVD)
AR, ROV E A RKIREE N 550~700 °C J )i % FR s
g 5 kPal'l, HJJE K (100) T 0w [111]A &b ] 15°
) n-GaAs, £ TIZWIHIME 7 IE B H RO LS
it EEmE 1 PR,

XFF Ing.,,Ga,ALAs DT A6 A )2 S 44 14
B, HASE SERE AN AN (1) Fow, i Al i 2
S FEE R K, At o R A B
FIEMBHEG A T HTHHEA. R T T
BREA:, IEW TR R A T AL ), A5 9
JEARTE, T RO G AR AR AL, BIEERS .

Eyevy =0.36 +0.629x +2.093y+
0.436x* +0.577y* + 1.01xy. (D

Y& k& Y% (Photoluminescence, PL) Y i il i
TR WOLAR LR A E H Ok, A0 Tn-
GaAs/AlGaAs 2 T BFHOL AR 0 F AN E Fr i) 46
PL 25 B ANl 2. p R SR 9 445 45 SR AT
RS, ULHAME R & 245, R
A PL 55 W] FE (O K 1002.2 nm, 2
549 (Full Width at Half Maximum, FWHM) %
4 23 nm,

22 REXNEFHPERHEN

i PR R I ) A7 A T B A A ST 1 e SE R
BRI T, ke S L ) D i s A 3 e A el
AR AR, TR TR AR 2, B85 TR
J - s A BB R BT R A A

E E
Dy = fiDy, Aexp (_K_\;") + f2D,, Bexp (_K IT)’
B B
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Horp, AR SIRENES (S 2s (A sR AL, B S
PRBNIES o BB R T I R 8L, ENTE —A>
PR TR 2R, fi. LK Dy, 2 11
WS Y BR B, Dy, S I 8] B 7 A 9
FE Ky WBURZZ 208, HAE N 1.38x 1072 J/K
POF MR T 0] % EAEAE LA NI Afy = B,
100Dy, = D,,,, 2Ey = E; . iEE /A=Y 2) EEE
HE I D AR B B AR A T IR B 1 e R 4R,
mE 3 frs. AT WL, -V R RHMA 2 P9 s B )
PR S RE RIS BAIEA DG, WERA T R R
AeH A R TR USSP HE $E TR B 4R
ORVE N
23 NAONETHHRZMEN

TEPRI S 2 E B2 AR A PR AL T Ak 2 fE 7
— 3 W, DTS A Ak 3 THI A7 AE He Bz 7 55K
1o T N ) 22l GaAs S g IR T 2 B
&, 043 1, T HAE: Ga JEF-2 gl i H B ini
TE GaAs K T —E B = Aiskpat ™, T
TR o i v i B R AR, {5 ) COMSOL £
YERG ERA T A A St A BUZ 1 GaAs 1R
K N 3 AR L

RBEAME F 2t 850 °C iR k., 7EiB KR
BERFR 200 °C W= Az R B, A AE=ER/RT
FAERREIEAS, IR A S EOL R 1.
PAME 74 JEEATBER 450 pm 19 n-GaAs, FME
BIEFEEL N 4.5 pm, HIE KB Ga, As 453
Sk SR AF R 28 25 00 K A TR A 1R, 2R AT IS
MANGE R 25 pm GaAs, 475 )Z 4 200 nm Si
TR, FET COMSOL FH ik 100 4% )5 4
BRI S an 1] 4 CF K DL R RO s o |l
W, iR KI5 GaAs FTa H BL T F I 17 8 (1) 4
BIG, X R Si N F)ESH GaAs R E
N1, 55 GaAs W= £ Ga 25 06L, XA Fl T
P PRRAa BT .

3 KR RERSH

3.1 EFHREANEMEZRMAR
3.1.1 2R EWHRA

TEPIR I D, NG GaAs i 7 AL ARE D
ARG, WRER M —E WL As k. X A[7E
—E R AR SNE R R As (1973 i S K

2% 875 °C/90 s RTA iR K5 I RAME i R HTE
UL SCEEILIA R 7O . Bl S(a). 5(b) 4
SINAT . TC GaAs 35 i W AMNE 7 R ETE AL
ST 25 BRI, A GaAs 55 F B AN E Fr 26 1 5
T o 3R AR O™ AR By B LA A o Ui
H] GaAs i ho X} Si AR RMER] T —& B IRA
ER, UG 22 RTAYJTER GaAs 7 RS T
#HAT .

3.12 BAEMKHH

PR AR AT A, T X 2 ot R s SR R
RO MR R, s e A oE iR B X i 1 BHE A 5
Wi 1 MOCVD TEHI L AME | GaAs 3 T 4E
+ 20 nm B 5 Si, A KRB 800 °C. AR JE, 1
775~900 °C X [A] 1T 90 s Pt #4 iR k (Rapid
Treatment Annealing, RTA) Ab#, iR K J5 i) PL 45
A& 6 CR I WA T 7RO B . 7l L, P
WS AR Bt R A PR P TR T R X LU il
WIRAME Fr, 7 900 °C B3R5 2 90 nm [ Ak
KiE R a, (HIbhT FWHM &8I0 5, 38 ™ &k
b, VIR EHR 3R . TIAE 875 °C B K i i
2% 57 nm, H FWHM 5584, BoAk 875 °C
PRAE T B T AE RS B A B R 24 CR 1 [ s
TRUEAT B S4BT
3.1.3 AL FZ AT A 69 %

Uk L 5% AL B[] o e B TR 2R PR 52 T
1B K BE 4 A 875 °C, 1B ki [E] 43 3358 A 60s
90s. 120s, 1B K JGHIZAME Fr (% PL 45 % &l 7
CF B WA 15O B o AT L, Bl 1R KRS i)
K, 5IA Si 42 AT AIME 1K 0 Bt 12 it
a0, (5B R fEl ik 2 120s B PL % 04 £ 4228
. &l 7 U2 90s RTA Ab B AJ 315 45 4 () 5
FEROR, PL I (H R . FWHM S 0R04F
3.1.4 INRBEEF AR

WIRAME F R A K ) Si =, S S e
KA e 7 B8 22 ) 2 R, 25 i e #RGR ki
RN IR AR Si)ZMH] GaAs BRI
HefZ T Ga, As 4 Al nl SME & 1 BE T
220855, s B e Si FRPERY IR . MOCVD
WA T AR S T )2 2 B b kL, L A i
S FVEOR B 32 B OB UR | AR KR A A
Wi, SO TR 250 T AR B Si A T2 2 5
BREZRCR . BRI, §145 T 3 Fh Si SME)Z: 800 °C
THAEKM 20 nm 5 Si. 650 °C FAE K 20 nm-
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Si Al 50 nm IR Si, 437 R #1, #2, #3, HH T3
AT E TR B RER SiNRZEAK
M

[FIRE, R AW R AIME 7 #E1T 875 °C/90 s H
K RTA AL BE, I 78 $Ab BES W38 0) 92 A 4E J ()
PL 3%, WA SCE I DWLIARI T o 7T UL, 3 Fh2k
AU Si )22 B 5 1Y) 5 BH TR 22 R0CR 25 5118708 o
SR LI FIRBEMFERY Si )2, Si Z AR IR
WK ER BN, B A &R SIZER
FWHM B 7%, X FARKFAMFEN Si 2, KIE
1) SiJZFTE MK ERTE Z, i858 T 57 nm /2
A, A BEEH FWHM K, 1568 M )5 57 5%
UL
3.2 EFHPRZMRABMEAE

T AER L TR Si R AP O EE,
EDS M3 1AM R [ FE AL BT R A3 Al o 5
Xf 875 °C/90 s RTA AbHf# Si 1ID #IZk F4E J ik
1725 SiJZ A B, FAH R G 53 5B i 0 s,
155, 30 s, 45 s, MHAS5 A UL 9 G & WL 1 Fe
W) o 20 3 BH - S Dol Y ) TS ok R 2 R 25~
35 nmy/s, JE TS IR AN E B 2R 186 AN [RIR BE 1 X
5. EDS Z53 A1 UL, WIS ME 7 p BB 4R
JLE N C, K IZ GaAs RPEhAT C ILE &7t
e, M Si TR M F RS, A E N EE
[l —it g PSR 2 15 s, C LR T g
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