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Abstract: T he refractive indices of disordered ( Al:Gai- +)o.s1lno.sP. which is grown by low -pressure organometallic

vapor phase epitaxy and lattice-matched to GaAs substrate, have been determined by measuring their reflectance

spectra when the wavelength ranges between 0.5 to 2. 5 micrometer. A single-oscillator dispersion model is used to

verify the experiment data and calculate the reflectance spectrum. The refractive indices are used to analyze the

waveguide of strain quantum well GaInP/AlGalnP visible laser diode. The simulated far field pattern is consistent

with the experimental results very well.
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1 Introduction

The rapid development of visible laser
diodes'"?" and ultra-high brightness light emitting
diode ( UHB-LED)" has made Gaosi Inos P/
(ALGai-+)os1InoswP widely used as an optoelec—
tronic material system. T he properties of this mate—
rial have been extensively studied. Refractive index
is one of the most important parameters to analyze
and design the device structures, especially the
waveguide structure of visible laser diodes, because
it is of a narrow far field diverge, which is crucial
to the applications of 630—670nm visible laser
diodes, including CD/VCD/DVD players.

Because of the difficulty in obtaining bulk
Gaos1lno «9P/( AL:Gai- ) 0.51Ino. 9P sample, some ac—
curate measurement methods, including prism mi-

nimum deviation, are not available. In practice, the
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refractive index is obtained by measuring the re-
flective spectrum of epitaxial Gao.si Ino.s9s P/( Ali—
Gai-+) o.silno.4oP layers. MBE grown Gao.silnoswP/
(ALGai-+)osiInow sample has been measured by
Hidenao Tanaka et al.in 1986'". In their work, the
refractive indices were calculated from the re-
flectance spectrum of infrared region ( 0.95—
2um). In fact, the refractive index of visible wave—
length region is much interesting from the view-
point of structure design of visible laser diodes.
Most of visible lasers and UHB-LED are produced
by using MOVPE method today. In this work, the
refractive index of LP-
MOVPE grown disordered Gao.si Ino.as P/( Ali-

Gai- ) o.51lno. wepitaxial layers has been taken with-

measurement of the

in the wavelength region from 0.5 to 2. S5pm.

2 Experiment

Undoped disordered Gao silno.«P/(ALGai-+)os
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[no.4 P samples were grown on the silicon doped
(100) GaAs substrate with a misorientation of 10
degree off towards (111) A in a commercial AIX-
TRON 200 LP-MOVPE system. The Al composi-
tion x of Gao.silnoswP/(Al:Gai- <) o.s1lno. 9P samples
were 0, 0.4, 0.55, 0.75 and 1.0, respectively. At
room temperature, the carrier concentration of n-
type GaAs substrate was 2X 10%em™ 7, which was
measured via Hall effect measurement. The metal
trimethylaluminium

( TMGa) and

The hydride sources

Ol'gﬂl'li(‘! were

( TMAL),

trimethylindium ( TMIn).

precursors

trimethylgallium

were phosphine (PHs) and arsine ( AsHs). Palladi-
um-diffused hydrogen was used as the carrier gas.
The growth temperature, V/III ratio and growth
rate were 680—720°C, 180—450 and 1. 8—4um/h,
respectively. The growth pressure was 50—100
mbar. The lattice mismatch (Aa/a) of GalnP/Al-
GalnP samples to GaAs substrate was controlled
below 1X107".

Metal film and alloy were lapped and deposit—
ed orderly on the backside of the samples to avoid
the reflection on the backside. And the samples
were bathed in diluted HF to eliminate the oxida-
tion of Al atoms from the sample surface. Normal
incidence reflectance spectrum was measured im-
mediately after cleaning procedure with a high pre-
cision double-beam spectrophotometer. A standard

mirror was used to ensure the measm'ing accuracy.

3 Results and Discussion

During the analysis procedure, these samples
were treated as flatten optical films on the sub-
strate. By using the characteristic matrix
method"”, the reflectance spectra were simulated.
In this method, optical properties of the thin film
deposited on the thick substrate are written as the

following expression.

’ B cosO isind 1 '
= n X
¢ insind cosd [y sub)
2mnd _
where 6= A oY= nan— i kan. n,d and A repre—

sent the refractive index, thickness and light wave-
length in vacuum, respectively. The 2X2 matrix is
known as the characteristic matrix of the optical
film. T he reflectance spectrum is then obtained by
R =

calculating B and € according to

(B=C)(B-C)’
(B+ C)(B-C)"

due to the interference of the film. It can be easily

,which is seen to be an oscillation

proved that the minimum values have nothing to do
with the thickness of the films,i. e., only the mini-
mum values and their respective wavelengths
should be taken into consideration during the elimi-
nation of the deviation due to the thickness fluctua-
tion.

Figure 1 shows the comparative result be-
tween the measured reflection spectrum and the
calculated minimum values of GalnP sample. The
thickness of this layer is about 0. 6pm. Within the
wavelength region from 0.65 to 2. 5um, the reflec-
tion spectrum regularly oscillates, as is due to the
interference. When the wavelength is shorter than
0. 65um, the reflection departs this kind of oscilla-
tion because the photon energy is higher than the
band gap of GalnP and absorbed into the thin film.
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FIG. 1  Comparison Between the Calculated

Minimum Reflection Spectrum and the M easured
One of GalnP Layer Grown on GaAs Substrate

The thickness of GalnP layer is about 0. 6um.

The single-oscillator model was adopted to
calculate the dispersion of GalnP/AlGalnP for the
sake of simplification. Two parameters, Eo and Eu,
are necessary in this mode, where the imaginary
part of the dielectric constant of the material at en-

ergy Eois assumed to be a delta function and the
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strength of an effective oscillator at energy Eo is
defined as mE4/2. So the real part of the dielectric
constant can be obtained from Kramers—Kronig

| JE'?m‘E"lq

T Ei- ET

resents the photo energy.

. 2
transformation as: n —

in which £ rep-

The refractive index and extinction coefficient
of n-GaAs substrate reported by D.D. Sell et al.'®
has been applied in the calculation. The refractive
index and extinction coefficient of N-ype GaAs
substrate can not be considered as constants in the
visible wavelength region, so it is difficult to write
an explicit formulation of reflectance spectrum.
The minimum reflectivity values of the GalnP sam-
ples and their corresponding wavelength can be ob-
tained by numerical calculation. From Figure. 1, it
is found that the simple single-oscillator model fits
the experimental results quite well over a wide
wavelength region.

Two dimensional search within a reasonable
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region is necessary to obtain the approximate val-
ues of the parameters Eoand Ea. An iterative proce—
dure is carried out to find the convergent accurate
values. The simulated Eo and E4 values in Figure 2
are as functions of Al composition of Gao.silno.sP/
( Al:Gai-x)o.sIno.sP samples. The relationship be-
tween Eo, Eaand Al composition are found not sim-
ply linear as reported by Hidenao Tanaka et al.'”
The Eoand Eais observed in the obvious saturation
while x is higher than 0.7, which is reasonable be-
cause the energy band structure of (Al:Gai-+)os
Ino.sP has changed directly first, and then indirectly
when the Al composition is higher than 0.7. The
band gap value does not increase so rapidly as
those do under a lower Al composition condition.
In addition, under the same growth condition, the
order of AlGalnP will upgrade while the Al compo-

sition increases.
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Simulated Eo and Ea as Functions of Al Composition x of Disordered

GalnP/( Al:Gai- ) o.sIno.sP Layers Grown by LP-MOVPE Method

Figure 3 shows the simulated refractive indices
of GalnP/AlGalnP. These results were applied in
the simulation of far field pattern of visible GalnP/
AlGalnP multi-quantum well laser diodes with typ-
ical structure parameters. The measured and calcu-
lated far field patterns have been illustrated in Fi-

gure 4, which agree with each other quite well.

4 Conclusion

In summary, the refractive indices of Gao.si

Ino.sP/( Al:Gai- ) o.silno.oP grown by low pressure
metalorganic vapor phase epitaxy method have
been obtained by measuring the reflection spectra.
The single-oscillator model and characteristic ma-
trix method have been used to verify the measured
reflection spectra. The results are satisfying in
comparing with reflection spectrum of samples and
far field pattern of visible laser diodes. T he values
of Eo and Euado not vary linearly with the Al com-

position of Gao.silnowP/( Al:Gai-+)o.s1InooP sim-
ply-
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FIG. 3 Refractive Indices of GaInP/AlGalnP
Epi-Layers Grown by LP-MOVPE Method
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