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Abstract ‘The InGaAs/InGaAsP MQW structure was formed on the corrugated InP substrate using
metal-organic vapor phase epitaxy (MOVPE) and the change of corrugation height and the formation of
second were investigated using transmission electron microscopy (TEM). For the sample heated up to
growth temperature under the pressure of PH,, the corrugation formed on InP substrate was completely
deformed. In order to preserve the corrugation, both PH, and AsH, were supplied to the reacotr during
the heat up process. However, for the sample heated up with high pressure of AsH, (1.8 10" % torr), In,
AsP phases with high concentration of As atoms (x=0.3) were irregulary formed at the concaved
area of the corrugation. Defects were also generated from them. On the contrary, for the sample heated
up with 1.0 x107* torr As partial pressure, the height of corrugation was about 30nm and In,. .As.P
phase with low concentration of As atoms(x{0.1) was formed without defects.

strate since the height of corrigation influences

1. Introduction ) .
the properties of DFB-LD by changing the

There is a growing interest in InGaAs/ coupling coefficient”. Therefore, the growth of
InGaAsP multi-quantum well(MQW) distrib- defect free MQW and controlling of corruga-
uted feedback laser diode(DFB-LD) with 1.55 tion height are important to obtain DFB-LD
um wavelength because of its application to with good optical properties. Previously, DFB—
high speed optical communication””. In such LDs have been grown by liquid phase epitaxy*
system, MQW is grown on corrugated InP sub- *’. However, it was not easy to control the
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layer thickness and large area uniformity due
to the meltback and solution convection in
melts. Recently, MOVPE has been widely used
to grow laser diode because smoothness of sur-
face, layer thickness and composition can be
easily controlled by MOVPE®”. However, even
if there was a report on successful growth of
the DFB-LD using MOVPE, corrugation was
deformed during the growth procedure and de-
fects were generated at the interface between
InGaAs layer and corrugated InP®. Moreover,
they just have studied the defect structure and
suggested possible origin of defects without
systemtic study on structural properties®. T.
Tanbul etal. and W.T. Tsang etal. have
sucessfully grown DFB lasers but they have
not repoted structural properties of the system
19 Even if defects and height of grating
greatly influence the performance of the la-
sers, investigations on controlling of corruga-
tion height and defects structure have not
been sufficiently carried out.

In this work, InGaAs/InGaAsP MQW struc-
tures were grown on the corrugated InP sub-
strate by MOVPE and the change of corrug-
tion height and defect structure with the varia-
tion of AsH, partial pressure were studied
using TEM. Furthermore, the formation of the
In,-.As.P second phase at concaved area of
corrugation were also investigated.

Experimetal Details

First order grating with the pitch of 238nm
on InP substrate was prepared by holographic
exposure and wet chemical etching. The lattice
matched InGaAs layer and InGaAs/InGaAsP

Table 1. Heat up conditions of each sample.
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MQW layers were grown on the corrugated
InP substrate using MOVPE. The heat up con-
ditions of samples are listed in table 1. and the
detailed growth condition will be described in
elsewhere®. The cross sectional TEM samples
were prepared by mechanical grinding and
subsequent ion milling. Ion milling using Ar
ion was carried out at liquid nitrogen tempera-
ture to prevent the formation of In islands and
the damage induced during the ion milling'®.
During the first stage of ion milling, the ener-
gy of the ions was 4 KeV with glancing angle
of 15 degrees and during the later stage of ion
milling, even lower energy 3 KeV with 12 de-
grees of glancing angle was used to minimize
the damage. Philips CM20 T/STEM was used
to observe samples and composition analysis
was carried out using EDX(Energy Dispersive
X-ray) system attached in TEM.

Results and discussion

Figures 1(a) and 1(b) show the cross sec-
tional and plane view scanning electron mi-
croscopy (SEM) images of first order gratings
formed on InP(001) sibstrate, respectively.
They were made by holographic exposure and
chemical wet etchings. The shape of gratings
is triangular and they were formed along the
[-110] direction as shown in Figs. 1(a) and 1
(b). The height and wavelength of grating are
100nm and 238nm,
shows the cross sectional SEM image of sam-

respectively. Figure 2
ple 1. As shown in this figure, the corrugation
was completely deformed. The deformation of
corrugation can be explained as follow. At ele-
vated temperatures, some decomposition takes

PH3 AsH3 , growth
heat up time
pressure( torr) pressure(torr) temperature
sample 1 5.67x107" 0 | 5 min 630°C
sample 2 5.67x 10" 182107 | 5 min 630°C
sample 3 5.67 %10 24x10 ° | 5 min | 630°C
R —
sample 4 5.67x107! 1.0x107° 5 min 630°C
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Fig. 1. (a) Cross sectional and (b) plane view SEM im-
ages of InP substrate after the formation of first order
grating. The height of grating Is 100nm and the wave-
length is 238nm.

place at the surface of InP corrugation and
free In atoms are generated'’. The concentra-
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Fig. 2. SEM image of sample heated up to the growth
temperature(630°C) under PH,(5.67 107" torr). The
corrugation was completely deformed.

tion of free In atoms are higher in convexed
area compared to concaved area because of
the high surface energy in convexed area indi-
cating low binding energy in decomposition
process. Therefore, the free In atoms in
convexed area diffuse into the concaved area,
where the concentration of In atom exceeds
that of equilibrium In atom. As a results, In
atoms in concaved area recombined with P
atoms in vapor and formed InP crystal. This
process continues until corrugation was com-
pletely deformed as shown in Fig. 2 and at this
point the surface energy of concaved region is
the same as that of convexed region.

In order to preserve the height of corruga-
tion. the mixture of AsH, and PH, are intro-
duced into the reactor during the heat up proc-
ess of the samples. For sample 2 grown with
high pressure of AsH, the height of corruga-
tion was well preserved. However, second
phases(marked A in Fig. 3(a)) were irregu-
lary formed at the concaved area of corruga-
tion and defects were generated from them as
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Fig. 3. (a) TEM bright field image of sample heated up
to 630°C with PH;(5.67 x 107" torr) and AsHi(1.8 x10
“*torr) and (b) EDS from the second phase formed at
the concaved area of corrugation.

shown in Fig 3(a). According to EDX analy-
sis as shown in Fig. 3(b), the second phase at
concaved area is In,-.As.P(x is about 0.3)
without Ga atom. Since the Ga atoms were not
detected in the second phases, they are expect-
ed to be formed during the heat up process by
the recombination of excess In atoms with both
P and As atoms. Moreover, the growth rate of
InGaAsP layer on In, (As.P is lower than that
on InP substrate resulting in the failure of
planarization of InGaAsP layer grown on cor-
rugated InP substrate(see the area indicated
by arrow in Fig. 3(a)).

Figure 4 shows a TEM bright field image of
sample 3 taken under(004) two beam condi-
tion. Second phases were regulary formed at
the concaved area of corrugation but defects
were not found in the system. The height of

corrugation was measured as 60nm. Accord-
ing to the EDX ananlysis, second phase is In,_«
As,P phase and x is approximately 0.18. The
growth rate on of InGaAsP is considered to be
same on both Inpand In,-.As.P phase resulting
in flat InGaAsP surface. However, some re-
gion indicated by arrow in Fig. 4, growth rate
of InGaAsP on In.. As,P is still lower com-
pared to that on InP layer. Even if defects
were not found in the samples grown with
AsH, partial pressure below 2.4 x207% Torr
during the heat—up time, strain is present be-
tween the In,- . As.P second phase and InP sub-
strate(see the dark and white contrast below
second phase indicated by arrow heads in Fig.
4). The strain is due to the lattice mismatch
between In,. (As,P phase and InP substrate.

The amount of strain is expected to be re-
duced by decreasing the AsH; partial pressure
during the heat up process. Figure 5(a) shows
the TEM bright field image of sample heated
up with AsH, pressure of 1.0 x107* Torr. The
In,. \As.P second phases were also formed in
concaved area of corrugation as shown in this
figure. However, according to the EDX analy-
sis shown in Fig. 5(b), the concentration of As
atom in In, . (As.P phase was decreased(x¢0.1)
and there is no evidence of strain. Moreover,
the corrugation with the height of 30nm is well
preserved without defects and the surface of
InGaAsP layer grown on corrugated InP is
flat with nicely formed InGaAs/InGaAsP
MQW. Above results show that second phase
is formed during the heat up process and the
composition of second phase and corrugation
height depend on the AsH; partial pressure.
Therefore, it can be suggested that coulping
coefficients for the grating in the DFB-LD the
system can be controlled by the AsH; partial
pressure during heat up process.

Conclusions

For the sample heated up to the growth tem-
perature with the flow of PH,, corrugation
formed on InP substrate was completely de
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Fig. 4. TEM bright field image of sample heated up to
630°C with PH,(5.67 x 107" torr) and AsH,(2.3x10 ¢
torr).
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Fig. 5. (a) TEM bright field image of sample heated up
to 630°C with PHy(5.67 % 10" ' torr) and Asti(2.3 <10
“Ytorr) (b) EDS from the second phase formed at the
concaved area of corrugation.

formed. Because of the difference of curvature
across the surface of the corrugation, many
free In atoms are generated at the convexed

A%z} b

o

b o 2 corrugated InP 719l A Ak 655

area of corrugation and diffuse to the con-
caved area, where excess In atoms recombine
with I> atoms in vapor forming InP crystal. In
order to prevent the corrugation from the ther-
mal deformation, both PH; and AsH, were sup-
plied during the heat up of the sample. Howev-
er, for the sample heated up under high pres-
sure of AsH;(1.8x10 * torr), Ini- AsP(x is
about 0.3) was irregulary formed in the con-
caved area of corrugation with defects even if
the height of corrugation was preserved. The
height of corrugation and concentration of As
in In, .As.” phase were reduced with the de-
crease of AsH, partial pressure during the
heat up procedure. For the sample grown with
1.0 <10 " torr, the height of corrugation was
about 30nm and concentration of As atom in
In, As.” phase is low(x{0.1). Defects were
not observed in the system. Qur results indicat-
ed that the height of corrugation and the con-
centration of In, .As.P therefore the coupling
coefficients of system can be controlled by the
Asll, partial pressure during the heat up proc-
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