Characterization”of InGaAsP surface corrugation used for distributed
feedback lasers by means of Raman spectroscopy
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Thermally deformed surface corrugations on both an InP substrate and an InGaAsP layer have
been analyzed by means of x-ray photoelectron spectroscopy and laser Raman spectroscopy.
From the spectra of the deformed surface corrugations on an InP substrate on which a GaAs
wafer was placed during its heat treatment, it has been found that material formed in the grooves

is an InGaAsP alloy single crystal.

InGaAsP/InP distributed feedback (DFB) lasers are
widely used in optical communication systems because of
their finely controlled and highly stable single longitudinal
mode operation."? ‘ ,

~ Many authors have reported that, when these DFB laser
structures are grown in a liquid phase epitaxy (LPE)> fur-
nace, thermal deformation of the surface corrugations on an
InP substrate or on an InGaAsP layer occurred during the
soaking period just before the LPE growth. Recent studies
have proposed various means for suppression: to cover an
InP substrate with a GaAs wafer instead of an InP wafer,>®
to introduce PH, gas into a H, -filled ambient,** or to em-
ploy a (Sn + InP) saturation chamber.”?

In this letter, we present for the first time the characteri-
zation of the thermal deformation of surface corrugations on
both an InP substrate and an InGaAsP (4, = 1.1 um) layer
using x-ray photoelectron spectroscopy (XPS) and laser
Raman spectroscopy. The surface corrugations are fabri-
cated in uniform within a depth of 800-1200 A at a pitch of
3950 A. They are formed on both a (100) Sn-doped InP
substrate and an InGaAsP (4, = 1.1 um) LPE-grown epi-
layer in holographic photolithography technology, followed
by wet chemical etching. The LPE growth and heat treat-
ment were carried out in a conventional LPE furnace. To
avoid thermal deformation of the surface corrugations, we
adopted two methods: placing a GaAs wafer on the sample
to cover the surface corrugations, and placing whole samples
in a (Sn + InP) saturation chamber. After heat treatment
the deformation of the surface corrugations was analyzed by
XPS and/or laser Raman spectroscopy.

Figure 1 shows the scanning electron microscope
(SEM) view of the stained-etched epilayer on which the sur-
face corrugations were formed. This sample was covered
with a GaAs wafer during the soaking period of LPE
growth. It has been found that on the surface corrugations
‘etching and deposition simultaneously appear at the convex
and the concave, respectively. This phenomenon can be
compared to the deformation of the ¥ groove, i.e., etching at
the shoulder and deposition at the bottom after heat treat-
ment in an ambient of H, and PH,.® Tanahashi ez al.'® have
reported the possibility of surface migration of indium (In)
and evaporation condensation of phosphorus (P) in the de-
formation process of ¥ grooves on the surface of an InP
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substrate, and have concluded from energy dispersive x-ray
spectroscopy (EDX) analysis that the material in the
grooves is probably an InP crystal. Similarly, the experiment
leads us to assume that both arsenic (As) and P atoms prob-
ably vaporize, and that In and gallium (Ga) atoms can
transport by migration.

The surface corrugations, which were covered with a
GaAs wafer, show deformation with the heat treatment at
600 °C for 60 min. We have analyzed the deformation by
XPS. Figure 2 shows both Ga 2p;,, and As 2p;,, spectraata
depth of 10 A from the surface and Fig. 3 In 4d, Ga 3d, and
As 3d spectra at a depth of 20 A from the surface. Within the
depth of 10-20 A, Ga atoms are transported from the GaAs
wafer to the concave of the surface corrugations on an InP
substrate. As 2p;,, and As 3d signals also arise at 10 and 20
A below the surface, respectively. At 10 A in depth, the in-
tensities of As, O; and As, Q5 signals are much larger than
those from GaAs or As. At 20 A in depth, the As,0; and
As, Qs signals decrease and the main signal comes from
GaAs and As. It has been found that the material in the
grooves of the thermally deformed surface corrugations,
when a GaAs wafer was placed during heat treatment, is
composed of Ga, As, and In atoms. From these results, how-
ever, we cannot conclude whether this material corresponds
to a binary, ternary, or quaternary alloy and whether it is
made of a single crystal or not.

Raman spectra of variously heat-treated surface corru-
gations on both an InP substrate and an InGaAsP (1, = 1.1
pm) layer are shown in Figs. 4 and 5, respectively. Spectra
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FIG. 1. Cross-sectional view of a stained-etched epilayer structure on an
InP substrate whose surface corrugations are covered with a GaAs wafer.
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FIG. 2. XPS spectra of Ga 2p,,, and As 2p, , for heat-treated surface cor-
rugations on an InP substrate covered with a GaAs wafer.

(a) and (b) in Fig. 4 show relative intensity of a Sn-doped
InP substrate and of surface corrugations fabricated on an
InP substrate, respectively. Spectrum (c) in the same figure
represents relative intensity with thermally treated surface
corrugations on an InP substratein a (Sn + InP) saturation
chamber, and the spectrum (d) with the corrugations treat-
ed witha GaAs wafer covered. Peak 4 for an InP substrate is
related to longitudinal optical (LO) phonon in InP and peak
B, to coupled plasmon LO phonon (L ~),!! because the car-
rier concentration in a Sn-doped InP substrate is ~2 X 10'®
cm ~ 3. The peak of spectrum (b) in Fig. 4, corresponding to
peak 4 of spectrum (a), becomes smaller than peak C after
the fabrication of surface corrugations on a Sn-doped (100)
oriented substrate. This is because the corrugations probably
liealonga (111) 4 oriented surface. According to the selec-
tion rules on the first order Raman scattering, LO phonon
should be observed on (100) oriented surface, and both
transverse optical (TO) and LO phonon be seenon (111) 4
oriented surface. As a result, the spectrum (b) presents en-

hanced peak Crrelating to TO phonon and L ~. Raman spec--

trum (c) with the heat-treated InP corrugations in a
(Sn + InP) saturation chamber is in fairly good agreement
with spectrum (b). In spectrum (d) measured with InP cor-

rugations which were heat treated with a GaAs wafer cover,

peak D appears. We speculate that this peak was caused by
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FIG. 3. XPS spectra of In 4d, Ga 3d, and As 34 for heat-treated surface
corrugations on an InP substrate covered with a GaAs wafer.
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FIG. 4. Raman spectra of heat-treated surface corrugations on InP sub-
strates. (a) Sn-doped InP substrate; (b) surface corrugations fabricated on
InP substrate; (c) surface corrugations on InP substrate heat-treated in a
(Sn 4 InP) saturation chamber; (d) heat-treated surface corrugations on
an InP substrate covered with a GaAs wafer. ‘
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FIG. 5. Raman spectra of heat-treated surface corrugations on InGaAsP
(4, = 1.1um). (a) InGaAsP (4, = 1.1 um) epilayer; (b) surface corru-
gation fabricated on an InGaAsP epilayer; (c) surface corrugations on an
InGaAsP epilayer heat-treated in a (Sn + InP) saturation chamber; (d)
heat-treated surface corrugations on an InGaAsP epilayer covered with a
GaAs wafer. e
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some materials that appeared in the grooves during heat
treatment. Raman quctra of InGaAsP (A, = 1.1 um) lay-
ers are shown in Fig. 5. Peak F on its spectrum (a) corre-
sponds to peak D on the spectrum (d) in Fig. 4. From these
results it seems that peak D on spectrum (d) in Fig. 4 arises
from an InGaAsP quaternary alloy single crystal which was
formed in the grooves during heat treatment. Peak E on the
spectrum (a) in Fig. 5 is related to LO phonon in InP; peak
G, to the TO phonon. These peaks, E and G, seem to be
similar to peaks 4 and C in Fig. 4, respectively. Spectra (c)
and (d) are for the surface corrugations on an InGaAsP
epilayer which was heat treated both ina (Sn + InP) satura-
tion chamber and with a GaAs wafer cover, respectively.
Spectrum (c) represents fairly good agreement with spec-
trum (b) with surface corrugations fabricated on an
InGaAsP epilayer. This means that vaporized P atoms in a
(Sn + InP) saturation chamber can greatly suppress the
thermal deformation of the surface corrugations. From the
fact that there is a similarity between spectrum (d) and spec-
trum (a), it is understood that vaporized Ga and As atoms
are transported from the GaAs wafer to the surface corruga-
tions on the InGaAsP (4, = 1.1 um) epilayer, changing the
surface corrugations to erosion surfacelike.

In summary, we have characterized thermally de-
formed surface corrugations on both an InP substrate and an
InGaAsP (4, = 1.1 um) layer by means of XPS and laser
Raman spectroscopy. From the XPS analysis, it has been
found that the material in the concave bottom of the ther-
mally deformed InP surface corrugations is composed of In,

P, Ga, and As atoms. The analysis through the Raman spec-
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tra has also verified that the material appeared in the grooves
is apparently an InGaAsP single crystal. In addition, it has
been confirmed that a sufficiently vaporized phosphorus
pressure can greatly suppress the thermal deformation of
surface corrugations on both an InP substrate and an
InGaAsP (4, = 1.1 um) layer. These results suggest that if
our saturation chamber technique is applied to DFB laser
fabrication, it appears that anyone can easily fabricate high-
performance DFB lasers. Further development of this fabri-
cation process is now under way.
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