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ABSTRACT

The dissolution rates and nanoscale films formation of I11-V semiconductors GaAs and InP
were determined by the inductively coupled plasma technique under illumination. In this work, the
compounds of the solid oxide layer on p-type GaAs and InP were identified at room temperature by
both X-ray wide angle diffraction (WAD) and glancing angle diffraction (GAD). A 12 kW rotating Cu
anode X-ray source ensured high sensitivity, not only to investigate chemical composition, but also to
characterize the structural features of the oxides. The GaAs dissolution rate in aqueous H,SO,

solutions increased dramatically in the presence of H,0,, and the GaOOH phase was uniquely found
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on the oxidized surface. In contrast, the dissolution rate of InP and GaAs in aqueous H,SO, was

severely restricted even in the most acidic solutions under illumination, about 3-order lower when

compared with GaAs in H,SO,/H,0,/H,0 solution and no GaOOH compound was formed on the

surface of GaAs. The differences in their reactivities can be interpreted in terms of the energetic

tendency in the stability of GaOH?* intermediate in H,0O, and in H,0O, which, in turn, determine

whether or not the formation of GaOOH on GaAs surface. It is postulated that the production of

GaOH?" intermediate is thermodynamically favored so that the dissolution rate of GaAs in H,SO,

system is accelerated by the present of H,O,. By combining the etching rate and X-ray diffraction

results it is possible to show that H,O, play a critical role in the etching of GaAs in H,SO, solution.
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| ~ Introduction

Solid-state  devices based on IlI-V  compound
semiconductor have been developed for using in the metal
insulator  semiconductor (MIS) systems and optical
communications [1~5]. This has created a great deal of interest
in the etching and oxidation of these semiconductors, because
the resulting surface or interfacial properties evidently affect
the characteristics of the devices [6].

X-ray wide angle diffraction (WAD) and glancing angle
diffraction (GAD) techniques have been used in this study to
establish a much better understanding of the chemical nature of
GaAs [7,8] and InP [9~11] surfaces after a variety of chemical
treatments. Wet etching and electrochemical oxidation are
well-known processes for first removing the native oxide and
depositing an insulating layer on these chemically cleaned
surfaces. Sulfuric acid is a commonly used solution in substrate
preparation for acidic etch. Hydrogen peroxide is a popular
choice for the oxidizing component in 111V semiconductor
etching and is most commonly paired with H,SO,4, H3sPO,4, HCI,
or NH,OH. Therefore, H,SO,-based etchants are widely used
for many I11-V semiconductors [10~12]. The oxidation using
H,S04/H,0 and optical illumination provides a simple means
of growing a thin film on 111-V compound. Consequently,
sulfuric acid (or H,SO4/H,0,/H,0) is a frequently used etching
solution in substrate preparation.

In the present study, both WAD and GAD techniques
were applied to characterize the GaAs and InP surfaces etched
solutions  under

in  H,SO4/H,0 and H,SO4/H,0,/H,0

illumination. The GAD technique has several advantages: Ultra

thin films can be investigated, strong signals from such
substrates as single crystals can be avoided, and more
information can be provided about the preferred orientation of

the oxides.

Il ~ EXPERIMENTAL

The substrate under study was p-type GaAs (100) and InP
(100) doped with Zn at a concentration of 10*® atom/cm?. Two
types of etchant were used in this study: H,SO4/H,O and
H,S04/H,0,/H,0. All samples were illuminated with a 150 W
halogen lamp. The temperature of the test system was
maintained at 25 “C. The dissolution rates of GaAs and InP in
the solution were measured by inductively coupled plasma
(ICP) emission spectrometry. The area of exposed surface to
the etchant was 4x5 mm. The constitutional concentration of
Ga and In respectively from GaAs and InP as low as 0.1 ppm
could be determined.

The compositions of the solid oxide layer on GaAs and
InP were identified at room temperature by an MXP 18 XRD
meter (Material Analysis and Characterization Co., Japan). The
MXP series is an automatic measurement system which
employs UNIX as the operation system. Two different XRD
analyses were employed in this work: (i) The WAD technique
of the conventional 0-20 scanning technique, and (ii) the GAD
technique of asymmetric-Bragg diffraction. To increase
diffraction intensities, a 12 kW rotating Cu anode X-ray source
was used. The GAD measurements were performed using a
spectrometer attached to the thin-film measuring system. A

bent analyzing crystal monochromator used for WAD was
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replaced by a flat graphite (0002) for GAD measurements. An
incident slit width of 0.1 mm was selected and the thin-film
specimen was fixed at one of a range of glancing angles, 6,

with respect to the incident X-ray beam.

11 ~ Results and Discussion

The WAD and GAD patterns of the oxidized nanoscale
films GaAs surface in H,SO,/H,0,/H,0 (1:4:10, volume ratio)
etchant are shown in Fig. 1. The intensities of all other oxide
peaks are much less 1 % than those from the substrate in WAD
(Fig. 1 (a)). The Bragg peaks for the substrate are identified as
(200) and (400) reflection planes as shown in Fig. 1 (a). The
X-ray diffraction pattern (XRD) of the oxidized surface shows
only the sharp peaks which have the normal full width at half
maximum (FWHM) [7,8]. The composition of each reaction
product was determined by comparing these spacings with the
standard X-ray values (JCPDS). Many of the main peaks for
each phase were missing because of non-Bragg diffraction
conditions.

Figs. 1 (b) and 1 (c) are the result of applying the GAD
(6= 1° and 0.5°, respectively) technique to the same test sample
used in Fig. 1 (a). The multiple peak structures are absent from
the GAD, and the peaks occur in completely different positions
from those seen in Fig. 1(a). The X-ray penetration depth
increases with 0, and the differences of GAD peak profiles
appear to be due to the differences of GAD with depth. The
oxide peaks in Figs. 1 (a), (b) and (c) all exhibit the normal full

width at half maximum,” &

suggesting that the oxides are
crystalline stoichiometric phases.

Table 1 shows the d-spacings of the oxides grown on the
GaAs substrate after etching in 1-18 M H,SO4/H,O and in
H,SO4/H,0,/H,0 (1:4:10) etching system. It can be seen that
the results from WAD and GAD indicate the existence of
almost the same phases in spite of the drastic decrease in the
incident angle of GAD and the resulting decrease in analytical
depth. This indicates an adequate compositional uniformity

along the growth direction. The XRD pattern showed that other

than elemental Ga and As, only the constituent oxides, namely,

gallium oxide (Ga,03) and arsenic oxides (As,0s, HsAs30,
2As,03 » As,0O5 ¢ H,0, 2H3AsO, H,0) were found on the
GaAs surface in H,SO,/H,0 etches. But in H,SO4/H,0,/H,0
etches, in addition to the pattern obtained for the oxides grown
in H,SO,/H,0 etches, a unique phase of GaOOH was detected
on the oxidized GaAs surface.

Figs. 2 (a), (b) and (c) show the WAD and GAD patterns,
respectively, of the oxidized InP in H,SO4,/H,0,/H,0 (1:4:10)
etchant under illumination. Table 2 lists the d-spacing of InP in
1-18 M H,SO4/H,0 and H,SO,/H,0,/H,0 (1:4:10) etchant
systems. A comparison of the diffraction lines obtained by
WAD and GAD shows that, the single component oxides,
In,05 and P,0s, as well as mixed component products, INnPO; -
H;PO,+4H,0, H;PO,+ 0.5H,0, and InPO, - 2H;PO, * H,0, were
observed on the oxidized InP, whether etched in H,SO,/H,0 or
in H,SO4/H,0,/H,0.

The dissolution rates of GaAs in H,SO,/H,O and in
H,S0,4/H,0,/H,0 solutions under illumination, determined by
ICP, plotted as a function of the etchant concentration, as
shown in Fig. 3. Equivalent data are also presented for the
dissolution rate of various concentrations from InP. These
experiments reveal that a significant difference between the
dissolution rates of GaAs in H,SO,/H,0 and H,SO,/H,0,/H,0O
etchants is observed. The dissolution rates in H,SO4,/H,0 are
much lower and increase only slightly when compared with
GaAs in H,SO,/H,0,/H,0. These show that the addition of
H,0, to H,SO, aqueous solution has significant influence on
the oxidation process of GaAs. Fig. 3 also shows that the
dissolution rates for InP in H,SO,/H,O and H,SO,/H,0,/H,0O
etchants are not discernable and are similar to those of GaAs
obtained in H,SO,/H,0. It is apparent that the addition of H,0,
to the aqueous H,SO, solution has no significant effect on the
InP oxidizing process. On the contrary, the addition of H,0, to
the aqueous H,SO, solution plays an important role in the

dissolution of GaAs (Fig. 3).
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Table 1 Chemical compositions for different oxidized GaAs
nanoscale films surfaces in H,SO,/H,0 and

H,S04/H,0,/H,0 etchants under illumination.

Concentratio
Etchant Reaction product
n (M)
stO4/H2 2H3ASO4 * Hzo y
1-18
O Ga y As , 2A5203 .
As,O5 « H,0O
Ga,03, AsyO3, HsAs304g ,
H,SO./H, 2H;AsO, * H,O,Ga ,As
1:4:10
Oz/HzO 2A5203 . A5205 . Hzo ,
GaOOH

Table 2 Chemical compositions for different oxidized InP
nanoscale films surfaces in H,SO,/H,O and

H,S0./H,0,/H,0 etchants under illumination.

Etchant | Concentration (M) Reaction product
H,S04/H,0 1-18
InPO,-H3P0O,4-4H,0 ,
H3P0O,4-0.5H,0 ,
InPO,-2H3P0O,4-H,0 ,
H,S04/H,0,/ In,0; , P,0O
2 41T 122 1:4:10 23 25
H,O
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Figure 1 (a) WAD of oxide on the surface of p-GaAs (100)
in H,SO4/H,0,/H,0 (1:4:10) etchant under illumination. (b)
GAD (6= 1°) and (c) GAD (6= 0.5°) of oxide on the surface
of p-GaAs (100) in H,SO4/H,0,/H,0 (1:4:10) etchant under

illumination.
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Figure 2 (a) WAD of oxide on the surface of p-InP (100) in

H,S04/H,0,/H,0 (1:4:10) etchant under illumination. (b)

GAD (0=1°) and (c) GAD (6= 0.5°) of oxide on the surface

of p-InP (100) in H,SO,/H,0,/H,0 (1:4:10) etchant under

illumination.



IV ~ Conclusions

(1) The result of ICP emission spectrometry showed that
the reaction rate of the illuminated p-type GaAs and InP
compound semiconductors in H,SO,/H,0O etchant without the
effect of H,O, occurred very slowly. In contrast, the GaAs
specimen in H,SO,/H,0,/H,0 system is more than 1000-fold
increase of the dissolution rate when comparing with InP in the
same etching system of H,SO,/H,0,/H,0.

(2) The XRD pattern showed that other than elemental Ga
and As, only their constituent oxides, Ga,03, As,03, HsAS;04,
2As,05 ¢ As,05 » H,0, and 2H;AsO, » H,O were found on the
GaAs surface in H,SO,4/H,0 etches. But in H,SO4/H,0,/H,0O
etches, in addition to the diffraction pattern obtained for oxides
grown in H,SO4/H,0 etches, GaOOH was detected as the extra
phase on GaAs surface. In contrast, no INOOH compound was
observed on the InP surface in both etching systems. Thus,

H,0, does not play any essential role in the dissolution of InP.
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