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Dissolution of arsenic and gallium oxides on GaAs surface during running deionized water
(RDIW) and ultrasonic-running deionized water (U-RDIW) treatments is investigated by X-ray
photoelectron spectroscopy (XP3). The U-RDIW treated (001) GaAs surfaces are also investigated
by reflection high-energy electron diffraction (REHEED). The deionized water used in these treat-
ments is thoroughly deoxygenated to less than 0.3 ppm by bubbling nitrogen gas.

RDIW treatment removes arsenic oxide more rapidly than gallium ozide. U-RDIW treatment
accelerates the removal of both oxides from GaAs surface and produces oxide-free GaAs surface
within Lhr. After U-RDIW treatment, RHEED observation of the acid-etched surfaces shows a
spotty {1x1) pattern at room temperature and a (2x1) streaky reconstruction pattern at 360 C.
Ammonium-etched surfaces, on the other hand, show a {2x4) streaky reconstruction pattern at 310C,

The experimental results indicate that chemically-clean and dameage-free GaAs surfaces can be
produced by U-RDIW treatment. They also show that As/Ga ratios between the acid- and
ammonium-zstched GaAs surfaces after the U.RDIW treatment are different.
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Table 1 The enthalpy of various bulk defect
formation (eV) estimated by Van Vechten.

Semnii-

conductor H{Va) H(Vp) H(Ba) H(As H(BaAgp
GaP 2.98 2.64 0.68 0.38 1. 06
GaAs 2,56 2,86 0.35 0.8 0.7
GaSh 2.03 2,66 032 0.08 0.40
InP 3.04 217 0.42 (.88 1.3
InAs 2,61 207 0.57 0.33 0,80
InSh 212 212 06.27 0.27 0.54
H(V4): Enthalpy of formation of a neutral cation
VACANCY.
H(Vg): Enthalpy of formation of a neutral anion
vacancy.

H{Ag): Enthalpy of formation of an antisite defect,
cation on anion site,
H(i2,) : Enthalpy of formation of an antisite defect,
anion on cation site.
H(BsAg): Enthalpy of formation of a neutral anti-
structure pair,
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Fig. 3 Ga 3d and As 3d photoelectron spectra.
{a) Acid-etched and air-exposed GaAs surface.
{b) After 20-min RDIW treatment.
{c) After 1-hour RDIW treatment.
(d) After 3-hour RDIW treatment.
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Fig. 4 Ga 3dand As 3d photoelectron spectra.
{a) Acid-etched and air-exposed GaAs surface.
{b) After 20-min U-RDIW treatment.
{c) After 40-min U-RDIW treatment.
(d) After 80-min U-RDIW treatment.
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Table 2 Numerical parameters used in calcu-
lating oxide layer thicknesses,

Density (g/em®) Escape depth (A}

As20s 5. 9518 15
Ga:03 4. 1550 15.5
GaAs 5.3 12

Escape depths for As,0s:, Ga.0s and GaAs were cal-
culated following Pen’s method®,
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Fig. § Oxide thicknesses of As:0s; and Ga:0s
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only RDIW treatment. Black symbols indicate
application of U-RDIW treatment.
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Fig., 7 Air-STM observation of the acid-etched
GaAs surface. The acid-etched GaAs surface
is coated with Pt thin layer (~40A) for STM
observation. The observation area is about
7000 7000 nm?,
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FIEEE $12:8 #65 (101)

Fig. 8 25-KeV RHEED patterns of U-RDIW treated GaAs (001) surfaces
along [110] and [110] azimuths. Left-hand side is RHEED patterns along
[110] azimuth. Right-hand side is RHEED patterns along [110] azimuth.

(a} After annealing at 360°C for 1 minute,
(b) After annealing at 400°C for 1 minute.
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Fig. 9 25-KeV RHEED patterns of (NH4OH -+ Hz0:+ HeO)-etched and U-RDIW
treated GaAs (001) surfaces along [110] and [110] azimuths. Left-hand side is
RHEED patterns along [110] azimuth. Right-hand side is RHEED patterns

along [170] azimuth.

(a) At room temperature.
{b) After annealing at 310°C for 1 minute.
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Fig. 10 A hydrogen passivated GaAs surface
model.
{a) Before annealing.
{b) After annealing.
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Fig. 11 Band gap photoluminescence from
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