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Abstract — The etching reaction of GaAs(100) in HF-oxidizing agent-H,O mixed solutions was explained using the
redox potential of etching solution and the band theory of semiconductor. The etch rates were similar for n-type and
p-type GaAs. The higher the energy difference between the valence band of GaAs and the redox potential of etching so-
lution was, the lower the activation energy of the etching reaction was and the etch rate of GaAs was rapider. Laser-in-
duced etching of GaAs(100) with 632.8 nm He/Ne laser illumination showed that the etch rate for n-GaAs was dramati-
cally increased while that for p-GaAs was not responsive to laser illumination. The holes formed at the surface of GaAs
played an important role in the etching reaction of GaAs. The etch rate increased with the increase of the hole concen-
tration at the surface. The anisotropic etching was obtained by proper use of the etching solutions in the experiment.
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Fig. 1. Experimental apparatus for the etching
reaction of gallium arsenide.

1. Reactor 2. Water bath

3. Agitator 4. Magon thermometer
5. Heater 6. Shidax

7. Sensitive relay 8. Magnetic stirrer

9. He/Ne laser
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Fig. 2. Etchrate vs. RPM in 0.1N KBr0O; 47%HF-
H,0 at 273 K.
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Table 1. The etch rates of GaAs in etching solutions at 293 K and 800 RPM
Oxidizing agent Etch rate (um/min)
(01 N) FeC13 Iz Brz KIO3 KszzO’] KBTOg
GaAs (100)
n-type 0.000 0.0221 0.0665 0.32 0.926 1.25
‘ptype 0.000 0.0433 0.0887 0.28 0.798 1.30
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Fig. 3. Etch depth vs. reaction time in K,Cr,0;
47%HF-H,0 at 293 K and 800 RPM.
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Fig. 4. The effect of the concentration of oxidiz-
ing agents on the etching reaction of GaAs
(100) in 47%HF-oxidizing agent-H,0 solu-
tions at 293 K and 800 RPM.
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Fig. 5. The effect of the concentration of HF on
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and 800 RPM.

Fig. 6. Etched surface produced on n-GaAs (100)
in 0.1N KI104;47%HF-H,0.
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Fig. 7. The Arrhenius plots for GaAs (100) etching
reaction in aqueous solutions.

Table 2. Kinetic parameter summary for GaAs
etching reaction

Reaction order Activation
Etchant Oxidizing HF energy
agent (Kcal/g-mole)
K105-HF-H,0 1.5 ~1.0 16.0
K,Cry,07-HF-H,0 1.0 0.5 9.0
KBrO4+HF-H,0 1.0 0.5 7.0
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Fig. 8. Etching profiles of GaAs(100) etched in
HF-oxidizing agent-H,() system.
(a) 0.IN KIOg47% 'HF-H,0; (b) 0.3N KyCry
07-47%HF-H,0; (c) 0.3N KBrO3;47% HF-H,0.
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Table 3. Standard redox potential

Reaction E° (V). (NHE) E,(eV)

Io(s) + 2e-=2I" +0.535 -5.035

Bryliq) + 2e-=2Br- +1.065 -5.565

Fe3+ + e = Fe2+ +0.771 -5.271

103” +6H" +5e-= +1.19 -5.690
1/21,+ 3H,0

Cry0;% + 14H* +6e-= +1.330 -5.830
2Ce®* + 7H,0

BrO® +6H+ +5¢-= +1.500 -6.000
1/2Bry+ 3H,0

*Egs= ~4.5 eV-eE° (NHE)
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Fig. 9. The effect of the solution potential on the
etching reaction of GaAs (100) at 293 K.
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Fig. 10. The reaction mechanism of GaAs(100)
etching in aqueous solution.
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