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Wet-etching Properties of GaAs Using NH,OH-H:0:-H-0 Mixed
Solution and Its Application to Fabrication Method for Released
GaAs Microstructures with Rectangular Cross Section
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Abstract

In this research, we investigate wet-etching properties of GaAs in NH,OH-H,O,-H>O, and develop
the fabrication method of GaAs microstructures with rectangular cross section using (001) GaAs
substrate. For obtaining wet-etching properties with respect to crystallographic orientation, the etch
rates and cross-section etch profiles of (001) GaAs with 16 different compositions and the undercut
rates with 5 different compositions are measured using NH;OH-H,0,-H>O mixed solutions. From these
experimental data, a new GaAs micromachining method in bulk (001) GaAs is proposed, and used to
fabricate a released microbridges with a rectangular cross section. The developed GaAs
micromachining method can be very useful for low-loss, highly-tunable capacitors for RF components
and for integration with GaAs optical components.
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Table 1. Electrical and mechanical properties of
GaAs.
Properties Si GaAs
Atoms/cm’ 50 x 107 | 442 x 107
Atomic weight 28.09 144.63
Breakdown field s s
~3 x 10 ~ 4 x 10
[V/em]
Crystal structure Diamond Zincblende
Density [g/em’] 2.33 5.32
Dielectric constant 11.9 13.1
Energy bandgap
1.12 1.424
[eV]
Intrinsic resistivity s .
23 x 10 10
[W-cm]
Electron mobility
. 1500 8500
(drift) [cm2/V/s]
E(]oo) = 130.2 E(mo) = 823
Young's modulus
Eqigy = 168.9 | Eigy = 121.3
[GPa]
E(H[) = 187.5 E(]u) = 141.2
Piezoelectric
coefticient 0 dis = 2.69
[pm/V]
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% (electron mobility) ¢} 3% (saturate
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Fig. 1. Typical etch cross—section profile of GaAs
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Table 2. <001>-directional etch rate with respect
to etchant combination.

30 wt% 30 wt% O (001) etch
Hz20: NH4sOH rate
[ml] [mi] (mi] [¢m/min]

5 5 490 0.12
25 25 450 0.60
25 140 335 2.49
25 250 225 278
25 360 115 2.61
25 475 0 1.96
140 25 335 0.72
140 140 220 2.11
140 250 110 3.38
140 360 0 4.80
250 25 225 0.57
250 140 110 153
250 250 0 192
360 25 115 0.49
360 140 0 0.71
475 25 0 0.24
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Fig. 2. Etch rates in <001>.
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Table 3. Undercut rate of dominant crystallographic
orientation with respect to etchant

combination.

Composition* A B C C/B | A/B

25:25:450 023 ] 0.16 | 0.62 | 3.97 | 1.49

25:140:335 0.85 | 0.69 | 2.21 | 3.07 | 1.23

25:250:225 1.15 } 1.16 | 229 | 1.98 | 1.00

140:25:335 0.30 | 0.24 | 0.69 | 2.92 | 1.29

2= alet.
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& FTHIA WSS o (110) W & Z2
el =A Wite] gict.

-,
S W
o % T 1% o

250:25:225 023 1 0.18 | 0.54 | 2.99 | 1.28

* 30 wt% NHsOH : 30 wt% H20: : HoO

A: <110>-directional undercut rate (u/min)
B: {110)-directional undercut rate (pm/min]
C: (100)~directional undercut rate [zm/min)

<1-10>/<110> Undercut ratio

<100>/<110> Undercut ratio

(b)
a5 <110, <110>, ¥ <100> @rakziel oir

28l (@ <110>/<110> AcfZH|, (b)
<100>/<110> K ZiH|

Fig. 5. Undercut ratios between <110>, <110>,
and <100>-directions, (@) <110>/<110>
undercut ratio, (b) <100>/<110> undercut
ratio
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<110> -directional beam, < 110> -directional bea
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