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Microfabrication of submicron-size hole for potential field
emission and near field optical sensor applications
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Abstract —The fabrication of the submicron size hole has been interesting due to the potential application of
the near field optical sensor or liquid metal ion source. The 2 micron size dot array was photolithographically
patterned. After formation of the V-groove shape by anisotropic KOH etching, dry oxidation at 1000°C for 600
minutes was followed. In this procedure, the orientation dependent oxide growth was performed to have an
etch-mask for dry etching. The reactive ion etching by the inductively coupled plasma (ICP) system was per-
formed in order to etch ~90 nm SiO, layer at the bottom of the V-groove and to etch the Si at the bottom. The
negative ion energy would enhance the anisotropic etching by the Cl, gas. After etching, the remaining thick-
ness of the oxide on the Si(111) surface was measured to be ~130 nm by scanning electron microscopy. The
etched Si aperture can be used for NSOM sensor.
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1. Introduction

There have been considerable interests in fabricating
a submicron aperture for a near field optical sensor or
liquid metal ion source [1-3]. The nanosize metal tip
array can be fabricated using conventional semiconduc-
tor batch fabrication [4-6]. The etching of the Si using
KOH solution will be anisotropic due to the different
atomic density of the Si crystal surface. The etch ratio
of the (111) Si surface to the (100) surface is greater

99

than a few hundreds. The intersection of the (111) sur-
faces will form eventually V-type groove or pyramidal
shape at the bottom Si (100) surface [7-11]. The oxi-
dation rate is also dependent upon the crystal plane.
The higher packed Si (111) surface than the Si (100)
surface will have a higher oxidation rate especially for
the surface-reaction controlled region. The resultant
thicker oxide on the Si(111) surface than Si(100) bot-
tom surface during oxidation can be utilized as a mask
oxide for submicron hole at the Si (100) bottom. We
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utilized these phenomena for creating a submicron
aperture. The submicron aperture array can be fabri-
cated with anisotropic Si etching and orientation
dependent oxidation followed by inductive coupled
plasma etching. The silicon nitride film or the metal
thin film can be deposited for its further application.
The submicron or sub- 0.1 um hole can be utilized for
near field scanning optical sensor (NSOM) or liquid
metal ion source.

2. Fabrication Procedures and Results

The p-type (5-15 Qcm) 4 inch wafers were initially
thermally oxidized to grow a 250 nm oxide layer. The
310 nm silicon nitride thin film was deposited on the
SiO; layer by low pressure chemical vapor deposition
(LPCVD) technique as shown in Fig. 1(a). The 2
micron dot array patterns were photo lithographed on
the photoresist layer. The opening of Si;N,/SiO, double
layer was fabricated with the reactive ion etcher (RIE).
The RIE etching conditions for the Si;N,4 layer and the
Si0O, layer were 600 watt RF power, a etching gas mix-
ture of CHF; 10 scem, CFy4 10 scecm, and O, 20 scem,
and plasma gas of Ar 10 sccm with an operating pres-
sure 100 mTorr.

The 40 wt% KOH solutions will etch the Si substrate
anisotropically with its etch rate ~1 um/sec at 80°C.
The KOH etching at lower temperature will have
slower etching speed.

The silicon etching at higher temperature than 80°C
will result in the nonuniform etched surface. The V-
groove formation by KOH etching was carried out as
seen in Fig. 1. The width of the etched opening on the
silicon surface (W,) is related to etch depth (z) and the
width of etched silicon surface at the bottom (Ws))
given as follows:

Wsi=W, -2z

In the case that the opening of the mask is small, the
etched Si (111) surface will intersect each other and
form V-groove. The oxide thicknesses grown at 1000°C
with a dry O, ambient for 600 minutes are 330 nm at
the Si (111) surface and ~90 nm oxide on the Si (100)
bottom surface Fig. 2(a). The inductively coupled
plasma etching was performed for submicron aperture
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Fig. 1. The SEM micrographes of KOH etched Si-wafer: (a)
After etching with a KOH 40 wt% solution, the etch-stop
occurred and the V-type shape was formed. (b) an enlarged
picture of 50 nm width of the bottom (x1,000,000) (c) After
the KOH etching and the oxidation followed by the oxide
etching, the oxide etch-mask just under the Si;Ny layer was
partially etched.

at the bottom Fig. 2.(b).

The operating conditions were 100 watt RF power, 9
mtorr operating pressure, 40 sccm Cl, feed gas, and 5
minutes duration. The RF power to supply to the sub-
strate was set to 200 W, and the bias voltage was mea-
sured to be ~—450 eV. The negative bias on the
substrate would create ion shower on the substrate and
the ion-bombardments on the surface would enhance
the surface desorption process during etching. The Cl,
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Fig. 2. The SEM micrographes present the orientation-
dependent oxide thickness: (a) the thicknesses of the 54.7°
(111) surface and the narrow bottom (100) surface are ~330
nm and 90 nm, respectively. (b) After ICP etching, bias-
enhanced etching created a hole with ~0.1 um width and
~400 nm depth in the Si at the bottom.

gas with Ar gas is also known to be very effective in
providing anisotropic process. The etched hole of the Si
was ~400 nm deep and ~100 nm wide Fig. 2(b).

3. Discussion and Conclusions

The submicron aperture on the silicon substrate was
fabricated using various anisotropic processes. The
LPCVD SizNy4 layer and the SiO; layer were used as an
etch mask pattern. The wet chemical etching of KOH
solution provides truncated pyramidal shape due to the
anisotropic crystal plane dependent etching. After the

V-type formation, oxidation was performed and
resulted in ~330 nm on the Si(111) surface and ~90 nm
on the Si(100) surface due to fact that the higher silicon
atom packing density on the Si (111) surface would
provide thicker oxide from the surface reaction con-
trolled mechanism. Using the biased inductively cou-
pled plasma etching the oxide on the Si (100) was
removed and the submicron hole on the Si (100) was
created.
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