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Maskless Ion Beam Assisted Etching
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Characteristics of ion bearn assisted etching (IBAE) for SiO? have been
investigated by bombarding 50 keV noble gas ion beams in XeF2 at-mosphere at
a pressure ranging from a few mTorr to 65 mTorr to develop maskless ion beam
assi-sted etching technique. The etched surface roughness and composition
were measured by Dektak and Auger electron spectroscopy. A smooth, highquality surface was formed. The etching raLe 1s aboui' 40 times large t.han
that for physical ion beam etching. It was observed that the addition of H2
gas in the etchant gas further increase the etching rat,e. The etching rat6
became 100 times higher than the etching rate for physical sputter etching
when 30 % HZ

is introduced.

1. Tnt,roduction

for maskless etching. Auger
condition
analysis was performed Lo detect chemical
composition of etched surface. The rnechanism
of enhancemenL of etching rate are discussed

The increasing density of components in
lntegrated circuits and their smal 1er
dimensions have demanded tighter tolerances
in the pattern-defining processes. lulaskless
ion beam etching on semiconduct.or materials
have been extensively investJ.gated by using
focused ion beam (FIB) over the past several
years. 1-3)

as we11.

2. Experimental

Procedures

Experimental set-up for ion beam
assisted etching is shown in Figure 1.

In comparison to physical sputter
etching, the ion beam assisted etching (IBAE)
method seems to be more attractive for a
number of advantages such as high etching
rate, preferential etching with precise
control and 1ow damage for etched materials.
Therefore, this method can be expected to
find application
in various device
fabrication.
The work reported here is to focus on
the characteristics of maskless ion beam
assi.sted etching of Si02. The ef f ects of
various etching parameters such as ion
species, ion dose, etchanL gas pressure as
well as the addit,ive ef f ect of H2 gas have
been investigated so as to find optimum
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Experimental set-up

for ion

beam

assisted etching.
Thermal Si02 was mounted in an inner subchamber which was separated from the main
chamber by a 0.2 mm thick plate with 0;B mm
aperture in diameter. The f 1ow rat.e of XeF2
gas to the sub-chamber was controlled by a
291

needle valve and the pressure inside the
sample chamber was measured by a Pirani gauge
att,ache d to the samp 1e chamber. The
atmosphere inside was monitored by a
quadruple mass spectrometer (QMS). Turbo
molecular pump was employed to keep a base
pressure of 10-6 Torr. With this arrangement,
the gas could be introduced at the high gas
pressure in the sample chamber, while keeping
high vacuum pressure ( (10-5 Torr ) outside.
For t,he present experiment, 50 keV flood H"*,
Ar* and Xe+ were irradiated. The current
densit.y was about. 2uA/cm2.
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3. Results and Discussion
Figure 2 shows a Dektak tracing of the
cross-section formed by 50 keV Ar* ion
bombardment wit.h XeF2 ambient at the pressure
of 30 mTorr, and the SEI,,I photograph of the
etched surface. In the SEI,I phot.ograph, about,
50 nm sized dust was observed to show the
f ine f'ocusing. It is clear that a smooth,
high-quality surface was formed by the
present ion beam assisted etching.
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Fig. 3 Etched deprh of SiO2filmasa
function of XeF2 pressure.

Figure 3 shows the etched depth as a
function of XeF2 gas pressure for 50 keV Ar*
ion bombardment at. the current density of
'2uA/cm2. It was observed that the etching
rate increased with increasing the XeF 2 gas
pressure at a 1ow pressure less than 10 mTorr
and almost saturat,ed with furt.her increase of
the XeF2 introduction, which is qualitatively
consistent, with the mass balance model
proposed by Barker et al 4) for a low-energy
i-on beam etching. 0bviously, the etching
rate is about 40 times larger than the
(a)
etching rate for physical sputter etching as
long as a gas pressure of more than 10 mTorr
cE XeF.: 2OmTorr
is inLroduced.
lo
The fluctuation in gas pressure provides
JO He: 3omTorr
lo
1itt1e influence on etching rate at saturated
DOSE: 3xlO'",/cm'
region. Therefore, the etched depth can be
(b)
control 1ed by the other parameLers such as
ion dose. The etched depth was linearly
Fig. 2 Scanning electron mi,croscopy (a) and dependent on the dose, i.e, the average
Dektak trace of Si02 surface etched by the etching raLe was constant. These results
ion beam assisted etching.
suggest that the et,ched depth can be easily
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control led by ion dose, which is important
for device fabrication.
The observed etching rate uras 140
umfmLf cm2. This value is 550 ti-mes larger
than the value observed for an electron beam
assisted etching using 1.5 keV electron beam5
) and XeF2 gas. It can be expected that the
etching rate should increase wit,h in creasing
the energy deposition rate by collisions. The
energy deposition rate for 50 keV Ar and 1.5
keV electron beam in Si02 is 1.96x109 and
B.Ox106 eY /cn/particle, respectivel y.6'7)
For 5O keV Ar, the energy deposit.ion mainly
occurs by nuc lear co l l ision and t.he
electronic energy deposition rat,e is only 0.5
Z of the tot.al deposition rate.
The observed results suggest that
nuc lear col lision is more ef f ect,ive to
enhance the etching.
The elect.ronic
co1 lision induce transient excitation in
electronic states .of target and adsorbed
atoms, while nuclear collision maj-nly induce
persistent bond breaking or radiation damage.
This may result in larger enhancement, in t.he
et.ching. Such enhanced etching due to
radiation damage have often been observed for
wet and dry etching of Si8) or SiO29).
Addition of IIZ further increased the
etching rate. The etched depth are shown in
Fig. 4 as a function of the mixing ratio for
the et.ching uslng 50 keV Ar* at a dose of
2x1OI6 1.^2, current density of 2uA/ cm2, and
total etchant gas pressure of 30 mTorr. It is
evident that the etchlng rate was
significantly enhanced with increasing t.he
partial pressure of hydrogen up to 30 7", ot
the value of which 3 times larger etching
rate compared to that wit.hout hydrogen was
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Fig.4 Etcheddepthof Sj-02fi1mas a
function of the mixing ratio of
XeF

2/H2.

F

=
ai
E.

Oe

MASS

F

(b)

z.

FEO

F

a

m

E.

HF

o

Nz

E--

observed.

MASS

(a)

In order to reveal the additive mechanism
of H2 8os, quadruple mass spectra of etchant
atmosphere were measured. The observed
spectra is shown in Figure 5. Before the
introduction of H2 gas, fluorine was the main

Fig. 5 l"lass spectraof theetching
atmosphere with (a) and without
(b) adding of H2.
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provides influence on the etching rate
enhancement wit.h a maximum etching rate 100
times larger than that of physical sputter
etching. This significant enhancement makes
the ion beam assisted etching technique
useful for maskless or resistless etching
using focused or projection ion beam systems.
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Fig. 6 Schematic diagram of the surface in
H2 and XeF2 mixed gas atmosphere.
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NF3+H2. 10)

analysis of etched surface, no
fluorine residues were detect,ed but a sma11
carbon contamination was detect.ed, which is
probably a cont.amination at the surface which
resul ted f rom the residua 1 gases in t.he
chamber or a contamination in air when sample
was taken out from t.he vacuum chamber.
From Auger

4. Conclusion
A smooth, high-quality surface can
formed by IBAE for Si02. The hydrogen adding
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