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Wet etching of the local implanted silicon dioxide layer on silicon sub-
strate was studied in-situ by atomic force microscopy (AFM). A good
agreement between the computer simulated ion distribution and the ex-
perimental depth profile of the enhancement ratio of the etching rate
shows that this AFM method of investigation of implanted samples al-
lows to correctly estimate the thickness of implanted surface layer.

1. Introduction

Silicon dioxide Si0; is a very important material for practical application
and ion implantation is widely used for modification of its undersurface layer.
The etching rate of SiO; is known to be enhanced by ion implantation [1]. This
effect can be connected with radiation defects induced by ion bombardment in
the implanted layer.

The atomic force microscope (AFM) allows ones to obtain the three-dimensi-
onal surface image with nanometer-scale resolution in liquid. We have developed
the AFM methods for in-situ observation of the Si0; etching in the HF aqueous
solution. This allows us to study Si0O; wet etching kinetics, to measure the
absolute etching rate for implanted (R;) and non-implanted (f2;) 5103 surface
layer and to determine the depth profile of the etching rate [2].

This work is devoted to the AFM investigation of the radiation-induced dis-
solution and comparison of the experimental depth profiles of the etching rate
with computer simulated depth profiles of radiation defects induced by ion bom-
bardment in SiOs.

2. Experimental

The SiO; films with thickness from 340 to 380 nm formed on a crystalline 5i
substrate were used as initial samples. These Si0;-Si samples were masked by
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Figure 1. Sample scheme: (a) initial state after implantation; (b)—(d)
transformation during etching in the AFM liquid cell.

a special photoresist film before implantation. In such a film, a periodic stripe
structure consisting of holes with 2.3 gm width and 500 pgm length was formed
with photolithography techniques. This mask was used in order to protect some
areas of SiO; when other areas were implanted through the windows in the
photoresist film. Art and C* ions with the energy of 25 and 40 KeV and doses
from 10' to 10 ion/cm? were used to form the periodic radiation-damaged
regions in Si0;. The cross-section scheme of the initial implanted sample is
presented in Fig.1(a). After implantation, the photoresist film was removed by
dissolution in NaOH. Figs. 1(b)—(d) show the schemes of the different states of
the sample during etching in the AFM liquid cell.

Weak HF aqueous solutions with the volume concentration of HF from 0.25
to 1 % were used for chemical etching. It is essential for our experiments that
the Si substrate does not dissolve in such solutions. The measurements were
carried out with a Solver-P4-18RM scanning probe microscope made by the
Russian firm Nanotechnology-MDT. Description of the home-made liquid cells
used in this work and of the respcctive one-scan method of AFM in-situ etching
measurements were published in Ref. [2].

Usage of the indicated type of samples allows one to measure the height
Ah = hy - hy of the step between implanted and non-implanted areas during
etching. Figs.1(b)—(d) show the scheme of the sample transformation during
liquid chemical etching in the HF aqueous solution. The implanted range is
etched faster than non-implanted ranges due to radiation-induced damages and
the crystalline Si substrate is not etched in HF at all. It is very important that
at the final stage of etching (Fig.1(d)), after chemically removing SiO; under
implanted range completely, we can determine the absolute etching rate of non-
implanted SiO;. In this case, Ah= h; () was measured as a step height between
Si and non-implanted Si0;. This dependence allows us to determine kb (t) for
the complete etching process by extrapolation and to reconstruct the hy () curve
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Figure 2, Experimental curves reflecting in-sifu the wet etching process
on the surface of periodically implanted Si0,-Si sample.

(Fig.1(d)). Fig.2 shows hy(t), ha(t) and Ah(t) curves.

3. Results and Discussion

Real-time monitoring of wet etching allows us to determine with good accu-
racy the experimental depth profile of the enhancement ratio of the etching rate
(Ri/Ho) on the basis of Ah(t) curves. The corresponding experimental curves
(Ri/Ry) for 25 and 40 KeV Art implantation are presented in Figs. 3 and 4. Ac-
cording to the known mechanism of the radiation-induced etching, these curves
allow one to estimate the depth of the radiation-damaged region induced by ion
implantation.

The mechanism of the radiation induced enhanced etching is poorly under-
stood. That is why the experimentally obtained depth profile of the etching
rate was compared with the computer-calculated distribution of the penetration
profile of embedded Ar ions (Fig. 3) and vacancies formed by Ar* implantation
(Fig. 4). The SRIM and DYNA programs were used for computer calculations
(3,4]. The DYNA program, in addition to the SRIM program, takes into account
the change in the element composition of the surface layer during ion implan-
tation. Moreover, the DYNA program allows one to consider the sputiering of
the target more correctly.

Rather good agreement between the DYNA-simulated Ar ion distribution
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Figure 3. Comparison of the computer calculated distribution of em-
bedded ions and the experimental depth profile of the enhancement ratio
of the etching rate for Si0, implanted by Ar* ions with (a) 40 keV and
(b) 25 keV energy.

and experimental etching data shows that this AFM method of investigation
of implanted SiO; allows us to at least correctly estimate the thickness of the
implanted surface layer. For example, the depths of the implanted SiO, layer
measured by this method were 75 and 120 nm under implantation with Art ions
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Figure 4. Comparison of the computer calculated distribution of va-
cancies and the experimental depth profile of the enhancement ratio of
the etching rate for SiO, implanted by Art ions with (a) 40 keV and (b)
25 keV energy.

with the energy of 25 and 40 KeV, respectively. Comparison of the experimental
and calculated data revealed that it is not evident whether the effect of radiation
induced etching is only related to the radiation defects (vacancies) and additional
investigations in this direction are necessary to understand the nature of this
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phenomenon.

4. Conclusions

The developed AFM method for in-situ investigation of the wet etching of
implanted silicon dioxide allows one to estimate the thickness of the implanted
surface layer with good accuracy.
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