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Abstract
The article studies effect of solid precipitate building up that prevents etching of
silicon in a solution of ethylenediamine and pyrocatechol. The article provides
technology recommendations that allow avoiding the formation of the undesirable
solid precipitate.

1. Introduction

Nowadays a large number of different solutions are known for the anisotropic etching
of silicon: aqueous solutions of potassium hydroxide (KOH), an aqueous solution of
tetramethylammonium hydroxide (C4H13ON), aqueous solutions based on ethylene
diamine (C2H8N2) and pyrocatechol (C6H6O), and solutions based on hydrazine hydrate
(N2H4) [1–25].

The aqueous solution based on ethylene diamine (C2H8N2) and pyrocatechol
(C6H6O2) are applicable for microelectromechanical structures technology (MEMS)
due to a large ratio of etching rates of silicon and silicon thermal oxide masking, which
allows obtaining a deep cavity in the silicon substrate. The treatment of silicon in such
solutions is complicated by the formation of a solid precipitate that locally prevents
access of etchant to etching surface. Mentioned effect leads to a very irregular profile
of the treated surface.

For the studies were used ethylene diamine and pyrocatechol from Merck (Ger-
many) characterized by purity class ‘for synthesis’, which corresponds to the cleanli-
ness class in the RF standards. During that was studied the etching rate of silicon in
the (100) crystal plane.

Based on the results of preliminary studies, it was found that the simple dissolution
of pyrocatechol in ethylene diamine does not allow to obtain solutions of the required
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composition for carrying out the process of anisotropic etching of silicon. Oxidation
of solutions was used by bubbling with oxygen during the preparation of the etchant
at various range of temperature from 25 to 100∘C with adding water for activation
of solutions etching properties. The bubbling process of oxidation an etchant solution
does not effective for solutions with small concentrations of pyrocatechol over the
entire temperature range [209]. In the process of etching, both in oxidized and intro-
ductory solutions onmany samples, a solid white precipitate is formed. That precipitate
is locally blocking the etching (Figure 1).

Figure 1: The microscopic photo of etching area with a layer of precipitate locally blocking the etching.

2. Materials and Methods

To exclude the formation of solid precipitate, various articles propose various concen-
trations of following solution compositions:

1. Ethylene diamine : Pyrocatechol : Water (E:P:W)

2. E:P:W = 7.5 ml : 1.2 g : 2.4 ml [186];

3. E:P:W = 7.5 ml : 2.4 g : 2.4 ml [186];

4. E:P:W = 17 ml : 3 g : 8 ml [196];

5. E:P:W = 225 ml : 45 g : 120ml [182];

6. E:P:W = 750 ml : 120 g : 100 ml [184].
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In the case of the developed technology, the selection of a solution composition
only by the criterion of formation of a precipitate is not suitable, since it is necessary
to study awide range of concentrations of the components to be able to find controlling
criteria of solution suitability and to choose the preferred one.

It is chosen based on compound of solution for the studies: ethylene diamine. The
concentration of basis compound varies depending on the changes in the concentra-
tions in the solution of both pyrocatechol and water, which are varied in the range of
10–35% of the total mass of the solution.

The two stages of research were carried out to determine the best method of prepa-
ration and the range of optimum concentrations of the solution components. At the
first stage, solutions prepared on the basis of different oxidation times at room tem-
perature, solutions based on ethylene diamine were investigated with a concentration
of pyrocatechol in the range 15–35% of the total mass of the solution. The dielectric
films 2 μm thick were deposited on the samples To determine the etching resistance of
dielectric membrane films obtained by reactive magnetron sputtering. A metal wiring
was formed on the dielectric films, covered with a layer of dielectric insulating made
of the same material with a thickness of about 300 nm. The visual evidence of the
etchant effect on the film was the peeling of the elements of the metallic wiring. The
confirmation of etching in the test solution was a change in the thickness, measured
by the preparation of profilograms of etched regions of the film 2–4 mm wide. The
etching time of dielectric films varied from 3 to 5 hours.

3. Results

In the course of the study, it was found that oxidation of this type of organic solution
makes it possible to activate its etchability to silicon, but the etching process is char-
acterized by an unstable etching rate. It was also found that all the obtained solutions
have a strictly limited period of conservation of the etching properties. At high and
very low pyrocatechol concentrations, the etching surface is highly uneven. It was also
found that when the solution is infiltrated after oxidation, the etching rates increase,
and the period of preservation of the ability of the solution to etch decreases. It was
found that magnetron sputtered silicon oxide films have a resistance to etching in an
oxidized solution of ethylene diamine : pyrocatechol = 75%: 25% by weight, but only
with prolonged oxidation. This etchant solution do not have acceptable for the devel-
oped technology uniformity of etching and is characterized by poor reproducibility of
the results.
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4. Discussion

The obtained modes and solutions are suitable for use in the manufacture of dielectric
membrane structures. It is optimal to use a combination of etching at 100∘C in a solution
of E: P: B = 55%: 20%: 25%after infusion for two days for carrying out themain stage of
anisotropic silicon etching. For the final stage of anisotropic silicon etching, the process
in optimal solution is: E: P: B = 55%: 20%: 25% at 80∘C.

5. Conclusion

The investigation of various modes of anisotropic etching of silicon in ethylenediamine
solutions with the addition of pyrocatechol. It was determined the etching rates of
silicon and thermal silicon oxide and the periods of preservation of the etching prop-
erties of the solutions that allows to carry out the uniformity of etching. The obtained
solutions make it possible to achieve a uniformity of etching of silicon at a level of 1–2
μm with a depth of etching more than 150 μm. Obtained technology allows etching
without forming V-shaped grooves along the perimeter of the etching cavities and
prevents forming of a solid precipitate locally blocking the etching process and, as a
consequence, to improve the quality and yield of manufactured MEMS.
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