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Method for Treating Germanium Surfaces and Solutions to be Employed Therein

The present invention relates to a method of treating germanium surfaces, such as surfaces
of germanium wafers, including GeOl structures. In particular, the present invention relates
to a method for characterizing and visualizing defects on such surfaces by carrying out a
surface treatment using specific solutions in order to enable a highly satisfactory
characterization of the substrate surface, in particular by enlarging the size of defects in
order to make them visiple and to allow their optical observation.

Technological Backaground

Generally, crystalline defects in substrates for microelectronic devices are highly undesirable
because of their negative impact on functionality and reliability of integrated circuits formed
on such subsirates. For the delineation of crystalline defects and accordingly for the
characterization of the quality of such substrates, structural etching solutions are widely
employed. With respect to crystalline defects, the etch rate of structural etching solutions
differ, leading to the production of hillocks or etch pits, which can then be visually observed.

Germanium (Ge) has increasingly been studied in relation to its use as substrate for
microelectronic devices, due to the intrinsic advantages of this element, such as high
intrinsic electron and hole mobility. In order to fabricate high performance devices, it is
however essential to understand germanium surface chemistry and to find effective ways to

clean and analyze its surface.

Surface treatment methods in particular have so far been developed for silicon surfaces,
although approaches also have been made in order to freat germanium surfaces in order to

characterize and visualize defects as contained.

One well known structural etching solution, already widely used for silicon substrates, is a
dilute aqueous solution of an alkali dichromate, as for example described by Secco in
Journal of the Electrochemical Society 119, No. 7, 948-951 (1972). This etch already has
been used on germanium substrates with highly satisfactory resuits, such as good etch rate
and reliable defect identification. However, the use of dichromate-containing solutions is
considered as being unfavorable due to the toxic nature of the dichromate compounds,
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which are known to cause severe damages to human health. Accordingly, differing
structural etching solutions have been developed for treating germanium surfaces, such as
the etchant disclosed in Applied Physics Letters, Vol. 75, No. 19, paées 2909-2911,
comprising acetic acid, nitric acid, hydrofluoric acid, and iodine. A similar etchant is also
disclosed in Applied Physics Letters, Val. 85, No. 11, pages 1928-1930.

Other etchants employed for germanium surfaces are solutions comprising hydrofluoric acid,
hydrogen peroxide, and acetic acid in a 1:1:1 ratio as well as the simple use of hydrochloric

acid and hydroflucric acid, respectively, for removing oxide coatings on germanium = -

surfaces, as disclosed in Applied Physics Letfers, Vol. 60, No. 7, pages 844-846, and
Applied Physics Letters 88, the article extending from page 021903-1 to 021903-3.

Finally, a two-step treatment regiment has been disclosed in ECS Transactions, 6(4), 263-
269 (2007), comprising a dip of a germanium surface in a mixture of hydrofluoric acid, nitric
acid, and acetic acid, followed by a short dip into hydrog'en peroxide.

While most of the etchant compositions disclosed above show a suitable ability for treating
germanium surfaces, it is nevertheless still required to improve the quality of the surface
treatment, in order to enable a high guality charécterization of the treated surface and also
enabling the treatment of rather thin germanium substrates, such as GeOl substrates,
without suffering from the drawback of undesired film delamination due to undesired etching

progress.

Object of the Present Invention

Accordingly, the present invention aims at providing a method for treating germanium
_ surfaces, enabling a highly reliable way of characterizing the surface, in particutar
characterizing defects on the surface, while, at the same time, also enabling the safe
treatment of thin germanium substrates without the danger of film delamination.

Brief Description of the Present Invention

The above object has been solved with the method for treating germanium surfaces as
defined in claim 1. Preferred embodiments are given in sub-claims 2 to 9. The present
invention furthermore pravides a kit-of-parts comprising two solutions as defined in claim 10,
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which are to be used in the method in accordance with the present invention. Preferred
embodiments, again, are defined in the respective sub-claims 11 to 15.

Further preferred embodiments are defined in the following specification.

Brief Description of the Figures

Figure 1 shows the results of experiments displaying the dependency of the etch rate from
the volume ratic of hydrofluoric acid/nitric acid/acetic acid. The volume ratios as referred to
in Figure 1 concern a mixture prepared by using hydrofiucric acid with a concentration of
49 vol%, nitric acid with a concentration of 70 vol%, and pure acetic acid. Figure 2 displays
the dependency of the etch rate from the temperature of the solution employed in step (1) of
the method in accordance with the present invention. Figure 3 shows the dependency of the
etch rate from the volume of water added to the second solution employed in accordance
with the present invention. Figure 4, finally, displays results concerning etch pit densities as
obtained with chromium-free solutions in accordance wiﬁh the present invention, compared

with prior art chromium-containing solutions.
{

Detailed Description of the Invention

The method in accordance with the present invention is characterized in that a germanium
surface is treated in a method comprising the following steps:

(1) treating the germanium surface with an iodine- and bromine-free solution comprising
hydrofluoric acid, nitric acid, and acetic acid,

followed by

(2) treating the germanium surface with a solution comprising hydrofluoric acid,

hydrogen peroxide, water, and a halogen compound.

It has been surprisingly found that with a method as defined above, a highly satisfactory
surface treatment of germanium substrates can be obtained, without encountering the
danger of film delamination with thin germanium substrates, wherein furthermore the
characterization of defects is highly satisfactory and correlates, for example, to defect
characterization obtainable with the disadvantageous chromate comprising prior art etchant

compositions.
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Between steps (1) and (2) of the method in accordance with the present invention, the
germanium surface may be rinsed with water, preferably deionized water,

In the following, preferred embodiments for the solutions to be employed in the method in
accordance with the present invention are described, together with preferred treatment
conditions. These embodiments not only apply to the method in accordance with the
present invention, but also to the kit-of-parts as claimed. .

Solution Employed in Step (1)

The solution as applied in step (1) is an jodine- and bromine-free solution comprising
hydroﬂuoﬁc acid, nitric acid, and acetic acid. Preferably, the solution consists of hydroflucric
acid, nitric acid, acetic acid, and water (the water originate from the fact that in barticular
hydrofluoric acid and nitric acid are employed in the form of agueous solutions, it is however
preferred that no additional water is added). It is particularly preferred when the constituents
for the solution to be employed in step (1) are selected among hydrofluoric acid solutions in
water having a hydrofluoric acid concentration of from 40 to 49 vol%, preferably 49 vol%, a
nitric acid solution in water having a concentration of nitric acid of from 50 to 70 vol%,
preferably 70 vol%, and aqueous acetic acid having an acetic acid concentration of from 70
to 99 vol%, preferably 99 vol%. If in the following volume ratios are described for the various
constituents of the solutions, they preferably refer to volume ratios of hydrofluoric acid with
a concentration of 48 vol%, a nitric acid solution in water having a concentration of nitric acid
of 70 vol%, and aqueous acetic acid having an acetic acid concentration of 99 vol%.

The volume ratio of hydrofluoric acid to nitric acid typically is from 1:1 {o 1:5, preferably 1:1.5
to 1:4, and in particular about 1:2. The volume ratio of hydrofluoric acid to acetic acid
typically is from 1:4 to 1:10, preferably 1:5 to 1.8, more preferably 1:6 to 1:7.5, and in
particular about 1:6.7.

Accordingly, a particularly preferred solution to be employed in step (1) is- a solution
consisting of hydrofiuoric acid (49 vol% in water), nitric acid (70 vol% in water), and pure
acetic acid (99 vol% or more) with a volume ratio of hydrofluoric acid/nitric acid/acetic acid

being 1:2:6.7.

Typically the temperature for carrying out step (1) of the method in accordance with the
present invention is lower than room temperature (20°C) and, in particular it is preferred
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when the temperature is from 2 to 15°C, more preferably 5 to 13°C, and in particular about
8°C. This temperature refers to the temperature of the solution and it is preferred when also
the atmosphere in contact with the solution and the germanium substrate to be treated has a

temperature within the range as outlined above.

The treatment time is selected depending on the desired thickness of the germanium
substrate to be etched away, and typically the treatment time of several minutes. As
indicated above, after the treatment according to step (1) in accordance with the present
invention the treated surface preferably is rinsed with water, typically deionized water for
several minutes, The temperature of this rinsing is not critical. Prior to the treatment with the
solution as defined for step (1) of the present invention, the germanium substrate may be
pretreated, typically by rinsing with deionized water and/or immersing the surface for a few
seconds in a bath comprising an aqueous solution of hydrofluoric acid, typically at a

hydrofluoric acid concentration of 49 vol%.

The solution to be employed in step (2) of the method in accordance with‘the present
invention is a solution comprising hydrofiuaric acid, hydrogen peroxide, water, and a
halogen compound. Preferably, the halogen compound is a chiorine-containing compound
and even more preferably, this compound is an inorganic halogén-oontaining, preferably
chlorine-containing, compound, A particular preferred example of such a compound is
hydrochloric acid, which may preferably be employed in the form of a hydrochlorric acid
solution in water, having a hydrochv!orio acid concentration of above 20 vol%, more
preferably above 30 vol%, and in particular 37 vol%.

The hydrofluoric acid to be employed in accordance with the present invention for the
solution to be employed in step (2) is selected among the hydrofluoric acid embodiments as
described above for the solution of step (1). Hydrogen peroxide to be employed in the
solution for step (2) of the present invention preferably is an agueous hydrogen peroxide
solution, typically with a hydrogen peroxide concentration of above 20 vol%, more preferably
25 vol%, and in particular about 29 vol%,

Preferably the second solution to be applied in step (2) consists of hydrofluoric acid,
hydrogen peroxide, water, and hydrochloric acid, and with respect to the ratios of the four
components the following applies. As far a volume ratios are referred to in the following they
preferably refer to volume ratios where the respective components are aqueous hydrofluoric
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acid with a concentration of 49 vol%, aqueous hydrogen peroxide with a concentration of 29
vol%, and aqueous hydrochloric acid with a concentration of 37 voi%.

Typically the volume ratio of hydrofluoric acid to hydrogen peroxide is from 1:1 to 1.5,
preferably 1:2 to 1:4, and in particular 1:2. The volume ratio of hydrofluoric acid to water is
typically in the range of from 1:5 to 1:25, preferably 1:8 to 1:20, more preferably 1:9 to 1:18,
and in particular 1:10 to 1:12. The final concentration of the halogen compound, calculated
as CI content, is typically below 15 vol%, such as below 10 vol%, i.e., in embodiments from
3 to 7 vol%, and in particular about 5 vol%,

The temperature at which step (2) of the methad in accordance with the present invention is
carried out typically, again, is below room temperature, preferably from 2 to 20°C, more
preferably from 5 to 15°C, and in particular about 8°C. The definition as provided above for
step (1) with respect to the temperature of the solution employed and the atmosphere also

applies with respect to step (2) described here.

The treatment time in step (2) is considerably shorter, compared with step (1), and typically
only a few seconds are required in order to obtain germanium substrate surfaces ready for
visual inspection. Accordingly, treatment times from 1 to 60 seconds are contemplated,
such as from 1 to 30 seconds, and in embodiments even only 1 to 10 seconds.

After step (2) the germanium substrate surface may be rinsed with water and may be dried

in accordance with conventional processes.

Steps (1) and (2) as described above preferably are carried out in @ manner in that the
germanium substrate is dipped with the surface into the respective solution employed during
the step (1) and/or (2).

Surprisingly it has been found that the two-step procedure in accordance with the present
invention enables a good surface treatment of germanium substrates, even thin germanium
shbstrates, without giving rise to film delamination, while enabling with a high reliability the
identification of defects on the treated surfaces.

As defined in the claims, the present invention also provides a kit-of-parts comprising two
solutions (1') and (2'), wherein these two solutions correspond to the solutions as described
above for steps (1) and (2), respectively, for the method in accordance with the present
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invention. This kit-of-parts provides the required solutions for the novel and inventive
method for treating germanium surfaces in accordance with the present invention. The
preferred embodiments as outlined above in connection with the method also apply with

respect to the kit-of-parts as claimed here.

The present invention, as indicated above, enables an improved treatment of germanium
surfaces, enabling the visual observation of the treated surface in order to reveal defects.
The reliability of the method in accordance with the present invention is similar to the
reliability of the prior art chromium-containing etchant, i.e., highly satisfactory. Figure 4, as
contained herein, in this respect clearly shows that with the method in accordance with the
present invention etch pit densities can be obtained on germanium surfaces corresponding
to the etch pit densities as obtained with the prior art solution, revealing that the method in
accordance with the present invention enables the same degree of accuracy with respect to
the revealing of etch pits, i.e., defects on the surface. Figures 1 to 3, as contained herein,
furthermore clearly show that within the preferred compositional ratios and within the
preferred temperature ranges, highly suitable etch rates can be obtained, securing that the
desired effect is obtained without endangering the integrity of GeO| substrate, for example,

by delamination.
In the following, a preferred methad for treating germanium surfaces is disclosed:

1) The wafer is immersed for a few seconds into a hydroflucric acid bath (49 vol%) to

remove the native oxide layer and to start revelation,

2) The wafer is immersed into the first etch solution (step (1)) in accordance with the
present invention, wherein the etch solution is adjusted to provide an etch rate of
fram 3,000 to 6,000 A/min, in order to etch the desired amount of germanium.

3) The wafer is rinsed with deionized water for several minutes.

4) The wafer is immersed into the second etch solution (step (2)) for a few seconds in
order to delineate the defects. Immersing time is adjusted, but in any case, it is
ensured that no film delamination occurs.

As outlined above, the present invention provides a method for treating germanium
surfaces, enabling a good control of the etch rates while providing highly satisfactary etch
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results. Compared with prior art etchants, the present invention enables typically a better
contral of the etching with results being similar or better, in comparison with the chromium-
containing etchant disclosed in the prior art. With thin germanium layers the etch results,
such as etch pit densities, are similar to densities found with chromium-containing solutions.
With thicker germanium layers, such as bulk germanium substrates, the defects are even
better delineated, compared with the chromium-containing prior art etchant, so that even, in
addition to the replacement of the undesired chromium-containing etchant, a further

advantage is associated with the present invention.



WO 2009/090454 PCT/IB2008/003039

Claims
1. Methaod for treating germanium substrates, comprising the following steps:

(1) treating the germanium surface with an iodine- and bromine-free solution
comprising hydrofluoric acid, nitric acid, and acetic acid,

followed by

(2) treating the germanium surface with a solution comprising hydrofluoric
acid, hydrogen peroxide, water, and a halogen compound.

- 2. Method in accordance with claim 1, wherein the solution employed in step (1)
consists of hydrofluoric acid, nitric acid, acetic acid.

3. Method in accordance with claim 1 or 2, wherein the solution used in step (2)
consists of hydrofluaric acid, hydrogen peroxide, water, and a halogen compound.

4. Method in accordance with any one of the preceding claims, wherein the halogen
compound is hydrochloric acid.

5. Method in accordance with any one of the preceding claims, wherein step (1) is
carried out at a temperature-of from 5 to 13°C.

6. Method in accordance with any one of the preceding claims, wherein step (2) is

carried out at a temperatures of from 5 to 15°C.

7. Method in accordance with any one of the preceding claims, wherein a rinsing step
with deionized water is provided between steps (1) and (2).

8. Method in accordance with any one of the preceding claims, wherein the volume
ratio of hydrofluoric acid/nitric acid in the solution employed in step (1) is from 1;1 to
1:5.

9. Method in accordance with any one of the preceding claims, wherein the volume
ratio of hydrofluoric acid to hydrogen peroxide in the solution employed in step (2)

is from 1:1 to 1:5.



WO 2009/090454 PCT/IB2008/003039

10. Kit-of-parts, comprising two solutions (1') and (2'), wherein solution (1') is iodine-
and bromine-free and comprises hydrofluoric acid, nitric and acetic acid, and
wherein solution (2') comprises hydrofluaric acid, hydrogen peroxide, water and a

halogen compound.

11.Kit-of-parts in accordance with claim 10, wherein solution (1') consists of
hydrofluoric acid, nitric acid, and acetic acid.

12. Kit-of-parts in accordance with claim 10 or 11, wherein solution (2') consists of
hydrofluoric acid, hydrogen peroxide, water, and a halogen compgund.

13. Kit-of-parts in accordance with any one of claims 10 to 12, wherein the halogen
compound is hydrochloric acid.

14. Kit-of-parts in accordance with any one of claims 10 to 13, wherein in solution (1%
the volume ratio of hydrofluoric acid to nitric acid is from 1:1 to 1:5.

15. Kit-of-parts in accordance with any one of claims 10 to 14, wherein in solution (2’)
the volume ratio of hydrofluoric acid to hydrogen peroxide is from 1:1 to 1:5.

10
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