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Prior art

Crystalline defects in substrate for micreelectronic devices are highly undesirable as they
have a negative impact on the functionality and reliability of integrated circuits, formed using
the substrates, such as wafers, in particular silicon-on-insulator (SOV) type wafers. The
typical approach for identifying crystalline defects and thereby characterizing the quality of
substrate surfaces is the use of so-called structural etching solutions. These etching
solutions enable the decoration of crystalline defects, since crystalline defects give rise to
either hillocks or etch pits after application of the structural etching solution.

Various etching solutions have been proposed for silicon surfaces which require typically the
presence of strong oxidants.

F. Secco describes in Journal of Electrochemical Society, 119, no. 7, pp. 948-951 (1972) an
etching solution for revealing etch pits in silicon, consisting of a mixture of hydrofluoric acid
and aqueous alkali dichromate. The alkali chromate acts as oxidizing agent while the
hydrofiuoric acid dissolves the oxidation product, namely silicon dioxide. However,
chromates and, in particular, dichromates are highly toxic due to their ability to interact with
cells and DNA.

W.C. Dash in the Journal of Applied Physics, vol. 27, no. 10, pp. 1193-1195 (1956)
discloses a further etched solution able to reveal defects on semiconductor substrates,
consisting of hydrofluoric acid, nitric acid and acetic acid. While this solution is able to etch
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JP 2003-209150 relates to a method for detecting a crystal defect which degrades the
electrical property of a semiconductor device. The etching solution used for the detection is
comprised of hydrofluoric acid, nitric acid, acetic acid, water and icdine or iodide.

EP 1852905 discloses an etching method for a silicon single crystal having a low electrical
resistivity. The etching solution in accordance with EP 1852905 comprises hydrofluoric acid,
nitric acid, acetic acid, water and preferably potassium iodide having an etching rate of
higher than 0.1 pm/min and is in particular effective for detecting bulk micro defects (BMDs).
However, these etching solutions enable the detection of BMDs, but are not able to detect
defects such as dislocation and stacking faults, which are characterized by different
activation energies and a lower strain field.

In addition, novel silicon containing materials have been developed and have found their
field of application, requiring a further adaptation and adjustment of the chemicals used for

treating silicon-containing surfaces. Representative examples of such novel silicon-
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- Safisfactory etch rates, so that even thin substrates can be etched with a sufficient
control of etch rate/etch time/fremoved surface thickness,

- Etch sensitivity, i.e. the possibility to detect different types of defects (such as D defects
corresponding to agglomerates of vacancies and oxygen precipitates), most preferably
identifying different types of defects after one type of etching treatment, in particular to
detect dislocation and/or stacking faults.

- Reduction of health risks and environmental problems by using suitable components for
the etching composition, without sacrificing the desired properties, etch rate, etch
sensitivity etc.

- Stability of the etching composition, so that same can be stored for a certain period of
time and can be handled without highly elaborated safety measures.

Brief description of the invention

The above-outlined object has been solved with the etching solution as defined in claim 1.
Preferred embodiments are defined in subclaims 2 to 5. The present invention furthermore
provides a method for characterizing defects on silicon surfaces as defined in claim 6.
Preferred embodiments thereof are defined in subclaims 7 to 10 and 15. Finally, the present
invention provides process for etching silicon surfaces as defined in claim 11. Preferred
embodiments are defined in subclaims 12 to 15.
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Detailed description of the present invention

The present invention will be first described in connection with the etching solution. The
preferred embodiments discussed herebelow however also apply with respect to the
methods of the present invention, unless otherwise stated.

The present invention is mainly characterized in that a novel etching solution for treating
semiconductor surfaces is provided. The efching solution in accordance with the present
invention comprises hydrofluoric acid, nitric acid, acetic acid, and an alkali iodide, preferably
potassium iodide. The components of the etching solution in accordance with the present
invention are explained in further detail below:

1.) The hydroflucric acid to be employed in accordance with the present invention
preferably is an aqueous solution of HF with a concentration of above 30%, preferably
above 40%, more preferably above 45%, such as about 49%.

2.) Furthermore, the etching solution in accordance with the present invention comprises
nitric acid. The nitric acid to be employed in accordance with the present invention
again preferably is an agueous solution, typically showing a nitric acid concentration of
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solution, preferably 30 to 90-vol%, more preferably 50 to 90-vol%,
calcufated on the basis of an acetic acid having a concentration of
99%.

Hydrefluoric acid: 1 to 30-vol%, preferably 1 to 5-vol%, calculated on the basis of an
aqueous HF having a concentration of 49% (referring to agqueous HF
having a concentration of 49%, commercially available).

Nitric acid: addition amounts so that the volumic ratio HF/HNOQ; is from 1:2 to 1:50,
preferably 1:5 to 1:40, more preferably 1.8 to 1:35, in particular 1:8. In
anaother preferred embodiment, the volumic ratio HF/HNO, is 1:32, in
each case calculated on the basis of an aqueous HF having a
concentration of 49% and an aqueous nitric acid having a
concentration of 70%, respectively (referring to aqueous HF having a
concentration of 49%, commercially available, and aqueous nitric acid
having a conceniration of 70%, commercially available).
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mmol/100ml. In one embodlment the molar concentration is preferably
2 to 30 mmol100 mi, more preferably 5 to 20 mmol/100 ml, in
particular 5.5 to 18 mmol/100 ml. In another embodiment, the molar
concentration is preferably 1 to 12 mmol/100ml, more preferably 1 to 5
mmol/100 ml, in particular 1 to 1.8 mmol/100ml.

When potassium iodide is used as the alkali iodide, the concentration is 1.6 g/l or more,
preferably 1.6 to 48 g/l. In one preferred embodiment, the concentration is preferably 3.2 to
48 gfl, more preferably 8 to 32 g/l, in particular 8.8 to 28.8 g/l. in another embodiment, the
concentration is preferably 1.6 to 19 g/l, more preferably 1.6 to 8 g/l, in particular 1.6 to 3 g/l.

The etching solution in accordance with the present invention may be prepared by simply
mixing the components identified above in the desired ratio, typically using conventional
safety measures. The order of addition of the components is not critical and the components
usually are mixed within a stirred vessel. The composition as obtained may be stored
without loss of etching activity for several days, typically under cooling conditions.

The use of an etching solution in accordance with the above is highly satisfactory. The
efching solution as defined above provides for an etch rate which is low enough so that even
thin semiconductor substrates can be etched, without sacrificing the desired etching
properties, such as formation of well developed etch pits, facilitating the surface
characterization. Due to the relative high acetic acid content in the preferred etching solution
in accordance with the present invention, highly satisfactory homogeneous surfaces can be
obtained and the use of alkali iodide enables, as discussed herein the treatment of a very

broad variety of silicon containing surfaces.
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Figure 1 displays experimental results for etching rates with a volume ratio as defined above
of hydroﬂuoric acid : nitric acid : acetic acid of 1 : 32.4 : 34.6 for varying potassium iodide
concentrations. Figure 1 shows that with increasing potassium iodide concentrations etching
rates can be adjusted in order to obtain an increase of the etching rate of from about 9 to
approximately 30 A/sec. Figure 2 on the other hand displays the result as obtained for
etching compositions in accordance with the present invention with a potassium iodide
concentration of 6 mmol/100 ml and varying ratios of nitric acid : hydrofiuoric acid, with a
constant ratio of acetic acid. Figure 2 shows that relatively stable etching rates are obtained
over a broad range of ratios of nilric acid to hydrofiuoric acid. it shows as well that an
optimum in the etch rate is obtained for a volume ration of HNO; ratios (versus HF) of below
15.

Figure 3 then displays the comparison between an etching composition in accordance with
the present invention and the prior art etching composition according to Secco, for different
types of silicon-containing surfaces. A similar correlation is given in Figure 4, which likewise
discloses results on silicon-containing surfaces with respect to the defects revealed. The
defects as evaluated in the experiments dispiayed in Figures 3 and 4 are stacking faults
(SF). The results as can be derived from Figures 3 and 4 clearly show that the etching
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Further, the present invention provides the advantage that w thout
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process i ¢nableplaaaapaiurtcoafroltdl¢the ettle rae tgebec wih bighlytsatisfactory etch results, i.e.
highly reliable detection of defects on the treated surface.

The present invention accordingly proves that it is possible to use the etching solution that
has been described in an industrial etching process in replacement of the reference Secco

solution.



11 Cdains 1. An etching solution, conprising HF, HNC3, acetic acid

and an al kali iodide, wherein the alkali iodide is present in an
anmount of 1 mmol per 100 mM of the etdhing solution or nore. 2. The
etching solution according to claim1, wherein the alkali iodide is

pot assi ugldigdi de and is present in an anount of one of fromlto 30
mmol per 100 ml of the etching solution, Ito 12 mmol per 100 m of
the etching solution, 1 to 5 nmmol per 100 mM of the etching solution,
and 1 to 1.8 mmol per 100 m of the etching solution. 3. The etching
sol ut i onl.accdkrdétaing eoloficn, memgrisimpdAierHI2O;, siseticciad dimbaiHEkdlaeddenwhaein
concentration of 49% the HNO3 has a nolar concentration of 70% and
a vol unethe jakafi dedide isfpredent in aiNaBoirt afrfemofol peohdoLml of the let@dyg $alationlar
to 1:35, and 1:32. 4. The etching solution according to any one of

cl ai s 1MOg. and/ or 3, wherein the HF has a nolar concentration of
49% the acetic acid has a nolar concentration of 99% and a
volunetric ratio of HF to acetic acid is one of from1l:2 to 1:50, 1:8
to 1:35, and 1:32. 5. The etching solution according to any one of
claims 12 2, Weggiehing salutichageerding ipeclant i wicwbniesilialiopdie is petessiyn
HF, HNO3, acetic acid and potassiumiodide. 6. A nmethod for etching
il i con R4S GRLE PTESSHIT &7 Egowﬁeof 99%3? g?mt# atd mget Ay 00 micefrihe gichiage

ith th chi | uti di . A f [ .
The ot RONTARCD A TRe) o AP S koo @neE Enlhd, Mitedh et perc b @ o iy
or sS01 estH*?r?gt go%t%n%ndal t%t1r.ber%§1% peSr|108 i Bﬁ%g eﬁ:ﬂintgosglu%n.a Si Ge layer.

3. The etching solution according to claims 1 and/or 2, wherein the HF has a molar
concentration of 49%, the HNO; has a molar concentration of 70%, and a volumetric ratio of

HF to HNO; is one of from 1:1 to 1:50, from 1:8 to 1:35, and 1:32.

4. The etching solution according to any one of claims 1, 2 and/or 3, wherein the HF
has a molar concentration of 49%, the acetic acid has a molar concentration of 99% and a

volumetric ratio of HF to acetic acid is one of from 1:2 to 1:50, 1:8 fo 1:35, and 1:32.

5. The etching solution according to any one of claims 1, 2, 3 and/or 4, wherein the

etching composition consists of HF, HNO;, acetic acid and potassium iodide.

6. A method for etching silicon surfaces, comprising the step of treating the silicon

surface with the etching solution according to any one of claims 1 to 5.

7. The method according to ¢laim 6, wherein the silicon suiface is a SOI or sSOI

substrate or a stressed Si surface on top of a SiGe layer.



12 8. The nethod according to any one of clains 6 and/or 7, wherein
the nethod conprises post-treatnent of the treated silicon surface
with H=. 9. The nmethod in accordance4pith any one of clainms 6, 7 or
8, further conprising any one of the following, alone or in
combi natgon: THY HhRAl BEBldiIY td Ry Hnk! 608 4 N yREreirr

% lﬁ ﬁY Sk Gpea?r'éégéa%id/w 4 yvl"l%;r«sz{,l;}I fhe method

intermttent treatments o e siticon sur rinsin

dei oni zegh R8s postitatnidhydiite Platdd\QlicohlsLigaR wiwrdmace.  10. The net hod
in accordance wth any one of clains 6, 7 and/or 9, further

conprising the step of visually evaluating the treated silicon
surface. 11. The nethod according to claim6 or 7 further conprising

a post - tg.eat MERtmethod FeacebldafONwiVBSE 6 6f dimMEIa T B, WrhBr ERhRIngesHhy
wat er and dipping in a HF 49% solution for a few sec. for defects

del i neatdr@of thelBllowiihg altek ok cdgbmatdmg to any of clains 6 to 11,
wherein the step of treating the silicon surface with an etching
sol ution is cqneleatraehtaf tha stiesrpemrfatewith BF; from 5C to 25C

- intermittent treatments of the silicon surface by rinsing with deionized water; and

- drying of the silicon surface.

10. The method in accordance with any one of claims 6, 7 and/or 9, further comprising

the step of visually evaluating the treated silicon surface.

11. The method according to claim 6 or 7 further comprising a post-treatment of the
silicon substrate by rinsing with deionized water and dipping in a HF 49% solution for a few

sec, for defects delineation.

i2. The method according to any of claims 6 to 11, wherein the step of treating the

silicon surface with an etching solution is conducted at a temperature of from 5°C to 25°C.



