Chromumfree Etching Solution for Si-substrates and
Si Ge-substrates, Method for Revealing Defects using
the Etching Solution and Process for Treating

Si -substrates and Si Ge-substrates using the Etching
Solution The present relates to a novel chromumfree
etching solution suitable for the treatnent of

Chro#fiilincR8e Etehing SHufisn oI | Sitsulsdtrate8Naid 'STEe-siibstrates, Method
substrates, as well as nethods for treating_ such

for Rayealing: Defests wsing dber Etchinge Saluioncardt Brogessudar Treating
d
si-subfialefd siGbiilsates Ushil e Bleting {ailluBlr P [anee

rnvention
defects in substrates for mcroel ectronic devices are
hi ghly undesirable as they have a negative inpact on
The prdsent talates dmal navel elrdmiwhifiedel étching ebiution egit@mledor the treatment of

o CJ its,. . for i t he subst has

sioor{ e5ieleS af HEFE alfpll SerhBuRt SRIAER a0 3T astiptnepipdor reating

such salfstrates é'ﬁtﬁmdtbﬁliscbi' réagling lefdats othiI&hlsfubBﬂates using the etching
stallined cts argthereby characterizing the .

. C
'S°|Ut'%§laic??f B'Pce‘é’ er%f?ée WYeleR i s the use of so-called

structural etching solutions. These etching

sol utions, due to the dependency of the etch rate from
Prior amtystal l i ne structures, can identify crystalline

defects, since crystalline defects give rise to ei t her

afte a ation of
SR AR R LIRS LA A AR NS
have my@nb@aﬁp@dt@mﬁ@ﬁirfcqbnani h6@® Peiﬁﬁnifyaﬁwe?m@dicmﬁtw foPmed using
the presence of strong oxid

the St@é&%@ﬁbé@h ﬁSJ‘M@fﬁfﬁaI'“ Jrarkguiar pileiepR-beHlatysciSQy, tyi;iqgvafers The
typicairﬁbprc?achpifér io%ﬁﬁfyﬁ%lcﬂlgi%ﬁi% cfé‘i’ect@éﬁ& tﬁ@eﬁf'cHéi‘a?fénfzﬁ’ib the quality of

|ng et ch ItS I con, cons
substraﬁexstuifa,ce@f ishifgr use ura‘r is@-cauficu Stl‘aﬁdl’édl(ﬁidﬂmg Sﬂhkta:ins These etching

soiutioﬂé Cgifé)ﬁhfeed%ﬂéanoﬁhgglof i‘f@ CRMRLE gﬁs?rggtaﬁéégét@kﬂges can identify

I uoric aci
crystalbixe diafdcts) gimazd oystallinanddfgctsi dive oise dboeithde .hilldowe var etch pits after
. chronpates and,, i.n .partjcular, dichromates are highly
appiicq%ggio%%rqc&ur?h%tppiﬁgﬁp‘ug?g, to interact with cells and
DNA. WC. Dash in the Journal of Applied Physics, vol.

Varioug éfchirg sclitionphavd b83n pidhosed &aGllicodisadhasashiah retdiraypically the
ed sol uti cin able to reveal defects on

presengtglxﬁ? EOAME RN S upst r at es,

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
hydrofluoric 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 Joumnal 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 hydrofiuoric acid, nitric acid and acetic acid. While this solution is able to etch
semiconductor substrates, including silicon substrates, the etching solution according to



consi sting of hydrofluoric acid, nitric acid and
acetic acid. While this solution is able to etch

sem conduct or substrates, including silicon
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acid, nanely HF (concentration
have hegbrivade ,traprdfn' toORgPPasrI etehing eoiutlons being chromium-free. As already

indicated above, the etching solution according to Dash comprises hydrofluoric acid, nitric
“acid and acetic acid, namely HF (concentration 49%), HNO; (concentration 70%) and acetic
~ acid (concentration 100%) in a volume ratio of 1:3:10. However, as already indicated above,
the etch rate obtainable with the etching solution in accordance with Dash is not
satisfactory. Other chromium-free etching solutions are, for example, the etching solutions
according to Sopori consisting of hydrofluoric acid (concentration of 49%), nitric acid
(concentration 70%), acetic acid (concentration 100%) at a volume ratio of 36:1-2:20. Again,
the etch rates obtainable with this etching solution are not satisfactory so that this etching
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defects corresponding to agglomerates of vacancies and oxygen precipitates, as well
as bulk stacking fault (BSF) and bulk micro defects (BMD)).

- reduction of health risks and environmental problems by using suitable components
_for the etching solution, without sacrificing the desired properties, such as etch rate,
etch sensitivity etc.

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

- suitability for different substrates, including silicon substrates as well as silicon

germanium substrates.



as bul k stacking fault (BSF) and bulk m cro defects
(BMD)). - reduction of health risks and environnental
probl enms by using suitable conponents for the etching
solution, without sacrificing the desired properties,
such as etch rate, etch sensitivity etc. - stability
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identifidd A, substrates as well as silicon germani um
substrates. 3 Accordingly, it is the object of the
present invention to provide a chronm umfree etching
sol ution which enables suitable etching, in particular
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also eklainbd deperfbivitddederiphienf i gures Figure 1 shows a
conpari son of etch rates obtained with the etching

sol ution according to Wight (prior art) in
. onpari so h etching solutions in accordance with
Brief c?%gp'ﬁ’ﬁ'gge‘#ttwe%ﬁ%?ﬁl on (CRLESS). Figure 2 shows a
further conparison between etching results obtained
FigureUs shgvd BecoRipiisaid of etch rates obtained with the etching solution according to

Wright (prior art) in comparison with etching solutions in accordance with the present
invention (CRLESS).

Figure 2 shows a further comparison between etching results obtained using the etching

solution according to Wright in comparison with an etching solution in accordance with the

present invention.

Figure 3 shows a further comparison of etching solutions in accordance with the present

“invention and etching solutions in accordance with the prior art.

Figure 4 shows a graph displaying etched rates for etching solutions in accordance with the
present invention on silicon germanium substrates at various volume ratios of acetic acid :

hydrofluoric acid.

Figures 5 and 6 show correlations between etch results and the ratio of acetic acid :
hydrofiuoric acid for etching solutions in accordance with the present invention in

- comparison to results obtained with a prior art etching solution according to Schimmel.



solution according to Wight in conparison with an
etching solution in accordance with the present
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the present invention refer to aqueous HF having a concentration of 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 aqueous solution having a concentration as high as possible, typically about
70% (vol%). The below given compositional ratios of the etching solution in accordance with

the present invention refer to an aqueous nitric acid having a concentration of 70%.

3) The acetic acid to be employed in accordance with the present invention again
preferably is as concentrated as possible, preferably pure acetic acid, such as an acetic acid
commercially available as glacial acetic acid having an acetic acid content of at least 99%.
Preferabiy, the acetic acid to be employed in accordance with the present invention is pure,

i.e. 100% acetic acid. The below given compositional ratios of the etching solution in
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‘The latter two solution compositions are in particular suitable for silicon germanium
substrates whereas the first two etching solutions are in particular suitable for silicon
substrates, more particularly the second etching solution which enables to obtain a more

homogenous surface, avoiding stain generation thereon.

Preferred embodiments and effects in accordance with the present invention are further
.explained by reference to the figures as contained. ' '



silicon substrate whereas the acetic acid content on
the other hand typically is higher for silicon

ger mani um substrates. Representative etching sol utions
in accordance with the present invention conprise the
t hree conponents nentioned above in the follow ng
volume ratios: 1:15:10 1:15:10.5 1:15:11 1:15:12
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-abbrevidted SFC the FRlred) &0 shows that even with etching solutions in accordance
with the present invention which have been stored for several days, etching results similar to
the prior art composition according to Wright can be obtained. Figure 2 also displays results
with the solution B as indicated above. These results again display that etching with the
solution B does not provide satisfactory correlation results, especially with lower defect
(BMD + SF) densities (< 1E+09 cm™). A similar correlation is also given in Figure 3 which
- compares the results as obtained in accordance with the present invention and the results

obtained by Wright-etch focusing on the BSF defects only.

The compositions in accordance with the present invention as employed for the experiments
depicted in Figures 2 and 3 are etching composition as described above in connection with

- Figure 1.

Figure 4 shows a correlation of the etch rate depending on the ratio of acetic acid : HF (nitric
acid content always 15) on various silicon germanium substrates. These results clearly
show that with varying ratios highly suitable etch rates can be obtained and in particular with
lcompositions of a ratio of 10:1 to 13:1 (concerning the ratio acetic acid : HF) highly suitable

- high etch rates can be obtained.



in accordance with the present invention, even after
several days of aging. Accordingly, the present
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provide a sufficiently high etch rate. Figure 2
di spl ays a further conparison of etching solutions in
Figurab diapliwacaesimiilalhcdrmatmnemﬁrmso Hisplalyh | inzdditioh, eisaltd agobtained with

e 0 ORI b SRy 0 Pl 550 5 Gt e et

but the hetal ddfedt dipbrgbs dbﬁﬁddYarﬂiSag;ﬁﬁ Qﬁi\@g algooa é@frre@t@n%? the results in

SF, bbreV| ated SF in the ures) and shows that
accor&y@ﬁ th fh Petpé?ﬁeﬁ'@ "%‘tﬂ“ﬁl?r‘soﬁémp?f edcwith dhm @EOr @t techmigue. A similar

correlﬁtﬁdﬂ'i"}S RNilsd REBRIdPOM P@UF&J‘G %\deth@el%gulf% 9§ %ﬂO\ftvﬂrm Stﬁ<¥ &hdle-discussed

etching resulfs simlar
figureg @éﬁd&é fisplay aaretangidragmpssitionghratie for a@ett@bcldufnwdi 1to 13.
Figure 2 also displays results wth the solution B as

Figure ‘?dgﬁge&oﬁﬁoéﬁh ﬂ?@f??rr gt%ngsté\gﬁdr& i §Bécﬁéaltl&a'bvlth the present

does not provi
lnventmtcﬂweadmgrqn ther tirek af istovage st i, thissiespeat] the reistlts as depicted in

Four PUBI 381 ol I 150 L5034 ekl G570 o oo
without em;mammf 1dse of etall fate arstotdd dafare dendityqT DoY) devsfedMThi experiments
sent nvegt ion and the results obtained by

as deR;@a Figtits,” hgve 2erg cameriu ih elening selufipns Mavinga compositional

ratio of ITBOYI dridoN$5:1 D, RepedRiagce Wi th the present invention
as enployed for the experiments depicted in Figures 2

fch tion _as described above in
As il abiten g Prosaet duiretan PRz SvRbAR] Supenior etthing solution

which QQrd}#ﬂ)lﬁﬁ.ﬂnﬂﬁe@faﬁd‘%I&; 8Bet AR AeReHLRG berﬁlhg rTngé Saftates the

acetic acid : F (nitric acid content a
handh%an%wr%asesmk@grqwmrune@maefetme*edm@sieemgmkssFurthermore

the et&ntn?agdiu}ﬁonshl? %\%&E éﬁvﬁﬁ tht r&;%q i8R eﬂéﬁlgg% S%Hﬁlgig Uih rate for

rates can particarar Wt
varioug sulptiates, ehsates offrormta000 cbtb 8000 i\lmm fﬂ)Bsu[cc(rcmmsﬁ‘etHsmmd from 8000

d : HE i.tab
o 12003 FESKBaRRb ol To¥ b ol e Bnce v
‘the premnt eivammﬂalande\?éé@ tish dpfeatsswith theadeiitddordliabiftyUhs BvRenced by
tained with the prigr art etching sol ution

the. cofBgraTn IS iSch PR Wl (RAPECS CIES FREY 20 Spluigns. Hiurthermore,
homogeh6lis étahing is Bbthinelevithelifbtafeddieratipnsi ty as obt ai ned

and agai n proves a good correlation of the results in
Accordingly, it has been shown that the etching solution in accordance with the present
invention may be employed as a replacement of conventional etching solutions in the

“industrial process of etching of semiconductor substrates.

As indicated above, the present invention also provides a method for characterizing defects
on semiconductor subsirates as well as a process for etching semiconductors substrates,
which both comprise a step of etching a semiconductor surface with an etching solution as
defined herein. In the method as well as the process in accordance with the present
- _invention, the silicon surfaces may be surfaces of various semiconductor substrates, such
~as conventional silicon substrates, SOl or sSOI materials as well as silicon germanium

substrates.



accordance with the present invention, conpared with
the prior art technique. A simlar correlationis

al so depicted in Figure 6 and the results as shown in
t he above-di scussed figures clearly display a
preferred conpositional ratio for acetic acid from 11
to 13. Figure 7 finally shows etch rates for etching

The smlstnaﬁesnﬁay be astbpctiN e amy hbn\téiﬁioﬁéiga@ﬁéatmhdm eélldhoéb dippmg info
in this resp

on th ne of storage an
HF, af‘ﬁ %éé‘ﬁ&!@“% 03&&?*&@%80#1 on ) gerasdanice with e pissEal invéntion, the
substidiéd abhf MaG SIS lsubjRRR i@ RoRReHIoAS] bBﬁ t?éa‘i?rh%ﬁ% %ﬁjcﬁ% washing,

etching solution Wwthout substantial |oss of

drying glecaoieatibehl def ect density (TDD) reveal ed. The
experinments as depicted in Figure 7 have been carried

As |ncﬁé§tea\’ab$\leettr?é‘b&90§$§%érﬁfy @ﬁﬁ' R 6?006%93 'v&iﬂl&‘s)cﬂélpresent invention
ratio of 1:15: respecti vel

enablesjarupElierdcatiol of thenetcprratestogether avithi @ﬂmgb’d;osatc%acta'y etch results,
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etchinghwithofiastaini gemeeationhe handllng and i ncreases worki ng
envi ronnent safety and reduces health risks.
Furthernore, the etching solution in accordance wth
the present invention enables a suitable etch rate for
various substrates, at rates of from 5000 to 8000
Almn for silicon substrates and from 8000 to 13000
Almn for silicon germani um substrates. The etching
solution in accordance with the present invention
al so reveals the defects with the desired reliability,
as evidenced by the conparisons presented above with
respect to the prior art solutions. Furthernore,
honogenous etching is obtained without stain
generation. Accordingly, it has been shown that the
etching solution in accordance with the present
i nvention may be enpl oyed as a repl acenent of
conventional etching solutions in the industria
process of etching of sem conductor substrates. As
i ndi cat ed above, the present invention also provides a
met hod for characterizing defects on sem conductor
‘substrates as well as a process for etching
senmi conductors substrates, which both conprise a step
of etching a sem conductor surface with an etching
solution as defined herein. In the nethod as well as
the process in accordance with the present invention,
the silicon surfaces may be surfaces of various
sen1conductor substrates, such



as conventional silicon substrates, SO or sSO
materials as well as silicon germanium substrates. 8
The substrates may be subjected to any conventi onal
pretreatnment, such as dipping into HF, and after
application of etching solution in accordance with the
present invention, the substrates again may be
subj ected to conventional post-treatnents, such as
Claimgashing, drying etc. as required. As indicated above,
the use of the etching solution in accordance with the

o 25 by SHLIRR, oGPBRSED  IEL P SGBh i Snet R e eteing
soiutmsresemlntmses SHEh (edcudiatgt| ynr ¢d akkR et @etaqureoas g6i8St having a
conce\/ﬁ@ é?)% %\Etﬁqe(cgf %@%g \genlc:{%aa%slﬁig %Dga%[' g&iﬁw‘it gol?tljtlre% having a
concehfthtitii QﬂTO%?n&Hd purtbaddiic dANCRzorRBAtr ARt HiC1 (%%f'at a volume ratio of

wherein the etching solution conprises HF (cal cul ated

1:10-28-fhe basis of an aqueous sol ution having a
concentration of 49%, HNO3 (cal cul ated on the basis

o} an E%@Hiﬁ@%fu%@llt BELGH ett‘f'cz};gmq HUPGR RS Bld 9@0%5 }stlon consists of

709 , pure acetic acid ncentration o
HF, HHQz@nd@eemcaw@ of 1:10-20:8-17. 2. Etching solution
according to claiml1, vvherei n the etching solution

cpnsi [ t.chi i 4B
381 ot Foifl solfion EPRARPE0 B o2 Wiereh o (i aptgs 1:15:10
13. ratio is 1:15:10- 13. 4. Et ching sol ution according to

claiml1l, 2 or 3, wherein the volunme ratio is

- 15: 1l Ft C -sol ut | cgor di to.claim

F-or e, s3unbh BN 18 LR P B P 2o b s i Voitme ratio i
1:15:14¢deous HF having a concentration of 49% aqueous HNC3

havi ng a

5. Etching solution according to claim 1, 2 or 4, wherein the etching solution
consists of aqueous HF having a concentration of 49%, aqueous HNOQO; having a
concentration of 70% and 100% pure acetic acid at a volume ratio of 1:15:12.

6. Method for characterizing defects on semiconductor surfaces, comprising the
step of treating the semiconductor surface with an etching solution according to any one of

claims 110 5.

7. Method according to claim 6, wherein the semiconductor surface is a Si bulk,

an SO! or sSOI substrate or a silicon germanium substrate.

8. Method according to claim 6 or 7, wherein the method further comprises a

pretreatment of the semiconductor surface with HF.

9, Method according to claim 6, 7 or 8, wherein the method further comprises a

post-treatment of the semiconductor substrates by rinsing with deionized water.

10.  Method in accordance with claim 6, 7, 8 or 9, further comprising the step of

'IVisuaHy evaluating the treated semiconductor surface.

10



concentration of 70% and 100% pure acetic acid at a

volume ratio of 1:15:12. 6. Method for characteri zing
defects on sem conductor surfaces, conprising the

step of treating the sem conductor surface with an

etching solution according to any one of <clains 1 to

5. 7. Method according to claim6, wherein the

séii cofeesw forsatcliiag semscandBctob lshh‘acesalmoﬁﬁﬂ'lsng th&Gkep of treating

the sSEGIARHE <Bioh Bithod Bead SRR RETAS Ridiwetha dirasige 1 o5

conpri ses a pretreatnent of the sem conductor surface
wi2.h HProc8ss atdndidg ae chairdi 119 wiherdih shesémicén@ictdr surface is an SOI
' n the thod further conprises a post-treatnent
or sS sqbﬁ;gageeqﬁac%; NASMaBE SRR by 1insing with
dei oni zed water. 10. Method in accordance with claim

613.7, Rroeéssdacdotdibd & claimfi g mh@ﬁélﬁtr%’m@fhod\'ﬂﬁh@ domprises a
eval uz)gl ng .t he treated sem conductor surface.

pretregimeri 9§ thegyilicop sirfage withiffonduct or  sur f aces, conpr|3|ng
the step of treating the sem conductor surface W th
ay. et GhthbehsS Abedriy 86 CAsitH N, t 2 aRY 19N Gureteif! ﬁa‘e”%é’thod further
to 5. 12. Process according to claim 11, wherein t
comprisesireshiieRtment eithe sepicandaatossubstiate bstnsisa bith m@mlzﬂd water.
a silicon germani um substrate. 13. Process according
to claim1l or 12, wherein the nethod further
conprises a pretreatnent of the silicon surface with
HE 14. Process according to claim10, 12 or 13,
wherein the nethod further conprises post-treatnent
of the sem conductor substrate by rinsing with
dei oni zed water. 11
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