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treating such surfaces witH the etching conposition

The present invention relates to a nmethod for

characterizing defects on silicon-surfaces, in
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sol ution. Various etching solutions have been proposed
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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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this solution is able to etchlsem conductor substrates,

including silicon substrates, the etching solution
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is conprised of hydrofluoric acid, nitric acid, acetic
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reS|st|V| he 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-



However, these etching solutions enable the detection

of BMDs, but are not able to detect defects such as
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found their field of application, requiring a further
cont@uﬂf’i\@ﬁﬁ&tbﬁé\s el s@athed SIRESH oﬁﬁnstuﬁ’é?or‘:tg BE WS i4S F‘r%tér%rs for which all

treating silicon-containing surf Represent at |

knowsry glepingsconpositiens 36 8pt syila Leoﬁf&)fﬁfﬁiem"ﬁ@ mteénaISaw@cerséow novel
type$ bf @fe&d m;dhl el tBe! ré\ﬁalélle?:‘ or type wafers i.e.

materials tor which all known etching conpositions are

not suitable and furthernore materials which show

novel types of defects which need to be reveal ed.

ObjédtiotBiie plesbREinNEREEAT | nvention In view of the
progress in sem conductor industry, involving in

In wg\g g&h}%g;largérﬁtﬁ? &e!hgegrc\:#:ﬁ?i%}ogg sﬁrymegt!?l{lrllégr;n w{ ﬁ%tllglhgr t?\e decrease of the
mlmhntﬁf@dwlﬁé s@éls odedeMvatsritatd inRigeate@tiecuita] the iBtisduchlSn of new substrate

nsul ator, (S or . - . .
ma‘f‘éiaksa?‘h ss?' "f°c5’6‘H‘"8ﬁ“'Ff?§ %é&) G straiggg-pilicon:pp-ipulptards RBHsimproved
metHods fopuqualityycledradtediation zaé required Sinf Ratidulardwith Fespect to the following
feat articular with respect to the follow ng features: -

?lsfactory etch rates, so that even thin substrates
can be etched with a sufficient control of etch
- Sadisfatenc ktchi iy, esmthad esen fthioesublstraieaesan be dithehl with a sufficient

BRI b hesdioBrimb REnBIRPLNALL fokrdodlet oot different
Jeeale's 'Z‘ as 8

e corresponding to

I oner at es of vacanC| es and oxygen precipitates),

- Ef%s&ermtyﬂbrwmﬂ;ﬁ passibility {5 drjeeti difeserirypes plcdefents dafcbassD defects
r

Gk, /85 Ghe SIS Bk S8 TRS oy BREEUGEL 'y ddprotraly

iggntifying different pes 9fl defegts dtateamedype pbpicaing treatmentaén particular to
dettict aRloBatf RIS Yisckifyf falifke et ching conposi ti on,

wi t hout sacrifici ng t he desired properti es, etch rate,
etch senS|t|vt¥ Stability of the etchlng|
- Reguplinn ¢fi hgalth disks Aad eavpmeatal REchigTDs b USBIO SitaBIecaMponents for

m@rdt&mgpfcompaemamdmmsmbeadmaelb efleWHédiadt ?Ifupahieg etch rate, etch
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- 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.



The above-outlined object has been solved wth the
etching solution as defined in claiml. Preferre
WO 2MdH°Yent s are defined in subclaims 2 to 5. PFFT{@PZO‘)%%OZS
present invention furthernoré provides a nethod for
characterizing defects on silicon surfaces as defined
in claim6. Preferred enbodi nents thereof are defined
in subclaims 7 to 10 and 15. Finally, the present
Furthbnmefdrietdrerphsomhdas for aicasectsaof the ptesagt isvéntioorare also explained in
th fi m e‘ES / 3' defined in claim1l. Preferred enbodi nents
€ IPRINGSEPHENM y subcl ai ms 12 to 15. Furt her preferred
enbodi ments for all aspects of the present invention
are also explained in the follow ng description. Brief
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art red1Efidd REhiRg cOmpbéiforPaspRdihg t'S&dtol on The present
invention will be first described in connection with

the etching solution. The preferred enbodi nents

di scussed herebel ow however also apply with respect to
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stated. The present invention is mainly characterized

The é%sgntalhvé‘nt ﬂv\ﬁill l?t—% ﬁﬂ't %@s&meﬁt |hoé&gh€étlfhg\ﬁ@i (‘t:rﬁ? rc?té:hing solution. The
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pref%r@buembﬂd!mntscdtspdsﬂe@e haxetbaloum@owswealsm ANt Wign respect to the
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corrponents of the etching solution in accordance with )
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accordance wth the present invention
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 hydrofluoric 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 aqueous solution, typically showing a nitric acid concentration of



preferably is an aqueous solution of HF with a
concentration of above 30% preferably above (400/%
Woﬁ‘}og/fl%qﬂg‘bl y above 45% such as about 49% 2. )P 20090003028
Furthernore, the etching sol&tion in accordance with
the present invention conprises nitric acid. The
nitric acid to be enployed in accordance with the
present invention again preferably is an aqueous
28bve 5O%R, rioYd pfcbraylySaudve B0% dhdtif ipartRaiad above 65%, such as about
concentration ofabove 50% nore preferably above 60%
‘in particul ar above 65% such as about 70% 3.)
The acetic acid to be enployed in accordance with the
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such a cethc acid
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iodide and typically is enployed in the formof an

<) SRR S 0ot e SO IR RBIA Jofle e om
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nventi on esent In he overall mxture In
solutfqol ofdmngmamm menb@md aboyei d: 20 to 90-vol % based
on the overall conposition of the etching solution,

Theéérc%fnﬁfoﬁght‘é o3 thd Btchifg\w@lltfon P BEcddfHcRIA the3fledet invention may be
90-vol % cal cul ated on the basis of an acetic acid

preseptn Hig cyeralieixire iy the followingodmoyRtRr of | uoric acid: 1 to

30-vol % preferably 1 to 5-vol % cal cul ated on the
Acethwadid: of an2aqte@dsvolls, agedgora the na@rdlr abinpositién 4ﬂ%he etching
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565 cormer SPufe BeTrrby ¢ Rofefe. Bth el 5 to sovoi%,
amount s so tchiglilatdreon thelbasisr aft 4w adetiHdEId havirfgr @nechc@ntration of
to V.50, Prg grably 1:5 to 1:40, nore preferably 1:8
to 1:35. inB&ticular 1:8. In
Hydrofluoric 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 aqueous HF

having a concentration of 49%, commercially available).

Nitric acid: addition amounts so that the volumic ratio HF/HNO3 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
another 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 concentration of 70%, commercially available).
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aqueous nitric acid having aconcentration of 70%

respectively (referring to aqueous HF having a

concentration of 49% comercially available, and

aqueous nitric acid having a concentration of 70%
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desi re ratio, I cal SI ng conve
measures. The order of addi t| on of the conponents is
The eiching splufien, jn gmrq%ed@wb@ﬁéﬁpgent 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
etching 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 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 displayed 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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The etching solution in accordance with the present invention preferably does not contain
any additional water besides the water introduced with the components of the etching
composition, such as hydrofluoric acid, nitric acid, and acetic acid.

In this respect, it furthermore has been shown, using the etching solution in accordance with
Secco (see above) as reference, that the solution in accordance with the present invention
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Further, ﬁ'le present mvenhgn prov?des tﬁe advantage that without sacrificing the EPD, the

reliability of the etching process, the etching solution in accordance with the present
invention may be employed at rather low temperatures with highly efficient etching results,
so that a further control of the etching process is enabled. Due to the rather low etching
rates at low temperature, it is in particular possible to etch, with a sufficiently high degree of
control, very thin substrates without endangering the overall integrity of the substrate to be
treated.

It is accordingly possible to conduct etching over a wide range of temperatures, such as
from 5 to 50°C, preferably 5 to 25°C, and depending from the circumstances either at low
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whi ch both conprise a step of etching a silicon

surface with an etching solution as defined herein
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in an anount of 1 mml/1 00 mM or nore. 2. Etching
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Etch| n sol uti on accordi n‘gﬁéo any one of clainms 1,
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subsfrateasrsd stressediSdsurface (on top of a SiGe layer).

8. Method according to any one of claims 6 and/or 7, wherein the method
comprises a post-treatment of the treated silicon surface with HF.

9. Method in accordance with any one of claims 6, 7 or 8, wherein the method
further comprises any one of the following, alone or in combination:
- pretreatment of the silicon surface with HF
- intermittent treatments of the silicon surface by rinsing with deionized
water
- drying of the silicon surface.

10. Method in accordance with any one of claims 6, 7 and/or 9, further comprising
the steps of visually evaluating the treated silicon surface.



6. Method for characterizing defects on silicon
surfaces, conprising the step of treating the silicon
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of claims 1 to 5. 7. Method 1&ccording to claim 6,
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