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
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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 fo 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 hydrofluoric acid, nitric acid and acetic acid. While this solution is able to etch
semiconductor substrates, including silicon substrates, the etching solution according to
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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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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 efch 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.
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sol ution according to Wight (prior art) in

. ompar.itson.with etching solutions in accordance with
Briet (RRTHNALRE M Baiedl on”( CRLESS) | Fi gure 2 shove a
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Figureu$ ishgws reecarhphiisun 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 :
hydrofluoric acid for eiching solutions in accordance with the present invention in
comparison to results obtained with a prior art etching solution according to Schimmel.
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solution according to Wight in conparison with an
etching solution in accordance with the present
invention. Figure 3 shows a further conparison of
etching solutions in accordance with the present

i nvention and etching solutions in accordance with the
prior art. Figure 4 shows a graph displaying etched

Figure '7aéifsws RisuRé ohieRfhirigPexidripishts nsmgcacmag alutiohs it aecordance with
present invention on silicon n@nl um substrates at

the pregentipyantion Mitieh haue keenageddet ?%V @YShydr of | uori c
acid. Figures 5 and 6 show correl ati ons between etch
results and the ratio of acetic acid hydrofluoric

DetailFdésdriptiott S theprestminoastiom accordance with the
present invention in conparison to results obtained

a prior art etching_solution accordin

The prépantrifieintion well sy Eirsh depeied: Bseanngclien &'@hﬁ%ﬁgetchmg solution. The
preferr&gré?ﬁbda%ﬂéﬁts%ba%s%qmreqoé&h%bwe@eﬂ IS 6P Pﬁ}awme r%;sébt to the

resent invention which have been aged sever al
metho | proeessasad thieprieseptingntion, wi@swﬂs@@me siafecht i on
The present invention will be first described in

The pr%ﬁ%mgﬁ\'ién‘?iﬁn i BQ r%?i&ér”z%dsqﬁ #ht Q%OV-EW‘%tchﬂ{ge&%ﬁ@rﬁ for treating

(0] |rrents I SCU ere ovvever al’so app Yy
semiconidtittor esgaces tsopltdweiedné’hhot@snd‘ﬁemqmdugtewua’ﬁmﬁweas employed in

rese ' | O €
accordBhGE G thEHERPH R dnine S SR BoY ek schifanductor suraces
includimg vetibsedtebi agprs@susimnarﬁcbrsscmeaas rvgell senbsalmtichtes uch as silicon

surface i OVId d. The.term"se condﬁ
germaii Siets iR PPER FGRE b PAGRER @ BN TE RPBRNpventon i
chromiuf\f&d bRY cahiPrisaé hgelflitbmyadiay nitPacidfarsieadeationtbid: tRieferably, the

ctehing G0N W ASoQTIREEP ANBLHE DEFPCRL BT G RoSySs RS APTATIonS acid,niic

acid arﬁﬁ?ﬁtlﬁ%ﬁﬁand-rﬁr%f&éﬁlk}'tﬁ@ c§rﬂbHﬁérﬂQ adéhtlﬁé@ abeEER Pebént in the form
resent ihvention is chromumfree and conprises

asfurtlhgrdiaballed@alqw acid, nitric acid and acetic acid.
Preferably, the etching solution in accordance with

1) TR RARTERBEC a@’\flgatﬂeo&nﬁﬁpédi g“ §c&frd§}¥dy With Ry }br%séﬁt' iflvention is an

nitri'c acid acetl c acl d preferably t
aqueogaputemosHF détit & fcoacerdisdon paef@rqhhegé high as pﬁ%SIHB'@r ppically about

49% (\%ﬁ%f. l’i*rhtt-:-rbeer[ovﬁi Smhlc%qu%ftﬁ%l ratios of the etching solution in accordance with

the present invention refer to aqueous HF having a concentration of 49%.

2) Furthermore, the etching solution in accordance with the present invention comprises
itric 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
commerdcially available as glacial acetic acid having an acetic acid content of at least 99%.
Preferably, 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

Figure 1t 5hows thdihetdnatdtes withd etbling isolutionsiv sadcoriamcar with the present
particular suitable for sil %) n ger mani um s

inventih G REESShard puiGPIS 65 GoEWRIRPIS 4 SIS PRiaTAbIS Wilf an etching

solutlorP%rcE:br‘Ellﬂgafo Wﬁgﬂﬁ‘\@t&l frUrtheh bl Fig a5 tdledrRe shaW ehat the etching
ticularl e second etchlng solutlon whi ch enabl es

solutnon o atnosdance wnﬂv the preaenidnwniiogunanbe starpdifer sryerl giays and even
one we (?(n&,r AblORith o ES? ﬂg tﬁé %fbﬁiyseneﬁfﬁb&ﬁis%fg at QI}QIPQ&EG&E# rate. The

accordance I nvention are
expermemh aisnvegrdsgntedf By Eigose ﬂ daveedengearded ast pithtam elebingaolution in

accoragnttiliy heBseny Ty ie TRYE0 o PRI SRR ey g etoning
has be8d lcb?@ﬁ&nﬂmﬂ ﬁlw?ad@btrate%mrﬁlﬁghrd &WSomlphasmﬁisl farthérhiore shown
e 1o s LSRR A YABL B0 1060, shoing

that thé@ﬂcH trh@rbf 'aqréﬁ%ll.ﬁiéﬁ EisvieR Ié\b@r tRAR §RNbtch MM ﬁfﬁé‘et&ﬁﬁg solution
stored for several days and even one week or

in accqmar‘n?@umth i pigseridnvantion svancafiar sevelighdaympleaging- a’*ccordmg!y, the
presenﬁwg\];&r 0 rﬁp ré‘ﬁ@heﬂﬁch ?ﬁ@%ﬁd’@cﬂ&ﬁorﬁ% é§ ﬁ@\gﬁrﬁo‘?ﬁj thY prior art

ave beer carried out wth an etc
accordingiyddesmot provitsca sdffiniestiyhigh ef¢ierate.esent i nventi on
having a conpositional ratio of 1:15:10.5 and etching
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cisplayf; 2, G oy perre 180 Kb ierbRL S o foof By and B,
abbrevidied SFcihi the fRkel)i il 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
compositions 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
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correlaﬁé@?s? af spc | ‘?&EH o) FY&UrQ s Qﬁﬁf &h& ?8&!@% gﬁov(tr‘?rm ?ﬁé’ &b e-discussed

ng f esul
figuresatespiysiisplana poeforreld nqnpoanmag Inditiccan abdlcmmdifmmdﬁ to 13.
Figure 2 also displays results wth the solution B as

. [ i cat ed aboy e S
riowre S, Yo 46, 57! G20 o3, L 38l Pladchhis ne presen
inventi?@fdieﬁérakﬂ?g)by: theﬁirlvrg of gi@rag:jeeamﬂl,tla,thles'psmca,l ihe restills as depicted in
T oF il
Figured GigaTh oY GRIBAUINF GFETESt iVEBUQ pRiblen s JarBePhiRg gifing soluton
wnthou@ﬁmrﬁlﬁl o8& of e&HIrh® @oRbtigictedenditydTDO) devatedMThl experiments
resent invention and the results obtained b

as demmcgm Figuiety haveibeeycaped ot B8R cleting seluens havinga compositional
rafic oICPW%'a'hHOIg’F? g? r@g‘g&rt,%,gcg with the present invention

npl oye e experinments depicted in Figures 2
and 3 are etching conposition as described above
As ideptifintealboven the present gueatian prideeanayrbagd guperior etchlng solution

which qgrc{h%rﬁhhpge?fzf_l@?ils%t BBeé k. @Sé?gg%ld& ® rHﬁ% fﬂgé g%&ﬁtates the

acetic acl aci nt ent a
handlinqand irsredsies conkigg rammmrumesmﬁehyar@sredﬂrmbealthsm%s Furthermore,

tne et a3 Ao B T R PR oPleb | b rate or
variou$ SlfRSitdd, ab Fated oﬁfrdir_atSOQOdb 8000 :E\/mm be sﬂzcaﬁrm euluxirahémgnd from 8000
o 1T BB e AL e v

the prééérnt ahvahtien aRBtedb a8 i BBfeYsS with theddiréd f‘eliabmwbtsse\ﬂ@enced by
obtained with the prior art etching solutio

the compasisanh@resentechiokaie with gesrect tadas Rior %ﬁﬁ?ﬁl&'&”? nEurthermore,
homoggehgﬂs B&hﬁ% is BHfalﬁébewﬁrﬁgﬁLsta‘i’f? 8hdrafi§isi ty as obtai ned

agal nproves 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 substrates 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 SLﬁJ@.{rHielsQﬁéy be SAfEItERNE any dohvérhtibriat pestrdatméenty eoth @s dipping into
on the time of staq in t

endi n isSr
HF, amr@‘tqr@m?cf@oasofo%h'eg SAUAN P! aec%w@grt% hregaed fnvention, the

substrét@@tagtarhe n@f%@@uﬂjéﬁwttb%rﬁ@ﬁ@éﬁ dREtrshRiHiS §ucH A8 washing,
tchi'ng sol'ution "wthout substantial |oss of etch

drying etﬁ 8s ;gquiretlal defect density (TDD) reveal ed. The
experinments as depicted in Figure 7 have been carried
indi ' I gcdifl Iith 9 t invention
As md@%t{edvéﬂbbpe et]ﬁ%éls%%)f g%déﬁfhﬁlg%o'i@bpgg gect | gﬁfbﬁ bresent inv
enables desupdrioe doalyaivaf, the redctp rate dagether wiih iaohigh mﬂ@@tw etch results,

ot oR955ly EEPLASEHn, 5 508 S B0 MR 55 s pomoncus

etchinglWitisodtaedin gemd¢reion.he  handl i ng 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 reveal s 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 semn conductor
substrates as well as a process for etching
sem 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
sem conduct or 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

washi ng, drying etc. as required. As indicated above,
Claimshe use of the etching solution in accordance with the

present invention enables a superior control of the

chr r h atj sf r t

ef o t%ﬂ:ﬁmé%ﬁiﬁtlﬁ% h%ﬁﬂssﬁlrgeﬂg k‘fﬂé % é‘tngc oi% & \ﬁperem the HF is

calculatadtdmthtertwatse@f asua@tmlsas}lwtmm ha\mgmrmgeemwlonafmf’/nghe HNO; is

calcu]é%pu?rf %?he B@glﬁp é]ne %\gtu'gﬁﬂ]s ﬁ&kjgon gﬁ‘gmgcgﬁ%@%gleﬁ?%ion of 70%, and the
acetic\WeRl 8 puré iaeehEacua teRingua abeckntratibh of hesYsatad velome ratio of 1:15:10-
aqueous sol ution having a concentration of 49% the
13 HUNOB is calculated on the basis of an aqueous
sol ution having a concentration of 70% and the

aQSGt | CEtaRing dofutiokrcarMid © @aintl 1harbRin thectBhRG igofitiodrtonsists of
100% at_a vol une ratio of 1:15:10- 13. 2. Etchi ng

of
HF, HNGs @ndAselie @8idi ng to clai m 1, wherein the etching
sol ution consists of HF, HNO3 and acetic acid. 3.

g chi rﬂcﬁiﬁb%bl@tﬁn%@@rrdﬂigﬁ difinCA 8F 1) Whéeirlthe WaRIrRé Fatio is 1:15:11-
the volunme ratio is :11- 13. 4. Etching solution

13. according to claim1, 2 or 3, wherein the etching
solution consists of aqueous HF having a

CZPnCerﬁt&ﬁhb%l&foﬁ@c@or@ﬂﬂ%”&aﬁw DY iaNQyiierein the etchlng solution

concentratton of 70% and 100% puré acetic acid
consisis| efma@qreeyso Fif havimg 12. cacensatian qfoﬁg%haamﬁu HN@,; having a

concelBhESH 8 AY% And AB0SL PR Rlic Sl G dtimd r3tPSt 13592,

5. Method for characterizing defects on a semiconductor surface of a substrate,
comprising treating the semiconductor surface with an etching solution according to any one

of claims 1 fo 4.

6. Method according to claim 5, wherein the substrate is silicon (Si), silicon on
insulator (SO1), strained silicon on insulator (sSOI) or silicon germanium.

7. Method according to claim 5 or 6, wherein the method further comprises a
pretreatment of the semiconductor surface with HF.

8. Method according to claim 5, 6 or 7, wherein the method further comprises a

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

9. Method according to claim 5, 6, 7 or 8, wherein the method further comprises

visually evaluating the semiconductor surface.

10



conprising treating the sem conductor surface with an

et ching solution according to any one of clains 1 to

4. 6. Method according to claim5, wherein the

substrate is silicon (Si), silicon on insulator

(SA), strained silicon on insulator (sSO) or silicon

germanium 7. Method according to claim5 or 6,

vier eiRrotdes fat etdhifgurat lsemicomdpcios esurtacepoktar sabsteate, comprising

. of the sem conductor surface with He. 8 t hqd .

treating dh SETHGEUCIE SRS WD g Srch g SelElon Agreiiaggny one of claims
to4. further conprises a post-treatnment of the

sem conductor surface by rinsing with deionized water.

9. Method according to claim5, 6, 7 or 8, erein the .

et hod” fPE?%Shé?CQE@'Ha rtPsRaim \7515 whersjn é‘%%lng%tf%g I fpdlicon on insulator
(SO, SBAirAMNEohUn iRLHRE BsSAN of Gilicht geMsaNIGMI etching a

sem conductor surface of "a substrate, conprising

treating the sem conductor surface with an etchin .

s ut i FTRCARSCREIIFIRI to Cidiy 19 bk whesgindhg pragesy furfher comprises a
pretreRnRGR BF tRCSAREALS éambwﬂmher ein the substrate

I's silicon on 1nsulator SO/ ), strained silicon on

insulator (sSO) or silicon ?ernaniunl 12. Process

abkor dPregesso ascaidingldo oelaim | Thndd eph t2hewherelnede process further

o et
comp BB SRR o B LR EEATE Rl Y STV weter

or 12, wherein the process further conprises a
post-treatnment of the sem conductor surface by rinsing
wi th deionized water. 11
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