WO 03/ 107400 PCT/ US03/ 19079 -1 ACID ETCH NG M XTURE HAVI NG REDUCED WATER
CONTENT Background of the Invention The invention relates to an acid

et chi ng rwetianer4mavi ng reduced water content. In parti culpar/uses/thomat er
content can be reduced by adding fluorosulfonic acid to acidic
conpositions containing water. Said etching m xture is useful in etching
silicon. For exanple silicon wafers can be etched in spray etching
processes or spin etching processes. In said new acid etching m xture,

wat er content affecting etching quality can be advantageously regul ated
and can be kept constant during the etching process. Silicon is a very

i mportant material because of its sehiconducting properties. For exanple
it is used in the manufacture of solar cells and integrated circuits.
However these applications require surface treatnment of the structural
conponents nade fromsilicon. Mostly said treatnent is carried out

mechani cal IACRYETOHING VE(BURE BAVIRGCREDUCED'WATERCONTRNTY M xture
whi ch nmay be adjusted to obtain specific surface properties, wherein the
end use determnes the structure to be created. For the etching of silicon
for a i i I . cells typically basic etching mxtures are used.
mmvggk#é‘?h?ﬁgfkﬂn}n@?g@%n?e of silicon éi Scs as carri grs of integrated
circuits (silicon wafers) in particular acid etching m xtures are used. It
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is well known, too, to use aqueous m xtures of acids, which contain
hydr ogig¢iBod Wifefd ¢ha barethed gaspray achidg prdcedveaidr dphrasichihgyprarasdesin sidmew i n
particul ar acetic acid and propionic acid (US 6,162,739). There are
f undansdeehing minure, yweer whteapaffeatiag iewhsgi qualityi cah bs iatlvantagepssletaghkatedni t h an
acid etching mxture. In one of these applications the backsides of
st r ucend edn bel kepgonstanpdisingrtberetshingemeestr e et ched. I n said etching process
predet erm ned anmounts _of silicon are renmoved fromthe surface in an
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example it is used in the manufacture of solar cells and integrated circuits.
However these applications require surface treatment of the structural components
made from silicon. Mostly said treatment is carried out mechanically and/or by means of an
etching agent or an etching mixture which may be adjusted to obtain specific surface
properties, wherein the end use determines the structure to be created.
For the etching of silicon for application in solar cells typically basic etching mixtures
are used. However for the manufacture of silicon discs as carriers of integrated circuits
(silicon wafers) in particular acid etching mixtures are used.
It is known to carry out the etching process of silicon wafers by means of acid etching
mixtures containing hydrogen fluoride and one or more acids selected from sulfuric acid,

hydrochloric acid, nitric(v) acid, orthophosphoric acid, perchloric acid, hydrobromic acid,

hydriodic acid or periodic acid (US 5,300,463).



rough, or textured, surface structure. The textured surface is extrenely

i nportant for subsequent processes with other structural elenents or

mat er i al swoios/1odaoach, for exanple the backside of said straTiusnaivoed enment
may be netallized or bonded. This ani 8otropic etching process is known as
"texture etching." The other application relates exclusively to the

manuf acture of very thin structural elenments with application in nulti
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application the wafers are f1rst groun down nec anlcal1y terwards the
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isotropically, what neans regular to all space directions, to provide

pO|IS&Qﬁ1@9&%ﬁgﬁﬁjﬂj86ﬂ62%@¢ﬂ known to use for both above- descrlbed
appllcatlons the acids and conbinations of acids of the prior art as
et chi ng ag®hérs asnfiinddméntaidy twoxtypesas.applicaniand incuthialn siliedrcisi enghediwithumes ar e
applied consisting mainly of m xtures of sulfuric acid and hydrogen
f 1 uor add etvhingouixtws. hydrogen fluoride. Optionally nitric(v) acid and
or t hophosphoric acid can be added. The prior art has attenpted to inprove
t he sel ect inpngofdheseppplicationy thy bpelsides pf stristurdiedemenys made Eem spjcon are
nodi fication of the relative ratios of the [ngredients used. Etching agents
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ically contain nore than 80 %.of sulfuric acid to 10 % of
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anount of orthophosphoric acid of from10 %to 20 % However sai et chi ng

M Xt UpRzediuSknd\ay s ‘@eORSdgigabl y i ncreased amount of nitric(v) acid in the
range of from20 to 50 % The content of hydrogen fluoride can be between

2 and 20 %Tlh&othyr appiicgin relafisietciabivblyng the manufasura b€ véryakn saactpedl i shi ng
etching agents. The commercially avail abl e acids used in said etching
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contain water, too. In general polishing etching mxtures contain a higher
amouneards. Insaid epplication therwafersare fitshgronn dewemechapicallyusfiervardythecesses the
desired surface structure nust be reproducible. For. instance . in continuous
pr oc edamagsdapd ygevenareas gretahipddn acheraicalgtehing processisptioninally. ovihat s ans

const ?engtular %o all space directions, to provide polished surfaces.

It is well known to use for both above-described applications the acids and
combinations of acids of the prior art as etching agents and etching mixtures. In particular
etching mixtures are applied consisting mainly of mixtures of sulfuric acid and hydrogen
fluoride or aqueous hydrogen fluoride. Optionally nitric(v) acid and orthophosphoric acid can
be added. The prior art has attempted to improve the selectivity and the etching rate of the
etching process by modification of the relative ratios of the ingredients used.

Etching agents or etching mixtures which are préferably useful in producing textured
surfaces typically contain more than 80 % of sulfuric acid, up to 10 % of nitric(v) acid and up
to 5 % of hydrogen fluoride, wherein the total amount of all compounds being present in the
etching mixture is 100 % (% by weight). Said etching mixtures are known as texture etching

agents.



possi bl e the chem cal conposition as well as the viscosity of the etching
m xture being enployed. Both paraneters are decisive for the reactivity
wi t h respwotostiorsbhe etching rate and the selectivity of wrhe/E®ikong
process. In particular the concentratdon of hydrogen fluoride has to be
controll ed carefully. Hydrogen fluoride is a volatile conpound, vapori zing
during the process and being transforned into volatile conpounds during
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steadily because said "added hydrogen fluoride is applied as an aqueous
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hydrogen fluoride with silicon dioxide, which is devel oped by oxidation of
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a great influence on the quality of the etching process. The etching rate
and t Weights Saidietrgingquixtyresargknotya as pelishing eghingegoptsf er is aff ect ed.
Consequent|ly the etc¢hing becones uneven during the process and results in
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Det ai kemg@ldyed Bothpparametets &te dbdsive orfidbedetivetytwitt resgeco toetho bijchtig ratke ahte
invention to provide an acid etching m xture having reduced water content,
wi t h e selectiviey ofebeetching pdicsssdvant ages in the etching of silicon can be

avoided. In particular, it is an object of the invention to maintain the
wat er cont &npareularghelconsertiatiog afihydiggen Buersdedies teibe conjrollaé ceelihliyng pr ocess.

Moreover it i s an object of the invention_ . )
Hydrogen fluoride is a volatile compound, vaporizing during the process and being

transformed into volatile compounds during the etching process. Therefor it is used up and
must be replaced. Said replacement can be carried out in a continuous or intermittent manner.
Consequently the water content of said etching mixture is increasing steadily because said
added hydrogen fluoride is applied as an aqueous solution. In addition water is formed from
the reaction of the aqueous hydrogen fluoride with silicon dioxide, which is developed by
oxidation of silicon on the surface of the wafer.

Because of said steadily increasing water content the chemical composition and
viscosity of said etching mixture changes the properties thereby affecting etching. This effect
has a great influence on the quality of the etching process. The etching rate and the resulting
quality of the surface of the wafer is affected. Consequently the etching becomes uneven
during the process and results in a surface structure steadily changing, what is extraordinarily

disadvantageous. If the water content is increased over 40 % by weight, the etching process



that said etching m xture not change significantly in chem cal conposition
and viscosity, particularly in spray etching processes and spin etching
processeswewsnod™or i ng prol onged processing periods. It i ®calsos/am7obj ect
of the invention to obtain etching m xtures that provide selective etching
of silicon wafers in etching processes resulting in a constant and
reproduci bl e surface structure. It is another object of the invention to
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wat er content. ese” objects are achieved according to the invention by
usi Ngpblished osigick @i fesak) whitRis 4 @iAeliBelegtresulcont ent of acid etching

m xtures. By using fluorosulfonic acid an acid etching m xture can be
prepar ed Wrhedafor st is pRttdrhelydefibylt weddjuss thetselctivity afthaytcRing prdtgssand spi n
etching processes. Said m xture does not change significantly either in
its chaativead thecawgiisg tatowitb tha afoietrentioredassdrnped etcbmgdunixiurgs ofithe puorget

wor king periods. It is possible to enploy said new acid etching mxtures in
manuf aed atrtheisanpd time kedpethe sejegivity sosstant dhring theresehingoproresd. Nemsillyiteon waf er s
results in very constant and good reproducible surface properties. The

pr opeftchiag rgje it lew when the pelecivitiiinish and vige versarSidRehagios s unsaisdenieyeous f or
i ndustrial processing. It is even possible to provide an etching m xture
whi chi@aspreduqile ndusirigbpiogestipnas a texture et ching agent or polishing
etching agent. Said selective adjustnent, which is nade possible only by
the use of fluorosulfonic acid in said acid etching m xture, was not
foreseeable and is therefor surprising. Therefor according to one aspect
of the present invention, a nethod is provided for preparing an acid
etching m xture having reduced water content by adding fluorosulfonic acid
to an acidic conposition containing water. By neans of this nmethod said
fluorosulfonic acid is hydrolyzed by said water to forma m xture having
proportionately | ess water and nore sulfuric acid and hydrofluoric acid
than the acidic conposition containing water. According to another aspect
of the present invention a process for the manufacture of an acid etching
m xture is provided, characterized in that fluorosulfonic acid is reacted
with an acidic conposition containing water. Still yet another aspect of
the present invention provides an acid etching m xture, characterized in
that said mxture is prepared by adding fluorosulfonic to an acidic
conposition containing water. It is preferred that by the use of

fluorosul fonic in said conpositions the water content is reduced to an
anount fromO to about 40 % by wei ght, wherein the total anount of al
conponents present in the etching mxtures is 100 % by weight. In said
range it is possible to



prepare acid etching m xtures that are particularly selective with respect
to their texturing or polishing effect. Wth regard to the invention, the
fl uor osulwonBao®med d for the reduction of the water conterCcTn®ys/@7added in
an armount from about 0.1 to about 60 % by wei ght of the acidic conposition
cont ai ni ng wat er, wherei n the total anpbunt of all conponents being used for
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to an acidic composition containing water. By means of this method said fluorosulfonic acid

is hydrolyzed by said water to form a mixture having proportionately less water and more

sulfuric acid and hydrofluoric acid than the acidic composition containing water.

According to another aspect of the present invention a process for the manufacture of
an acid etching mixture is provided, characterized in that fluorosulfonic acid is reacted with
an acidic composition containing water.

Still yet another aspect of the present invention provides an acid etching mixture,
characterized in that said mixture is prepared by adding fluorosulfonic to an acidic
composition containing water.

It is preferred that by the use of fluorosulfonic in said compositions the water content
is reduced to an amount from 0 to about 40 % by weight, wherein the total amount of all
components present in the etching mixtures is 100 % by weight. In said range it is possible to
prepare acid etching mixtures that are particularly selective with respect to their texturing or
polishing effect.

With regard to the invention, the fluorosulfonic acid for the reduction of the water
content may be added in an amount from about 0.1 to about 60 % by weight of the acidic
composition containing water, wherein the total amount of all components being used for the
manufacture of said acid containing mixture is 100 % by weight.

Said acid etching mixtures can contain the acids of the prior art. Therefor said acid
etching mixture can contain inorganic as well as organic acids.

Organic acids are for example acetic acid or propionic acid.



said acids as delivered contain besides water about 70 % by wei ght of
nitric(v) acid, about 96 % by weight of sulfuric acid, about 50 % by

wei ght ofwbydneogen fl uori de (aqueous hydrofluoric acid) aog/usboww785 % by
wei ght of orthophosphoric acid. Hydrofluoric acid can be applied in
water-free form as 10096hydrogen quoride Fbmever because of the
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di Sad\b@meagebmpgp of the aggressive properties and the difficult handhng of said chemical,
costly equipment and special safety precautions are necessary. Moreover the addition of
water-free hydrogen fluoride only avoids the further addition of water, whereas
fluorosulfonic acid consumes water when added.

Preferably fluorosulfonic acid is provided in a concentrated form and is water-free to
a large extent. However said acid can contain secondary amounts of sulfuric acid and
hydrogen fluoride, as happens sometimes in the commercially available product.

The hydrolytic reaction of fluorosulfonic acid with water to form sulfuric acid and
hydrofluoric acid or hydrogen fluoride allows in the manufacturing process of etching
mixtures, which contain by nature sulfuric acid and hydrofluoric acid or hydrogen fluoride,
the adjustment of the compositions, which is not possible when using the acids of the prior art
alone.

For example, in a conventional water containing texture etching mixture made from
sulfuric acid, nitric(v) acid and aqueous hydrofluoric acid, if the concentration of the aqueous
hydrofluoric and nitric(v) acid is increased in order to increase the etching rate, automatically
the water content is increased, too. Therefor one has to take into account that the texture
properties will change.

However if applying fluorosulfonic acid nearly any mixtures with a very low content
of water and clearly higher content of hydrogen fluoride can be prepared, which is
extraordinarily advantageous.

For example, it is possible to prepare mixtures with nearly constant content of sulfuric
acid and nitric(v) acid of from about 2.5 % to about 12 % by weight, wherein the water
content of the mixtures can be reduced to a content of from about 0.1 to about 8 % by weight.



However if using fluorosulfonic acid it is even possible to reduce the
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% by etching agents or as polishing agents. Intermediate blends are possible if desired. This
variability and the application possibilities renders the mixture of the invention
extraordinarily versatile.
The water content of the acid etching mixtures of the invention can vary within a
relatively large range. However said content is preferably below about 40 % by weight,
wherein the total amount of all components being present in the etching mixture is 100 % by
weight. It is important that said water content can be kept relatively constant during the
etching process.
If it is preferred to use the acid etching mixture of the invention as a polishing etching
_ mixture it is advantageous to provide a higher water content in order to achieve sufficiently
high etching rates. Then by applying fluorosulfonic acid the water content is preferably
reduced to an amount from about 15 to about 35 %, and the content of acids present in the
etching mixtures is preferably from about 20 to about 40 % nitric(v) acid, from about 5 to
35 % sulfuric acid, from about 5 to 25 % aqueous hydrofluoric acid, and from about 5 to
about 20 % phosphoric acid, wherein the total amount of all components being present in the
etching mixture is 100 % (% by weight).
If it is preferred to use the mixture of the invention as a texture etching agent however
it is advantageous to choose a lower water content. Then by applying fluorosulfonic acid the



weight. It is inportant that said water content can be kept relatively
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advant ageous to provide a higher wates content in order to achieve
sufficientl y hi gh etchi ng rates. Then by appl yi ng fl uorosul foni c acid the

wat er ante rab educed ﬁn %50 to about 35
% and*HE° Slﬁtl% easpea}WOUi OE gm é> t referably
from SPYERt 0261 %Pfﬁb%’ﬁfn &m%w 15 prgigraby yr 03% /o/°sul furic

aci d, DHHeM agidfrons aesit 78 t@/@ 86 %5 sHiHic el dy aRd ‘e‘roacqbaut ]aH’oP Foh %oout 5 to
about aqoys hyisefbiasic atsslct\ewh@remmrteﬁahamwmt ebelhrompenants bsingeseabimibhent s

bei ngeghmgamkturaistlfe %é%dh'l\mgghtl)xt ure is 100 % (% by weight). If it is
preferred ifdtispecfeired tivst uce evdhindmixtureetiat cont@s datetteklewnmmuetsoifii ng agent
howev @luorokiilfdnic £uily,ahé Rgeltiug ntittuedd@ofqlertiviee nyrlyewateofite Then bhen by

appl yapislyink WRbRSHIGA G A WatePEonB D rd Ry AP rddddISAR 2k AR rord avEter

cont eplo]it§ aBR DR R ahdtRELGRENt P adills aémglpfesa{t irf "B Qurds 50 about 15 %
and tgﬁe ) tﬁ%ﬂ{a taq'@% &gt%%e'ﬁtﬂﬁd?st:) nf2laeld dzﬂoxltwagéum greferably
from ghalil) Qad s BB 1dlndhi o %sm &Y about 95 %

sul fu aci d

wher eF‘ﬁ&f’ ﬂ}éorf %Cécr a&ﬂéf&m ‘} a %%‘gg%gl%%tgéﬂn?wg % ching

m xt uF‘émP%Pefﬁg’e%g EY5Ht \Rfég%}ﬁtﬁ lngI“illx ufe is ré é? e acid etching

mi xt ures t B¢ MABHAGHUF ofep ptehigggixiuees of th GPPW‘%&F“P fFUTISE PR in@he

r esul Mapgerthampters sad fsietsalieniy agiddo pragid ptehimganixyre sontginmg wafer. lvpl yi ng

f | uor patticleniiccontindousproorss epray eichimgtplangs grspinesteliing plagtsutis @referredoanount

f r om alxothts variédt af thealnwerttion, Obe ¢6n prodeadhe a euyttbattfirstfusecardacidetchigg pr esent i n

t he ehfikiurecontaxiihg esentiallyondf el fyrréd aidsafaekafipl, sudfualoaoid, 30 %

f 1 uor agarbflesYicCact; inttrice) @i, Sptionaly alRdphoSfhoMe abid] sddowatkr. #Djdebgehr om about 5

t o abeubri@Om¥erlshed frémakd Systdhf BYVARRHIngDr FéacBER Hbweker Will R¥tbekpMesd ¢ aci d,

and g9 &ohpo%mzaro%g’h aBAASROR4, Dufsy éuose/eaf&ﬁaa&@%a&cpm& walpéint of all

Corrpoprﬁe ?(*t'ﬂge g)ﬁ%qﬂ el ¢ ﬁﬁ% eﬁ{eﬁmhgtgthénc Khfation o]tq ef(cfro/ elnyﬂ %‘dght) The
nuf ac{hur § re has ce {ushe 'Ir?i#?r?‘gy u? ﬁﬁ 1s ¥n ﬁlonMe Q%ncgﬂra 30, ngm@ar ried

out n g& ? a
i xt U zéfaw ?ﬂiﬁp e hie e grocce, P WSS sPRictems oy
et chi H§ i 11 fedypotyieaina HLCh RFO yidesyagy bt KIGBRE, o2 o
of t hétchwg@mqe@ﬁqs aysdiconnvalersdiecguie éhq/@f9rew&flomdrl§tdr9}§%§reaﬁtwam dhet ching
m xt uflgoewianiniaid inte s firicadcidansydraflverip peidhe wgreasq efthe water exerers| e,
sul f ucarcbeaaiodted img grajbngedmreceas ithkreni keeping e etchidg raspeonsteal.| y
or t hoRleosphatrition adthdaquamd hyaitegen fldpddogmedescribed in the prior art would result in
a disadvantageous increase of the water content. Therefor with the new acid etching mixtures
of the invention, the composition of the etching bath can be maintained for a longer period
than with an etching mixture of the prior art. The parameters relevant for the etching process,
for example the viscosity, can be kept constant, too.

This represents yet another embodiment of the present invention. That is, in a process
of etching silicon or a silicon substrate using an aqueous acid etching mixture containing
hydrofluoric acid, sulfuric acid and either or both nitric(v) acid or orthophosphoric acid,
wherein during the process the concentration of hydrofluoric acid decreases and the
concentration of water increases, the present invention provides an improvement in which the
hydrofluoric acid is replenished while at the same time the water concentration is decreased.
According to one aspect of this embodiment of the invention, this is accomplished by adding
fluorosulfonic acid to the acid etching mixture, so that the fluorosulfonic acid hydrolyzes to
form hydrofluoric acid and sulfuric acid, thereby consuming water to decrease the
concentration thereof while increasing the concentration of hydrofluoric acid. The
fluorosulfonic acid addition step can be performed periodically to maintain the water content
of the etching mixture at an essentially constant level. This is particularly advantageous for
continuous etching processes.

On the other hand it is possible to meter the fluorosulfonic acid and further acids
mutually and then mix them by stirring.




fluoride that vani shes fromthe system by vaporizing or reaction however

w Il not be replaced by aqueous or anhydrous hydrofluoric acid, but by
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one asyhixh thehcit Bichingrhiadireesf the inviehttor arw asddiiamhe dtbhisg bBsiBemoorsilicohed by
addi ngubsthateor osul fonic acid to the acid etching m xture, so that the

fl uorosul f gnpgtighkalyshi@biERS n‘ithurésOﬁ/H?:rlehQWaté?%ﬁeﬁt% fhdape syl furic
aci d, g BREERYNICAIE WahBE a t1é:c‘ir1ntsﬁra?% oéé@g‘es o? ﬁ%ﬂ:th'fr%;ﬂrg&sgége £@f while
| ncre§§dcgg,e§ b%ocﬁ It J s Etcfﬁ 1 uorosu fonic acid
g?d![ }16 et C 3&?% I'O%GSS Ol S1 1c8n Oéﬂ a Sl IFOI’I str PI‘ ?Xa%‘ll ri'e 5%%08@ fercont ent

part 1 GOF L@@ro syfling e ScgRd gy %YS@? Byl foliowsd yegwihmag ot her
hand ithe§ lsnl%q B mﬁﬂn’éoqcﬁ}é CHEGH PYHINIWR SIS FhyiSHTAY FIKBNSaci ds
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hydr ofpblishing:is padouhesriy spudying the safaod Vatfeamammmsmlsmwﬁbw@ gibduct s
t hat anspersiaecnibel rbplacmdbydhe pslishing etching mixture according to the invention, after
which the polishing process can be finished by fine polishing. If necessary the wafer will
have to undergo a second etching step or a cleaning step.
Because of constantly increasing disc diameters, single-disc processes are carried out
to an increasing degree in spin etching plants. For that wafers of a thickness of, for example,
750 pum are ground down mechanically to a thickness of approximately 250 pm followed by
chemical etching down to about 40 pm. Said etching process can be carried out in several
steps, first with a fast acting etching mixture, which takes away from about 50 to about
100 um, followed by slow polishing with a slow acting etching mixture, which takes away of
from about 5 to about 30 pm.
During the etching process the temperature is preferably from about 20 to about 50°C.
Lower temperatures mostly result in higher selectivity and decreased etching rate. Higher
temperatures mostly result in higher etching rates and decreased selectivity.
The invention is now explained with examples but not limited thereto.
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Examples
Etching mixtures were prepared by mixing commercial sulfuric acid (96 % by weight

in water), nitric(v) acid (70 % by weight in water), aqueous hydrofluoric acid (50 % by



with a predeterm ned water content. The other acids, which should be
present in the etching mxtures, for exanple nitric(v) acid and

ort hophoswbasiie74eci d, can be admi xed into said m xture. Poeshor79
according to yet another aspect of the present invention there is provided
a process for the manufacture of an acid etching m xture, characterized in
that the water content 1is reduced by the addition of fluorosulfonic acid
wher ej,n. r&ﬁ%% poactd bSo - I -Sal:
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acid, orthophosphoric acid. Hydrofluoric acid can be enployed in its

aqueousnté@rars lidted inithe folloPasSiables. T cdaPosiidhesf the aextiyd magechebkedor i de.
Consequently the invention provides an acid etching m xture, characterized
i n thadcording th srandatd methedg ibraixampldayie ivattr obntentsvidf the medlrkawwuinftoration aci d,
wherein the hydrolysis is <carried out in the presence of one or nore

f ur t heccoadinglo K&l Estleat. fromnitric(v) acid, sulfuric acid, hydrofluoric
acid and ort hophosphoric acid. Furthernore, according to another aspect of
the i nvent Tahle hshpweltheacisspses asgartingimatgriabandthe amenrss ef ehd APdsioxt ur es of
the invention are used in the etching of silicon or silicon substrates. In
part i EXtuie clshing agenty tahle BithgyresyINng FRRPOSH®Sei n the water content is reduced
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pl antg,_ or @gin et&hing plants. In an etching process of silicon or of a
silic HODG %f%; for exanple a silicon wafers, one can proceed by first
cutting t h@ng eM &%QMI&%&)MF%&& cbﬂeﬁth:'aﬁ' be ldls&@%eé 8? Iugiwgqn&é(asﬂlgl i shing t he
surfaces. I'n general this polishing process Is carrfed out in two steps in
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abrasion. For that the wafer is arranged on a rotating carrier and brought
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performed by spraying the surface with an abrasi ve suspension. Afterwards
sai d imuspahsaivanaganslye repl aced by the polishing etching m xture according
to the invention, after which the polishing process can be finished by
fine polishing. Hhaphetaisaing hAerid®{mhountlih % iglt) under go a second

et chi i opecaus , constanfgiy T ncrepghig di sc

di aneters, single-disc processes are carried out to an increasing (egree
in spjn etching plants. For tHWwafers d%a thickd€%s of, fdP0Bxanpl e,

750 nm are ground down nechanically to a thickness of approximtely 250 m
fol | ojved by

comparison example 1 87.50 6.57 5.60 0

example 1 78.13 5.43 6.40 10.00
2 67.71 5.43 6.80 20.00
3 57.29 5.43 7.20 30.00
4 46.88 5.43 7.60 40.00

Table 2: composition of the etching mixtures [% by weight]

H,SO4 HNO; HF H,0

comparison example 1 84.00 4.60 2.80 8.27
example 1 84.80 3.80 5.20 6.15
2 84.60 3.80 7.40 4.14

3 84.40 3.80 9.60 2.12




chem cal etching down to about 40 m Said etching process can be carried
out in several steps, first with a fast acting etching m xture, which

t akes awayofisaoi4about 50 to about 100 m foll owed by sl owppolussiiigog with a
sl ow acting etching m xture, which takes away of from about 5 to about 30
m During the etching process the tenperature is preferably from about 20
to abput 50C. Lower tepperatuyr nostly. result in_higher sel ivity and
decregsed etching rate. " Hi gheté“ezﬁenperat §”8§5 nost | %P}ggsult i nv ’ghea
etching rates and decreased selectivity. The tnvention is now expl al ned

Wi th exanples but not limted thereto. Exanples Etching m xtures were
prepar ed byabl Bishgws terieids uséd ssttdrtifig Mareiblar(dXfe ¥mbyntsef ¢hd adids wat er) ,
nitric(v) acid (70 % by weight in water), aqueous hydrofluoric acid (50 %
by WOpOlsshi}/et€Hind4ZgentdSBlelDhéesultthgweinpbsitions. wat er ), or t hophosphori c aci d
(85 % by weight in water), and fluorosulfonic acid (100 % by weight). The
amount s of Theinigumnf thdeonmansoms exangle wes preharediwithonethewsd of wat er  cont ent
are listed in the following tables. The conpositions of the m xtures were
check8doroggémiciiodyy t o standard nethods, for exarrpl e the water content with
the well known tltratlon according to Karl cher. Table 1 shows the

aci ds usedHﬁge Pegan P‘Ff‘gc Iea1tYe FQ0a how i examp lespiont é‘eé"fat"srﬁoﬂte%‘?fdge ftehingt ext ur e

etchln ents 2.ther | tin sitions. The m xture of the
corrpam %B Séi‘bh‘i)fl tﬁggr% é??é?‘g?fy\ﬁmaﬁ%l‘ff qﬁ Wgéeaﬂflgaﬂoﬁ’btw ul foni c aci d.
One can seeqclea e at er conte rea

i ncr egg?rr?au foé%?fﬁ% go%?ar?ﬁqﬁ O PR e ?Sr? lt? ﬁltlae rgggn%ﬁ@ afyotunazltncorrpar ed
to co I 4 he content of sulfuric acid is nearly
constg@?erangyrhtr e anna‘glndgan fMﬁﬁg‘goa? {Yoric acid is increased advant ageously.

TSk b L0 PO Sl BT 212 S S
6.40 [10.00 2 67.71 5.43 6.85:00:00 BN 29 5 HB 7 2oHatOho FSO:H
96% 70% 50% 85% 100%
comparison example 2 15.63 40.00 30.00 14.12 0.00
example 5 11.98 40.00 28.00 14.12 5.00
6 8.02 40.00 26.00 14.12 10.00
7 4.17 40.00 24.00 14.12 15.00
8 2.08 40.00 20.00 14.12 20.00
9 0.00 37.86 20.00 12,94 25.00

Table 4: composition of the etching mixtures in % by weight
H,S04 HNO3 HF H;P04 H,0

15.00 28.00 15.00 12.00 29.74
16.40 28.00 15.00 12.00 27.70
17.50 28.00 15.00 12.00 25.64

comparison example 2
5
6
7 18.70 28.00 15.00 12.00 23.59
8
9

example

21.60 28.00 14.00 12.00 20.60
24.50 26.50 15.00 11.00 18.80




4 46.88 5.43 7.60 40.00 Table 2: conposition of the etching m xtures [ % by
wei ght] H2SO4 HNO3 HF H2O conpari son exanple 1 84.00 4.60 2.80 8. 27

exanpl e 1w843807480 80 5.20 6.15 2 84.60 3.80 7.40 4.14 3 841AB08189® 9. 60
2.12 WD 03/107400 PCT/US03/19079 11 ¥ 84.20 3.80 11.80 0.11 Table 3 shows
the acids used as starting material and the amobunts of said acids in
pol i shing etching agents, table 4 EF@B&%TL”ting conpositions. The m xture
of the conparison exanple was preg i thout the use of fluorosulfonic
acid. Here one can see clearly, too, howin exanples 5 to 9 the water
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H2SO4 HNG3 HF H3PO4 FSOBH 96% 70% 50% 85% 100% conpari son exanple 2 15.63
40.00 30.00 14.12 0.00 exanple 5 11.98 40.00 28.00 14.12 5.00 6 8.02 40.00

26.00 14. 12 10. 90 mbitbd bt cAQP iRda0 1 IhattcBe® ths Rid0BardPedd@er@® 00 14. 12
20.00 9 0.00 37.86 20.00 12,94 25.00 Table 4: conposition of the etching

m Xt UfediEicddfréfm Ayhi gk 8bricetri2oh tbiBmidimtHBRM thiabbut A0t 8 iveddght exdadipine 2 15. 00
28.00 15.00 12.00 29.74 exanple 5 16.40 28.00 15.00 12.00 27.70 6 17.50
28. 00thkGoRDam@urdOf 215 cmporéntsf E0id 28 rhit@® is PI00W B3v&ght.

3. The method as claimed in claim 1, characterized in that said fluorosulfonic
acid is added to said acid-containing composition containing water in an amount from about
0.1 to about 60 % by weight, wherein the total amount of all components of the etching

mixture is 100 % by weight.

4. The method as claimed in claim 1, characterized in that said acid etching
mixture comprises sulfuric acid, hydrofluoric acid, and one or more acids selected from the
group consisting of fluorosulfonic acid, nitric(v) acid and orthophosphoric acid, and said
aqueous acid-containing composition comprises one or more acids selected from the group

consisting of hydrofluoric acid, sulfuric, nitric(v) acid and orthophosphoric acid.

5. In a process for etching silicon or a silicon substrate using an aqueous acid etching
mixture comprising hydrofluoric acid, sulfuric acid and either or both nitric(v) acid or
orthophosphoric acid, wherein during said process the concentration of said hydrofluoric acid
decreases and the concentration of water increases, the improvement comprising replenishing

said hydrofluoric acid and simultaneously decreasing said water concentration.

6. The process of claim 5, wherein said hydrofluoric acid is replenished while decreasing
said water concentration by adding fluorosulfonic acid to said acid etching mixture, so that

said fluorosulfonic acid hydrolyzes to form hydrofluoric acid and sulfuric acid, thereby



8 21.60 28.00 14.00 12.00 20.60 9 24.50 26.50 15.00 11.00 18.80 WD

03/ 107400 PCT/US03/ 19079 12 CLAIMS 1. A nethod for preparing an acid

et chi ng rwetaner4mavi ng reduced water content conprising ®4uiusg3/19079
fluorosulfonic acid to an aqueous aci®d-contai ning conposition. 2. The
method as clained in claim1, characterized in that said water content is
reduced froma higher concentration to an anmount fromO to about 40 % by
wei gh i - Of : : i g m xture
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that paddnbdsospsul fonic acid is added to said acid-containing conposition
containing water in an anount fromabout 0.1 to about 60 % by wei ght,
wherein the total anmount of all components of the etching mxture is 100 %
by weight. 4. The nethod as clainmed in claim1l1, characterized in that said
aci d @&t chi Mye procedswi elaiadpmhsren sid fluorbsulfomicchcidisdiddéd pariodicaligird, and one
or nore acids selected fromthe group consisting of fluorosulfonic acid,

ni t ri qantitathiatimaimthios thh sk sphienti of saidiadid eiehing mixiuresaysrntialy eaistint ont ai ni ng
conposition conprises one or nore acids selected fromthe group consisting
of hydrofluoric acid, sulfuric, nitric(v) acid and orthophosphoric acid. 5.
In a process for etching silicon or a silicon substrate using an aqueous
aci d gt chi A8e Procsssof 61388 pp herebs A BOBTSS o FRUBEPYS PIERSFuri ¢ aci d and

either or both nitric(v) acid or orthophosphoric acid, wherein during said
process the concentration of said hydrofluoric acid decreases and the
concegtrati,on of ter.i.ncrease t he. 1 npr o t conprisi repl.eni shi ng
sai'd Bydrofmast R SRR AR B RUERRs SR Gy el

conce ! T process of claimb5, wherein said hydrofluoric acid is
repleg§g%%3%&ﬁF&8$§§§reasing said water concentration by adding
fluorosulfonic acid to said acid etching m xture, so that said

fluorosul fonic acid hydrolyzes to form hydrofluoric acid and sul furic acid,
t her ehy. WOTH84diQ édBhgRhikil/SaS £14R6b%N cladim ©0 BisdiAdtEYizcdah eHat tHe Wwaduettehhe
concentration thereog whil e increasing said concentration of hydrofluoric
aci d. isfredided fionog Bgherodoncémratiod to shaneum fioai abduk U x@shout difcamsiiad | s added
periodically in quantity that naintains the water content of said acid

et chi nyxtureducther cosweises mitriofv)casrbinaantamount from about 20 to about 40%, sulfuric

acid in an amount from about 5 to about 35%, hydrofluoric acid in an amount from about 5 to
about 25%, and orthophosphoric acid in an amount from about 5 to about 20%, wherein the
total amount of all components present in said etching mixture is 100% (by weight).

11.  The acid etching mixture as claimed in claim 9, characterized in that the water content
is reduced from a higher concentration to an amount from about 0.1 to about 15%, and said
etching mixture further comprises nitric(v) acid in an amount from about 0.1 to about 10%,
sulfuric acid in an amount from about 70 to about 95%, and hydrofluoric acid in an amount
from about 1 to about 15%, wherein the total amount of all components present in said

etching mixture is 100% (by weight).

12.  The acid etching mixture as claimed in claim 9, characterized in that the water content
is reduced from a higher concentration to an amount from about 0.01 to about 0.05%, and
said etching mixture further comprises fluorosulfonic acid in an amount from about 0.1 to

about 30%, nitric(v) acid in an amount from about 0.1 to about 50%, sulfuric acid in an



8. The process of claimb5, wherein said process is a continuous process. 9.
An acid etching mxture prepared by adding fluorosulfonic acid to an
aqueous awpd3/1cand ai ni ng conposition. 10. The aci d et chi ngcmusosn®mas
claimed in claim9, characterized in t4hat the water content is reduced
froma higher concentration to an anount from about 15 to about 35% and
said mxture further conprises nitric(v) acid in an anount from about 20

to ab ?ﬁﬁ&urﬁ.(}%’m aw&lft 4th GborR Go h??ﬁﬂu@r‘i@m irf Mmlagg %nﬁazﬁgg}; slg%&ou?ﬁ%

hydr o oric acid in an anount”from about 5 to out
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total amount of all conponents present in said etching mxture is 100% ( by
vei ghtgmpdnknts PieseACindaidt stdHiMgmiNtaieds B00s (5 weighe. in claim 9, characterized
in that the water content is reduced froma higher concentration to an
amount from about 0.1 to about 15% and said etching m xture further
conprises nitric(v) acid in an anount fromabout 0.1 to about 10%

sul fuddc adimethod for etolmingwili¢anomazmon sTigstiate cinmprisingS¥ntaghng saydisibitdruor i c
acid in an anbunt from about 1 to about 15% wherein the total anount of
al | cenpbemriubstptewithtanjagidstehing @ixdwiemgenirsd ascerding to tlompropsss aerlgimed 12
The acid etching mxture as clained in claim9, characterized in that the
wat er @Rt s reduced from a higher concentration to an anount from
about 0.01 to about 0.05% and said etching m xture further conprises
fluorosulfonic acid in an anmount from about 0.1 to about 30% nitric(v)

acid in an.amupt .from about .0. 1.1 0,about. 50% .. sul furi cidin an WO

03/ 103300 PRA i BBt teiatiplh RSl aRb it e B S tmShyar of 1 or i ¢
acid i nt . fi i t 5 to about 30% and orthophosphoric acid in
an angﬁgﬁgf?ggﬁﬁc?%“@%@?p§ﬁérein the total anmount of all conponents
present in said etching mxture is 100% (by weight). 13. A nethod for
etching silicon or a silicon substrate conprising contacting said silicon
or silicon substrate with an acid etching m xture prepared according to the
process as claimed in claim6. 14. The nethod as clainmed in claim13,

characterized in that said nethod is a spray etching or a spin etching
process.



