|  Method for reducing and honogeni zi ng the thickness of a sem conduct or

| ayer which lies on the surface of an electrically insulating material 5
The present invention relates to a nethod for thinning and planarizing a
sem conductor |ayer by neans of an etching treatnment with locally
varying material erosion. An exanple of a technol ogically rel evant

sem conductor layer is 10 the functional |ayer of an SO wafer (SO =

Sen1conduct I nsul at.or ,or Sil.i n on In uIat As their functiona
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t hi ckness of the sem conductor |ayer varies 15 as a function of the

conponents to be processtectpicallytingnlating materiakade bet ween
so-called thin filnms (less than 100 nm thick) and so-called thick filns
(from 100 nmto about 80 m thick). Either the base wafer may consi st

entig el yhef pagsesrt echvéneiby rajutesi bg aohethad {66rtBXAAPhE §hass,
quart z, 20 sapphire) or it may for exanple consist of a sem conductor
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sen conéyg%%eh@yfitltzylégafi}e%gw%ymaeéyigi | Dgobaygr - The

electric y rnsulating consist of silicon
oxi de. 25 The sen1conductor Iayer of an SC] waf er must have a very

honngeneous t hi knegs as far as the ﬁ;ternnst edge region. Particularly
in the fRsEXVFPIPEoAdbRERROagEFRL tﬁe%¢V%%?c%%%§§ BRUGHOT nhRBRT | 85,
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very greatly in the even of i nhonogeneous [ ayer thicknesses

absol ut énshl akpessr SblecamcenfbmS&IhtmaTerssmxhhlrhfunendonhlckayer

Sen]conggftwafers comprise a semiconductor layer, for example a
gsilicon layer, which lies on one surface of a base wafer (or
handle wafer). The thickness of the semiconductor layer varies

15 as a function of the components to be processed. Distinction is
generally made between so-called thin films (less than 100 nm
thick) and so-called thick films (from 100 nm to about 80 um
thick) . Either the base wafer may consist entirely of an
electrically insulating material (for example glass, quartz,

20 sapphire) or it may for example consist of a semiconductor
material, preferably silicon, and merely be separated from the
gsemiconductor layer by an electrically insulating layer. The
electrically insulating layer may, for example, consist of
silicon oxide.

25
The semiconductor layer of an SOI wafer must have a very
homogeneous thickness as far as the outermost edge region.
Particularly in the case df semiconductor layers with a
thickness of 100 nm or less, the transistor properties, for

30 example the threshold voltage, vary very greatly in the event
of inhomogeneous layer thicknesses. The absolute thickness

tolerance for S0I wafers with thin and thick semiconductor

layers depends on the layer thickness.



| ayers depends on the layer thickness. 2 In order to be able to
integrate as large a nunber of circuits as possible, the requisite |ayer
t hi ckness honogeneity nmust furthernore be ensured as far as the vicinity
of the edge of 5 the front side. This in turn nmeans a very snall edge
exclusion. The termfront side of an 30 wafer refers to the side which
carries the functional |ayer, on or in which electronic conponents are
subsequent |y produced. 10 Al known nethods for producing SO wafers
attenpt to adjust a sufficient honbgeneity of the sem conductor |ayer

directl ¥n ogbikRoughbkonbe¥t EBNMENEEGHEEEMBBL $akheMBY niRLBRRCBES ALY chetgarry
out a post-treatnent of the finished or sen1ﬁrocessed SO wafer in order
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greater 20 etching erosion being ErOVIded at positions w th a higher
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I ch a gaseous etc ant 1Is | ivéred oca EP511777A1
descrlbeompbhedsS|arahsubséhaeﬂﬁlyeprodndadtor | ayer of the SC] wafer is
exposed surface-wide to an etchant. This etchant nust however be l|locally
activated by a |aser beamor a light beamfroma light source, which is

f ocygedahy AoR! fneghogksksm %ahelﬁga@mnaakeessaefc@ﬁ@t tBhak aeemacal
etching). 30 All nethods in mﬁ h the surface of the sen1conduc? | ayer

sufficient homogeneity of the semiconductor layer dlrectly,
although for extreme requirements it may be necessary to carry
out a post-treatment of the finished or semiprocessed SOI wafer
in order to improve the thickness homogeneity further.

15
A plurality of methods for the post-treatment of an SOI wafer,
with the aim of improving the layer thickness homogeneity, are
known in the prior art. Many of these methods involwve local
etching methods while scanning over the SCI wafer, greater

20 etching erosion being provided at positions with a higher layer
thickness: according to US2004/0063329A1, in a dry etching
method, the surface of the SOi wafer is scanned with a nozzle
through which a gaseous etchant is delivered locally.
EP488642A2 and EP511777A1 describe methods in which the

25 semiconductor layer of the SOI wafer is exposed surface-wide to
an etchant. This etchant must however be locally activated by a
laser beam or a light beam from a light source, which is
focused by an optical system, while scanning the surface
(photochemical etching).

30
All methods in which the surface of the semiconductor layer
needs to be scanned, in order to achieve locally varying

etching erosion, are very time-intensive and therefore cost-



needs to be scanned, in order to achieve locally varying etching
erosion, are very tine-intensive and therefore cost 3 intensive.

Furt hernore, scanning requires an el aborate novenent of the |ight source
or the nozzle, on the one hand, or the SO wafer on the other hand. 5
Furthernore, additional inhonobgeneitied of the |ayer thickness occur
particularly in the edge region of the layer, i.e. ina regionup to 5

nm away .from the mgfe edge, as well ,as in the regions where the overlap
takes pREEEREAYEngt PRENEEIRAFN SCRBPLNG FEGUAZRR; BknElebarassomayemant

layer tBircknessiBaengsnetky oof thd ABzBMel Scachhevedeananndi B t8e sor
EP488642A2 w t hout specifying an edge exclusion. According to
EP51177vAferf e heapeherhhekdess of 108 nm a | ayer thickness
honogeneity of 8 nmis achieved w thout specifying an edge exclusion. 15
DE102004054566A1 descri bes a nethod for planarizing a sem conductor
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t hi ckness_are reguc d by the gosition-gegendent erosion rate. _This J
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the costs: a thickness neasurenent before the etcﬁlng, tﬁe producti on of
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descri be thod ino which,the silicon |ayer of _an SO .wafer .is etched
wth sifil t8AcBle Bxpa¥Ere Bt ckResenfopgucheity of 8 Am is achieved

without specifying an edge exclusion.

15 DE102004054566A1 describes a method for planarizing a
semiconductor layer, in which - after position-dependent
measurement of the thickness of the semiconductor layer - the
SOI wafer is etched while exposing the entire surface of the
wafer. The erosion rate of the etching treatment depends on the

20 light intensity on the surface of the semiconductor wafer, and
the light intensity is set position-dependently so that the
differences in the previously measured position-dependent layer
thickness are reduced by the position-dependent erosion rate.
This method corrects local thickness differences of the

25 semiconductor layer very effectively, although it requires
additional outlay which increases the costs: a thickness
measurement before the etching, the production of a mask for

the exposure and an exposure device.

30 JP09-008258A describes a method in which the silicon layer of
an SOI wafer is etched with simultaneous exposure of the entire
gurface, and its thickness is homogenized. The process is self-

regulating, because the etching rate depends on the number of



surface, and its thickness is honogenized. The process is self-
regul ati ng, because the etching rate depends on the nunber of 4 holes
(i.e. defect electrons, that is to say positive charge carriers) which
are generated by the light, and therefore on the volune illum nated and
consequently on the local silicon |ayér thickness over the insulating

| ayer. Below a particular 5 residual thickness of the silicon |ayer, the

quantité &f cgar%e c%rrier generated bé the light is no.longer
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etching, and no mask, although the etching device must still be
constructed in such an elaborate way that that light can be

15 shone in.

It is therefore an object of the invention to homogenize the
semiconductor layer of an SOI wafer, without requiring
elaborate auxiliary equipment such as illumination devices.

20
The object is achieved by a method for reducing and
homogenizing the thickness of a semiconductor layer which lies
on the surface of an electrically insulating material, wherein
the surface of the semiconductor layer is exposed to the action

25 of an etchant whose redox potential is adjusted as a function
of the material and the desired final thickness of the
semiconductor layer, so that the material erosion per unit time
on the surface of the semiconductor layer due to the etchant
becomes less as the thickness of the semiconductor layer

30 decreases and is conly from 0 to 10% of the thickness per second
when the desired thickness is reached, and wherein the method
is carried out without the action of light or the application

of an external electrical voltage.



30 decreases and is only fromO to 10% of the thickness per second when
the desired thickness is reached, and wherein the nethod 1is carried out
wi t hout the action of light or the application of an external electrical
voltage. 5 The method according to the invention may be enpl oyed for
sem conductor wafers made of any materPals which are applied on an
electrically insulating layer or an electrically insulating base
material, This. applies, .for exanple, to all SO fers. .5 Their
funct!ohgﬁ W&?BPQCBHnggéﬁgftge EOHBUEPEFO Payi ?.e$ﬁé°Y§ mt@8nduct or
mat eri akeRfebatabtyrcRAkakresmaRe BF ARyCmatHR$h2BCHHiVWRI GReakppIckachad
fromthe group: silicon, germanium silicon carbide, I11/V conpound
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or nitride 0 be.used. 20 In the case of an SQ. wafer produced
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the layer fromthe rest of the dondor wafer. In the case of an
waf er, thesastbBodfapedrdiedgstidicbe.i Fhenmebhodayapeadempbbredseit fioone or

nor e thghnal. roceasgs for surfac
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gOI layers with a thickness of more
than 1 um which, for example have been produced by unilateral
grinding or etching after the bonding of donor and base wafers,

15 and which have functional layer thickness variations that are
too large for particular applications. The electrically
insulating material below the semiconductor layer is generally
gilicon oxide although other materials such as metal oxides, or
nitrides, may also be used.

20
In the case of an SOI wafer produced by transferring a
semiconductor layer from a donor wafer onto a base wafer, the
method is carried out after bonding the wafers and separating
the layer from the rest of the donor wafer. In the case of an

25 SOI wafer, the method according to the invention may be
combined with one or more thermal processes for surface
smoothing or for reinforcing the bonding force and/or with one
or more oxidation treatments for thinning the semiconductor
layer. It is preferable for no polishing to be carried out

30 after the method according to the invention, so as not to

deteriorate the planarity again.

The method may also be employed for SOI wafers which have been



snoot hing or for reinforcing the bonding force and/or with one or nore
oxidation treatnents for thinning the sem conductor layer. It is
preferable for no polishing to be carried out 30 after the method
according to the invention, so as not to deteriorate the planarity
agai n. The nethod may al so be enpl oyedé or SO wafers which have been 6
produced not by transferring a sem conductor |ayer but by ot her

t echnol ogi es, for exanple SIMOX. The nethod nmay al so_be npl oyed when
the SenPeoRUGEFoPCEaPYr CFENAEEEEAPTnaL SETOFOPALCTRRL LAUCRAPEE Bt OBHFY
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it i thbeeebar 9639katectomaﬁ gqaﬁgnbfoeﬁb fheBirnggdeniseechen Which
a single SO wafer or a plurali waf ers simultaneously can be

tr eat edetchiggupséionwi t hout actlon of 15 light" does not nean that the
met hod nust be carried out in conplete darkness. The action of daylight,
or conventional artificial light used for roomillum nation, has no

effect The mbehsdcaessrdiegt Be ebendnvenviiahi ikt yaekikheowet kednaaeor di ng
to the invention, and_is of course perm ssible. The nethod 20 according
to the FhGeAFEdRNIBES1AGhthoNBYEr ORNRELASetBE PREAL LOF0aRCESChARSh, by
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applyln%here é&gngL81£T%t£gC%LeVO|tagventlonal etching device, in

which a single SOI wafer or a plurality of SOI wafers
simultaneously can be treated. Of course, “without action of

15 light” does not mean that the method must be carried out in
complete darkness. The action of daylight, or conventional
artificial light used for room illumination, has no effect on
the success and the economic viability of the method according
to the invention, and is of course permissible. The method

20 according to the invention does not however make use of light
sources which, by their intensity and wavelength, generate

charge carriers in the semiconductor layer that contribute

significantly to the etching reaction.

25 The method according to the invention is carried out without

applying an external electrical voltage.

The method is preferably carried out with a liquid etchant. In
principle, the etchant may also be added for example as a gel

30 or gas. According to the invention, the redox potential of the
etchant is adjusted either so that the material erosion on the
surface of the gsemiconductor layer due to the etchant

automatically comes tc a stop as soon as the desired final



The nethod is preferably carried out with a liquid etchant. In

principle, the etchant may al so be added for exanple as a gel 30 or gas.
According to the invention, the redox potential of the etchant is
adjusted either so that the material erosion on the surface of the

sem conductor |ayer due to the et chant ’ automatically conmes to a stop as
soon as the desired final t hi ckness of the sem conductor |ayer is

r eached so _tha rosion becones s | ow when. th
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5 wafer fromthe etchantg W t hout thereby exceeding or falling below
g
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reaction s armunt to nore sire

thlcknewafeslﬁcemtbaetenehhaken tvochdGtmehaakby ekopptiggt be €hibing
reaction i s at_nost one _second &for exanple in order to renpve the wafer
from t hBe&P¥h5RE) dephrefnEingnt ERECKReEReinnd BV o d8sEiondfafantor

the EtC?bﬁggrSEE§b9T gﬂggoEQQQhTﬁg hﬁﬁlﬂﬁﬁ'ﬁé rEk“athH'€§E§258 &;2ﬁ 0

sem conduct l'ayer t SO sna I't only amounts to
and 10%&etmuhetﬁhgckhesetohingereautmondahbuldlayErampantSEOOmdre than
Express

in abso te nu th ching rate en_reachi t he
ook 1 i 5 CH RO TSRS EE S LA ot A
betW@eannaa@1% BHbB%&n@eﬁﬁﬁdetgﬁlﬁé w@hbtbsndggcatbﬁesﬁebaw sacsfit abl e
r edox potentla ma e achieved by a suitable choice of the conposition

of the épﬁhaﬁamplﬂ par ordegrako removenshet wafies romhehet ehahend) , @helr
Fedox poLentTRreBF PR BPCRARERRIPN be 28 Hefrmi ARy SSEenPPabroiybi ts
pH. In bb@ﬁ@oﬁaﬁﬁén tBAching the desired final thickness of the
semiconductor layer to be so small that it only amounts to
15 between 0 and 10% of the thickness of the semiconductor layer
per second. Expressed in absolute numbers, the etching rate
when reaching the desired final thickness of the semiconductor

layer should preferably be between 0 and 1 nm per second.

200 As will be described below, a suitable redox potential may be
achieved by a suitable choice of the composition of the
etchant. In particular, the constituents of the etchant or
their concentrations, or both, may be selected suitably. In
moat caseg, the redox potential of the etchant will be

25 determined essentially by its pH. In these cases, the
concentrations of the constituents of the etchant will be

selected so that a suitable pH is adjusted.

It is possible to select the pH of the etchant at the start of
30 the etching treatment according to the invention so that a
comparatively high etching rate is obtained. In the course of
the etching treatment, the pH of the etchant and therefore its
redox potential may subsequently be modified, preferably by



concentrations of the constituents of the etchant will be selected so
that a suitable pHis adjusted. It is possible to select the pH of the
etchant at the start of 30 the etching treatnent according to the

i nvention so that a conparatively high etching rate is obtained. In the
course of the etching treatnent, the §H of the etchant and therefore its
redox potential may subsequently be nodified, preferably by 8 adding

. % eaS|Qg t he ,concentration of) one of its constituents, so that
the etcﬁ AdnPatd - Bi edFRERRANPARBE CORESRETALIPE Phe PReRE dSuhen t he

desir edcbhagliclighes, LB ekaRSEnbSetenchadraPeelsbahhy, chgveyspe the pH is

not 5 nodified during the etching treatment, i.e. preferab
subst aneescadéngddedthki Leveheiehciwhey theadﬁsmredsfhaaﬁglayamried out .

The redox.potential further.no the te r at 10 According
6 Nor nePBRBE s, R repRBeRaaBE oS GEaR Yl BPYSVEF opbRE: BHar 5 8Ehe
tenpﬁrahua@flzaeddeshgeehélaabh&hgckaeaemeﬂey @deltFeegb&ﬁb@9 haf | uenced
in this way. If the sem conductor |ayer contains silicon or éeven

essentl§Pb§tamge§oﬁgﬁsﬁ§d§ﬂ whiileohhewatchingytseatmentse isebgdpoad), then
t he gggaeargpgrably contains one or nore fluorine conpounds. In
partlcu an etchant which contains hydrogen fluoride (HF) and a
fluoride salt is preferred in this case. For practical reasons it is
preferable to _use water as a solvent, although 20 water is not a
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If the semiconductor layer contains silicon or even essgsentially
15 consists of silicon (which may of course be doped), then the
etchant preferably contains one or more fluorine compounds. In
particular, an etchant which contains hydrogen fluoride (HF)
and a fluoride salt is preferred in this case. For practical
reasons 1t is preferable to use water as a solvent, although
20 water is not a mandatory constituent. The fluoride salt is
preferably ammonium fluoride (NH,F). Other salts are also
possible in principle, although NH,F has the advantage that it
is used in the semiconductor industry and is therefore
available with the necessary specifications, that it makes it
25 possible to adjust the pH when mixed with HF, and that it acts

as a pH buffer when mixed with HF.

For different semiconductor layers, other etching solutions are
necessary. For instance, germanium can be etched for example

30 with hydrochloric acid (HC1/H;0) or with an agueous golution of
hydrogen chloride and hydrogen peroxide (HC1/Hz0,/H;0), gallium
arsenide (GaAs) can be etched for example with an aqueous

solution of phosphoric acid and hydrogen peroxide



as a pH buffer when m xed with HF. For different sem conductor |ayers,

ot her etching solutions are necessary. For instance, gernmanium can be
etched for exanple 30 with hydrochloric acid (HC1/H20) or with an aqueous
solution of hydrogen chloride and hydrogen peroxide (HCl/ H202/ H20),
gallium arsenide (GaAs) can be etched_ for exanple with an aqueous

sol ution of phosphoric acid and hydroggn peroxide 9 (H3PQ2/ H2Q2/ H2O) or
wi th an aqueous solution of nitric acid and sulfuric acid

( HNGB/ H i c t tha
m Xt ur e%g? b%lqg }eﬁnz chI or P@Zﬁlgng“ (dn o%%él?lgéio %%Jﬁg{:}é) or V\nr}
aqueousssdatﬁurnonaoﬁdS HY O O8O, ¢HL©)r [ J:ke:lmmi p’hdiSpthdEl dIzQHCléériN(Bé HZO)
The nethgd agcgrding to_the |a;ent|on wi || ﬁ 8escribeg det ai_l bel ow
wi th refEFBREeIPE GEBMBhESHE thafePS*WHFR SF| P¥BROIEHNE FBﬁéﬁeI39€rs and
etchantgn@@gﬁeree KEiQr ﬁh%EHQ@og1%huaﬁ%h e %@%@%ﬂ Kihaugh g may

al so be applied to other | ayer structures, other sem conductor materials
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Brief Description of the Figures

15 Fig. 1: band bending in p-doped silicon upon contact with

hydrofluoric acid (hydrogen fluoride, HF, in aqueous solution).

Fig. 2: band bending in n-doped silicon upon contact with

hydrofluoric acid (hydrogen fluoride, HF, in aqueous solution).
20

Fig. 3: profile of the space charge zone in bulk silicon

material.

Fig. 4: profile of the space charge zone in the functional

25 layer, consisting of silicon, of an SOI wafer.

Fig. 5: sketched profile of the band bending inside a silicon

wafer upon contact with an aqueous HF solution.

30 Fig. 6: sketched profile of the band bending inside a silicon
wafer upon contact with an aqueous ammonium fluoride solution

(NH4F) .



waf er upon contact wi th an aqueous ammoni um fluoride solution (NH4F). 10
Fig. 7: dependency of the etching depth d (in nm in the 100 nm thick
silicon layer of an SO wafer on the pH of the aqueous etching solution
used, conprising a m xture of 5@6stren?th HF and 5% strength NH4F, at a
tenperature of 25C after an etching 5 ®me of t = 5 min. The curve
represents an exponential fit of the dependency. Fig. 8: profile of the
et chi ng
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of &n SOmewafet £0F mﬂneomheetahvagrapkaQEﬁﬂs sanpxpshagtrihit giesofof 5%
strengt h, HF _and é@bstrength NHAF sol utions and with 20 different pH

val ues hP©a9fBRPEFAFYre of 10C. Fig. 10: profile of the etching depth d
(in nm wth the reaction tinet (inmn) in a 100 nmthick silicon

| ayer of an 50 wafer for an aqueous etching solution conprising a
nixtureF2§ oB: Sp&sfiéﬁgoﬁ tReaatdcb¥%ngt depghhd Nid#& amDuWﬁbhsthEth a pH of
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the 100 nm thick silicon layer of an SOI wafer. The pH was
adjusted to a value of 5.5. The temperature was kept at 25°C.
The straight line represents a linear extrapolation of the
measurement values up to t = 60 min.

15

Fig. 9: profile of the etching depth d (in nm) with the
reaction time t (in min) for a 2200 nm thick silicon layer of
an SOI wafer for aquecus etching solutions comprising mixtures

of 5% strength HF and 5% strength NH,F solutions and with

20 different pH values at a temperature of 10°C.

Fig. 10: profile of the etching depth d (in nm) with the

reaction time t (in min) in a 100 nm thick silicon layer of an

SOOI wafer for an aqueous etching solution comprising a mixture
25 of 5% strength HF and 5% strength NH,F solutions with a pH of 4

and a temperature of 10°C.
Preferred Embodiments

30 Silicon (Si) is an indirect semiconductor with a bandgap of
1.12 eV. The behavior in contact with an electrolyte can
therefore be explained very clearly by the band model. If

silicon is brought in contact with agueous hydrofluoric acid



silicon is brought in contact with aqueous hydrofluoric acid 11 (HF),
for exanple, then equalization of the electrochemcal potentials takes
place at the interface between the silicon and the electrolyte. In order
to prevent the enmergence of freely nobile charge carriers fromthe
silicon, a space charge zone is 5 formd¥ at the interface. An excess
charge Qin the formof static charges is then fornmed in the space

char ge , i..e. _there are no |onger any freely nobile charge carriers
t here. %$ﬁﬁs F?rcgﬁﬁpgﬁgd Sﬁephgqgﬁg&FPgFéPeogiBéeoﬁgﬁﬁgrpﬁgg%ﬁgé by an
opposi t otkatdalsQtakekhplbeensef cae eheekrakkt betdedhl ent0sliayebn Bakess
a solution is extrenely dilute, it will contain a charge carrier
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| evel ) or f .t ud h C n th l.ec e_side.can
therefopéb%gecggggﬁgafg%ggg%g §§0§ gg?yggggﬁoﬁay%rgpﬁcgh%Eggﬁgezgpgalgew
nanosret €ogmedld abnthiee iatkelf ahandAnf ekcaedecahegtoQl aw dhei figsm blie space

charge zone in silicon extends over a depth of the order of one,
ni cr omeB&RL1EnEhaREree 18 EBER E2FMBEt éRt FAR, SRAFEHCR8Tdke Z0B t ReSchar ge

QIn thenght 698 ABAGENERAT dfyZ20LAYAnbRT1 E0cRAPER! ALYLLE A0URLEl aVer,
therefore falls off within t silicon. This poténtia rop in the space
charge Zbne df thenterkdcon ¢heaelschbacdybendidg pihisictie tineesifhiceoby at

the interface between_ the silic and the _electrolyte (Fi,gs.1,.2). 25
For p- dBfeBPEPFREN CRFES 1D 1nensaterleohndng BHGEEEPON HandSUbEE and 2
respect nweky). ahikbe § sbtucRber iacexaremetyvadiuevarde LWwer ceheathog
energi es (downward). The silicon surface is therefore depleted of holes.

For n-depedgsi crevaetFrgneentrafionhwhirheexhgads thatbandsidieovur ved
ouard NLgIenashecthonn®aBReLg F3ve RY b I0et LiCRlgRYLLARS e
charge on the electrolyte side can therefore be compensated for
by a very thin layer in the range of a few nanometers.
15
On the other hand, for moderate to low dopings, the space
charge zone in silicon extends over a depth of the order of ocne
micrometer. The entire electrical potential, which is due to
the charge Q in the silicon space charge zone and the
20 electrolytic double layer, therefore falls off within the
gilicon. This potential drop in the space charge zone of the

gilicon entails band bending inside the gilicon, at the

interface between the silicon and the electrolyte (Figs 1, 2}.

25 For p-doped silicon (Fig. 1), the valence and conduction bands
{1 and 2 respectively) at the Si/HF interface are curved toward
lower electron energies {(downward). The silicon surface is
therefore depleted of holes. For n-doped silicon (Fig. 2), on
the other hand, the bands are curved toward higher electron

30 energies (upward). The silicon surface is depleted of
conduction band electrons. The symbols 3 and 4 respectively

stand for the ionized dopant atoms.



conducti on band el ectrons. The synbols 3 and 4 respectively stand for
the ionized dopant atons. 12 The contact of HF with p-doped silicon
having a resistivity of fromO0.5 to 1 Qxmleads to a space charge zone
wi dth of about 1 mcronmeter. Al though the surface is depleted of holes,
it could nevertheless still be etchedIBy the HF solution. The required 5
hol es conme fromthe bulk of the silicon, where they are thermally
regener d. ner.a vs, of dissoelving_silicaon_are avai.lable. On
t he one%%%ngosgﬁggoﬁfngg bﬁ%&t a??@&daﬁaﬁnggo 93&n§iFe5FF§F%lfat¥h8%on

the ot héromands the 1r Quire letdsotn Bg spadedchaebel 2gne Wideh difoxbdat 1
(Si2) may be adopted. In acidic solutions containig& hydr of | uori c acid,
the di r BECTPBREET-cddSPONER the purfacswist dsPAg§test 84 SPlgshewtt ERUAE of

a nnini%ﬁV%?tﬁ%lés% EE%11+b% gggkgbfg GLh%'H?g%ow%t&%hyQF%¥f1% 29%eqd

process Is therefore recomren etching wth uoric acid.
In asfi heflest eprsi frconthe oxil#i odd the Badncos, | whemredittvelydareand t he
latter i SUbii uently dissal ved by 20 the hydrofluoric acid. Si + 6 HO
+ 4 h EhETER 4rﬁ§®¥‘eE§)te%$ioz+4HF: SiF4 + 2 HHO(3) SiF4 + 2 HF +
2 RO [SiF6]2- + 2 H3O (4) 25 The rates of this reaction path are a
factor of 1000 to 10000 higher than for direct dissolving of silicon
accor di 3§ gencReact tye Ravat cdndispolpasgi sa likensiprel vanddablexi Snence

of both,reaction_paths, therefore, .th i.r.ect .di.ssol vin b, 30

negl oot Se P, AR s eIy ER: ok A gRet Bhal T 33al g8 Bt a0t

to tihe sind e@nthayethel aandQ thef ebutel BEe farmihgSandnteskaleing
silicon dioxide (SiQ;) may be adopted. In acidic solutions
containing hydrofluoric acid, the direct route leads only to

very low etching rates of a few tenths of a nm/min.
15 Si + 2 HF; + 2 HF S [SiF¢]® + 2 H, (1)

A two-stage process is therefore recommendable for etching with
hydrofluoric acid. In a first step silicon is oxidized to form
gilicon dioxide, and the latter is subsequently dissclved by

20 the hydrofluoric acid.

Si + 6 H,0 + 4 h* & 8i0; + 4 H;0" (2)
810, + 4 HF 5 SiFy + 2 H0 (3)
SiFy + 2 HF + 2 H,0 5 [SiFe]l® + 2 H0" (4)

25
The rates of this reaction path are a factor of 1000 toc 10000
higher than for direct dissolving of silicon according to
Reaction Equation (1). Despite the simultanecus existence of
both reaction paths, therefore, the direct dissolving may be

30 neglected.

In principle all these congiderations may be applied directly

to the silicon layer of an SOI wafer, =ince an HF/Si interface



13 is still involved. However, the behavior is not conparable to that
of the bulk material. The crucial difference between bulk material and
SCI material resides in the thickness of the functional layer. 5 The
band nodel per se is naturally retained even for a thin |ayer. However,
the ratio of the space charge zone wi dtlh to the thickness of the silicon
| ayer changes. Wil e the space charge zone in bulk material can extend
over the enti.r thlcgnes 10 the con wafer, (Fig. 3), in_the case

of an 5P Wi EVES ot 89 4 TR FRTPATGRAE IF8yer

(Fig. 4khatobf e eIk ked el St'I‘h\é' wu@eqedltfff%z%@e%e b%ft%% ER1% 1 N
bulk material is at |east an order of magnitude | arger than the

t hi cknegwtefripfe ahghSOlomalt sirdpdr refsigiesSdn wikethitknsisscofothe t he

char ge ri nsi the functional |ayer need to be considered in the
case of%%a e %glbgng%bendlng and the space charge zone width are al so
correspondlngly | ess. The redox potential at the interface between the
etchant and the 20 silicon is therefore _shifted, which has a
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hydrofluo c acid are'fully retained even hi n S|I|con ayers.
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t akes pl ace via of the _two nmechanisns, ect or .indirect
i Ssol VERGe Fio ke datEdqa 687 GRCARS CURT ChfePHELTEl SIS Gfe
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very 30 limted reservoi r, hovvever since their nunber varies
propor t ildmiltied teo the rdligkaesis sifi itden fonesénmall flaplee (Fig. 4). For

the described resistivity range, the space charge zone in bulk
material is at least an order of magnitude larger than the
thickness of the functional layer of an SOI wafer.

15
Since only the charge carriers inside the functional layer need
to be considered in the case of S0I, the band bending and the
space charge zone width are also correspondingly less. The
redox potential at the interface between the etchant and the

20 silicon is therefore shifted, which has a corresgsponding effect

on the reactions that are possible.

The model assumptions concerning the process of dissolving
silicon by means of hydrofluoric acid are fully retained even

25 for thin silicon layers. The dissolving of silicon on the
surface of the functional layer also takes place via one of the
two mechanisms, i.e. direct or indirect dissolving. The holes
required for this (h*, "defect electrons") are provided from the
functional layer. This can now take place only from a very

30 limited reservoir, however, since their number varies
proportionally to the volume of silicon present. If the
reaction at the interface takes away more holes from the

silicon than can be thermally regenerated, then the absolute



reaction at the interface takes away nore holes fromthe silicon than
can be thermally regenerated, then the absolute 14 nunber of holes in
the functional |ayer decreases until any hole that is generated is

i medi ately accelerated to the interface. For a rapid reaction, this
means that the space charge zone woul d extend over the entire thickness
of the 5 functional layer. If the reactiton takes pl ace nore slowy, then
t he space charge zone width can also be snaller so that sonme of the

functiongl @e/eaf%uh dugs Q. *ﬁyaecédle&ﬁ]mb@ngﬁ Qe S LANLLEIS- 5 D The

wi dt h of t he space charge zohe 1 nsi lonal Tayer i's crucia
for the lprloperhates ofgdrierdumitionaimddiysarel yt reddee eratathltcates t he band
bendi ng ] eads_to dffletlon of .holes or electrons at the interface. Om ng
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W th pH thatfurRadiparatds ortithud M HPMCtfed aydils cn{ae;s%r ved
during an etching tinme of one hour, i.e. the final thicknes t he

sem condiffored%yer is nore than 100 nm when using said etching
solution. Under these conditions, several mwould be etched on bul k
material. 25 The cl assical conbination of hydrofluoric acid (HF) and

ni triopc Tod dv:(dﬂl‘klcxijf Iﬂﬂemmdaﬁmm Zhrss alned dehaclsd | fiwrore danelr latyeroom
t enper at ur e. ncre the tenperature to about 50C leads tq the
desired Jr%sqmm\%% rig'so rgi diynptional layer. In the

normal case, the band bending leads to depletion of holes or
electrons at the interface. Owing to the subsequent flat band
potential, not all the charge carriers can follow the potential
15 profile. But if the band bending spreads through the entire
volume, then the potential will fall off across it. Full
drainage of charge carriers is therefore possible. This
situation occurs for example when etching an SCI wafer with a
100 nm thick semiconductor layer by an etching solution made up
20 of 48% strength HF with H;0, with pH 1 at room temperature: the
semiconductor layer is preserved during an etching time of one
hour, i.e. the final thickness of the semiconductor layer is
more than 100 nm when using said etching solution. Under these
conditions, several pm would be etched on bulk material.
25
The clasgsical combination of hydrofluoric acid (HF) and nitric
acid (HNO;) likewise does not dissolve the silicon layer at room
temperature. Only increasing the temperature to about 50°C
leads to the desired result within seconds. Combinations with
30 weaker oxidants such as phosphoric acid (H3PO,) or hydrogen
peroxide (H;0,) do not etch the silicon layer at room
temperature, and do so only very slowly at higher temperatures.

Conversely with strong oxidants, for example chromic acid, full



30 weaker oxidants such as phosphoric acid (H3P04) or hydrogen peroxide
(H2Q2) do not etch the silicon |ayer at room tenperature, and do so only
very slowy at higher tenperatures. Conversely with strong oxidants, for
exanple chromc acid, full 15 erosion of the silicon |layer is possible
within an extrenely short time. For pdftial etching of the functional

| ayer, therefore, 5 suitable etchants are needed. Suitable etchants nust
generate _a .band shift i.n.the functianal_ |ayer, such . that the flat band
Dot ent | AN The (s T ay BV TS 15 2OFRIRLe MR 250° %
guest i oshca®iian fl uoride (NHAF) is a 10 suitable etchant. In respect
of bulk material, it is known that an NH4F sol ution etches nuch nore
slowy than an HF solution. For the thin silicon |layer of an SO wafer,

t hi lat.i I ' ek thick SO | initial
et chi ng *rabee oLy SRR N e et ARl G0 e B e e, 15

The di f fsarienta sherwtamntan saEeRiadad.| $aiicd®120leticdhamtaneudt eticager a
fluoride soJutign - besides the different cations - resides in_ the pH of

the sol (F6h SHAttHE NS Gt iFoMAtdenR Lo 3yeT alsoeh Fhatd tae et emgt i on
has a pHRleRRQYl 16 rHRe siidiaripRll 4G R 3l Yedseqdsd o a shift in the

chemi cal” potential of the NHAF “sol ution in relation to the HF sol ution.
Fromthe literature, it is known that the band bending in silicon also

ari e i near | ith the pH The chem cal pqtential aof. the NHAF,
col Ut 1 off St die SO EAFGEEn Ok TUSE e b SAT BT i w1 BBUE) | 180R of

A e e et o Faks o e e i oand iy oy
hol es are héeHedoputioni etchas, mughi vhreealiowly bhenmbheHFspatuvtibar ge
zone MAQ&E'%%etQ%in silicon layer of an SO0I wafer, this relationship
is reversed: for a 100 nm thick SOI layer, initial etching
rates of a few nm/min can be achieved at room temperature.
5
The difference between an ammonium fluoride soclution and a
hydrogen fluoride solution - besides the different cations -
regides in the pH of the solution. An HF solution has a pH of
about 1 and an NH,F solution has a pH of about 7. The different
200 pH value leads to a shift in the chemical potential of the NHF
solution in relation te the HF solution. From the literature,
it is known that the band bending in silicon also varies
linearly with the pH. The chemical potential of the NHF
golution matches the potential of the band bending of the
25 silicon of the functional layer better than the potential of an
HF solution does. At the same time, the reaction takes place
more slowly and only a few holes are needed per unit time,
which leads to a smaller space charge zone width in the
functional layer. The flat band potential is maintained in the
30 functional layer (Fig. 6). The etching of the functional layer
therefore takes place similarly as that of the bulk material.
In comparison with the etching of bulk material by an HF

solution, however, it occurs much more rapidly.



functional layer. The flat band potential is maintained in the 30
functional layer (Fig. 6). The etching of the functional |ayer therefore
takes place simlarly as that of the bulk material. |In conparison with
the etching of bulk material by an HF solution, however, it occurs nuch
nore rapidly. 16 Adjusting the pH provi®des the opportunlty to optim ze
the effect of the etchant further. For exanple, the pH and therefore
the etching rate nmay be varied by m xing HF and NH4AF 5 sol uti ons. The
effect of the pH on the etching rate was studied wth the aid of a

seri es Ofd{had 1S HaRAe fes0 BadIo e eeidlrthlini 5!t | S ARtz& & strength

NH4F solution. Fromthese solutions, all pH values between 1 and 7 can

be adj us%%‘%ﬁ@-’y Pledise ot ehanterBrrthexi rEPJ? &XQ‘J&PW{ hote the&ﬂ@cby af fecti ng

the 10 c 0 v:n a yer
with an 1%1&' Ia% hi c?née%ésﬂg?é 118&81: re e a&sDr?’t gﬁc | ng cgo Efjlons
t hus spr ommomspﬂoé | et eyt b wh@hpﬁﬁ eusxerﬁhe F&'tl:(:l‘iﬂig argtef iviegl ddumkidd

mnutes). The tenperature was, kept_at 25C. Fig., 7 reveals an exponentlal
rise in YHe dikhiFf Rbth LUERF .th XS 5SS a{vﬁd%cﬁmua@%thQw
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pH, for a defined time (5 minutes). The temperature was kept at
25°C., Fig. 7 reveals an exponential rise in the etching depth 4

15 (in nm) with an increasing pH, which corresponds to an
exponential rise in the etching rate with the pH. For pH=7 a
maximum of 12 nm/min is reached, although this may also be
increased further by changes in concentration and temperature.
The response to a pH shift i1s therefore the reverse of the

20 response in the case of bulk material. The redox potential at
the interface is shifted in favor of a reaction with ammonium
fluoride. An HF-NH,F solution is therefore capable of eroding
the functional layer at room temperature with an adjustable
etching rate of from 1 to 12 nm/min.

25
When the functional layer becomes thinner and thinner with
continued etching, the same effect as was found for
hydrofluoric acid finally comes into play: the number of charge
carriers remaining in the thin functional layer become smaller

30 and smaller, so that the band bending also becomes
progressively weaker. Associated with this, there is a shift in
the redox potential at the interface. Owing to this shift, the

etching rate decreases until reaction with the ammonium



continued etching, the sane effect as was found for hydrofluoric acid
finally comes into play: the nunber of charge <carriers remaining in the
thin functional |ayer becone snaller 30 and snaller, so that the band
bendi ng al so becones progressively weaker. Associated with this, there
is ashift in the redox potential at tHe interface. OMng to this shift,
the etching rate decreases until reaction wth the anmonium 17 fluoride

sol uti on.4 0,1 0 nqssi bl e, Studying the.etching depth on SO wafers
as a furl!fcth?%lﬁL% E{Lﬁlg[tlroggc s’|bonnd t]ior%g%% |“°Fsr‘9§)]teh‘i s hypothesis. Fig. 8
represents the 5 etching depth d (in nn) after various etching tinmes for
the 100 _nmthick silicaon layer of an SO wafer. The etching sol ution
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| ayer remains even with an etching tinme of 100 mn, which can be seen
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different pH values. The pH values of the etching solutions were

r espect iARAEPXIERERY stedihyi HisarpdR afitaigan RNy HHemehabout
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25 kept at %%%L%t can be seenrétsthat I‘tﬁ‘jﬂe etcﬁfeﬁgé é%fi on etz:r ases e,
then the entire 100 nm thick semiconductor layer should be
etched away after an etching time of 80 min. However, a thin
15 silicon layer remains even with an etching time of 100 min,

which can be seen from the fact that the oxide is not attacked.

Fig. 9 describes the development of the etching depths 4 (in
nm) as a function of the etching time t (in min) for SOI wafers
20 with a 2200 nm thick semiconductor layer, which were etched
with the aid of etching solutions having different pH wvalues.
The pH values of the etching solutions were respectively
established by mixing 5% strength aqueous HF and 5% strength
aqueous NH,F soclutions in suitable ratios. The temperature was
25 kept at 10°C. It can be seen that the etching action decreases
as the etching time increases, i.e. the etching rate decreases
ag the thickness of the semiconductor layer decreases. The
etching depths tend toward different limit values as the
etching time increases, i.e. different final thicknesses of the
30 silicon layer can be achieved with a different pH of the

etching solution.

This property of ammonium fluoride solutions may be employed as



as the etching tinme increases, i.e. the etching rate decreases as the

t hi ckness of the sem conductor |ayer decreases. The etching depths tend
toward different limt values as the etching tinme increases, i.e.
different final thicknesses of the 30 silicon |ayer can be achieved with
a different pH of the etching solutiorl® This property of anmmonium
fluoride solutions may be enployed as 18 an etch stop for SO wafers, in
so far as the functiagnal |ayer _ beconi ng thi nner prevents itself from

bei ng péleE e dEOhd T &th Yot &ive é‘tnc%ostyéﬁ 4& ithe nﬂw ILBYEF by
adj ust i neddMa nP hiiderd pri et NS tg faY-dn) BRI RMe3dateRf efThd th an
initially 100 nmthick sSem conductor |ayer can bé thinned in a

cont rol Idebthhvpf the sfrdossas ddtrigns glayt iben regulatiesh by @djocfstdngaghe
adj ust ed Ipy m xi ng 5% strength aqueous HF and 5% strength 10 aqueous NH4F
in a suiftabl e ratio, etches at nost about 25 nmat a tenperature of 10C
(etching depth d ~ 25 nmw th prolonged etching tine t), i.e. the

t hi ckness of the _sem conductor, Ia&qr}¥can be reduced in a contrall ed way

to 75 nhiSthild Hickiendde vay e e SPToyadieangiid e Patiwldyy a pH
f 5, f ;mmy , ':&Sﬂd | i S0 i
'?hi ckneggoog ahguctklg’(?trﬂ%&%] at g(r:? ¢l zg%)hrrgrbfl. St,&rl?n&%h(aggr’% gdr %rog{c’ﬁ%lr%g?dand

honogeniwayng Arhadusctienesshtg scderdiconduet ovhilchyer pehioth 4 iwes on t he
surface of, an 5 electrically insulati ngc mat eri al, wherein the stlll{face of

the sefBATRFG &Y Miydnd St aidsaltio AAE NG Hh 30 &F S&RIAD whose
reday PR Nifradhuat 8dieandel ¥aEEbONeLEnbBEaFREESEAbbout 25 nm at

a temperature of 10°C (etching depth d = 25 nm with prolonged

etching time t), i.e. the thickness of the semiconductor layer

can be reduced in a controlled way to 75 nm. Thisg thickness may

be controlled by changing the pH. With a pH of 5, for example,
15 the semiconductor layer is reduced to a final thickness of

about 50 nm.



and the desired final thickness of the sem conductor |ayer, so that the
material erosion per unit tinme on the surface of the 10 sem conduct or

| ayer due to the etchant becones |ess as the thickness of the

sem conductor |ayer decreases and is only from O to 10% of the thickness
per second when the desired thickness bs reached, and wherein the nethod
is carried out wthout the action of Ilght or the application of an
external electrical 15 voltage. 2. The nmethod as clainmed in claiml1,

wher ei n ghensedigapguct or |ayer contains one or nore substances which
are selected from the group: silicon, germanium silicon carbide, I11/V
conpound 20 sem conductors and I1/VlI conpound sem conductors. 3. The

met hod as ¢l ained in one cl ai ns 2, wherein_the, redox potenti al

of the droafERRochdets Fadurtin A% GrPsEeRt G Sof Hen S RCHRRE Ofo 2 The
net hod genGlRin®@ticr AladeP JhiWrengidd he chrdenr Releds aln of the etchant
is adjusted via the choice of the constituents of the etchant. 30 S. The

met héd &3 egitaileed livh msahlmtang/mt@rnatlhewma‘@m péeemuirdlacef afthéhet chant

is adju th ntr t|o S 0 |tuent h chant .
20 6. %ﬁ%ﬂnet t%% cgg% %' Og%d §O %QErgi% he 9 eﬁgkekﬁﬁFg'tial of
t he et chadse &‘e@bﬁ@@@t@@ﬁl%isﬁ@l Ia@.jﬂukétl&)d lalsS apuncandrwvid eéhe Makerial

concentrations of the constltuents of the etchant are selected so that a
sui t abl @nsHtbe dgsdgedd final thHeknesfodlashel semigoniusieroflayiedi-mse3 to

6, wherei R %%‘11%&1%@ YdeAlor! DA UrliicOR ey At e R R ¢l ce

of the tenperature
10 semlconductor layer due to the etchant becomes less as the

thickness of the semiconductor layer decreases and is only from
0 to 10% of the thickness per second when the desired thickness
is reached, and wherein the method is carried out without the
action of light or the application of an external electrical

I5 wvoltage.

2. The method as claimed in claim 1, wherein the semiconductor
layer contains one or more substances which are selected from
the group: silicon, germanium, silicon carbide, III/V compound

20 semiconductors and II/VI compound semiconductors.

3. The method as claimed in one of claims 1 to 2, wherein the
redox potential of the etchant is adjusted via the composition
of the etchant.

25
4, The method as c¢laimed in claim 3, wherein the redox
potential of the etchant is adjusted via the choice of the

constituents of the etchant.

30 5. The method ag claimed in claim 3, wherein the redox
potential of the etchant is adjusted via the concentrations of

the constituents of the etchant.



10 8. The nmethod as clained in one of clains 3 to 7, wherein the

sem conduct or | ayer contains silicon and the etchant contains one or
nore fluorine conpounds. 9. The nmethod as clained in claim8, wherein the
etchant 15 contains hydrogen fluoride and a fluoride salt. 10. The
method as clainmed in ciaim9, wherein 2he fluoride salt is anmmonium
fluoride. 20 11. The method as clained in one of claine 1 to 10, wherein
t he sem cgnduct l.ayer consists of _.p-doped silicgon,,12. The net hod as
clained%}n% ﬁem8£589a%ﬁsciaﬁ8€ 1}nwﬁé$épngfhgﬁe§8ﬁpc5ﬁﬁu5ﬁgpxlayer is the
functiopakehayan of @ReSEkcwaher is28etdrmiRedmekbedtasithabyedeinpane of
claine 1 to 12, wherein material erosion per unit tine on fthe surface of

the seAPEoWHEEESR FhpeFongentyathenst ehahtei sonssitoenssiofintiien the
deSIredekbﬂghttgkgkggigckgdrggcgﬁgt a suitable pH is adjusted.

5
7. The method as claimed in one of claims 3 to 6, wherein the
redox potential is additionally adjusted via the choice of the

temperature.

10 8. The method as claimed in one of claims 3 to 7, wherein the
gemiconductor layer contains silicon and the etchant contains

one or more flucrine compounds.

9. The method as claimed in ¢laim 8, wherein the etchant

15 contains hydrogen fluoride and a fluoride salt.

10. The method as claimed in claim 9, wherein the fluoride salt

is ammonium fluoride.

20 11. The method as claimed in one of claims 1 to 10, wherein the

semiconductor layer consists of p-doped silicon.

12. The method as claimed in one of claims 1 to 11, wherein the
gsemiconductor layer is the functional layer of an SOI wafer.

25
13. The method as claimed in one of claims 1 to 12, wherein
material erosion per unit time on the surface of the
semiconductor layer due to the etchant is from 0 to 1 nm when

the desired final thickness is reached.





