.- 1 Method for producing a |layer structure The invention relates to a

nmet hod for producing a |layer structure conprising a snoothed interlayer and
an 5 overlying layer applied on the interlayer. Layer structures of this
‘“type are produced for exanple as substrates for electronic, optoelectronic
and mcroel ectronechani cal applications. The |layers are for exanple
deposited on a carrier by neans of CVD nethods 10 or connected to the

carrier by means of borfBRPS feth RICUEIRS T tadsy SEBICEHRS substrates are

for exanple sem conductor wafers with a plurality of deposited or bonded

| ayers, in parfjicular SO _substrates (silicon_on insulatar. substrates
wih o 151 byer i A oy teErf Sbntger iR AR PVl < e med
silicon (straisedisitieoncompbitk)igand sSObotkalist ratesleyerai med sidrd con on

insulator): T QQBL' tien,of the querd ying |ayer ta.the iaterl 20
constituteg ah%¥|t|6g%§stegy%ecau§g it general?% necgssa??%y re%%ﬁ%gg t he
m cr or oughnessSefut¢hHerent Of aybis tlydse asel WA IG5 sithire. eXREP 68 s afet hods

have been propesedeatder ef g, | nedEdekoh@cheet dhiSc1sdsem@nt. anhus, in
accordance w th US2005/ 0104067 an %ﬁ?] supstrate 25 (Si on insulator) is
subj ected to ChER e CHECHATT A Chbl FRAH RGP bt PBF - t SREhe *HERSs Aot Bt~ a

| ayer of straigeshpsd | depositadondet toaradhireis, tiheamecessavy smdicdiisng. I n
accordanCEOwﬁtgrLEgg:gégQQQOZQO pgﬂéSthQrkéref£§Ct%.ans of bonding
methods. Representatives of such substrates are for
example semiconductor wafers with a plurality of
deposgited or bonded lavers, in particular SOT
substrates (silicon on insulator), substrates with a
i5 laver of 8iGe;.x (silicon-germanium) and a layer of
strained silicon (strained silicon on bulk) and sSOT

substrates (strained silicon on insulator).

The application of the overlying layer to the interlayer
20 constitutes a c¢ritical step because 1t generally
necessarily requires the microroughness of the interlayer
to be as low &as possible. Various methods have been
propoged, therefore, in order to meet this reguirement.
Thus, in accordance with US2005/0104(067 an SGOT substrate
25 (S1Ge on insulator) isg subjected to chemical mechanical
polishing prior to the deposition of a laver of strained
gilicon, in order to achieve the necessary smoothing. In
accordance with US2003/0060020, polishing 1is effected
using a magnetorheclogical fluid (MRF) in order to reduce
30 the microroughness further. What is disadvantageocus about
these methods 1s the outlay which they reguire.
US 6,995,077 describes a method which serves especially
for smoothing semiconductor wafers composed of
monocrystalline gilicon prior to the depbsition. of an
35 epitaxial layer and comprises a treatment of the
semiconductor wafer with a mixture of hydrogen and

hydrogen chloride.
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usi ng a magnet or heol ogical fluid (MRF) in order to reduce 30 the

“mcroroughness further. Wat is disadvantageous about these nethods is the

outlay which they require. US 6,995,077 descri bes a nmethod which serves
especially for snoothing sem conductor wafers conposed of nonocrystalline
silicon prior to the deposition of an 35 epitaxial |ayer and conprises a

treatment of thge sgﬂhe@adumr \ﬁ@febr‘éﬂste&ta B Xided hydr oged apghe
hydr ogen chl ori de, %he opj.ect. wa%1 present a method of the tgg
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structure conprls ng a Snoo ayer over | ayer “applied
on the |ntérlayer wherein the |nterlayer is treated mnth a gaseous et chant

containing 10 Bydrogeant}upr kdearasmbeni alechePvalr Reidabipined, and the
I nterl ayer being snoothed. The, nethod can be applied in partlcular:¥o | ayer

structures in ¥E%t%ﬁe|nF%@P5§%%ngs fo FEOSkEChed MBS Miith Bifprides a
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10  hydrogen fluoride, a material removal being obtained

and the interlaver being smoothed.

The method can be appllied in particular to laver
structures in which an interlaver 1Is to be smoothed
15 which comprises a material contained in a group
including monocrystalline silicon, polycrystalline
silicon, sgilicon oxide, sgilicon—germanium, germanium,
silicon carbide, TIII/V compound semiconductors and
IT/VI compound semiconductors. It 1is suitable in
20 particular for smoothing monocrystalline semiconductor
wafers compesed of silicon on which an epitaxial layver
is to be deposited, or for smoothing thin lavers
composed of monocrystalline silicon which are separated
from a donor wafer after an ion implantation and are
25 transferred to a substrate wafer in order to form an
S80I wafer, or for smoothing a “crogs-hatch” on sS80I
substrates prior to the deposition of a layer of
strained sesilicon, for example, or for smoothing
interlayers or entire semiconductor wafers composed of
30 polycrystalline silicon, composed of silicon carbide or
composed of silicon dioxide prior to bonding.
Polycrystalline silicon is etched isotropically, that
is to say smoothed independently of the orientation of
the crystallites. The roughness of interlayers composed
35 of silicon dioxide which arise as a result of thermal
oxidization of gilicon is generally lower than that of
interlayers composed of silicon dioxide produced by the
decomposition of TEQOS (tetraethyl orthosilicate}.
Therefore, the application of the method for smoothing



1/ VI conpound sem conductors. It is suitable in 20 particular for snoothing
nonocrystalline sem conductor wafers conposed of silicon on which an
epitaxial layer 1is to be deposited, or for snoothing thin |layers conposed
of nmonocrystalline silicon which are sepafated froma donor wafer after an
ion inmplantation and are 25 transferred to a substrate wafer in order to

forman SO wafer, i9tdOlaamot iignaedr ans- hat chi'1 082880 paswhst hat es
prior to the de osltlon of | ayer of strained silicon, for exanple, or for

smoot hi ng | nPEFILATLETdY BRVArEo9& Sonduct or waf ers conposed of 30
polycrystalline silicon, conposed of silicon carbide or conposed of silicon

di oxi de pri or b lyiely on_is i cally,
that is to sg%l%s %ltclhre}gaye epeﬁsrdesc%ﬁaéalﬂo tﬁ%i%lsrf| garllt ?%%Bsg %‘EEEQB&
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silicate basis_is articul ar advant ageous |nterl IS treated with
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or together with the gaseous etchant. Ozone 1is

particularly preferred as oxidizing agent.

The smoothing treatment of the interlayer preferably
15 takes place in a moist environment, that 1s to say in
the presence of supplied water. By way of example,
water is sprayved onto the interlayer before the gaseous
etchant ig supplied. The oxidizing agent or the gaseous
etchant or both can bhe enriched with water, for example
20 by these substances being passed through water before
they reach the iInterlayer. Instead of pure water,
ozone-containing water may also be sprayved onto the

interlayer.

25 The etchant supplied in gaseous form may also contain,
besides  Thydrogen - fluoride, one or more ifurther
substances, for example nitrogen having the function of
carrier gas, water vapocr or ozone. It is also possible
to add additives, such as isopropanol, which intensify

30 the wetting of the surface of the interlayer. A reactor
that 1s suitable for the smoothing treatment of the
interlayer is described in US82004/0020513 Aal, for

example.

35 The sgmoothing treatment of the interlayer i1s preferably
performed at a temperature of 20 to 70°C. A temperature
range of 30 to 70° is particularly preferred because at
temperatures below that the smoothing takes place too

slowly and at temperatures above that no smoocthing
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oxi di zed beforehand or at the sane tinme in order that the hydrogen fluoride
“can di ssolve and renove the oxide layer with the formation of water. The
oxidizing agent, 10 if it is required, is passed to the interlayer before
or together with the gaseous etchant. Ozope.is particularly preferred as
oxi di zing agent. The snoothing treatnent of the interlayer preferably 15
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et chant or botdptcamebe enriched with water, for exanple 20 by these

subst ances bei ng passed through water before they reach the interl ayer.

I nstead of pure water, ~ozone-containing water may al so be sprayed onto the
interlayer5 25T eSRRRHAHRY s HHPRFEEAT noga%@us«nft@ﬁfﬁqaw ass @ LY
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As a result of the application of the method, the

roughness of the interlayer decreases preferably to

less than 5 A RMS, measured by AFM on a measurement

area of 40 x 40 pm@, particularly preferably to less

15 than 2 A RM8. The material removal obtained by means of

the smoothing treatment of the interlaver amounts to

preferably no more than 0.5 um, particularly preferably

0.1 to 0.2 um.

20 After the smoothing treatment, a further laver is
applied to the interiayer. Thig is done for example by

depogition, in particular CVD deposition, or bonding.

Example:

25
A 4 um thick SiGe layer is deposited epitaxially on a
300 mm silicon  substrate, the concentration of
germanium being increased from 0 to 20% over the
thickness of the layer. The roughness of the laver

30 exhibits an RMS value of 100 A in the case of AFM
measurement with a zone of 40 x 40 um’. The epitaxially
coated substrate is gubsegquently smoothed by treatment
by means of the method described. For this purpose, it
is sprayed with water at 40°C in an etching chamber and

35 subsequently etched by means of HF gas and ozone. After
treatment twice with this c¢ycle, the substrate is
sprayed with water again and spun dry. In this case,

0.2 uym is removed overall from the SiGe layer. The AFM



range of 30 to 70C is particularly preferred because at tenperatures bel ow
“that the snoothing takes place too slowy and at tenperatures above that no
snoothing 4 effect arises, rather the roughness of the processed side
“increases. A tenperature in the region of ;40Cis optimal. 5 The snoothi ng
treatment of the interlayer is preferably repeated a nunber of tines, for
exanple 1 to SpédE@Semearl tiCtth ard Y urRf erogbl yiol &0 Aot i 8. dhows a0
expedient to rjnse the interlayer_w,th ter after_each repetition of the
snoot hi ng tredFﬁ%ﬁﬁVequEBl%.€%§u$¥%0¥o? SPPI FRati®n of the nethod, the
roughness of the interlayer decreases preferably to l|ess than 5 A RV5
nmeasured by AFM on a neasurenent area of 40 x 40 nR, particularly
preferably to less 15 than 2 A RVM5. The naterial renoval obtained by neans
of the snmoothing treatnent of the interlayer anobunts to preferably no nore
than 0.5 gm particularly preferably 0.1 to 0.2 gm 20 After the snoothing
treatnent, a further layer is applied to the interlayer. This is done for
exanpl e by deposition, in particular CVD deposition, or bonding. Exanple:
25 A 4 pmthick SiGe layer is deposited epitaxially on a



300 mm silicon substrate, the concentration of germani um being increased
"fromO to 20% over the thickness of the layer. The roughness of the |ayer
30 exhibits an RV5S value of 100 Ain the case of AFM neasurenment with a

- zone of 40 x 40 pnt. The epitaxially coated substrate is subsequently
snoot hed by treatnment by neans of the nethod described. For this purpose,
it is sprayegapdnr Wat8meat 40C in an etching chanber and 35 subsequently
etched by neans of HF gas and ozone. After treatnent twice with this cycle,
the substrate is sprayed with water again and spun dry. In this case, 0.2
pmis renovediqveral | feeroiihe HHEe I@yRiuciihe ARM 51zRRasur epeitcwirth a
zone of 40 x 40 n2 shows an inprovenent in_the RMS roughness to.3.A 6 -
Patent O ains: 1. ASEFHSdFor® p?%%l%%ﬁ?%% én|t§§§FY$Fr l?&cgr%n g8fpr¥alig a
snoot hed imt erl ayedagred amppMeredyi mgr S Hayernapplaper on vherenter kLager,
wherein the interl I.-d reat: i a et ch nt aipj

hydr ogen fl uori de, le%r?axft%.i gl trlt;%dm)\\I/Marlté}jtﬁeeclgné’?lo tai%edag%i%o}tgﬁe ?lﬁ?g?ﬁgyer

bei ng snoot hed. 10c<@ntpiaims: Hadlarder aiffe@riificol apmrRteiterlei Aeppwal

interlayer is treatRdmt odchenper ahdr enef 120 &r0 avECHadnglRamthed as
claimed in claiml1 or claim 2,

10 2. The method as claimed in c¢laim 1, wherein the

interlaver is treated at a temperature of 20 to

70°C.
3. The method as claimed in claim 1 or claim 2,
15 wherein the material removal amounts to no more

than 0.5 pm.

4, The method as clalmed in one of claims 1 to 3,
wherein the gaseous etchant contains an oxidizing

20 agent.

5. The method as c¢laimed in one of claims 1 to 4,

wherein the gaseous etchant containg isopropanocl.

25 6. The method as claimed in one of claims 1 to 5,

wherein the gaseous etchant contains water.

7. The method as claimed in one of claims 1 to 6,
wherein the interlayer comprises a material
30 contained in a group including monocrystalline
silicon, polycrystalline gilicon, silicon oxide,
silicon-germanium, germanium, gilicon carbide,
ITTI-V compound semiconductors and II/VI compound
semiconductors.
35
8. The method as claimed in one of claims 1 to 7,
wherein the interlayer is smoothed to a roughness
of less than 5 A RMS.



15 wherein the material renoval anounts to no nore than 0.5 m 4. The

" method as clained in one of clains 1 to 3, wherein the gaseous etchant
contains an oxidizing 20 agent. 5. The nethod as clainmed in one of clains 1
*to 4, wherein the gaseous etchant contaifs_isopropanol. 25 6. The nethod
as claimed in one of clains 1 to 5 wherein the gaseous etchant contains
water. 7. The giet hadhaspglabfedd NcPALnOh GhAl §8el 0 L1aipberel fot e
interlayer conprises a materjal 30 conptained in a group_including
monocrystal |i ne si "R 1ThoFPer yRYRT 1Y HRT sidavsm, 187 | Pepredxieo ~ the
silicon-germani um igafdvdriywe®n. silicon carbide, 111-V conpound

sem conductors and I1/VI conpound sem conductors. 35 8. The nethod as
claimed in one of clains 1 to 7, wherein the interlayer is snoothed to a
roughness 5Sof Uless TramstroRVBs 7cl@ingfie imettod & ctbhime iln ‘ome Bof
claims 1 to 8, whergj : r Lyl eR AL,S..-D e~ l-At | ayer.
5 10. The net hod agmcﬁ}zﬁll?nlgd&iy% %%éeyg%(i@%la?ramﬁf 'flo%dgc?e%%%(?no?ﬁg g\&/leerl yi ng
| ayer is deposited BHEFEET - nterl ayer.





