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

. method 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. jThe |layers are for exanple

deposited on a carrier by neans of CVD nethods 10 or connected to the

carrier by neans of bonding . nethods._ Representatives of such substrates are

for exanpl e seni condudfHAIBIERIT BHAFPLRT # H3USE FAETHHHSF t ed or bonded

| ayers, in particular SO substrates (silicon on insulator), substrates

with a 15 layer. of, Si xGe| x égtlicon-gern&niun} and a | ayer, of strained
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have been proposed,utdmer effor ehisn tomder ate meeiddded rfequi eeaenie asEhus, in
accordance w t),US2005/0104Q67. an substrate 25 i Ge,on ipsulator) is
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subj ected to chem cal nechanical [ eposition
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accor dance w U JS200340050020: B! Lellng.dcs off SRLath Wel RO ncenoge
magnet or heol ogi ca ul in order to Teduce The m’cror oughness

further. Wiat 9B diwmbeetrdgeons Bhoutcarrier by means of Dbonding

methods. Representatives of such substrates are for

example semiconductor wafers with a plurality of

{ deposited or bonded layers, in particular SOOI

substrates (silicon on insulator), substrates with a

15 layer of 8SiGe;, ({(silicon~germanium) and a layer of

strained silicon (strained silicon on bulk) and sSOI

substrates (strained silicon on insulator).

The application of the overlying laver to the interlayer
20 constitutes a critical step because it generally
necessarily requires the microroughness of the interlaver
to be as low as possible. Various methods have been
proposed, therefore, in order to meet this regquirement.
Thus, in accordance with US2005/0104067 an SGOI substrate
25 (SiGe on insulator) is subjected to chemical mechanical
polishing prior to the deposition of a layer of strained
gilicon, in order to achieve the necessary smoothing. In
accordance with US2003/0060020, polishing is effected
uging a magnetorheological fluid (MRF) in order to reduce
30 the microroughness further. What isg disadvantageous about
these methods is the outlay which they require.
Us 6,995,077 describes a method which serves especially
for smoothing semiconductor wafers composged of
monocrystalline silicon prior to the deposition of an
35  epitaxial layer and comprises a treatment of the
semiconductor wafer with a mixture of hydrogen and

hydrogen chloride.



these nethods is the outlay which they require. US 6,995,077 describes a
nmet hod whi ch serves especially for snoothing sem conductor wafers conposed
of nonocrystalline silicon prior to the deposition of an 35 epitaxial |ayer
and conprises a treatnent of the seniconductor wafer with a m xture of
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10 hydrogen fluoride, a material removal being obtained

and the interlavyer being smoothed.

The method can be applied in particular to layer

——

structures in which an interlayer is to be smoothed

15 which comprises a material contained in a group
including monocrystalline silicon, polycrystalline
silicon, silicon oxide, silicon-germanium, germanium,
silicon carbide, III/V compound semiconductors and
II/VI compound semiconductors. It is suitable in

20 particular for smoothing monocrystalline semiconductor
wafers composed of silicon on which an epitaxial layer

is to Dbe deposited, or for smoothing thin layers
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
{ SOI wafer, or for smoothing a “cross-hatch” on sSOI
substrates prior to the deposition of a layer of
strained silicon, 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 silicon 1s generally lower than that of
interlavers composged of silicon dioxide produced by the
decomposition of  TEOS (tetraethyl orthosilicate).
Therefore, the application of the method for smoothing



conposed of nonocrystalline silicon which are separated from a donor wafer
after an ion inplantation and are 25 transferred to a substrate wafer in
order to forman SO wafer, or for snmoothing a "cross-hatch” on sSO
substrates prior to the deposition of a |layer of strained silicon, for
exanple, or for snoothing interlayers or,entire sem conductor wafers
conposed of 30 polycrystalline silicon, c%nposed of silicon carbide or
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The smoothing treatment of the interlayver preferably
15 takes place in a moist environment, that is to say in
the presence of supplied water. By way of example,
water is sprayed onto the interlayer before the gaseous
etchant is supplied. The oxidizing agent or the gaseous
etchant or both can be enriched with water, for example
20 by these substances being passed through water before
they reach the interlayer. Instead of pure water,
ozone-containing water may also be sprayed onto the

interlayer.

25 The etchant supplied in gaseous form may also contain,

( besides  hydrogen  fluoride, one Or more further
substances, for example nitrogen having the function of

carrier gas, water vapor or ozone. It is also possible

to add additives, such as isopropancl, which intensify

30 the wetting of the surface of the interlayer. A reactor

that is suitable for the smoothing treatment of the

interlayver 1s described in US$S2004/0020513 a1, for

example.,

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

slowly and at temperatures above that no smoothing



The snmoothing treatnent of the interlayer preferably 15 takes place
noi st environnent, that is to say in the presence of supplied water.
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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
than 2 A RMS. The material removal obtained by means of
the smeoothing treatment of the interlayer amounts to
preferably no more than 0.5 um, particularly preferably
0.1 to 0.2 um.

After the smoothing treatment, a further layer is
applied to the interlayer. This is done for example by

deposgition, in particular CVD deposition, or bonding.
Example:

A 4 pm 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 1layver. The roughness of the layer
exhibits an RMS wvalue of 100 A in the case of AFM
measurement with a zone of 40 x 40 um’. The epitaxially
coated substrate is subsequently 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
subsequently etched by means of HF gas and ozone. After
treatment twice with this cycle, the substrate 1is
sprayed with water again and spun dry. In this case,
0.2 pm is removed overall from the SiGe layer. The AFM



repeated a nunber of tines, for exanple 1 to 5 tines, particularly
preferably 1 to 2 tines. It is also expedient to rinse the interlayer with
wat er after each repetition of the snobothing treatment. 10 As a result of
the application of the nmethod, the roughness of the interlayer decreases
preferably to less than 5 A RV5, neasured by AFM on a neasurenent area of
40 x 40 n2, particularly preferably to less 15 than 2 A RVS. The naterial
removal obt ai ned Ky Jreans of: cxt hg sggg{_:,hl ng t@gatgen& ofm{fhe A | Ay

amounts to preferably no nore than O. parti cul y preferably 0 1 to
0.2 m 20 Aftéﬂﬁﬂﬁ?%ﬂ%%ﬁHﬁhdj¥#é@ﬁhﬁﬁmgh§3%ﬁtqﬁﬁ3I yer is applied to the
interlayer. This is done for exanple by deposition, in particular CVD
deposition, or bonding. Exanple: 25 A4 mthick SiGe |layer is deposited
epitaxially on a 300 mmsilicon substrate, the concentration of gernmani um
being increased fromO to 20% over the thickness of the layer. The
roughness of the layer 30 exhibits an RMS value of 100 A in the case of AFM
measurenent with a zone of 40 x 40 n2. The epitaxially coated substrate is
subsequent |y snoothed by treatnent by nmeans of the nethod described. For
this purpose, it is sprayed wwth water at 40C in an etching chanber and 35
subsequently etched by neans of HF gas and ozone. After treatnent tw ce
with this cycle, the substrate is



sprayed with water again and spun dry. In this case, 0.2 pmis renoved
overall fromthe SiGe |ayer. The AFM - 5 neasurenent with a zone of 40 x 40
n2 shows an inprovenent in the RVS roughness to 3 AL -6- Cains 1. A nethod
for producing a layer structure conprising a carrier and a snoot hed
interlayer thereon, and an overlying |ayer applied onto the interl ayer,
said interlaver conprising nonocrystalline silicon, polycrystalline
silicon, silicon-germanium or gernmanium conprising treating the
interlayer at a tenperature of fromabout 20 C. to 70 C. with an oxidizing
agent and with a gaseous etchant cont-&-ni ng hydrogen fluoride, such that no
nmore thanyahout O0.5mof material is renpved and the interlayer being

snoot hed thereby. 2. The nethod of claiml1l, wherein the interlayer is
treated at a tenperature of fromabout 30 C to 70 C. 3. The nethod of
claim1, wher i . - 4. The
nmet hod of cl a?\mﬂﬁtﬂﬁvﬁ{akfg#uﬁ {ng Xﬁgssttaugtﬁl}s&ghgﬁ%w%gﬁe? fgrlug% %og&gir?%%gé I ng agent.
5. The net hod thsfeow) aid ran overistieer lsvem applisd gawetbe intesleydiasuid ntertevve corppristngi ns
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to a roughnessomfrisingdrsatingire intSMRMEH 2 EmpTlatravdthivocabodt 207 € tm7Q°C\M'1é1rael n the
overlying | ay bo onto ipte r. T od aim1l,
wherein the og{élrd]: ﬁ1ig g%agerﬂll}js degos?te g%tgo tEt %ml n?@? h%f&gek

met hod of cl alﬂnmlde wlqleﬂ@t no nhe thpasboutd. Setncd{amaterigbistrernersd @Q(bthe.mtqmyerThe

net hod of cl aibé‘ih&smé’éfﬂﬁﬁﬁie%b{v.he gaseous etchant contains nitrogen.

2. The method of claim 1, wherein the interlayer is treated at a temperature of from about
30°C. 1o 70° C.

3. The method of claim 1, wherein material removal is in the range of 0.lum to
0.2um.

4, The method of claim 1, wherein the gaseous etchant contains the oxidizing agent.

5. The method of claim 1, wherein the gaseous etchant further contains isopropanol.

6. The method of claim 1, wherein the gascous etchant further contains water.

7. The method of claim 1, wherein the interlayer is smoothed to a roughness of less than
SARMS.

8. The method of claim |, wherein the overlying layer is bonded onto the interlayer.

9. The method of claim 1, wherein the overlying layer is deposited onto the interlayer.

10. The method of claim 1, wherein the gaseous etchant contains ozone.

11. The method of claim 1, wherein the gascous etchant contains nitrogen.



