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Mat eri al Wafers and Correspondi ng Conpound Material Wafer The
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.good crystalfine quality over essentially the entire surface of the wafer needs to be satisfied

in the layered structure and, second the fabrication needs to be camed out wuthout mcurnng

excessive costs.

One way to satisfy the above mentioned requirements is the so called Smart-Cut™ type
fabrication process in. which 3 layer from a donor substrate is transferred onto a handle
substrate. This is achieved by bonding the two substrates and detachirig the donor substrate
at a predetermined splitting area, which has previdusly been formed in the initial donor
substrate. The predetermined splitting area is created beforehand by implénting atomic
species, like hydrogen or rare gas ions into the donor substrate. This approach has the
advantage that the donor substrate from which a layer is transferred frbm fabrication run to
fabrication run, is reused several timés. it appeared, however, that, from run to run, the
crystalline quality of the transferred layer deteriorated. As a consequence a certain number
of measures have been proposed to overcome this problem.



JP 10114176 proposes additional process steps, Tike pol i shing the
donor substrate, to renove the surface step at the edge of the wafer.

Thi's step g hispofRs after the transfer of a layer ontGdfi@habshs
substrate. Then a second finishing pohkishing step is carried out

before the remai nder of the donor substrate is reused as a as a new
donor substrate in a subsequent fabrication run. US 2003/ 029957
alternatively proposes, prior to polishing, additional heat treatnent
steps of the reclained donor wafer. It appeared, however, that even
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the surface of the wafer in case the oxidation rate was too high. The typical upper limit for

the heat treatment was therefore set at about 1100°C. By choosing such high temperatures,
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initial donor substrate and its subsequent renainders. HF defects
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recycling steps.



WO 2008/ 090439PCT/ 132008/ 000131 5 defects limt the use of the
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2008/ 090f4 ggflggls-/ %2&%?}{“?90 ?au??ts in the further deposited epitaxial layer. Those defects may
also grow during the finishing steps. By keeping crystalline defects in the transferred layer
small, the further deposited layer can cover and bury those defects and reduce their

detrimental influence in the final device layer.

Advantageously, the interstitial oxygen concentration in a fresh initial donor substrate prior
to the first manufacturing run can be less than 25 old ppma, in particular less than 16 old
ppma. Limiting the initiat oxygen concentration to a minimum further reduced the advent of
defects.

Preferably, the thermal treatment.can be carried out such that the HF defect density 6f the

transferred layer is less than 0.1 defectsiem?, in particular, less than 0.05 defects/cm?, in

each manufacturing run using the initial donor substrate and its subsequent remainders. HF

defects occur after dipping the compound material wafer in a HF solution edging away the ‘

oxide layer naturally formed on or in the transferred layer. Actually HF will form holes in the

transferred layer at the crystalline defects. Debending on the size, the holes might extend -
_ through the transferred layer down to the buried insulating layer underneath. As these HF



6 Specific enbodi nents of the present invention wll becone nore
apparent fromthe present description with reference to the

acconpanyivwe 20dsavhs39s, wherein Figure 1 illustrates onecafiipesmeimni of
the inventive nmethod for manufacturing conpound nmaterial wafers, and

Figure 2 illustrate HF defect maps of surfaces of exanples of
conmpound material wafers manufactured according to the inventive
nmet hod conpared to conparative exanples. Figure 1 illustrates one
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a) of Cl%%ﬁ?%‘# Step I'l illustrates a step of formng an insul ating
| ayer 3 g‘silic.on wafer 1, according to step b) of claim1.
According to this enbodinent the insulating layer 3 is a silicon

oxide la S| 02) whi I s, faorned b t hermal. treat ment under
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the first species may be heliumand the second species hydrogen. Step
|V consi'$f'® in providing a handl e substrate 9, for instance, a

silicon wafer. '

Advantageously, the initial donor substrate can be a silicon wafer and the insulating layer, a
silicon dioxide layer. In particular for this material choice,' the impact of the temperature
during the thermal treatment step for forming the insulating layer is crucial for the final |
product quality.

Preferably the thickness of the insulating layer can be at least 1000A, in particular, about
1450A. _As with the. reduced temperature during the insulating layer forming process -step, -
.the crystalline quality can be controlled, it is now possible to provide thick insulating layers
and still keep crystalline quality of the transferred layer even after a third, fifth or tenth run
using the same donor substrate, at a suitable level.

The invention furthermore also relates to a compound mateﬁal wafer according to the
features of claim 10. As the underlying fabricatioh pfocess can be controlled with respect to
the HF defects it becomes possible to provide compound material wafers from reclaimed
donor substrates with HF defect densities of less than 0.1 defects/cm? in particular, less
than 0.05 defects/cm?. " :

The invention also relates to a reused donor substrate achieved in carrying out the method
as described above.
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sandwi ched between t he- donor substrate 1 _and the handl e substrate 9.
Then a ' dewecbusmpda3d reat nent is carried out during whi glrdstmsbovent
occurs at the predetermned splittingeéarea 7, such that a silicon on
insulator wafer 11 is created. The detachnent treatnent is preferably
a heat treatnent, due to which, detachnent occurs. Step VI
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handl e substrate, the insulating |ayer 3 and the transferred | ayer 13
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In Step lii corresponding to step c) of claim 1, atomic speciesls, in particular, hydrogen or
rare gas ions like helium, are implanted under predetermined dose and energy conditions
through the insulating layer 3 to create a predetermined slitting area 7 inside the donor
subétrate 1. As can be seen, this predetermined slitting area is essentially parallel to the
main surface 8 of substrate 1. Eventually, implanting using one species is accompanied by
a second implantation of a different species; wherein the first species may be helium and the
second species hydrogen. '

Step IV consists in providing a handle substrate 9, for instance, a silicon wafer.

in the subsequent Step V, corresponding to step d) of claim 1, the donor substrate 1
together with its insulating layer 3 is bonded to the handie substrate 9. Bondihg occurs such



8 di pped into an HF sol ution which etches away the naturally grown
silicon dioxidelayer and which |l eads to holes at positions of oxygen
preci pi t at @®.208ulvg439ne donor substrate 1 can now be reusegmbogheRst
three tines, and in particular five te ten tines. Furthernore, no
further oxygen precipitates reducing or elimnating steps, like in
the prior art, are necessary. This counterweights the negative | mpact
of the Ion er formation tipmes. The achievenent of

i nventi of@ ﬁaﬁﬁ%ﬂaﬂﬂaa{@w@ iSssaTsichissshasveen dhe genay %{Pﬁtr?ﬁé @5ApBaMgndle
mat eri al sugdtRfte gBNUf act uri ng process such that the negative inpact of
oxygen precipitates |leading to HF defects can be limted, brings.the
further advantages that transferred layers 13 of reduced thicknesses

can be prrayh deetddhmant ttife%%@rﬁt ist chpean®R H‘@rﬁf@' BhRnt QetBEﬁ‘rB@ﬁteoccurs at the
transferred |layers 13 which after thinning lead to device |ayers with

a t hi cknesslerminedsspiifing aredd, sHele it & ﬁ'b‘Fﬁ"d@fhdﬂSU@WsW?f&féé i§ ofgatedy The
are reUSSQtaﬁ%ef]Pﬁeétmehﬂ is f)i'efférab la ‘PﬂéSﬂtrééineht tdlfé9 o HRnt Gefaiaﬁmé ceurs.

reason IS a ossible to OVI de 1 nsu atln a ers arge
t hi cknesS&p ¥ I!'H%i[ﬁte%ﬂ’@aﬁﬂmg q Iﬁ‘ﬁH’Btﬂf wafergbt wetca qomnrﬁes tth%hem&e Silestrate,

layer V"hﬂ‘Feh a errfsb Eéﬁé‘rcéeé]n& e té%fe%ﬁ%ge?‘%%%g%a&%@f&aﬁtﬁé GBh& substrate

I nsul ating a thickness of at
particul &r Tha rema@dehi%nhteesioaﬂr substrete1y Susisated in Btepgylbwan then beeeused as

anovement! 0 SoRgPaslsBY 13 0kdlINOPHe: KD fhe! AED! 8 Yertdiudk MY BR e doror

treatrrent step e Insulating | ayer e -carr

out at thlebsér@tﬁe‘lttmp@oasmeertam eafnber gﬁrecvﬁiwe\ﬁéﬁps e\wmongstmg ingpolishing

vari ant, h&lof'aeé‘cjnﬁé) RORSS fﬁt Q ﬁg,azm t he tenperature during each

rranufacturlng run,>-in par to raise the tenperature fromrun

torun, as it was observed t_hatthe grow h rate of the.size. of the

oxygen p I t

OXygen. PEfick iah&bfiga, (UEEAsEIaE1A/EA 1 Barl U8 vﬁsféa Steggng@%dggggg@%@ tb ffhal

t hei r HFdekifedchicliassiany te dmprave its sorfaeef reughressr iTois firdshing: opefation camprises

the prio arative exanples). The result of this

conpari Sf%ﬂ{sgar{% %ﬁg %%ggﬁlgn Figure 2. The exanples according to the

i nvention were fabricated using a donor wafer with 16 old ppma

intersti r

1450 A 1 1) O PEBY BEQ: AR AGTRASROR Btk BT donD bilishele Bindii Uitehlus Aficha

wi t h hydstepetp get rid aiox rasiuse die @edgien rpr%wnitate,%do édelarable ieveloBeuss wadpaessible

1016 to .
%r)fnélr%&tt?rhgqﬁ ck %vi@% I%%Mfég% &Le?ﬁ% %ﬁgéP fha%uQBr 5 12>é cg-r']{ag defects,

silicon .donor S Were
heat ed tbutawaslipitecatouiwe of thegsolimes 0Bgons thak tenmanywdefests weret ebsepledtin the

the donofneraﬁﬂ e@oﬁ?&é@%@%ﬂﬂ:ﬁbﬁ 'i‘?r Hé@%&ﬁﬁ@rﬂ&ﬁ@%t&r‘é "ot H3FHERSs of -

by the i ium’s
2008/ OQOMﬁ!ﬁTdrm%Oﬁﬂ/V@ﬁﬂﬂ@js gifficult and costly to obtain sufficient crystalline quality for

allowing recycling of the donor wafers of at least 3 times.

It was surprisingly found out, that the decisive step concemning an improvement of the above
described situation, is step I, the step of forming the insulating laygr 3 over the donor
substrate 1. To keep the throughput of the SOl wafer production at a satisfactory high level
and to allow sufficiently thick insulating layers 3, the thermal treatment step to create the
insulating layer 3 was carried out at temperatures close to 1000°C or exceeding .it. Now,
according to the invention, this step is carried out at lower temperatures, less than 950°C, in
particular less than 900°C, preferably at 850°C or Iess, as the result of which a decrease in
HF defects compared to the conventional method was observed, however with a negative
effect of increasing the layer formation time. HF defects occur when the SOI wafer 11 is
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. time. Due to the same reason, it is also possible to provide insulating layers 3 with large

' thicknesses without creating a number of defects in the transferred tayer which would render

the SOI wafer 11 unusable. In particular, insula'ting layers 3 with a thickness of at least 1000

A, in particular, with a thickness of about 1450 A can be grown.

In the abovementioned embodiment according to the invention, the thermal treatment step
to form the insulating layer 3 is preferable carried out at the same temperature in each run.
However, according to a variant, it is also possible to adapt the temperature during each
manufacturing run, in particular, to raise the temperature from run to run, as it was observed
that the growth rate of the size of the oxygen precipitates lowers. from-run to run.

Using the abovementioned inventive method, a number of SO! wafer exampleé were
prepared and their HF defect density compared to wafers fabricated according to the prior
art process (comparative examples). The result of this comparison is illustrated in Figure 2.

The examples according to the invention were fabricated using a donor wafer with 16 old
ppma interstitial oxygen concentration and were oxidized at 850°C to form a 1450 A thick
silicon dioxide layer. lon implantation was carried out with hydrogen or a mixture of helium
and hydrogen at a dose of about 10" to 5 x 10" atoms/cm? at an energy of about 10 — 100
keV. The silicon-donor wafers were then bonded to a handle substrate and heated fo a
temperature of about 500°C for about two hours, to split the donor-handie compound at the
predetermined splitting area formed by the implanted hydrogen or helium species.



1. Method for manufacturing silicon on insulator type wafers,
conprising the steps: a) providing an initial donor substrate (1), b)
form ng anwinsesi@b4smg | ayer (3) over the initial donor peilbsaizomte016d) ,
c) formng a predetermned .splittingoearea in the initial donor
substrate (1), d) attaching the initial donor substrate onto a handl e
substrate (9), and e) detaching the donor substrate (1) at the
predeterm ned splitting area (7), thereby transferring a | ayer (13)

of the Depéndihg dartioe mp!betellem enédy, Ummenslfendmiageremuiadta #tickne8y of about
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three tines, and the renmai nder (15) of the initial donor substrate

(1) is P¥{R%8d as initial donor substrate (1) in the subsequent

manuf acturing runs. 2. Method for manuf act uring silicon on insulator

t f di t

ype WaTr?erz Sdezsigncb%(d sltg;())s w%reC then repeated 6 times and the resulting SO| wafer, thus the

‘'seventh SOl wafer 11 was subjected to a thinning process to obtain a transferred layer
thickness 13 of 650 A. A second example was prepared in the same way with a transferred
layer 13 thickness of 500 A and a third example was prepared in the same way but thinned

to a transferred layer 13 thickness of 400 A.
Afterwards the three examples were subjected to a HF defects measurement.

The cernparative examples were fabricated in the same way, with the only exception that the
silicon dioxide layer formation process was carried out at 1000°C.

Figure 2 now illustrates the results that were achieved after the HF treatment. Figure 2
illustrates the surface of the transferred layers and, as can be seen, there is a clear
improvement concerning HF defects for SOl wafers for which the oxygen layer has been
formed at low temperatures (850°C).

Even. for.the very thin final device. layers; the inventive method -allows the-repetitive ‘use of
the donor substrate, in particular, allows to use the donor substrate as least three times,
more in particular five to ten times. The number of reuses is then only limited by the
remaining thickness of the reused donor substrate, which shalt of course be sufficient fo still
ensure the rﬁechanical stability of the donor substrate. '



wherein the tenperature is at 850C or |less. 3. Method for
“manufacturing silicon on insulator type wafers according to claim1,
wherein the nethod is repeated five to ten tines. 4. Method for

manuf acturing silicon on insulator type wafers according to claiml
or 2, wherein the transferred | ayer (148) has a thickness of 1000 A or
| ess 5. Method for manufacturing silicon on insulator type wafers
according to one of clains 1 or 2, wherein after carrying out
finishing S&PS, the transferred layer is further thickened by

epi taxi al deposition. 6. Method for manufacturing silicon on insul ator
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a) providing an initial donor substrate (1),

b) forming an insulating layer (3) over the initial donor substrate (1),

c) forming a predetermined splitting area in the initial donor substrate (1),

d) attaching the initial donor substrate onto a handle substrate (9), and

e} detaching the donor substrate (1) at the predetermined splitting area (7), thereby
transferring a layer (13) of the initial donor substrate (1) onto the handle
substrate (9) to form a compound material wafer

characterised in that

the insulating layer (3)' is formed by a thermal treatment carried out at a temperature
less than 900 °C, wherein the method is repeated at least three times, and the
remainder (15) of the initial donor substrate (1) is reused as initial donor substrate (1)
in the subsequent manufacturing runs.

2. Method for manufacturing silicon on insulator type wafers according to claim 1,
wherein the temperature is at 850 °C or less.

3. Method for manufacturing silicon on insulator type wafers according to claim 1,
wherein the method is repeated five to fen times.

4.  Method for manufacturing silicon on insulator type wafers according ta claim 1 or 2,
wherein the transferred layer (13) has a thickness of 1000 A or less,

5. Method for manufacturing silicon on insulator type wafers according to one of
claims 1 or 2, wherein after camying out finishing steps, the transferred layer is
further thickened hy epitaxial deposition.

B. Method for manufacturing silicon on insulator type wafers according to claim 5,
wherein the finishing steps include polishing and annealing.



11 7. Method for manufacturing silicon on insulator type wafers
according to claim5, wherein the transferred |layer is-further

t hi ckened by epitaxial deposition to achieve a | ayer thickness of
6000 A. B. Method for manufacturing silicon on insulator type wafers
according to one of clains 1 or 2, whddein the interstitial oxygen
concentration in a fresh initial donor substrate (1) prior to the
first manufacturing run is less than 25 old ppma. 9. Method for
manuf acturing silicon on insulator type wafers according to claimS8,
wher ei n t hé. i nthatead for mkndagtging eidimsemm insulatortypenwafersragsordingite claim 5,
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16 old ppna. 10. Meth manu ac uring sitlicon on insulator type
waf ers accor di n@hteﬁeéﬂ?debmichfl‘%ﬁﬁfseofo&f 2, wherein the thermal
treatnment is carried out such that the HF defect denS|ty in the

transferreqg layer, is.less than 0..1 defe
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silicon on insulator ers according to claim 10, rein the
HF defect density in the transferred |layer is less than 0.05

defects/cnB.  Method for manufacturing silicon on insulator type wafers according fo claim 8,
wherein the intersfitial oxygen concentration in a fresh initial donor substrate (1)
prior to the first manufacturing run is less than 16 old ppma.

10. Method for manufacturing silicon on insulator type wafers according to one of
claims 1 or 2, wherein the thermal freatment is carried out such that the HF
defect density in the transferred layer is less than 0.1 defects/ cm? in each
manufacturing run using the initial donor substrate (1) and its subsequent
remainders (15).

11. Reused donor substrate obtained during the method according to claim 2. Method
for manufaciuring silicon on insulator type wafers according to claim 10, wherein
the HF defect density in the transferred layer is less than 0.05 defects/cm?.

12. Method for manufacturing silicon on insulator type wafers according to one of
claims 1 or 2, wherein from manufacturing run to manufacturing run the insulating
layer (3) is formed at a higher temperature.

13.  Methed for manufacturing silicon on insulator type wafers according to one of
claims 1 or 2, wherein the initial donor substrate (1} is a silicon wafer and the
insulating layer (3) a silicon dioxide layer.

14. Method for manufacturing silicon on insulator type wafers according to one of
claims 1 or 2, wherein the thickness of the insulating layer (3) is at least 1000 A.



12. Method for manufacturing silicon on insulator type wafers
according to one of clainms 1 or 2, wherein from manufacturing run to
manuf acturing run the insulating |layer (3) is fornmed at a higher
tenperature. 13. Method for nanufacturlng silicon on insulator type
waf ers according to one of clains 1 oﬂ 2, wherein the initial donor
substrate (1) is a silicon wafer and the insulating layer (3) a
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