1 Method for Fabricating a Sem conductor on Insulator Substrate with
Reduced SECCO Defect Density The invention relates to a nethod for
fabricating a sem conductor on insulator (Seal) substrate, in particular a
silicon on insulator (SO ) substrate, conprising the steps of providing a
source substrate, providing a predeterm ped splitting area inside the source
substrate, attaching, preferably by bonding, the source substrate to a
handl e substrate, detaching a renainder of the source substrate fromthe
source handl e conpound at the predetermned splitting area to thereby
transfer a device |layer of the source substrate onto the handle substrate,
and thinning of the device layer. Such sem conductor on insulator
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so-called SECCO defect. In the past, these defects were not considered to

be critical as the nunber was | ow enough for the typical SO applications,
e.g. logic circuits. However, with new applications comng up for SO
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Such semiconductor on insulator substrates, like the mentioned silicon on insulator
substrate, represent a certain amount of different defects, e.g. crystalline defects, point
defects, metallic contamination, etc. One particular type of defect is a so-called SECCO
defect. In the past, these defects were not considered to be critical as the number was low
enough for the typical SOl applications, e.g. logic circuits. However, with new applications
coming up for SOI technology, e.g. memory devices, SeOl substrates need to be provided
with a SECCO defect level of less than 100 per cm? whereas, up to now, this value was

about a factor five higher.

Figure 1 illustrates the standard process of determining SECCO defects in SOI structures
and which has been described in L.F.Giles, A.Nejim, P.L.F.Hemment, Vacuum 43, 297
(1992) or by the same authors in Materials Chemistry and Physics 35 (1993) 129-133.

The concentration of SECCQO defects can be determined by displaying them by virtue of a
solution of SECCO type, the composition of which is known from the above mentioned
documents.

Starting from a SOI substrate 1 comprising a device layer 3 with a thickness of e.g. 2000 A
and a silicon oxide iayer 5 with a thickness of e.g. 4000 A on a silicon wafer 7, a standard
technique for displaying defects by virtue of a solution of SECCO type comprises:



techni que for displaying defects by virtue of a solution of SECCO type
conprises: 2 A stage A which consists in imersing the substrate 1 for
several seconds, for exanple 10 to 25 seconds in a solution of SECCO type
in order to etch 1000 - 2000 A of silicon fromthe device |ayer 3 and nore
rapidly to selectively etch this device jayer 3 at the crystal defects 9 in
the material until holes 11 corresponding to the sites of the defects 9 open
onto the silicon oxide layer 5. The duration of stage A depends on the

t hi ckness to be renmpved and has to be such that all SECCO defects can be
identified. As a rule of thunb, at |east half of the thickness of the
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even before half of the thickness is etched away.

A stage B, which consists in immersing the substrate 1 in a hydrofluoric acid solution in
order to etch the holes 11 produced in the preceding stage, by widening them in the
dielectric layer 5.

Following this treatment, the holes 11 which remain are sufficiently large so that they can be
counted under a microscope. It appears that, at a certain remaining device layer 3 thickness,
the defect density stabilizes and reaches an upper limit value indicating that, starting from
this thickness, all defects in the original layer are visualized. In the case of standard
semiconductor on insulator substrates, stabilization is achieved around 500A or at the latest
around 300A of remaining device layer 3 thickness. indeed, it appears that the device layer
3 in the zone of SECCQ defects etches approximately two times as fast as the normal
device layer in zones without SECCO defects.

US 2005/0208322 discloses a method for fabricating a semiconductor on insulator substrate
dealing with removal of defects. The proposed process is a SmartCut™ type process which
comprises additional steps the transfer of a semiconductor device layer from a source
substrate onto a handle substrate to reduce the number of defects. These additional steps
comprise a sacrificial oxidation stage transforming a part of the device layer into an oxide,
which is removed, followed by a polishing stage. With this steps, defects in the surface



US 2005/ 0208322 di scl oses a nethod for fabricating a sem conductor on

I nsul ator substrate dealing wth renoval of defects. The proposed process
is a Smart Cut TM type process which conprises additional steps the transfer
of a sem conductor device layer froma source substrate onto a handle
substrate to reduce the nunber of defectg. These additional steps conprise
a sacrificial oxidation stage transformng a part of the device layer into
an oxide, which is renoved, followed by a polishing stage. Wth this steps,
defects in the surface 3 regions can be renoved. However, the polishing
stage introduces additional defects which are then renoved by a second
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it appears that these known processes still do not lead to SECCO defect densities of better
than 100 per cm? and that, for device layers of less than 1000A, the described methods do
not lead to satisfying results. Starting therefrom, it is the purpose of this invention to provide
a semiconductor on insulator wafer fabrication method with which a SECCO defect density
of less than 100 defects per cm? is achievable and which can be applied to relatlvely thin
device layers.

This object is achieved with the method accordingly to claim 1. Accordingly, the method
comprises the steps of providing a source substrate, providing a predetermined splitting
area inside the source substrate, attaching, preferably by bonding, the source substrate to a
handle substrate to form a source handle compound, detaching a remainder of the source
substrate from the source-handle compound at the predetermined splitting area to thereby
transfer a device layer of the source substrate onto the handle substrate and thinning of the
device layer. The method is characterised in that the predetermined splitting area is
provided by implanting atomic species with a dose of less than 2.3 x 10'® atoms per cm? and
thinning is carried out at a temperature of less than 925°C, e.g. between 850°C and 925°C;
preferentially between 850°C and 875°C.



of | ess than 100 defects per cnR is achievable and which can be applied to
relatively thin device |ayers. This object is achieved with the nethod
accordingly to claiml. Accordingly, the nethod conprises the steps of
provi ding a source substrate, providing a predeterm ned splitting area

I nside the source substrate, attaching,ngreferably by bondi ng, the source
substrate to a handle substrate to fornmfa source handl e conpound, detachi ng
a remai nder of the source substrate fromthe source-handl e conpound at the
predeterm ned splitting area to thereby transfer a device |layer of the
source substrate onto the handl e substrate and thinning of the device
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t hi cknesses of less than 1000 A. In the clained tenperature regine, a good
bal ance between throughput and SECCO defect densities can be achieved. In
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Preferably, the method can comprise a thermal treatment step before and/or after the
thinning. Even further preferred can be a rapid thermal anneal (RTA) step of a duration of at
least 30 seconds, in particular between 30 seconds and 90 seconds, more in particular
between 45 seconds and 75 seconds at a temperature of at least 1200°C, in particular at
about 1250°C. Such a rapid thermal anneal step does not only lead to a reduction in
surface roughness but it has furthermore been observed that synergistic effects with respect
to SECCO defects are observed in combination with the above mentioned process
parameters so that the number of SECCO defects can be even further reduced.

According to a variant, the thermal treatment step can be a furnace anneal of at least 10
minutes in a temperature range of 1000 - 1200°C. With such a thermal treatment step, not
only the surface roughness can be reduced but, furthermore, the SECCO defect density can
also be optimized.

Advantageously, the thermal treatment step can be carried out under non-oxidizing
atmosphere, in particular under Argon. Under this atmosphere, a further optimization of
surface roughness, as well as SECCO defects, has been observed.

According to an advantageous embodiment, the thermal treatment step can comprise two or
more successive rapid thermal treatment steps. Better annealing results are obtained by
carrying out multiple short RTA runs compared to one long run.



about 1250C. Such a rapid thermal anneal step does not only lead to a
reduction in surface roughness but it has furthernore been observed that
synergistic effects with respect to SECCO defects are observed in
conbination with the above nentioned process paraneters so that the nunber
of SECCO defects can be even further reduced. According to a variant, the
thermal treatnent step can be a furnace anneal of at |east 10 n1nutes in a
tenperature range of 1000 - 1200C. Wth such a thermal treatnment step, not
only the surface roughness can be reduced but, furthernore, the SECCO def ect
density can also be optinized Advantageously, the thermal treatnent step
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| ess, has revealed a further reduction in the SECCO defect density.
Preferably, the thinning can comprise at least a first and a second thinning step. Splitting
the thinning step into two or more distinct steps has shown better resuits concerning the
amount of SECCO defects compared to having only one thinning step, in the case of
thinning by thermal oxidation and des-oxidation. This result can be even further improved
when a rapid thermal annealing (RTA) step is carried out between both thinning steps.

Preferably, a termperature treatment can be carried out after the first and second thinning
steps, respectively. Again, not only the surface roughness value can be optimized but, at
the same time, SECCO defects can be reduced by combining a thinning step with a
temperature treatment step.

Preferably thinning can comprise oxidizing the device layer. Thinning in this context is thus
achieved by consuming a part of the transferred device layer by oxidation. Later in the
process, a removal step can be carried out to remove the oxidized region with a suitable
process, e.g. etching.

Preferably the thickness reduction of the device layer can be larger for the second thinning
step than for the first thinning step. By doing so, it appears that the SECCO defect density
further diminishes, particularly when a rapid thermal annealing step is carried out betwsen
both thinning steps.



Preferably, the thinning can conprise at least a first and a second thinning
step. Splitting the thinning step into two or nore distinct steps has shown
better results concerning the anount of SECCO defects conpared to having
only one thinning step, in the case of thinning by thernmal oxidation and
des-oxidation. This result can be even further inproved when a rapid
thermal annealing (RTA) step is carried dut between both thinning steps.
Preferably, a tenperature treatnent can be carried out after the first and
second thinning steps, respectively. Again, not only the surface roughness
val ue can be optim zed but, at the sanme tine, SECCO defects can be reduced
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The object of the invention is also achieved with the silicon on insulator wafer, in particular,
fabricated according to one of the methods described above.

The invention will be described in detail in conjunction with the enclosed Figures:
Figure 1 illustrates the known process of determining the SECCO defect, and

Figures 2A - 2H illustrate one embodiment of the inventive method for fabricating a
semiconductor on insulator substrate with reduced SECCO defect
density.

Figure 2A illustrates the source substrate 21, here a silicon wafer, e.g. a 300 mm silicon
wafer, comprising a silicon base 23 and a silicon oxide layer 25 which is the natural silicon
oxide but could also be a deposited or artificially grown silicon oxide layer or any other
suitable dielectric layer.

According to the invention, atomic species, here a mixture of helium and hydrogen ions, are
implanted with a dose not exceeding 2.3 x 10" atoms/cm?. According to an advantageous
variant of the invention, the helium ions are implanted with a dose of 1.4 x 10'® atoms/cm?
and the hydrogen ions with a dose of 0.9 x 10" atoms/fcm?®. The energy of the ions is,
according to this embodiment, 49 keV for helium and 32 keV for hydrogen. This leads to
about 2450A depth of implantation. The implanting of the ions, indicated by a series of



conbi nati on of different process paraneters also | eads to reduced SECCO
defects in very thin device |layers of 1000A and | ess. The object of the
invention is also achieved with the silicon on insulator wafer, in
particular, fabricated according to one of the methods descri bed above. The
i nvention wll be described in detail in_conjunction with the encl osed
Figures: Figure 1 illustrates the knomn7process of determ ning the SECCO
defect, and Figures 2A - 2H illustrate one enbodi ment of the inventive

met hod for fabricating a sem conductor on insulator substrate with reduced
SECCO defect density. Figure 2A illustrates the source substrate 21, here a
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21, here inside the silicon base 23 essentially parallel to the nmain surface
of the source substrate 21. Subsequently, illustrated in Figure 2C, the
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of source substrate 21 and the transfer of a device layer 33, together with the dielectric layer

23, onto the handle substrate 19, as illustrated in Figure 2D. The transferred layers have a

transferred thickness of about 2450A, corresponding to an intermediate wafer product. After

the thinning steps of the manufacturing process, the final device layer is thinner, for example

1000 or 800A or less. This corresponds thus to the final wafer product.

The next process step consists in a sacrificial oxidation which, according to the invention, is
carried out at a temperature of less than 925°C, in particular between 850°C and 925°C,
more in particular between 850°C and 875°C. The aim of this step is to reduce the
thickness of the device layer by transforming a part of the transferred silicon of device layer
33 into a silicon oxide 35. Thus, by doing so, the silicon part of transferred device layer 37 is
thinner (see Figure 2E). Typically 800A of the device layer 33 are transformed during this
step. In case that throughput plays a secondary role, it is even possible to carry out the
process at less than 900°C, in particular at less than 850°C.

Instead of or in addition to a sacrificial oxidation, it is also possible to carry out an etch step
under HCI and H atmosphere to partially remove the device layer.

Subsequently, a rapid thermal anneal step is carried out which serves to reduce the
roughness. According to this embodiment, the rapid thermal anneal is carried out at a
temperature of at least 1200°C, in particular at about 1250°C for at least 30 seconds,
preferably between 30 — 90 seconds, more in particular between 45 - 75 seconds.



a silicon wafer, any other suitable handl e substrate 29 coul d be used. By
provi ding thermal or mechanical energy, the predeterm ned splitting area 27
(Figure 2C) is further weakened which in turn |eads to a conplete
det achnent of a remainder 31 of the source substrate 21 and the transfer of
a device layer 33, together with the dielectric layer 23, onto the handle
substrate 19, as illustrated in Figure 2B. The transferred | ayers have a
transferred thickness of about 2450A, corresponding to an internedi ate wafer
product. After the thinning steps of the manufacturing process, the final
device layer is thinner, for exanple 1000 or 800A or less. This corresponds
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| ayer. Subsequently, a rapid thernmal anneal step is carried out which serves

to reduce the roughness. According to this enbodi nent, the rapid thernal
anneal Issgaééquedtlpugamtaaapud sl @tbpﬁsacawecﬁ@utla@acho 1:29\0&rta¢ularmnnsovclfa;r at
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solution. This leads to the situation as illustrated in Figure 2F wherein

the st ruchyderaer gimaspsese. tipallyanaddiionalremovalfieniis catied,quyo nempue theoxded ¢ he
thinned dgybrgo k¥8hied the final structure comprising a thinned device layer 41 on a dielectric

layer 23 and the base 29, as illustrated in Figure 2H.

The inventive method according to the described embodiment has the advantage that each
process step is optimized such that synergistic effects occur which lead to an important
reduction in SECCO defects, namely with a density being lower than 100 defects per cm? or
even lower than 50 defects per cm2. This optimization is achieved with a choice of a low ion
implantation density and the choice of a low oxidation temperature when reducing the
thickness of the transferred layer. In addition, the special process parameters of the rapid
thermal anneal step also lead to a reduction of the SECCO defect density. Furthermore, the
splitting of the thinning into two distinct steps further helps in keeping the SECCO defects
low. The process parameter mix is furthermore such that device layers of less than 1000A
can be provided with the mentioned low SECCO defect density.

Without departing from the inventive concept, the invention according to the first
embodiment can be carried out under the following variants. First of all, instead of only
carrying out one RTA step after each oxidation, it is further beneficial to carry out at least
two or more RTAs successively. According to another embodiment, the thermal treatment
step can also be a furnace anneal of at least 10 minutes carried out in a temperature range
of 1000 - 1200°C, in an Argon atmosphere. According to a further variant, the oxidation as a
thinning step can be replaced by a wet etch, dry etch or an etching under HCI and H.



Subsequently, a second oxidation step is carried out by oxidation which

|l eads to a partial consunption of the already thinned device |ayer 37 which
is turned into an oxide 39 so that the renmining thinned device |ayer 41
now has a thickness of 1000A or less. Also, this oxidation step is carried
out at | ess than 925C. Subsequently, again, a rapid anneal step is carried
out at 1200C, in particular at 1250C for9 at |l east 30 seconds, in particular
between 30 - 90 seconds, nore in particultar between 45 - 75 seconds,
preferably under an Argon atnosphere and/or Helium atnosphere and/ or

Hydor gen atnosphere. Finally, an additional renoval step is carried out to
renove the oxide layer 39 to achieve the final structure conprising a

t hi nned device layer 41 on a dielectric l|ayer 23 and the base 29, as
illustrated in Figure 2H The inventive nethod according to the descri bed
enbodi mentBhearnyingouidivia firsh gmbodimentercany qfﬁhﬁ:wianﬁ alpna er insombinadion, ﬁ&ﬁﬂ@ hat
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addi ti on, thiskirsiod subsdtrabe alsesbr memaeryeleeicas.of the rapid thernal anneal step
al so Iead to a reduction of the SECCO defect density. Furthernore, the
splitting of the thinning into two distinct steps further hel ps in keeping
the SECCO defects |ow. The process paraneter mx is furthernore such that
device |l ayers of |less than 1000A can be provided with the nentioned | ow
SECCO defect density. Wthout departing fromthe inventive concept, the
invention according to the first enbodi ment can be carried out under the
followng variants. First of all, instead of only carrying out one RTA step
after each oxidation, it is further beneficial to carry out at least two or
nore RTAs successively. According to another enbodi nent, the therma
treatment step can also be a furnace anneal of at |east 10 mnutes carried
out in a tenperature range of 1000 - 1200C, in an Argon atnosphere.
According to a further variant, the oxidation as a



thinning step can be replaced by a wet etch, dry etch or an etching under
HO and H 9 By carrying out this first enbodinent or any of the variants
al one or in conbination, SECCO defect densities of |ess than 100 per cn2,
in particular less than 50 per cnR have been fabricated and the | ow anount
of SECCO defects has even been observed for |large dianeter substrates, e.g.
based on 300 mMmwafers. It therefore bec®res possible to use this kind of
substrate also for nenory devices. 10 Cains Method for fabricating a

sem conductor on insulator substrate, in particular a silicon on insulator
substrate, conprising the steps of: - providing a source substrate,
preferably a nono-crystalline source substrate - providing a predeterm ned
splitting area inside the source SUbStGﬁQ% - attaching, preferably by

bondi ng, the source substrate to a han Rubstrate to forma source-handl e
conpound - detaching a remainder of the source substrate fromthe

sour ce- handl g, ,c u .at. the predeterm ned splitting area,.tq thereb
Cranster 3 aoVFEEBRE)BbrGhing ASeBlGRaLAOCHT BovaR: sitardth ALPRneee SER e o -
t hi nni ng of tinsuldievsutstriatey esmprisiay thetsewpsaed in that the predeterm ned
splitting area is provided by inplanting atom c species with a dose of |ess
than 2.3 x 1016 atons/cnR and thinning is carried out at a tenperature of

| ess than 925C, previdiag & isouicasulbstiate; @ref@adiy sandnd@esslalline seurca spbsttate ul ar
bet ween 850 and 875 such, t hat S def.ec ensity of |ess than 100
dof octs por ci. Pratde,s predstatined sBgen sau o BB ceuisk stbstte s achi eved.
2. Method accor diaftgching, greferably byibbhding,CtsTsoumiengibstrits o reehandi€ suibstrate & ep
bef ore and/ or

form a source-handle compound

- detaching a remainder of the source substrate from the source-handle compound
at the predetermined splitting area to thereby transfer a device layer of the source
substrate onto the handle substrate

- thinning of the device layer
characterized in that

the predetermined splitting area is provided by implanting atomic species with a dose
of less than 2.3 x 10'® atoms/cm? and thinning is carried out at a temperature of less
than 925°C, in particular between 850°C and 925°C, more in particular between 850
and 875°C, such that a SECCO defect density of less than 100 defects per cm?, in
particular less than 50 defects per cm?, is achieved.

2. Method according to claim 1 further comprising a thermal treatment step before and/or
after the thinning.

3. Method according to claim 2, wherein the thermal treatment step is a rapid thermal
anneal (RTA) step of a duration of at least 30 seconds, preferably between 30 - 90
seconds, more in particular between 45 - 75 seconds.

4. Method according to claim 3, wherein the RTA is carried out at a temperature of at
least 1200°C, in particular at about 1250°C.



after the thinning. 3. Method according to claim2, wherein the thernal
treatnent step is a rapid thermal anneal (RTA) step of a duration of at

| east 30 seconds, preferably between 30 - 90 seconds, nore in particular
bet ween 45 - 75 seconds. 4. Method according to claim3, wherein the RTAis
carried out at a tenperature of at Ieasi 1200C, in particular at about
1250C. 11 5. Method according to claim ! wherein the thermal treatnent
step is a furnace anneal of at least 10 mnutes. 6. Method according to
claim5, wherein the tenperature is in a range of 1000C to 1200C. 7. Method
according to claim2 to 6, wherein the thermal treatnent step is carried out

under a n oxd di zi ok | t hod
accor di ng o edicBatEpieBB A 2, whileR b ffndl vainghs <be B hillresaplsn T
conpri ses twoadeastdOeniautesessi ve rapid thermal treatnent steps. 9. Method
according to one of clains 1 to 8, wherein providing of the predeterm ned
splitting area is achieved using He and or Hions with dose of 1.4 x 1016
atons/ cnk 6or Methes accdordingatd iclairh &, whereinrtaedempérafur ix il @léngé wfsi000IC tto 1. 4
x 1016 atons/ %] nore in particular in a range of 1.3 x 1016 atonms/cnR to
1.4 x 1016 at / or and 0.9 x 1016 atons/cnR2 or less, in particular in
a range of 0.7 X 1016 atom;/cmz to 0.9 x 1016 atons/cnR, nore in particul ar

in a rang X 1016 ato 10 respective
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out at an enenicg;faﬁon&i@ﬁﬁvﬁg)ﬁtnioeplserem.pa%nlbﬂdnmmedd/fugmo one of clainms 1
to 10, wherein thinning conprises at least a first and a second thinning
step.

8. Method according to one of claims 2 to 7, wherein the thermal treatment step
comprises two or more successive rapid thermal treatment steps.

9. Method according to one of claims 1 to 8, wherein providing of the predetermined
splitting area is achieved using He and or H ions with dose of 1.4 x 10" atoms/cm? or
less , in particular in a range of 1.2 x 10'® atoms/cm? to 1.4 x 10'® atoms/cm?, more in
particular in a range of 1.3 x 10'® atoms/cm? to 1.4 x 10'® atoms/cm?, or and 0.9 x 10'®
atomsfcm? or iess, in particular in a range of 0.7 x 10" atoms/cm? to 0.9 x 10"
atoms/cm?, more in particutar in a range of 0.8 x 10 atoms/cm? to 0.9 x 10"

atoms/cm?, respectively.

10. Method according to one of claims 1 to 9, wherein implanting is carried out at an
energy of 49keV or less.

11. Method according to one of claims 1 to 10, wherein thinning comprises at least a first
and a second thinning step.

12. Method according to claim 11, wherein a temperature treatment is carried out after the
first and after the second thinning step respectively.

13. Method according to claim 11 or 12, wherein a rapid thermal anneal (RTA) step is
carried out between a first and a second thinning step.

14, Method according to one of claims 11 to 13, wherein the thickness reduction of the
device layer is larger for the second thinning step than for the first thinning step.



12. Method according to claim1l, wherein a tenperature treatnent is carried
out after the first and after the second thinning step respectively. 13.

Met hod according to claim 11l or 12, wherein a rapid thermal anneal (RTA)
step is carried out between a first and a second thinning step. 14. Method
according to one of clains 11 to 13, wherein the thickness reduction of the
device layer is larger for the second thﬂ%ning step than for the first
thinning step. 12 15. Method according to one of clains 1 to 4, wherein

t hi nning conprises oxidation of the device |layer. 16. Method according to
one of clains 1 to 4, wherein thinning is achieved by at |east one of wet
etch, dry etch and etching under HCIl and H 17. Method according to one of
claims 1 to 6, wherein the device |ayer has a thickness of [|ess than 1000A,
in particulfar Mettel advardiff fd oneadftataimt Hetot4) mmereky thirring barh prisés axidatich aftheo
one of clains 1 to 7, wherein the source and the handl e substrate are 300mnm
substrates. 19?W§?FW85n on insulator wafer, in particular fabricated
according to one of clainms | to 8 conprising a device |ayer, an insulating

exhi bi 15 o SR LTS eyt Gt ddo A therBityRIngcr eciigyecty aflé; one
particul ar | espwetetoh, vy diehant etabiig uhaler HCl and H.

17. Method according to one of claims 1 to 6, wherein the device layer has a thickness of
less than 1000A, in particular less than 800A, after the thinning.

18. Method according to one of claims 1 to 7, wherein the source and the handle substrate
are 300mm substrates.

19. Silicon on insulator wafer, in particular fabricated according to one of claims 1 to 8,
comprising a device layer, an insulating layer and a handle substrate, characterized in
that the device layer exhibits a SECCO defect density of less than 100 defects per cm?,
in particular less than 50 defects per cm?.



