1 Method of elimnating fragments of material present on the surface of a
mul tilayer structure Background of the invention 5The present invention
relates to the field of production of rmultilayer sem conductor structures
or wafers produced by transferring at | gast one |ayer onto a final
substrate. Such layer transfer is obtainhed by bonding, for exanple direct
bonding, a first wafer (or initial substrate) to a second wafer (or final
substrate), the first wafer in general being thinned 10 after bondi ng. The
transferred | ayer may furthernore conprise all or part of a component or a
nunber of m cuegRIER@MEiBating fragmert® Of nit8GaISHeYent et aafire dfvention
relates to the problemof material ,fra ntig"iﬁst whi ch appear on the exposed
surface of the transferred Iayernﬁﬂwp)ﬁ%? H&tion of a multilayer
structure fornmed by 15 bonding. This contam nation effect has in
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soneti mes belng ca shower cl eani ng”. However, the pl i cant has
observed that the &far8chrecienlysSherpresent ventien nalkatriete heinroblem 8f nce only
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560, for 2 multilayer structure, for example during thinning of this first wafer, and
particularly when it has not been possible to completely stabilize the
bonding interface.
20 This type of contamination has especially been observed during
the fabrication of SOS (silicon-on-sapphire (AlO3)) heterogeneous
multilayer structures.
The technique commonly used during the fabrication of
multilayer structures to clean the surface of a transferred layer after a
25 chemical thinning step consists in a step of rinsing (or cleaning) by means
of a pressurized jet. In general, a pressurized jet of water (or any rinsing
solution) is manually applied to the surface of the wafer to be cleaned,
this technique sometimes being called “shower cleaning”.
However, the Applicant has observed that the effectiveness of
30 this technique is limited since only a small fraction of the fragments
present on the surface of the wafer to be cleaned can be removed
thereby. Moreover, it is not currently possible to automate satisfactorily a
rinsing step employing a pressurized jet. This technique requires human
intervention, which limits industrialization of the rinsing step.
35 Moreover, ultrasonic baths are commonly used at the present
time to clean wafers during a polishing step. Document EP 1 662 560, for




exanpl e, describes a process for treating an SO wafer conprising, on its
front side, a peripheral lip bordering a circular recess. This process
especially conprises renoving this hp by polishing, by nmeans of a machine
provi ded for this purpose. This polishiﬁg machine in particular conprises a
5 tray containing a rinsing solution. 90 clean the wafer after polishing,
the treated wafer is subnmerged in the rinsing solution and ultrasoni c waves
are propagated in the solution. Thi s cl eani ng techni que general ly
provi des satisfactory results when it is a question of renoving grit
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structures which have been chem cally etched, for exanple during a thinning
step, to be $WRmAY Phihe wyention The material fragnents originate,
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meets the need described above. For this purpose, the present invention
provides a process for removing material fragments present on the
exposed surface of a first layer that is bonded to a second wafer, the
fragments to be removed being larger than 2 pm, the process comprising

25 a step of submerging at least the first layer in a liquid solution, and a step
of propagating ultrasonic waves in the solution, the frequency and power
of the ultrasonic waves being set to create a cavitation effect in the liquid
solution so as to remove the fragments from the exposed surface.

It will be noted that the size of a fragment can correspond to its

30 length, its width or its diameter.

Advantageously, the process of the invention allows relatively
large material fragments deposited on the surface of a multilayer structure
during its fabrication, and in particular during a chemical etching step, to
be removed.

35 The process is also advantageous in that the operating
parameters (frequency of the ultrasound, power of the ultrasound, etc.)



The frequency and power of the ultrasonic waves are preferably set
dependi ng on the viscosity of the l[iquid solution. As described in nore
detail below, it is thus possible to optim ze the effectiveness of the
removal process of the invention. 10Furihernore, the liquid solution my be
a rinsing solution. Alternatively, the fiquid solution may be an etching
sol ution. Thus it is possible to carry out the process of the
invention directly in a bath of an etching solution used to chemcally etch
the first wafer of the nmultilayer structure. In this case, the etching
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The liquid solution may furthermore comprise at least one of the

20 following solutions: a TMAH solution, a KOH solution and an H3P0O4
solution.

According to a particular aspect of the invention, at least some of
the fragments to be removed are fragments of the first wafer formed
during a previous step of chemically etching the first wafer.

25 Furthermore, the material fragments to be removed may
comprise at least one of the following residues: oxide residues originating
from an oxide layer located at least at the bonding interface between the
first wafer and the second wafer; silicon residues originating from the
peripheral edges of the first wafer; and residues from microcomponents,

30 originating from the peripheral edges of the first wafer.

The invention also relates to a process for fabricating a
multilayer structure comprising the following steps in succession:

- bonding a first wafer to a second wafer, so as to form a
multilayer structure;

35 - annealing said structure; and



This additional oxidation step in particular allows an oxidation 10l ayer to
be placed at the bonding interface between the first wafer and the second
waf er so as to nake bonding the two wafers easier. In a particular
enbodi ment, the chem cal etching step is carried out in a bath of an
etching solution, and the liquid solutf@n used during the renoval of the
fragnents is the etching solution. 15 Brief description of the draw ngs

O her features and advantages of the present invention will becone clear
fromthe description given below with reference to the appended draw ngs
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In a particular embodiment, the chemical etching step is carried
out in a bath of an etching solution, and the liquid solution used during
the removal of the fragments is the etching solution.
15
Brief description of the drawings
Other features and advantages of the present invention will
become clear from the description given below with reference to the
appended drawings which illustrate a non-limiting exemplary embodiment
20 therefor. In the figures:
- figures 1A to 1D are schematic views showing production of an
SOI multilayer structure;
- figure 2 shows, in the form of a flowchart, the main steps of the
production process illustrated in figures 1A to 1D; and
25 - figure 3 schematically shows a process for removing material

fragments, according to the invention.

Detailed description of an embodiment
The present invention relates, in a general way, to the removal
30 of unwanted material fragments that appear on the exposed surface of a
multilayer structure during its fabrication process.
A multilayer, or composite, structure is produced by bonding a
first wafer to a second wafer that supports the first wafer,
The wafers forming a multilayer structure are generaily circular
35 and may have various diameters, especially diameters of 100 mm, 200




5 generally have a rounded form However, the wafers may have chanfers or
edge roundi ng of various fornms such as a bevel. The role of these
chanfers is to make handling the wafers easier and to prevent the edge from
fragnenting, which could occur if these_ edges were sharp, such fragnments
bei ng sources of particulate 10contani nation of the surfaces of the wafers.
An exenpl ary process for fabricating a nultilayer structure is now
described with reference to figures 1A to 1B. As shown in Figures
1A and 1B, a conposite structure 111la is forned by joining a first wafer
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Preferably, at least one of the two wafers 108 and 110 has been
oxidized before bonding. This oxidation in particular provides an oxide
layer intermediate between the two wafers once the bonding has been
carried out. This oxidation is obtained by means of a heat treatment in an
25  oxidizing medium. In the example described here, the first wafer 108 is
oxidized before bonding, so as to form an oxide layer 106 over the entire
surface of the first wafer. Alternatively, it is possible to deposit an oxide
layer, called a bonding oxide layer, on the side to be joined of the first
wafer 108, before bonding to the second wafer 110, the latter possibly
30  also comprising a surface oxide layer. There is thus a bonding oxide layer
at the interface between the first wafer 108 and the second wafer 110,
enabling better bonding between these two wafers.
Moreover, the first wafer 108 has a chamfered edge, namely an
edge comprising an upper chamfer 122a and a lower chamfer 122b. The
35 second wafer 110 likewise has an edge comprising an upper chamfer 124a
and a lower chamfer 124b.



10 the surfaces to be bonded nust be sufficiently snooth, free from
particul ates or contam nation, and brought sufficiently close to each other
to allow contact to be initiated - typically a distance smaller than a few
nanonetres. In this case, the attractivye forces between the two surfaces
are strong enough to cause direct bondi'ng (bonding induced by all the 15
attractive electron interaction forces (Van der Waals forces) between atons
or nolecules in the two surfaces to be bonded). It will be noted
that the first wafer 108 may conprise m croconponents (not shown in the
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The composite structure 111a is then subjected to a bond-
interface-strengthening anneal at a moderate temperature (for example at
25  400°C for 2 hours), this anneal being intended to strengthen the bonding
between the first wafer 108 and the second wafer 110 (step E2).
Once this anneal has been carried out, in general the first wafer
108 is thinned so as to form a transferred layer having a given thickness
(for example, about 10 um) on the supporting wafer. This thinning
30 operation generally comprises a chemical etching operation.
Now, the Applicant has observed that unwanted material
fragments appear on the exposed surface of the first wafer 108 following
a thinning step involving a chemical etching operation.
In-depth study of these material fragments has allowed their
35 formation mechanism to be understood. The formation mechanism is



The buried oxide |ayer 104 internmedi ate between the | ayers 101 and 102 of
the first wafer serves as a stop layer during the chem cal etching. Thus
the chem cal etching is stopped on the oxide |ayer 104. The 20 chem cal
etching thus renoves the residual |ayer, 112 remaining after the mechani cal
t hi nni ng. However, the Appllcé?t has observed that, after the
chem cal etching operation, material fragnents 118 were present on the
exposed surface of the first wafer 116. These fragnments 118 are typically
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The buried oxide layer 104 intermediate between the layers 101

and 102 of the first wafer serves as a stop layer during the chemical
etching. Thus the chemical etching is stopped on the oxide layer 104. The

20 chemical etching thus removes the residual layer 112 remaining after the
mechanical thinning.

However, the Applicant has observed that, after the chemical
etching operation, material fragments 118 were present on the exposed
surface of the first wafer 116. These fragments 118 are typically larger

25 than 2 pym in size.

Studies have shown that these material fragments are debris
originating from the edges of the first wafer.

More precisely, the chamfered edges of the first and second
wafers cause problems with the bonding of these two wafers at their

30 periphery. Despite the moderate temperature bonding-interface-
strengthening anneal, an annular portion of the periphery of the first
wafer 108, located in the vicinity of the lower chamfer 122b, does not
bond well (and may even not bond at all) to the second wafer 110.

The reduction in the thickness of the first wafer during the steps

35 of mechanical and chemical thinning significantly weakens the edges of
the first wafer in the vicinity of the lower chamfer 122b.



The Applicant has noreover observed that these material fragments 118 are
generally relatively large. Typically, these fragnents are at least 2 pmin
size. The large size of these fragnents is especially explained by their
formati on nmechani sm the coll apse descé¥bed above. On 20 account of their

| arge size, these fragnents cannot be fectively renoved by a conventi onal
ul trasoni c cl eani ng process. It will also be noted that these
fragnents 118 may contain circuit residues originating from any

m croconponents buried in the first wafer on its side bonded to the second
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be produced,\I'gHfe npl e, by making piezoelectric transducers oscillate at
a gi venifirequency afbe feasttrind i perthguimmoadits gscingdhel ewneicalf echieganpl e) .
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thi nned i r sfccount of their large size, these fragments cannot be effectively removed
by a conventional ultrasonic cleaning process.

It will also be noted that these fragments 118 may contain
circuit residues originating from any microcomponents buried in the first
wafer on its side bonded to the second wafer 110,

25 The Applicant has therefore developed a process for removing
any material fragments that may appear on the surface of a multilayer
structure during its fabrication. An exemplary embodiment of the invention
is described with reference to Figures 2 and 3.

Once the chemical etching has been carried out (Figure 1D), the

30 multilayer structure 111c is rinsed and then placed in a tray 128 (or dish)
containing a rinsing solution 130, as iliustrated in Figure 3. This rinsing
solution may for example be deionized water (DIW). However, other
rinsing solutions may also be envisaged.

Ultrasonic waves, i.e. mechanical and elastic waves, transmitted

35 for example by a liquid, with a frequency higher than 20 kHz, are then



wafer 116, the material fragnents 118 are renoved by the rinsing solution
130. The magni tude of the pressure drops leading to this
cavitation effect especially depends on the frequency and power of the
ultrasonic 25 waves enmtted. The Applicant has observed that, to obtain a
cavitation effect capable of renoving f9agnents that are at least 2 pmin
size, the ultrasonic waves used nust have a | ow frequency. In other words,
this frequency nust lie in a band | ocated between 20 kHz and 1000 kHz. The
closer the frequency is to the lower [imt of the band (i.e. 20 kHz), the
30 larger t
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wafer 116:

116.

20 Once debonded from the exposed surface of the thinned first
wafer 116, the material fragments 118 are removed by the rinsing solution
130.

The magnitude of the pressure drops leading to this cavitation
effect especially depends on the frequency and power of the ultrasonic
25 waves emitted. The Applicant has observed that, to obtain a cavitation
effect capable of removing fragments that are at least 2 ym in size, the
ultrasonic waves used must have a low frequency. In other words, this
frequency must lie in a band located between 20 kHz and 1000 kHz. The
closer the frequency is to the lower limit of the band (i.e. 20 kHz), the
30 larger the fragments removed by the process of the invention. In a
particular embodiment, the frequency of the ultrasonic waves lies between
20 kHz and 500 kHz and even between 20 kHz and 100 kHz. In a variant,

the frequency lies between 700 kHz and 1000 kHz.
However, the viscosity of the rinsing solution 130 also has an
35 impact on the magnitude of the pressure drops obtained. This is because,
the higher the viscosity of the rinsing solution 130, the more difficult it is



Experimental conditions Tray Made of stainless steel, quartz or PTFE.

Ri nsing solution used DIW TMAH etc. (Additives nmay be added to the rinsing
solution and the rinsing solution nay be made to circulate in the tray).
Tenperature At roomtenperature or at 40C. Power of the ultrasound 660W
orl 200W Frequency of the ultrasound 440kHz or between 700 kHz and 1000 kHz
Orientation of the conposite structures in the tray

to obtain cavitation effect. It is therefore recommended to minimize the

viscosity of the liquid solution in which the ultrasonic waves propagate.

Typically, the viscosity of the liquid solution must be 30 mPa.s {i.e. 30 cP)

or less at 25°C. It will be noted that, in this document, the term “viscosity”
5 is understood to mean the dynamic viscosity of a medium.

The frequency and power of the ultrasonic waves will therefore
be set depending on the viscosity of the rinsing solution 130.

It is also possible to match the temperature of the liquid
solution to the situation considered. In particular, the higher the

10 temperature of the solution, the more the viscosity of the latter decreases.
It is thus possible to heat the liquid solution in which the uitrasonic waves
propagate in order to obtain a viscosity below 30 mPa.s.

Moreover, changing the power of the ultrasonic waves changes
the rate at which the material fragments 118 are removed. Thus, the

15 greater the power of the ultrasonic waves, the higher the removal rate.
The power is for example set to between 600 W and 1200 W.

The table below collates the experimental conditions which may
typically be applied to obtain a cavitation effect making it possible to
remove the material fragments 118 on the surface of the thinned first

20  wafer 116:

Experimental conditions

Tray Made of stainless steel, quartz or PTFE.
DIW, TMAH etc.
(Additives may be added {o the rinsing solution
and the rinsing solution may be made to circulate

Rinsing sclution used

in the tray).
Temperature At room temperature or at 40°C.
Power of the 660 W or 1200 W.
ultrasound
Frequency of the 44 kHz or between 700 kHz and 1000 kHz
uvltrasound

Orientation of the
composite structures
in the tray

Duration 15 min to 20 min

- Horizontal: adequate effectiveness
- Vertical: good effectiveness




-Horizontal : adequate effectiveness -Vertical: good effectiveness Duration
15 mn to 20 mn 11 Conposition of the observed material fragnents An
oxi de layer (from500 Ato 2 pmin thickness) covered with silicon and/or a

circuit multilayer Alternatively, it is possible to carry out
t he renoving process according to the ithvention, directly in the bath of
the etching solution 126, during the chem cal etching operation illustrated

in Figure 1D. In this case, 5 the etching solution 126 (a TMAH sol uti on,
for exanple) serves as the medium for propagating the ultrasonic waves and
the cavitatiion is concomtant iwth the etching action of the etching

sol uti on 126. Composition@fahet raocess f r Vi fra ts according to
t he i nventi on odbhgeribed mateplab z\fﬁ%ﬁ'&? Taﬁ%%%@%géqgg Hrﬂﬁﬁgﬁﬂﬁﬁ?e (j
contouring 10 opgffyrheRAtd N or eFoYesed Wit ailicon andar & it MYRIEYES m|t he

periphery off the thinned first wafer 116. Mor eover, the process of

the invention is applicable to any type of nultilayer structure, and nore
particularly to nultjlayer structures, the wafers of which have chanfered

edges (or edge rounﬁltﬁ abivelynyt &hRRESIDIesto RAMYNGWH e FABOVIRG REXSEEY to hi gh
t enper at ur esaceordrigles thoirenties, divectlyahithe 2ath e tihoptibng boittof dcé, The

| nvention i derﬁlg&%%téh%%i%zgl e%@l%ig%%%Lﬁi&n%lﬁ%at%%riHcﬁjﬁrgsm. In this case,
5 the etching solution 126 (a TMAH solution, for example) serves as the
medium for propagating the ultrasonic waves and the cavitation is

concomitant with the etching action of the etching solution 126.

Once the process for removing fragments according to the
invention has been implemented, it is possible to implement a contouring

10  operation in order to remove an annular portion from the periphery of the
thinned first wafer 116.

Moreover, the process of the invention is applicable to any type
of multilayer structure, and more particularly to multilayer structures the
wafers of which have chamfered edges (or edge rounding of any shape)

15 and which cannot be heated to high temperatures in order to perfectly
stabilize the bonding interface. The invention is in particular applicable to
SOS structures.

The removing process according fo the invention therefore

advantageously removes material fragments which deposit, or which are

20 liable to deposit, on the surface of a muitilayer structure, and more
particularly on the exposed surface of the transferred layer (i.e. the
thinned first layer).

The process of the invention is particularly suited to removing
particulates that are relatively large in size, i.e. typicaily being more than 2

25 pm in size. The process thus removes fragments of a few microns, even a
few centimetres, in size.

The process of the invention is also advantageous in that the
operating parameters are controliable and reproducible. This technique
may thus be optimized and automated for industrial purposes (in contrast

30 to the conventional process of rinsing under a pressurized jet). For
exampie, an ultrasonic bath may advantageously be integrated into a line |
for producing multilayer structures in order to allow implementation of the
process of the invention.




The renoving process according to the invention therefore advantageously
renoves material fragnents which deposit, or which are 20 liable to
deposit, on the surface of a nmultilayer structure, and nore particularly on
t he exposed surface of the transferred éayer (i.e. the thinned first
| ayer). The process of the i n¥éntion is particularly suited to
renmoving particulates that are relatively large in size, i.e. typically
being nore than 2 25 pmin size. The process thus renoves fragnents of a
few m crons, even a few centinetres, in size. The process of the
invention is al so advantageous in tha@lAIM&® operating paraneters are
control | abl e and reproduci ble. This techni que may thus be optim zed and
automated for industrial purposes (in contrast 30 to the conventi onal
process of rinsing un i i oni c
bat h may advantageogéﬁﬁkgg;ﬁ%ﬁég#&péggﬁﬁﬁﬁﬂg@ﬁﬁﬁgﬁgg?P%f%g%§?¢%ﬁEﬁftiIayer
structures igxpeseiksutfacea af cwfirsipipeae it i At ds bondedrigce secomnd tyafer
i nventi on. r i i ragment s
(118) pr2serg%¥%%%g%egxna%gtesdtos%er ][%rg%\P%c]?Bgiﬁgi Iégerltg)ﬁlg\rﬂ [(]%ig)ﬁto?gg%b;si bonded
to a second WHIREI™ (110), the fragnents to be renoved being |arger than 2
pm said process CORR $tepnid submmesgien 2flesstbhe fgitigyatinlehgqiidtsbritionr st | ayer
in a quuid(zgéuiﬁﬁn ﬁ%ZG, 130); and a step of propagating ultrasonic
waves in sai ‘0 i 6 . the 10 frequency and power of said ultrasonic waves
bei ng set to create-a i oitpropagstingc titiasonltewkivegiin saisl adlutionstheas to
renove id nt r i ar f i .~ Process
38 ; gFé&%%ﬁrEw 1a°h(§ m&abf’ SHPFE Lo F\RGGes being, set to creaté a

accor di ng 1-al | which sard fragnents result -] a prior step
(E4) of cherfRviiation etfedl inghediquid selution 59 @6 to remove said Fagmeste§9Mccor di ng
to either ofsafd @pted saAfcd, in which the frequency and power of said

ul trasoni c waves are set depending on the viscosity of said liquid
solution. 20 4. Process according to any one of Clains 1 to 3, in
whi ch sai d sol uti on2i Braress mscorgimgotaiClaim 1,180yhich said fragments re&ult Pr ocess

accor di g i (5 ko B8] BPcrerhafly elcinthall ha dygosol ution i's an
3. Process according to either of Claims 1 and 2, in which the
frequency and power of said ultrasonic waves are set depending on the
viscosity of said liquid solution.
20
4, Process according to any one of Claims 1 to 3, in which said
solution is a rinsing solution (130).

5. Process according to any one of Claims 1 to 3, in which said
25  solution is an etching solution (126).

6. Process according to any one of Claims 1 to 5, in which said
solution comprises at least one of the following solutions: a TMAH
solution, a KOH solution and an H3PO4 solution.

30

7. Removing process according to any one of Claims 1 to 6, in
which at least some of said material fragments (118) to be removed are
fragments of the first layer (116) formed during a previous step of
chemically etching said first layer.

35



6. Process according to any one of Clains 1 to 5, in which said solution
conprises at | east one of the follow ng solutions: a TMAH sol ution, a KOH
solution and an H3PO4 sol ution. 30 7. Renoving process according
to any one of Clains 1 to 6, in which at |east some of said materi al
fragments (118) to be renoved are fragri8nts of the first layer (116) forned
during a previous step of chemcally etching said first layer. 13

8. Process according to any one of Clainms 1 to 7, in which said nmateri al
fragnents to be renoved conprise at | east one of the follow ng residues:

i d i d i gi,nating f ide | 1 ted |.east at
Che bond: o 1 nt or f 8o PresdscCMb B3 ABY el chife): lhd Lehatreddong
waf er (110) ; mstdriat dragneasitd tesherémgoved icogpficerattibastpene phénalfoledgeg of said
Habel ; ; ; ‘nastpEm o
e hera oALeS BRI FRARRTRORP B0 B8 18X LR b
fabricating lgastupt ithaylkending uotarfasec batyraesi Aaidt festrloyen IGEhgndtsd in

successi on:  QopAdWafar (1 16) WRbAMTebid08d oFiginatingTrer thafRiriphéldedgad as to
forma mul ti Ifager f:str cture 111,‘%); anneal i n%q sai d %truct.ur e: and

thi nni ng t heOft 538t MaR{aY%er PRE ERAICHRS EPTR JRHSFOQMIPNRNTE QYNGR TR ep of
chem cal |y ethehariphiehsl ddgestof wafcefirst layer. sai d process being
characterized in that it furthernore conprises, after the chem cal etching
step, renoving material fragnments (118) present on the exposed surface of
the thinned first wlf dro¢essaipr fabricptingea mautbilayey shrustisescataprisied the any one

of Caingl woﬁ,i eps in succesdiBn: Fabrication process according to daim9,
sai d process turt ern‘gre cor%pr|5| ng g sSep of oxigizi g the first wafer
b CHIS

before the bondi'ng $PBENG28 st pg R Prasees 861 Wy 0% her of
G ainms 9 and 10, i nfyph emariishcsRemicaat (¢1Td);ng step is carried out in a

the remval of the PROSHLR RSt BEEeld ng sol ution. o e Guring
- thinning the first wafer, the thinning comprising at least one
15 step of chemically etching the first wafer,
said process being characterized in that it furthermore
comprises, after the chemical etching step, removing material fragments
(118) present on the exposed surface of the thinned first wafer (116)
using the removing process defined in any one of Claims 1 to 6.
20
10. Fabrication process according to Claim 9, said process
furthermore comprising a step of oxidizing the first wafer before the
bonding step.

25 11. Fabrication process according to either of Claims 9 and 10,
in which said chemical etching step is carried out in & bath of an etching
solution (126), and in which said solution used during the removal of the
fragments is said etching soiution.



