A M XED TRIMM NG METHOD Fi eld of the invention and
prior art The present invention relates to the field
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substrates (al so terned nultllfyer sem conduct or
waf ers) produced by transfer at | east one | ayer
onto a support The transferred |l ayer is forned by

qg%i rst wafer onto a second wafer
or support f%& T%Kﬁ#er general |y being thinned
foll owi ng bonding. The first wafer may al so incl ude
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tE@ﬂﬁ&?ﬁﬁgdserving to facilitate their manipulation and to
avoid breakages at the edges that could occur if those
edges were to project, such breakages being sources of
particles that contaminate the wafer surfaces. The
chamfers may be rounded and/or bevelled in shape.

However, the presence of such chamfers prevents good
contact between the support and the wafer at their
peripheries. As a result, a peripheral zone exists on
which the transferred layer is not bonded or not properly
bonded to the support substrate. This peripheral zone of
the transferred layer must be eliminated since it is
liable to break in an uncontrolled manner and contaminate
the structure with unwanted fragments or particles.

Thus, once the wafer has been bonded to the support
and after any necessary thinning thereof, the transferred
layer is then trimmed in order to remove the peripheral
zone over which the chamfers extend. Trimming is usually

carried out essentially by mechanical machining, in



| ayer is then trimed in order to renove the
peri pheral zone over which the chanfers extend.
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mechani cal machining, inparticular by abrasion or
grinding fromthe exposed surface of the transferred
Iayer up to the support. However, such trinmm ng causes
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Further, when the layer comprises components such as
circuits, contacts, and in particular zones formed from
metal, grinding may cause delamination at the motifs of
the components present in the transferred layer, which
delamination may be qualified as micro peel-off.

Such phenomena of macro and micro peel-off occur
beyond a certain level of heating and/or mechanical
stress in the structure during the trimming step. This
level is frequently attained during complete trimming of
the transferred laver.

Summary of the invention

The aim of the invention is to overcome the
disadvantages mentioned above by proposing a method of
trimming a structure comprising a first wafer bonded to a
second wafer, the first wafer having a chamfered edge and

comprising components, said method comprising a first



The aimof the invention is to overcone the
di sadvant ages nenti oned above by proposing a nethod of
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to a second wafer, the first wafer having a chanfered
edge and conpri sing conponents, said method conpri sing
a firststep of trinmng the edge of the first wafer
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machined over a depth that is not more than 50% of the
thickness of the first wafer. The first trimming step is
carried out solely by mechanically wearing away the
material of the first wafer, such as by grinding.

In accordance with another aspect of the invention,
the first and second trimming steps are carried out over
a width that is at least equal to the width over which
the chamfered edge extends. The first and second
trimming steps may be carried out over a width in the
range 2 mm to 8 mm, preferably in the range 2 mm to 5 mm.

In accordance with one implementation of the method,
the second trimming step is carried out by chemical
etching.

In accordance with another implementation, the
second trimming step is carried out by chemical plasma

etching.
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mm | n accordance with one inplenentation of the
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chenical etching. In accordange w th another
i npl enentation, the second trimming step is carried
out by chem cal plasma etching.ln accordance with yet
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by stacking two or more wafers, minimizing the risks of
delamination both at the bonding interfaces between the
wafers and at the component layers. One of the component

layers may include image sensors.

Brief description of the figures

» Figures 1A to 1E are diagrammatic views of a
trimming method in accordance with an implementation of
the invention;

« Figure 2 is a flow diagram of the steps carried
out during the method illustrated in Figures 1A to 1E;

» Figures 3A to 3F are diagrammatic views showing
the production of a three-dimensional structure employing
the trimming method of the present invention;

e Figure 4 is a flow diagram of the steps carried
out during production of the three-dimensional structure
illustrated in Figures 3A to 3F;

« Figure 5 is a view showing the lower surface of

the grinder used in Figure 3D.
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production of a three-dinensional structure enpl oying
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4 is a flow diagramof the steps carried out during
production of the three-di mensional structure
illustrated in Figures 3Ato 3F, Figure 5is a view
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components may also correspond to elements, motifs, or

layers that are produced with materials with expansion
coefficients different from that of the wafer and that,
at high temperature, are liable to create different
degrees of expansion in the wafer, which may deform
and/or damage it.

In other words, when the first wafer includes such
components, it cannot undergo high temperature anneals
after bonding. As a consequence, the bonding energy
between the wafers is limited, typically to a value in
the range 500 mJ/m? [millijoules/square meter] to 1 J/m?
[joule/square meter], which renders the resulting
structure rather more sensitive to the phenomenon of
macro peel-off during mechanical trimming, as described
above. Further, as explained above, the trimming may
also cause micro peel-off, corresponding to delamination

in the first wafer at the components (detachment in one
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between the wafers is linmted,ctypically to a value in
the range 500 m}/m2 [mlli joules/square neter] to 1
J/n2 [joul e/square neter] , which renders the
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(grinding, abrasion, shaving, etc) but that is limited to
a predetermined depth in the first wafer, followed by a
second trimming step carried out with means that are non-
mechanical at least in part, i.e. means not solely
involving friction or mechanical wear on the wafer.

Thus, the heating and/or stresses that are responsible
for the phenomena of macro and micro peel-off are
limited.

One implementation of a trimming method is described
below with reference to Figures 1A to 1E and 2.

As can be seen in Figure 1A, a structure 100 to be
trimmed is formed by assembling a first wafer 101 with a
second wafer 102, for example of silicon. The first and
second wafers 101 and 102 shown here have the same
diameter. They could, however, have different diameters.

In the example described here, assembly is carried out by
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Thus, the heating and/or stresges that are responsible
for the phenonmena o f macro and mcro peel -off are
limted. One inplenentation o f a trimmng method is
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Mbhe prirvstsedferaftBorbrpngchgelie abfersbirntgivonthet
af;a PEPL EDL+ LEAPREALHT 8¢ BmBPBAE NBemperature, a bonding
reinforcement anneal may be carried out, but at a
temperature of less than 450°C, beyond which temperature
certain metals such as aluminum or copper begin to creep.

An additional layer (not shown) of the oxide layer
tyvpe may be formed on one of the two wafers before
bringing them into contact. The first wafer 101
comprises a layer of components 103 and has a chamfered
edge, i.e. an edge comprising an upper chamfer 104 and a
lower chamfer 105. 1In Figure 1A, the wafers have rounded
chamfers. However, the wafers may also have chamfers or
edge roundings with different shapes such as in the form
of a bevel. 1In general, the term "chamfered edge" means
any wafer edge at which the ridges have been bevelled so
that contact between the two wafers close to their
periphery is poor.

The wafers 101 and 102 are assembled one against the

other by molecular bonding to form the structure 100
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begin to creep. An additional d ayer (not shown) of the
oxi de | ayer type may be forned on one of the two
waf ers before bringing theminto contact. The first
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step carri ed
other tool that 1s suitable for mechanically wearing away

the material of the layer. The width 1ld of the annular
portion that is withdrawn corresponds to at least the
width over which the chamfers extend. For wafers with a
diameter of 100 mm, 200 mm, and 300 mm, the trimming
width 1d is generally in the range 2 mm to 8 mm,
preferably in the range 2 mm to 5 mm.

During said first trimming step, the layer 106 is
attacked over a depth Pd;, which is less than the
thickness e of the layer 106. More precisely, the depth
Pd; is 50% or less of the thickness e. The transferred
layers in general have a thickness in the range
approximately 1 pm to 15 pum. The trimming depth during
the first step may, for example, be of the order of 7 to
8 um for a layer with a thickness of 15 um.

This limitation to the depth of mechanical machining

can reduce the heating and/or stresses both in the layer



mechani cal action or machining fromthe upper face of
the layer 106 (edge grinding) (step S3, Figure ID)

wabaomeob@ni cal acti on may be exerted by a griPUEEPN9/059960

10

15

20

25

30

35

any other tool that is suitablg for nechanically
wearing away the material of the layer. The wdth .1d
of the annular portion that is w thdrawn corresponds
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the wafer or layer is attacked (the trimming width can
then be slightly reduced during trimming).

Trimming is then completed by a second trimming step
that is at least partially non-mechanical, i.e. using
material removal techniques other than those involving
solely a mechanical wearing action or frictional action
of a tool on the material of the layer (step S4,

Figure 1E). This second trimming step is carried out
over the same width 1ld as during the first trimming step
and over a depth Pd, corresponding at least to the
remaining thickness of the layer 106 (i.e. e - Pd;).

The second trimming step may in particular be
carried out by chemical etching, also known as wet
etching. The chemical etching solution is selected as a
function of the material to be attacked. With silicon,
for example, a tetramethylammonium hydroxide (TMAH)

etching solution may be used.



during the trimm ng operation. This further [imts
heating/ stresses at the wafer edge and can further
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of the layer or wafer does nojiphave a near-rectilinear
profile, the wwdth of the first trinmmng step (such as
width Ld) corresponds at least to the width with which
t he e a n a
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and heating on the wafer compared with entirely

mechanical trimming such as grinding.

In accordance with yvet another implementation, the
second trimming step may be carried out by fracture or
breakage of the remaining portion to be trimmed after the
first trimming step. Fracture of this remaining portion
may be carried out by exerting a pressure or a breaking
force on the remaining portion, for example using a
bearing tool, a jet of water, a laser, etc.

A particular but not exclusive field for the
trimming method of the present invention is that of
producing three-dimensional structures.

A method of producing a three-dimensional structure
by transfer onto a support of a laver of microcomponents
formed on an initial substrate in accordance with one
implementation of the invention is described below in

relation to Figures 3A to 3F and 4.



chem cal -nechanical polishing (CW) , a well known
pol i shing techni que which enploys a fabric associ at ed
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(for exanple NHACH) that can ghemically attack the
surface of the |ayer and abrasive particles (for
exanple silica particles) that can nechanically attack

said syurface. In ntyast to dry.an et.ching
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with a view to bonding by molecular bonding. The wafer
300 has a thickness of approximately 725 um. In the same
manner as the first wafer 200, the edge of the second
wafer 300 has an upper chamfer 301 and a lower chamfer
302. A layer of oxide 207, for example formed from S10,,
is also formed on the face of the first wafer 200
comprising the microcomponents 204. In the example
described here, the first and second wafers 200, 300 have
a diameter of 200 mm.

After bonding and as can be seen in Figure 3C, the
first wafer 200 is thinned to withdraw a portion thereof
present above the layer of microcomponents 204 (step S3),
here the substrate 203. At this stage of the method, the
buried layer 202 is preferably retained in order to
protect the components from possible contamination,
particles, etc. The first wafer 200 may be thinned, in

particular by a step of grinding or chemical-mechanical



(for exanple a layer of Sig2 ) being present between
the layer 201 and the substrate 203. The wafer 200 has
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mm . For a wafer 200 mmin di ageter (8 inches), the
standard thickness is 725 um The m croconponents 204
are formed by photolithography using a mask that can
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carried out using a grinder 400, the structure 500 being
held in a rotating plate (not shown). As can be seen in
Figure 5, the grinder 400 has a lower face that is
structured due to the presence of grooves 410. As
indicated above, it has been observed that a grinder with
such a structured face can limit heating and stresses.
Clearly, trimming may also be carried out with grinders
that do not have such structured faces.

During this first trimming step, the structure 200
is attacked over a width 1ld of approximately 4 mm and
over a depth Pd; of approximately 5 pm, which in the
example described here means that heating and/or stresses
can be reduced sufficiently to prevent the appearance of
macro peel-off and/or micro peel-off.

Trimming is then completed by the second non-
mechanical trimming step carried out by chemical etching
using, for example, a solution of TMAH. This second

trimming step is carried out over a width 1ld and over a



previously forned in the wafer 200 by atomc
i npl ant ati on. Advant ageously, the buried insulating
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remai ni ng wafer 200. After thesthinning step, the
waf er 200 has a thickness e of approximately 10 mm.
In other circunstances, its thickness may lie in the
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exposed layer, for example a layer of tetraethoxysilane
(TEOS) oxide, in order to facilitate assembly and protect
the trimmed zones (for which the material of the
subjacent wafer is exposed) from subsequent chemical
attacks.

In accordance with a particular implementation, one
of the layers of microcomponents may in particular
comprise image Sensors.

In accordance with another implementation, the
components have already been formed in the second support
wafer before assembly thereof with the first wafer

constituting the transferred layver.



{step S5, Figure 3E) . Once trimmng of the structure
500 has been term nated, after having w thdrawn the
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formed at the exposed surface;pf the layer 201 (Figure
3F, step S6) . In the exanple described here, the

m croconponents 214 are fornmed in alignnment with the
bgigﬁg m croconponents 204. A photolithography nask is
use Oor this purpose; it is simlar to that used to

f or mit hethpdr ofohponsang 204triatareadil8f) onpmphésing a

t@a§gtdwa§a§lqm@h SBBH@EHr€o'§ tecsrd QXférSR§@5 Ffthe

| ayers, 1. i rans er of one or nore addit
I§§§P§ Uﬁ?@rtﬁ OﬂéyEPVQGQ 2egBANS8YPE BALR IéQév B@ﬁhgaﬂd
leoﬁbrgamﬁ@tcmmpbnéhesdunasblysagﬁaﬁ@ehoaayamp@ﬁs1ng a

' Lri i t hod ti
| SYBER, PERSOOE FRITBACH FPanSrER: 80 Faper  TEhy PRGPE 1101)
beﬁwreeéaohttbgnméehanﬁcam mddhﬁhmn@loﬁayea pirediesermined

Paéékﬁ' PI:‘{O dlerquSfll af_aj[ Ky 8Qla ?@f Oﬂ)i ang&??}%&?coné{

UF exa ayer o r aet hOX Sl
oﬁF@@ Oﬁnn@nd@¢Ch@n#ﬁ@ﬂlFram@lags@ﬁﬁryaﬁnaeﬁs§tébﬁ t he

tEéﬂaﬁﬁlﬁgnﬁﬁléiﬁésﬁhbﬁhthBefHEE@rwakle theasebipaeent
wafer is exggsed fron1subs$quent chem cal . attacks

aEEOTBAREeS WPPHPE BYr EPEFEF PHpI WiERt &t FEHD Bhe B luding

t beobager snol tyi toweonpanéats.may in particul ar

conprise i mge sensors. |In accordance wth anot her

i npl enent ati on, the conponents have al ready been

f 8r madmehhofleaseovdingupporiawaf &r bbéveetasseadl yn that

tBﬁéegirgttBrimﬁlﬁglégﬁgfigrc599§éatHﬁtnsoieﬁy by

transferred | ayer trinmm g
sW?GE?B%@a%1W@§rcﬁﬁth§lﬁ@tﬁr%ﬁ}stmﬁhérffiéi)wﬁ fBedlol) .
to a second mafer (102) the first wafer (101) having

a Chﬁ”&&EEgd og g %QSZIQQQ 1 or claim 2,

characterized in that during the first trimming step, the
first wafer (101) is machined over a depth that is 50% or
less of the thickness of said first wafer.

4. A method according to any one of claims 1 to 3,
characterized in that the first and second trimming steps
are carried out over a width (1ld) that is at least equal
to the width over which the chamfered edge extends.

5. A method according to claim 4, characterized in that
the first and second trimming steps are carried out over

a width (1d) in the range 2 mm to 8 mm.

6. A method according to any one of claims 1 to 5,
characterized in that the second trimming step is carried

out by chemical etching.



conpri sing conmponents (103), said nethod conprising a
first step of trimmng the edge of the first wafer
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predetermi ned depth (Pdi) in the first wafer (101)
followed by a second step of non-mechanical trinmng
over at |east the remaining thickness of the first
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claims 1 to 5, characterized in that the second
trimmng step is carried out by chem cal etching.7 . A
mefhodd metbedi n§ poodnyingeaothrkardsménsposal composite

CE@E@@E&%EZ$§ODP[tBé&p£B§1§SCQBdléééE“bHQ step bs

carri ed out Y asma etch I nNg accordi ng
tBrafyCHne af %Yﬁrnﬁflc@%pen?nEﬁaﬁaeéérP%eanﬁnf@ﬁ@to a

thergec?adefalunung §t§@e%30§abbh@ﬂnguth§yface ofdthe
em cal - pec shin accordin
BEERE HABEEr TAN R cBRoEEOLRY the 1aVET B PRSTRER TS
t h204kcontot ai smtogdsvaPers(8@dri edndua Hyepraft uremoing
bégaféggtoéhéhfifgga%gfgg P9555°8a£9ied out in accordance
with a trimming method in accordance with any one of

claims 1 to 9.

11. A method according to claim 10, characterized in that
it comprises, after the bonding step, a step of thinning
the first wafer (200).

12. A method according to claim 10 or claim 11,
characterized in that it further comprises a step of
producing a second laver of microcomponents (214) on the
face of the first wafer (200) opposite to the face

comprising the first layer of components (204).

13. A method according to any one of claims 10 to 12,
characterized in that it comprises, before the bonding

step, a step of forming a layer of oxide (207) on the



be trimed after the first trinmng step. 10. A nethod
of producing a three-di nensional conposite structure

W@ 200)2600€onpri sing at | east one step of produRCTHEPW09/059960

10

| ayer of conponents (204) on e face of a first wafer
(200) , a step of bonding the tTace of the first wafer
(200) conprising the |ayer of conponents (204) onto a

second wafer (.300 nd p of trinmng. at | east
tﬁscﬁiP??t§§f%&f€§o8ﬁ%€§r3?§§?o&PmPﬁl§&88f Bcd 1wisth 1gver
t pitmeongomeniied (204accor dance with any one of clainms 1
to 9 . 11. A nethod according to claim 10,
characterized in that it conprises, after the bonding
sttép, PamstepdopceRirAAnAg tohenti pee waf €A admg0o) 0. to2 13A
mehhed c2eeQraundnt @nekaimel? 0k Clair@rl200) is a SOT type
characterized in that it further conprises a step of
pPGAUETHG®a second | ayer of nicroconmponents (214) on
the face of the first wafer (200) opposite to the face
c ri,sj e_first..layer of conponents (204 3. A
mathot SE2aPH: 5P buRY She oy BFE RE ToarbersD 1,
chhpaereerzeddi ant bheti etcompesebe etotelblerbondi ng
S p OLRIRY; a f ' (207) on
R e D &S Y b7 % sehr P erhg the 11 rst

| ayer of conponents (204). 14. A nmethod according to
any one of clainms 10 to 13, characterized in that the
first wafer (200) is a SO type structure. 15. nmethod
according to any one of clainms 10 to 14, characterized
in that at least the first [ayer of conponents (204)
conpri ses image sensors.



