1 PROCESS FOR BONDI NG AND TRANSFERRI NG A LAYER The
invention relates to the field of the fabrication of
substrates for applications in electronics, optics
and in opto-electronics. The present invention nore
particularly relates to a process for bonding and
transferring a |layer of material onto a substrate,

i npl enmented during the fabrication of substrates for
the aforenenti oned applications. During a transfer
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Fur t her nor é
techniques generaliy exhibit an annular region, referred to as "peripheral ring", in

which the bonding between the layers is non-existent or of poorer quality, owing to
the presence of chamfers on the donor and receiver substrates used and
commonly available. The presence of these chamfers leads to a low bonding
energy around the edges of the assembied substrates, or even of a fotal lack of
adnesion.

As a result, the mechanical thinning step, conventionally
implemented in order to form the transferred layer, tends to cause peripheral partial
de-laminafion of this layer at the bonding interface. Furthermore, the thermo-
mechanical forces applied to the subsirate during the thinning step can lead to a



mechani cal forces applied to the substrate during the
thinning step can lead to a 2 flaking phenonenon at
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JIFr)idce)gc_i, in the case of a bonded structure whose consolidation has only been
carried out at low temperature, the mechanical stresses introduced during the
annular mechanical trimming of the entirety of the donor substrate and of a part of
the receiver substrate can iead to localized or extended de-bonding of the bonding
interface. The thermo-mechanical stresses on the structure are indeed significant
during this step.

Another trimming process is described in this same document JP 09-
017984. It comprises the following steps:

- frimming of only a part of the donor substrate up to around 50 ym
before the bonding interface, so as not to damage the receiver substrate,



017984. It conprises the follow ng steps: - trinmmng

of only a part of the donor substrate up to around 50
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According to the invention, this process comprises the following
steps:
- bond by molecular adhesion the said receiver substrate and a
donor substrate,
- apply heat treatment to the aforementioned stack in order to
consolidate the bonding interface,
- thin the donor substrate by grinding,
- perform an annutlar trimming of the donor substrate and of a part
of the receiver substrate,
- after the aforementioned steps, camry out a chemical etching step
of the exposed surface of the remaining part of the donor substrate and of the
exposed surface of the receiver subsirate.
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- the grinding is performed up to the point where the thickness of the
donor substrate reaches around 50 pm;

- the receiver substrate is frimmed to a depth in the range between
a.round 2 and 10 um starting from its surface;

- the donor and receiver substrates are formed from silicon and the
etching solution is a solution of tetramethylammonium hydroxide TMAH with a
concentration of 25% by weight in water.

Other features and advantages of the invention will become
apparent from its description which will now be presented with reference to the
appended drawings which show, by way of non-limiting examples, several possible
embodiments.

In these drawings:
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Preferably, the insulating layer 11 is a layer of oxide.

One particular application of this process consists in using a donor
substrate of the SOI type in which the layers 12 and 13 are made of silicon and the
tayer 11 of silicon dioxide SiC..

A second substrate, referrad to as "receiver”, reference 2, can also
be seen in Figure 1A.

Figures 1A to 1F show the case where electronic components are
present in some of the layers of the donor and receiver substrates, however the
process is also applicable to substrates which do not comprise any of these.

When they are present, these electronic components may have
been formed within and/or on the said surface layer 12 and/or within and/or on the

said receiver substrate 2.
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the characteristics required later for bonding by molecular adnesion.

Figure 1C shows the step for bonding the two substrates 1 and 2,
carried out in such a manner that the layer or layers of oxide 3, 4 are sandwiched
between these two subsirates.

After bonding, heat treatment is applied so as to consolidate the
bonding interface referenced 5.

In the case iliustrated in Figures 1A to 1F, where the substrates 1
and 2 comprise electronic components, the temperature of this heat treatment is
relatively modest, preferably in the range between around 300° C and 400° C, in
order to avoid the degradation of these components.
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However, In the particular case where the layers to be etched are
made of silicon, this etching is carried out for example by means of a solution of the
NaOH or KOH type, or preferably by means of a chemical solution of TMAH (which
denotes a solution of tetrametylammonium hydroxide).

Preferably, a TMAH solution is used whose concentration is 25% by
weight in water, at a temperature typically in the range between 70°C and 90°C.
The TMAH solution is a silicon efchant solution which exhibits a high selectivity to
oxide. The insulating layer 11 is then used as an etch-stop layer.

By way of example, an etch using a solution of TMAH typically takes
1 minute to 2 hours considering that the etch rate of the semiconducting layer 130

is around 25 to 30 micrometers/hr.



This etching may be carried out by nmeans of various
etching solutions known to those skilled in the art.
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described for the first embodiment of the invention.
in these two embodiments of the invention, it will be hoted that the
thinning step (Figure 1D or 2E) is always carried out retaining a minimum thickness
of the donar substrate 13. The advantage of this sequencing is that the final active
surface of the layer transferred onto the receiver substrate 2 is never exposed
during the trimming step and is therefore protected from any potential particulate
contamination or scratching.
A third variant embodiment will now be described in conjunction with
Figures 3A to 3E. It differs from the fwo preceding ones in that the donor 1 and
receiver 2 substrates are bulk substrates. The donor substrate 1 is also coated



Subsequently, the grinding of the trimed base

substrate 13 is perforned so as to obtain the | ayer

130, with a thickness in the range between 10 and 50
mcroneters, as previously described. The step shown

in Figure 2F corresponds to tdhe etch process,
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t he i nvent i Afteracieaning es@au@ate activation, the two substrates have been
assembled. The bonded structure has then been subjected to a heat treatment at
350°C for thour, in order to consolidate the bonding interface.

The back face of the donor substrate has then been thinned by
grinding down to around 35 pm. The trimming step has subsequently been applied
to around 3 mm from the edge of the subsirate.

This structure has then been immersed in a solution of TMAH at
80°C, for 1hr 30mins, which aliows the seiective etching of the silicon with respect
to the oxide until the entire thickness of residual silicon (from the mechanical
support back part of the SO donor substrate) has been removed.



Exanpl e 1: Fabrication of an SO conprising

el ectronic conponents. A silicon receiver substrate

has been oxidi zed and a | ayer of oxide has been
deposited at | ow tenperature (between 200C and 500C)

onto a donor substrate of the SO type conprising
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Lastly, a final polishing of the SO structure has
been carried out, in order to obtain a surface |ayer
of silicon with a thickness in the range between 3
and 100 microneters. 11 CLAIMS 1. Process for
bondi ng and transferring a | ayer of material (12)
onto a receiver substrate (2), used during the
fabrication of a substrate (6) intended notably for
applications in the fields of electronics, optics or
opto-electronics, characté&lidd8 in that it conprises

the follow ng steps: - bond by nol ecul ar adhesi on the
said receiver substrate (2) and a donor substrate
(1), - apply heat treatnent to the aforenentioned
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4. Process according to one o the preceding claims, characterized

in that electronic components (121, 122, 21, 22) are formed within and/or on the
said donor substrate and/or the said receiver substrate (2) prior to the bonding.

5. Process according to one of the preceding claims, characterized
in that the donor substrate is a bulk substrate. '

6. Process according to Claim 5, characterized in that the chemical
etching step is stopped after removal of the area work-damaged during the grinding
step.

7. Process according to Claim 6, characterized in that the chemical
etching step is followed by a step for polishing the exposed face of the layer of
material coming from the donor substrate (1).

8. Process according to one of Claims 1 to 4, characterized in that
the donor substrate is a subsirate of the "SOI" or “Silicon-on-insulator’ type,
comprising a silicon base substrate (13), a buried insulating layer (11) and a

surface layer (12) also made of silicon.



8. Process according to one of Clains 1 to 4,
characterized in that the donor substrate is a

substrate of the "SOP'" or "Silicon-on-insulator”

type, conprising a silicon base substrate (13), a

buried insulating |ayer (11) 1@nd a surface |ayer

(12) also made of silicon. 12 9. Process according
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' i tﬂ@% fr donor and receiver substrates are formed from silicon and in that the
etching solution is a solution of tetramethylammonium hydroxide TMAH with a
concentration of 25% by weight in water.



