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(57) Abstract: The invention concerns a method of forming a semiconductor structure comprising: introducing, at selected conditions,
hydrogen and helium species (e.g., ions) in a temporary support (1) to form a plane of weakness (2) at a predetermined depth therein,
and to detine a superficial layer (3) and a residual part (4) of the temporary support (1); forming on the temporary support (1) an
interconnection layer (5); placing at least one semiconductor chip (6) on the interconnection layer (5); assembling a stiffener (8) on a
backside of the at least one semiconductor chip (6); and providing thermal energy to the temporary support (1) to detach the residual
part (4) and provide the semiconductor structure. The interconnection layer (5) forms an interposer free from any through via.
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METHOD FOR FABRICATION OF A SEMICONDUCTOR STRUCTURE INCLUDING AN INTERPOSER FREE

FROM ANY THROUGH VIA

FIELD OF THE INVENTION

The present invention relates to a method for
fabrication of a semiconductor structure including an

interposer.

BACKGROUND OF THE INVENTION

Interposers are commonly used as passive elements
allowing to stack semiconductor chips or dies side by side, to
connect them to each other’s and to the external environment.
Interposers allow to mix chips or dies having different
functions (processing units, memory, input/output) to form
packaged semiconductor devices presenting high bandwidth
configurations and compact form factors. It avoids integrating
all the functional elements at the die level, and accelerate

devices development time.

US2013/0214423 recalls that an interposer 1s usually
formed of a sufficiently thick layer of material to be rigid
(for instance of about 200 micrometers or more), presenting on
its opposing faces contact pads for connection to the
semiconductor chips and/or to external connectors. An
interposer also comprises conductive wvias that extend through
it, to welectrically connect contact pads on its opposing

faces.

It is usually difficult to form vias having high aspect
ratio (defined as the length of a via divided by the dimension

of its section), for instance ratio greater than 5. Therefore,
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vias have a minimum cross sectional dimension that are
typically greater than 20 micrometers. This dimension limits
the number of vias that can be formed in a given gsurface of
the interposer, and therefore limits the integration density
of the final, packaged, semiconductor device. Less compact
devices are problematic as such, since they may not be placed
in items having a small dimension (smart phones, connected
watches, etc.). Less compact devices also limit the
performance, since the necessary longer connection lines may

affect the bandwidth and latency of propagating signals.

New interposer approach, such as the one described in
US2014/0191419, that does not require through via, are growing

much attention.

For instance, US20030219969 discloses a manufacturing method
of a semiconductor device that is packaged with a fine-
structured interposer that is fabricated wusing a silicon
substrate. The method includes the steps of forming a peelable
resin layer on a silicon substrate, forming the wiring layer
on the peelable resin layer, mounting semiconductor chips on
the wiring substrate, forming semiconductor devices by sealing
the plurality of semiconductor chips by a sealing resin,
individualizing the semiconductor devices by dicing the
semiconductor devices from the sealing resin side but leaving
the silicon substrate, and peeling each of the individualized

semiconductor devices from the silicon substrate.

This manufacturing ©process 1s particularly difficult to
implement. It requires to finely control the adhesive forces
at the successive interfaces in the structure such that on
applying traction forces on the devices it is possible remove
the complete device from the substrate precisely at the resin
layer. At the same time the resin layer should provide

sufficient adhesion to hold together the different layers on
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the silicon substrate during the initial stage of the

manufacturing process.

OBJECT OF THE INVENTION

The present invention aims at forming a semiconductor
device including at least one semiconductor chip or die, and
an 1interposer to route the electrical signals from/to
conductive features of the at least one semiconductor chip.
The interposer is free from any through wvia and the

manufacturing process i1s simple to implement.

SUMMARY OF THE INVENTION

To this effect, the invention relates to a method of
forming a semiconductor structure that comprises:

* implanting hydrogen and helium ions in a temporary
support, at selected implantation conditions, to
form a plane of weakness at a predetermined depth
therein, and to define a superficial layer and a
residual part of the temporary support;

¢ forming on the temporary support an interconnection
layer, the interconnection layer comprising contact
pads and electrically conductive paths between the
contact pads;

* placing at least one semiconductor chip on the
interconnection layer to electrically couple
conductive features of the chip with contact pads of
the interconnection layer;

* assembling a stiffener on a backside of the at least
one semiconductor chip;

* providing thermal energy, and optionally mechanical

energy, to the temporary support to detach the
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residual part and provide the semiconductor

structure.

The step of providing thermal energy to the temporary
support further weakens the plane of weakness and may at the
same time reinforce the adhesion of the stiffener to the rest
of the structure. It facilitates the detachment of the
residual part of the support and its removal by application of
moderate forces, and without the risk of detaching the

stiffener from the rest of the structure.

According to further non limitative features of the
invention, either taken alone or in any technically feasible

combination:

* the selected conditions of introduction of the helium
species comprises implanting helium ions at a dose
comprised between 1 to 2 10716 at/cm”3; and at an
implantation energy comprised between 40 keV to 200

keV;

* the selected <conditions of introduction of the
hydrogen species comprises implanting hydrogen ions
at a dose comprised between 0,5 to 1,5 10716 at/cm”3;
and at an implantation energy comprised between 25

keV to 200keV;

* the interconnection layer presents a first surface on
the side of the semiconductor chip and a second
surface opposite the first surface, and wherein the
contact pads are disposed on both the first and

second surfaces;

* the method comprises removing the superficial layer

after the detachment of the residual part to expose
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at least some contact pads of the second surface of

the interconnection layer;

the method comprises forming emerging feature, such
as microbumps or metal studs, on the contact pads of
the first surface +to facilitates the electrical
coupling of conductive features of the semiconductor

chip with the contact pads;

the method comprises forming elementary devices on

and/or in the superficial layer;

the superficial layer presents a thickness less than
about 10 micrometers, preferably less than 1
micrometer, and more preferably comprised between 50

and o600nm;

the distance separating two juxtaposed contact pads

is comprised between 0,2 micrometersto 2 micrometers;

the assembling step is performed after or before the
step of placing the at least one semiconductor chip

on the interconnection layer;

the assembling step further comprises a step of
underfilling to provide a filling material in the

free space surrounding the at least one chip;

the method comprises a step of dicing the
semiconductor structure to provide at least one raw
semiconductor device, and a step of packaging the at
least one raw semiconductor device to form a final

semiconductor device;
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the interconnection layer ©presents a thickness

comprised between 200 nm and 20 micrometers;

the thermal budget associated with the formation of
the interconnection layer 1s less than 250°C for 4

hours or is less than or 20 minutes at 350°C;

the step of providing thermal energy comprises
applying a temperature comprised between 200°C and
450°C for a period comprised between 10 minutes and 2

hours.

FIGURES

Many other features and advantages of the present
invention will Dbecome apparent from reading the following
detailed description, when considered in conjunction with the

accompanying drawings, in which:

20

25

30

35

Figure 1 and 2 represent semiconductor structures
that can be fabricated by the method according to

the invention;

Figure 3 represents a step of introducing hydrogen

and helium species in a temporary support;

Figure 4 represents a step of forming an

interconnection layer;

Figure 5 represents a step of placing at least one

semiconductor chip on the interconnection layer;

Figure 6 represents a step of assembling a

stiffener;
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- Figure 7 represents a step of providing energy to

the temporary support to detach a residual part;

- Figure 8 —represents the semiconductor structure
after the removal of the residual part of the

temporary support.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION

For simplification of the following description, the
same references are used for identical elements or elements
achieving the same function in the different embodiments of

the invention that will be described.

Figure 1 represents a semiconductor structure 10 that

can be fabricated by the method of the present invention.

The semiconductor structure 10 comprises an interposer
consisting of an interconnection layer 5. The interconnection
layer 5 comprises contact pads 5a preferably disposed on both
of its surfaces; and electrically conductive paths 5b between
the contact pads 5a. The interconnection layer 5 may present a
thickness comprised between 200nm and 20 micrometers, and
typically comprised between 5 and 10 micrometers. Some contact
pads ba are electrically coupled to conductive features 6a of
at least one semiconductor chip 6. Other contact pads ba, in
particular those disposed on the exposed surface of
interconnection layer 5, may provide external input/output

connection of the semiconductor structure 10.

As represented on figure 1, the contact pads 5a may be
disposed on each surfaces of the interconnection layer 5 at a

great density. For instance, the distance separating two
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juxtaposed pads ba may be comprised between 0,2 to 2

micrometers.

Preferably, a plurality of semiconductor chips 6 are
disposed and electrically coupled to the interconnection layer
5. The chips 6 may be of different sizes, have different
functions and be made according to different technologies. For
instance, one chip 6 may be a 14nm technology CPU, while
another chip 6 may Dbe a 0,25 micrometers technology
input/output chip. Each chip 6 may be, for instance, a DRAM or
a SRAM memory chip, a CPU, a GPU, a microcontroller, or an an

input/output chip.

Optionally, the semiconductor structure 10 may comprise
additional chips 6 positioned on the exposed surface of the

interconnection layer 5 (not represented on figure 1).

Interconnection layer 5 allows to co-integrate those
different chips having different function to —realize a
functional semiconductor device. Electrically conductive paths
5b of interconnection layer 5 allows to electrically connect
the conductive features 6a of the different chips 6 together
SO they can functionally cooperate. To allow complex
interconnection scheme, the interconnection layer 5 may be
composed of a plurality of stacked interconnection sublayers,

for instance 2 to 4 sublayers.

To facilitate the electrical coupling of the conductive
features ©o6a of chips © with the contact pads 5a of the
interconnection layer 5, the contact pads and/or the
conductive features 6a may be provided with emerging features

7a, 7b, such as micro bumps.

The semiconductor structure 10 of figure 1 also

comprises a stiffener 8 placed on the backside of the chips 6
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to provide a rigid support to the structure. Stiffener 8 may
be made of any suitable material, such as silicon or epoxy
material. The free space between the chips 6, the stiffener 8
and the interconnection layer 5 may be filled with insulating
filling material, such as silicon dioxide, for protection and

increased rigidity of the semiconductor structure 10.

Optionally, and as represented on figure 2, the
semiconductor structure 10 may comprise a superficial layer 3
over, or partially over, the interconnection layer 5, on its
surface opposite the chips 6. The superficial layer 3 may
comprise elementary devices 11 coupled to some of the contact
pads b5a of the interconnection layer 5. Elementary devices 11
may provide additional functions to the chips 6. They may
correspond to thin film transistors, PN diodes, or photonics

devices for instance.

The semiconductor structure 10 of figure 1 or 2 may be
diced to form raw semiconductor devices, which may then be
packaged to form final semiconductor devices as it is usual in
the art. Packaging may comprise the formation of wire bonds on
some of the contact pads 5a disposed on the exposed surface of
interconnection layer 5 to provide external connection to the

devices.

The present invention 1is directed to a method of
fabrication of the semiconductor structure 10, such as the one

represented on figure 1 or 2.

With reference to figure 3, the method comprises a step
of introducing hydrogen and helium species, such as hydrogen
ions and helium ions, in a temporary support 1 to form a plane
of weakness 2 at a predetermined depth in the support 1. The

hydrogen and helium species may be introduced by implantation.
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The plane of weakness 2 defines a superficial layer 3 and a

residual part 4 of the temporary support 1.

For reasons of cost and availability, the support may
correspond to a silicon wafer, of c¢ircular shape and of
normalized dimensions. For instance, the silicon wafer may
present a diameter of 200 or 300mm, and a thickness comprised
between 300 to 900 micrometers. But the method according to
the invention is not limited to such material, shape and size
of the temporary support. In general terms, the temporary
support is selected to provide a cheap, rigid, self-supporting
piece of material. The temporary support 1 may be coated with
one or more surface layers of material, such as a
semiconductor material, a conductor material or an insulating
material. Consequently, superficial layer 3 may also comprise

one or more of the surface layers of temporary support 1.

Depending on the implantation conditions that will be
detail in greater details in a following part of the
description, the superficial layer 3 may present a thickness
less than about 10 micrometers, or less than 1 micrometer.
Preferably, this thickness is comprised between 50 to 600nm.
In some instances, the superficial layer 3 will be completely
removed from the final structure, such that its thickness 1is
not of particular importance. A thinner superficial layer 3

nevertheless facilitates its removal.

The superficial layer thickness is typically one or two
decade lower than the thickness of the residual part 4.
Therefore, the thickness of the residual part 4 1is very

similar to the thickness of the temporary support 1.

The plane of weakness 2 1is provided to allow and to
facilitate the removal of the temporary support (and more

precisely, of the residual part 4 of the temporary support 1),
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in a subsequent detachment step of the method for fabricating

the semiconductor structure 10.

The plane of weakness 2 should therefore be precisely
controlled such that it remains sufficiently stable in the
following step of the process, prior to the removal of the
residual part 4. The weakening of the plane 2 may be
particularly affected by the thermal budgets involved in these
following steps. By “sufficiently stable” it is meant that the
weakening of the plane 2, or any other evolution of the plane
of weakness 2 during the following steps of the method prior
to detachment, should not develop into the deformation of the
superficial layer 3 (for instance through blistering of the
implanted surface) or should not ©provoke +the ©premature

detachment of the residual part 4.

The plane of weakness 2 should however be sufficiently
weakened, such that providing a reasonable amount of energy at
the detachment step, allows the removal of the residual part

4.

According to the invention, the degree of weakening of
plane 2 is precisely controlled by selecting the condition of
introduction (i.e. implantation) of the hydrogen and helium
species. The selection should take into consideration the
material of the temporary support 1, that may affect the
evolution of the weakening of the plane 2, and also take into
consideration the thermal budgets (or more generally the
energy budget) associated with the processing steps applied to

the temporary support prior to the detachment step.

For instance, implantation of hydrogen and helium ions
may be performed at the following implantation conditions in

particular in a silicon temporary support:
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* A hydrogen dose comprised between 0,5 to 1,5 10716
at/cm”3; and at an implantation energy of 25 keV, or
more generally comprised between 10 keV and 200 keV,
or between 10 keV and 80 keV.

¢ A helium dose comprised between 1 to 2 10716 at/cm”3;
and at an implantation energy of 40 keV, or more
generally comprised between 10 keV and 200 keV, or
between 10 keV and 80 keV.

The hydrogen ions and the helium ions may be successively
implanted in the temporary support 1, for instance by
implanting first the helium ions. It is also possible to
implant the hydrogen ions first. Generally speaking, the
implantation energy of the helium and hydrogen species are
selected in the proposed ranges, such that the peaks of their
respective distribution ©profile along the depth of the
temporary support are located close to each other, i.e. less

than 150 nm.

With these implanted species and implantation conditions,
it has been shown that the temporary support may receive a
thermal budget equivalent to about 4 hours of treatment at
250°C without exhibiting surface deformation or provoking
detachment of the residual part 4. By “equivalent thermal
budget”, it is meant that higher temperature during a shorter
period of time; or a lower temperature for a longer period of

time may also be applied to the temporary support 1.

It is also to be noted that this thermal budget is applied
to the temporary support without providing a stiffener to the
implanted surface. Therefore, and for the same implantation
conditions and applied thermal budget, the dynamics of blister
development 1is different from the fracture dynamics of an
implanted substrates that would have Dbeen provided with a

stiffener.
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The inventors of the present invention have observed that
the acceptable thermal budget (i.e. that does not provoke
surface deformation and/or premature detachement) i1is wider
than the one that could have been applied to a temporary
support provided with a plane of weakness that would have been
formed by hydrogen species alone, helium species alone, or any
other gspecies. They have notably observed that it is possible
to apply a thermal budget of 4 hours of treatment at 250°C (or
less) or a thermal budget of 350°C for 20 minutes (or less)
without exhibiting surface deformation or provoking detachment

of the residual part 4.

In some instances, the method according to the invention
may comprise a step of forming elementary devices 11 in and/or
on the superficial layer 3. This step may be performed before
or after the formation of the plane of weakness 2. Elementary
devices 11 may correspond to thin film transistors, PN diodes,
or photonics devices for instance. Preferably elementary
devices are performing simple electrical or 1light guiding
functions, that does not require high performance levels since
the material quality of superficial layer 3 may be

deteriorated by the formation of the plane of weakness 2.

Elementary devices are formed by all techniques known in
the semiconductor industry, such as deposition, etching,

dopant implantation or diffusion, etc.

The elementary devices 11 may be formed after the
formation of the plane of weakness 2, but preferably
elementary devices 11 are formed Dbefore such that their
formation does not contribute to the acceptable thermal budget

that may be received by temporary support 1.
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The thermal budget associated with the formation of
elementary devices 11, in the case they are formed after the
creation of the plane of weakness 2, should be much less than
the acceptable thermal budget, i.e. much less than about 250°C
for 4 hours or much less than about 350°C for 20 minutes, for

instance.

As represented on the figure 4, the method according to
the invention also comprises a step of forming, on the
temporary support 1, the interconnection layer 5 comprising
contact pads ba and an electrically conductive path 5b between

the contact pads ba.

At this stage of the process, the interconnection layer
5 present a fist surface, 1in contact with the temporary
support 1 and a second, exposed, surface. Preferably, the
contact pads ba are disposed on both surfaces of the

interconnection layer 5.

The interconnection layer 5 may be formed using
conventional technique such as metallization or dual
damascene. It may comprise successive steps of dielectric
deposition, etching according to defined photoresist patterns,
barrier deposition, aluminum or copper deposition (for
instance by electroplating), and planarization (for instance
by chemical-mechanical ©planarization). The interconnection
layer 5 may be constituted of a plurality of stacked
interconnected sublayers, for instance 2 to 4 sublayers, to
create more complex interconnection scheme. The
interconnection scheme is designed such that the chip 6 of the
semiconductor structure 10 are functionally coupled together

and to external connections.

The thermal budget associated with the formation of the

interconnection layer 5 1s typically below 250°C for a few
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hours depending on the number of sublayers are comprised in
the interconnection layer 5. In combination with all other
thermal budgets that precede the detachment step, it should
not exceed the acceptable thermal budget of, for instance, 4

hours of treatment at 250°C.

Because the contact pads 5a and conductive paths 5b are
essentially formed by deposition technique, the
interconnection layer 5 does not require the formation of vias
in a thick and rigid material. The density of contact pads 5a
at the first or second surface can be particularly high. For
instance, the distance separating two juxtaposed contact pads
5a may be comprised between 0,2 micrometersand 2 micrometers.
The dimension of each pad (of its surface section) may be of
the same size, between 0,2 micrometersand 2 micrometers. This
is at least 5 times smaller than the dimension of a typical

via that are necessary in the traditional interposer approach.

This step of forming the interconnection layer 5 may
also comprise forming emerging features 7a on at least some of
the contact pads 5a of the exposed surface to facilitate
coupling with the conductive features ©6a of the chips 6. The
emerging features 7a on contact pads ba may consists of micro
bumps. Such micro bumps 7a may be formed by selective metal
growth on the contact pads 6a. Alternatively, metal studs may
be formed by etching the insulating material surrounding the
pads 6a to have them emerge over the exposed surface, followed

by melting the emerging metal to form the studs.

If the process of forming the emerging features 7a
involves significant thermal budget, the overall thermal
budget applied to the plane of weakness 2 that precede the
detachment step, should not exceed the acceptable thermal
budget of, for instances, 4 hours of treatment at 250°C or 20

minutes at 350°C.



10

15

20

25

30

WO 2017/207390 PCT/EP2017/062556
16

As represented on figure 5, the method of fabricating
the semiconductor structure 10 further comprises a step of
placing at least one chip 6 on the interconnection layer 5 and
electrically couple the conductive feature 8a of the chip 8

with contact pads 5a.

The chip 6 may comprise emerging features 7b, similar to
those described in reference to emerging features 7a formed on
contact pads 5a, such as micro bumps or metal studs to
facilitate their electrical connection to the interconnection
layer 5. The emerging features 7b of the chips 6 may contact
the emerging features 7a of interconnection layers (as
represented on figure b5) or directly be in contact with

contact pads ba.

Alternatively, a direct contact may be formed between
the conductive features 8a of the chips 6 and the contact pads
5a, for instance by direct "“molecular” bonding or adhesive

bonding of the two elements.

Preferably, the step of placing at least one chip 6
involve placing a plurality of chips 6. This can be achieved

by well know “pick and place” techniques.

This step is preferably performed at room temperature,
such that is does not contribute significantly to the

acceptable thermal budget that precede the detachment step.

As explained above, the chips 6 may be of different
size, technology and functions. Each chip 6 may be a DRAM or
SRAM memory, a CPU, a GPU, a microcontroller, an input/output

device.
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A selected group of chips, for instance a DRAM chip, a
GPU chip and an I/0 chip can be placed at their intended
position on the interconnection layer 5 and electrically
coupled together by the interconnection layer 5 in a

functional way.

The semiconductor structure 10 may be composed of a
plurality of such group so that, after dicing and packaging, a
plurality of semiconductor devices can be manufactured

collectively.

Once the chip 6 have been placed on the interconnection
layer 5, the free gspace surrounding the chips 6, over the
interconnection layer 5 may be filled with an insulating
filling material 9, to protect and rigidify the assembly. The
filling material may consist of silicon oxide disposed on
interconnection layer 5 and around the chips 6 by a spin on
glass technique. The deposition and underfilling of the

material is facilitated if it presents a low density.

Preferably also, and as represented on the figure 6, the
process according to the invention comprises a step of
assembling a stiffener 8 on the backside of the chips 6. The
stiffener 8 is made of a sufficiently thick and rigid material
such that the semiconductor structure 10 is self-standing once

the temporary substrate 1 is removed.

The stiffener 8 can be made for instance of a silicon
wafer or a piece of epoxy material. Its dimension should at

least correspond to the dimension of the temporary support 1.

The assembly can be made by adhesive bonding, by direct
bonding or any other technique. Preferably, the chosen
technique does not involve exposition to temperature higher

than room temperature, to avoid affecting the plane of
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weakness 2 and to provoke the premature detachment of the

residual part 4 of the support 1.

In an alternative approach, the backside of the chips 6
may be first positioned and fixed at predetermined position on
the stiffener 8, and then the assembly formed of the chips 6
and stiffener 3 placed over connection layer 6, and
electrically couple all conductive features 6a of the chips 6

with contact pads 5a.

Whatever the chosen approach for placing the chips 6 on
the interconnection layer 5 and assembling the stiffener 8,
the process results in the configuration represented on figure

6.

If the process of assembling the stiffener or the step
of underfilling the space around the chip 6 with insulating
material 9 involves significant thermal budget, the overall
thermal budget applied to the plane of weakness 2 that precede
the detachment step, should however not exceed the acceptable
thermal budget of, for instance, 4 hours of treatment at

250°C.

The method of fabricating the semiconductor structure 10
further comprise a step of providing energy to the temporary
support 1, and in particular to the plane of weakness 2, to
detach the residual part 4 and provide the semiconductor

structure 10. This step is represented on figure 7.

The provided energy can be a thermal energy, such as
annealing around 400°C, and more generally comprised between
200°C and 450°C, for a period of 10 minutes to about 2 hours.
Any other thermal treatment that leads to the detachment of
the residual part 4 from the temporary support 1 may be

suitable. In addition to the thermal treatment (and in some
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instance alternatively to the thermal energy), the provided
energy 1s a mechanical energy, such as the insertion of a
blade at the level of the plane of weakness 2 of the temporary
support 1.

Whatever its form, the applied energy, in combination
with the energy received at the plane of weakness in the
preceding steps, lead to the detachment of the residual part 4
of the support 1, to provide the semiconductor structure 10

represented on figure 8.

The step of providing thermal energy to the temporary
support 1 1s particularly advantageous, because it further
weakens the plane of weakness and at the same time reinforce
the adhesion of the stiffener 8 to the rest of the structure.
Therefore, it facilitates the detachment of the residual part
4 of the support 1, and its removal by application of moderate
forces, and without the risk of detaching the stiffener 8 from

the rest of the structure.

In an optional following step, the superficial layer 3
may be removed either completely (if no elementary devices 11
have been formed in a previous step) or partly (to preserve
the elementary devices 11). Removal can be performed by
selective dry or wet etching, for instance using KOH in the

case temporary support is in silicon.

The semiconductor structures 10 that may result from the

exposed method are represented on figure 1 and 2.

Naturally, the invention is not limited to the
particular embodiment of the method that has been described.
The invention also includes all alternative embodiments or

additional steps within the scope the appended claims.
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For instance, elementary devices 11 or additional
elementary devices 11 may also be formed in the the
superficial layer 3, after the step of providing energy and

detachment of the residual part 4 of temporary support 1.

In an optional step that can take place after the step
of detachment, additional chip 6 may be placed over the
exposed surface of interconnection layer 5, and electrically

coupled to contact pads b5a.

As mentioned above, this semiconductor structure 10 may
be diced to form raw semiconductor devices, which may then be
packaged to form final semiconductor devices as it is usual in
the art. Packaging may comprise the formation of wire bonds on
some of the contact pads 5a disposed on the exposed surface of
interconnection layer 5 to provide external connection to the

devices.
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CLAIMS
1.A method of forming a semiconductor structure (10)

comprising:

* introducing, at selected conditions, hydrogen and
helium species in a temporary support (1) to form a
plane of weakness (2) at a predetermined depth
therein, and to define a superficial layer (3) and a
residual part (4) of the temporary support (1);

* forming on the temporary support (1) an
interconnection layer (5), the interconnection layer
comprising contact pads (5a) and electrically
conductive paths (bb) between the contact pads (5a);

* placing at least one semiconductor chip (6) on the
interconnection layer (5) to electrically couple
conductive features of the chip (6a) with contact
pads (ba) of the interconnection layer (5);

* assembling a stiffener (8) on a backside of the at
least one semiconductor chip (6);

* providing thermal energy, and optionally mechanical
energy, to the temporary support (1) to detach the
residual part (4) and provide the semiconductor

structure (10).

The method as claimed in c¢laim 1, wherein the selected
conditions of introduction of the helium species comprises
implanting helium ions at a dose comprised between 1 to 2
10716 at/cm”3; and at an implantation energy comprised

between 40 keV and 200 keV.

The method as claimed in any preceding claim, wherein the
selected conditions of introduction of the hydrogen species
comprises implanting hydrogen ions at a dose comprised
between 0,5 to 1,5 10716 at/cm”3; and at an implantation
energy comprised between 25 keV and 200keV.
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The method as claimed in any preceding claim, wherein the
interconnection layer (5) present a first surface on the
side of the semiconductor chip (6) and a second surface
opposite the first surface, and wherein the contact pads

(5a) are disposed on both the first and second surfaces.

The method as claimed in c¢laim 4, further comprising at
least partly removing the superficial layer (3) after the
detachment of the residual part (4) to expose at least some
contact pads (5a) of the second surface of the

interconnection layer (5).

The method as claimed in claim 4 or 5, further comprising
forming emerging feature (7a), such as microbump or metal
studs, on the contact pads (5a) of the first surface to
facilitates the electrical coupling of conductive features
(6a) of the semiconductor chip (6) with the contact pads
(ba) .

The method as c¢laimed in any preceding c¢laim, further
comprising the step of forming elementary devices (11) on

and/or in the superficial layer (3).

The method as claimed in any preceding claim, wherein the
superficial layer (3) present a thickness less than about 10
micrometers, preferably less than 1 micrometer, and more

preferably comprised between 50 and 600nm.

The method as claimed in any preceding claim, wherein the
distance separating two Jjuxtaposed contact pads (5a) is

comprised between 0,2 micrometer to 2 micrometers.
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The method as claimed in claim 1 wherein the assembling
step is performed after the step of placing the at least one

semiconductor chip (6) on the interconnection layer (5).

The method as claimed in claim 1 wherein the assembling
step is performed after the step of placing the at least one

semiconductor chip (6) on the interconnection layer (5).

The method as claimed in the two preceding claims, wherein
the assembling step further comprises a step of underfilling
to provide a filling material (9) 1in the free gpace

surrounding the at least one chip (6).

The method as claimed in any preceding claim, further
comprising a step of dicing the semiconductor structure (10)
to provide at least one raw semiconductor device, and a step
of packaging the at least one raw semiconductor device to

form a final semiconductor device.

The method as claimed in any preceding claim, wherein the
interconnection layer (5) presents a thickness comprised

between 200 nm and 20 micrometers.

The method as claimed in any preceding claim, wherein the
thermal budget associated with the formation of the
interconnection layer (5) is less than 250°C for 4 hours or

is less than or 20 minutes at 350°C.

The method as claimed in any preceding claim, wherein the
step of providing thermal energy comprises applying a
temperature comprised between 200°C and 450°C for a period

comprised between 10 minutes and 2 hours.
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-4, 6-8, 10-13, 15, 16
see the subinventions in items 1.1-1.6 below
1.1. claims: 1-3, 15, 16

Method as in claim 1,

with details concerning the conditions of implanting
hydrogen and helium and the thermal budgets associated with
the formation of the interconnection Tayer or with the
detachment step.

The technical effect is associated with formation of the
plane of weakness so that it remains stable during the
process steps before the detachment of the temporary support
but provides the detachment during the detachment step. The
problem to be solved is how to avoid a premature detachment
of the temporary support and an efficient detachment thereof
when desired.

1.2. claims: 4, 6

Method as in claim 1,

wherein the contact pads are disposed on both the first and
second surfaces of the interconnection layer,

further comprising forming an emerging feature on the
contact pads of the first surface for coupling with the
semiconductor chip

The technical effect is associated with the formation of an
interposer allowing for external interconnection of the
chip. The problem to be solved is how to form an interposer
designed for external input/output interconnection of the
semiconductor structure. A further technical effect is
associated with providing means for coupling with the
semiconductor chip. The problem to be solved is how to
efficiently bond chip electrodes with the corresponding pads
of the interconnection Tlayer.

1.3. claim: 7

Method as in claim 1,
further comprising formation of elementary devices on and/or
in the superficial layer.

The technical effect is associated with the formation of an
interposer having other functionalities apart from the
conductive lines. The problem to be solved is how to provide
additional functionalities to the semiconductor structure.

1.4. claim: 8
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Method as in claim 1,
with details concerning the thickness of the superficial
layer.

The technical effect is associated with a compromise between
the stability of the superficial layer and hence of the
whole structure during the manufacturing process, before the
detachment step, on the one hand and, on the other hand, the
amount of the temporary support removed during the
detachment step, influencing the number of times the
temporary support may be reused, as well as the easiness of
removal of the superficial layer from the final structure
should this be desired. The problem to be solved is how to
provide a superficial layer which provides the required
stability but does not excessively limit the reusability of
the temporary support and may easily be removed if needed.

1.5. claims: 10-12

Method as in claim 1,
further comprising assembling the stiffener after placing
the semiconductor chip on the interconnection Tayer.

The technical effect is associated with the possibility of
separately adjusting the position of the chip on the
interposer and then of the stiffener on the chip-interposer
assembly. The problem to be solved is how to choose the
order of method steps so as to obtain good alignment of the
components.

1.6. claim: 13

Method as in claim 1,

further comprising a dicing step followed by a packaging
step.

The technical effect is associated with the manner of
forming the final semiconductor component. The problem to be
solved is how to finalise the production of a semiconductor
component ready for integration is an electronic device.

2. claim: 5

Method as in claim 1,

wherein the contact pads are disposed on both the first and
second surfaces of the interconnection layer,

further comprising at least partly removing the superficial
layer after the detachment of the residual part to expose at
least some contact pads of the second surface of the
interconnection layer

The technical effect is associated with the formation of an
interposer allowing for external interconnection of the
chip. The problem to be solved is how to form an interposer
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designed for external input/output interconnection of the
semiconductor structure. A further technical effect is
associated with the possibility of external electrical
connection to the exposed contact pads. The problem to be
solved is how to provide for easy external connection to the
interconnection Tlayer.

3. claims: 9, 14

A method as in claim 1,
with details concerning the distance between two juxtaposed
contact pads or the thickness of the interconnection layer

The technical effect is associated with the density of
contact pads at the first and second surface of the
interconnection layer (for claim 9) and (hence) with the
miniaturisation of the structure (for claims 9 and 14). The
problem to be solved is how to find the appropriate distance
separating two juxtaposed contact pads and/or the
appropriate thickness of the interconnection layer such that
the semiconductor structure is small but functional.
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