Method for Producing a Wafer Provided with Chips

This invention relates to a method for producing a product wafer which is provided with
chips, especially on two sides.

By far most of the wafers produced today are provided with chips or so-called dices only
on one side. Wafers are equipped in mass production and at the same time there is the
requirement of the industry to implement smaller and smaller structures. This also applies to the
thickness of the wafer, especially for multilayer wafers which are repeatedly stacked.

The further optimum use of .the available space leads to wafers being required which are
provided with chips or dices which are more and more double-sided recently, therefore on both
sides, and through silicon vias (TSVs) can enable electrical contacts between the front and back
of the product wafer.

The greatest problem in the production of these double-sided wafers consists in handling
during mass production, which can comprise different production steps, such as for example
bonding, debonding, alignment, grinding, etching and many others, Stabilization of the large--
area product wafer which generally has a diameter of 300 mm by a carrier wafer is necessary
especially due to the thinning/back thinning of the product wafer which is provided in the
production process.

Stabilization or support by a carrier wafer in wafers outfitted on one side is therefore



comparatively simple since the carrier wafer can be termporarily bonded on the side facing away
from the side provided with chips. But here process sieps can be necessary on the front and back as
wel.

Generaily, in temporary bonding there is the problem of detaching the product wafer which
is passing through the different production steps from the carrier wafer carefully and
nondestructively afier completion of these production steps. The connection between the cérrier
wafer and the product wafer therefore during use of different preductioﬁlsteps must be strong
enpugh to hold and stabilize the product wafer. At the same time the conpection should however
then be eastly and quickly detachable.

WO 2009/3945558 A2 describes a temporary bonding method for a product waler which is
outfitted on one gide.

‘The generic methods accordingly have in common that each product wafer in the
production process must be exposed to at least one process step on each side. The product wafers
are processed nowadays, for reasons of easier handling, first at their initial thickness, therefore
before back-thinning, on their first side, for example the production of bumps or groups of bumps.
Then the product wafer is bonded onto a carrier in order fo be able to thereupon subject the product
wafer to the process step of back-thinning. After back-thinming generally other process steps are
then carried out on the second side, for example in tum the production of bumps and/or groups of
bumps and/or other interconnection layers and/or the application of chips. To the extent afler
processing the second side one process step is again necessary on the first side of the product wafer,
in the prior art there is the major problem that the thinned and very sensitive product wafer which

has already been provided in part with expensive chips must be detached from the carrier in order to



make the first side accessible to further process steps.
Embodiments of this invention disclose a method for producing a product wafer which is
provided with chips especially on two sides, by which the product wafer can be reliably and

carefully handied during the production process.

According to a first aspect of the present invention, there is provided a method for
producing a product wafer, the method inciuding steps of: bonding a first side of the product wafer to a
first rigid carrier wafer with a first intermediate layer, the first intermediate layer including one first
adhesion layer applied at least on the edge side of the first side of the product wafer, the first adhesion
layer made of a first material, processing a second side of the product wafer opposite to the first side by
application of chips to the second side, bonding the second side of the product wafer to a second rigid
carrier wafer with a second intermediate layer, the second intermediate layer including: one second
adhesion layer applied at least on the edge side of the second side of the product wafer, the second
adhesion layer being made of a second material wherein the first adhesion layer and the second adhesion
layer are made from different materials such that both rigid carrier wafers bonded to the product wafer
can be separated selectively from the product wafer, after both the first rigid carrier wafer and the second
rigid carrier wafer are bonded to the product wafer, applving a first force to the combination of the first
rigid carrier wafer, the second rigid carrier wafer and the product wafer wherein the first rigid carrier
wafer and the first intermediate layer are separated from the product wafer, and afier the first rigid carrier
wafer and the frst intermediate léyer are separated from the product wafer, applying a second force to the
second rigid carrier wafer wherein the second rigid carrier wafer and the second intermediate layer are
separated from the product wafer.

According to a second aspect of the present invention, there is provided a method for producing a

product wafer, the method inciuding steps of: bonding a first side of the product wafer to a first rigid



carrier wafer with a first intermediate layer, the first intermediate layer including one first adhesion layer
applied at least on the edge side of the first side of the product wafer, the first adhesion layer made of a
first material, processing a second side of the product wafer opposite to the first side by application of
chips to the second side, bonding the second side of the product wafer to a second rigid carrier wafer with
a second intermediate layer, the second intermediate layer including: one second adhesion layer applied at
least on the edge side of the second side of the product wafer and made of a second material, wherein a
contact area between the first adhesion layer and the first rigid carmier wafer and/or the product wafer is
less than a contact area between the second adhesion layer and the second rigid carrier wafer and/or the
product wafer such that both rigid carrier wafers bonded to the product wafer can be separated selectively
from the product wafer, after both the first rigid carrier wafer and the second rigid carrier wafer are
bonded to the product wafer, applying a ﬁrst force to the combination of the first igad carrier wafer, the
second rigid carrier wafer and the product wafer wherein the first rigid carrier wafer and the first

" intermediate layer are separated from the product wafer, and after the first rigid carrier wafer and the first
intermediate layer are separated from the product wafer, applying a second force to the second rigid
carrier wafer wherein the second rigid carrier wafer and the second intermediate layer are separated from
the product wafer.

According to a third aspect of the present invention, there is provided a method for producing a
product wafer, the method including steps of: bonding a first side of the product wafer to a first rigid
carrier wafer with a first intermediate layer, the first intermediate layer including one first adhesion fayer
applied at least on the edge side of the first side of the product wafer, the first adhesion layer made of a
first material, processing a second side of the product wafer opposite to the first side by application of
chips 1o the second side, bonding the second side of the product wafer (o a second rigid carrier wafer with
a second intermediate layer, the second intermediate layer including: one second adhesion layer applied at
least on the edge side of the second side of the product wafer and made of a second material, wherein a
thickness of the first adhesion layer is less than a thickness of the second adhesion layer such that both
rigid carrier waifers bonded to the product wafer can be separated selectively from the product wafer, after
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both the first rigid carrier wafer and the second rigi¢ carrier wafer are bonded to the product wafer,
applying a first force to the combination of the first rigid carrier wafer, the second rigid carrier wafer and
the product wafer wherein the first rigid carrier wafer and the first intermediate layer are separated from
the product wafer, and after the first rigid carrier wafer and the first intermediate layer are separated from
the product wafer, applying a second force to the second rigid carrier wafer wherein the second rigid
carrier wafer and the second intermediate layer are separated from the product wafer.

All combinations of at least the two features given in the specification, the claims and/or
the figures also fall within the framework of the invention. At the given value ranges, values

within the indicated limits will also be disclosed as boundary vaiues and will be claimed in any

combination.

Embodiments of this invention provide a method with which the two rigid carrier wafers
which are bonded or connected to the respective product wafer can be selectively detached, as a
result of which a transfer of the product wafer from the first to the second carrier wafer is
enabled, during which the product wafer is being continuously stabilized. This is achieved by the
interconnection layers of the two carrier wafers having different properties with respect to their
adhesion and/or to the change of their adhesion with action on the interconnection layer,
especially by mechanical, thermal, optical and/or chemical methods. It is important here that due
to the different properties of the two intermediate layers one of the two intermediate layers is
formed or can be changed selectively relative to the other intermediate layer such that this
intermediate layer can be detached, while the other intermediate layer maintains its bonding
force at least much more strongly than the bonding force of the other intermediate layer. The
adhesion is referenced to the effective surface of the interconnection layer.

Fundamentally the selective detachment and/or separation as per embodiments of the

invention
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always functions by the different adhesion forces between the carrier wafers and the product
wafer, the adhesion force relating to the totality of the intermediate layer between the respective
carrier wafer and the product wafer as claimed in the invention. A first group of methods as per
embodiments of the invention is characterized in that the adhesion forces acting between the
carrier wafers and the product wafer are inherently, i.e. from the start, different. In this case the
intermediate layers therefore have different adhesion forces from the start; on the one hand this is
achieved by the intermediate layer consisting of a different material or the contact surfaces of the
intermediate layers to the respective carrier wafer and/or to the product wafer being preheated in
order to influence the forces acting on the respective contact surfaces. One conceivable
embodiment of the invention calls for either adhesion-reducing substances or adhesion-
promoting substances to be used to treat the surface of the carrier wafer in whole or in part
and/or to treat the surface of the product wafer in whole or in part. There are the following
versions which can be applied in combination or individually:

- different adhesive material of the intermediate layers

- different pretreatment of at least one surface/contact surface (in whole or in part) with

- adhesion-reducing substance

- adhesion-promoting substance
- different size of the contact surface or thickness of the intermediate layer.

According to a further group of method versions as per embodiments of the invention, it
1s provided that an indicated change of the adhesion forces of the intermediate layers is
undertaken by cert:ain measures. In this connection, at a selectable defined instant the adhesion
force of one of the two intermediate layers or the two intermediate layers is changed such that

the adhesion forces of the



two intermediate layers is different after the indicated change of the adhesion force. There are the

following possibilities as per embodiments of the invention:

controlled local action, especially by irradiation of one intermediate layer, while the other
intermediate layer is not irradiated or is only partially irradiated. The controlied local
action is possible in another configuration of the invention by the action of solvents on
only one intermediate layer while the other intermediate layer is not exposed to solvents
or is only partially exposed.

selectivity by material choice and at least partially inert behavior of one mienmediate
layer to the applied method step which causes the change of the other intermediate layer,
especially by an increase of the temperature, in which one of the two intermediate layers
reacts with a less strongly pronounced drop of viscosity, as a result of which this
intermediate layer has stronger bonding force against shear forces. It is especially
preferred here that one of the two intermediate layers be made inert relative to one
solvent, while it dissolves the other intermediate layer.

change of the adhesion force of the ﬁist mtermediate layer by action on the first
intermediate layer before the second intermediate layer is applied, ‘

selectivity by ring widths of the edge adhesive zone which are of different magnitude
from the start, so that the change of the adhesion force of the first layer is more dramatic
than the change of the adhesion force of the second layer by the above described
measures.

The rigid carrier wafers are preferably characterized by a high interconnection stiffness.

Especially suitable materials, also in combination, are silicone [sic], quartz, glass, ceramic or

metal,

carrier

Therefore before or during the selective detachment or separation of one of the two



walers the intermediate layer which is assigned to this carrier wafer or the adhesion layer which
is provided in the intermediate layer is changed by chemical, thermal, optical and/or mechanical
properties of the adhesion layer or by influence to such a degree that the carrier wafer can be
carefully removed without damage, while the product wafer remains on the other carrier wafer.
The other carrier wafer stabilizes the product wafer at the same time.

Chips for the purposes of embodiments of this invention are those structures or integrated
electronic components which are conventionally applied to a wafer. Bumps or groups of bumps
are used for tying the chips to the product wafer or the electronic interconnection of individual
circuits of the chip to the corresponding chips or circuits which have applied on the oﬁposite side
of the product wafer and/or for later mounting of the entire system on a circuit board.

As a result of the method as per embodiments of the invention not only can a product
wafer be provided with chips especially on two sides, but the method as per embodiments of the
invention is especially advantageous for stacks of product wafers provided with chips especially
on two sides, since selective removal of the carrier wafer vields a careful and effective as well as
flexible method for producing stacked product .waf;crs. |

Processing of the product wafer can comprise one or more known processes, especially
the application of bumps and/or groups of bumps and/or chips to the second side and/or the back-
thinning/grinding of the product wafer, as well as the production of so-called redistribution
layers (RDL). Product wafers for the purposes of embodiments of this invention also comprise
so-called silicon imposers which have only wiring layers (RDL layers) in order to later
accommodate chips with active structures.

In another embodiment of the invention, it is provided that the bonding force of the first



adhesion layer is less than the bonding force of the second adhesion layer. Bonding force means
the connection force or adhesion force which acts through the respective intermediate layer
between the product wafer and the carrier wafer and which counteracts separation of the carrier
wafer from the respective product wafer, each referenced to the active bonding area/adhesion
area. The difference between the bonding force of the first adhesion layer and the bonding force
of the second adhesion layer as per embodiments of the invention is advantageously so great that
when the first carrier wafer is detached from the product wafer the second carrier wafer remains
mterconnected to the product wafer.

By the first adhesion layer having smaller dimensions than the second adhesion layer,
especially a smaller contact area of the first adhesion layer with the first carrier wafer and the
product wafer and/or a thinner layer thickness, the invention can be implemented solely by
choosing the geometrical configuration so that even in its chemical properties identical
intermediate layers or intermediate layers of the same matenal can be used.

According to another advantagecus embodiment of the invention it is provided that the
first adhesion layer has chemical properties different from the second adhesion layer such that
the first adhesion layer is at least partially dissolved by a first solvent, while the second adhesion
layer is at least largely inert with reference to the first solvent. In this way an embodiment of the
invention is implemented by the chemical properties of the adhesion layers or intermediate
layers.

In other words: The selectivity of the solvents allows controlled dissolution of defined
regions, especially edge regions, of the respective adhesion layer or intermediate layer, therefore
a selective reduction in the size of the effective adhesion area/bonding area.

Here it is advantageous if the ratio of the dissolution rate A; of the first solvent relative to



the adhesion layer {o the dissolution rate A, of the second solvent relative to the second adhesion

layer is less than 1:3, especially less than 1:10, preferably less than 1:20, even more preferably less

than 1:100.

To the extent the separation of the first carrier wafer from the product wafer with rising
temperature takes place belore separation of the second carrier wafer due to different thermal
properties of the first intermediate layer and the second intermediate layer, the invention can be
advantageously implemenied by temperature control. The adhesion layers in this embodiment differ
in their thermal properties, especially the viscosity, as a function of the temperature. The carrier
waler which is to be detached f{irst is bonded to the intermediate layer with a cement which has a
lower viscosity than the other carrier wafer at a certain temperature. The cartier waler which is (o be
deiached can then be separated nondesiructively by shearing it off.

According to another embodiment of the invention it is advantageously provided that the
separation of the first carrier wafer from the product waler {akes place selectively as a result of
different oplical properties of the first and second interconnection layers, espacial]iy with reference
to the action of defined light wavelenglhs and/or defined light intensities. Here selective detachiment
or se;:éraiien is controlled by the incident radiation of light. The light has two characterizing
physical parameters, specifically on the one hand the wavelength of the photons which correlates
with the energy and which can conirol the mainly chemical crosstinking process, and on the other
hand the infensity, therefore the number of photons per time and unit of area, which is directly
refated to (he heat output. The material of the respective adhesion layer has a characteristic
frequency-dependent and thus wavelength-dependent specirum of its dielectric properties; this can

also be called a resonance spectrum. By choosing the corresponding wavelength of the incident



light in this respeet chemical and physical processes can be controlied.

Some polymers crossiink for exampie under UV radiﬁtion, conversely infrared radiation can
he used to directly heat up materials and thus physical properties such as for example the viscosity
can be controlled. Local heating of the adhesion layer can take place for example by laser light; this
is advantageous especially for the adhesion layer provided in the region of the periphery of the
intermediale layer ot of the waler periphery, therefore an anmular adhesion layer. It is especially
advantageous fo provide crosslinking which can be cancelied by UV illumination.

According to another advantageous embodiment of the invention it is provided that the
separation of the first carrier wafer from the product walfer takes place selectively as a result of
different mechanical properties of the first and second infermediate layer, especially with reference
to their shear strength. The intermediate layer with the lower shear strength opposes a smailer
resistance to the shear force applied from the outside so that the carrier wafer attached to the
product wafer by this intermediate layer detaches or can be detached from the oppesing carrier
wafer. Adhesion is cansed mainly by Van der Waals forees.

The separation of the carrier water by shearing off is further optimized by combination with
temperature treatment, especially when using ﬂlétmoplastia cements as connecting means which
have different viscosity behaviors depending on temperature.

To the extent the thickness By of the first intermediale layer or first adhesion layer is greaer
than the thickness B; ol the second intermediate layer or second adbesion layer, this measure
reduces the required shearing force for separating the first catrier wafer, especially at a ratio B/,
of 372, preferably 2/1, even more preferably 3/1, ideally 4/1, the second intermediate layer which is

not to be detached or which is to be detached subsequently having a thickness B, from 15 to 50 pum,
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preferably 20 to 40 um, even more preferably 25 to 30 pm.

In another advantageous embodiment of the invention, it is provided that the first and/or
the second adhesion layer are made annular, especially in the region of the periphery of the
product water. In this way the adhesion layer can be processed in terms of the periphery; this is
especially advantageous when using solvents since the solvent in this case need diffuse only over
a very short distance.

According to another embodiment of the invention it is advantageously provided that the
first intermediate layer, especially within the anrular adhesion layer, comprises a film with low
adhesion action and/or the second intermediate layer comprises a film with low adhesion action
which is located especially within the annular adhesion layer. Low adhesion action in relation to
the adhesion action of the adhesion layer is meant and is especially at least twice, preferably at
least triple, even more preferably at least five times, ideally at least ten times, stronger. The
relation is referenced to the adhesion action in a dynamic stale, therefore during the separation
process, but esp;:cialiy in addition is referenced to the static state, therefore prior to the
separation process. The film according to one embodiment of this invention caﬁ be provided as a
partial coating of the first and/or second intermediate layer or the first and/or second adhesion
layer, the partial coating leading to a reduction of the adhesion action, especially as an
antiadhesion coating. It is important here that the film reduces a part of the effective contact
surface of the respective intermediate layer with the corresponding carrier wafer in the adhesion
action.

A device provided as per embodiments of the invention has suitable means for
application of the above described method, specifically selective separating agents for selective
separation of the first carrier wafer from the product wafer as a result of the different properties

of the first intermediate
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layer from the second intermediate layer. Known devices can be used for mechanical separation,
for example by applying opposite tensile forces to the first carrier wafer and to the second carrier
wafer away from the product wafer or a shearing force to the first carrier wafer and to the second
carrier wafer in the opposite direction along the produét wafer. The selective separating agents
are however as per embodiments of the invention made such that there are suitable devices for
selective separation.

Other advantages, features and details of the invention will become apparent from the
following description of preferred exemplary embodiments and using the drawings which are
sectional views:

Figure 1 shows a product wafer in a first method step as claimed in the invention,

Figure 2 shows a product wafer in a second method step as claimed in the invention,

Figure 3 shows a product wafer in a third method step as claimed in the invention,

Figure 4 shows a product wafer in a fourth method step as claimed in the invention,

Figure 5 shows a product wafer in a fifth method step as claimed in the invention,

Figure 6 shows a product wafer in a sixth method step as claimed in the invention,

Figure 7 shows a product wafer in a seventh method step as claimed in the invention,

Figure 8 shows a product wafer in an eighth method step as claimed in the invention,

Figure 9 shows a product wafer in a ninth method step as claimed in the invention,

Figure 10 shows a product wafer in a tenth method step as claimed in the invention,

Figure 11 shows a product wafer in an alternative seventh method step as claimed in the
invention,

Figure 12 shows a product wafer in an alternative seventh method step as claimed in the

invention.
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The same components and parts with the same function are identified with the same
reference nuinbers.

Figure 1 shows a product waler | which is still comparatively thick al this instant of the
method and which is provided with bumps 4 or groups 5 of bumps fonmed from the bumps 4. The
product wafer 1 at this instant, due (o ils tilickness H|, is 1:eia¥ively stable and in this respect
inherently relatively stable without aids. The number of bumps 4 and their position within a group 5
of bumps depend on the respective chip 15 (also called a dice) which is applied to the bumps 4 ina
laler method siep (see 4 and 9},

The product wafer | has a first side 3 and a second side 2, the bumps 4 or the groups 5 of
bumps in the first process step as shown in Figure 1 being applied to the first side 3. Application
takes place such as is known in the prior art.,

In the second process step as shown in Figure 2 the product wafer 1 [or stabilization with its
first side 3 is bonded temporarity on a first carrier wafer 8, a first infermediate layer 18§ being used
for bonding, The first in'temaediate.}ayer 18 in the embodiment shown here consists of a first
adheston layer 6 and a first film 7, the first adhesion layer 6 being used for bonding and the film 7
being used for embedding of the bumps 4. Figures 1 1o 12 show one cross section at a time and in
the exemplary esmbodiments shown here the product wafer 1 is made as a round disk with a |
diameler D of 300 millimeters, The product waler 1 can however also have any (ﬁh&f disk shape
and a different diameter 1,

The first adhesion layer 6 in the embodiment shown in Figure 2 is located in the region of &
lnteral wafer periphery 19 and cxteﬁds from the wafer periphery 19 by a fraction of the dﬁtmeter D,

especially with a ring width R, of less than one tenth, to the inside, so that in the illusirated
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embodiment an annular body for the first adhesion layer 6 arises. The ratio R/} is especially less
than /20, preferably less than 1/30, even more preferably less than 1/60, still more preferably less
than 1/120. The ring width R is especially less than 15 nun, preferably less than 10 mm, even more
preferably less than 5 mum, siili more preferably less than 2 mm. Within the amular body is the film
7 and the latter is completely surrounded by the product wafer 1, the first adhesion layer 6 and the
first carrier wafer 8.

The film 7 according to one preferred embodiment is provided as a partial coating of the
first adhesion fayer 6, the adhesion layer 6 in this alternative embodiment which is not shown
extending over the entire first carrier wafer 8. The parlial coating is provided in dimensions
analogously to the film 7 which is shown in Figure 2.

In the case of the alfernative embodiment as shown in Figure 11, the first intermediate layer
18" is {ormed fom a single material and extends over ihe entire area of the product wafer 1. In this
case the first nlermediate layer 18" in its adhesion capacity is dependent on temperature, so that as
the temperature rises the adhesion capacity, therefore the bonding force, decreases, especially due to
the reduction of the viscosity so that the cement has reduced resistivity lo shear forces.

In the first process step as claimed in the invention as shown in Figure 3, the product wafer
1 is back-thinned by known methods from its original thickness H; as shown in Figure o a
thickness H; of less than 150 pum which corresponds to the end product as shown in Figure 10,
especially less than 100 pm, preferably fess than 70 pm, even more preferably less than 50 L,
even more preferably less than 30, even more preferably less than 26 pm.

In the fourth method step shown in Figure 4, VIAs 9 which penetrate the product wafer 1

are etched into the product wafer | in order {o form an electrical conneclion from the first side 3 to
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the second side 2 between the bumps 4 and in a fifth method step as shown in Figure 5 to form
bumps 10 or groups 11 of bumps which are to be applied on the second side 2.

In a sixth method step as shown in Figm.'e 6 chips 12 are applied {o the pertinent bumps 10
or groups I of bumps.

One of the method steps which is decisive as claimed in the invention is the seventh method
step which is shown in Figure 7 and in which the second side 2 is bonded to a second carrier wafer
13 analogously to the method step described in Figure 2 via a second intermediate layer 17 which
differs from the first intermediate layer 18 in at least one relevant property.

The second intermediate layer 17 in this embodiment consists of a second adhesion layer 14
which extends likewise from the lateral wafer periphery 19 of the product wafer 1 overa [raction of
the diarneter D, especially with a ring width R, up lo a maximum one tenth of the diameter D. In
this embodiment the second adhesion layer 14 is made as a ciroudar ring with a ring width Ry which
is greater than the ring width R; of the first adhesion layer 6. The ratio Ry/Ry is between 1/10 and
9/10, especially between 1/5 and 4/5, preferably between 1/4 and 3/4, even more preferably
between 1/3 and 2/3, The ratio Ry/D is especially less than 1/20, preferably less than 1/30, even
more preferably less than 1/60, even more preferably less than 1/120. The ring width Ry is
especially less than 15 mm, preferably less than 10 mm, still more preferably tess than 5 mm, even
more preferably less than 2 nun.

In this way the effective adhesion area/bonding area for the second adhesion layer 14
between the product waler 1 and the second carrier wafer 13 is larger.

In one alternative erubodiment of the invention which can also be combined with this

ernbediment, the thickness By of the fisst intermediate layer 18 is greater than the thickness B, of
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the second intermediate layer 17, especially in a ratio B)/B, of at least 3/2, preferably 2/1, even
more preferably 3/1, ideally at least 4/1.

in an eighth method step as shown in Figure 8 the first carrier wafer 8 is detached by
reducing the bonding force of the first adheston layer 6 and by applying a tensile force which is
pointed away from the product wafer 2. The reduction of {he bonding force can already be
implemented or can have been carried out in an earlier method step. Alternatively the second carrier
wafer 8 can be sheared olf by opposilely acling shear forces in the first and second carrier wafer 8,
13 parallel to the product waler 1. Another alternative consists in peeling off the carrier wafer,

- beginning from its edge. In the course of peeling off, the carrier waler on ils edge is elastically bent,
as a result of which propagation of the separating front takes place beginning from the edge to the
center of the carrier wafer and then to the opposite edge, while the second carrier wafer and the
product wafer are fixed on a support in order to counteract bending of the second carrier wafer and
the product wafer. Separation can take place in one advantageous embodiment by mechanical
sepatation, especially by introducing a mechanical element at one site on the edge of the periphery
of the intermediate layer. The mechanical element can be for example a flat wedge.

As a result of the larger adhesion area and the bonding force of the second adhesion layer 14
which is stronger in this respect relative to the first adhesion layer 6, the first cartier waler 8 is
automatically detached. To the extent residues of the {fhn 7 or of the adhesion layer 6 remain on the
product wafer 2 during detachment, they can be removed by a cleaning step. In the embodiment
shown in Figure 7 and 8, the first carrier wafer § has accordingly been detached based on the
ge:ometricai configuration, Q;erefore due fo the larger adliesion area of the second adhesion layer 14,

Int the alternative embodiment shown in Figure 11 the first intermediate layer 18* has different

15



thermal properties fiom the second intermediate layer 17" such that the first intermediate layer 18'

reduces its adhesion force or bonding force more quickly than the second intermediate layer 17",
According to one preferred embodiment of the invention the method proceeds as follows:

- bonding of the product wafer 1 with its first side 3 on a first rigid carrier wafer 8 with a first
intermediate laye:r 18 consisting of one first adhesion layer applied at least on the edpe side,

- at least partial dissolving of the first adhesion layer 6,

- bonding of the product wafer 1 with a second side 2 on a second rigid carrier wafer [3 with
a second intermediate layer 17 consisting of one second adhesion layer 14 applied at least
on the edge side and

- separating the first cardier wafer, especially by application of shearing forces acling
oppositely on the first carrier wafer 8 and the second carrier wafer 13 paraliel to the product
wafler 1 or by peeling off the first carrier wafer 8.

The first and second adhesion layer 6, 14 are preferably of the same material and are
distributed over the entire area of the respective carrier wafer, on the respective bouding
area/adhesion area of the adhesion layers (o the respective carrier wafer first and second pariial
coatings of the first and second adhesion layers 6, 14, are applied in order to achieve a distinet
reduclion of the adhesion force in the region of application.

In the alternative embodiment shown in Figure 12 the first adhesion layer 18" is made
analogously to the embodiment as shown in Figiwe 7 with & smaller ring widih R1' than the ring
width R2' of the second adhesion layer 17", so that a light source 29 acts on the first adhesion layer
18" and the second adhesion layer 17", to the extent {he two adhesion layers 177, 18" are the sarme

material. Due to the jarger ring width R2' of the second adhesion layer 17" the first carrier wafer 8
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can be detached before the second carrier waler 13, especially since the light sowrce 29 is
advaniageously made to act in a relatively focused mansier. Jt can be for example a UV light source.

Alternatively the first adhesion layer 18" and the second adhesion fayer 17" can be made (o
react relative to dilferent light intensities/light frequencies.

It is common (o the above described embodiments that the first adhesion layer 18, 18, 18" is
different from the second adhesion layer 17, 17, 17" such that for the corresponding action a
smaller adhesion force or bonding foree acts between the product waler | and the first carrier wafer
8 compared 1o the adhesion foree or bonding force between the product wafer | and the second
carrier wafer 13,

In the ninth method step which is shown in Figuwre 9, chips 15 are applied to the bumps 4
and thus are electrically connected in a conductive manner to the chips 12 analogously 1o the sixth
method step as shown in Figure 6. a

After detachment of the second carrier wafer 13 in a lenth method step as shown in Figure
10, a product waler 16 which is outfitted on twe sides remains. To the extent stacks of product
walers 16 are to be produced, according to the ninth method step as shown in Figure 9 algﬂast any
number of product wafers 1 outfitted with chips 12, 15 can be stacked, and the N-th adhesion layer
must have a smaller bonding force during detachment than ihe N+i-th adhesion layer. This means
that anatogously to the above described procedure the modification of the N-th adhesion
layer/intermediate layer takes place either directly when the N-th carrier wafer is detached or before
detachument of the N-th carrier wafer, especially before bonding of the N+1-th carrier waler,

Instead of the film 7, the region {illed by the film 7 can be alternatively filled with gas or

can be evacuated.
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The embodiment shown in Figures ! to 9 is advantageously supporied by chemical solvenis
in the dissolution of the first and second adheston layer 6, 14. Accordingly combinations of
chemical, thermal, optical and mechanical method steps for dissolving the adhesion layers are
possible.

in methods with blanket intermediate tayers, such as shown for example in Figure 11, rather
optical and/or thermal dissolution methods are recommended, while the use of solvents seems less

suitable due to the diffusion time in terms of the wafer periphery 19,
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12
13
14
15
16
17,17, 17"
18, 18, 18"
19
29

D

Reference number list
product waler
second side
first side
bumps
groups of bumps
first adhesion layer
film
first carrier walfer
ViAs
bumps
groups of bumps
chips
second carrier wafey

second adhesion layer

chips

product wafer outfifted on two sides
second intermediate layer

first intermediate layer

waler periphery

light source

diameter
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H; wafer thickness

S waier thickness
R, By ring width

R Ry ring width

By thickness of iniermed_iaie lgye‘j.:
sz thickness of intermediate laver
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CLAIMS:

2.

Method for producing a product wafer, the method including steps of:

bonding 2 first side of the product wafer to a first rigid carrier wafer with a first
intermediate layer, the first infermediate layer including one frst adhesion layer apolied at least
on the edge side of the first side of the product wafer, the first adhesion layer made of a first
material,

processing a second side of the product wafer opposite to the first side by application of
chips to the second side,

bonding the second side of the product wafer to a second rigid carrier wafer with a
second intermediate layer, the second intermediate layer including:

one second adhesion layer appited at [east on the edge side of the second side of

the product wafer, the second adhesion layer being made of a second material wherein

the first adhesion layer and the second adhesion laver are made from different materials

such that both rigid carrier wafers bonded to the product wafer can be separated

selectively from the product wafer,

after both the first rigid carrier wafer and the second rigid carrier wafer are bonded to the
product wafer, applying a first force to the combination of the first rigid carrier wafer, the second
rigid carrier wafer and the product wafer wherein the first rigid carrier wafer and the first
infermediaie layer are separated from the product wafer, and

after the first rigid carrier wafer and the first intermediate layer are separated from the
product wafer, applying a second force to the second rigid carrier wafer wherein the second rigid

carrier wafer and the second intermediate layer are separated from the product wafer.

Method as claimed in Claim 1, wherein the first adhesion layer has a bonding force that is smaller

than the bonding foree of the second adhesion laver.

3.

Method as claimed in claim I, wherein a contact area between the first adhesion layer and the

product wafer and/or the first rigid carrier wafer is smaller than the contact are between the second

adhesion layer and the product waler and/or the second rigid carrier wafer,

4.

Method as claimed in claim 1, wherein said step of applying a first force includes exposing that

first adhesion layer and the second adhesion layer to a first solvent wherein the first adhesion iayer is at
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least partiafly dissolved by the first solvent, while the second adhesion layer is at least largely inert with

reference to the first solvent.

5. Method as claimed in claim 1, wherein said step of applying a first force includes exposing the
first adhesion layer and the second adhesion layer to a predetermined temperature wherein the first
adhesion layer is at least partially dissolved and the second adhesion laver is at least largely unchanged so

that the separation of the first carrier wafer can be effected before separation of the second carrier wafer.

6. Method as claimed in claim I, wherein said step of applying a first force includes exposing the
first adhesion layer and the second adhesion layer to a light source of a predetermined intensity and/or
wavelength wherein the light source acts selectively on the first adhesion layer and/or the second

adhesion laver,

7. Method as claimed in claim 1, wherein the first adhesion layer has a shear strength that is less

than a shear strength of the second adhesion layer.

8. Method as claimed in claim I, wherein the first and/or the second adhesion layer are made

annular, especialty in the region of the periphery of the product wafer.

9, Method as claimed in claim 1, wherein between the first carrier wafer and the first intermediate
Iayer a first partial coating applied especially on the f{irst casrier wafer is applied for reducing the bonding
force/adhesion force in the region of the first partial coating and/or between the second carrier wafer and
the second intermediate layer a second partial coating applied especially on the second carrier wafer is

applied for reducing the bonding force/adhesion force in the region of the second partial coating.

19. Metheod as claimed in claim 1, wherein the first force is equal fo the second force.

1, Method for producing a product wafer, the method including steps of:
bonding a first side of the product wafer to a first rigid carrier wafer with a first
intermediate layer, the first intermediate layer including one first adhesion layer applied at least
on: the edge side of the first side of the product wafer, the first adhesion layer made of a firgt
material,
processing a second side of the product wafer opposite to the first side by application of

chips to the second side,
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12,

bonding the second side of the product wafer to a second rigid carrier wafer with a

second intermediate layer, the second intermediate layer including:
one second adhesion layer applied at least on the edge side of the second side of

the product wafer and made of a second material, wherein a contact area between the first

adhesion layer and the fivst rigid carrier wafer and/or the product wafer is less than a

contact area between the second adhesion layer and the second rigid carrier wafer and/or

the product wafer such that both rigid carrier wafers bonded to the product wafer can be

separated selectively from the product wafer,

after both the first rigid carrier wafer and the second rigid carrier wafer are bonded to the
product wafer, applying a first force 1o the combination of the first rigid carrier wafer, the second
rigid carrier wafer and the product wafer wherein the first rigid carrier wafer and the first
intermediate layer are separated from the product wafer, and

after the first rigid carrier wafer and the first intermediate layer arc separated from the
product wafer, applying a second force to the second rigid carrier wafer wherein the second rigid

carrier wafer and the second intermediate layer are separated {rom the product wafer,

Method as claimed in claim 11, wherein the first and/or the second adhesion layer are made

annular, especially in the region of the periphery of the product wafer,

13,

14,

Method as claimed i claim 11, wherein the first material and the second material are the same.

Method for producing a product wafer, the method including steps of:

bonding a first side of the product waler to a first rigid carrier wafer with a first
ntermediate layer, the first intermediate layer including one first adhesion layer applied at least
on the edge side of the first side of the product wafer, the first adhesion layer made of a first
material,

processing a second side of the product waler opposife to the first side by application of
chips to the second side, |

bonding the second side of the product wafer to a second rigid carrier wafer with 2
second intermediate layer, the second intermediate layer including:

one second adhesion layer applied at least on the edge side of the second side of
the product wafer and made of a second naterial, wherein a thickness of the first

adhesion layer is less than a thickness of (he second adhesion layer such that both rigid
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carrier wafers bonded to the product wafer can be separated selectively from the product

wafer,

after both the first rigid carrier wafer and the second rigid carrier wafer are bonded to the
product wafer, applying a first force to the combination of the first rigid carrier wafer, the second
rigid carrier wafer and the product wafer wherein the first rigid carrier wafer and the first
intermediate layer are separated from the product wafer, and

after the first rigid carrier wafer and the first intermediate layer are separated from the
product wafer, applying a second force to the second rigid carrier wafer wherein the second rigid

carrier wafer and the second intermediate layer are separated from the product wafer,

15. Method as claimed in claim 14, wherein the first and/or the second adhesion layer are made

annutlar, especially in the region of the periphery of the product wafer,
i6. Method as claimed in claim 14, wherein the fGrst material and the second material are the same.

17. Method as claimed in claim 1, wherein both the first adhesion layer and the second adhesion layer

are made of a polymer.

18. Method as claimed in claim 12, wherein a ratio of & ring width of the first adhesion layer to a ring

width of the second adhesion layer is between about 1/10 and 9/10.

19, Method as claimed in claim 14, wherein a ratio of a thickness of the first adhesion layer to a

thickness of the second adhesion layer is about 2/3.

24



