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;-as-elaimed-in-Claimn

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



make the first side accessible to further process steps.

The object of this invention is to devise 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 handled during the production process.
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According to an aspect of the present invention, there 1s provided a method for producing a

product wafer which is provided with chins on both sides, which proceeds as follows: bonding of the Qirst

side of the product waler on a first rizid carrier wafer with a first intermediate laver consisting of one first

adhesion laver applied at least on the edge side, bonding of a second side of the product wafer opposite

the first side on a second rigid carrier wafer with a second intermediate laver consisting of one second

adhesion laver apnlied at least on the edee side. characterized in that the first intermediate laver and the

second inlermediate laver are confisured to have mutually different properties at the lime of bonding with

respect to the adhesion of the first intermediate laver and the second intermediate laver and/or the change

of the adhesion with action on the first intermediate laver and the second intermediate laver such that both

rigid carrier waters bonded to the product wafer can be selectively separated from the product waler.

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 values and will be claimed in any
combination.

lea-FEmbodiments of this invention is-te-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 elsimed-m-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

elatmed-in 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 elaimed-in-per embodiments of the

invention, it is provided that an indicated change of the adhesion forces of the intermediate layers
is undertaken by certain 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



wafers 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 opposite 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 elatmed-inper embodiments of the invention not only can a

product wafer be provided with chips especially on two sides, but the method as claimed-inper

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 yields a careful
and effective as well as flexible method for producing stacked product wafers.

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
waler 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 elaimed-n-per embodiments of the invention is advantageously

\

so great that when the first carrier walfer is detached from the product wafer the second carrier
wafer remains interconnected 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 material can be used.

According to another advantageous 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



preferably 20 to 40 um, even more preferably 25 to 30 um.

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 wafer. 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 annular 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 especially in addition is referenced to the static state, therefore prior to the
separation process. The film according to one embodiment of this invention can 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 elaimned-inper 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 product wafer. The selective separating agents

are however as elaimed-inner 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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Claims:

L. Method for producing a product wafer (1) which is provided with chips (12, 15) on both sides,
which proceeds as follows:

bonding of the first side (3) of the product wafer (1) on a first rigid carrier wafer (8) with a first
intermediate layer (18, 18', 18") consisting of one first adhesion layer (6) applied at least on the edge side,’

bonding of a second side (2) of the product wafer (1) opposite the first side (3) on a second rigid
carrier wafer (13) with a second intermediate layer (17, 17', 17") consisting of one second adhesion layer
(14) applied at least on the edge side, |

characterized in that

the first intermediate layer (18, 18', 18") and the second intermediate layer (17, 17', 17") are
configured to have mutually different properties at the time of bonding with respect to the adhesion of the
first intermediate layer (18, 18’, 18") and the second intermediate layer (17, 17°, 17"} and/or the change of
the adhesion with action on the first intermediate layer (18, 18, 18") and the second intermediate layer
(17, 17", 17", such that both rigid carrier wafers (8, 13) bonded to the product wafer (1) can be selectively

separated from the product wafer (1).

2. Method as claimed in claim 1, wherein the bonding force of the first adhesion layer (6) is smaller

than the bonding force of the second adhesion layer (14).

3. Method as claimed in claim 1, wherein the first adhesion layer (6) has smaller dimensions than
the second adhesion layer (14), which are a smaller contact area of the first adhesion layer (6) with the

first carrier wafer (8) and the product wafer (1) and/or a thinner layer thickness.

4, Method as claimed in claim 1, wherein the first adhesion layer (6) has chemical properties
different from the second adhesion layer (14) such that the first adhesion layer (6) is at least partially
dissolved by a first solvent, while the second adhesion layer (14) is at least largely inert with reference to

the first solvent.

5. Method as claimed in claim 1, wherein the first intermediate layer (18, 18', 18") has different
thermal properties from the second intermediate layer (17, 17', 17") such that the first intermediate layer
(18, 18', 18") with rising temperature is at least partially dissolved so that the separation of the first carrier

wafer (8) can be effected before separation of the second carrier wafer (13).
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6. Method as claimed in one of Claims 1 - 5, wherein the separation of the first carrier wafer (8)
from the product wafer (1) takes place selectively as a result of different optical properties of the first
intermediate layer (18, 18', 18") and the second intermediate layer (17, 17', 17") with reference to the
action of defined light wavelengths and/or defined light intensities of a light source (29), which acts on

the first adhesion layer (6) and/or the second adhesion layer (14).

7. Method as claimed in the preceding claims, wherein the separation of the first carrier wafer (8)
from the product wafer (1) takes place selectively as a result of different mechanical properties of the first
intermediate layer (18, 18°, 18") and the second intermediate layer (17, 17', 17") with reference to the

shear strength.

8. Method as claimed in the preceding claims, wherein the first adhesion layer (6) and/or the second

adhesion layer (14) is made annular in the region of the periphery (19) of the product wafer (1).

9. Method as claimed in the preceding claims, wherein between the first carrier wafer (8) and the
first intermediate layer (18, 18', 18") a first partial coating applied on the first carrier wafer (8) is applied
for reducing the bonding force/adhesion force in the region of the first partial coating and/or between the
second carrier wafer (13) and the second intermediate layer (17, 17', 17") a second partial coating applied
on the second carrier wafer (13) is applied for reducing the bonding force/adhesion force in the region of

the second partial coating.
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Claims

1. Method for producing a product wafer (1) which is provided with chips (12, 15),
especially on both sides, which proceeds as follows:

- processing of the first side (3) of the product wafer (1)

- bonding of the product wafer (1) with its first side (3) on a first rigid carrjér wafer (8) with a
first intermediate layer (18, 18', 18") consisting of one first adhesion zer (6) applied at
least on the edge side,

- processing of a second side (2) of the product wafer (1) op7§' e the first side (3),

- bonding of the product wafer (1) with its second side (2) on a second rigid carrier wafer (13)

with a second intermediate layer (17, 17', 17") consistidg of one second adhesion layer (14)
applied at least on the edge side, characterized in that the first intermediate layer (18, 18',
18" and the second intermediate layer (17, 17'/17") are made different such that the first
carrier wafer (8) can be separated selectively before the second carrier wafer (13).

2. Method as claimed in Claim 1, wher i{l)t/he bonding force of the first adhesion layer (6) is
smaller than the bonding foi‘ce of the secl7] adhesion layer (14).

3. Method as claimed in one of the preceding claims, wherein the first adhesion layer (6)

has smaller dimensions than the secgnd adhesion layer (14), especially a smaller contact area of the

first adhesion layer (6) with the first carrier wafer (8) and the product wafer (1) and/or a thinner

layer thickness.

4, Method as ? ed in one of the preceding claims, wherein the first adhesion layer (6)

has chemical propertiés different from the second adhesion layer (14) such that the first adhesion

/ )
/



layer (6) is at least partially dissolved by a first solvent, while the second adhesion layer (14) is at
least largely inert with reference to the first solvent.

5. Method as claimed in one of the preceding claims, wherein the first intermediate 1
(18, 18, 18") has different thermal properties from the second intermediate layer (17, 17'/17") such
that the first intermediate layer (18, 18', 18") with rising temperature is at least partially dissolved so
that the separation of the first carrier wafer (8) can be effected before separation gf the second
carrier wafer (13).

6. Method as claimed in Claim 4 or 5, wherein the dissolution of ti{e first intermediate layer
(18, 18', 18"), especially of the first adhesion layer (14), takes place ?Zprocess’mg of the second

side (2) and before or after bonding of the product wafer (1) to the/4econd carrier wafer (13).

7. Method as claimed in one of the preceding claims, wherein the separation of the first

carrier wafer (8) from the product wafer (1) takes place selgttively as a result of different optical
properties of the first intermediate layer (18, 18', 18") afd the second intermediate layer (17, 17',

17"), especially with reference to the action of defined light source [sic] lengths and/or defined light

intensities of a light source (29) which acts preférably selectively on the first adhesion layer (6)

and/or the second adhesion layer (14).

8. Method as claimed in one of the preceding claims, wherein the separation of the first

carrier wafer (8) from the product wafer (1) takes place selectively as a result of different
mechanical properties of the first intermediate layer (18, 18', 18"} and the second intermediate layer
(17,17, 17", especially witlreference to the shear strength, preferably the shear strength as a

function of the temperatyfe.

9. Method as £laimed in one of the preceding claims, wherein the first and/or the second
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adhesion layer (6), (14) are made annular, especially in the region of the periphery (19) of the
product wafer (1).

10. Method as claimed in one of the preceding claims, wherein the first intermediate layer
(18, 18") within the first adhesion layer (6) and/or the second intermediate layer (17 17") within the
second adhesion layer (14) comprises a film (7).

11. Method as claimed in one of the preceding claims, wherein bet éen the first carrier

wafer (8) and the first intermediate layer (18, 18', 18") a first partial co vKg applied especially on
the first carrier wafer (8) is applied for reducing the bonding force/a «ésion force in the region of
the first partial coating and/or between the second carrier wafer £13) and the second intermediate

layer (17, 17", 17") a second partial coating applied especially on the second carrier wafer (13) is

applied for reducing the bonding force/adhesion force irythe region of the second partial coating,




