Mounting Apparatus for Handling of Structured Substrates
Specification

This invention relates to a mounting apparatus for handling of structured substrates as
claimed in Claim 1, a method for handling of structured substrates as claimed in Claim 6 and a use
as claimed in Claim 8

Mounting apparatus, also sample holders, are used in the semiconductor industry among
others for fixing of substrates which are thinned or processed in some other way on the mounting
apparatus. The thinning is called back-grinding and the target thickness of the substrates after back-
grinding is in part less than 100 urn, especially less than 50 pr, preferably less than 20 pm. Ever-
continuing miniaturization constitutes a major technical problem for handling of substrates,
especially since the sample holders which are used for this purpose have extremely tlat surfaces so
that the fixing of structured substrates on these surfaces is impossible or is only very poorly
possible. Furthermore, the back of a substrate which is opposite the front with the structures must
generally remain flat and sﬁculd not be made undulated and/or arched by the structuring on the
front, Mainly in the back-thinning of the back of the substrate must the back remain very flat.
Otherwise, fracture, noruniform back-thinning, or other damage to the substrates occurs.

The object of this invention is therefore to devise a mounting apparatus and a corresponding
method with which the handling of the aforementioned structured substrates is enabled in back-
grinding or other processes and especially in the detachment of the substrates without damaging

them.



This object is achieved with the features of Claims 1, 6 and 8. Advantageous developments
of the invention are given in the dependent claims. All combinations of at least two of the features
given in the specification, the claims and/or the figures also fall within the scope of the invention.
At the given value ranges, values within the indicated limits will also be considered to be disclosed
as boundary values and will be claimed in any combination.

The invention is based on the ides, especially in handling of structured substrates whose
structures are especially predominantly with a height of greater than 1 pm, preferably
predominantly greater than 10 um, still more preferably predominantly greater than 50 pm, most
preferably predominantly greater than 100 pm, of holding them such that the structures of the front
of the substrate dip completely into a soft material layer with preferably low adhesion so that the
back of the substrate remains flat and the substrate can be easily and simply detached again after
processing.

As claimed in the invention a soft material layer is defined as a compliant material layer
which in particular is able to accommodate structures. The definition of "soft" does not necessarily
relate to the physical parameters of the modulus of elasticity which describes a compliance of the
material in the sense of Hooke's Law, but rather to the capacity to accommodate stroctures. In one
preferred embodiment the structures sink in the porous and/or fibrous material layer. In all those
embodiments in which the definition of "soft” is intended fo mean a compliant material in the sense
of Hooke's Law, the modulus of elasticity is less than 100 GPa, preferably less than 1 GPa, more
preferably less than 100 MPa, most preferably less than 1 MPa, most preferably of all less than 1
kPa.

As claimed in the invention a low-adhesive material layer is defined as a material layer



whose surface has low adhesion to other materials, in particular produced by nanotechnology. As
claimed in the invention low-adhesion surfaces in the micro range and/or nano range have a lack of
flatness whose morphology contributes to low adhesion or even causes it. As claimed in the
invention the use of the so-called lotus blossom effect would be conceivable.

Adhesion capacity as claimed in the invention designates especially a certain holding force
per v which should be as low as possible as claimed in the invention so that the by far
predominant part of the fixing of the substrate on the receiving surface is caused by fixing means in
the fixing section.

If the adhesion between two solids which are joined to one another is to be determined, the
energy can be measured which is necessary to drive a crack through the solid. In the semiconductor
industry the so-called "razor blade test" or "Maszara razor blade test" is often used. This testis a
method with which the bonding energy between two solids is determined. Generally the solids are
welded to one another.

In order at this point to determine the adheston capacity of a layer which is to have low
adhesion relative 1o as many other materials as possible, other measurement methods must be used.
The measurement method which is used most often is the contact angle method.

The contact angle method is used together with Young's equation in order to draw a
conclusion about the surface energy of a solid by using a test Hquid.

This qualifies the surface energy of a swrface by a certain test liquid, generally by water.
Corresponding measurement methods and the evaluation methods are known to one skilled in the
art. The contact angle which is determined using the contact angie method can be convertedto a

surface energy in N/m or J/m?. For relative comparisons of different surfaces with the same test



liquid, the data of the contact angles are sufficient to obtain a (yelatjve) estimate of the adhesion
capacity of the surface. Thus, by using water as the test liquid, it can be maintained that wetted
surfaces which produce a contact angle on the water droplet of roughly 30° have a higher adhesion
(strictly speaking only to water) than surfaces whose contact angle on the water droplet has roughly
120°.

The embodiment as claimed in the invention will now be used mainly, but not exclusively,
for temporary fixing of Si thin layer substrates. Therefore a determination of the surface energy of
any low adhesion layer to Si which is used as claimed in the invention is desirable. Since Si is not
liquid at room temperature, as mentioned above, a test liquid (water) is used to characterize the
low-adhesion layer as claimed in the invention with respect to the test liquid, All following contact
angle values and/or surface energies are thus vatues which quantify the low-adhesion layer as
claimed in the invention with respect to a test liquid and allow at least a relative conclusion about
the adhesion capacity to other substances, preferably solids, more preferably Si.

The material layer is produced by wet chemical processes with corresponding chemicals,
electrolytic deposition, physical deposition from the gaseous phase (PVD), chemical deposition
from the gaseous phase (CVD), lamination, plating, cementing, electrolytic deposition or casting.
The material layer consists preferably of a polymer, more preferably of a silicone, still more
preferably of a flucropolymer, most preferably of all of one of the two materials Swivel or Viton.

Additional fixing of the substrate by especially a fixing agent which produces a volumetric
flow in the material layer, especially by producing a vacuum in the soft material layer, is provided
according to one advantageous and preferred embodiment of the invention. The material layer

therefore preferably has a porous and/or fibrous structure so that evacuation of the material layer



itseif leads to a suction of the substrate. In any case a material layer is also conceivable which has
holes and/or suction: bores and/or suction lines via which suction pressure as claimed in the
invention is produced or intensified. The combination of a layer which has a porous and/or fibrous
structure with holes and/or suction bores and/or suction lines is also conceivable. The suction
pressure which can be produced by the evacuation of the material layer (difference of the ambient
pressure and the pressure in the material layer) is greater than 0.0001 bar, preferably greater than
0.001 bar, more preferably greater than 0.1 bar, most preferably of ali greater than or equal 1o 1 bar,
The suction force is found by corresponding multiplication of the suction pressure by the area.

The volumetric flow which is used to suction the substrate is of special interest for this
invention. The volumetric flow as claimed in the invention must be great enough to produce the
necessary suction performance for the embedding of the structures of the substrate into the material
layer. The volumetric flow as claimed in the invention counteracts the elastic resistance of the
material layer. The volumetric flow is defined as the amount of gas volume which is suctioned per
unit of time. At a pressure difference which is kept constant, the volumetric flow is maximized
mainly by large pores and/or small fiber densities and/or large holes and/or large suction bores
and/or thick suction lines. The volumetric flow is greater than 1 ml/s, preferably greater than 100
ml/s, more preferably greater than 1000 ml/s, most preferably greater than 10 I/s, most preferably of
all more than 100 Us. Since the structures of the substrate are sucked into the material layer by the
pressure difference, the corresponding suction performance must be high enough. An overly small
volumetric flow would impede the formation of a vacunm between the substrate and the material
layer and thus not draw the structures into the material layer or would do so to an insufficient

degree. A correspondingly high volumetric flow, therefore a correspondingly high suction



performance, ensures the suction of the substrate and thus the embedding of the structures into the
material layer at first. In order to increase the volumetric flow, as claimed in the invention holes
and/or suction bores and/or suction lines are also worked into the material layer in order to ensure
the efficient removal of the air from the porous and/or fibrous material.

An especially high volumetric flow can be established as claimed in the invention when the
substrate does not completely cover the surface and/or the side of the material layer, so that air is
also evacuated by the evacuation process via the uncovered area. In order to ensure reliable
handling and fixing of the substrate, the volumetric flow in this case is high encugh to compensate
for leaks which arise due to incomplete covering.

Therefore the invention is also based on the idea of making holes and/or suction bores
and/or suction lines in the material layer of the mounting apparatus such that suction action (suction
pressure) as uniform as possible over the entire vohume of the material layer on the substrate is
enabled. In other words, the mounting apparatus as claimed in the invention enables an especially
linearly variable, homogenous surface force on the substrate so that the substrate is preferably
homogeneously loaded with pressure. Preferably the surface force acting on the substrate can be
controiled by changing the suction pressure in a linear relationship. Alternatively, the fixing means
according to one embodiment of the invention can comprise electrostatic fixing by the material
layer being designed accordingly for electrostatic fixing. Preferably the electrostatic fixing can be
controlled especially by a software-supported control apparatus.

The substrates mostly before and/after processing are extremely thin substrates, preferably
less than 100 um thickness, even more preferably less than 50 um thickness.

Here the fixing means are made in particular controllable so that upon activation a fixing



takes place and upon deactivation there is only contact of the substrate with surface of the material
layer, while the structures of the substrate preferably remain embedded in the material layer,

According to another advantageous ernbodiment of the invention, it is provided that in the
deactivated state of the fixing means a force which is caused especially by the above described
elasticity of the material layer acts on the siructures of the substrate and in sum largely normally to
the surface of the material layer, and by which force the structures are pressed at least partially out
of the material layer.

In other words, the fixing of the substrate on the mounting apparatus takes place essentially
exclusively by the application of a vacuum and/or by the structures sinking in the material layer or
dipping into it, in particular by more than 20%, preferably more than 40%, even more preferably
more than 60%, still more preferably more than 80%, most preferably 100% and in this way the
material surrounding them is fixed.

Preferably the fixing can be enhanced by using a vacuum which produces and/or maintains
a vacuum in the material layer by corresponding vacuum feeds under and/or in the material layer so
that the air pressure outside loads the substrate normally to the surface of the material layer (fixing
means).

As claimed in the invention, the entire surface of the material layer facing the substrate on
the mounting apparatus is regarded as the receiving surface. As claimed in the invention, the
surface on which there is contact with the substrate is defined as the effective contact surface. The
fixing takes place at the existing vacuum, preferably at least over the effective contact surface,
preferably along the receiving surface, therefore the entire surface of the material layer.

The embodiment as claimed in the invention is used especially predominantly, but not



exclusively, for temporary fixing of substrates, preferably thin layer substrates,

In one preferred embodiment of the invention it is provided that the adhesion capacity of the
material layer is defined by a surface encrgy of less than 0.1 J/m?, especially less than 0.01 J/m?,
preferably less than 0.001 Jm?, even more preferably less than 00001 Jm?, ideally less than
0.00001 J/m, in order to facilitate the detachment of the substrate, and mainly the very filigreed
small SUrUCHIres on the front of the substrate, after removal of the fixing, preferably aurning off the
vacuum.

Alternatively or additionally, according to one advantageous embodiment of the invention it
is provided that the adhesion capacity of the contact surfaces 1s defined with a contact angle greater
than 20°, especially greater than 50°, preferably greater than 90°, still more preferably greater than
150°. The adhesion capacity of one surface to another material can be determined using the
aforementioned contact angle method. In doing so a droplet of a known liquid, preferably water
{values as claimed in the invention relative to water) is deposited on the surface which is to be
measured. Using a microscope, the angle is measured exactly from the side, specifically the angle
between the tangent to the droplet and the surface,

Studies have shown that materials such as Viton® or Swivel have these propertics.
Generally mainly silicone-based materials are suitable for this purpose. In any case, materials can
also be used which are based on polymers, carbon fibers, and/or other soft deformable elastic
materials which preferably form fibers. Alteratively or in addition, according to one advantageous
embodiment of the invention it is provided that the adhesion capacity of the contact surface is
defined with a contact angle greater than 20°, especially greater than 50°, preferably greater than

90°, still more preferably greater than 150° The adheston capacity of one surface to another



material can be determined using the aforementioned contact angle method. In doing so, a droplet
of a known liquid, preferably water (values as claimed in the invention relative to water)
(alternatively glycerin or hexadecane) is deposited on the surface which is to be measured. Using a
microscope the angle is measured exactly from the side, specifically the angle between the tangent
to the droplet and the surface.

The features described for the mounting apparatus should also be considered disclosed as
features of the method deseribed below and vice versa.

An independent invention is also a method for handling of a structured substrate which has
structures, with the following steps, especially the following sequence:

- accommodation of the structured substrate on a receiving surface of a soft material layer,
the structures being taken into the soft material layer,

- fixing of the structured substrate on the material layer, especially intensified by additional,
preferably controliable fixing means

- especially processing of the back of the structured substrate facing away from the structures.

One embodiment of the method is preferred in which the subsequent detachment takes
place, especiatly predominantly, preferably exclusively, by deactivation of the fixing means,
especially pressure equalization on openings of the receiving surface.

Even more preferably, according to one advantageous embodiment of the invention, for
detachment of the structured substrates from the material layer by the fixing means which are made
especially as a vacuum apparatus, an overpressure in the matertal layer is produced which presses
the structures of the structured substrate out of the material layer.

Preferably the release/detachruent of the substrate structures from the material layer is



effected/supported by a force which is directed away from the material layer and which is caused by
the elasticity of the material layer.

The material layer consists of a soft and/or porous and/or gas-permeable and/or deformable
and/or flexible and/or compliant material. Advantageously it is a polymer, more preferably a
silicone, most preferably one of the materials such as Viton®, Swive] or the like. It is clear to one
skilled in the art in the field that any material which has the ability to accommodate structures of the
disclosed height, especially completely, and preferably also has an adhesion capacity which is as
low as possible, preferably negligibly low, can be used as claimed in the invention.
Accommodating the structures in the material can mean either the complete elastic deformation of
the material around the structures or the sinking of the structures in the material. A sinking of the
structures in the material is preferably enabled by fibrous and/or porous materials in which the
material "yields” when the structures penetrate. This sinking of the structures of the structured
substrate which is to be accommodated is ensured mainly by the explicitly disclosed materials
Viton®, Swivel,

The use of the device as claimed in the invention in a debonder, preferably a SlideOff
debonder, is also conceivable. A debonder is a device using which it becomes possible to separate
from one another two substrates which have been temporarily bonded to one another. The fixing of
structured substrates generally poses problems, especially in SlideOff debonders. Since two
substrates are separated from one another by a shearing process mainly in SlideOff debonders, the
shearing plane must be as flat as possible and remain flat during the entire debonding process. For
this purpose it is provided as claimed in the invention that the structures be imbedded during the

debonding process; this can be easily done with the embodiment as claimed in the invention. The
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embodiment as claimed in the invention likewise facilitates the fixing of structured substrates for
other debonding processes such as the ZoneBond ™ process, and for all other processes in which
embedding of structures is essential or at least helpful. These debond processes are known to one
skilled in the art.

The device as claimed in the invention can also be used as part of a transport apparatus o
transport structured and/or thin substrates between different positions, preferably between different
modules. For example, the use of the device as claimed in the invention as part of a robot arm
would be conceivable.

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
schematic views.

Figure 1 shows a cross sectional view of a structured substrate,

Figure 2 shows a cross sectional view of a mounting apparatus as claimed in the invention,

Figure 3 shows a cross sectional view of a mounting apparatus as claimed in the invention
with a fixed structured substrate prior to a processing step,

Figure 4 shows a cross sectional vi_ew of a mounting apparatus as claimed in the invention
with a fixed structured substrate after a processing step and

Figure 5 shows a cross sectional view of a mounting apparatus as claimed in the invention
with a fixed structured substrate during a debond process.

In the figures, advantages and features of the invention are labeled with the reference
numbers which identify them according to embodiments of the invention, components or features

with the same function or function with the same effect being labeled with identical reference
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numbers.

The figures do not show the features as claimed in the invention to scale, in order to be able
to represent the function of the individual features at all. The ratios of the individual components
are in part not proportional.

Figure | shows a structured substrate 1 consisting of a substrate 2 of thickness d and
corresponding structures 3 of height h, The structures 3 can be chips, printed conductors, bumps,
MEMS devices or any other type of structure which is raised off the surface of the front 2v of the
substrate 2.

Figure 2 shows a mounting apparatus 4 consisting of a material layer 5 with a receiving
surface 5o for accommodating the structured substrate 1 (see Figure 1) and a base body 6 with a
base body surface 60, consisting of several openings 7.

The mounting apparatus 4 preferably has the shape of a round cylinder with openings 7
which are arranged concentrically to the mounting apparatus 4 according to Figure 2, especially on
around ring with a diameter D2, or are distributed arbitrarily, especially uniformly over the surface,
The mounting apparatus 4 in the preferred shape of a round eylinder which is shown in the
embodiment has a diameter D1. In particular the ratio of the diameter D2 to D1 is greater than 0.9
and less than 1, preferably greater than 0.95 and less than 1.

As claimed in the invention, there are at least three openings 7, preferably at least ten
opemnings 7, even more preferably at least 20 openings 7. Furthermore, cross channels on the surface
60 of the base body 6 are conceivable which can be evacuated via the openings 7 and thus provide
for the uniform distribution of the vacuum in the material layer 5. In the material layer 5

advantageously a negative pressure of less than 1 bar, more preferably of less than §00 mbar, still
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more preferably less than 500 mbar, most preferably less than 200 mbar, most preferably of all less
than 100 mbar absolute, can be produced.

The openings 7 on the side of the base body 6 which faces away from the material layer 5
are conmected or can be connected to a pressurization apparatus which is not shown, the
pressurization apparatus applying on the openings 7 a negative pressure which is distributed as
uniformly as possible over the openings 7 when a structured substrate 1 according to Figure 1 is
taken onto the mounting apparatus 4, so that the substrate 1 is fixed on the receiving surface So.
Preferably the entire volume of the porous or at least gas-permeable material layer 5 is evacuated
via the openings 7 so that a uniform negative pressure arises between the structured substrate 1
which is 1o be fixed and the material layer 5. The structures 3 are pressed into the material layer 5
by the microstructure of the material layer 5. In doing so the structures 3 preferably sink entirely
into the material layer 5 so that the front 2v of the substraie touches the receiving surface So. It is
also conceivable as claimed in the invention for the structures 3 of the structured substrate I,
especially in addition or alteratively to pressurization, to be pressed into the material layer 5bya
force which is acting from the outside on the back 2r of the substrate.

After processing of the back 2r of the substrate 2, especially back-grinding to a thickness d'
of the substrate less than 100 pm, preferably less than 50 pm, preferably less than 20 wm, the
structured substrate can be removed again from the mounting apparatus 4 by its being fixed on the
back 2r, 2¢' of the substrate in a manner known to one skilled in the art and by the structures 3 of the
structured substrate 1, 1" being pulied out of the material layer 5 and thus detached by a
correspondingly applied force normally to the back 2r, 21’ of the substrate.

In a second embodiment according to Figure 5, the embodiment of the mounting apparatus
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4 as claimed in the invention is used for debonding. A substrate 1 is connected to a carrier substrate
8 via an adhesive layer 9. In order to detach the carrier substrate 8 from the substrate 1, the substrate
1 is fixed as claimed in the invention with the mounting apparatus 4. The carrier substrate 8 is
debonded (detached) from the substrate by a shearing force t with a second fixing apparatus 10,
When a vacuum has been applied in the material layer 5 via the openings 7, before
removing the structured substrate i the material layer 5 is first ventilated. Preferably an
overpressure is produced in the material layer 5 via the openings 7 so that the release and/or
removal of the structures 3 of the structured substrate 1, 1' from the material layer 5 is supported by

the overpressure.
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Claims

1. A mounting apparatus for handling of a structured substrate (1) which has structures (3)
with a soft material layer (5) for accommodating the structured substrate (5) on a receiving surface
(50), the structures (3) of the structured substrate (1) being able 1o be taken at least partially into the
material layer (5), characterized in that there are fixing means for fixing of the structured substrate
(1) on the receiving surface,

2. The mounting apparatus as claimed in Claim 1, wherein the material layer (5) on the
receiving surface (50) has a surface energy of less than 0.1 J/m?, especially less than 0.01 J/n?,
preferably less than 0.001 J/m?, even mote preferably less than 0.0001 J/m?, ideally less than
0.00001 J/m?,

3. The rnounﬁng apparatus as claimed in one of the preceding claims, wherein the receiving
surface (50) can be exposed to a volumetric flow passing through the material layer (5) at least on
one effective contact surface with the structured substrate (3).

4, The mounting apparatus as claimed in one of the preceding claims, wherein the material
layer is formed especially predominantly, preferably completely from a polymer, especially silicone,

5. The mounting apparatus as claimed in one of the preceding claims, which as fixing
means has a pressurization apparatus which can be controlied especially with a software-supported
control apparatus for pressurization of the material layer with negative pressure and/or

overpressure.
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6. A method for handling of a structured substrate (1) which has structures (3) with the
following steps, especially the following sequence:

- accommodation of the structured substrate (1) on a receiving surface (50) of a soft material
layer (5), the structures (3) being taken into the soft material layer (5), and

- fixing of the structured substrate (1) on the material layer (5), especially intensified by
additional, preferably controllable fixing meaus.

7. The method as claimed in Claim 6, wherein after the processing step, detachment takes
place, especially predominantly, preferably exclusively, by deactivation of the fixing, especially
pressure equalization or pressurization on the receiving surface,

8. A use of a mounting apparatus as claimed in one of Claims 1 to 5 for handling of
structured substrates (1), especially semiconductor substrates, with a thickness d less than 100 pm,
preferably less than 50 pim, even more preferably less than 20 um.

9. The use of a mounting apparatus as claimed in Claim 8, wherein the device isused in a

debonder.
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