Device and Method for Stripping a Product Substrate from a Carrier Substrate

Specification

The invention relates to a device and a method for stripping a product substrate from a
carrier substrate.

The back-thinning of product substrates is often necessary in the semiconductor industry
and can take place mechanically and/or chemically. For purposes of back-thinning, in general the
product substrates are temporarily fixed on a carrier, there being various methods for the fixing. The
carrier méterial can be, for example, films, glass substrates or silicon wafers.

Depending on the carrier materials used and the interconnect layer used between the carrier
and the product substrate, different methods for dissolving or destroying the interconnect layer are
known, such as, for example, the vse of UV light, laser beams, the action of temperature, or
solvents.

Stripping increasingly constitutes one of the most critical process steps since thin substrates
with substrate thicknesses of a few microns easily break during stripping/peeling or are daxﬁaged by
the forces that are necessary for the stripping process.

Moreover, thin suﬁstrates have hardly any stability of shape or none at all and typically curl
without support material. During handling of back-thinned wafers, therefore, fixing and support of
the wafers are essentially indispensable.

Embodiments of this invention devise a device and a method to detach such a product
substrate from a carrier in as nondestructive a manner as possible.
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According to a first aspect of the present invention, there is provided a method for stripping
a product substrate from a carrier substrate, the carrier substrate connected to the product substrate
by an interconnect layer, the method including the steps of: providing a flexible film having an
upper surface and a lower surface, the flexible film including a bonding surface section on the
lower surface, an adhesive layer disposed on the bonding surface section for holding the product
substrate to the bonding surface section of the flexible film, an attachment section on the lower
surface of the flexible film wherein the attachment section surrounds an outer periphery of the
bonding surface section and a stripping section located between the bonding surface section and the
attachment section, and a film frame mounted to the flexible film at the attachment section;
applying a fluid only to an outer periphery of the interconnect layer for at least partial detachment of
the interconnect layer; and stripping the product substrate from the carrier substrate from at least a
periphery of the product substrate.

According to a second aspect of the present invention, there is provided a method for
stripping a product substrate from a carrier substrate, the carrier substrate connected to the
product substrate by an interconnect layer, the method including the steps of: providing a flexible
film having an upper surface and a lower surface, the flexible film including a bonding surface
section on the lower surface, an adhesive layer disposed on the bonding surface section for
holding the product substrate to the bonding surface section of the flexible film, an attachment
section on the lower surface of the flexible film wherein the attachment section surrounds an

outer periphery of the bonding surface section and a stripping section located between the



bonding surface section and the attachment section, and a film frame mounted to the flexible film
at the attachment section; applying a fluid only to a periphery of the interconnect layer for at least
partial detachment of the interconnect layer; and stripping the product substrate from the carrier
substrate concentrically from the periphery of the product substrate.

According to a third aspect of the present invention, there is provided a method for
stripping a product substrate from a carrier substrate, the carrier substrate connected to the
product substrate by an interconnect layer, the method including the steps of: providing a flexible
film having an upper surface and a lower surface, the flexible film including a bonding surface
section on the lower surface, an adhesive layer disposed on the bonding surface section for
holding the product substrate to the bonding surface section of the flexible film, an attachment
section on the lower surface of the flexible film wherein the attachment section surrounds an
outer periphery of the bonding surface section and a stripping section located between the
bonding surface section and the attachment section, and a film frame mounted to the flexible film
at the attachment section; applying a fluid only to a periphery of the interconnect layer for at least
partial detachment of the interconnect layer; and stripping the product substrate from the carrier
substrate from a periphery of the product substrate by applying a first force to the carrier
substrate and a second force to the film frame, the first force acting in a direction generally
opposite to a direction of the second force.

The framework of the invention also encompasses all combinations of at least two of the
features given in the specification, the claims, and/or the figures. In the specified value ranges,
values that lie within the indicated limits will also be disclosed as boundary values, and they are to

be claimed in any combination.
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Embodiments of the invention are based oﬁ the idea of further developing a generic device
and a generic method by the elasticity or flexibility of a film mounted on a film frame being used to
carefully strip the product substrate starting from the edge of the product substrate namely by
deforming the film, especially in a stripping section of the film. In this way, the product substrate is
immediately available for other process steps directly after separation and is protected by the film
and the film frame. Many process steps can be carried out directly on the product substrate mounted
on the film frame.

In other words: the flexible film by means of a force bordering the film frame and the
adhesive layer that bonds the product substrate in the bonding surface section of the film delivers a
tensile force to the product substrate, by which the product substrate is stripped, especially peeled,
from the carrier substrate.

A product substrate is defined as a product substrate, for example a semiconductor wafer,
which is conventionally thifined to a thickness of between 0.5 pm and 250 um, the trend being
toward thinner and thinner product substrates. Embodiments of the present invention work
especially effectively with product substrates that themselves have flexibility similar to the film
mounted on the film frame. In the device according to embodiments of the invention and the
method according to embodiments of the invention, the product substrate is peeled from the carrier

substrate, especially proceeding concentrically from the
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periphery of the product substrate.

The cazrier 1s, for example, a carrier substrate with a thickness of between 50 um and 5,000
i, especially between 500 pm and 1,000 pm.

The interconnect layer can be an adhesive, for example a soluble adhesive, especially a
thermoplastic, which is applied, for example, selectively in an edge region of the carrier substrate-
product substrate comhbination, especially in an edge zone of from 0.1 to 20 mm. Aliermatively, the
adhesive can be applied over the entire surface, and the adhesive force can be reduced in the center
by en adbesion-reducing layer, for example a fluoropolymer, preferably Teflon.

A chuck is especially well suited as the holding means, especially a spinney chuck for
holding the carrier substrate, especially by means of negative pressure, for example suction paths,
holes or suction cups. Alternatively, mechanical holding, for example by lateral clamps, is
conceivable, Holding takes place electrostatically in another alternative configuration.

The stripping means encompass the film mounted on the film frame and 2 film frame holder
that appties a foree and that holds the film frame,

Advantageously, in addition to the stripping means, there is a connection rejease means for
at least partial release of the copnection between the carrier substrate and the product substrate
caused by the interconmect layer.

To the extent that the device has heating means for heating the carrier substrate-product
substrate combination that are integrated especially into the carrier substrate holder, a
thermoplastically melting adhesive can be used as an interconnect layer. The maximum heating
temperature is 250°C, preferably 2 maximum 75°C.

In one advantageous embodiment of the invention, it is provided that the connection release



means is made 1o work essentially without heating. In this way, it is possible fo omit any heating
means.

In another advantageous embodiment of the inventioxn, it is provided that the connection
release means comprises fluid means, especially a solvent that selectively dissolves the interconnect
layer, for detaching the interconnect layer. Chemical dissolution of the interconnect layer is
especially protective of the product substrate and with the corresponding material choice,
dissolution can also take place very quickly, especially when only edge regions of the product
substrate are provided with an interconnect layer, so that the solvent ean act very quickly from the
side. In this way, perforations in the carrier substrate andfor product subsirate cen be omitted.

in one alternative embodiment of the invention, it is provided that the connection release
means comprises mechanical separating means, especially a hlade for cutting through the
interconnect layer, for detaching the interconnect layer. In this way, especially prompt separation of
the product substrate from the cairier is possible. A combination of mechanical separating means
and fluid means s also conceivable.

In ancther alternative embodiment of the invention, it is provided that the connection
release means comprises a UV light source for detaching the interconnect layer. This embodiment
can also be combined with the embodiment of the mechanical separating means and/or the
embodiment with fluid means.

To the extent that the connection release means is made to aet especially exclusively from
one side edge of the product substrate, action on the product substrate and/or the carrier from the
top and/or bottom, especially the inside region of the product substrate that lies within the side

edge, can be omitted.



There being a rotation means for rotation of the carrier substrate, product substrate and/or
Gl frame with the film makes it possible to vmit an arrangement of the connection release means
over the entire periphery of the product substrate and partial action on the periphery of the product
substraie 1s sufficient.

To the extent that the stripping section is located outside of the outer contour of the prodact
substrate and/or adjoins the bonding section, optimum transfer of the stripping foree o the product
substrate is possible by deformation of the film.

Advantageously, 1o expose the interconnect layer 1o the fluid means, for holding the fluid
means there is a sobvent reservotr that is fastened, especially sealed, to the carrier substrate or
carrier substrate holder, the top edge of the reservolr extending at least as far as the plane formed by
the product substrate. The solvent reservoir at least partially encompassing the side edge or the
periphery of the product substrate altows especially effective action on the interconnect layer.
Furthermore, the measure of encompassing prevents fluid means from escaping from the solvent
reservoir or UV Hght intensity from being lost. When using mechanical separation means, possible
contaminants are prevenied from escaping from the solvent reservoir and contaminating the product
subsirate. The solvent reservoir can be made L-shaped or U-shaped in cross-section m one
advantageous configuration.

In another advantageous configuration of the invention, it is provided that the solvent
ﬁsewoir extends only over one peripheral sector of the side edge or the periphery of the product
substrate. Advantageously, the solvent reservoir extends only slightly over the side edge or
periphery of the carrier substrate or product substraie in the direction of the product substrate center

so that a force Fs can be applied to the carrier substrate. The force Fs can also be transferred to the



carrier substrate via the solvent reservoir.

According o one advaﬁiageous embodiment of the mvention, it is provided that stripping
results by a force Fs that acts on the carrier substrate and a force Ff that acts on the film frame and
that is directed against the force F 5. The device can be made o deliver the force Ffas a local force,
especially in spots at at least one point on the filin frame. Advantageously, the force ¥ is delivered
distributed among several poinis on the periphery of the flm frame, whereby different forces can
also be delivered and tilting of the film frame relative to the carrier substrate or the carrier substrate
holder can be caused by the device,

A. uniform force distribution on the periphery of the product substrate depending on the
desired form of stripping is achieved by the capacity of the film to be deformed, especially
stretched, by the force Fs and the force Ffin the siripping section.

According.to another advantageous embodiment of the invention, it is provided that the
force Fs and the force FI can cause displacement of the film frame relative to the carrier substrate,
whereby in this way within the filim frame & trough being formed that has acoustic wave generating
means, especially formed from a fluid that can be held in the trough and an acoustic transmitter
mmmersed in the fluid, for ransmission of acoustic waves to the product substrate and/or the
solvent. The stripping of the product subsirate is greatly accelerated by the cavitation generated by
ultrasound or megasound so that the stripping takes place much more carefully and at the same time
more rapidiy.

Advantageously, it is furthermore provided that the stripping of the product subsivate takes
place concentrically from the periphery of the product substrate to the center of the product

substrate.



1t is especially advantageous if the product substrate is made to adbere to the film during the
siripping process since in this way, blanket holding and protection are ensured.

Other advantages, features and details of the invention will become apparent from the
following description of preferred embodiments and based on the drawings. Here:

Figure la shows a schematic top view of a substrate combination consisting of the product
substrate, the carrier substrate and the interconnect layer on a filin frame,

Figure 1b shows a schematic side view to Figure 1a with a detailed view,

Figare 2 shows a schematic representation of the device according to the invention i the
stripping of the product substrate from the carrier subsirate with a detailed view,

Figure 3 shows a schematic representation of the device according to the invention in the
stripping of the product substrate from the carrier substrate with a detailed view,

Figure 4 shows a schematic representation of one embodiment of the mvention.

In the figures, the same components and components with the same function are identified
with the same reference number.

Figure la shows a film frém 1 that is round in this embodiment at least on an inner
periphery 1, with a film 3 mounted, especially glued, on its bottom. With a radial distance to the
inner periphery 1i of the film frame 1, within the film frame 1 a product substrate-carrier substrate
combination is glued on an adhesive layer 3s of the film 3. concentrically to the film frame 1 (see
Figure 1b).

The product substrate-carrier substrate combination consists of & product substrate 4 that
adheres (o the film 3, a camier substrate 2, and an interconnect layer 6 that connects the product

substrate 4 and the carrier substrate 2, The diameters of the product substrate 4 and of the carrier



substrate 2 are essentially identical, while the thickness of the product substrate 4 is less than the
thickness of the carrier substrate 2.

The film 3 consists of an attachiment section 3b that has the shape of a circular ring in this
case and in which the film 3 is fixed to the film frame 1. Furthermore, the film 3 consists of 2
bonding surface section 3k in which the product substrate 4 can be fixed on the adhesive layer 3s of
the film 3. Between the aitachment section 3b and the bonding surface section 3k, thereis a
stripping section 3a that is located especially concentrically to the attachment section 3b and the
bonding suwrface section 3k, and that has a function that is critical according fo the invention. The
stripping section 3a thus extends from a periphery 4u of the product substrate 4 o the inner
periphery 1i of the fiim frame, here labeled distance A. The ratio between a thickness D of the film
frame 1 and the distance A is advantageously at least | to 2 to 1 fo 50, especially | to 5 to I to 25,
and preferably 1 to 1910 1 to 10.

In the initial position shown in Figure b, the side of the product substrate 4 that makes
contact with the film 3 and the side of the film frame 1 that makes contact with the film 3 are
arranged flush in one plane E. The parts showa in Figures La and 1b are assembled on a known film
frame mounter,

Figures 2 and 3 schematically show the stripping process in two variants, namely shortly
after the start of the stripping of the product substrate 2 from the carrier substrate 4.

By delivering opposing forces Ff, or FfI and Ff2, and Fs, the product substrate-carrier
substrate combination and the bonding surface section 3k of the film 3, which section adheres to the
combination, are moved out of the film frame 1 in the direction of a carrier substrate holder 7. Ina

kinematic reversal, the film frame 1 can also be moved by the force Ff by means of a Alm frame



holder that is not shown, for example a robot arm.

The force is transferred from the canier subsirate holder 7 to the carrier substrate 2 via
vacuum paths 8 that have been machined into the surface of the carrier substrate holder 7 and via a
vactiun means that is connected to them and that is not shown, The carrier substrate holder 7 is
anchored securely to the device.

Alternatively, the holding of the carrier subsirate 2 can take place mechanically, for example
by clamping, or electrostatically.

The force Ff acting on the {ilm frame | - as shown in Figure 2 - can act uniformly
distributed as a superficial force on the filin frame 1 so that the stripping of the product substrate 4
from the carrier substrate 2 tukes place from the edge by way of deformation of the stripping section
3a, as is shown enlarged in the detarled representation in Figure 2. The force Ff1 is identical here to
the force Ff2. The force can be delivered in spots distributed on the periphery of the film frame 1 or
can be introduced distributed by a film frame holder.

In the embodiment shown in Figure 3, the force distribution on the periphery of the film
frame | is different, specifically the force Ff1 is greater than the force FI2 on the opposite side so
that the product substrate 4 is stripped first on the side on which the greater force Ff1 is delivered.
The holding means for delivering the force iate the film frame I must therefore be made to allow
tipping of the film frame 1.

The product substrate 4 promotes stripping since it behaves in an elastic manner that is
similar to the film 3 and is thus detached from the product substrate-carrier substrate combination
step by step from its edge.

Accordmg to Figure 4, the solvent reservoir 20 is arranged on the carrier substrate 2 such



that immersion of the product substrate-carrier subsirate commbination in the position of the product
substrate-carrier substrate combination exposed (o a force is enabled. The solvent reservoir 20 is
attached annularly in this case to the periphery of the carrier substraie 2; especialty to form a seal, so
that the force can be delivered, as before, within the solvent reservoir 20 io the carrier substrate 2.
The force can aiso be delivered alternaiively to the solvent reservoir 28, for example when the
solvent reservoir 20 is attached nonpositively to the carrier substrate 2. An outer peripheral wall 21
of the solvent reservoir 20 extends at least as far as a plane formed by the product substrate 4 so that
the solvent 22 in the solvent reservoir 20 reaches at least as far as the interconnect laver 6, and the
latter can be dissolved by the solvent 22, Advantageousiy, the outer peripheral wall 21 extends
beyond the plane formed by the product substrate 4 almost as {ar as the {ilm frame | so that even
during rotation, escape of the solvent 22 from the solvent reservoir 20 is avoided as much as
possible.

This measure supports stripping, especially peeling of the product substrate 4 from the
carrier substrate 2, by the interconnect layer 6 being dissoived from the periphery 4u of the product
substrate 4 and the product substrate 4 being carefully lified by the tensile force applied to the
periphery 4u deforming the film 3.

The deformation of the film 3 causes a trough 9. The delivery of a fluid 11 into the trough 9
is made for for transmission of acoustic waves {uitrasound, megasound)} via the film 3 info the
solvent 22 located opposite the film 3 and into the product subsirate-carrier subsirate combination
by means of an acoustic wave generating means, here an acoustic iransmitter 10, The solvent 22
acts in an accelerated manner on the interconnect layer 6 by the delivery of sound from the edge so

that the return foree of the film 3 in the direction of the film frame 1 can be reduced and/or siripping

10



is supported, especially for radially symmetrical stripping according o Figure 2.

The delivery of sound causes the molecules of the solvent 22 to vibrate, resulting in
cavitation; this ieads to distinct acceleration of the dissolution of the interconnect layer 6,

The sobvent 22 is advantageously matched selectively to the interconnect layer 6, and the

adhesive layer 3s cannot be attacked by the solvent 22.
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Claims:

i. Method for stripping a product substrate from a carrier substrate, the carrier substrate
cornected to the product substrate by an interconnect layer, the method including the steps of:
providing
a flexible film having an upper surface and a lower surface, the
flexible film including a bonding surface seciion on the lower sunface, an
adhesive layer disposed on the bonding surface section for holding the
product substrate to the bonding surface section of the flexible film, an
attachment section on the lower surface of the flexibie film wherein the
attachment seciion surrounds an outer periphery of the bonding surface
section and a stripping section located between the bonding surface section
and the attachment section, and
a film frame mounted to the flexible film at the attachment section;
applying a fluid only to an outer periphery of the interconnect tayer for at least partial
detachment of the interconnect layer; and
stripping the product substrate from the carrier substrate from at least a periphery

of the product substrate.

2. Method according to claim 1, wherein the step of stripping takes piace concentrically

from the periphery of the product substrate to the center of the product substrate.

3. Method according fo claim 1, wheretn the fluid is 2 solvent that dissolves the interconnect
iayer.
4. Method according to claim 1, wherein said step of applying a fluid includes:

providing an annular-shaped solvent reservoir for holding the fluid, and
attaching the solvent reservoir to an annular portion of the carrier substrate
wherein a top edge of the solvent reservoir extends coplanar to an upper surface of the

product substrate.
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3. Method according to claim 4, wherein said step of applying a fluid further includes:
moving the bonding surface section of the flexible film relative to the attachment
section of the flexible film such that the bonding surface section is positioned below the

attachment section.

6. Method according to claim 1, wherein said step of stripping includes:

cutting the periphery of the interconnect layer with a blade,

7. Method for stripping a product substrate from a cargier substrate, the carrier substrate
connected to the product substrate by an interconnect layer, the method including the steps of:
providing
a flexibie film having an upper surface and a lower surface, the
flexible film including a bonding surface section on the lower surface, an
adhesive layer disposed on the bonding surface section for holding the
product substrate o the bonding surface section of the flexible film, an
attachment section on the lower surface of the flexible film wherein the
attachment section surrounds an outer periphery of the bonding surface
section and a stripping section located between the bending surface section
and the attachment section, and
a film frame mounted to the flexible film at the attachment section;
applying a {luid only to a periphery of the interconnect layer for at least partial
dgetachment of the interconnect layer; and
stripping the product substrate from the carrier substrate concentrically from the

periphery of the product substrate.

8. Method according to claim 7, wherein the fluid is a solvent that dissolves the interconnect
layer.
9. Method according to claim 7, wherein said step of applying a fluid includes:

providing an annular-shaped soivent reservoir for holding the fluid, and

attaching the solvent reservoir to an annular portion of the carrier substrate
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wherein a top edge of the solvent reservoir extends coplanar with an upper surface of the

product wafer.

10.  Method according to claim 9, wherein said step of applying a fiuid further includes:
moving the bonding surface section of the flexibie film relative to the attachment
section of the flexible film such that the bonding surface section is positioned below the

attachment section.

11, Method according fo claim 7, wherein said step of stripping includes:

cutting the periphery of the interconnect layer with a blade.

i2.  Method for stripping a product substrate from a carrier substrate, the carrier substrate
connected to the product substrate by an interconnect layer, the method including the steps of:
providing
a flexible film having an upper surface and a lower surface, the
flexible filim including a bonding surface section on the lower surface, an
adhesive layer disposed on the bonding surface section for holding the
product substrate to the bonding surface section of the flexible film, an
attachment section on the lower surface of the flexible film wherein the
attachment section surrounds an outer periphery of the bonding surface
section and a stripping section located between the bonding surface section
and the attachment section, and
a film frame mounted to the flexible film at the attachment section;
applying a fluid only to a periphery of the interconnect layer for at least partial
detachment of the interconnect layer; and
stripping the product substrate from the carrier substraie from a periphery of the
product sabstrate by applying a first force to the carrier substrate and a second force to the
film frame, the first force acting in a direction gc;;:xeral!y opposite to a direction of the

second force.
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13, Method according to claim 12, wherein the fluid is a solvent fhat dissolves the

interconnect tayer.

i4, Method according to clabin 12, wherein the degree of the firsi force is equal to the degree

of the second force.

15. Method according to claim 12, wherein the second force 15 distributed on an outer

petiphery of the film fame.

16. Method according to ciaim 12, wherein said step of applying a fluid
includes:
providing an annular-shaped solvent reservoir for holding the fluid, and
attaching the solvent reservoir to an annular portion of the carrier substrate
wherein a top edge of the solvent reservoir extends coplanar with an upper surface of the

product wafer.

{7. Method according to claim 16, wherein said step of applying a fluid further includes:
moving the bonding swface section of the fiexible film retative to the attachument
section of the flexible film such that the bonding surface section is positioned below the

attachment section,

18.  Method according to claim 12, wherein said step of stripping includes:

cutting the periphery of the interconnect layer with a blade,



