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APPARATUSAND METHOD FOR PROCESSING A SEMICONDUCTOR DEVICE

TECHNICAL FIELD
[0001] The present invention relates to an apparatus foitdimg or sintering a
semiconductor device. The present invention alldes to a method for molding or sintering

a semiconductor device.

BACKGROUND

[0002] A conventional molding apparatus typically includesase plate and a cover for
holding a semiconductor device while introducing ldimty compound. However, the
semiconductor device may not have parallel surfemed thus the top surface of the
semiconductor device may be sloping when it isqilaio the apparatus. The inhomogeneity
of forces applied on the semiconductor device dummolding may lead to undesirable
molding outcomes, potentially even damaging theisemductor device. Accordingly, more
adjustment time is needed when such cases arer@roed and higher throughput cannot be
achieved.

[0003] Therefore, a cost effective solution, for molding sintering semiconductor

devices, with high throughput and high quality ésided.

SUMMARY
[0004] The present invention thus seeks to provide an owgat apparatus which
ameliorates the abovementioned issues. The impraweltling apparatus provides for
alignment between semiconductor devices and apmacamponents, thus achieving better
force distribution and higher processing quality.
[0005] Accordingly, the invention provides an apparatas,frocessing a semiconductor
device, comprising: a first tool comprising: a [@@® application component; a guide; and a
spacer moveable in the guide; wherein a gap isneeéfbetween the spacer and the guide and
is operable to allow the spacer to tilt in relattorthe guide; and a second tool for holding the
semiconductor device, wherein the first and sed¢oonts are moveable relative to each other
between an uncoupled state and a coupled stateeintibe spacer comprises: a first portion

proximate the pressure application component, whdrethe coupled state, the pressure
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application component is operable to apply a f@age first pressure to the first portion; and
a second portion distal from the pressure appticatomponent, wherein in the coupled
state, the second portion is proximate the semiectod device and is configured to transmit
the force from the pressure application componerth¢ semiconductor device as a second
pressure.

[0006] The present invention also provides a method oftgssing a semiconductor,
comprising: providing an apparatus with a firstltand a second tool moveable relative to
each other, wherein the second tool comprisesdehaind wherein the first tool comprises a
pressure chamber and a movable spacer moveableguida, and wherein the first tool
comprises a gap between the spacer and the guelabde to allow the spacer to tilt in
relation to the guide, and wherein the first toodl ahe second tool are in an uncoupled state;
arranging a semiconductor device on the holdengimg the first tool and the second tool
from the uncoupled state to a coupled stated; cesspg the semiconductor device between
the spacer and the holder, by applying pressuma fite pressure chamber on the spacer;
waiting a pre-determined period of time; bringiheg first tool and the second tool from the

coupled state to the uncoupled stated.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] The invention will be better understood with refere to the detailed description
when considered in conjunction with the non-lingtiexamples and the accompanying
drawings, in which:
FIG. 1 shows an exemplary cross sectional schenudtithe apparatus according to an
embodiment of the invention.
FIG. 2 shows a cross sectional schematic of anrapsaaccording to another embodiment of
the present invention.
FIG. 3 shows a cross sectional schematic of agiam apparatus similar to FIG. 2, in which
there are two spacers for a single substrate, spaber positioned above a corresponding
semiconductor device.
FIG. 4 shows a cross sectional schematic of tharapmes similar to FIG. 2 but with a

different pressure application component.
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FIG. 5 shows a cross sectional schematic of anrapsasimilar to FIG. 3, in which there are
two spacers for a single substrate, each spaceitiopesl above a corresponding
semiconductor device.

FIG. 6 shows a schematic cross sectional viewtitiing details of the contact between a
diaphragm and a spacer, and an exemplary embodwhérg spacer.

FIG. 7 shows a schematic cross sectional viewtiliting details of the contact between the
diaphragm and spacer.

FIG. 8 shows in a schematic cross sectional viewha@fv an unleveled surface of the
semiconductor device may be compensated by thespac

FIG. 9 shows, in a schematic cross sectional viltails of the contact between a spacer and
the semiconductor device at two different heiglitdhe semiconductor device, according to a
further development of an embodiment of the invemti

FIG. 10 shows, in a schematic cross sectional videtails of the contact between a
diaphragm and a spacer, and a further developni¢né aiaphragm.

FIG. 11 shows, in a schematic cross sectional videtails of the contact between the
diaphragm and spacer, and a further developmethi®contact.

FIG. 12 shows a schematic cross sectional viewhef dpparatus according to a further
embodiment of the invention, wherein a bottom prttm film is provided over the holder
for supporting the semiconductor device.

FIG. 13 shows, in a schematic cross sectional vietails of the contact between a spacer
and the semiconductor device at two different hsigi the semiconductor device, according
to a further development of the embodiment of thesntion.

FIG. 14 shows a schematic cross sectional viewhefconnection of the diaphragm to the
chamber of the first tool, according to a furtheavelopment of an embodiment of the
invention.

FIG. 15 shows a schematic of the connection of AKGIn comparison with a comparative
example.

FIGS. 16A and 16B show schematic cross-sectionelwiof the spherical bearing in
association with the holder.

FIG. 17 shows an exemplary flow chart for a metledording to an embodiment of the

invention.
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FIG. 18 shows another exemplary flow chart for @hwoé according to another embodiment
of the invention.
[0008] The figures are of schematic nature and not drawactle so as to emphasize

certain aspects of the invention.

DETAILED DESCRIPTION
[0009] The following detailed description refers to the@mpanying drawings that show,
by way of illustration, specific details and embuodnts in which the invention may be
practiced. The used reference numerals are the aaross the figures.
[0010] In all embodiments of the invention the apparatusady comprise a plurality of
spacers, each in a corresponding guide. To simgh#y explanation of the invention,
reference will be made to the characteristics sppacer and a corresponding guide, however
these explanations apply also to a plurality okcepgiand guides having the characteristics as
explained in the present disclosure. A pluralityhofders may also be provided, each holder
corresponding to one spacer, and a holder mayrelate to more than one spacer, especially
for more complex circuits.
[0011] The terms “bottom”, “top”, “over”, “under”, may ref to the position shown in the
figures, the first tool and the second tool anasiitated in such a way that the first tool is at
the “top” and the second tool is at the “bottontie tsame orientation may be used for other
elements within the present disclosure.
[0012] The term “tilt”, “tilting”, or “tilting motion” is used herein to refer to the motion of
a spacer in the associated guide where the antleée an axis of the spacer and an axis of
the guide changes.
[0013] The term “tilt”, “tilting”, or “tilting motion” is also used herein to refer to the
motion of an inner part of a spacer in an assatiegeess within the outer part of the same
spacer, in which the inner part is received, wtikesangle between an axis of the inner part
and the axis of the outer part changes.
[0014] The expression “vertical motion” is used hereimdter to the motion of spacer in
relation to the guide, in direction towards or aviiayn the chamber.
[0015] The expression “vertical motion” is also used her@i refer to the motion of an
inner part of a spacer in relation to the outet pathe same spacer, in a direction towards or

away from the chamber.
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[0016] The term “chamber” within the context of the preseiisclosure means the
chamber operable to receive the pressure trangmissedium. The term “chamber” and
“pressure chamber” have the same meaning in theeptelisclosure.

[0017] The expression “high pressure” for the pressurastrassion medium means a
pressure of more than 101325 Pa.

[0018] The expression “high pressure” when used in relatio sealing components
indicates that the sealing components (for examplags) are nominally suitable to be used
with a fluid (such as a gas) under high pressure.

[0019] The expression “high temperature” means a temperatthich is at least the
service temperature, which is preferably equaktabmve 120 °C.

[0020] The term “holder” as used herein refers to a holdethe semiconductor device.
In contrast, a holder for a protection film or atbm protection film is explicitly stated as
such.

[0021] The apparatus according to the invention is swetédnl processing a semiconductor
device. The method according to the invention igable for processing a semiconductor
device.

[0022] A semiconductor device according to the inventiceynnclude at least one of a
semiconductor die and a semiconductor substrateseiconductor die is a block of
semiconductor material which may include a circite semiconductor substrate may also
comprise connection wires. The semiconductor satestnay itself comprise a circuit, itself
being a semiconductor die. The semiconductor deafiee processing may be referred to as a
final semiconductor device.

[0023] The term “device” and “semiconductor device” hate tsame meaning in the
context of the present disclosure.

[0024] To simplify the explanation of the invention, reface is made to a semiconductor
device. However the present disclosure applies Iggt@a a plurality of semiconductor
devices, thus, the apparatus and the method atabkuito process a plurality of
semiconductor devices.

[0025] Processing a semiconductor device according tambention includes applying
pressure to the semiconductor device, preferablievahaintaining the semiconductor device

at the service temperature.
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[0026] The service temperature may be selected to be thighe ambient temperature,
preferably from about 120 °C to about 300 °C.

[0027] In one preferred embodiment, the processing ofsémmiconductor device may
comprise a step of pressing the semiconductor devic

[0028] In another preferred embodiment, the processirthesemiconductor device may
comprise a step of molding. Alternatively or in #@uoh, the processing of the semiconductor
device may comprise a step of sintering.

[0029] In a further preferred embodiment, the processsngoine while the top surface of
the semiconductor device (facing the spacer) il by the spacer, such that the molding
material, such as an encapsulant, would not coeliglebver the top of the semiconductor
device after molding.

[0030] The present apparatus may be used for a semicamdectapsulation process
wherein a high pressure, as a sealing force, idie@pmcross the top surface of a
semiconductor die in order to ensure that the mgle performed consistently. Furthermore,
the present apparatus and method are especiallgntdyeous when used to process a
plurality of semiconductor dice with different disicknesses and die tilt angles, to improve
consistency in molding the plurality of semiconductice. The present apparatus and
method may be used to produce semiconductor dewbese the top surfaces are at least
partially exposed, for example MEMS sensor packagekfingerprint sensor packages.
[0031] FIG. 1 shows a cross-sectional side view of theaggtps 1 according to a first
embodiment of the present invention. The apparhitemprises a first tool 100 and a second
tool 200, moveable relative to each other betweenrecoupled state and a coupled state. In
FIG. 1, they are shown in the uncoupled state. Sdeond tool 200 comprises a holder 208
for receiving a semiconductor device 400. The fiosi 100 comprises a pressure application
component 309, which includes a pressure chamb@raBti a spacer 120 moveable in a
guide. The guide is delimited by the adjacent guigdl 150. In the coupled state, the
pressure chamber 310 may be configured to applyce fas a first pressure to the spacer 120,
and the spacer 120 is configured to transmit theeefoas a second pressure, to the
semiconductor device 400. The first tool 100 cosgsia gap 118 between the spacer 120
and the guide (represented by the guide walls ©5theé figures), where the gap 180 is

configured to allow the spacer 120 to tilt in radatto the guide. Depending on the design of
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the spacer 120 (as explained below), the firstqumesmay be the same as or different from
the second pressure.

GAP

[0032] The guide may be formed as a through-hole in aeplatherein the plate is
included in the first tool 100. The guide may tHere, be defined by the guide walls 150 of
the through-hole. Thus, the guide preferably héigeal position in relation to the plate, and
preferably has an essentially fixed position (lisagéssentially not moveable) relative to the
first tool 100.

[0033] The spacer 120 may be formed as an element teeted to fit into the guide. The
spacer preferably conforms to the shape of theeguidt leaving a gap between the spacer
and the guide.

[0034] The gap allows the spacer to tilt in the guidesthaing able to adjust to the top
surface of the semiconductor device which may bpisg, for example due to die tilt. Thus,
the spacer has a certain angular freedom and llalie@acement freedom to conform to the
sloping angle of the top surface of the semicoratudtvice.

[0035] The gap width may be determined by taking the stithe distances between the
spacer 120 and the guide along a cross sectioan laxample where the spacer 120 is a
cylinder and the guide is a cylindrical hole, thepgwidth is the difference between the
diameter of the guide and the diameter of the dyigal hole.

[0036] The gap width may also be determined by takingséadce which is parallel to a
planar surface of the guide.

[0037] In one embodiment, the gap is smaller at the entdebpacer 120 that is proximal
to the pressure application component 309 thaheaehd of the spacer 120 that is distal to
the pressure application component 309. Thus, alpvor a larger lateral motion of the
spacer at the end that is further from the pressppdication component 309, while keeping
the stress on the pressure application compone8t (R example a diaphragm) at a
minimum. The end of the spacer that is proximah pressure application component 309
is illustrated in Fig. 1 as end 125. The end of $pacer that is distal from the pressure
application component is illustrated in Fig. 1 ad é26.

[0038] The width of the gap between the spacer and traegsipreferably from about
0.001 mm to about 5 mm. In cases where the gagiffasent widths in different directions,

the width in at least one direction may be fromwtlib001 mm to about 5 mm. Preferably,
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the width in all directions may be from about 0.00t to about 5 mm. The directions are
parallel to the planar surface of the guide whgproximal to the pressure application
component 309.

[0039] The width of the gap, at the end of the spacerithatoximal from the pressure
application component 309 is from about 0.001 mmaktout 1 mm, preferably about

0.001 mm to about 0.02 mm, and further preferatdynfabout 0.0095 mm to about 0.015
mm. Such a small gap width is preferred as it mipg® the stress on the pressure application
component 309. In cases wherein the gap has aafiffevidth in one direction compared to
another direction, the width in at least one digettnay satisfy these ranges. Preferably, the
widths in all directions satisfy these ranges. @iliections are parallel to the planar surface of
the guide which is proximal to the pressure appbcacomponent 309. For example, if the
top view cross section of spacer and guide is nectiar, then the gap may include a first gap
width on the shorter side of the rectangle andcars® gap width on the longer side of the
rectangle. The first and the second widths may éadinom about 0.001 mm to about 1 mm,
preferably about 0.001 mm to about 0.02 mm, antthéunrpreferably from about 0.0095 mm
to about 0.015 mm

[0040] The width of the gap, at the end of the spacerighditstal from the pressure
application component 309 and proximal to the semdactor device 400 is from about

0.01 mm to about 5 mm, preferably about 0.02 mibimut 0.1 mm, and further preferably
from about 0.045 mm to about 0.055 mm. In caseseimé¢he gap has a different width in
one direction compared to another direction, thdthwin at least one direction may satisfy
these ranges. Preferably, the width in all diredimay satisfy these ranges. The directions
are parallel to the planar surface of the guidectvis proximal to the pressure application
component 309.

[0041] In the case wherein the gap width may depend orelaéve position between the
spacer and the guide, the preferred width of tigeigéhe width of the gap when the
apparatus 1 is in the coupled state.

SPACER

[0042] The spacer may include a first surface and a sesoridce, wherein the first
surface is the surface configured to contact tlesgure application component 309 such as a
diaphragm, and wherein the area of the first serfadarger than the area of the second

surface, so that the pressure applicable by theespehen fully utilizing the second surface
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is larger than the pressure applied by the presgyskcation component 309 to the first
surface. Therefore, a large pressure can be applig@ device, while keeping the pressure
between the diaphragm and the spacer low to mieitfie wear on the diaphragm and thus
extend the lifetime of the diaphragm.

[0043] The first surface is proximal to the pressure agpion component 309 and distal
from the semiconductor device 400. The second seiiifadistal from the pressure
application component 309 and proximal to the sendactor device 400.

[0044] The spacer and guide may have complementary geiorabapes, however with
different dimensions, so that the guide can accodatethe spacer and provide the required
gap. For example, both can be in the shape ofséufimuof a cone (truncation plane parallel to
the base) with slightly different dimensions.

[0045] Itis preferred that the spacer’s surface for cotintg the semiconductor device has
an essentially regular polygonal geometry or aaregtilar geometry.

[0046] The geometry of the guide and the spacer may bigooed such that, the area of
the first surface (proximal to the pressure apfibeecomponent 309) of the spacer is larger
than the area of the second surface of the guidehvig distal from the pressure application
component 309. The areas of the openings of thaegarne sized to receive the spacer. This
satisfies various embodiments of the invention fanther limits the vertical motion of the
spacer within the guide. As an example, such coatinin could be achieved by selecting a
geometry of the spacer and guide which may bere#ted cone, truncated pyramid,
frustum, frustum of a cone, or right frustum (trated right pyramid).

[0047] The edges of the spacer, including the edges thattahe end of the spacer
proximal to the pressure application component&@@®the edges that are at the end of the
spacer distal from the pressure application compioB@9, are preferably deburred, with
rounded edges of radius of 0.2 mm or less. Itedgored that all edges of the spacer are
deburred.

[0048] The deburring of the spacer and/or guide at thepeoximal to the pressure
application component 309 has surprisingly beenddo increase the lifetime of the
pressure application component 309, such as amigph The stress on the diaphragm can
be further lowered when the edges are deburredhengap is kept small, preferably within

the ranges as described above.
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[0049] The apparatus may also include spacer resilientbeesr®01 (shown in FIG. 7)
such as springs located within the gap betweesgheer and the guide wall. The spacer
resilient members 901 are useful for applying arreng force to the spacer and the guide
wall in order to return the spacer from its til{gakition relative to the guide wall in the
coupled state, back to its original position in tjugde in the uncoupled state. The spacer
resilient members 901 are operable to exert avelgtsmall force compared to the forces
compelling the spacers to tilt in the coupled stsieh that returning force would not be
sufficient to prevent the spacers from tilting amed be sufficient to return the spacer to its
original position in the guide in the uncoupledstdience, the contact forces in the coupled
state overcome the returning force exerted by paeer resilient members 901 to tilt the
spacer. However, in the uncoupled state when thtacbforces are removed, the returning
force exerted by the spacer resilient members 8Qin the spacer to its original position in

the guide.

PRESSURE APPLICATION COMPONENT

[0050] The pressure application component 309 is confjtweapply a uniform pressure
onto the plurality of spacers. The pressure apjtisacomponent 309 may be a pressure pad.
The pressure application component 309 may be ledsg@aessure pad. Alternatively, the
pressure application component 309 may be a pegsu connected to a duct for a pressure
transmission medium.

[0051] The pressure application component 309 may includdamber, for example a
chamber in a body or housing. The chamber may dsmpr diaphragm. The chamber may
include an incompressible material as a pressarsmnission medium constrained within the
chamber by the diaphragm. The incompressible nahtemay be solid or liquid. In the
coupled state of the apparatus, the incompressibterial may transmit the isostatic pressure
to the spacer. Alternatively or in addition to Faty upon isostatic pressure exerted by the
incompressible material, the body may include at doc fluids to flow into the chamber.
When the body includes a duct for fluids, the puesgransmission medium may be a fluid
material, such as a liquid or a gas, preferablynant gas. It was surprisingly found that an
inert gas increases the lifetime of the diaphragroabse the use of an inert gas helps to
prevent oxidation of the diaphragm. The inert gagrably includes at least one of nitrogen

or argon.
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[0052] Examples of incompressible materials would be netemwith very low shear
modulus, such as liquid, gel, or solid silicone enal. Under high pressure the
incompressible material will transmit the isostgbiessure to all spacers and through the
spacers to the semiconductor devices 400. The syapllbetween the spacer 120 and the
guide wall 150 minimizes the stress on the elastiphragm thus reducing the chances of the
diaphragm breaking or rapturing.

[0053] The invention preferably includes a diaphragm,dtehragm preferably includes
an elastic film. The diaphragm prevents any extmusif the pressure transmission medium
into the gap between the spacer and the guidepi@wiles stroke flexibility for the spacer’s
vertical motion and tilting motion. In this caseetforce provided by the apparatus will be
transmitted via the pressure transmission meditm diaphragm and the spacers 120 to the
semiconductor devices 400.

[0054] The preferred thickness range of the elastic filoluded in the diaphragm is from
about 1 um to about 1 mm.

[0055] The preferred tensile strength range of the eld#tic at 250 °C is from about

1 M Pa to about 1000 M Pa. The tensile strengtpréeferably determined according to
ASTM D-882.

[0056] The preferred tensile modulus of the elastic filn2%0 °C is from about 0.1 G Pa
to about 10 G Pa. The tensile modulus is preferdétgrmined according to ASTM D-882.
[0057] The elastic film material used for the diaphragnyrba selected from at least one
of: PTFE (Polytetrafluoroethylene), PFA (perfludiaxy), Pl (Polyimide), PAEK
(Polyaryletherketone), PEEK (PolyetheretherketonéBEl (Polyetherimide), PESU
(Polyethersulfone), PPS (Polyphenylene sulfide),S®PP (Polyphenylsulfone), PVDF
(Polyvinylidene fluoride).

[0058] In one preferred embodiment, the body is a diaphragrtridge. A cartridge can
be easily replaced if at least one of its companareds to be replaced, for instance when the
diaphragm has reached its expected life cycle.

[0059] FIG. 1 shows an example of the invention in whible fpressure application
component 309 includes a diaphragm 111 separatprgssure transmission medium in the
pressure chamber 310 from the spacer 120. The rdighis an elastic diaphragm. The
diaphragm may include other parts that are notssegdy elastic. The skilled person in the

art will understand from the present disclosure tha elasticity of the diaphragm allows
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effective and uniform transmission of pressuréhtogpacer, and the diaphragm to effectively
conform to the uneven surfaces of the spacer 12Dtlam guide. However, a diaphragm
directly contacting the top surface of a semiconoludevice under high pressure and high
temperature processing conditions may cause tlpddigm to rapture due to its contact with
the sharp edges of the semiconductor devices. Plaees 120 provided between the
semiconductor devices and the diaphragm helps d¢ocowme this issue. The spacer 120 and
its guide each has a well-controlled dimensionni@intaining a defined gap, and both have
burr-free surfaces and edges.

[0060] The apparatus 1 may include a protection film 30@&rothe holder and
semiconductor device 400 for protecting the sendoetor device 400 during contact with
the spacer 120, as shown in FIG. 1.

[0061] The elastic diaphragm may include a film of polym®aterial or a composite thin
film.

[0062] The elastic diaphragm may function to isolate thesgure transmission medium
from the spacer.

[0063] The pressure application component 309 may inchudegh temperature and/or
high pressure elastomer sealing to isolate the spreschamber from the external
environment. Preferably the sealing is suitablehigh temperature and high pressure. Such
sealing may be an o-ring. The sealing preventsalgalof the pressure transmission medium
from the chamber. In one further development of itheention, the pressure application
component 309 may include an additional ring, wimetbe additional ring is arranged
around the o-ring. The additional ring is prefeyadlwedge shaped ring. The wedge shaped
ring may prevent the extrusion of the o-ring duéh®high pressure in the pressure chamber.
ADVANCED SPACER

[0064] In one further embodiment of the invention, thecgpancludes an inner part and
an outer part. Preferably the inner part is movableelation to the outer part, thus allowing
for relative vertical and angular movements betwieninner part and the outer part. This
permits the exertion of different forces on differ@ortions of the semiconductor device. For
example, the semiconductor device may comprise raiceaductor substrate and a
semiconductor die, the outer part can exert pressarthe semiconductor substrate and the
inner part can exert pressure on the semiconddatorAn additional gap between the inner

part and the outer part allows for tilt compengatié the semiconductor substrate or die, and
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at the same time for the compensation of planatgyiations between the semiconductor
substrate and the semiconductor die.

[0065] The spacer according to the invention may also cm@pwo or more inner parts
and one outer part. This may be useful, for examplevo semiconductor dice need to be
processed onto a semiconductor substrate, then ieaen part exerts pressure on one
respective semiconductor die and the outer parttexgressure on the substrate, thus
homogeneous or different forces can be appliediffereint portions of the semiconductor
device. The inner and outer parts also allow fqustchent of the ratio of the forces exerted
on the die and the pressure on the substratexéongle by adjusting the areas of the inner
and outer parts contacting the semiconductor device

[0066] In one preferred version of this further embodimantihe invention, the motion of
the inner part in relation to the outer part ignieted in the direction away from the pressure
application component 309 and towards the semictndwlevice to a pre-defined position.
Further preferably, the inner part can only be ndowuatil the distal end is aligned with the
distal end of the outer part. The distal end retershe end that is distal to the pressure
application component 309. In one version, thernmaet may be moved towards the pressure
application component 309 more than the outer remtyever, the outer part may not be
moved towards the pressure application componehn®fre than the inner part.

[0067] The geometry of the inner part and the receptaalt @f the outer spacer for
receiving the inner spacer may be configured shah the area of the first surface (proximal
to the pressure application component 309) of timer part is larger than the area of the
receptacle part which is proximal to the pressymglieation component 309. This satisfies
various embodiments of the invention and furthenits the vertical motion of the inner part
within the outer part (receptacle). As an examplegsh combination could be achieved by
selecting a geometry for the inner part and theptele from the same of a: truncated cone,
truncated pyramid, frustum, frustum of a cone, righstum (truncated right pyramid).
PROTECTION FILMSAND CARRIER

[0068] The holder includes a surface capable of receithgy semiconductor device,
directly or on a support, where the support mayabearrier for carrying or holding the
semiconductor device or a protection film.

[0069] The apparatus may include a protection-film holdeich as a cartridge, such that

the film may be arranged between the second anéirttdool, and between the spacer and
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the semiconductor device. The first tool may beraipee to receive the protection-film
holder. The first tool may be operative to receifte protection film. The protection film
protects the semiconductor device and preventgthesion of encapsulating material into
the gaps between the spacer and the guide. Thecpoot film is preferably a flexible layer.
[0070] The second tool 200 is operative to receive a iararfor carrying the
semiconductor device. The carrier may be suitableetplaced over the holder. It is preferred
that the carrier is selected so that the coefftct#rthermal expansion (CTE) is compatible
with the CTE of the semiconductor device, for exeqompatible with the CTE of Si if the
substrate of the semiconductor device includesTBe term “compatible” means that the
CTE is the same or substantially the same as oféhgiconductor device. The CTE of the
carrier may also be selected to be compatible thighCTE of the holder and the CTE of the
semiconductor device. The difference between th& 6T the carrier and the CTE of the
substrate may be from about 0 ppm/°C to about 5{pnA compatible CTE may reduce the
internal stress generated in the semiconductorcdewhen pressing on the semiconductor
device while heating up the semiconductor devicd #me carrier. Alternatively or in
addition, the second tool 200 is operative for neng a bottom protection film, such as a
film in a cartridge, such that the bottom protectfdm may be arranged between the second
and the first tools, and between the holder and stmiconductor device. The bottom
protection film protects the semiconductor devicel @ carrier may not be needed. The
bottom protection film may be elastic. An elastienf may accommodate the difference in
thermal expansion between the holder and the sewhicdor device, therefore, a CTE
matching between the holder and the semiconduetdce may not be required.

[0071] The sintering temperature is typically 230 °C t® 3G, which is much higher than
room temperature. When the device is placed anaped onto the second tool 200, and
while it is being heated up, the difference in #mount of thermal expansion between the
semiconductor device and the second tool 200 magrgée a large internal stress, since the
friction on the interface between the semicondudexice and the second tool 200 would put
stress on the semiconductor device. With a caowenprising a CTE compatible with the
CTE of the semiconductor device, there are minimeddtive dimension changes at the
interface and therefore less internal stress iemgeead within the device. With a bottom

protection film, the bottom protection film can deh, preferably elastically, to
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accommodate the expansion of the semiconductorcelewdnd thus reduce the device’s
internal stress.

[0072] Itis preferred that the carrier has parallel stefa

[0073] In one embodiment of the invention, the apparahgdudes the protection-film
holder and the bottom-protection-film holder.

[0074] The preferred range of thickness of the elastidegtmn film and/or bottom
protection film is from about 1 um to about 1 mm.

[0075] The preferred tensile strength range of the elagtiotection film and/or bottom
protection film, at 250 °C, is from about 1 M Paatmout 1000 M Pa. The tensile strength is
preferably determined according to ASTM D-882.

[0076] The preferred tensile modulus of the elastic ptaiacfilm and/or bottom
protection film, at 250 °C is from about 0.1 G Baabout 10 G Pa. The tensile modulus is
preferably determined according to ASTM D-882.

[0077] The materials used for the elastic films for thetpction film and/or bottom
protection film are selected from at least one BT.FE (Polytetrafluoroethylene), PFA
(perfluoroalkoxy), PI (Polyimide), PAEK (Polyarytetrketone), PEEK
(Polyetheretherketone), PEI (Polyetherimide), PEBlyethersulfone), PPS (Polyphenylene
sulfide), PPSU (Polyphenylsulfone), PVDF (Polyvidgne fluoride).

HOLDER

[0078] The holder of the semiconductor device may incladealancing component for
balancing or leveling the surface of the holdechsthat the angle of the surface, together
with the tilt angle of the spacer, conforms to ttep and bottom surfaces of the
semiconductor device. In a preferred example, tiden includes, or is part of, a spherical
bearing operative to rotate to level the semicotmudevice in relation to the spacer,
preferably when the apparatus is changed fromniceupled state to the coupled state. Thus,
an even pressure distribution on the surface o$éimeiconductor device may be achieved.
[0079] The holder may include a sensor for measuring teespire applied on the holder.
The sensor may be in the form of a sensor arrayinbaone or more sensor devices per
holder. The apparatus may include a recorder farrding the contact pressure or the contact
force. This provides a traceability record of thenmfacturing process, which is important for
power electronics and/or automotive applicationse Bensor may preferably be selected

from: a pressure sensor, a force sensor.
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[0080] While only one holder has been described abovegpparatus 1 may include a
plurality of holders, such as 10 or more. The d®tand characteristics of the one holder
described above equally apply to the plurality oldlers. Preferably the plurality of holders is
included in a holder block, which also may inclutie spherical bearings, and the sensors.
The holder block can be moved as a single unihbyefection mechanism.

[0081] One holder may be associated to one spacer. Alieeha one holder may be
associated to two or more spacers. The spaceratsayach comprise respective inner and
outer parts.

EJECTION MECHANISM

[0082] The apparatus may include a heat source, e.g.tmypedement or a heating block.
The heat source is preferably included in the se&¢oal 200. It is further advantageous that
the second tool 200 is configured such that théadc® between the heat source and the
holder is adjustable.

[0083] The second tool 200 may include an ejection meshanihe ejection mechanism
may be used to bring the holder or holder blockl tus the semiconductor device, in and
out of thermal contact with a heat source. Thetigganechanism may be configured such
that in a resting position it is not in contactmihe heating source. The ejection mechanism,
which may be supported by springs, may separatadluer from the rest of the second tool
200. When the apparatus is brought into the cougtiei®, the ejection mechanism is pressed
against the remainder of the second tool 200, brirgging the semiconductor device into
thermal contact with the heat source. When the rapysis brought into uncoupled state, the
ejection mechanism may lift up the device for geickooling.

[0084] FIG. 2 shows an apparatus 1 including a first id) and a second tool 200. The
first tool 100 and the second tool 200 are conéiguto be moveable relative to each other
between a coupled and an uncoupled state. Thedwk00 may include a duct 123 for the
creation of vacuum or the introduction of a proogass or venting gas. Venting may be used
to assist the uncoupling of the first tool 100 aedond tool 200, and the creation of vacuum
may be used to assist the coupling of the tools 200.

[0085] The first tool shown in FIG. 2 includes a pressapglication component 309, the
pressure application component 309 includes a dagoh cartridge 110 and a chamber 310.
The diaphragm cartridge includes the diaphragmatléast partially lining the chamber 310.

The chamber 310 may include a pressure transmisséahium, preferably an incompressible
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material, which may preferably be solid or liquid.the example of FIG. 2 the chamber may
be closed by the diaphragm and may have no otheniog for removing the pressure
transmission medium. The spacer 120 includes, axample, an outer part 122 and an inner
part 121 as explained above under “Advanced Spaééernatively, the spacer could be a
single part. The spacer’s guide is formed by thaasht guide wall 150. The adjacent guide
wall 150 is shown in the cross-sectional view toobethe left and right sides of the spacer
120. The guide comprising the adjacent guide wadl fireferably surrounds the spacer 120
along its sides, enabling the vertical motion af #pacer 120. FIG. 2 shows, by means of
example, three sets of spacer and guide, the ilmvehbwever is not limited to three, and
may comprise more, such as 10 or more spacers,ieachorresponding guide. FIG. 2 also
shows that the first tool 100 may comprise a mawgngilate 130.

[0086] The second tool 200 shown in FIG. 2 includes a éwl@08 for receiving a
semiconductor device 400. As an example, the setonid200 of FIG. 2 may include a
carrier 211 for supporting the semiconductor devi@@ on the holder 208. There may be one
holder 208 associated with one spacer 120, or ofdeh208 associated with two or more
spacers.

[0087] As shown in FIG. 2, the second tool 200 may conepaidottom mounting plate
215. The holders 208 may be separable from a lgeatinrce, which heating element may be
included in the bottom mounting plate 215. For eplnthe holders may be thermally
disconnected from the heating source via an ejectechanism 214 which may, for
example, be operated by an optional ejection pif. Zlhe ejection mechanism 214 has
springs which are operative to lift up the devieerier 211 and semiconductor device 400 to
form an air gap so that direct contact betweenbibigom tool 200 and the semiconductor
device 400 is prevented. On the other hand, wherfitat and second tools 100, 200 are
coupled, the springs will be compressed so thatdiéwace carrier 211 and semiconductor
device 400 are clamped and in contact with the rekctool 200 for heating the
semiconductor device 400 via conductive heat tean8fy selectively separating or coupling
the holders from the heat source, the holders neayhbrmally contacted to the heating
source only for the time needed for heating theis@mauctor device 400, therefore avoiding
excessive heat exposure. As shown in FIG. 2 thensktool 200 may also include a thermal

insulation block 216.
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[0088] As an example shown in FIG. 2 the semiconductoicge400 has a semiconductor
substrate and semiconductor die (the smaller phdws over the substrate). The
semiconductor device may be of diverse parts armhgements. In a case where pressure
needs to be applied to both a semiconductor suesiral an additional smaller area, such as
a semiconductor die, the use of a spacer comprairigner and outer part offers advantages,
as it allows for better force distribution on trersconductor device.

[0089] As also shown in FIG. 2, the holder may comprisseasor 217 for example for
measuring the pressure applied on the holder. €heos 217 may be in form of a sensor
array, having one or more sensor devices per holder

[0090] With reference to FIG.2, the apparatus 1 may ineladprotection-film holder,
such as a film in a cartridge where the protection 300 may be arranged between the
second tool 200 and the first tool 100, and betwdenspacer 120 and the semiconductor
device 400. The first tool 100 may be operativedceive the protection-film holder. The
first tool 100 may be operative to receive the geton film 300.

[0091] When the first tool 100 and the second tool 200 @repled, and pressure is
exerted, the spacer 120 contacts the semiconddetdce 400 and conforms to the top
surface of the semiconductor device 400. The tiirsk 100 comprises a gap (refer to gap 118
in FIG. 1) between the spacer 120 and the guide.g&p (not shown in FIG. 2) allows the
spacer to tilt, thus conforming to even very smaileveled or non-parallel surfaces of the
semiconductor 400. The pressure application compoB@9 ensures a uniform pressure or
force may be applied to the spacer 120. When theesdl 20 includes an inner part 121 and
an outer part 122, as shown in FIG. 2, the spa2ér can further conform to different
portions of the semiconductor device 400. For exantpe inner part 121 may contact the
semiconductor die and the outer part 122 may cotiiacsemiconductor substrate.

[0092] The holder 208 may include or may be part of a sSphke bearing 220 for
balancing the surface of the holder, thus levelireggtop surface of the semiconductor device
400. A magnified schematic view on the effect & theans 220 for balancing the surface of
the holder is given in FIG. 3, with the exampleao§pherical bearing. In the example, the
semiconductor 400 includes a semiconductor sulbs#@t, a semiconductor die 402 and an
additional semiconductor die 403. In order to eikpkhe function of the spherical bearing
220, two spacers 120.1 and 120.2 are shown, eadeisfor one of the semiconductor dice
402, 403 respectively. Referring to the left side FdG. 3, it can be seen that the
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semiconductor substrate 401 has upper and lowéacas (upper is proximal to the spacer
and lower is proximal to the holder) which are patallel to each other. The balancing
component, in this case a spherical bearing, adjiig top surface of the semiconductor
device by moving the top part 221 in relation te Hottom part 222, such that the top surface
of the semiconductor substrate 401 or the top sesfaf the semiconductor dice 402, 403
(depending on which is intended) are substantjadisallel to the upper part. This balancing
may take place for example when coupling the uppetrto the lower part. In the example of
FIG. 3 the die 402 and the die 403 have differegighits, for example due to different
thicknesses. Due to the pressure application coemgoB09, the first spacer 120.1 and the
second spacer 120.2 are able to apply the samsupeesn the semiconductor device 400.
Because two spacers are used, the different heaflitee dice can be processed. Each spacer
120.1 and 120.2 has a respective gap from its sporeling guide (gap not shown), the gaps
allow each spacer 120.1 and 120.2 to tilt and aitsgif to the respective surface angle of the
corresponding dice 402 and 403. The right sidel@f B shows the configuration of a similar
set of spacers 120.1, 120.2 and holder 208 comfiegdar the different thickness of the
semiconductor dice 402, 403 and non-parallel sedfaxd the semiconductor substrate 401. It
can be seen that the spacers 120.1, 120.2 anghieeical bearing 220 can easily adapt to
different die thicknesses and semiconductor susface

[0093] Due to the isostatic nature the low tensile modwiughe diaphragm, even if the
semiconductor device has different thicknessesjnistance due to the semiconductor dice
402, 403 having different thicknesses, the presslis&ibution on the elastic diaphragm
remains intrinsically uniform. Therefore, the umifoty of the forces applied by the
transmission spacers 120.1, 120.2 to the semicemddice 402, 403 is high. Thus the
differences in device thickness are compensatatihayhly reproducible and consistent final
semiconductor devices may be made. Therefore, gparatus enables multiple degrees of
freedom for conforming to the semiconductor devi6@ and provides a uniform application
of pressure.

[0094] FIG. 4 shows a similar example as in FIG. 2, with éxception that the first tool
100 includes a duct 112 connecting to the chamiér Bhe first tool 100 may include an
inlet connected to the duct 112. The pressure rimesson medium may be a fluid, such as a
liquid or a gas. The pressure transmission mediay fifl the chamber and the pressure may

be applied and/or controlled externally via thetdik? and the inlet.
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[0095] FIG. 5 shows a similar example as in FIG. 3, witl éxception that a duct 112 is
present and the diaphragm 111 may be contactirmgual lor gaseous pressure transmission
medium.

[0096] FIG. 6 shows a schematic cross sectional viewdstail of the spacer 120, on the
left side for the case where an incompressiblesprestransmission medium is used and at
the right side with a duct 112 for introducing €flsias the pressure transmission medium.
FIG. 6 shows, in an illustrative manner, the contstween the diaphragm 111 and spacer
120 at the end of the spacer which is proximalht® pressure application component 309.
FIG. 6 also shows the contact between the spaderftd the semiconductor device 400 at
the end of the spacer which is distal from the sues application component 309. In one
embodiment of the invention, as illustrated in FEoy way of example, the area of the end
of the spacer 120 which is proximal to the pressymglication component 309 is larger than
the area at the end of the spacer 120 which ialdisim the pressure application component
309. In that case, a mechanical advantage is eadiived since the pressure applied on the
semiconductor device 400 can be higher than thespre applied by the diaphragm 111 on
the spacer 120. Hence, the stress on the diaphtddntan be reduced thus increasing the
usable lifetime of the diaphragm 111. For examffléhe proximate end of the spacer’'s
surface area is 2 times of the distal end of tleeaps surface area, then applying a pressure
of 25 M Pa on the diaphragm 111 will result in 50 pressure on the semiconductor
device 400.

[0097] FIG. 7 emphasizes the gap 118 between the spabearitguide wall 150. FIG. 7
also shows the spacer resilient member 901 locaitdn the gap 118 between the spacer
120 and guide wall 150.

[0098] FIG. 8 shows as a schematic illustration, a spa@€rin the guide between the
guide walls 150 in contact with a diaphragm 111tljet proximal end) and in contact with a
semiconductor device 400 (at the distal end). #hiswn that the gap at the proximal end is
smaller than the gap at the distal end. This allfaws wider angular motion or larger tilting
motion of the spacer at the distal end, while at$hme time minimizing the stress on the
diaphragm. FIG. 8 emphasizes the position thatsibecer 120 assumes within the guide
(limited by the guide walls 150), when conformirgthe top surface of a semiconductor

device 400. For illustration purposes, the semicotmt device 400 is shown as having
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exaggerated non-parallel surfaces. The schemaggaggerated and not drawn to scale in
order to facilitate the explanation.

[0099] FIG. 9 is a schematic illustrating the partial detd a spacer 120 including an
inner part 121 and an outer part 122. The inner 12t is movable in relation to the outer
part 122. This allows for the exertion of pressaredifferent levels of the semiconductor
device 400. In the illustrated example, the sendceotor device 400 may comprise a
semiconductor substrate contacted by the outerl22tand a semiconductor die embedded
between the substrate and the inner part 121. Titver part 122 exerts pressure on the
semiconductor substrate and the inner part 121 I&imeously exerts pressure on the
semiconductor die. The use of the spacer 120 caingrthe inner part 121 and the outer part
122 helps to overcome any warpage of the semicdaddevice being processed.

[00100] In a further development of the invention, the tiggm includes at least two
layers. The double layer structure is less prorfaitore since a defect (for instance crack or
rupture) in one of the layers may not transmithi other layer. In yet a further development
of the invention, the diaphragm is configured tolule a fluid, preferably a gas, injected
between the two layers, and a pressure measuretiesite may be used to detect any
leakage. The gas is preferably an inert gas. F0G3s &An exemplary schematic view of part of
a diaphragm and spacer 120 in the guide delimiyetthd guide walls 150. FIG. 10 illustrates,
by way of example, that nitrogen may be injectetiveen the two layers 111, and the
pressure measurement device may be used to tesinforeakage. Therefore, a single
defective layer can be detected at an early sfHgas, a user can be warned to replace the
diaphragm, and a complete malfunction of the diaghr can be avoided. With the double
layer structure, safety and long service lifetimen doe maintained. The apparatus may
comprise a component configured for carrying oakége detection from time to time, for
example, between processing operations.

[00101] In a further development of the invention the diggim layer contacting the
spacer is thermoformed. The thermoforming is pedflsr carried out in-situ, such that the
diaphragm layer conforms to the spacers in thesitjpm in a coupled state of the apparatus.
The thermoforming provides for a diaphragm thatierabeing thermoformed by the spacer,
includes a matching surface profile for receivilg tspacer. The thermoforming may be
carried out by heating the first tool 100 such ttet diaphragm 111 achieves the suitable

temperature for the layer contacting the spacebdaothermoformed, and then applying
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pressure to the diaphragm, for example in a couglate of the apparatus, with or without
dummy semiconductor devices, and subsequently liucneg the temperature to a
temperature below the thermoforming temperaturel, mateasing the pressure. When the
thermoforming is carried out in-situ, a heat soungthin the apparatus may be used for
heating the first tool 100 and the diaphragm 1¥&daup to the thermoforming temperature.
[00102] The thermoforming is preferably carried out wheneav diaphragm, for example
with a new cartridge, is loaded to the apparatiS. E1 is an exemplary schematic view of
part of a diaphragm 111 and a spacer 120 in a gietimited by the guide walls 150. FIG.
11 illustrates, by way of example, the spacer &eddiaphragm before the thermoforming
(left), and the modification of the diaphragm layerduced by the spacer during
thermoforming (middle). A separate state is shown tbe right of the FIG. 11 for
emphasizing that the diaphragm retains its shafge #fermoforming. The thermoforming
adapts the diaphragm to the spacer’s shape andhsiiome For instance the diaphragm may
adopt a 3D bellows-like structure, which is showrthe FIG. 11 in an exaggerated manner
for illustration purposes. With a thermoformed dieggm, it was surprisingly found that
large spacer strokes are possible with a very nahistress on the diaphragm during
processing.

[00103] In one example for thermoforming, at a temperathigher than the service
temperature, for example 400 °C, the material efdlaphragm layer softens and its tensile
modulus decreases to such a level that with a matelgrhigh pressure (for example at least
1 MPa), the layer easily conforms to the spacempeently. For instance, the diaphragm 111
layer conforms to the protruding spacer 120 whenisitpressed against a dummy
semiconductor device. This shape, such as a beliker shape, may accommodate spacer
strokes, at the service temperature, such as flwata 20 °C to about 300 °C (for example
250 °C), where the tensile modulus of the layerigher than at thermoforming temperature,
thus retaining its thermoformed shape.

[00104] For enabling thermoforming, the apparatus may caepa controller configured
to control the heaters such that the temperaturtnefdiaphragm 111 layer contacting the
spacer 120 can be set up to the thermoforming teatye, preferably at least 400 °C.
[00105] In a further development of the invention, the setdoool 200 is operative for
receiving a bottom-protection film, such as a filma cartridge, such that the bottom-

protection film may be arranged between the secomdl the first tools, and between the
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holder and the semiconductor device. The bottorteptmn film serves at least one of the
purposes of: (i) protecting the semiconductor dggidottom surface from contamination,
(i) accommodate the relative dimension changestdu@TE mismatch, and (ii) eliminating
the need for a device carrier, which may othervigeneeded in other cases. The bottom-
protection film may be elastic. An elastic film magcommodate the possible different
thermal expansions of the holder and the semicdnduevice, therefore, a CTE matching
between the bottom-protection film and the semicmhtar device may not be required. A
bottom-protection film may be a high temperatursistant elastic film. The bottom-
protection film conforms to the shape of the deviteontact and the low tensile modulus
may absorb any relative dimension changes (for el@ndue to temperature change)
therefore reducing the internal stress of the senaiactor device. FIG. 12 shows an example
similar to that shown in FIG. 4, of an apparatuscluding a first tool 100 and a second tool
200. The first tool 100 includes the pressure apfibn component 309 and the spacer 120 in
the guide delimited by the guide walls 150. Theoselctool 200 includes a holder 208 for the
semiconductor device 400. The example of FIG. Tudes a bottom-protection film 301
between the holder 208 and the semiconductor dé@feln the present example, the film is
supported in a cartridge, therefore a new film 8@y be positioned or indexed into position,
for receiving the semiconductor device 400 befoagrying out the processing of the
semiconductor device. The bottom-protection filni 30ay be provided to accommodate the
semiconductor device's warpage, prevent semicondsctdevice bottom surface
contamination, and reduce the internal stressdwagmt cracking. The bottom-protection film
301 makes tooling simpler and lowers the cost layieating the need to select a device
carrier 211 of compatible CTE material.

[00106] In one embodiment of the invention, the apparatdudes the protection-film
holder and the bottom-protection film holder.

[00107] In the example of FIG. 13 the semiconductor die 468 the semiconductor die
403 have different heights. Due to the design efgghessure application component 309, the
first spacer 120.1 and the second spacer 120.2ldeeto apply the same pressure on the
semiconductor device 400. Dice with different hésgban be processed together, because
two spacers are used. Each spacer 120.1 and 126.2 gap 118 from its corresponding
guide wall 150 (gap not shown), and the gaps liBvadach spacer 120.1 and 120.2 to tilt

and adapt itself to the respective surface angkheftorresponding semiconductor dice 402
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and 403. The right side of FIG. 13 shows the camégon of a similar set of spacers 120 and
holder 208 for a semiconductor device 400 withed#ht die thicknesses. It can be seen that
the spacers 120 can easily adapt to this condilibe. bottom-protection film 301 functions
to protect the bottom surface of the semicondutiémice 400, in this case the bottom surface
of the substrate 401. The bottom-protection filnd 8@nforms to expansion and contraction
of the bottom surface of the semiconductor devieend heat processing, thus reducing the
internal stress in the semiconductor device 40Quét 112 is shown in FIGs. 12 and 13 as an
example for introducing a fluid. The bottom-protentfilm 301 can also be used in other
embodiments of the invention, for example wheréim ¢thamber of the pressure application
component 309 includes an incompressible material.

[00108] FIG. 14 shows details of the first tool 100 foudtrating a further development of
the invention. FIG. 14 shows a pressure applicatmmponent 309, including a diaphragm
cartridge 110 and a chamber 310 for receiving tresgure transmission medium, and a
diaphragm 111. The o-ring 151, shown in the magdifirea, improves the sealing between
the diaphragm 111 and the chamber 310. In yet thdudevelopment of the invention, a
second ring 152 is used surrounding the o-ring I8t second ring 152 is preferably a
wedge backup ring, also simply referred to as wetlge The second ring 152 comprises a
wedge shaped cross-section. The wedge backup BAgptevents the o-ring 151 from
extrusion and damage under high pressure. FIGhd&san o-ring 151 which is held within
metal walls 500 and which seals the chamber 31hsigdne diaphragm 111. The diaphragm
111 may itself be held in a support ring. Duringlagation of high pressure, represented by
the arrow 504 in FIG. 15 b), the o-ring may, dudhe difference in pressure, extrude to a
space 503 to result in a quantity of extruded g-rimaterial 505 within the space 503 due to
high pressure. The extruded o-ring material 505 megn increase the space 503. Thus,
during high pressure application, the o-ring 151yni®e damaged and the pressure
transmission medium may leak. FIG. 15 c) and dissha@ase wherein a wedge backup ring
502 is used, the ring includes two slidable patidable relative to each other, for example
two wedges, such that they can adjust to the haiftite cavity in which the wedge backup
ring 502 and the o-ring 501 are contained, thuskily the o-ring 151 to prevent it from
being extruded into the space 503. This effectiwalpids damage to the o-ring 151 and
prevents leakage of the pressure transmission mmediven after various cycles of high and

low pressure.
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[00109] The present invention also envisages a leak deteatiethod. After each process
cycle of the apparatus, a gas (for example nitrpgeder a high pressure, for example 200 k
PA, is introduced between the 2 layers of the diagim, and the inlet valve is then closed.
The pressure is then monitored, for example wiglvessure gauge monitor. If a significant
pressure drop is detected, for example 10 % ofinfi@l pressure, then a leak may be
reported, for example, by an automatic softwareeréfore, it can be known when
maintenance is required.

[00110] FIG. 16A shows an example of a spacer 120 accotdinge invention including
two inner parts 121.1 and 121.2 and one outer h22t A semiconductor device 400 is
shown by way of example including a substrate 4®1semiconductor die 402 and a
semiconductor die 403. The inner part of the spat2t.1 exerts pressure on one
semiconductor die 402 and the inner part 121.2tex®essure on the other semiconductor
die 403. The outer part 122 of the spacer exedsspre to the substrate 401. The spherical
bearing 220 rotates until the top surface of thmisenductor device 400 is substantially
parallel to the lower surface of the spacer 120s T necessary when the semiconductor
device 400 has top and bottom surfaces which ar@arallel. Hence, the spherical bearing
220 rotates in order to compensate for the noniphiides of the semiconductor device,
thus leveling the top surface of the semicondudivice 400. FIG. 16B shows how the
apparatus can adapt to a semiconductor device #ihws shaped or positioned, differently
from the semiconductor device 400 shown in FIG. 1&Ae semiconductor device 400 in
FIG. 16B is also thicker, thus, the spacer 120rpd&s out from the top surface of the guide
and its height is compensated by the diaphragm Thd diaphragm 111 conforms to the top
surface of the spacer 120 which is protruding frtra top surface of the guide. Thus
homogeneous forces can be applied on the semictondievice 400. The inner and outer
parts 121, 122 also allow for adjusting the rafithe pressure on the die and the pressure on
the substrate, for example by adjusting the respeetreas of the top surfaces of the inner
and outer parts.

[00111] FIG. 17 shows a flow chart representing the stémmoembodiment of a method
for processing a semiconductor according to thentien. In a step, the protection film 300
may be indexed, meaning it is positioned in a pEnined position. In a step, the
semiconductor device 400 may be loaded, for exarople a holder 208. The ejection

mechanism 214 is provided in such a state thaséneiconductor device 400 and carrier if
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present, are not heated up. When bringing the apmamto a coupled state, for instance by
pressing a “close” button on a control panel, tletghad may include the ejection mechanism
214 being retracted so that the carrier and desiee brought into contact and pressed
between the spacer and the holder. Upon contaetséimiconductor device 400 may be
heated up, for example by conductive heat trartsi@r heats up the carrier (if present) and
semiconductor device 400 together. When the CTHEhefcarrier and the semiconductor
device 400 are compatible, the internal stress rgéee in the semiconductor device can be
minimized. The pressure and/or temperature may diatained, each for a respective period
of time, during the processing of the semicondud®uice 400. After a predetermined period
of time, the pressure may be released. The apgansy then be brought into the uncoupled
state, for example by pressing “open” on a cornpariel. The ejection mechanism 214 may
be used to lift up the semiconductor device 400dpid cool down.

[00112] FIG. 18 shows a flow chart representing the stdpanother embodiment of a
method for processing a semiconductor device 4@0rdmng to the invention. In a step, the
protection film 300 may be indexed, meaning to pasithe film 300 in a pre-determined
position. In a step, the semiconductor device 489 be loaded, for example onto the bottom
protection film 301 and (after coupling the appasatunder the protection film 300. The
ejection mechanism 214 is provided in such a sta@ethe semiconductor device 400, and
carrier (if present), are not heated up. When lmiopghe apparatus into a coupled state, for
example by pressing a “close” button on a contamlgd, the method may include the ejection
mechanism 214 retracting so that the device (amikecaf present) is contacted and pressed
between the spacer and the holder. In contactseh@conductor device 400 may be heated,
for example by conductive heat transfer, by the Bearce. The pressure and/or temperature
may be maintained, each for a respective periddrad, while processing the semiconductor
device 400. After a determined period of time, phessure may be released. The apparatus 1
may be brought into the uncoupled state, for exarglpressing “open” on a control panel.
The ejection mechanism 214 may be used to lifthgpsemiconductor device 400 for rapid

cool down.
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CLAIMS

1. An apparatus, for processing a semiconductacdegomprising:
a first tool comprising:
a pressure application component;
a guide; and
a spacer moveable in the guide;
wherein a gap is defined between the spacer anglide and is
operable to allow the spacer to tilt in relatiorthie guide; and
a second tool for holding the semiconductor dewd®erein the first and second
tools are moveable relative to each other betwaamaoupled state and a coupled
state;
wherein the spacer comprises:
a first portion proximate the pressure applicatomponent, wherein
in the coupled state, the pressure application corept is operable to apply a
force as a first pressure to the first portion; and
a second portion distal from the pressure apibica&omponent,
wherein in the coupled state, the second portigmagimate the semiconductor
device and is operable to transmit the force froengressure application

component to the semiconductor device as a seaassyre.

2. The apparatus according to claim 1,
wherein the gap is smaller at the first portionqiraate the pressure
application component than at the second portistabiirom the pressure application

component.
3. The apparatus according to claim 1,
wherein the width of the gap between the spacett@duide is from about

0.001 mm to about 5 mm.

4, The apparatus according to claim 1,
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wherein the width of the gap, at the first portmoximate the pressure

application component is from about 0.001 mm toudlhomm.

The apparatus according to claim 1,
wherein the width of the gap, at the second pordistal from the pressure

application component is from about 0.01 mm to &Bomm.

The apparatus according to claim 1,
wherein the pressure application component congpasshamber and a
diaphragm separating a pressure transmission maditime chamber from the

spacer.

The apparatus according to claim 1,
wherein the first tool further comprises an o-rindold the diaphragm in place

in the pressure chamber.

The apparatus according to claim 1,
wherein the first tool further comprises an addigibring, with larger diameter

than the o-ring operable to surround the o-ringpf@venting extrusion of the o-ring.

The apparatus according to claim 1,

wherein the spacer further comprises a first serfaw a second surface,
wherein the first surface is the surface contaetébkhe pressure application
component, and wherein the area of the first sarfatarger than the area of the
second surface, so that the pressure applicaltleebspacer when fully utilizing the
second surface is larger than the pressure appfi¢ide pressure application

component to the first surface.

The apparatus according to claim 1,
wherein the edges of the spacer are deburred withded edges of radius of or

less than 0.2 mm.
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The apparatus according to claim 1,

wherein the spacer further comprises an innergrattan outer part, wherein the

inner part is movable relative to the outer part.

The apparatus according to claim 11,
wherein the motion of the inner part relative te tuter part, in a direction

away from the pressure application component,sgioted.

The apparatus according to claim 1,
wherein the holder comprises a spherical bearimgatjye to level the
semiconductor device in relation to the spacer wdtemging from the uncoupled

state to the coupled state.

The apparatus according to claim 1,
wherein the second tool is operable to receivet@imoprotection film over a

holder for the semiconductor device comprised engkcond tool.

The apparatus according to claim 1,
further comprising a heating block, wherein theatise between the heating

block and the holder is adjustable.

The apparatus according to claim 1, furthermising:
a plurality of sets, each set comprising a spacéraaguide; and
a plurality of holders, wherein each holder is agged with one or more of

the plurality of sets.

The apparatus according to claim 1,
further comprising a resilient member located witthie gap between the

spacer and the guide for applying a force to thdegand spacer.
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18. A method of processing a semiconductor, cosmyi
providing an apparatus with a first tool and a secwol moveable relative to
each other, wherein:
the second tool comprises a holder;
the first tool comprises a pressure chamber, a bieapacer moveable
in a guide, and a gap between the spacer and itie gperable to allow the
spacer to tilt in relation to the guide; and
the first tool and the second tool are in an untenliptate;
arranging a semiconductor device on the holder;
bringing the first tool and the second tool frore timcoupled state to a coupled
stated;
compressing the semiconductor device between theesand the holder, by
applying pressure from the pressure chamber ospheer;
waiting a pre-determined period of time;
bringing the first tool and the second tool frore ttoupled state to the
uncoupled stated.

19. A method of processing a semiconductor accgrtirclaim 18, further comprising:
providing a bottom protection film on the secondltoovering the holder; and
wherein the step of arranging a semiconductorogeon the holder comprises:

arranging the semiconductor device on the holdeers by the bottom

protection film, the semiconductor being arrangedh® bottom protection film.

20. A method of processing a semiconductor accgrtirclaim 18, further comprising:
providing a carrier on the holder; and
wherein the step of arranging a semiconductorogewn the holder comprises

arranging the semiconductor device on the carrier.



