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(57) Abstract: Implementations and techniques for applying a film to a semiconductor water and for processing a semiconductor
wafer are generally disclosed. Some embodiments include providing a laminated film which may include a dry film resist and a
carrier film that may be provided next to the dry film resist. At least one piece may be cut out of the laminated film having a size
and shaped adapted to the semiconductor wafer. The piece may be applied to the semiconductor wafer. The systems for applying
the film may be include a cutting device, vacuum chuck and a pressing tool.
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_' .APPARATUS AND METHOD OF APPLYING A FILM TO A SEMICONDUCTOR

WAFER AND METHOD OF PROCESSING A SEMICONDUCTOR WAFER
CROSS REFERENCE TO RELATED APPLICATIONS

E[VOOjO:I] | ThlS patent application isfbésed onn and clairhs priority to Singapore
;patént épplicaﬁon no. 8620090693?-8 filed on Oct. 16, 2009, titled “APPARATUS
gAND METHOD OF APPLYING A FILM TO A SEMICONDUCTOR WAFER AND
_:METHOD OF PROCESSING A SEMICONDUCTOR WAFER,” the contents being

incorporated herein by reference.
BACKGROUND

[0002] Photo-resiét is often used jn semiconductor manufacturing in order to

fabricate structured layers such as redistribution layers on a semiconductor wafer.

» .The photo-resist may Ee applied to the semiconductor wafer in a liquid form known
‘as a wet resisf. The wafer then mayl be épun so that the Iayér of photo-resist on the
) sUrface of the wafer h.és a uniform thickness. Aliernatively, the photo-resist may be

: :applied to the semiconductor wafér in a dry form known as dry film resist. The dry

~ film resist is often provided in the form of a film, which may be delivered on a roll

| .Typically, the dry film resist is supplied in a form of a laminated film with a film of

_ :photo-resist sandwiched between a cover film and a carrier fiim. The dry film resist

may be applied to a substrate, such as a printed circuit board, .or to a wafer by

lamination techniques.

- [0003] The wet resist may be associated with some peculiarities in some .
circumstances. For example, if a thick layer of resist, such as more than fifty

micrometers, is desired as a template for electrochemical deposition of alloys that
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,rﬁay__later serve as a bumps in a wafer bumping process. The wet resist having a low
éviscosity can be used to prc;duce thé thick layer. However, the uniformity of the

.: f:th‘i'ckne_ss sf the layer prodused in thvis way can vary to a degree. In contrast, the dry
;film're'sist' san be pfoduced in relaﬁvély large thicknesses of fifty um or more with a

;very high accuracy.

: [0004] Another aspect of the wet resist occurs for coating a wafer surface tﬁat has
“certain topography, such as cavities that are found often in micro-electromechanical
system (MEMS) épplications. With the wet resist, it may not be possible to achieve a
: homogenous coverage of the surface due to surface tension at sharp corners of the

’ topography. However, the dry ﬁlms have a ceﬁain internal‘ stiffness, which may aliow

~ them to cover evenly such topography.

o [0005]  U.S. Pat. No. 6,623,912 discusses a method in which the dry film resist is
: unwound from'a storage roll to a take-up roll. Two rollers and a heat and pressure
| roller are positioned so that' the film csntacts a semiconductor wafer over a heat
| stage. After the dry resist film is laminated 6n the waferl by applying the heat and
' .préssﬁre roller, a cutting laser is used to separate the portion of dry resist fiim now

- attached to the wafer from the bulk of the dry resist dry film resist on the roll.

[\
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SUMMARY -

- [0006]  This disclosure is drawn, inter alia, to methods, apparatus, and systems
related to a'pplying a film to a semiconductor wafer and to processihg of a

. semiconductor wafer.

. 'ﬂ,f:[0007] Sérﬁe"examblés of th'ev‘p're'sent' disélos’Ure desTdribe'é sé_miéonducto_r wafer.
Some examplé semiconductqr wafers may include a vsuppor’cing peripherél rim ahd a
: dry film resist. The supporting peripheral rim may protrude from a rear side of the
semiconductor wafer. The dry film resist may be arranged on the rear side of the

: - __semicond‘uctor wafer within the supporting peripheral rim.

- [0008] Some examples of the present disclosure describe a system for applying a
film td a semiconductor wafer. Sofne example systems for applying a fiim to a
- semiconductor wafer may include a cutting device, a vacuum chuck, and a pressing
- tool. Thé cutting device may be adapted to cut a piece out of a film. The vacuum
j :.chuckfmay be adapted to remove Ethe piece from the film, where the chuck may be
| ;. a'd_aptéd to move in a direction pefpendicular' to a major surface of the film and in at
| | v‘.least one direction parallel to the major surface of the film. The pressing tool may be
adapted to press the piece onto the semiconductor, where the semicqnductor wafer
may include a supporting peripheral rim that protrudes from a rear side of the

semiconductor wafer.

: [0009] Some examples of the present disclosure describe methods related to
applying afiimto a semiconductor wafer. Some example method may include
providing a semiconductor wafer. A laminated film may be provided. The laminated

film may include a dry film resist and a carrier film that may be provided next to the

(U]
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: fdry film resist. At least ohe piece may be cut out of the laminated film having a size
- and shape _adapted to the semiconductor wafer. The piece may be applied to the

-semiconductor wafer:

. [0010] The foregoing summary is illustrative only and is not intended to be in any
- 'way limiting. In addition to the i||ustrati\}é aspects, embodiments, and features -
- déscribed above, further aspects,_erﬁbodiments, and features will become apparent

by referehce'to‘ the dréWings and the following detailed describtion. .
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BRIEF DESCRIPTION OF THE DRAWINGS

ooty Subjeét matter is particularly pointed out and distinctly claimed in the

: cdn_clu:dir‘lg:‘portion bf the specificaﬁdn. The foregoing and other features of the

’ present disclqsure will become rﬁére fully apparent from the following description
and appended claims, taken in conjunction with the accompanying drawings.

| E._Uh{derstanding,thgt these drawings depict only several embodihenfts in accordance
with the disclosure ahd ére, fhérefore, hot to-be considered Iimiﬁng of its "scope,vthé
disclosure will be described with a»dditional specificity and detail th.rough use of the

. aécompanying drawings.
“[00'12] In the drawings:

" Fig. 1 illustrates a top view and a side view of a method of applying a fim to a

semiconductor wafer according to a first embodiment;
Fig. 2 illustrates a laminated film including a dry ﬁlmfresist,
Fig. 3 illustrates a semiconductor wafer including a dry film resist layer,

Fig. 4 illustrates apparatus and a method of applying a dry film resistto a

 semiconductor wafer according to a second embodiment,

Fig. 5 illustrates a cross-sectional view of the finished semiconductor wafer 2

~ of Fig. 1,

Fig. 6 illustrates the semiconductor wafer of Fig. 3 with a removal tool at a

- stage of a process for removing a carrier film of the dry fiim,

Fig. 7 illustrates a first operation of removing a carrier film of the dry film at a

wh
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- stage of a process for removing a carrier film of the dry film,

 Fig. 8 illustrates a second dpération of removing a carrier film of the dry film at .

a stage of a process for removing a carrier film of the dry film.
Fig. 9 illustrates a semiconductor wafer at a stage of a bumping process,

Fig. 10 illustrates a via of the semiconductor wafer of Fig. 9 at a stage ofa

| ‘bumping process,

Fig. 11 illustrates the via Fig. 10 with a first dry film at a stage of a bumping

‘process,

Fig. 12 iliustrates the dry film of Fig. 11 with a via opening at a stage of a

bumping process,

Fig. 13 illustrates a barrier and seed layer that are placed on the first dry film

“of Fig. 12 at a stage of a bumping process,

‘Fig. 14 illustrates a second dry film that is placed on the barrier and seed

~ layer seed layer of Fig. 13 at a stage of a bumping process,

Fig. 15 illustrates the second dry fiim of Fig. 14 with a solder bump at a stage

- of a bumping process,

Fig. 16 illustrates the solder bump of Fig. 15 after a reflow at a stage of a

- bumping process,

Fig. 17 illustrates the first barrier layer and seed layer of Fig. 13 with a second

dry film that has a via opening at a stage of a redistribution layer process,
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Fig. 18 illustrates the second dry film of the Fig. 17 at a stage of a
 _f redi_stributio’h layer process, wherein a via opening of the second dry film is filled with

“alayer of copper,

Fig. 19 illustrates a top view of Fig. 18 at a stage of a redistribution layer

‘process,

Fig. 20 illustrates a side view of Fig. 18 after the second dry film layer is

removed at a stage'of a redistribution layer process,

Fig. 21 illustrates the first barrier and seed layer of Fig. 20 with a third dry film

.~ that has a first bump opening at a stage of a redistribution layer process,

Fig. 22 ililustrates the third dry film of Fig. 21 with a second barrier and seed

- layer at a stage of a redistribution layer process,

Fig. 23 illustrates the second barrier and seed layer of Fig. 22 with a fourth dry

- film that has a second bump opehing at a stage of a redistribution layer process,

Fig. 24 illustrates the bump opening of Fig. 23 with a solder bump at a stage

of a redistribution layer process,

Fig. 25 illustrates the solder bump of Fig. 24 after a solder reflow at a stage of

a redistribution layer process,
Fig. 26 illustrates an example process for semiconductor processing,

Fig. 27 is a block diagram of an illustrative embodiment of a computing

device, and

Fig. 28 illustrates a top view of a semiconductor wafer, all of which are:
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| arranged in accordance with at least some embodiments of the present disclosure.
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" DETAILED DESCRIPTION

5[0013]  The fo|Iowing desoription' sets forth various examples along with specific

.f‘fdetalls to provrde a thorough understandrng of clarmed subject matter It will be

S _i'understood by those skrlled in the art, however that claimed subject matter may be

' practrced W|thout some or more of the specrflc detalls disclosed herein. Further,in
vsome circumstances, weIl-known methods, procedures, systems, components
~ and/or circuits have not been described in detail in order to avoid unnecessarily

i obscuring claimed 5ubject matter.

: : [0014] in the following detailed oescription, reference is made to the
éccompanying drawings, which form a part hereof. In the drawings, similar symbols
typically identify similar components, uniess context dictates otherwise. The
illustrative embodimehts described in the detailed description, drawings, and claims. -
are not meant to be limiting. Other embodiments may be utilized, and other changes
mey be‘.made, without departing from the spirit or scope of the subject matter

_ presehted here. It will be readily understood that the aspects of the present

| disclosure, as generally described herein, and illustrated in the Figures, can be
‘arrahged, substituted, combined, and designed in a wide variety of different
configurations, all of which are explicitly-contemplated and make part of this

disclosure.

[0015].  This disclosure is drawn, inter alia, 1o methods, apparatus, and systems
related to applying a film to a semiconductor wafer and method of processing a

semiconductor wafer.
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: [0016] The present application relates to apparatus and a method of applying a
Efilm to a semiconductor wafer, in particular applying a dry film resist to a

semiconductor wafer, and to processing a semiconductor wafer.

iOOi_?] The present abplicétioﬁ brovideé é_r_nethbd of apblying a ﬁl_m,to a
"semiéoﬁduct()‘r wafer that mé)} inclﬁde providing a Semiconductdr wafe} and

| prdViding a Iaminatéd film including a dry film vres..ist and a carrier film that may be

: provided next to the dry film resist. At least one piece may be cuf out df the
‘laminated film that has a size and .sr.iap‘e adapted to the semiconductor wafer. The

- piece may then be applied to the semiconductor wafer.

- [0018] In this method, the laminated film rmay be first worked to produce a piece of
: tﬁe Iaminated film having a desired size and shape and, subsequently, this piece
may be applied to the semiconductor wafer. The piece cut 6ut from the Iaminated
film may have the sizé and shape gcc:)rresponding to that of the semiconductorvwafer.
.' Iﬁ this. method, the laminated film bhce applied tb the semicﬁ.c)ndtjctor_wafer may not
“protrude over the edges of the semiconductor wafer, as may be the case in a
méthod in which the film is laminated onfo the wafer whilst being attached ‘to the

| supply roll. This may simplify further handling of the semiconductor wafer

[0019] Furthermore, the dry film resist may be applied to only porti_ons of the
semiconductor wafer using this méthod. For example, for a semiéonductor wafer
héving'a supporting beripheral rim structure, which protrudes from a side of the

"~ wafer and confines a céntral recessed region, the dry film resist can be placed into
the central recessed region and the periphera[ rim can remain free of the dry film
resist.

10
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. %[0020] ~ The piece may be cut out- of the laminated film using any suitable cutting
: Etechnique._ In one émbodiment, the pieces may be cut out of the laminated film by

~stamping.

5[00‘21] The size and shape of the 'piecé may be adapted to the semiconductor
-wafer. If the semicohdudtor wafer is circular, the piecé may also be circular and may

have a diarhetér corresponding to the diameter of the wafer.

', [0022] In an embodiment, the piece may be removed from the laminated film by
“use of the vécuum chuck. A vacuum chuck may operate so that the piece can be
detachedly attachedto be vacuum chuck without the use of additional adhesives,

~ which may cause contamination of the upper surface of the piece.

: | [0023] The laminated film may be positioned so that the carrier film faces

-~ upwardly and contacts thé vacuum chuck. The dry film reéist can be arranged

| b'etween a cover film énd the carrier film in this embodimerit. In this embodiment, the
cover film may be removed from the piece of the laminated film after the piece has
been removed from the laminated film and before the piece is apﬁplied to the
semiconductor wafer. The dry film resist may be exposed once the cover film is
removed. Alternatively, the cover film méy be removed from the laminated film

- before the piece is cut out from the laminated film.

[0024] The piece rhéy be applied to the semiconductor by pressing it onto the
surface of the semiconductor wafer by, for example, a pressing tool having a
pressing surface adapted to the size and shape of the piece. Heat may also be

applied whilst the piece is pressed onto the semiconductor wafer so as to adhere the -

11
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- “piece 6nto the semiconductor wafer.f Generally, the cover ﬁim may be removed from
| gthe iarhinatéd film before thé piecé is pressed onto the semiconductor wafer.

| ;Therefore, the dry film resisf may be exposed on one side and the dry film resist may
: ;be pressed onto the semicondﬁctor wafer. The carrier film may remain on the

, 'opposing side of the dry film resist layer and may attach to the semiconductor wafer.

| [0025] As discussed above, the semfconductor wafer may héve a supporting
: béripheraf rim, which méy protrudé from the first side of the wafer. This first side may
| bé the» rear side of the wafer. The piece may be posiﬁoned on the rear side bf the
: semiconductor wafer within the supporting peripheral rim. Therefore, the piece may
'be_positiohed in the recess defined by the supporting peripheral rim on the rear side
“of the wéfer. In this embodiment, the piece may have a size and shape adapted to
the size and shape of the area confined by the péripheral rim. The peripheral rim
f may be @ntinuous but may also ihclude a plurality of perforations, which extend

~ from an'inner wall to an outer wall of the supporting peripheral rim.

- '[0026]  The semiconductor wafer may bé further processed after the film has been
_applied to the sefniconductor wafer. The application may also provide a method of
manufacturing a semiconductor wafer. In this embodiment, the dry film resist may be
a polyimide and may subsequently form a part of the redistribution structure of the
wafer. The carrier film can be removed and the dry resist ﬁlm can be:used as an
electrically insulating layer of a redistribution structure. A structured electrically

: cohductive layer can be deposited on the top of the dry fiImE resist to pfovide the

redistribution layer.
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' 2[0027] - In cases where the semiconductor wafer includes vias, the dfy resist film
:ca'n be structured to uncover the ehds of the vias so that the subsequently deposited
" electrically conductive traces can be electrically connected to the opposing side of

| :semiconductor wafer by way of the vias.

:[0028] The dry film resist can also be used as a temporary resist layer. In a further '
,méthod, thé dry film resist ma:3/ be:photo-structured to expﬁse portions of the
-semiconductor wafer, "vwhich may thén be structured, for example by et;:hing. After
‘the semiconductor wafer has been structured, the remaining sfructured dry film resist

may then be removed.

[0029] The dry film can be obtained from a supplier, such as DuPont, that
pfovides a variety of application specific dry film products in various thicknesses, for
‘» e.xample. The products can include several product series. A first product series may
_ bé used for via creation, via fill, micro-bump creation, and redistribution layer (RDL)

| structuring. A second product series can be designed for bumping or pillar creation

- whilst a third product series can act as a permanent dry film for bonding, cavity

- packages, micro fluidics, dielectric, and fan out.

[0030] Photo-structuring techniques may be used to photo-structure the dry-film
resist. The photo structuring may permit formation of structures, sqch as conductive
. tracks, metal traces, or a redistribution layer, using the photo-resiét. in one

. erﬁbodiment, a mask is applied to the carrier film. The carrier film as weli as.the dry
resist film then may be exposed to UV (ultra-violet) radiatibn. The carrier film then

may be removed and the dry film resist may be developed to remove unexposed
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- portions of the dry film resist. Regiphs of the semiconductor wafer, which are

- uncovered by the dry film resist, may then be structured.

' [0031] In a generic sense, the carrier film can be removed before or after the
-exposure. Usually; the car.rier-ﬂlrﬁ may be removed after the exposu‘re, as the carrier
film protecis mechanically the resist. The resist also hardens after the exposure and
:'thu's reduces adhesion to the carrier film. This pe'frﬁits an easy rémoval of the carrier __

film.

: [0032] In addition, after the exposure, the same pressing tool can be used for the
removal of the carrier film. Because of the reduced adhesion, a vacuum device in the
- pressing tool can remove the carrier film in the same way the stamped dry film

' portions are removed.

: [0.033] In one embodiment of a tool to remove the carrier film from the wafer, the
) rémoval tool may inclﬁde a suction device that touches only an outer edge of the

- carrier film. The removal tool may either integrate into the pressi‘ng tool or exist as a
separate tool. A method for removing the carrier film rhay include the removal tool
touching and adhering to the outer edge of the carrier film by way of a vacuum
" device. The removal tool later may move slowly upwards by circa ten mm
(millimeters)‘to separate the outef edge from the wafer, for example. The removal
tool then may move sideway and may peel off the carrier film. In fhis manner, only
shear force may be épplied onto the wafer. The removal process may be smooth.

and little to no damage may be done to the resist.

[0034] A similar above tool can be applied for removing the cover film.

14
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'[0035] The appliéation also provides a semiconductor wafer having a supporting
v fperipheral rim protruding froim a rear side of the wafer and a dry film resist arranged
Q _Eon the rear side of the wafer' within the supporting ‘peripheral rim. The supportiné
peripheral rim may remain free of the dry film resist. The dry film resist may have cut
“edges rising because of the cut’t_ing process to cut a piece of the dry film resiét froma
_supply film. The cut édges may be frayed. The dry film resist can> form an integral
ﬂv‘palrt of the semiconductor wafer org of a séhicdnductor chip. This dry film resist may
- inélude a poiyimide. A redistributic_)h fayer may be positioned on the dry film resist.
: A|terriati\)ely, a solder bump may also be positioned on the dry film resist such that
- the solder bump is also positioned oQér a via. The supporting peripheral rim may

“have the form of a ring and may include a plurality of perforations.

- [0036] The application also provides a system for applying afimtoa
" semiconductor wafer. The semiconductor wafer may include a subporﬁng peripheral
- rim that protrudes froh a rear side of the semiconductor wafer. The system may
ihclude a cutting devicé for cutting pieces out of the film, a vacuum chﬁck adapted to
remove the pieces cut out from the film, and a préssing tool adapted to press the
. “piéce onto a semiconductor wafer. The vacuum chuck may be movabile in directions
pérpendicular to a major surface of the film and in at least one direction paraliel to
the major sﬁrface of thé film. In cases where the major surface of the film is
- - described as lying in the *-y plane, the vacuum chuck may be movabie in the z

direction-and in at least one of the x and y directions.

- [0037] The system may also further include a film support chuck for supporting a
' ‘major surface of the film whilst the cutting device cuts pieces out of the film. The

. cutting device may be a sfamping-tool.
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;[003.8] ~ Inan embodiment, the vééuum chuck may include a generally‘ﬂat surface
: %having an areal extent adap;ted to fhe areal extent of the Vp'ieces cut out of the film.
;This may permit the film to bé removed and held on the vacuum chuck whilst
;kéeping the film pI_an'ar. This may help to avoid deformation and possibly tearing of
the film during its removal from the film and is transferred to the semiconductor

~ wafer.

: '[0039] The vacuum chuck may indude a plurality of through holes distributed over
: ;the area of the flat éurface, .which may be coupled to a vacuum device. The film can
.:be detachedly aﬁachéd énd released from the flat surface‘ by applying and removing
| :the vacuu.m reliably due to the distribution of the through holes and suction points
| provided by t'he through holes when attached to the vacuum across the entire flat

- surface.

| '[0040] Inan embodiment, the pressing tool may includé a generally flat surface_
hféving an areal extent adapted to the af.eal extent of the pieces cut out of the film.
This may permit the pressing tool to make contact with the entire piece during
‘pressing;'thus, providing a uniform pressure and enabling the film to be reliably

attached to the wafer.

[0041] The system may also inclﬁde heating device configured to apply heat to the
film whilst the pressing tool presses the film onto the wafer. The Heating device may
' be” separate from the' pressing tool or may be provided as a heating element within
the pressing tool, which may permit the pressing surface of the pressing tool to reach
an increased temperature. The combination of heat and of pressure helps the film

. adheres to the wafer.

16
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: [0042] The system may also include a wafer chuck having a support surface for
- supporting the wafer. The wafer may also be held on to the wafer chuck by the use
- of a vacuum and the surface of the wafer chuck may include a plurality of through

holes are coupled to a vacuum device.

- [0043]  The system may be used as follows to attach ‘a dry film resist to the rear
side of a semiconductor wafer haV_ing a supporting peripheral rim protruding from the

" rear side of the wafer and defining a central circular recess.

‘ : [0044] A supply of laminated film including a dry film resist sandwich between a
- cover film and a carrier film may be provided on the film support chuck. The cover

) film may be positioned on the film support chuck and the carrier film may face away
: ffom the film support chuck. The stamping device may be gsed to stamp out a
éircul_ar piecezof laminated film having a diameter corresponding to the diameter of

the central recess positioned on the rear side of the semiconductor wafer.

[0045] The vacuum chuck and the pressing tool each may have avflat surface,
- which may be circular and may have a diameter that also corresponds to the
diameter of the central recess position on the rear side of the wafer. The vacuum
chuck may be aligned with the circular piece of laminated film cut out of the
laminated film supply and may bé lowered onto the circular piece. The vacuum may
be switched on so that the circular piece of laminated film becomes de{achedly
aﬁached to the flat éurface of the vacuum chuck and the vacuum chuck may be
moved upwards away from the major film surface of the larhinated film to remove the
 circular piece from the laminated film supplied. The vacuum chuck then may be

moved in the direction of the semiconductor wafer. The cover film then may be

17



WO 2011/046517 . : PCT/SG2010/000395

‘removed from the piece held on the vacuum chuck to expdse a surface of the dry

film resist.

'[0046] _ The vacuum chuck then may be aligned with the circular recéss in the rear
-side of the wafer and may be loWered until the lower surface of the dry film resist is
Ein contact with the rear side of the semiconductor wafer and, in particular, the rear

- side ofvthe(s-emicondu*ctor wafer w.ithin the central recess. ’Thevvac.;uum to the

» :v'acuum chuck then ma.y be switcﬁed off so that the film is released from the vacuum

“chuck.

[0047] The vacuum chuck then may be removed and the pressing tool may be
aligned with fhe circular piece and circular central recess of the rear side of the

- semiconductor wafer. The pressing tool then may be brought into contact with the

' circular piece and may press it into the onto the rear side of the semiconductor wafer
| whilst épplying heat tq adh~ere the dry resist film and carrier film to the rear side of

: tﬁe semiconductor wafer. The pressing tool then may be removed. The
semiconductor wafer now may include a circular dry film resist positioned only in the

.central recess.

: [0048] Figs. 1 to 28 may have similar parts. The similar parts have the same
names or the same part numbers. The description of the similar parts is heréby

_incorporated by reference, where appropriate.

[0049] Fig. 1 illustrates a schematic top view and side view of a method of
applying a film 1 to a semiconductor wafer 2 in accordance with at least some

- embodiments of the present disclosure.
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{0050 The semiconductor Wafer 2 may have a front side 3 and a rear side 4 from
:which a sup‘porting periphe;al rim 5 protrudes. The supporting peripheral rim 5 may
be integral with the materialiof a semiconductor wafer 2. The wafer 2 and the
“supporting peripheral rim 5 may be circular. The supporting peripheral rim 5 may
have the form of a ring, which may confine a central recessed portion 6, which also

may be circular in plan view.

| [0OSIj In the iIIustrafed embodiment, the supporting peripheral rim 5 may be
continuous and solid. Fig. 28 illustrates a top view of a semiconductor wafer 2
arranged in accordance with at least some embodiments of the‘ present disclosure.

| :As illusfraied in Fig. 28, in some embodiments, a plurality of perforations 2806 or

- slits may be crovided in the peripheral rim 5. Such perforations 2806 may extend
- radially from-an inner wall 2802 to"an outer wall 2804 through the thickness of the

~ peripheral rim 5. Fig. 28 has not been drawn to scale, and may include hany more,

~ or fewer perforations 2806 distributed eveniy or unevenly through peripheral rim 5.

[0052] Referring back to Fig. 1, a supply roll 7 of the film 1 to be applied to the
sémiconductor_ wafer 2 may be provided and a portion may be drawn from the supply
roll 7. A piece 8 may be cut out of the film 1 and then may be removed from the fiim
1. In this embodiment, the piece 8 cut out of the film 1 may be circular and may have
a diameter, which corrésponds to the diameter of the central recessed porticn 6 in

" the rear side 4 of thc semiconductor wafer 2. The piece 8 can be cut out of the fiim 1
by a stamping tool. The piece 8 may be removed from the supply film 1. This may

_ leave a circular hole in the supply film 1. The piece 8 vtheh may be transferred to the
rear side 4 of the semiconductor wafer 2. in particular, the piece 8 may be placed in
the central recessed portion 6 of the rear side 4 of the semiconductor wafer 2.
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- [0053] In this embodiment, the film 1 may be a laminated film 9 inciudin_g a dry film.
_resist 10. The dry ﬁI‘m resist;10 also may be called a dry film. The laminated film 9 is
“illustrated in Fig. 2 in accordénce with at least some embodiments of the present

disclosure. The dfy film resist 10 may be sandwiched between a cover film 11 and a

_ :ca‘rrier film 12. The cover film 11 may be removed from the laminated film 9 prior to
; thé application of the dry film reéis‘t film 10 and the carrier ﬁlm. 12 to the rear side 4 of
v -' ‘the semiconductor wafer 2 in ordef tb expose a surface 15 of the dry film reéist 10.
;The dry film_~ resist 10 then rﬁay be placed in direct contact with the rear side 4 of the
; semiconductor wafer 2 and may be attached to the rear side 4 of the semiconductor

wafer 2 by use of pressure and heat.

- [0054]  The semiconductor wafer 2 with the dry film resist 10 and the carrier film 12
“adhered to the rear side 4 is illustrated in Fig. 3 in accordance with at least some
- embodiments of the present disclosure. In this embodiment, the dry filrﬁ resist 10
may be later removed entirely after it has served as a mask. Therefore,.the

semiconductor wafer 2 illustrated in Fig. 3 may be an intermediate product.

~ [0055]  Fig. 4 illustrates an apparatus 14 for applying a film 1 to a semiconductor
wafer 2 and a method of applying .a film to a semiconductor wafer in accordance with
- at Ieast. sqme embodiments of the present disclosure. In the second embodifnent,
the film 2 also may be a laminated film 9 including a dry film resist 10 as iliustrated in

Fig. 2.

' [0056] The apparatus 14 may include a chuck 15 for supporting the supply of film
1, a cutting device 16 for cutting pieces 8 out of the film 1, a vacuum chuck 17 for

transfe.rring the cut out pieces 8 from the film 1 to the wafer 2, a pressing tool 18 and
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; ja wafer ‘sup;')ort chuck 19.

[0057]) The laminated film 9 may be supplied in the form of supply roll 7. A portion
of the supply roll 7 may be pulied 6ut from the supply roll 7 and may be posiﬁoned on
| the chuck-15 so that a cover Iaye;'r:11 of the film 9 is in contact wi{h a top surfac_e 20

: of-the chuck 15 and a carrier layef 12 of the film 9 faces upwérds aWay from the

~chuck 15.

'[0058]  Circular pieces 8 having a diameter corresponding to the diameter of the

“semiconductor wafer 2 may be stamped out of the film 9 by stamping tool 16.

- [0059] The vacuum chuck 17 rﬁay have a flat, uniform lifting surface 21 that also
- may be circular and that hasa diameter corresponding to that of the piece 8, which
Has been stamped out of the supply film 9. The vacuum chuck 17 rﬁay include a
- plurality of through holes 22, which may be coupled to a valcuum supply 23. The

| \iacuum chuck 17 méy be aligned with the cu{out circular peace 8 of the film 9 and
the lifting surface 21 may be placed on a surface 24 of the carrier tape 12. The
vacuum then may be switched on so that the piece 8 may be sucked onto the lifting
~ surface 21 of the vacuum chuck 17 and may be held on thg vacuum chuck 17. The
- vacuum chuck 17 and piece 8 may be moved upwardly aWay from the film 1 and

* transversely to transfer the piece 8 from the film 1 to the semiconductor wafer 2.

- [0060] Thé cover film 11 then may be removed from the piece 8 to reveal a

- surface 25 of the dry film resist 10.

- [0061] " The wafer 2 may be positioned on a wafer support chuck 19, which may
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include a plurality of through holes 26 that may be coupled to a vacuum device 23. A
‘vacuum can be supplied to hold the wafer 2 on the surface of the wafer support -

chuck 19.

: [0062]\ The vacuum chuck 17 fh‘en may be aligned with the wafer 2, lowered and

_ Vthe exposed lower surface 25 of th'e>dry resist film 10 may be brougﬁt into contact
With the rear side 4 of the semicoﬁductor wafer 2. 'I;he vacuum supplied to the
~vacuum chuck 17 then may be switched off and gas may be fed into the through
jholess 22. When the pressure within the through holes 22 equalé the ambient

| gpressure, the piece 8 no longer remains attached to be lifting surface 21 of the

| Vvacuum chUck 17. The vacuum chuck 17 can then be removed whilst leaving the dry
“film resist 10’and the carrier film 12 of the piece 8 in contact with the rear side 4 of

the wafer 2.

[0063] - A pressing fpol 18 also may 'be provided which méy have a flat pressing

| éurface 27, which rﬁéy be circular and has a diameter corresponding to that of the
piece 8 of the film 9 and semiconductor wafer 2. The pressing tool 18 may be

‘ .aligned with the piece 8 and the semiconductor wafer 2 and may be lowered so that

it exerts pressure on the dry film resist 10 and the wafer 2. -

- [0064] At the same time, heat may be applied to the semiconductqr wafer 2 to

: attach the dry resist film 10 to the rear side 4 of the semiconductér wafer 2. The heat

: su.pply may be positibned in the wafer support chuck 19, in the pressing tool 18 or
may be external to both. The dry film resist 10 then may be adhered to the rear side

4 of the semiconductor wafer 2 by the action of the heat and pressure. The pressing

tool 18 then may be removed to leave the carrier film 12 and the dry resist film 10
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‘may be attached to the rear side 4 of the semiconductor wafer 2.

[0065]) In a generic sense, the dry resist film 10 cén have a permanent resist or a
terhporary resist. The permanent resist may be intended to be part of a structure of
Vthe semiconduc‘tof wafer 2 and itk nﬁay not bé entirely removed from the
‘semicondUCtor wafer 2. In éompérison, the temporary resist may be intended for
‘ Eremo,ving entirely from the semiconductor wafer 2 and it mvay not form a part of

- semiconductor wafer 2.

[0066] Fig. 5 illustrates a cross-sectional view of a semiconductor wafer 2
-according to a second embodimerit in accordance with at least some embodiments

. of the present disclosure.

_ [0067] The semiconductor wafer 2 may have an integral supporting peripheral rim
 5inthe -form of a ring protruding from the rear side 4 of the semiconductor wafer 2
" as in the embodimenf illustrated in Fig. 2. In the second embodiment; the carrier film
12 may be removed so that only the dry film resist 10 remains on the semiconductor
3 wafer 2. The dry film resist 10 may proyide a portion of a redistribution structure 28

positioned on the rear side 4 of the semiconductor wafer 2.

[0068] The redistribution structure 28 may include a patterned electrically
conductive redistribution layer 29 including contact pads 30 and rediétribution traces
: 31 thét may be positi'oned on the layer of dry film resist 10 that may include a

| polyimide. The dry film resist 10 may provide a d.ielectric layer of the redistribution

| structure 28 and may electrically isolate the redistribution layer 29 from the

semiconductor wafer 2.

9]
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. [0069] The semiconductor wafer 2 may include a plurality of vias 32, which may
extend from the front svide 3 to the rear side 4 of semiconductor wafer 2 within the
central recessed portion 6. bnly two vias are .illustrated in Fig..'5 for clarity. The two
~vias are also not drawn to scaIeA. InAbractice, each of the semiconductor chip

positions within the wafer may inc'lu.de 'é 'plurality of vias. |

[0070] The dry film resist 10 may be positioned directly von thé rear side 4
| sefniconductor wafer and may be structured to extend the plufality of vias to the
upper surface 33 of the dry film resist 10. A plurality of pads 34 may be positioned on
f,the front side 3 of the semiconductor wafer 2. The vias 32 may include a layer of
| -el'ectric}all.y‘ conductive material on the sidewalls so as to electrically connect the pads
34 on the froht side 3 of the semicc;nductor wafer with the redistribution traces 31
and contact pads 30 on the rear side 4 of the semiconductor wafer 2. In this
embodiment, the dry fil‘m' resist 9 may provide a perrﬁanent part of the redistribution

structure of the semiconductor wafer 2.

[0071]  Figs. 6 to 8 illustrate a tool for removing a carrier film of the dry film in

accordance with at least some embodiments of the present disclosure. - ’

[0072] Fig. 6 illustrates a pressing tool 18 is positioned on an outer edge of the

* wafer 2 of Fig. 3 in accordance with at least some embodiments of the present
disclosure. The pressing tool 18 may include a suction device that may touch an
oﬁter edge of the éarrier film 12. The pressing tool 18 may act as a removal tool. The
. suction device may be intended fcr adhering to the carrier film 12 by way of a

vacuum.
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[0073] A method to remove the carrier film 12 may include the tool 18 touching
and adherihg to the outer eége of the carrier film 12 by the vacuum. The tool 12 may
‘later move slowly upwards 5_y circa ten mm (millimeters) to separate the outer edge
from the Wafer, for example, as ilAIuAstrated in Fig. 7 in accordance with at least some
embodiments of the present disclosure. The removal tool then may move sideway
- and may peel off the carrier film, as illustrated in Fig. 8 in‘ accordance with at least
i some embbdiments of '_che‘present disciosure. Iﬁ this manner, only sheér force may
bé apblied onto the wafer. The removal process may be smooth and little or no

| damage may be done to the resist.

[0074] - In a generic sense, the removal tool can be integrated into the pressing tool
- or the removal tool can exiSt as a separate tool. A similar tool can be used for the

- removal of the cover film.

[0075]  An embodiment of a bumping process and an embodiment of a
redistribution layer process are described below. The embodiments use dry film "
~resist only without the need for spinning. The dry f_iIm resist can be a temporary resist

- or a permanent resist.

[0076] The first few operations of the bumping process and the redistribution layer
| process are similar. The similar operations are shown in one embodiment only for

- brevity.

[0077]  Figs. 9 to 16 iliustrate operations of a bumping process. The bumping
process may include two Iithography operations, one permanent dry film resist

operation, and one temporary dry film resist operation.

-2
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[0078]  Fig. 9 shows a semiconductor wafer 40 that may have a first surface 42
and a second surface 43 that is oppoéite to the first surface in accordance with at
least some embodiments of the present disclosure. The first surface 42 also may be

-called a front surface whilst the second surface may be called a rear surface.

o [0079] A supporting peripheral rim 45 may protrude from the second surface 43. A
 central portion 47 of the first surface 42 may include a plurality of vias 48 and a
: plurality of active areas 49 that may be connected electrically to the plurality of vias

48

| [0080] - For completeness, Fig. 9 also illustrates the central portion 47 with dicing
lines 51 that may be positioned next to the active areas 49. The dicing lines 51 may
| indicate positions of dicing for a later operation of separating the semiconductor

- wafer 40 into multiple parts or semiconductor chips."

| [0081], The supporﬁng peripheral rim 45 may.ha\ié slits or channels. The vias 48
extend from the first surface 42 of the central portion 47 and extend toward the

: ,sécond surface 43 of the central portion 47. The vias 48 may be filled with a copper
materiai. In comparison, the semiconductor wafer 40 may include silicon ma'terial..
For clarity, Fig. 10 illustrates just one via 48 of the.semiconductor wafer 40 of Fig. 9

~in accordance with at least some embodiments of the present disclosure.

_ [0082] in practice,. the supporting peripheral rim 45 may provide rigidity for the
semiconductor wafer 40. In partic'ular, the supporting peripheral rim 45 may provide
mechanical support for the central portion 47. The slits of the supporting peripheral

- 1im 45 may act to rél'ease any fluid, such as wet resist, in the central portion 47 of the

26



WO 2011/046517 - PCT/SG2010/000395

- semiconductor wafer 40 away from the semiconductor wafer 40. However, wet resist

may not be used in the embodiments below.

[0083] The active areas 49 refer tq electrical circuitries that may be formed in the
_ semiconductor wafer 40. The viaé 48 may act as electrical channels to connect the
-~ electrical circuitries to electrical termiﬁals or contacf pads. The dicing lines 51 may

Ebe intende‘d_for physiCaHy and electrically partitioning the active areas 49. The

.partitioned active areas 49 can later form part of multipie semiconductor chips.

5[0084] A.methodi for providing s_blder bumps for the semiconductor wafer 40 may
' ZinCl_udé the operation of thinning th:e'second surface 43 such that the vias 48 may be

~ revealed or cén be seen at the second surface 43, as illustrated in Fig. 9.

: [0085] A permanent first dry film 53 then may bé placed next to the second

surface 43 6f the éemiconductor wafer 40, as illustréted in Fig. 11 in accordance with
at Ieaét some embodifn_eh"ts of the present disclosure. The first dry film 53 may have

' .-a thickness of about one to five micrometers and the first dry film 53 may include

: _po‘lyimide material for providing a permanent resist, for example. The resist may be
b‘ermanent in that it forms a'part of a structure of the semiconductor wafer 40 and

‘that it is not removed later from the semiconductor wafér 40. For clarity, the first dry

film 53 is shown in Fig. 11 without a carrier film.

[0086] The first dry film 53 later may be photo-structured such that a circular
- space or opening 54 may be formed on the first dry film 53, as iliustrated in Fig. 12 in
 accordance with at least some embodiments of the present disclosure. The term

| photo-structured is also known as photostructured and it may include the operations
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b_f aligning, exposing, and developing. In practice, the photo-structured generally

- does not produce sharp feature or contour or produce little sharp feature or contour.

[0087] The opening 54 may be bositioned next to the via 48. The opening 54 may
have a diameter that is smaller than a diameter of the via 48 to avoid developing

electrical shorts.

[0088] After this,. a bérrier and seed layer 56 may be sputtered or may be formed
“over the ﬁrét dry film §3 and over the via 48 through the opening 54, as illustrated in
Fig. 13 in accordance with at least some embodiments of the present disciosure. The
, barfief and seed layer 56 may ha\Ze'a thickness of less than one micrometer and it
includes a diffu'sio.n barrier layer and a thin seed layer, for example. The diffusion
“barrier may include Titanium (Ti) material and it may act to prevent any diffusion of
' bump material into a material of via 48. The thin seed layer may include copper (Cu)

material and it may a¢ts for later easier provision of another layer of material.

[0089] A temporary thick second dry film 57 then may be placed next to the barrier
~ and seed layer 56, as illustrated in Fig. 14 in accordance with at least some

| embodiments of the present disclosure. The dry film 57 may have a high thickness of
about fifty micrometers, for example. The second dry film 5? may include a type of
resist that can be removed in a later operation. The thick second dry}ﬁlm 57 also
may have a certain stiffness that allows it go over uneven featurés of the barrier and

seed layer 56.

| [0090] The thick dry film 57 later may be photo-structured with an opening 58, as

ilustrated in Fig. 14. The opening 58 may have a diameter that is larger than the
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diameter of the via 48 and it may be positioned next the via 48. The opening 58 may

act as a template for a solder bump.

[0091] A nickel layer 60 may be deposﬂed afterward in the opening 58, as
; |Ilustrated inFig. 15 in accordance with at least some embodlments of the present
: disclosure. The nickel layer 60 may act as a barrier layer to-an alloy of a solder

“bump.

: : [0092] A solder bump 62 then may be deposited by electrochemical procedure on
.‘ the’ nlckei Iayer 60, as illustrated m F|g 15. The solder bump 62 may have a
. thlckness of more than about fifty mlcrometers for example. The solder bump 62 can

~include tin (Sn) and silver (Ag), or lead (Pb) and silver (Sn) material, for example.

[0093] | The thick dry film 57 may be removed afterward,‘as illustrated in Fig. 16 in
accordance with at least some embodiments of the present disclosure. The exposed

.; barrier and seed layer 56 then may be etched, as illustrated in Fig. 16.

- [0094]  After this, the solder bump 62 may be subjected tc a solder reflow process
by a reflow oven or by a hot air. The solder reﬂcw may provide controlled heating to

| the solder bump 62. This may melt the solder bump 62 and‘may join the solder bump
62 to the nickel layer 60. Fig. 16 illustrates the solder bump 62 after the reflow in

accordance with at least some embodiments of the present disclosure.

[0095]  Figs. 17 to 25 illustrate operations of a redistribution layer process in
accordance with at least some embodiments of the present disclosure. The

~ redistribution layer process may include four lithography operations, two temporary
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dry film resist operations, and two permanent dry film resist operations. -

- [0096] The redistribution fayer process may inciude an operation of placing the
o | temporary sécond dry film 57 overk tﬁe bar_‘rier and seed layer 56 of Fig. 13, as
illustrated in Fig. 17 in accordanc,;e with at least some embodiments of the present
' disclosure. The second dry film 57 may have a thickneés of between about one to

about five micrometers and the dry film 57 has the opening 58, for example.

[0097] A copper layer 65 then may be deposited in the opening 58 and over the
barrier ar’1dvseed layer 56, as illustfafed in Fig. 18 in accordance with at least some

: embodiments of tﬁe present discldsUre. The copper layer 65 may have a thickness
j | of a few micrbmeters. The copper layer 65 may proVide electrical connections. Just
oﬁe connection is illustrated in Fig. 19 for clarity. Fig. 19 illustratés a top view of a

~ layout 6f the copper layer 65 in accordance with at least some embodiments of thek
present disclosure. The copper fayer 65 may include a \)ia-contact area 66, a bump
' Iénding area 67, and a conductive track 68 that connects electrically the bump ..
landing area 67 to the via-contact area 66. The via-contact area 66 may fill the
-opéning 58 and it acts to connect electrically the copper layer 65 to a bump fanding

" area 67 offset from via 48.

[0098]  After this, the temporary second dry film 57 may be stripped away or may
be removed and the exposed barrier and seed layer 56 may be etched, as iliustrated

~in Fig. 20 in accordance with at Ieast some embodiments of the present disclosure.

[0099] A permanent third dry film 69 for forming landing pads for solder bump then

may be placed over the barrier and seed layer 56, as illustrated in Fig. 21 in
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accordance with at least some embodiments of the present diéclosure. The third dry
film 69 may'have' a thickness of about a few micrometers. The dry film 69 later may
. be photo-structured to form an opening 70 in the dry film 69. The third dry film 69

~ may include polyimide material for providing a permanent resist, for example.

[00100] A.second barrier and seed layer 71 later may be sputtered over the third
dry film 69, as illustrated in Fig. 22'in accordance with at least some embodiments of
the present disclosure. The second barrier and seed layer 71 may have a fhickness

~ of less than one micrometer, for example.

. _[00101]. After thié, a temporary tﬁick fourth dry film 73 méy be provided over the

- second barrier and seed layer 71, as illustrated in Fig. 23 in accordance with at least
some embodiments of the present disclosure. The fourth dry film 73 may have a high
tﬁickness of more than about fifty micrometers, fo_r exampl‘le. The fourth dry film 73
may be-photo-structu'red to provide an opening 75. The fou‘rth dry film 73 mvay act as
étemplaté for a solder bump. Depending on design rules,:a‘ diameter of the opening
- 75 canbe smaller, larger, or equal to the polyimide opening 54 of the dry film 53 of

“Fig. 12.

| [00102] A nickel layer 77 then may be deposited over a portion of the second
: barrier and seed layer 71 that may be within the opening 75 via an electrochemical
‘ | deposition procedure, as illustrated in Fig. 24 in‘ accordanée with ‘at least some
- erﬁbodiments of the bresent disclésure. The nickel layer 77 may have a thickness of

about a few micrometers.

[00103] Similarly, a solder bump 79 later may be deposited over the nickel layer 77
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- that is within the opening 75, as illustrated in Fig. 24. Solder bump 79 may be
~positioned on dry film resisti69 sd as to be positioned over bump landing area 67

| :and offset from via 48. The ‘solder:bum‘p 79 may have a thickness of mofe than

about fifty micrometers, for example. The nickel layer 77 may act as a barrier layer
:for' the solder bump 79. The solder bump 79 can include tin (Sn) and silver (Ag), or

_-lead (Pb) and silver (Sn) material, for example.

: [00104] Later, the dry film 73 may be stripped away or may be removed, as
3 iIlestrated |n Fig. 25 in accordance with at least some embodiments of the present
7 disclosure. The nickel layer 77 ana fhe second barrier and seed layer 71 then may
| be etched. After this, the solder bump 79 may be subjected to reflow. The solder

-bump 79 after the reflow is illustrated in Fig. 25.

[00105] Some of the reference numbers from Figs. 1-25 are listed below for

reference:
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.. 49 active area

51 dicing line
53  dryfilm
54 opening

.56 barrier and seed layer

57 dry film
_ 58 opening
60 layer
62 -bum>p

85 _ copper layer -
66 via-éontact area
67 bumb landing area
| 68 conductive track

- 69  dryfilm

70 opening

| 71 second barrier and seed layer
73 dry film

7;5 _opening

77 layer

79 solder bump

[00106] | Fig. 26 illustrates an example process 2600 for semiconductor processing
: in accordance with at least some embodiments of the present disclosure. Process

- 2600, and other processes described herein, set forth Qariqus functional blocks or
! actions_thét may be described as processing steps, functional opérafions, events
. aﬁd/or acts, etc. Thoée skilied in the art in light of the présent disclosure will

| recognize that numerous alternatives to the funcfcional bilocks shown in Fig. 26 may
be practiced in various implementations. For example, although process 2600, as

shown in Fig. 26, comprises one particular order of blocks or actions, the order in
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- which these blocks' or actions are presented does not necessarily Iirﬁit claimed
: subject matter to any'partiCtiJlar order. Likewise, intervening actions not shown in Fig. -
- 26 and/or additional actio’ns'_not sHown in Fig. 26 may be employed and/or some of

‘the action.s shown in Fig. 26 may be eliminatéd, without departing from the scope of
| claifned subject matter. An example procéss may include one of more of blocks

2602, 2604, 2606, and/or 2608.

- [00107] As illustrated, process 2600 may be implemented }for applying a film to a
sémicondUctor wafér as a portion bf'semiconductor processing. Processing may
' bégih at block 2602, “provide a sehiconductor wafer’, where a semiconductor wafer
: “may be provided. Processing may continue from block 2602 to block 2604, “provide
é Iéminated film”, wﬁere a laminated film may be provided. For example, a laminated
film may be provided including a dry film resist and a carrier film that is provided next

~ to the dry film resist.

[00108] Processing may continue from block 2604 to block 2606, “cut a piece from
the laminated film”, where at least one piece may be cut out bf the laminated ﬁlm;
For example, at ieast one piece may be cut out of the Iamingted film having a size -
" and shape adapted to the semiconductor wafer. In some exémples, the piece may

_ bé cut out of the laminated film by stamping. In some examples, the piece may be

- generally cifcul_ar in shape. In some examples, the piece may have a diameter

| corfesponding to a diameter of the semiconductor wafer. in some exampies, the

| piece may be removed from the laminated film by use of a vacuum chuck.

[00109] in some examples, the semiconductor wafer may include a supporting
peripheral rim that protrudes from a first side of the wafer. in such examples, the

piece may be positioned on the first side of the semiconductor wafer within the
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. supporting peripheral rim. Such a supporting peripheral rim may confine an area of
the first side and the piece may have a form adapted to the area of the first side of
-~ the wafer confined by the peripheral rim. Such a supporting peripheral rim may

- include a plurality of perforations.

[00110] Processing may continue from block 2606 to block 2608, “apply the piece
_ to the semiconductor wafer”, where the piece may be applied to tﬁe semiconductor
' waf:er.; Fdr examblé, thé piece may be applied to the semiéonductor wafer by
pfeSSihg. Sﬁch pressing may be aécompanied by applying heat whilst the piece is
- pressed onto the semiconductor wafer. In some examples, Iaminated. film may
' include a‘cover film, which may be removed after the piece is removed from the

laminated film and before the piece is applied to the semiconductor wafer.

[00111] | in some exa_mples, process 2600 may include operati;)ns to photo-structure
~ the dry fiim resist, strpcture exposed portions of the semiconductor Wafer, and/or.
r;amove the dry fﬁm resist. For example, the dry film resist may ..be photo-structured
by operations including applying a mask to the carrier film, :exposing the carrier film
-to‘ UV radiation, removing the carrier film, developing the dry resist fo remove
unexposed portions of the dry film resist, and/or structuring to remove regions
uncovered by the dry film resist. In such examples, the dry film resist may be further
bhoto_—structured by removing the carrier film prior to the exposing of the carrier film

fo UVI radiation.

[00112] In some examples, process 2600 may include operations to apply a
redistribution layer onto the dry film resist. For example, such operations to apply a

redistribution layer are discussed in greater detail above, with regard to Figs. 17-25.
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N E[00113] | Fig. 27 is a block diagram of an illustrative embodiment of a computing
device 2700 that is arrangeé to gehéraie semiconductor devices, in acc;ordance with
the present disclosure. in one example basic configuration 2701, computing device
2700 may include one or more processors 2710 and a system memory 2720. A
‘memory bus 2730 can be used fér comm‘unicating between the processor 2710 and

the system memory 2720. .

| ;I [00114] _Depending on the desired configuration, processor 2710 may be of any

: ftybe in:c.ludii.'ig but not limited to a riiibroprocessor (MP), a microcontroller (uC), a

v -digital signhal processor (DSP), or ény combination thereof. Processoi 2710 can

- include one or more levels of caching, such as a ievel one cache 2711 and a level
two cache 2712, a piocessor core '2713, and registers 2714. Processor core 2713
can inciude an arithmetic logic unit (ALU), a fidatiné poiht unit (FPU), a digital signal
- processing core (DSP Core), or any combination thereof. A- memory controlier 2715
-can also be used with proceséor 2710, or in some implemehtations memory

* controller 2715 can be an internal part of processor 2710.

[00115] Depending on the desired configuration, system memory 2720 may be of
-any type including but not limited to volatile memory (such as RAM), non-volatile
. rhemory (such as ROM, flash memory, etc.) or any combination thereof. System
-memory 2720 may include an operating system 2721, one or more applications
272_2, and program data 2724. Apblication 2722 may include a semiconductor
. pri?cessing algorithm 2723 that is arranged to perform the functions as described

| herein including the functional blocks and/or actions described with réspect to
_process 2600 of Fig. 26, for example. Program Data 2724 may include data 2725 for

use with processing algorithm 2723. In some example embbdiments, application
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V A2722 may be arranged to operate with program data 2724 on an operating system
2721 such that implementations of semiconductor fabrication may be provided as
- described herein. This described basic configuration is illustrated in Fig. 27 by those

“components within the dashed line enclosing basic configuration 2701.

[001161' Computing device 2700 may'have additional features or functionality, and
.Ead_di'tional interfaces to facilitate cqmmunicatiqns between basic configuration 2701
and arjy reduired dév'ices and inteﬁéces. For example, a bus/interface controlier
- 12740 rﬁay be used 4to facilitate corﬁmunications between basic configuration 2701
and 6ne or more data storage devices 2750 via a storage ‘interface bus 2741. Data
: storage devices 2750 may be removable storage devices 2751, non-removable
étorage devices 2752, or a combination thereof. Examples of removable storage and

non-removable storage dévicés include magnetic disk devices such as fiexible disk
drives and hard-disk drives (HDD), optical disk drives such as compact disk (CD)

. drivés or digital versatile disk (DVD) drives, solid state drives (SSD), and tape drives
" to name a few. Examble computer storage media may include volatile and
_nonvolatiie, removable and non-removabie media implemented in any method or
technology forfstorage of information, such as .computer readable instructions, data

structures, program modules, or other data.

[00117] System' memory 2720, removable storage 2751 and non-removable
- storage 2752 are all examples of %:dmputer storage media. Computer storage media
.: inc;ludes, but is not limited to, RAM ROM, EEPROM, flash memory or other memory
technology, CD-ROM, digital versatile disks (DVD) or other optical storage, magnetic
cassettes, maghetic tape, magnetic disk storage or other magnetic storage devices,

or any other medium which may be used to store the desired information and which
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- 'may be accessed by computing device‘2700. Anvy such computer storage media may

~ be part of devic;e 2700.

' [00118] Computing device 2700 may also include an interface bus 2742 for
;facilitating communication from various interface devices (e.g., output inferfaces,
Eperipheral interfaces, and communication interfaées) to basic configuration 2701 via

| bus/interface confroller 2740. Exafhple output_interfaces 2760 may include a

-:graphiés pfocessing unit 2761 and an audio processing unit 2762, which-may be
f:cohfigﬁréd fo communicate to vari:ou's’ external devices such as a display or speakel;s
“via one or more A/V ports 2763. Example peripheral interfaces 2770 may include a |

| serial interface controller 2771 or a parallel interface controller 2772, which may be

éoﬁﬂgured to commUnicate with external devices such as input devices (e.g.,

lkeybo_ard, mouse, pen, voice input device, touch input device, eté.) or other

peripheral devices (e.g., printer, scanner, etc.) via one or more I/O ports 2773. An

example communication interface 2780 includes a network controller 2781, which

may be arranged to facilitate communications with one or more other computing
‘devices 2790 over a network communication via one or more communication ports
,2_782' A communication connection is one example of a commUnication media.

- Communication media may typically be embodied by computer readable instructions,
: data structures, program modules, or other data in a modulated data signal, such as

a» carrier wave or other tréﬁsport mechanism, and may include any information

; delivéry media. A “modulated data signal” may be a signal fhat has o'ne or more of its

: “characteristics set or changed in such a manner as to encode infofrnation in the

~ signal. By way of example, and not limitation, communication media may include

wired media such as a wired network or direct-wired connection, and wireleés media

such as acoustic, radio frequency (RF), infrared (IR) and other wireless media. The
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- term computer readable media as used herein may include both storage media and

communication media.

[00119] Computing 'device 2700 may be implemented as a portion of a small-form
fac_:tor portable (or mobile) electronic dévicie such as a cell phone, a personal data
assistant (PDA), a personal media player device, a wireless web-watch device, a
- pérsonal headset device, an app(ibation spéciﬁc device, or a hybrid device that
inéludés ahy of thé above functiohs. Computing device 27QO may also be
' implemented as a personal computer including both laptop computer and non-laptop
' cOmbuter configurations. In addition, computing device 2700 may be implemented as

“part of a wireless base station or other wireless system or device.

[00120] Computing device 2700 may include a semiconductor chip or
semiconductor device, such as 4de'vice$ incorporating the illustrated in Fig. 16 and/or
Fig. 25. Such a devices incorporating the illustrated in Fig. 16 and/or Fig. 25 might
 incorporated in one or more components of computing device 2700, such as

- processor 2710, system memory 2720, and/or the like, and/or combinations thereof.

[00121] Some portions of the foregoing detailed descriptidn are presented in terms
- of algorithms or symbolic represehtations of operations on fdata bits or binary digital
: signals-stOred within-a cOmputing;system memory, such as a computer memory.

" These algorithmic descriptions or:representations are examples of techniques used

by those of ordinary skill in the data processing arts to convey the substance of their
‘, work to others skilled in the art. An algorithm is here, and generally, is considered to

be a self-consistent sequence of operations or similar processing leading to a

desired result. in this context, operations or processing involve physical manipulation
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. of physical quantities. Typically, alfhbugh not necessarily, such quantities may take
the form of electrical or mag’netic signals capable of being stored, transferred,
ECOmbin'ed, compared-or 6thérwise manipulated. It has proven convenient at times,

' 1principally for reaso.ns of common usage, to refer to such signals as bits, data,
;values, elements, symbols, characters, terms, numbers, numerals or the like. It

~-should be understood, however, that all of these and similér terms are to be

: associated :with appropriate physic%af quantities and are rﬁerely convenient labels.

Unless specifically étated otherwisé, as apparent from the following discussion, it is
appreciated that throughout this specification discussions utilizing terms such as

"processing," "computing," "calculating," "determining" or the like refer to actions or
processes of a computing device, that manipulates or transforms data represented
as physical electronic or magnetic quantities within memories, registers, or other

information storage devices, transmission devices, or display devices of the

computing device.

[00122] - Claimed subject matter is not limited ih scope to the particular
‘implementations described herein. For example, some impiementations may be in
- hardware, such as employed to operate on a device or combination of devices, for
- example, whereas other implementations may be in soﬂwafe and/or firmware.
Likewise, although claimed subjedt matter is not limited in scope in this respect,
some .implementations may include one or more articles, such as a signal bearing
" medium, a storage medium and/or storage media. This storage rhedika, such as CD-
: | ROMs, computer disks, flash memory, or the like, for example, may have instructions
stored thereon, that, when executed by a compufting device, such as a computing
system, computing platform, or other system, for example, may result in execution of

a processor in accordance with claimed subject matter, such as one of the
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: impiementations prev’iously‘describe‘d,- for example. As one possibility, a computing
- device may include one or rr10re processing units or processors, one or more
‘input/output devices, such ae a display, a keyboard and/or a mouse, and one or
fmore memories, such as static random access memory, dynamic random access

imerhory, flash memory, and/or a hard drive.

3 [00123j 'Th_ere is Iiﬁle distinction left between hardware and software

| f.imp.lemer'mtetions of.aSpects of sys’rems; the use of hardwere or software is generally
' (but not always, in that in certain contexts the choice between hardwere and

| software can become significant) a design choice representing cost vs. efficiency
tradeoffs. ‘There are various vehicles by which processes and/or systems and/or
o’_cher technologies described herein can be effected (e.g., hardware, software,
a_nd/or firmware), and that the preferred vehicle will vary with the context in which the
. processes and/or systems and/or other technolegies are deployed. For example, if

an implementer determines that speed and accuracy are paramount, the

' irnplementer may opt for a mainly herdWare and.ror firmware vehicle; if flexibility is

paramount, the implementer may opt for a mainly software »implementation; or, yet

- “again alternatively, the implementer may opt for some combination of hardware,

- software, and/or firmware.

: [00124] The foregoing detailed dtescription has set forth various embodiments of

the devices and/or processes via the use of block diagrams, ﬂowcharts, and/or

| .ex"amples. Insofar as such block diagrams, flowcharts, and/or examples contain one
| or more functions and/or operations,_it will be understood by those within the art that

each function and/or operation within such blockA diagrams, flowcharts, or examples

can be impiemented, individually and/or collectively, by a wide range of hardware,
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: softwére, ﬁrmware, or vi‘rtually any combination thereof. In one embodiment, several
' ;portions of the subject mattér described herein may be implemented via Application
Specific Integrated Circuits kASICs), Field Programmable Gate Arrays (FPGAS),
;digital sighal processors (DSPs), or other integrated formats. Howéver, those skilled
‘ gin the art will recognizé that some aspects qf the embodiments disclosed herein, in
’ :whole or in part, can be equivalenfly implemented iﬁ infegrated circuits, as one or
‘more éompUter prdgrams running :on one or mbre computers (e.g., as one or more
programs running on one or more computer systems), as one or more brograms
running on one or more processoré (e.g., as one or more programs running on one
| or more microprocessors), as firmware, or as virtually any combination thereof, and
that designing the circuitry and/or writing the code for the software and or firmware
would be well within thel skill of one of skill in the art in light of this disclosure. In
addition, those skij_led in the art will appreciate that the mechanisms of the subject
| matter described herein are capable of being distributed as a program product in a
~variety of forms, and that an illustrative embodiment of the subject matter described
herein apblies regardiess 'of the particular type of signal bearing medium used to
.actually carry out the distribution. Exa}mples of a signal bearing medium include, but
are not limited to, the following: a recordable type medium such as a flexible disk, a
| h.ard disk drive }(HDD), a Compact Disc (CD), a Digital Video Disk (DVD), a digital
tape, a combuter memory, efc.; and a transmission type medium such as a digital
‘ and/or an analog communication medium (e.g., a fiber optic cable, a waveguide, a

- wired communications link, a wireless communication link, etc.).

[00125] Those skilled in the art will recognize that it is common within the art to
describe devices and/or processes in the fashion set forth herein, and thereafter use

engineering practices to integrate such described devices and/or processes into data
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| process_ing systems. That is, at least a portion of the devices and/or processes
‘described herein can be ‘intc;,grated into a data processing system via a reasonable |
famount of experimentation. Those having skill in the art will recognize that a typical
gdata procéssing system generally includes one or more of a system unit housihg, a
fvide_o display device, a meméry such as volétile and non-volatile memory,
j proceSsors such as micrbprobess@rs and vdigital signal prbcessors, computational
' entities su.ch as opérating systemé, drivers, graphical user interfaces, and
applications programs, one or more interaction devices, sﬁch as a touch pad or
‘ screen, and/or control systems including feedback loops and control motors (e.g.,
feedback for sensing position and/or velocity; control motors for moving and/or
adjusting ‘components and/or quantities). A typical data processing system may be
- implemented utilizing any suitable commercially available components, such as
. thosev typically found in data computing/communication and/or network

computing/communication systems.

- [00126] The he(ein described subject matter sometimes illustrates different

. components contéined within, or connected with, different other cofnponents. ltisto
| '_bé understood that such depicted architectures are merely exemplary, and that in
fact many other architectures can be implemented which achieve the same
i functiohalify. In a conceptual senée, any arrangement of components io achieve the
same functionality is effectively "associated" such that the desired functionality is
achieved. Hence, any two components herein combined to achieve é particular
functionality can be sé_en as "associated with" each other such that the desired
functionality is achieved, irrespective of architectures or intermedial components.
Likewise, any two components so associated can also be viewed as being "operably

connected", or "operably coupled", to each other to achieve the desired functibnality,
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and any two components capable of being so associated can also be viewed as
being-"opefably couplable",' to each other to achieve the desiréd functionality.
: Specific examples of operaﬁly couplable include but are not limited to physically
i mateable. and/or physically interacting components and/or Wirelessly interactable
and/or wirelessly interacting compo_hents and/or logically intéracting and/or logically

" interactable components.

| [00127] With respect to the use of substantially any piural and/or singular terms
| herein, those having skill in the art can translate from the plﬁral to the singular and/or
from the singular to the plural as is appropriate to the context and/or application. The
“various sfngular/plural permutations may be expressly set forth herein for sake of

clarity.

[00128] It will be understood by tﬁose within the art that, in general, terms used
herein, and especialiy in fthe appended claims (e.g., bodies of the appended claims) |
z;re generally intended as "open" terms (e.g., the term "including" should be

" interpreted as "including but not limited to," the term "having" should be interpreted
“as "having at least," the term "includes" should be interpreted as "includes but is not

- l‘imitedvto,“ etc.). It will be further understood by those within the art that if a specific

: number of an introduced claim reéitation is intended, such an intent will be explicitly
recited in the claim, and in the absence of such recitation no such intént is present. |
- For example, as an aid to understanding, the following appended claims may contain
usage of the introductory phrases "at least one" and "one or more" to introduce claim
recitations. However, the use of such phrases should not be construed to imply that
the introduction of a cléim recitation by the indefinite articles "a" or "an" limits any
particular claim containing such introduced claim recitation to inventions containing
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: only one such recitation, even when the same claim includes the introdljctory
: phrases "one or more" or "et least one" and indefinite articles such as "a" or "an"
~ (e.g., "a" and/or "gn" ‘should. typically be interpreted to mean "at least one" or "one or
| more"), tne same holds true tor the use of definite articles used to introduce claim
_ ret:itati_ons.j in addition, even if a speciﬁc‘number of an introduced claim recitation is
_ exphc:tly reeited, those skilled in thei art will recognize that such recitation should
: typically be interpreted to mean at least the recited number (e.g., the bare recitation
: of "two recitations," without other modifiers, typically meens at least two recitations,
or two or more recitations). Furthermore, in those instances where a convention
| anaiogoue to "at least one of A, B, and C, etc." is used, in general such a
‘construction is intended in the sense one having skill in the art would understand the
convention (e.g., "a systern heving et least one of A, B, and C" would include but not
be iirnited to systems that have A alone, B alone, C alone, A and B together, Aand C
- together, B and C together, and/or A, B, and C together, etc.). In those instanceve
, vyhere a convention analogous to "at least one of A, B, or C, etc." is used, in general
such a construction is intended in the sense one having skill in the art wouid
~ understand the convention (e.g., "a system having at least one of A, B, or C" would
"'include but not be limited to systeins that heve A alone, B alone, C alone, Aand B
| together, A and C together,; B and. C together, and/or A, B, and C together, etc.). It
- will be further understood by those i/vithin the art that virtually any disjunctive word
; and/or phrase presenting two or more alternative terms, whether in the description,
claims, or drawings, should be understood to contemplate the possibilities of
including one of the terms, either of the terms, or both terms. For examplie, the
-phrase "A or B" will be understood to include the possibilities of "A" or "B" or "A and

B'"
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- 1[00129] Reference in the specification to "an implementation," "one

"o

implementaﬁon, some impflementations,”’ or "other implementations" may mean that
‘a particular feature, structuré, or characteristic described in connection with one or
;more impiementations may be included in at least some implementations, but not
neCessarily in all irﬁpllementatio_ns.; The various appearances of “an implementation,”

““one implementation,” or “some implementations” in the preceding description are

- not necessarily all referring to the same implementations.

[00130] While certain exemplary techniqués have been déscribed and shown
herein using various methods and systems, it should be uh’derstood by those skilled
in the art that various other modifications may be made, and equivalents may be
substituted, without departing from claimed subject matter. Additionally, many
- modifications may be made to adapt a particular situation to the teachings of claimed
i subject matter without departing from the central concept described herein.
Therefq’re, it is intend._ed that claimed subject matter not be limited to the particular
' éxamples disclosed, but that such claimed subject méﬁer also may include all
implementations falling within the scope of the appended ciaims, and equivalents

thereof.
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~ WHAT IS CLAIMED:

1. A method of applyiné_ a ﬁlm to a semiconductor wafer, comprising:

| préviding a Semiconductqr wafer; .

_ :_providing a iaminafed film ¢oﬁ1prising a dry film resist and a carrier film that is
: pfovided next to the dry film resist;

cutting at least one piece out of the laminated film having a size and shape

: adapted to the semiconductor wafef; and

applying the piece to the semiconductor wafer.

2. The method according to claim 1, wherein the piec‘e is cut out of the laminated

film by stamping.
3. The method according té claim 1, wherein the piece is generally circular.

4.  The method éccording to claim 1, wherein the piece has a diameter

- corresponding to a diameter of the semiconductor wafer.

5. The method according to claim 1, wherein the piece is removed from the

~laminated film by use of a vacuum chuck.
. 6. The method according to claim 1, wherein a cover film is removed after the

piece is removed from the laminated fiim and before the piece is applied to the

semiconductor wafer.
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7. The method according claim 1, wherein the piece is applied to the

semiconductor wafer by pressing.

, 8 The method according to ‘cIAaim 7, further comprising applying heat whilst the

~ piece is.pressed onto the semiconductor wafer.

9. The method according to claim 1, wherein the semiconductor wafer has a -
: supporting peripheral rim that protrudes from a first side of the wafer and the piece is
~ positioned on the first side of the semiconductor wafer within the supporting

peripheral rim.

10.  The method accord.ing to claim 9, wherein the supporting peripheral rim
~ confines an area of the first side and the piece has a form adapted to the area of the

first side of the wafer confined by the peripheral rim.

11.  The method according to claim 9, wherein the supporting peripheral rim

comprises a plurality of perforations.

12.  The method according to claim 1, further comprising:
photo-structuring the dry film resist,
structuring exposed portions of the semiconductor wafer, and

removing the dry film resist.

13.  The method according o claim 12, wherein the dry film resist is photo-

structured by:
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applying a mask to the carrier film;

expo’sing the carrier ;“"llm to UV radiation;

removing the carrier ﬁlm; | |

Edeﬂléloping the dry resist t.o€remove unexposed portions of the dry film resist;
‘and g | |

strUcturing to remove regions uncovered by the dry film resist.

14.  The method according to claim 13, wherein the dry film resist is further photo-
~ structured by removing the carrier film prior to the exposing of the carrier film to UV

| radiation.

15. A semiconductor wafer, comprising:
| a supporting peripheral rim that protrudes from a rear side of the
semiconductor wafer_; and |
a dfy film resist arranged on the rear side of the semiconductor wafer within

 the supporting peripheral rim.

~16.  The semiconductor wafer according to claim 15, wherein the dry film resist

~ has cut edges.

17.  The semiconductor wafer according to claim 15, wherein at least a portion of

the dry film resist forms an integral part of a semiconductor chip.

18.  The semiconductor wafer according to claim 17, wherein the dry film resist

comprises a polyimide.
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: 19.  The semiconductor wafer according to claim 15, further comprising a bump
positioned on the dry film resist positioned over a bump landing aréa that is offset

. from a via.

: 20. The semiconductor wafer according to claim 15, further comprising a bump

positioned on the dry film resist and positioned over a via.

21.  The semiconductor wafer according to claim 15, wherein the supporting

| peripheral rim comprises a plurality of perforations.

22.  The semiconductor wafer according to claim 15, wherein the plurality of
perforations extend from an inner side wall to an outer side wall of the supporting

peripheral rim.

23. A system for applying a film to a semiconductdr wa;‘er, the semiconductor
wafer-comprising a supporting peripheral rim that prqtrudes from a rear side of the
* semiconductor wafer, the system comprising:

a cutting device} adapted to cut a piece out of a film;

a vacuum chuck adapted to remove the piece from the film, the chuck being
adapted to move in a di;ection perpendicular to a major surface of the film and in at
least one direction parallel to the major surface of the film; and

a pressing tool adapted to press the piece onto the semiconductor wafer.

24.  The system according to claim 23 further comprising a chuck adapted to
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- “support a major surface of the film.

: 25.  The system according to claim 23, wherein the cutting device is a starhping

- tool.

: 26. The system according to claim 23, wherein the vacuum chuck comprises a
- generally flat surface having an areal extent adapted to the areal extent of the piece

. cut out of the film.

27.  The system according to claim 26, wherein the vacuum chuck comprises a
’pl‘urality of through-holes distributed over the area of the ﬂat surface and coupled to

a vacuum device.

- 28.  The system according to claim 23, wherein the pressing tool comprises a
- generally flat surface having an areal extent adapted to.the areal extent of the piece

cut out of the film.
29. The system according to claim 23, further comprising a heating device
- configured to apply heat to the wafer whilst the pressing tool presses the film onto

- the wafer.

30. The system according to claim 23, further comprising a wafer chuck having a

support surface adapted to support the wafer.

31.  The system according to claim 30, wherein the surface of the wafer chuck
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- -comprises a plurality of through-holes coupled to a vacuum device.
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