-1- APPARATUS AND METHOD FOR SEM CONDUCTOR CHI P DETACHMENT 5 Field of the
I nvention The invention relates to a nechanismto aid in the detachnent of
a semconductor die or integrated circuit chip that has been nounted on an
adhesi ve tape during processing. 10 Background and Prior Art Various
apparatus have been used in the sem conductor packaging industry for
detaching a sem conductor chip froman adhesive tape carrier in chip 15
bonding or flip chip bonding processes. This detachnent is usually
necessary where a slice of wafer conprising a plurality of said

seni conduct or chips has beenappARKTUSLAND RETASISROYE tape (such as Mylar

film for dicing, and each di ce'ﬂ_mjrh’a's—t"o— pe_Tenoved from the adhesive
tape and placed at a bondi SEMICONDUG ETACHMIENT y- used technique is

i npl ement ed by using push 20 up pin(s) or nultiple sets of push-up pin(s)
together with a vacuumplatform such as disclosed in US patent nunbers
6, 386, 815 ént i Fielddptim trivention Appar atus for Seni conductor Chi ps" and

6, 555,418 entitled "Method for Separating a Sem conductor Elenment in a
Sem conductor El enment Picking-up Device". 25 The first step of the

det achment pr otfes sngstion atdiates oo i ArShanig@l & At in0fhe Qfet&ﬂﬁﬁﬂén'i‘gofa‘ét I on
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hol di ng do p t he adhes‘iﬁe\;e r??p%? Asgiigsadvant age of this technique is that a
strong bendi ng nonent will be induced on the sem conductor chip |f t he

p@l ng act i orgdckafRinddndPHbrapough to overcone the

Various apparatus have been used in the semiconductor packaging industry
for detaching a semiconductor chip from an adhesive tape carrier in chip
15 bonding or flip chip bonding processes. This detachment is usually necessary
where a slice of wafer comprising a plurality of said semiconductor chips has
been mounted onto an adhesive tape (such as Mylar film) for dicing, and each
diced chip has to be removed from the adhesive tape and placed at a bonding
location. The most commonly-used technique is implemented by using push-
20 up pin(s) or multiple sets of push-up pin(s) together with a vacuum platform,
such as disclosed in US patent numbers 6,386,815 entitled “Pick-up
Apparatus for Semiconductor Chips” and 6,555,418 entitled “Method for ,
Separating a Semiconductor Element in a Semiconductor Element Picking-up

O

Device”.
25 _
The first step of the detachment process generally comprises a delamination
or peeling action between the semiconductor chip and the adhesive tape,
which is induced by an upward force exerted by the push-up pin(s)
underneath the chip and adhesive tape, reinforced by suction force from a
30 vacuum platform holding down the adhesive tape. A disadvantage of this
technique is that a strong bending moment will be induced on the
semiconductor chip if the peeling action is not strong enough to overcome the
interfacial adhesion. The chip will experience high compressive stress at the
location(s) directly above the push-up pin(s). The chip will be susceptible to



i nterfacial adhesion. The chip will experience high conpressive stress at
the |location(s) directly above the push-up pin(s). The chip wll be
susceptible to -2- crack failure if the strain induced by this bending
nonent exceeds its critical strain. For very thin sem conductor chips
(especially with a thickness of less than2150 mcrons), that can lead to a
maj or failure of the chip detachnment process. 5 In addition, as the size
of the sem conductor chip increases, the ejector pin(s) need to nove
further upwar déark failurRe the stsain dodupedam this bending: meseant ekeeatsiits crificdl t he
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such as that d| scl'0sed in US patent nunbers 6,202,292 ("Apparatus for

Renmoving adarrier Filmfroma Sem conduct or Die"), 6,505,395 ("Apparatus
froma Singulated Die") and 6,658, 718
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Carrier Tape from a Singulated Die”) and 6,658,718 (“Method for Removing
15  Carrier Film from a Singulated Die”). A strong vacuum suction via a suitably-
structured platiorm tends to pull the adhesive tape away from the
semiconductor chip. The chip will then be supported by the highest points of
the structure and be ready for pickup. A disadvantage of this technique is that
the geometry and form factor of the structure, as well as the strength of the
20 vacuum suction provided, tend to limit the highest interfacial adhesive

strength that can be overcome by this design.

/:} Sorme other techniques introduce objects with various geometries such as a
cylinder or bar, such as in US patent numbers 6,123,800 {“Method and

25 Apparatus for Handling Element on an Adhesive Film”), 6,165,310
- (“Apparatus and Method for Removing Parts from an Adhesive Film”} and
6,290,805 ("System and Method for Using a Pick and Place Apparatus”). In
other examples, a curved surface bar is used in US patent number 6,629,553
("Method and System for Mounting semiconductor Device, Semiconductor

30 Device Separating System, and Method for Fabricating IC Card”) and a
stepped flat plate underneath the semiconductor wafer or the chip(s) is used

in US patent number 6,561,743 (“Pellet Picking Method and Pellet Picking
Apparatus”). The lateral motion of these objects or tools (as opposed to the
vertical motion of tools in traditional methods) on a vacuum platform will



6, 290, 805 (" System and Method for Using a Pick and Place Apparatus”). In
ot her exanples, a curved surface bar is used in US patent nunber 6,629, 553
("Method and System for Munting sem conductor Device, Seniconductor 30
Devi ce Separating System and Method for Fabricating IC Card") and a
stepped flat plate underneath the sem condgictor wafer or the chip(s) is
used in US patent number 6,561,743 ("Pellet Picking Method and Pell et
Picking Apparatus"). The |ateral notion of these obj ects or tools (as
opposed to thecregtera peglingrastipato detach $heschip(s) frani the adabsive tapedsih somea
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15 and limits the flexibility, efficiency and reliability of these techniques. '

In another prior art method, the adhesion strength between the semiconductor

chip and the adhesive tape may be reduced by UV light when a UV dicing

tape is used. The adhesion strength of this tape can be reduced by more

20  than two orders after exposure to UV light. After UV exposure the adhesive

strength of this tape can be as small as approximately 10-30 gf/20 mm. One

of the major concerns for all existing semiconductor chip detachment

/:} mechanisms is the small process window for a given tooling if a wafer is very

thin {such as having a thickness of less than 150 microns) and/or large (such

25 as having a width larger than 8 mm) and/or the wafer is mounted onto a

adhesive tape of high adhesive strength (approximately 50 gf/20 mm). With

this small process window, the process throughput and yield may not be easy

to optimize, particularly in some cases where the adhesive strength of the

tape is not uniform across the whole wafer. For example, it has been found

30 that the peripheral chips around the wafer on a UV tape usually experience

higher adhesivity to the UV tape than chips at the center of the wafer.

Difficulty may thus be encountered when using the aforesaid prior art

techniques in optimizing the process parameters to maximize throughput and
yield.



of the major concerns for all existing sem conductor chip detachnent
mechani sns is the small process window for a given tooling if a wafer is
very thin (such as having a thickness of |ess than 150 m crons) and/or

| arge (such 25 as having a wdth larger than 8 nm and/or the wafer is
nmounted onto a adhesive tape of high adhesive strength (approxi mtely 50
gf /20 mm. Wth this small process wi ndow, the process throughput and
yield may not be easy to optimize, particularly in sone cases where the
adhesive strength of the tape is not uniform across the whole wafer. For

exanple, it hagu,lamz&qu%v%gnéﬁat the peripheral chips around the wafer on
a WV tape usualTy experten gher adhesivity to the UV tape than chips
at the center of the wafer. D fficulty may thus be encountered when usi ng
t he aforesaid zi.n the ess, paraneters to
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di sadvant ages disadvaatagiets of thes prick AHITHIEEREEHTRSN! td@Fitjiedues. ACcordi ng to a
first aspect of the invention, there is provided an apparatus for 10

detaching a sem conductor chip froman adhesive tape on which it is
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position of the chip;, a retaining force geneérator cou tform
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for projectable from the platform that is movable both laterally across a surface of
15 the platform and vertically with respect to the platform for elevating the chip,
whereby to provide controlled lifting of the chip and propagation of

delamination between the chip and the adhesive tape.

According to a second aspect of the invention, there is provided a method for
20  detaching a semiconductor chip from an adhesive tape, comprising the steps
of: generating a retaining force to draw a portion of the adhesive tape
_ adjacent to the chip in a direction away from the chip; raising an elevation
) device to push against and lift the chip from the adhesive tape near one edge
of the chip; moving the elevation device substantially across a width of the
25  chip while propagating delamination between the chip and the adhesive tape;
and lowering the elevation device while using said retaining force to maintain
delamination between the chip and the adhesive tape.

It will be convenient to hereinafter describe the invention in greater detail by

30 reference to the accompanying drawings which illustrate one embodiment of
the invention. The particularity of the drawings and the related description is
not to be understood as superseding the generality of the broad identification
of the invention as defined by the claims.



20 detaching a sem conductor chip froman adhesive tape, conprising the
steps of: generating a retaining force to draw a portion of the adhesive
tape adjacent to the chip in a direction away fromthe chip; raising an
el evation device to push against and lift the chip fromthe adhesive tape
near one edge of the chip; noving the eleyati on device substantially
across a width of the 25 chip while propagating del am nati on between the
chip and the adhesive tape; and |lowering the elevation device while using
said retaining force to maintain delam nation between the chip and the

adhesi ve tape. glbf Méédrigf?& gptlﬂg@}g@m?st o hereinafter describe the invention

in greater detal y reference t he acconpanyi ng draw ngs whi ch

illustrate one enbodiment of the invention. The particularity of the

drawi ngs and tf S I,0 rstoqd a

super sedi ng theﬁgée)%era d?fdg }gdbgggédm%%%téf ?%aﬁp%’g%?“%fan @eﬁWeH‘u on as

defined by % heaedosiianse wﬁh tie ||mifenﬂer$cmii pbivobe afesthisedDnitv refiserfie X &Hepl e of

a preferred e i f ,.an. appar s and nmethod in 5 accordance with the
TR B AP eBE e -

i nvention w || how eference to the acconpanying
drawi ngs, in which: Figure 1 shows an isonetric view of a chip det achrrent

appar at us accogdin ho th%olgreferred enbodi nent of the invention;
Fi gure 2 shows 'Qufﬂg?ﬂﬁ = OmﬁE’CcWﬁVbOﬁét%Hﬁ?ﬂChﬁ‘ﬁBh?%Q%éwéfacﬁ@f@mge 1;

Fi gure 3(a) sh@vme@fbfeﬁr@drgmbbg,m@r@wmg iver@bgvation tool of the chip
det achnment appar at us; gure 3(b) shows a front view of the el evation tool

of figure B a)FigdEa ﬁ@o“ﬁ Blanayiew of therth detachmeantanpaegtus offigarelir e 3( )
S a side Vfj WeOf3(é)h%h6\!v§V§ﬁ 'IQ&néfzﬁel vigly Tof 9AK eﬁlé\feﬁbnl 9)%*('6?9;] e’ 9: P,

dicction D of q’ug (a); Figure 4 ows a plan view of
det achnent appigtaehme@pperatesd under neath a plurality of sem conduct or

chips mount ed BguRNBBAEBRSWY & APGiew of the elevation tool of figure 3(a) looking from

direction C of figure 3(a);

15 Figure 3(c) shows a side view of the elevation tool of figure 3(a) looking from
direction D of figure 3(a);
‘Figure 4(a) shows a plan view of the chip detachment apparatus positioned
underneath a plurality of semiconductor chips mounted on an adhesive tape;
Figure 4(b) shows a cross-sectional view of the apparatus and semiconductor

20  chips looking along sectional line A-A of the plan view of figure 4(a);
Figure 5 shows a plan view of the chip detachment apparatus at the beginning
of a sweep motion for delaminating a chip when the elevation tool is at its

) initial position:;

Figure 6(a) to (h) show cross-sectional views of the respective positions of the

25 elevation tool as the tool sweeps across a semiconductor chip and pushes the
chip from underneath the adhesive tape to which the chip is mounted:;
Figure 7(a) shows a plan view of the chip detachment apparatus at the end of
the sweep motion of the elevation tool when the elevation tool has descended
below the slotted vacuum platform;

30  Figure 7(b) shows a cross-sectional view looking along sectional line A-A of
figure 7(a); and
Figure 8 shows an example of a pickup sequence that can be employed for
picking up a plurality of chips from a wafer using the chip detachment
apparatus of the present invention.



Figure 4(b) shows a cross-sectional view of the apparatus and sem conduct or
20 chi ps | ooking along sectional line A-A of the plan view of figure 4(a);
Figure 5 shows a plan view of the chip detachnent apparatus at the
beginning of a sweep notion for delam nating a chip when the el evation
tool is at its initial position; Figure 66a) to (h) show cross-sectional
views of the respective positions of the 25 elevation tool as the tool
sweeps across a sem conductor chip and pushes the chip fromunderneath the
adhesive tape to which the chip is nmounted; Figure 7(a) shows a plan view

of the chip_deboglisesaidhd ¥ Pletéiist Efflglinerk he_sveep motion of the
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det achnent apparatus, of figure 1, The apparatus conprises generally of a
retaini ng forc%o"ﬁ)i‘?fgpa?(ﬁac&‘t‘mtq‘?é"c?om nehaiptigdrvasHemodatfd ™ 02 apd i ed t o

a vacuum devi clevatithl dilidelsh HsQléRiod a6 Wi &Bleab Thel¢a ation
devi ce suc{qjas el evation tool 20 coupled to tr'i@ vacuum pcﬁguﬁ g’?ﬁ?@ﬂlo A

rubber ci rlll of 'dRREr crewlgr geal Hpg dA@reund thedop pf theslattedivasdaurn atattampi2at f or m
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S

an_/adhesi ve tape holding a chip to vacuum
platform 12 sivedapea dalgingor akipde meidetachedmrchibie stbtisdivactina patfesi ve

tape. 15 A coniz ghbABEVAREHHIMAHA |9 dheARAPHRA B SRTNE gguum devi ce

(not -

15 A controllable vacuum suction is generated from a vacuum device {not
shown) coupled to the vacuum platform 12 via the vacuum enclosure 10 and
is conveyed to the said interface between the adhesive tape and vacuum
platform via both vacuum slots 16 on the top of the platform 12 and a vacuum
opening or vacuum openings 18 around the periphery of the platform 12. The

20 vacuum devices serve to generate a retaining force on the adhesive tape, via
vacuum suction, such that a portion of the adhesive tape at a position of the
chip next to a straight vertical edge 26 of the elevation tool 20 is drawn in a

\j} direction away from the chip. The vacuum slots 16 comprise a plurality of
slots extending across the surface of the vacuum platform 12. An elevation

25 tool 20 with a plurality. of finger-like projections is inserted underneath the
vacuum slots 16 and inside the vacuum enclosure 10.

The said tool 20 is projectable from the surface of the vacuum platform 12 and
can move up and down vertically as well as back and forth laterally refative to
30 the vacuum slots 16 of the platform 12, which platform is positioned
substantially stationary during a chip detachment process. The elevation tool
20 is therefore movable both laterally across the surface of the vacuum
platform 12 and vertically with respect to the platform 12 for elevating a chip
whereby to provide controlled liiting of the chip and propagation of



shown) coupled to the vacuum platform 12 via the vacuum encl osure 10 and
I's conveyed to the said interface between the adhesive tape and vacuum
platformvia both vacuumslots 16 on the top of the platform 12 and a
vacuum openi ng or vacuum openi ngs 18 around the periphery of the platform
12. The 20 vacuum devi ces serve to generate.a retaining force on the
adhesi ve tape, via vacuum suction, such that a portion of the adhesive .
tape at a position of the chip next to a straight vertical edge 26 of the
el evati on t ool dglamijnation hghveen 'ge chipr and thenadivesivef tapen (Tihe latergd. mdtiom ofacuum

slots 16 conprijpse raldt | ot s ' across the _surfgce of the
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respect to the platform12 for elevating a chip ereby to provide
controlled |if® %‘Qeé'ldh?iﬂ‘ée BRep and propagation of -7- del ami nation between
the chip and the adhesive tape. The |ateral notion of the elevation tool

20 across the surface of the vacuumplatform 12 is preferably
uni di r ect i $hal Figwies3éa)dpl (¢) shave maretdetailts of dod elexatiomicel 80. Thecelavationl y

aceommodat e a ghing i€ ' ' I i.on t ool .20, ere i.g a b
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each ridge 22 psfelingectiencipnwetdobmen6 oba semécqidaicfonchipl? franpthef sdraiive
shar pened so t | Vi . ) ni sl _support i area underneagth_the chip
and the adhesitggé tdaztf)ea{h%oé@iggtb eg&g(g "3 cﬁuﬁﬁ%m&%&gﬁ%% fQrhe
el evati on toolel@GtingHiee sbavainidoctor chipl 3@ @ndSs aregrbathd® toTRIRe2abRS aint he
slotted Val%uurnp%la%,fs?cferpva%/% atn(a J%:KN%\\I:\}adrg p?ofile across the vacuum platform 12. This
lateral motion of the tool 20 produces a peeling force to detach the
semiconductor chip 30 from the adhesive tape 32.

Figure 3(a) shows an isometric view of the elevation tool of the chip
20  detachment apparatus. The elevation tool 20 has three main features,
namely, (i) a space 28 in-between each pair of finger-like projections, (ii) each
| projection includes a curved supporting surface 24 (preferably with a radius of
/} curvature of more than 10 mm) on one side for lifting the chip 30, and (i) a
straight edge 26 at a trailing portion of each projection next to the curved
25  supporting surface 24 that is substantially vertical for initiating delamination.
Figure 3(b) shows a front view of the elevation tool of figure 3(a) looking from
direction C of figure 3(a), illustrating that the projections have spaces 28 in-
between adjacent projections. Figure 3(c) shows a side view of the elevation
tool of figure 3(a) looking from direction D of figure 3(a). Each projection has
30  a curved supporting surface 24 and a straight vertical edge 26. The motion
direction of the tool 20 during the detachment process is such that the curved
supporting surface 24 is used as the primary contact surface for elevating a
chip as indicated in figure 3(c).



peeling action for detachnent of a sem conductor chip 30 fromthe adhesive
tape 32. The el evation tool 20 has a curved supporting surface 24 for

el evating the sem conductor chip 30 and is progranmmed to nove al ong an 15
upwar d, sideways and downward profile across the vacuumplatform 12. This
| ateral notion of the tool 20 produces a ygeling force to detach the

sem conductor chip 30 fromthe adhesive tape 32. Figure 3(a) shows an

i sometric view of the elevation tool of the chip 20 detachnment apparatus.
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Figure 5 shows a plan view of the chip detachment apparatus at the beginning
of a sweep motion for delaminating a chip from the adhesive tape 32 when.
the elevation tool 20 is at its initial position. At the beginning of the
20  detachment process, as the elevation tool 20 is raised beyond a critical height
He, the adhesive tape 32 will start delaminating from the chip 30. The value
of the critical height He is typically dependent on (i) the adhesion strength of
F\ the adhesive tape 32 to the chip 30, (ii} the distance D of the straight edge 26
of the elevation tool 20 from the edge of the semiconductor chip 30 when the
25 elevation tool 20 is at its initial position as illustrated in figure 5, (jii) the
strength of the vacuum suction and ultimate vacuum level provided by the
vacuum enclosure, and (iv) the thickness and Young’s modulus of the chip 30.
The chip 30 being detached is completely supported by the elevation tool 20
~ at the position of contact as indicated in figure 4.

30 |
The distance between the edge of the semiconductor chip 30 and an outer
side wall of the elevation tool E is illustrated in both figure 4 and figure 5. The
upper value of E is preferably within the range of a critical distance D¢, which
is the maximum distance between the edge of the chip and a straight edge of



predet erm ned height H (nmeasured fromthe top of the vacuum platform as
illustrated in figure 4(b)) at which the chip 30 is elevated fromthe
platform 12. 10 At the sane tinme, the adhesive tape 32 should be retained
hel d down onto the platform 12 by vacuum suction induced in the vacuum
encl osure 10. The tool height H at this pgint and when the el evation tool
20 is nmoving laterally across the platform 12 should preferably be greater
than a certain critical value He at which del am nation between the chip 30
and t he adheS|U‘@tDalp%O@Sﬁﬁngdlpttbamtlal$osmoo©ﬂhe elEvaj.mneIo&l zhbmerea:t[sl an
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20 is at its |dettarra1haplesmelr@nby%the tdibebegistiength of tidhepa032iehacthaenbl
process, as thﬁ .gh%ati on tool 20 is raised beyond a critical height He,

t he adhesive t % "will start delamnating fromthe chip 30. The val ue
of the critjcal height He is typically dependent on (i) the adhesion
strength of Ee adhesi ve_tape 32 to the chip (ii) the distance D of
the straight ed§@mertiops willharoppgats: aleng ttB%Hntzdaﬁe dptwern dryehipr 3 rand
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maxi mum di st ance between the edge of the chip and a strai ght edge of -9-
the tool 20 for setting up the initial position of the elevation tool 20

before it is Ehenestsd) fo (nshoer sressrusatiphal Views of3he Tépettivd pesiond &t ance
De s 15 the elevation toof 20 as the tool sweeps across a semiconductor chip 30 and
pushes the chip 30 from underneath the adhesive tape 32 to which the chip is
mounted. They illustrate the motion profile and motion steps of the elevation
tool 20 as well as its corresponding process actions for a chip having a width
of approximately 15mm. The motion of the elevation tool 20 in the chip

20  detachment process is composed primarily of the following motion steps:

In figure 6(a), the elevation tool 20 stays at its rest height level and initial
{ } horizontal position at a rest position underneath the surface of the vacuum
platform 12.
25
In figure 6(b), the elevation tool 20 rises to its standby height level from its
initial horizontal position where the supporting surface is just underneath the
adhesive tape 32. The initial position of the tool should be set in a way that
the distance D between the straight edge of the tool and the edge of the chip
30 is less than its critical value De. The critical value Dc may be in the order of
about 1.0 mm.

In figure 6(c), the vacuum suction provided by the vacuum enclosure 10 is
switched on. The elevation tool 20 remains at the same standby horizontal



determ nable mainly by the adhesive strength of the tape 32 and the tool
height H 5 Delamnation will propagate along the interface between the
chip 30 and adhesive tape 32 when the el evation tool 20 noves across the
chip 30. The speed of this sweep notion of the elevation tool 20 at which
the tool 20 is noving laterally across thg vacuumplatform12 is
programmed to a value that 10 is |l ess than the propagati on speed of the
said delam nation, OGtherwise, the chip 30 may still stick to the adhesive
tape 32 alt houBﬂS't'?” b4t Ti5eR Ao @ncelavalgd ngighthlevel| whigh ii9greatet tEm critical
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wel | as itsdcorrespondi ng process actions for a chip having a width of
approximately 15 ti f the el vatlontool 20 in the chip 2
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to a higher predetermined height H to further shorten the time needed for

15  delamination propagation.

In figure 6(e), the elevation tool 20 will stay at a raised height H (greater than
Hc) and continue moving in the horizontal direction across the chip 30. As the
tool 20 moves along, the end of its curved surface 24 may encroach into the
20 chip 30" next to the one that is being detached. At this point, the elevation too!
20 should thus start descending to a lower final height, which should also be
greater than the critical -height He, to minimize any pressure exerted on the
’} adjacent chip 30.

25 In figure 6(f), the elevation tool moves down from its predetermined height H
to the final raised height (which is greater than He) as it arrives at the final
horizontal position upon reaching the opposite end of the chip 30.

In figure 6(g), at the end of the sweep motion, the elevation tool moves all the
- 30 way down to its height level at rest at its final horizontal position that is
underneath the surface of the vacuum platform 12. Strong vacuum suction is
applied to ensure that the detached adhesive tape 32 is retained or held down
into the slots 16 of the vacuum platform 12 and is separated from the chip 30.



-10- position but rises to an el evated height level which is greater than
critical height He to initiate the del am nation of the adhesive tape 32
fromthe chip 30 with the help of the vacuum suction provided by the
vacuum encl osure 10. The critical height He of the tool may be in the
order of about 0.3 mm 5 In figure 6(d), -afiter the del am nation between the
adhesi ve tape 32 fronlthe chip 30 starts to propagate (its propagation
will be limted by the |ocation of the elevation tool), the elevation tool

20 will nove |t Bglérm(g‘xh) rihe Halevesionziepk 30 wnkuunn@@t back o m:mﬁvgommntas
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greater than as It arrives at Ror i Zont positi
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surface of t hecardaahwithphethiprat. I&er@br&grﬂ@rem:mmmammtm bieveen the chip
15 30 and the adhesive tape 32 and, since the interfacial adhesion has been
substantially decreased, the detached chip 30 is ready to be picked by a pick-
head of a pickup tool (not shown).

Figure 8 shows an example of a pickup sequence that can be employed for
20  picking up a plurality of chips 30 from a wafer 36 using the chip detachment
apparatus of the present invention. The wafer 36 comprising a plurality of
semiconductor chips 30 is mounted onto an adhesive tape 32, which is in turn

@

carried by a wafer frame 34. In this set-up, the described embodiment of the
present invention is designed to be used with an automatic pick and place

25 machine so that singulated semiconductor chips 30 of a wafer 36 can be
detached from the adhesive tape 32. The width of the elevation tool 20 that is
‘substantially perpendicular to a direction of travel of the elevation tool 20 is
larger than the width of the chip 30.

30 The pickup sequence starts from a corner of the wafer 36 from one side
thereof and the chip detachment apparatus moves along rows of
semiconductor chips 30 in the predetermined pickup directions marked by
arrows 38 in figure 8. Generally, each chip 30 comprised in a row of chips is
picked up in a first direction, and each chip 30 in an adjacent row of chips is



applied to ensure that the detached adhesive tape 32 is retained or held
down into the slots 16 of the vacuumplatform 12 and is separated fromthe
chip 30. -11- In figure 6(h), the elevation tool 20 will nove back to the
initial horizontal position underneath the vacuumplatform112 at its

hei ght at rest. Figure 7(a) shows a plan_4ypew of the chip detachnent
apparatus at the end of 5 the sweep notion of the elevation tool when the
el evation tool has descended below the slotted vacuum platform Figure
7(b) shows a cpigkes gein awaposiieadirectionka the fasiodicpctient Eaolchipi inea wlofof

fi 7(a). . . ] f.t1he el evation tool .20, th
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i s subst anti al drdedentiahidik Gsabie thips a0bespiceed aproddhd Yant dee bei ng

supported by the ridges 22 of the vacuumslots 16 of the vacuum platform
12. Since the adhesive tape 32 is held down into the slots 16 of the
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of the preserfrom hotntV @ndironddd dgineradhesive taseds Whidpassibit omati ¢ pi ck and

pl ace 25 machi ne so that singulated sem conductor chips 30 of a wafer 36
can be detached fromthe adhesive tape 32. The width of the elevation tool

20 that is subsigaificaal DenefiesfiRe dbparatls dver thelprictGri @Ah&It &driv&bp@ifedt he
el evation 1tsool 20 is larger fthan the width of the chip 30.
to a larger range of sizes of semiconductor chips without any, or any
significant tooling changes. This is because, using the aforesaid pickup
sequences as described in relation to figure 8, a different tooling need not be
made or employed for a different size of chips. The width of the elevation tool
may even be larger than the width of the chip. The apparatus can thus be

20 programmable to cater for different sizes of chips 30.

It would also be appreciated that since the delamination between the chip and
’\} the adhesive tape is led and initiated by the motion of the elevation tool, the
propagation rate of the delamination is controllable by adjusting the height
25 and horizontal motion speed of the tool. The propagation rate of the
delamination can be therefore easily optimized to achieve maximum

throughput and minimum crack chip failure.

Moreover, a further benefit of the apparatus according to the preferred
30 embodiment of the invention is that, unlike certain prior art devices, the chip
can be defaminated from the adhesive tape without the presence of a pickup
tool placed on top of the chip while the chip is being delaminated. This can
sometimes increase throughput of a pick and place machine if the chip
detachment process is slow, because the pickup collet can be free to perform



30 The pickup sequence starts froma corner of the wafer 36 from one side
t hereof and the chip detachnent apparatus noves al ong rows of

. sem conductor chips 30 in the predeterm ned pickup directions narked by
arrows 38 in figure 8. Generally, each chip 30 conprised in a row of chips
is picked up in a first direction, and eagh chip 30 in an adjacent row of
chips is -12- picked up in an opposite direction to the first direction.
Each chip in a row of sem conductor chips 30 conprised in the wafer 36 is
pi cked up in aPlasgment piaanotberderip @stthe chipl detaehrsmtbprecedsi gfsor@Ockip és i cked
up fromthe mapﬁynég. 51t would be appreciated that the small footprint
and cylindrica é%apé of the vacuum enclosure 10 allows a user of the
aforesaid chip detachnent apparatus to nexinze the useabl e pickup area of

the waf i t hi fer ring when th tus | nt ed
aut omat i ¢ pi ok R IVANRLSinghed or SR shiBpaR Ja Redions Mottt o | <
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et n the
Det achnent of S&/EYS! ‘Pﬂi"?\cef‘t',qﬁspa” $yBrvapstionsunosifiatiens. and/er; addiignaavicti ve
tapes 1s thus pASEHR e shrbattiidobt AinedBOE bbspubile apparatus over the
prior art is that it can be applied 15 to a ?a ger range of sizes of
sem conductor chips without any, or any significant tooling changes. This
i s because, using the aforesaid pickup sequences as described in relation
to figure 8, a different tooling need not be nade or enployed for a
different size of chips. The width of the elevation tool nay even be
I er than the width of the chip. The apparatus can thus be 20
p%ggrannable to cater for different sizes of chips 30. It would al so be
appreci ated that since the delam nation between the chip and the adhesive
tape is led and initiated by the notion of the elevation tool, the
propagation rate of the delam.nation is controllable by adjusting the
hei ght 25 and horizontal notion speed of the tool. The propagation rate of
the delamnation can be therefore easily optim zed to achi eve maxi num

S,



t hroughput and m ni num crack chip failure. Mreover, a further benefit of

t he apparatus according to the preferred 30 enbodi nent of the invention is
that, unlike certain prior art devices, the chip can be delam nated from

t he adhesi ve tape w thout the presence L a pickup tool placed on top of
the chip while the chip is being delamn ‘%ed This can sonetinmes increase
t hr oughput of a pick and place machine if the chip detachnent process is
sl ow, becauseg[iAIRPi ckup collet can be free to perform-13- placenent of
anot her chip as the chip detachnment process of one chip is in progress.
The invention described herein is susceptible to variations, nodifications
andfor 5 addi Ui ompoaidh® fof iRechMaSs sSRRGINHLERE ki des Lheseand U thpei s o be
-under stood that the invention includes all suc earl at'i ons, i cations
-and/ or addi t i9%n&higitherchip islmoyatedhicempnigingpi rit and scope of the above
descriptign. Q-1 %l\/& 0 ctor chip
from an aghem ve téage flé%rﬁéﬁﬁ@OﬂL&ft}{eséc”ngegr@ Ctgbg %ﬁ%g]mﬁgqqqé

-pl at f orm confchiared to cont act the adhe5| ve tape at a position of the

chip; a retaining,f a tformfor dr ng the
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chip; and ar&dbt?ﬁvatap@ratﬂwpmﬁaﬂqmrafjtm:t:lauplneafdtreoncmlmfva:gd fedrh cuhiem;hlp hencel evati on
device 10 being o ter ro a su e of the
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el am nati on

~provi de contragl.l ftin e chi.p and ag tlono
“between the Bﬁ%lh&gﬁb{hﬁ%‘ Fga’ﬁiﬁtrg%a"e/é"ﬁ@‘ reRAe té? ﬁ" Rikorm alvthe ipgRtiaR¢f ce i s
‘opetative totre chip famnelovsting the ¢Ripl AdetoaprbyideR@ntrolled liting of the chip and
propagation of delamination between the chip and the adhesive tape, wherein
the elevation device is operative to simultaneously move laterally and

15 vertically at the position of the chip.

2. Apparatus as claimed in claim 1, wherein the retaining force generator
comprises a vacuum device coupled to the platform to generate a vacuum
suction force at the platform.

20
3. Apparatus as claimed in claim 2, including a plurality of slots extending
across the surface of the platform through which vacuum suction force may be
N ' generated.
25 4, Apparatus as claimed in claim 3, wherein the elevation device is

projectable from the surface of the platform through the slots.

5. Apparatus as claimed in claim 3 or claim 4, including a ridge having a
sharpened top surface and shaped and positioned for separating two adjacent
30 slots from each other.

8. Apparatus as claimed in claim 5, wherein the ridge is configured to
support the adhesive tape drawn by the retaining force generator after
delamination of the adhesive tape.



15 vertically at the position of the chip. 2. Apparatus as clainmed in claim
1, wherein the retaining force generator conprises a vacuum device coupl ed
to the platformto generate a vacuum suction force at the platform 20 3.
Apparatus as claimed in claim2, includipg a plurality of slots extending
across the surface of the platformthrough which vacuum suction force may
‘be generated. 25 4. Apparatus as clained in claim3, wherein the elevation
device is projectable fromthe surface of the platformthrough the slots.
5. Apparat us 23 claimed in claim3 or claim4, including a ridge having a

shar pened t opsur FRPERNRASHARAS BNy 58I of Clsias 3te . wapiintherrlevalion adj acent
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ridge is configured to support the esl ve tape drawn the“retai ni ng

force gener atR¥PIesiensy angigpdhslptisiconfigired kracopnunedate vaperojedtdn that idppar at us
as cl ai med i rproj¥taBRerdM tHe firfe df R &atcffWﬂ'Pr ein the elevation device

conprises a plurality of projections and a space between adjacent
proj ections, and each slot is configured to accommbdate one projection that
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in any one of the precedi ng clalns, erernt ncl udes
“a curved suppdgvationppdesincides afaurvey suppodisugace for Sitindwimaciipus as cl ai med
in any one of the preceding clainms, wherein the elevation device includes
a straight edge that is substantially vertical at a trailing portion of
the el evdli or¥. deviApparatis amélainaad ingardedranbiiati ppacdatrigieiaimgd, WhersiRithe and t he

adhesi ve tap us_.as. claimed in.any one of the, preceding
claj s, wher gﬁleﬁ{]‘a g‘”@&ﬁ@gﬁﬁ%‘%e% Gr ?té%%ﬂogggcenhméI'%\?HB?@H“%I@VY%&'satoi‘)er abl e
- to.smove | at ertlling mctiamssf the elevation device for initiating delamination between the

chip and the adhesive tape. |

15 10.  Apparatus as claimed in any one of the preceding claims, wherein a
supporting surface of the elevation device is operable to move laterally across
the platform at a height or heights that are higher than a critical height at
which delamination between the chip and adhesive tape tends to occur at the
position of the supporting surface. "

20
11.  Apparatus as claimed in any one of the preceding claims, wherein the
elevation device is operable to move Eatérally across the platform at a speed

= ' less than a propagation speed of delamination between the chip and the
J adhesive tape. '

25 '

12, Apparatus as claimed in any one of the preceding claims, wherein the
elevation device has a width that is substantially perpendicular to a direction
of travel of the elevation device and that is substantially the same as or larger
than a width of the chip.

30
13.  Apparatus as claimed in any one of the preceding claims, wherein the
elevation device has a rest position underneath the surface of the platform.



the platformat a height or heights that are higher than a critical height
at  which delam nation between the chip and adhesive tape tends to occur at
the position of the supporting surface. 20 11. Apparatus as clained in any
one of the preceding clainms, wherein the,.elevation device is operable to
nove | aterally across the platforn1at a %peed | ess than a propagation
speed of del am nation between the chip and the adhesive tape. 25 12.
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same as or | aff@efravdrBing a@rdgqu:,@pg{.fo,t,ﬁe chip. 30 13. Apparatus as clainmed in
any one of the preceding clains, wherein the elevation device has a rest
position underneath the surface of the platform -16- 14. Apparatus as
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~in any one of the preceding claims, wherein the 10 elevation device is
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10 elevation device is positioned to be operable to move to project above the

platform and through the platform.



