-1 APPARATUS AND METHOD FOR SEM CONDUCTOR CHI P DETACHMENT 5 Field of the

| 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
adhesive tape during processing. 10 Background and Prior Art Various

appar atus have been used in the sem condgctor packagi ng i ndustry 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

sem conductor chips has be $ ve tape (such as Myl ar
film for dicing, and each L AN MEYHGE FER ved fromthe adhesive
tape and placed at a bon@EMICONBHOTAR CHiR DEIACHMENTINI v- used technique is
i npl enented 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, 8155enfridid eftthe Minaitiop Appar at us for Sem conductor Chips" and

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

det achment priagessegfierables eOnPIhesankndebadidal ithe détactitpehti BY Action
bet ween the sem conductor chip and the adhesive tape, which is induced by

an upward f oSERIGORENEIRE disy OF Hegates. GPYsi iR tthatuhdfe PRAMPUNRY ORI and
adhesi ve tapgdhégj,@{a@gmn@y@éggihgn force froma 30 vacuum pl atform

hol di ng down the adhesive tape. A disadvantage of this technique is that a
strong bdRAdi ng nonent will be induced on the sem conductor chip if the
peeling acti @ck&olRd asd PROCARNOUGh to overcome the interfacial adhesion.
The chip w | [ experience nigh conpressive stress at 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 entitted “Pick-up
Apparatus for Semiconductor Chips” and 6,555,418 entitled “Method for
Separating a Semiconductor Element in a Semiconductor Element Picking-up
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




| ocation(s) directly above the push-up pin(s). The chip will 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
t hi ckness of less than 150 microns), that can lead to a major failure of
the chip detachnent process. 5 In additpen, as the size of the

sem conduct or chip increases, the ejector pin(s) need to nove further
upwards in order to al | ow del ani nati on between t he chip and the adhesive
tape to prop&tpekdaiuqadl s stiainoingucedchpe thip beadiog mm@m{@@wqﬁ its Fiiticaler

noreasi ng, ¢ Beaffl e@leppuliebeiconiudibioghe fBboRl(ih dbldnidosaase the 10

susceptibility of to chi p-crack ure not er technique relies
on the vacuthansiz? inaiﬁropsb\ﬁh@te@arbgead tougp paajed fajjurs! eft ther ¢hip sletaehaent hat

di scl osed |npéé§ patent nunbers 6,202,292 ("Apparatus for Renmpving a
Carrier Film 1[rom a Sem conductor Die"), 6,505,395 ("Apparatus and Met hod
for Renmovbng Carrier Tape froma Singulated Die") and 6,658, 718 ("Mt hod
for Renoving rrier, Filmfroma Sinqulated Die"). stron

Sucton i a4 BAfTa, 5 g R P Rmien Al Tl ctedse e SHEFAREL Ve ¢ ape
away fromt heees mmammemrupwhrd@ in bhderab iapowﬁdlelarﬁlh@tmnhﬁemwpﬂfet@ﬁb by the

hi ghest points e structure and, be ready for cku , A sadvant age of
this techni qegd?ge ?HE?S'VGE F?@edemef%? S Hyvar ﬁt‘? ge¢ db% GBWur e,
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hi ghest interfacial adhesive strength that can be overcone by this design.

Sone ot hdP t SERSRRYLEY ofibe sBinde CBE‘j"E!’e‘?'%fE\HHeh Ragtheftechiigietelieg endiRh as a
cylinder or ba&uurﬁ%bn&isfwdmo@éﬁgﬁé%ubpaw@%raﬁfoﬁnlaﬁcrﬁ%trb M%fcrb%ed@fmd 25

Appar atus for Handling El ement on an Adhesive Fil ,

(" Appar at us ARIPNBEHIEbeSE WWW@@SWW@QWM ﬁecéarver h‘ulnn fﬁDD'ﬂ and
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15 Carrier Film from a Singulated Die”). A strong vacuum suction via a suitably-
structured platform 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.

Some 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”). [n
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




30 Device Separating System and Method for Fabricating IC Card") and a
stepped flat plate underneath the sem conductor wafer or the chip(s) is
used in US patent nunber 6,561,743 ("Pellet Picking Method and Pel | et
Picking Apparatus"). The lateral notion of these objects or tools (as
opposed to the vertical notion of toolsgi.n traditional methods) on a
vacuumplatformw |l -3 create a peeling action to detach the chip(s) from
t he adhesive tape. In some designs, instead of noving the objects, the

obj ects are steté apeeindattionlie deterhdhe cbipfa)ifiwimthesetnesivadaps. oin soimes ar e
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det achnent anﬂ.t avoid crack failure. The risk of crack failure wll
becone prono8GAEEF-if the thickness of the chip is reduced to bel ow 10 150
mcrons (6 mls). Three mpjor factors affecting the ability of the

det achnment process to successfully delam nate a chip are: Qﬁg ) thickness of
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for successful detachnent depends ver geonetrie
tool i ngs 15 eafdrel suyacessiuihdetochuneniand a‘éﬁ'@l%@@‘n@ﬂw&na hediska®fi ¢rRel of
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UV exposure
appr oxi mat el petlcadductbl 20ipmmii) G]me sizef of Hiee rmrmcortdunmerchm f amd 4iii) teei sting

g ven t ool | ngenPEn GBS e ARERRT ST L e loRalR o B BRI oF | oas”
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and/or t qg V\%fngrlin{itss tﬁgﬁggi&ﬁity?gﬁi&eﬁcy 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 smali 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.




adhesi ve tape of high adhesive strength (approximately 50 gf/20 nm. Wth
this small process w ndow, the process throughput and yield may not be easy
to optim ze, particularly in some cases where the adhesive strength of the
tape is not uniformacross the whole wafer. For exanple, it has been found
30 that the peripheral chips around the.gwafer on a UV tape usually
experience higher adhesivity to the UV tape than chips at the center of
the wafer. Difficulty nmay thus be encountered when using the aforesaid
prior art techniques in optimzing the process paraneters to naxinm ze

t hr oughput a%qum% Io‘#the’l Véﬂgﬂary of the Invention It is therefore an
obj ect of the—l—rrve&n-ron—ﬁo—p*m/i de an i nproved nechanismto aid in the

removal of a sem conductor chi p froman adhesive tape that overcones sone
of the probl ens, and. avoids. s of the aforesaid .disadvantages of the

i of Cart _chiE dRPEIoRh PhieBERTing inleRtal kP GYRS ary M Ve CRe AEEEEY (ot 't he
inventions thef énitse pemovaledf ansanpahatdsr thip frd@ detadHisng psemaconduct or
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a direction away fromthe chip; and an el evation device projectable from
the platformthat is novable both laterally across a surface of 15 the

pl at form and AcgbidirAlo o fipdh bbdce sP@etintehtibAStnBhes! hisgr t he
chip, whereby to provi éle_ c%bntcr oﬁﬁe n?@f't ﬁ'ngeo%%tfﬁé&%ﬁ)%n %hgé{.r%rdqsggrgati on of
del am natiPon detachisen at Bemisengucion chipe frath e wdhesiye . tape carr ditigh tib i second
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gener at i ng a positian mif ige fcbipc @ tedaidingfoecepgenerator cbuplbe tadhe platermape

adj acent to Lhip. | dir i an r he i D: .sl.ng
el evation dtg\?ﬁlgat@e l[t)gf})éeﬁ' ng%gﬁgétlo%a%\ggfl}’r? {n &lﬁleéh%i%wf %)%ﬁ{et%ﬁi&gﬁ\gg? ve tape
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across aqw dttrtle Bfatftorhrﬁ 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.




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 adhesive tape. It wll
be convenient to hereinafter describe the invention in greater detail by
30 reference to the acconpanying draw ngg._which illustrate one enbodi nent
of the invention. The particularity of the drawi ngs and the rel ated
description is not to be understood as superseding the generality of the
broad identification of the invention as defined by the clainms. -5 Brief

Descri ption ﬁie*@ﬁsé’_ﬂﬁ%@:gﬁueﬁ gﬁg&gl e of a preferred enbodi rent of an
apparatus an e wth the invention wll now be
described with reference to the acconpanying drawings, in which: Figure 1
shows an isonetric view of a.chip detachnent, apparatus according .to the
preferred enbddPRERPIEP tahquf‘?f\'fésﬁleFﬁ)r‘?%'nlW FPlgd ea@%%kﬁvsarﬁj B]%'?‘P%l/i"}ew of the
chi p det aghmegtoraapes alithsthefintérgiohewill; novribgudéscabed vilhomSerafcd SO ri c vi ew
of an elevation tool of the chip detachnent apparatus; Figure 3(b) shows a

front view ofCEHBPINRLEMINGSoH WIENf i gure 3(a) |ooking from direction C
of figure 3(a); 15 Figure 3(c) shows a side view of the elevation tool of
figure 3(a) |ooking from direction D of figure 3(a); Figure 4(a) shows a
pl an vi ew of Figie dhshpwsenisomeatic wipy0Ta aaip sigtadhinaie @ppanalis: arcatding,

Chove. & &r oses R e, 2" and serm conducior 20 chi ps.
| ooki ng dPondrigee 2ishews d plar viewofdhe chip detashmentapparatus elifigure(la) ; Figure 5
sveep moti on TAF 3L oA e SRRRRNibw ABE AT hiDaftn, 160 P UL, O °
initial positdetathrengapegaréua) to (h) show cross-sectional views of the
respective p(ﬁél}rg %’(‘t?) s?wfom;srbefront view 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.




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 nounted;
Figure 7(a) shows a plan view of the chip detachnent apparatus at the end
of the sweep notion of the elevation tool when the el evation tool has
descended below the slotted vacuum platgorm 30 Figure 7(b) shows a
cross-sectional view |looking along sectional line A-A of figure 7(a); and
Figure 8 shows an exanple of a pickup sequence that can be enpl oyed for
picking up a plurality of chips froma wafer using the chip detachnent

apparatus of DeisieRERERbdBIAL blore SERBLAEH Doscr i piion of the
Preferred E view of a chip detachnent
appar at us accor di ng 5 to the preferred enbodi nent of the invention. Figure
2 shows a pl f the. d C ratu 1. The
2pparatus corme ey dF b TERE i AEPRE AT slharbhitolingiet or m
of a vacugm MMa)ﬁnefaréUOemb@djmbedoﬂmeanmuumF(ii;i}re Qeshomcel pdhngsvaof| ot t ed
vacuum platform 12 a n | evati,on i ce el evation tool 20
Couplad to t 8 BB lbtest iers SRR A bR dr e GPRRTLish COFIPGES 4 ar ound
the top of tRenelady bed re@mingToRteagéiiratol #h therfokth Gea vackas Whdloser) 14 or
vacuum bui Il d-up along the interface between an adhesive tape hol ding a

chip to be dEPHRIREC FNPIUHE 486 dorlydipg ansipifedt Yeruwm ristfogred 2tand hcuum
platform 12 igfevafeh aé\hé‘éj siéH s él@?alﬁﬂh%él MEchisd to]tﬁeﬁaétﬁlﬂﬁ bRitloARl12. vacuum

suction is generated froma vacuum devi ce (not shown) coupl ed to the

vacuum pl18t f & mber circylar sealripguifhareHed sutop of thessletted vacgsmaigéerm 2t he sai d
interface betyggihd Q%F@Lgﬂﬁ‘%'e%ﬁfo}' @H@u&ﬁ%uﬂéﬁg fléne b QHELY bt ay acuum

slots 16 on the top o orm 12 and um opening or vacuum
openi ngs 18 &dbesive tape fﬁiéd'h@lﬂet?l’w tsf be Hetaghed ﬁmi melﬂottqméa@@nvalaﬁqrm devi ces

S Fon’ Jo Rl ShB BN G2 12 Bl BRAUIE Y 2oh a vacuum

hé Bdhesrve ape a a pos i on of the
chip next to a straight vertical edge 26 of the elevation tool 20 is drawn
ina 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 platforrh 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
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 relative 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 lifting of the chip and propagation of




direction away fromthe chip. The vacuumslots 16 conprise a plurality of
sl ots extending across the surface of the vacuumplatform 12. An el evation
25 tool 20 with a plurality of finger-like projections is inserted
underneath the vacuumslots 16 and inside the vacuum encl osure 10. The
said tool 20 is projectable fromthe surface of the vacuumplatform 12 and
can nove up and down vertically as well as back and forth laterally
relative to 30 the vacuumslots 16 of the platform 12, which platformis
positioned salasticationaidtyeat Hte crﬂaraylddhe ladbesive hapz. d'ﬁteataltemhmommo’ess. The

el evati on tom % [a# t.he rﬁéore rmvt r%o th gnfﬁ?era aqrﬁss t{}:.surface
of the vacuuf® STRAHEP HPD 22naCr98s ¢ %a?li i Ph e dFEREM B 1%l orm 12
for el evati ngrefeblypuniviestioh. tBre}ﬁér@Ullydmdimliﬂﬁ@lﬂeedw veélurm &lcf16 ben chip and

propagation of -7 del am nation between ch| and dhesi ve tape. The
PR ot | BhIYoAcConrabAE P s ER RBEcIa L levaliah i Poa TBre et acuum

platform42 iigge FZ?eé.eﬁfa?éiirﬂg Wl &hjaQsH: ispial6 derﬁfe%E:ﬁQJth/er t'h'ﬂe wpdpdrt of each
vacuum sl ot 16 can nly accommobdate a single progectlon of the el evation

Lool 20. ThelPaoh Jidges 22| digdhex»aget 61 1§ Phcthadpltient W 6t Peeralm each
other. The ! RaRRhbd 3b thAEFrovIdie % Afnifal SikboVffglahdh UnBbmbAtiPihel difip Pl atf orm

12 is preferably arpened so that 1t pro es™a mninmal supporting area
under neat h tlﬁéd(ﬂhﬁ pdhemwtﬁn@ adhesive tape. 10 Figures 3(a) to (c) show
nore details of the elevation tool 20. The elevation tool 20 is adapted to
nove across the slotted vacuumplatform 12 to provide a peeling action for
det achnerf offigures 3{a)dodeicshomw m‘rqade’(ail$ obthet devatibhdooh2). ThpeledatioThe

el evati on t09ko 38 3RaRef N SUPRLIAL OBNEHLLARE, pRfolfia S hRNAI 10 the

sem conduct or chi'p pwat
si deways and pdekwg/\acthbnpfooﬂeiaehmenbeSa shmicomductor phiptd0oirom tBe afhesive | at er al
notion of th ling force to detach t ) conduct or
Chi p 301 romie 2and B BVEED Bef 9 A & SLERe. Rkre plrdike 2RCo0 ew o
the el evati orldvatihg dfie sbmicontpcto? Bhige3ahdes rapaantidu®. mbhe atingvadt i on t ool
20 has t q%ee ugevblapd fs?daetwuarygsé’nd downward profile 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 (iii} 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).




nanely, (i) a space 28 in-between each pair of finger-Ilike projections,

(ii) each projection includes a curved supporting surface 24 (preferably
with a radius of curvature of nmore than 10 mm) on one side for lifting the
chip 30, and (iii) a straight edge 26 at a trailing portion of each
projection next to the curved 25 supportgng surface 24 that is
substantially vertical for initiating delam nation. Figure 3(b) shows a
front view of the elevation tool of figure 3(a) |looking from direction C
of figure 3(&Jjgure K(ajsshostsi aglarheewt dfeheobjpedetaomaehioappasgias @ssid@neéch-
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3(c). -8 Figure 4(a pl an view of the chip detachnment apparatus
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del am nat,i_on between the chip 30 and the adhesive tape 32 would tend 15 to

occur. Fﬂéuré C@Hows a plan view of the chip detachnent apparatus at the
~ begi nni ng

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
Hc, 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
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




of a sweep notion for delamnating a chip fromthe adhesive tape 32 when
the elevation tool 20 is at its initial position. At the beginning of the
20 detachnent process, as the elevation tool 20 is raised beyond a critical
hei ght Hc, the adhesive tape 32 will start delam nating fromthe chip 30.
The value of the critical height He is_gypically dependent on (i) the
adhesion strength of the adhesive tape 32 to the chip 30, (ii) the

di stance D of the straight edge 26 of the elevation tool 20 fromthe edge
of the sem cdhrmltmt 20 farhdetingQupntherinitialepdaiionl e i elematianoiooPP0 befoed itiid s
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and (iv) the dbtsrmm@&s Youthg' sdHEeilel strerfth oheéhe fdge 30.andThe i p 30
bei ng det achgd g conpl ete y supported by the el evation tool 20 at the

position of L8 as indicated in fi gure 4. 30 The distance between the
edge of the sem conductor chip 30 and an outer side wall of the elevation
tool Eis illustrated in both figure 4 and figure 5. The upper value of E
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pr ogr amed tdnyahe'aleuetldrhtablZLDarsoﬂneBmes,rraackd:rep frilomagay oocurspeed of the
said delam nation. herwise, the chip 30 may still stick to the adhesive
tape 32 although it has been elevated by the elevation tool 20, or

someti mes, crrRiqires Bl thah) ¥new Ryssasetibnal views of the respective positions of
15  the elevation tool 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 De 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




Figures 6(a) to (h) show cross-sectional views of the respective positions
of 15 the elevation tool 20 as the tool sweeps across a sem conductor chip
30 and pushes the chip 30 fromunderneath the adhesive tape 32 to which the
chip is mounted. They illustrate the notion profile and notion steps of
the elevation tool 20 as well as its cofgespondi ng process actions for a
chip having a width of approximtely 15nm The notion of the el evation
tool 20 in the chip 20 detachnment process is conposed primarily of the
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noti on of t hdo el bigher 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 tool
20 should thus start descending to a lower final height, which should also be
greater than the critical 'height Hc, 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 Hc} 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.




tool 20. The notion speed of the tool should not exceed the propagation
rate of the delam nation between the sem conductor chip 30 and the
adhesive tape 32. The elevation tool 20 may optionally sinultaneously
continue nmoving up to a higher predeterm ned height Hto further shorten
the time needed for 15 delam nation propagation. In figure 6(e), the

el evation tool 20 will stay at a raised height H (greater than Hc) and
continue noving in the horizontal direction across the chip 30. As the

tool 20 novedn gQWﬁgﬁ h),hieeglgvagion; togl 20 rwil dnevs ba@e@&hﬁrﬂytlaédwlé@@ﬁl into the

20 chip 30° Eﬁ%ﬁfl%rgﬁr%ca]ou %ébééuuw?lggbm@ i"[’::.cﬁ'@ght dilredihi s point, the

el evation to thus star escen I ng t I ower final he| ght,
whi ch should also be greater than the critical height He, to mnimze any

pressure exeHle 9k Wibws AUAETAl NG o actrhibrf LAY hne BRpof! evat on

t ool noves do redet €rm ned inal” rai sed hei ght
(whi ch i s5gr ¢& sweddvantidicdf e dldvation tacd svhah thénelelvatival toohtas ¢eseeadedposi ti on

upon reachin he, op ite end f t he i In figure 6 %/1 at the end
oD T he. aemen elsi R ity BelR R T e o OB 2D s Ao reidraidian 1o (1s
hei ght | evel |cﬁik|ﬁgea@ng':\sedtubﬁaifnneai-Armlﬁgmnx(a ROBE e Df thadwéep mbtiey neat h
the surface of the vacuum pl atfor tron%\‘ vacuum suction i s Ppl ied to

ensure that Pﬁg‘ed‘cé'?‘éﬂﬂ‘?@doaid?{eéh%élec@b%" topl PO Wik fgsarad RElow gy into

the slots 16 pgifolrhe 2V aHelenip ot Quﬁﬁtérﬁnaﬂg@eia%hé@ﬂaﬁﬁh@%dhéﬁvé&é& hip 30.
-11 In figure 6(h), the elevation tool nove back to the initial

horizontdP e ety supRerte RY e Fidoem22iahihgIvackep flats 18(of tha varught  at
rest. Fi guregV }mabowe.reenh@adwée\v& efpetdzqs%aldp?&%ewm%@mteﬁwfaﬁ@s at the

end of 5 the sweep notion of the el evation too he el evati on t ool
has descende@'ﬂﬁf@rrbvxm Hy sireng e@cua@uamtpnatqw warti fuine rdhgsivhdare a

t At
055 S Rt 08 BT St ol A )

t he end of the eva t'he e vati on tool
20 will desc@ndtabewidjwnehmiwa&uﬁheremramemsmrurrﬁmonﬂacqobtﬁweeethsmm antially

detached (gr oyt g, ﬁ% e 32 ahfl. YL Snd TG HPRASRA AYs bB&, 11 dges

22 of the vacuum's he vacuum
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




platform 12. Since the adhesive tape 32 is held down into the slots 16 of
the platform 12 by strong vacuum suction, only parts of the adhesive tape
corresponding to the positions of the sharp ridges 22 of the slots 16
remain in contact with the chip 30. Therefore, there is mninml contact
between the chip 15 30 and the adhesive 4sape 32 and, since the interfacial
adhesi on 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 exanpl e opickepiupknanspgosite dirediian to de fitst dingrtiope dEacbrehiid pravkibhg up a

I i f . 36. US] .
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turn carried by a wafer frane 34. In this set-up, the described enbodi nent
of the present invention is designed to be used with an automatic pick and
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can be detached fromthe adhesive ta the el evati on tool
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sequence star froma corner of the wafer fromone side t her eof and
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sequenti al darmebothru\! andahbnihbdialgglaldbewmme?.ﬁb e ppsgidled up fromthe
wafer 36. 5 It would be appreciated that the small footprint and
cylindrical shape of the vacuum enclosure 10 allows a user of the

af oresai d chiﬁps&dmflmmmendaﬂt cﬁpi'pma;zananatus@vaabhierprmeatth@thmEa;bhdaepsippkem area of
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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 controliable 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 delaminated 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




Anot her advantage of the apparatus is that a reduced bending stress is 10
i nduced on the sem conductor chip to induce del am nation between the

sem conductor chip and the adhesive tape. Detachnment of a very thin chip
fromboth UV and non- UV dici ng adhesive tapes is thus possible. A
significant benefit of the apparatus ovegzthe prior art is that it can be
applied 15 to a |larger range of sizes of sem conductor chips w thout any,
or any significant tooling changes. This is because, using the aforesaid
pi ckup sequdrirRaesent ofl @pethebebipias thel citip detachmenyprosess ohork chigried t ool i ng
need not be ﬁﬁgﬁg or enployed for a different size of chips. The wi dth of
the elevatio o may even be |arger than the width of the chip. The
apparatus can thus be 20 programmable to cater for different sizes of

chips 30. It uId appreci ated t ince the d l.am nat | bet ween
the chip and TTEHRrRE SroBl e & Sobile fBR&id mPA R BErdRT of 1 he
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y adjusting.the orizontal motjion s e too e
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achi eve maxi rmmwtﬁ.mw“mlahd%a@béra)frthéruﬁanrer@éé,tsrwahp failure. Mreover, a
further benefit of the apparatus according to the preferred 30 enbodlnent
of the invention is that, unlike certain prior art devices, the chip can be
del ani nated from the adhesive tape without the presence of a pickup tool

pl aced on top of the chip while the chip is being delam nated. This can
sonetinmes increase throughput of a pick and place machine if the chip

det achment process is slow, because the pickup collet can be free to
perform -13 placenent of another chip as the chip detachnment process of one
chipis in progress. The invention described herein is susceptible to
variations, nodifications and/or 5 additions other than those specifically
described and it is to be understood that the invention includes all such
variations, nodifications and/or additions which fall within the spirit
and scope of the above description.




-14 CLAIMS: 1. Apparatus for detaching a sem conductor chip from an
adhesive tape on which it is nounted, conprising: 5 a platform adapted to
contact the adhesive tape at a position of the chip; a retaining force
generator coupled to the platformfor drawing the adhesive tape in a

- direction away fromthe chip; and an elemation device projectable fromthe
platformthat is novable both 10 laterally across a surface of the
platformand vertically with respect to the platformfor elevating the
chi p, wher eblAMEBr ovi de controlled lifting of the chip and propagation of
del am nati on between the chip and the adhesive tape. 2. Apparatus as
claimed in claiml, wherein the retaining force generator 15 conprises a
vacuum devi cd. couﬁbmﬂaumibhdembmhgoiBemmmgémﬁomMﬁpanmaauwmmedueﬁamm force
at the platfg s as claimed in claim2, including a plurality

of slots ext é’HdY*H%“ 'tﬁsrﬁ%@e e RIF %ee of the pl atformthr ough whi ch vacuum

suction férce nmaya pléifdom geapeeditedonthet tepadinisie apecdtaa positiom of it m 3,
wherein the ehevatl on device is projectable fromthe surface of the
platformthr&0%h the slots. 25 5. Apparatus as claimed in claim3 or claim

4, including a rigdgetdiang ferce gér’(&éﬂ@ﬁ%dp[b@ﬁosm@ Al&forh® ForS BRAIRY ity t Wo
adj acent slots from each of her. A{? paratus as clainmed in claim5, wherein
Y

the ridge isadbasivgiaredn ?6’"%% o8 e RRIRi 3 t ape drawn by the

retaining force QEH%Te%%n abligs prt?@ctgﬂleefmnﬁ‘%é Pt &im thR iRAlRab¥SHRPe. 7.
Apparatus as clained in any one I ai s 6, wherein the el evation

devi ce cdfpr ﬁ%t@@"ﬁ %@FQﬁSaﬂi .sluyfa@ep opribg exatiopRsanshueréicallyawith sespast o g acent
-15 proj ecti opg @ @r ol ?;tﬁé ch@f GRBIdD ?%ﬁ%v‘icﬁa&?ﬁ%ﬂg@%hs oPBfe &yl ection

that is proj ect he surtface o
and propaganon of delamination between the chip and the adhesive tape.

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

3. Apparatus as claimed in ¢laim 2, including a plurality of slots extending
across the surface of the platform through which vacuum suction force may
20 be generated.

4, Apparatus as claimed in claim 3, wherein the elevation device is

projectable from the surface of the platform through the slots.

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

6. Apparatus as claimed in claim 5, wherein the ridge is configured fo
support the adhesive tape drawn by the retaining force generator after

30 delamination of the adhesive tape.

7. Apparatus as claimed in any one of claims 3 to 6, wherein the elevation

device comprises a plurality of projections and a space between adjacent




8. Apparatus as clainmed in any one of the preceding clains, wherein the 5
el evati on device includes a curved support surface for lifting the chip. 9.
Apparatus as clained in any one of the preceding clains, wherein the

el evation device includes a straight edge that is substantially vertical at
a trailing portion of the elevation dewste for initiating delam nation
between the 10 chip and the adhesive tape. 10. Apparatus as clainmed in any
one of the preceding clains, wherein a supporting surface of the el evation
devi ce i s adamjedions, anshveachai@iatdnfigamrdtosaccomengslate drae projectian Kt ¢ght  or

hei ghts that ar ' i ight at 15 which del am nation

bet ween t he 8%%&%}{%th-h%'g%@gg?egé@?ﬁ%@]ﬁb occur at the position of the
supporting surface. 11. Apparatus as clainmed in any one of the preceding

cl ai ns, whergi n tge speed a}t. which the el evati onddevi ce mves .| %?eral |y
across the pPat f ofHR3"aUSASLCIgFad I pny %}Bo?fatéﬁtpir%cr‘? N9y WHETSR At i on

bet ween the eRvatiGndevicEinalhbes a\carvedaRBport durfdgiar ating theschep.ai med in any
one of the preceding clains, wherein a wdth of the el evation device that
is substantially perpendicular to a direction 25 of travel of the elevation

device is sulgst a”h‘)ﬁ‘érlawstéﬁeclﬁiﬁ@i iRSar orlePSAIRE Pré @RIy ciditsl vhafeih g chi p.
13. Apparatus as clainmed in any one of the precedi ngt cl ainms, wherein the
el evati on de@ievatiemslerice daelugess pt sterohinergen it fis sHbstapliglly certigal 13 ea

platform 30 ?thfg Al il ; R&id a6l | ai ns,
wherein the tré 8% t oﬁﬁ??@eﬁlagE)Hr%ﬁcgﬁ?g'dm{agﬂﬁod\%%rﬁﬁ%é@neat hb'?ﬂéé:surface
of the plétf shimandftheadbesiveetapeng across the platform -16 15. Method for
detaching a sem conductor chip froman adhesive tape, conprising the steps
of : generating a retaining force to draw a portion of the adhesive tape

adj acent to tiRe cApparatusaasiciagued onaayayefatdhe tphecediigpelaims, wherein a

supporting surface of the elevation device is adapted to move laterally across
the platform at a height or heights that are higher than a critical height at

15 which delamination between the chip and adhesive tape tends to occur at the
position of the supporting surface.

11.  Apparatus as claimed in any one of the preceding claims, wherein the
speed at which the elevation device moves laterally across the platform is less
20 than a propagation speed of delamination between the chip and the adhesive

tape.

12. Apparatus as claimed in any one of the preceding claims, wherein a
width of the elevation device that is substantially perpendicular to a direction

25 of travel of the elevation device is substantially the same as or larger than a
width of the chip.

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

30
14.  Apparatus as claimed in any one of the preceding claims, wherein the
elevation device is configured to move underneath the surface of the platform

after traversing across the platform.




5 raising an el evation device to push against and lift the chip fromthe
adhesi ve tape near one edge of the chip; noving the el evation device
substantially across a width of the chip while propagating del am nation
bet ween the chip and the adhesive tape; and |owering the el evation device
while using said retaining force to 1Q 4@ ntain del am nation between the
chip and the adhesive tape. 16. Method as clained in claim15, wherein the
retaining force conprises a vacuum suction force. 15 17. Method as cl ai ned
in claim15 db. cl Blethaticforidetdaniiong samigonducty ¢Hie fromllreskdesiveptapen

shar pened ri ng contact between the chip and the adhesive
tape while SglgI% ”%ﬁéﬂﬂg %88% éf'ce mai nt ai ns del am nation between the chip

and the adhesive gaﬁmatlr@aln&talwbgffod:ea& diaai eEpbriion @ thereheofiveltapers 15 to
17, includin ortin urfacgrE of the el evation device at

2" hei ght or PERRLB ik e B SHPE R SRLROTR B BHiBCal "her ght et whi oh

del am nat son bet wefdind a a&vaftuoartﬂav;oadﬂepusheagm ArRNEES tHeOcifp Gtim alte t he
supporting surface when novin el evation device substantially across a

wi dth of theagH?ﬁve@@emaf%?%%P gkthe|cifred in any one of clains 15 to 18,

i ncl udi ng movi ng Hb@angeﬂhévé!éwémnd&éﬁld‘ees@d%t%ﬂ& iadtds¥ a"l%@(ﬁsofath@' éHih of the
chip at a speed that i's less than a propagation s el am nati on

bet ween t he ¢HIilp PEeRAgAHR] delReynafien bpamen t@@ chip. aﬂ%tgﬁé‘éh‘a%"%tf’@ﬁn@%ﬂ in any
one of clainms 15 [?Qve?ﬂ ¥R LRVAtiGh rd’eﬁﬁce APsiE LigRy Yaid Netditi Fr@{%}dé” glevice is
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16. Method as claimed in claim 15', wherein the retaining force comprises a

vacuum suction force.

15 17. Method as claimed in claim 15 or claim 16, including supporting the
adhesive tape on sharpened ridges for minimizing contact between the chip
and the adhesive tape while said retaining force maintains delamination

between the chip and the adhesive tape.

20 18. Method as claimed in any one of claims 15 to 17, inciuding maintaining
a supporting surface of the elevation device 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 supporting surface when moving the
elevation device substantially across a width of the chip.

25
19. Method as claimed in any one of claims 15 to 18, including moving the
elevation device substantially across a width of the chip at a speed that is less
than a propagation speed of delamination between the chip and the adhesive
tape.

30
20. Method as claimed in any one of claims 15 {0 19, wherein a rest
position of the elevation device is spaced from the chip and adhesive tape.




