-1- DRI VING MECHANI SM FOR CHI P DETACHVENT APPARATUS Field of the Invention
5 The invention relates to the detachnent of a sem conductor die or
integrated circuit chip froman adhesive tape on which it is nounted during
processing, and in particular, to a driving nmechanismfor effecting such
detachnment. 10 Background and Prior Art .Buring a sem conductor package
assenbly process, there may be a need to detach a sem conductor chip from
an adhesive tape carrier in chip bonding or flip chip bonding processes.
This detachment is usually necessary where a 15 slice of wafer conprising a
plurality of saidys . i 4 A IR0 S5 (P & i adhesi ve
tape (such as M5 T Tt S —ato—ee slmv. 0 T1e o be renoved
fromthe adhesive tape and placed at a bondlng Iocatlon 20 The first step
of the detachment process. generally includes generating a delam nation or
peel i ng actidﬂﬂgéﬁﬁﬁbﬂlﬂﬁégkeniconductor chip and the adhesive tape. This
i's induced by an upward force exerted by a push-up tool |ocated underneath
the chi p and adhesive tape, which is reinforced by suction force froma

vacuum pI at f othg memqwgreéﬂiemtq the deiachyment Qfao@m'pﬂnd@@rsdjﬁlolfw@yatﬂﬂcessar y
to sufficient t ape
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t he chi p fronardia ;:rmtimryta a dipang anedhariism fooeffectingl sdchmadetachmenthe chi p.
Especially for chips that are thinner and | arger, the adhesion between
surfaces may cause a bending nmonment or stress in the chip. If this is too
30 | ar ge, 10 hesdkgpoumd andPrigilaror break. There are various apparatus in the
prior art that seek to pronote del am nation between the chip and adhesive
ape. They commonly conprise a holder securing the adhesive tape and

torized |inBafinfglefli@niubid? patkafé assembly process, there may be a need to

detach a semiconductor chip from an adhesive tape carrier in chip bonding or

flip chip bonding processes. This detachment is usually necessary where a
15 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.

20 The first step of the detachment process generally includes generating a
delamination or peeling action between the semiconductor chip and the
adhesive tape. This is induced by an upward force exerted by a push-up tool
located underneath the chip and adhesive tape, which is reinforced by suction
force from a vacuum platform holding down the adhesive tape. It is usually

25 necessary to sufficiently delaminate the chip from the adhesive surface of the
tape before total removal therefrom. That is to enhance the ability to separate
the chip from the adhesive tape, and also to avoid damage to the chip.
Especially for chips that are thinner and larger, the adhesion between
surfaces may cause a bending moment or stress in the chip. If this is too

30 large, the chip will crack or break.

There are various apparatus in the prior art that seek to promote delamination
between the chip and adhesive tape. They commonly comprise a holder
securing the adhesive tape and motorized linear actuators installed



-2- underneath the hol der and adhesive tape to control a detachnent or
push-up tool. The nost common technique to detach a sem conductor chip or
device from an adhesive tape uses single or nultiple push-up pin(s) as
push-up tools to |lift the chip up above a platformwhile the platformis
hol di ng the tape down 5 by vacuum suction, such as in US patent No.
5,755,373 entitled "Die Push-Up Device". This push-up action of the pin(s)
will create a force to peel the chip awag-fromthe adhesive tape. For this
techni que, the driving nmechanism consists of a nDtorized | i near actuat or

I nstall ed underneath the said vacuum Iatforn1 see FIG 2 of the patent).
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15  said push-up pin(s).

The disadvantage of using push-up pins is that a strong bending moment will

be induced by the push-up action on the semiconductor chip if the induced

force is not large enough to peel the chip off from adhesive tape. The bottom

20 surface of chip will experience high compressive stress at the location(s)

where the push-up pin(s) are directly acting upon the chip. The top surface of

f the die located directly above the push-up pin{s) will experience very high
tension as the chip bends. The chip will be susceptible to crack failure if the

strain induced by this bending moment exceeds its critical strain. This wili be

25 more prominent as the semiconductor chip gets thinner.

Ancther technique makes use of a push-up tool moving laterally across the
vacuum platform to peel off a group of diced thin semiconductor devices from
an adhesive tape. Such an apparatus is disclosed in US patent No.
30 6,629,553 entitled “Method and System for Mounting Semiconductor Device,
Semiconductor Device Separating System, and Method of Fabricating IC
Card”. In this apparatus, peeling of the diced semiconductor devices is
propagated by the lateral motion of a push-up tool that is raised to an

appropriate height against a non-adhesive back surface of the adhesive tape,



Sem conductor Device Separating System and Method of Fabricating IC Card".
In this apparatus, peeling of the diced sem conductor devices is propagated
by the |ateral notion of a push-up tool that is raised to an appropriate
hei ght agai nst a non-adhesive back surface of the adhesive tape, -3- and
noved across the said back surface to delam nate a row of sem conduct or

devi ces before being |lowered again. In this chip detachnent process, the
push-up tool is an object with a curved -3-surface. It is nounted on a
novabl e assenbly and the object is noved laterally across a width of the

whol e wafer by a notorized table. After raising the object at one end of
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det achnment by si,ng vertical I¥-d,r_i ven push ug i ngs?_', rra‘kl/ .not be practicable
take into account the fragility of thinner and larger chips which may require
controlled movement both vertically and horizontally with respect to each chip

15 for optimized peeling action without damaging the chip.

A similar process is discussed in US patent 6,561,743 entitled "Pellet Picking

Method and Pellet Picking Apparatus”. However, the approach disclosed in

this patent makes use of a stage of given height in place of the aforesaid

20 object. This stage is movable on top of a vacuum platform along a horizontal

plane in one direction. The vacuum suction provided by the holes on the

f | platform together with a step formed in the stage creates sufficient tension on

the adhesive tape to peel it away from the diced chips.

25 These prior art systems described above drive the push-up tools either
vertically upwards and downwards, or laterally along a horizontal plane. Chip
detachment by using vertically-driven push up pin{s} may not be practicable
for critical applications involving large (eg. widths greater than 10mm) and thin
(eg. thickness less than 50 microns} semiconductor chips. On the other hand,

30 if the driving mechanism provides only lateral motion for the push-up tool, it
may not be easy to optimize the operating window for a given push-up tool in
the detachment of large and thin semiconductor chips.



for critical applications involving large (eg. wdths greater than 10mm) and
thin (eg. thickness |less than 50 m crons) sem conductor chips. On the other
hand, 30 if the driving nechani sm provides only lateral notion for the
push-up tool, it nay not be easy to optim ze the operating w ndow for a

gi ven push-up tool in the detachnent of |arge and thin sem conductor chips.
-4- It is thus desirable to develop a driving nechanismthat is operable to
nove a push-up tool in a conbination of-%ertical and horizontal notions to
assist in the del am nation of each chip, especially for delamnating |arge
and thin chips. It is also desirable that the driving nechanismis

progr ammabl e [tis tugdesirable ta daveiap adriving peehanisiathalis aperpble tgimeve ant
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object of the present invention to seek to provi riving mechani sm
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driving 1§ nagdesisatity tor adiusting forafiftebacdperationab@quremphisd to detach a chip
froman adhesive tape to which the chip is nmounted, conprising: a first
actuator coupled to the detachnent tool and operative to drive the

det achnment t oglnirfary@de RV&M@na first axis substantially perpendicular to a
surface of the chip; and a second actuator coupled to the detachnent tool
and operative to drive 20 the detachnment tool to nopve adjacent to a width of
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propagati on otapéel ami nation between the chip and the adhesive tape.

According to a first aspect of the invention, there is provided a driving

15 mechanism for driving a detachment tool adapted to detach a chip from an

adhesive tape to which the chip is mounted, comprising: a first actuator

coupled to the detachment tool and operative to drive the detachment tool to

move along a first axis substantially perpendicular to a surface of the chip;

and a second actuator coupled to the detachment tool and operative to drive

20 the detachment tool to move adjacent to a width of the chip along a second

axis perpendicular to the first axis; the first actuator being configured to drive

{ the detachment tool for programmable movement along the first axis with

respect to the chip in conjunction with the second actuator driving the

detachment tool for movement adjacent the width of the chip to provide

25 controlied lifting of the chip for propagation of delamination between the chip
and the adhesive tape.

According to a second aspect of the invention, there is provided a method for
driving a detachment tool to detach a chip from an adhesive tape to which the
30 chip is mounted, comprising the steps of: driving the detachment tool to move
along a first axis substantially perpendicular to a surface of the chip; and
driving the detachment tool to move adjacent to a width of the chip along a
second axis perpendicular to the first axis; wherein the detachment tool is
programmably driven for movement along the first axis with respect to the



According to a second aspect of the invention, there is provided a nethod
for driving a detachnment tool to detach a chip froman adhesive tape to
which the 30 chip is nounted, conprising the steps of: driving the
detachnment tool to nove along a first axis substantially perpendicular to a
surface of the chip; and driving the detachnment tool to nove adjacent to a
width of the chip along a second axis perpendicular to the first axis;
wherein the detachnment tool is progrannabky driven for novenent al ong the

first axis with respect to the -5- chip in conjunction with drivi ng the
det achnment toql for novement dckacen he wi dth of the chi rovi de
controlled |i¢ '?%CBF‘IUPH@%W?@ ¥ingpthsAgiashmentoeo! the meyemen cﬁf’ en the
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the invention in greater detail by reference to the acconpanylng draw ngs

whi ch i1 ust réglamgsdion betrpeandhe cbip andibejaghesive tape. The particul arity of the
drawi ngs and the related description is not to be understood as superseding
the generality of the broad identification of the invention as defined by
the clainss 10 wiit befcofesnientploi leeTeinbftéhaedoribaiting invantienx anpleatefdedaipbef er red
enbodi ment of _the drivi nmechani smin . accaordance th the, i ven nwill
mow be descr | LSRR 1P 1 afRmiEnyBg drawirds e Afkdte ene FRReRERt of it ch:
FIG | is an {naantdrtiof. VitRMpatticdamtiaop tmﬂmﬁ@sﬁén@m@éwé dtes@rqjmﬁr‘éltl ng a
driving nechani smaccording to the preferred enbodi mrent of the invention; 20

FIG 2 is a sBek Pd??a‘}'"%qrﬁéo@|a§\ﬁUBFrSPF|@QctHP }Qeaﬁﬁaéiﬁfrﬂféh? b&?ﬂﬁ’a‘ﬂ&f‘ﬁ@é@" FIG 1

i ncl udi ng t hegsRb Ghvdntidh ggd dé:}n@ 3 is a sectional plan view of the
driving mechani smshown in ;an 25 FIGS. 4(a)-4(d) are sectional

ide views0of the chip det achrrent apparatus and driving nechanismof FIG 2

show ng t he V@Fléﬂﬂé&ﬁ)ﬁ&?ﬁftﬂg [ﬂ;g‘twln%g of the driving nmechanismduring a chip

det achnent process

An example of a preferred embodiment of the driving mechanism in
accordance with the invention will now be described with reference to the
15  accompanying drawings, in which:

FIG. 1 is an isometric view of a chip detachment apparatus incorporating a

driving mechanism according to the preferred embodiment of the invention;

20 FIG. 2 is a sectional side view of the chip detachment apparatus of FiG. 1
including the said driving mechanism;

FIG. 3 is a sectional plan view of the driving mechanism shown in FIG. 2; and
25 FIGS. 4(a)-4(d) are sectional side views of the chip detachment apparatus
and driving mechanism of FIG. 2 showing the various stages of motion of the

driving mechanism during a chip detachment process.

Detailed Description of the Preferred Embodiment

30
An embodiment of the driving mechanism according to the invention will be
described herein with reference to a chip detachment apparatus as shown in
FIGs. 1 to 3. FIG. 1 is an isometric view of a chip detachment apparatus 10
incorporating a driving mechanism according to the preferred embodiment of



Det ai | ed Description of the Preferred Enbodi nent 30 An enbodi nent of the
driving nechani smaccording to the invention will be described herein with
reference to a chip detachnent apparatus as shown in FIGs. 1to 3. FIG 1
is an isonetric view of a chip detachnent apparatus 10 incorporating a
driving nmechani smaccording to the preferred enbodi nent of -6- the

I nvention. The chip detachnment apparatus 10 includes a vacuum enclosure 12
for generating vacuum suction. On top of-6he vacuum enclosure 12, there is
a flat vacuumplatform 14. This platform 14 contains a plurality of slots

16 through whi ch vacuum suction can be aﬁgl i ed when an adhesive tape 5 with
si ngul at ed setfecBVEOED, dRe pshippdeieeimene ARBRIAIUS J0aMEHASS Ph¥aCYMit f or m
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t hrough a plu i S ; f 14. 10
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through 15 t hgrovldesse Hcutim 684 diridbfveiciumkdba-uphavRAg ithe Mitérfack. betiveén
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curved front theaglaligmadlfe angdniner pgResiuhdpRa Whea MagInY ssuchien|is arpliedn an
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sem conduct or sect i ona the chip
et achmenfO0apparatus 10 of FIG 1 including the driving nechanismof the

oot ert e el 9L Sl RGBT
consi sts of t keappliedumtienchcsim endidsaed 2. hA detsdhment tool, which may be in
the form of a push-up tool 22 for detaching semiconductor chips, may
comprise a plurality of slotted projections that are adapted to protrude through
15 the slots 16 of the platform 14 as shown in FIG. 1. This plurality of slots 16
extends across the surface of the platform 14. A curved front leading edge
and right-angled trailing vertical edge on an upper portion of the push-up tool
22 facilitates the detachment of the semiconductor chip.

20 FIG. 2 is a sectional side view of the chip detachment apparatus 10 of FIG. 1

including the driving mechanism of the preferred embodiment of the invention.

"' The chip detachment apparatus comprises two primary components: {i) an
application tool set which consists of the vacuum enclosure 12 and the push-

up tool 22, and {ii} a motorized actuation assembly 24 mounted on a mounting

25 base 26 which provides programmable vertical and horizontal actuation for

the push-up tool 22 during the chip detachment process.

The vertical motion is driven by a first actuator 28 (preferably in the form of a
linear motor and more preferably in the form of a voice coil motor) coupled to
30 the push-up tool 22 and operative to drive the push-up tool 22 to move along
a first axis substantially perpendicular to a surface of a chip to be detached.
The horizontal motion is driven by a second actuator 30 (preferably in the
form of a rotary motor driving a linear cam mechanism) coupled to the push-



up tool 22, and (ii) a notorized actuation assenbly 24 nounted on a nounting
25 base 26 which provides programmabl e vertical and horizontal actuation for
t he push-up tool 22 during the chip detachnment process. The vertical notion
is driven by a first actuator 28 (preferably in the formof a |I|inear notor
and nore preferably in the formof a voice coil notor) coupled to 30 the
push-up tool 22 and operative to drive the push-up tool 22 to nove along a
first axis substantially perpendicular tefa surface of a chip to be
detached. The horizontal notion is driven by a second actuator 30
(preferably in the fo%?bof a rotané%nvtor driving a |inear cam nechanismn
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perpendi cular to the first aXis. The vacuum enclosure 12 is nounted on an
adapter 32 which is preferably 5 designed to be replaceable for different
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15  FIG. 3 is a sectional plan view of the driving mechanism shown in FIG. 2. The
first actuator 28 {voice coil motor assembly) of actuator assembly 24 is a
linear motorized driving mechanism that provides a vertical driving force to
move the push-up tool 22 up and down. This first actuator 28 is mounted and
fixed onto the mounting base 26. A push rod 29 connected to the first

20 actuator 28 pushes against the vertically movable base 38, and lifts and
lowers the linear table 44 to move it up and down. The vertical motion of the
vertically movable base 38 is guided by three sets of ball cage bearings 40.

In addition to the motorized driving mechanism of the first actuator 28 that
25 moves the push-up tool 22 up and down vertically, the actuator assembly 24
includes the second actuator 30, such as a rotary motor driving a linear cam
mechanism, that can drive the push-up tool 22 backwards and forwards (or
left and right in FIG. 3) horizontally. The push-up tool 22 inserted onto the rod
supporter 36 moves horizontally on the linear table 44 guided by a pair of LM
30 blocks 46 as shown in FIG. 3. When a pusher table 42 and a pusher rod 48
move horizontally, the rod supporter 36 which is held by a bearing follower 50
and a connector 52 will be pushed to move correspondingly on the linear table
44. The second actuator 30 (rotary motor) drives and turns the linear cam
mechanism, such as a linear cam 54, to provide linear actuation for the



vertically novabl e base 38 is guided by three sets of ball cage bearings 40.
In addition to the notorized driving nmechanismof the first actuator 28 that
25 noves the push-up tool 22 up and down vertically, the actuator assenbly
24 includes the second actuator 30, such as a rotary notor driving a |linear
cam nechanism that can drive the push-up tool 22 backwards and forwards
(or left and right in FIG 3) horizontally. The push-up tool 22 inserted
onto the rod supporter 36 noves horizont&tly on the linear table 44 guided
by a pair of LM 30 blocks 46 as shown in FIG 3. Wen a pusher table 42 and

a pusher rod 48 nove horizontal]y, the rod supporter 36 which is held by a
bearing fol | oRshestablefd via a gamdeliewergolig; 36. Yiden the dnearcam péd tums in

di ihd t
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54 and cam fo?ﬁ%ﬁ@?gfgﬁqér_%gé%?\ﬁﬁlgcﬁ |aégf?§é%b8fgﬁemgdush§frEdtag%:rdélﬁﬁZ) when
tthey are 16 nguides 58Th&eprsgrein theicemafdilpwer oller ifabity gseatiyniedpceltbaded. For
this purpose, pair SPL i | blLe 42 at one
end, and fi xed’%tt'g'filtbf‘?g'%r%:'\t')r]ui[r%te i Iﬁvgg[)g%rga'%gaé@ )égﬁ] @m’é’%gg%"igf§Egk’8].[°ﬁ1‘%3"‘§€ri ngs 60
are used to pohlthe hrusbamtdhid [4@)avhenotHegrarBGnomhotitre Tipaiposhert tahlee422s agai nst
the |linear cam 54 ring operati sqQ.as to bias th r.od orter 36
towar ds the. | Predereblyaatte Prabaded ekinB purhs. & Balntf nafings 60/ Hxe'to
the pusher table 42 at one end, and fixed to the mounting base 26 at an
15  opposite end. The springs 60 are used to pull the cam follower roller 56 of the
pusher table 42 against the linear cam 54 during operation so as to bias the
rod supporter 36 towards the linear cam 54. Sufficient preload from the
springs 60 is needed to ensure that there is no gap between the cam foilower
roller 56 and the linear cam 54 during the whole horizontal/lateral motion
20 stroke of the push-up tool 22. The springs 60 are also used to provide a
returning force to the pusher table 42. The backward driving force for the
. pusher table 42 is provided by the contraction force of the pair of springs 60.

In this construction, the rod supporter 36 carrying the push-up tool 22 can

25 move horizontally on the linear table 44 as well as vertically together with the
vertically movable base 38. The bearing follower 50 on the rod supporter 36
is operative to decouple the verticai and horizontal/tateral movements of the
driving mechanism.

30 Therefore, the first actuator 28 is configured to drive the push-up tool 22 for
programmable movement along the first axis with respect to the chip in
conjunction with the second actuator 30 driving the push-up tool 22 for
movement adjacent the width of the chip to provide controlled lifting of the
chip for propagation of delamination between the chip and the adhesive tape.



springs 60 is needed to ensure that there is no gap between the cam fol | owner
roller 56 and the |inear cam 54 during the whole horizontal/lateral notion
20 stroke of the push-up tool 22. The springs 60 are al so used to provide a
returning force to the pusher table 42. The backward driving force for the
pusher table 42 is provided by the contraction force of the pair of springs
60. In this construction, the rod supporter 36 carrying the push-up tool 22
can 25 nmove horizontally on the |inear taBl-e 44 as well as vertically
together with the vertically novable base 38. The bearing follower 50 on

the rod supporter 36 is operative to decouple the vertical and
hori zont al / | aT&e #ringiplgcpiineschip defachment @cerydingcivathedRyendion Wik memobe, t he

first actuat Oﬂe&f?lbbavﬁtﬂ%fe%ﬁn%‘eiotﬂGgr&g@ b _push-up tool 22 for

programabl e novenent al ong t first ith respect to the chip in
conjunction with the second actuator 30 driving the push- up tool 22 for
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j ust bel ow t he surface of the platform 14. The targeted sem conduct or

chip 64 will Bedghaned wmm%ﬁtraigmtd@mwhamﬁége pét'@dg@hr@ togl 32.03ke
Bush- up { ool $3RCARAIHEEEdH ot psfiup ol S MR E8ororbbly 186 BEHS . il g
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t hese encl osulM@&du g g e
a vacuum level of about -85 kPa inside these enclosures.
15
The push-up tool 22 will then rise to a predetermined height so that it is
protruding from the top surface of the platform 14 and applying a force on the
adhesive tape 62 against the back of the semiconductor chip 64. The tension
induced on the adhesive tape 62 will peel the adhesive tape 62 away from the
20 semiconductor chip 64. In the meantime, the tension on the adhesive tape 62
will induce a downward reaction force onto the push-up tool 22. This force
i has to be balanced by the driving force provided by the first actuator 28 (voice
coil motor). The delamination at the interface between the semiconductor chip
64 and adhesive tape 62 will be initiated. The protruding portion of the push-
25 up tool 22 is kept at a height (preferably between 0.2 - 1 mm) above the
platform 14. At that height, it is moved laterally (horizontally) across the said

platform 14 along the slots 16 at a programmable speed.

The horizontal or lateral motion of the push-up tool 22 is driven by the second
30 actuator 30 (rotary motor) via a linkage containing the linear cam 54, the cam
follower roller 56, pusher table 42, pusher rod 48, connector 52 and bearing
follower 50. This second actuator 30 should be able to provide forward thrust
of about 3 kgf for the push-up tool 22 to overcome the reaction force
generated by the tensioned adhesive tape 62 during the horizontal motion of



15 The push-up tool 22 will then rise to a predeterm ned height so that it
is protruding fromthe top surface of the platform 14 and applying a force
on the adhesive tape 62 against the back of the sem conductor chip 64. The
tension induced on the adhesive tape 62 will peel the adhesive tape 62 away
fromthe 20 sem conductor chip 64. In the neantine, the tension on the
adhesive tape 62 w !l induce a downward reaction force onto the push-up
tool 22. This force has to be bal anced-t\)-the driving force provided by the
first actuator 28 (voice coil notor). The delam nation at the interface

bet ween t he sem conduct or. ¢ch 64 and. adhesi e 6 i i nitiated.
The pr ot rudi ngepRYs ‘lﬂjfh togl %%ég‘besﬁ"ezBIaUBmﬂ &6: Vg‘ﬁ tﬁg Rﬁstm&po&%ﬁé Qhﬁl
(preferably bgiowaghddzentally, thehk vald 8% aintdiitioRbPddviiviard 4eadontibe deahght , it

is noved lateral |y (horizontally) across the said platform 14 along the

slots 16 at aOpiks)PHAHBIteolsHE sifnce this hesizpntaliataralonotion ef the test Rrwibf t he
push-up t ool &%atesag@wﬁé? tQMsusneonS@%?%esﬁ% éﬁk;&ﬁ{m% \Atg;?usﬁ{e tag{aY%sg%Qf) via a

| i nkage cont al ni ng ' near cam cam pusher
tabl e 42, Ppushdhesivedtaps 62c oFhieatiditiona domohwaed forag has oo be\batan'ééd byhhe second

actuator 30 should b |l e.to prqyide ward t hrust out 3 for the
push-up tool E@%g‘%@’é%@dﬁﬂ Qﬁﬁoﬁéggtq WPX‘Qe u@@'ﬁéﬁ’ H{rﬂﬁt ng%PHte:'} ansi oned
adhesi ve t apewhendiié rszhhﬁa h@ou 22nhidve8DAErBSs Othe- #8midoRBudioss fehif 84001 22
above the platform 14. As push-up tool 22 starts npving horlzontally,

there will be"ﬁ?ﬁ%ﬂ!@'%ﬁ?"%@ﬁ%% t'?%ﬁ@ﬂqsb‘i? e &2 %&ﬂ‘ﬁg*e”&?mdh'ét%ush up
Lool 22 i ncechipies RTAIRANAR) bicBhgaR!adiBls 1A wabid 8 680! TRZsHied or g eat ©

addi ti onal tension on the adhesive tape en it pushes agai nst
adhesi ve f@pelatgral Thetiora@di theopush- blbm%ﬂbr&? ﬁbﬁ@ld Rek beo grateraltharcdbeby t he

first actuat Oér%%gﬁ{%rﬁ%e?gf&ggls%eﬁg&gl Je?arﬂfn?ﬁbrgeoﬂ%‘?@fs {o?élléﬁkﬁl%fho@bom 3

kgf. Wen th noves acr 0SS e 'sem conduct
i nterfacial dbébtwaenatheorhip &€4varehthehadresivestape thmyaﬂntdmdatl'hevexbm'?benduct or

chip 64 will ]cr)%plaamﬁgnngp ecP 8@ t%?s:[ |%te%0|a?%ettarr}1e|n%n |§ dC cQat%d%y th‘é’%edh%gleed of the
strength along the interface between the semiconductor chip 64 and the
156  adhesive tape 62.

One way to reduce the adhesive strength of the adhesive tape 62 is by

operating the module at elevated temperature. It can be achieved by

elevating the temperature of the top surface of the vacuum platform 14 to 40-

20 90 degrees Celsius by using a heater element (not shown) located in the

vacuum enclosure 12. In addition to the reduction of the interfacial adhesive

{ strength, by elevating the operating temperature the propagation speed of

interfacial delamination will also be increased.

25 When the push-up tool 22 moves to an opposite end of the semiconductor
chip 64, the chip 64 should be substantially separated from the adhesive tape
62. The second actuator 30 is then stopped and the push-up tool 22 stays at
this position. Then the first actuator 28 drives the push-up tool 22 to move
downward to its standby leve! where the push-up tool 22 will totally withdraw
30 below the top surface of the platform 14. The second actuator 30 will then
turn the linear cam 54 backward and let the push-up tool 22 move back to its
initial position on the left side and prepare for the next detachment procedure.
When the push-up tool 22 is moving back to its initial position, a pickup tool 66
may be lowered down fo pick up the detached semiconductor chip 64’. In an



10 lateral notion of the push-up tool 22 should not be greater than the
propagati on speed of this interfacial delamnation. O herw se, total
separation between the chip 64 and the adhesive tape 62 may not be

achi eved. The propagation speed of this interfacial delam nation is
dictated by the adhesive strength along the interface between the

sem conductor chip 64 and the 15 adhesive tape 62. One way to reduce the
adhesi ve strength of the adhesive tape 6211is by operating the nodul e at
el evated tenperature. It can be achieved by el evating the tenperature of

the top surface of the vacuu Iatf to 40 20 90 degrees Cel sius by
using a heat ePI&NAINEPIOCRAT: s‘%‘i’r&ﬂﬁ tog Q‘Ehgang é‘?WJ‘%\egrf@"@s@rthlz I n
addition to tRgghRRA C&fltmd%chﬂﬂemwf@@heﬂghaﬁ&w ¥8se éhé@qudﬁrecbwe

el evating the opera ing tenperature the propaﬁgatlon speed i nterfacial
del ami nati on € pagielly detaghedr semieandustonehip @hangurevidg supporforibees to an

opposite end Qf.f ‘%d?&g*??@%”ﬁ@hggﬁm"ﬁ%" the chip 64 should be

substantially separate esive tape 62. The second actuator 30
is then stbpped and the push-up tool 22 stays at this pOS|t|on Then t he

first actuator ves the u 22 to ve rd toits

st andby | evel '\Mﬁ?\‘oé' htee pHRpE E'BPe[dootB {223 wiFl tBe qryer ?‘Hdm%f\?%%e?ow t he
top surface ofseiinalietbf @hip fém meaér@éwedta’pet wahQﬁun?rﬁa1Wngcéd1«bendhyrn t he

| i near cam 54 backward and | et the push- tool 22 nove back to its initial

posi tion on t §HEsEMASHERE ﬁﬁ%P"BPQH%ﬁ’ ging or" Fh@arﬁé'%?r'ﬂétsﬁﬁhd%rﬁppb%@@éure
When e pus iyl RpkoabenFBe (Ao fh 10 | bidth ARt s Mafl ckup

tool 66 may b ower ed down he detached sem conductor chip 64'.

In an - 1110al 50r migrone thicknasss Cb@auen&rethQ Isesgitedygmbodimesd, &en do¥ingover ed
O e oo SRRl b R R el el SRl S et d ol 6105¢,
support for t kigveseerposmdpdoar Therefofd tiokimatign gedfienion e pnsh 6p tool can
be fine-tuned to achieve an optimized delamination process for different
dimensions and characteristics of semiconductor chips to be detached.
15
Such a driving mechanism offers an integrated design that provides
independent vertical and horizontal motion for the push-up tool used for
semiconductor chip detachment. It also has the benefit of providing a
compact design since its size is comparable to a single vertical motion
20 actuator for similar applications.

. With this design, the initial tool height, the time delay for lateral motion and the
speed of horizontal/vertical motion become programmable parameters for the
chip detachment process. These additional process parameters can be used

25 to optimize the chip detachment process. Therefore, critical applications
such as detaching very large and thin chips are possible. Accordingly,
complex synchronized motion control profiles are possible for the application
tool to optimize the chip detachment process. The speed for the
horizontal/vertical motion of the application tool can be programmable within a

30 large dynamic range. This allows the chip detachment apparatus to be used
with adhesive tapes of both low adhesive strength (such as UV tapes) and
large adhesive strength (such as ordinary dicing tape or non-UV type tapes).



It should be appreciated that a new nechani smfor detaching a sem conductor
chip fromthe adhesive tape with m ni mal induced bending stress has been
described herein. It is particularly useful in applications requiring
detachnment of l|arge (greater than 10 mfmmwi dth) and thin (less than 10 50

m crons thickness) chips. In the described enbodi nent, the driving
mechani sm provi des integrated and i ndependent vertical and lateral notion to
drive the push-up tool. Therefore, the mitd-on profile of the push-up tool
can be fine-tuned to achieve an optim zed del am nati on process for
different dinpensions and characteristics of sem conductor chi

det ached. 15 BHERerqie; (¥ Jrecaemzai¥hissresignedale bemagprhapicgllyee ﬁt'tl"ﬁat
provides i ndwaﬁ%ﬁm.oﬁ%&érﬁeﬁesqndrdaﬁrohapaﬁ@b »@ﬁtda%oh@ﬁ rﬁmnﬁau@ﬂaéh-us tool
used for sem conductor chip detachnment. It also has the benefit of

providing a otvphip detarlymesnt anp@rattls §hu& it sarcerpaediin @ system withghip

verti cal nDtl f ign, the
initial tool gtlaﬁﬁ'q‘eﬂf%&r”s ing s lyBRReS fVer @it Sna Wokiforah 'Q“°qi§§d of

hori zont al 5vecbntoc&1lorsmgleaaw£)emhml)pnotg)mamlml.e paranmeters for the chip

det achnment process. These additional process paraneters can be used 25 to
optim ze the chip detachnent process. Therefore, critical applications such

as detaching vrﬁéyndeﬂﬁaedeéuﬁbéa'Inerernhis%séé;ﬁ.b@@%aﬁb@enﬁmrfﬂamgand/&0rml ex
synchroni zed nmotion contr ol r*Ero iles are possible for the application tool

to optinize tRddiipngohet henteete snesticaly deﬁﬁ"@b%é% itfigfo pgygnderstood that

hori zontal / veldd fREntBAl ihAld&d afl 46 Gé)rkdtlsﬁé 'rﬂB&E HQ%H?B? 2BERSLURRRA! ©
within a 30 | arge dynam c range. |s al t tac ment appar at us
to be used® wfalmlwhé@ispﬁltﬁa@eeonﬁdbm abﬂ\mde&dlﬁmmve strength (such as W
tapes) and | arge adhesive strength (such as ordinary dicing tape or non- W
type tapes). -12- Furthernore, this nechani zation is designed to be
mechani cal ly conpatible wth actuation assenblies in traditional single
vertical notion nultiple push-up



pin(s) chip detachnent apparatus. Thus, it can be used in a systemwth chip
det achnent apparatus using either a two-axes (vertical and horizontal)
notion 5 control or single-axis (vertical) notion control. The invention
described herein is susceptible to variations, nodifications and/or

addi tions other than those specifically gigscribed and it is to be understood
that the invention includes all such variations, nodifications and/or
additions which 10 fall within the spirit and scope of the above
description. GLMSCLAI MS: 1. A driving nechanismfor driving a detachnent
tool adapted to detach a chip froman adhesive tape to which the chip is
nmount ed, conprising: 5 a supporter for the detachnent tool; a first actuator

coupl ed to the suppdrivirgy madishrigie faitdrivingt ® deétachdehtt®ol atRiptsdteddtadiogl to nove
along a first ax‘j S pe:fgj%ndj cular t ,thg@chi, p, a bearing holding the
supporter; afdP{TYBEH SE‘E’ﬁQR?rtod'ﬁ'lﬁﬂ Gp I8 RROYMRG. iCREPHEWIoper at i ve to
drive theg 10 det %%*&B’F&ttertfepﬂhetdétdhﬂﬁﬁn@{dbﬂg a second axis perpendicular to
the first axis, the first actuator being configured to drive the detachnent

tool along the fi esfirsharkiatdrteouplesptacthe: suppastectand pperetivg dmatriverthad t h t he
second act uato%éachq.{énﬂ%gfiﬁg?’??toﬁﬁ%rr@gtt?ﬁ]éena%ﬁlgig&i?@?y@qﬁg%m |l ong the second

axis to provi contr propagati on of
del am nati on bet wadreatihg holding thé Suppatternandadhesi ve t ape; the second actuat or

bei led to the bear] d d d f the first t h
Chat an axi ol movEnE BIAT IO DRI IS BETR By oPPiRNG 8 Gelr s " caused

by the se@ondieddhifsng todl EEmone blopy rsseend axie Pefrsrabutir ig thvdirsd axi@venent  of
the first actuator al on%ét he second axis., 20 2. The driving mechani sm as

claimed in clai m ihe {iéasiugtariReing earfigyeqd, in dive thendetashrgent tophalgnd not or .

the first axis with respect to the chip in conjunction with the second actuator
driving the detachment tool for movement along the second axis to provide
controlled lifting of the chip for propagation of delamination between the chip
15 and the adhesive tape,
the second actuator being coupled to the bearing and decoupied from
the first actuator such that an axial movement of the detachment tool along
the second axis caused by the second actuator does not produce a
corresponding axial movement of the first actuator along the second axis.
20
2. The driving mechanism as claimed in claim 1, wherein the first actuator
comprises a linear motor.

3. The driving mechanism as claimed in claim 2, wherein the linear motor

25 comprises a voice coil motor.

4 The driving mechanism as claimed in claim 2 or claim 3, wherein the

linear motor is coupled to the supporter via a movable base that is movable

along the first axis, including a linear table mounted to the movable base-that
30 is movable along the second axis.

5. The driving mechanism as claimed in claim 4, wherein the second

actuator is configured to drive the supporter to move with the linear table.



3. The driving nechanismas clained in claim?2, wherein the |inear notor 25
conprises a voice coil notor. 4. The driving nechanismas clainmed in claim 2
or claim3, wherein the I|inear notor is coupled to the supporter via a
novabl e base that is novable along the first axis, including a linear table
mounted to the novabl e base-that 30 is_#qmyable along the second axis. 5.
The driving nmechanismas clained in claim4, wherein the second actuator is
configured to drive the supporter to nove with the linear table. -14- 6. The
driving mechd&i smTae drivingimeectianisamas claimed it &y pneobthiengecddingrelaimssher ei n

mechani sm 5 WO AEEbG ShuBidr o ptid® o Eorhius oY g € e R ng o

spring nechanegmniyperati ve to bias the supporter towards the |inear cam
mechani sm 8. The driving nechanismas clainmed in any one of the preceding
claims, 10 wherein the first axis is substantially perpendicular to a

sur f ace ofs the chithe SrividdanécHanisng ¥ ehed Th 8daifl ¥, TREudifgCa %Tﬁ?’hé wherei n
the second actuator Is operative to drive the detachment tool

reci procal noveshanism appeigtivehelos ddas dhaxisuppaiera tewardandie tlingar i eam
substantial Iy 8‘ﬂ+£ nghent to a width 15 of the chip. 10. A nethod for
driving a detacC nt tool to detach a chip froman adhesive tape to which
the chip is nounted, conprising the steps of: driving a supporter with the

det achnent t agl nt ed. t her eon. usi.n fir a uator 0 as. to nove the
Gt achment 181 SHIRIRRina REGRNTR a8 Sifnedh atY Be BEETuRhedifh SRS oo
beari ng hy divigerbinehe fispaxic s sulsstargially pependicalat tood slirfaoe gishe éipove t he

detachment tool along a second axis perpendicular to the first axis such
that the axial novenent of the detachnent tool along the second

9. The driving mechanism as claimed in claim 8, wherein the second

actuator is operative to drive the detachment tool for reciprocal movement

along the second axis for a distance that is substantially equivalent to a width
15  of the chip.

10. A method for driving a detachment tool to detach a chip from an
adhesive tape to which the chip is mounted, comprising the steps of:
driving a supporter with the detachment tool mounted thereon using a
20 first actuator so as to move the detachment tool along a first axis
perpendicular to the chip;
driving a bearing holding the supporter using a second actuator so as
to move the detachment tool along a second axis perpendicular to the first
axis such that the axial movement of the detachment tool along the second
25 axis caused by the second actuator does not produce a corresponding axial
movement of the first actuator along the second axis;
wherein the detachment tool is driven for movement along the first axis
in conjunction with driving the detachment tool for movement along the
second axis to provide controlled lifting of the chip for propagation of
30 delamination between the chip and the adhesive tape.

11.  The method as claimed in claim 10, wherein the step of driving the

detachment tool along the second axis further comprises the step of moving



25 axi s caused by the second actuator does not produce a correspondi ng axi al
novenment of the first actuator along the second axis; wherein the detachnent
tool is driven for novenent along the first axis in conjunction with
driving the detachnment tool for novenent along the second axis to provide
controlled lifting of the chip for propagsti on of 30 delam nation between
the chip and the adhesive tape. 11. The nethod as clainmed in claiml10,
wherein the step of driving the detachnent tool along the second axis

furt her conprthe gstachmest éol oeciprogalhgalond the hecansk axdh fierm distaricertbat isr ocal | 'y
al ong the sec Al I substantially equivalent to
the width of 1 gtaﬂﬁé@ écﬁ.@va?e'rﬂlté Bﬁ@@ éggﬁ% rEP'med inclaim10 or claiml11l,
wherein the 5 detachnment tool is driven along the first axis by a linear

nmotor. 13. Thg method a ai med .in claim.12, wher | i near tor
conpri ses ‘&m c:ﬁ@om %mf{oqs ‘%5 meg. 'nTr?éa‘WetWo&" @a Tﬁe&’hieﬁe'%l m 12 or
claim 13, g Urdét@cfhn@é?ﬂﬁddl% dvirencaiehiy Ih@Qﬁét%&lS'byftﬁﬁ*rﬁedMaﬁr to the supporter via
a novabl e base that is novable along the first axis, including nmounting a

| inear table to the novable base that is novable along the second axis. 15

15. The net hoﬁ as ﬁg%@fﬁed a8 e ﬁﬂ?c[gf'n £ 3HBreihGnd finddh mABEEGhBri éeg
ong rivi ng a

det achnent t ool rrven a e second axlis by a rotary notor
| i near cam ma&mmesnﬂ mo®r. The method as clained in claim15, including
bi asi ng the supporter 20 along the second axis towards the |inear cam
mechanismw th a spring nmechanism 17. The nethod as clained in any one of
clains 1010 0 14, Wher Methddhas folaimed iaxdiaim $2 rbasigntBaklrihep @opdnidingul ar to a
surface of the cpgp 2|

coupling the linear motor to the supporter via a movable base that is movable

along the first axis, including mounting a linear table to the movable base that

is movable along the second axis.

15 15. The method as claimed in any one of claims 10 to 14, wherein the
detachment tool is driven along the second axis by a rotary motor driving a

linear cam mechanism.

16. The method as claimed in claim 15, including biasing the supporter
20 along the second axis towards the linear cam mechanism with a spring

mechanism.

17.  The method as claimed in any one of claims 10 to 16, wherein the first
axis is substantially perpendicular to a surface of the chip.
25



