-1- CONFI GURABLE DI E DETACHVENT APPARATUS Field of the Invention 5 The
invention relates to the processing of sem conductor devices, and in
particular to detaching a sem conductaqrqdie froman adhesive tape.
Background and Prior Art 10 Die bonding is one of the key manufacturing
processes in electronic packaging in which a sem conductor die singul ated
froma wafer is detached and -lcked fron1an adheS|ve di ci ng tape and then
bonded onto a subst GONFIGURABLF DAE A HENT ARRARA USrinted wiring
board ("PWB") substrate. 15 Durlng the die detachnent part of the process, a
die froma sawsingulated wafer is detached from an adhesive dicing tape
usi ng a tefibd efehd Imdentiomvol ves the utilization of a single or a plurality
of push-up pin(s) for Tnitiation and conpletion of the delam nation of the
die frdﬁlthe d|C|ng tape with the 20 cooperation of vacuum suction hol di ng

onto the d o f.or. b ie
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i mpl enent eéanmuldieo@btau‘nwgésfemd@rﬁdudﬁoreduélfmmtahcyarmn@ctbpel ve dicing tape.
In a single push- up pin appr oach |IIustrat ed in 25 US patent nunber
5,755,373 entitled "D e Push-Up Device", a single push-up pin approach is
descri bed B3 oV nd n%ul-s’ﬁor“thp' n, in the formof a needle, is fastened to a
hol der for—p'ugﬁr—kg—é-m—drm as to separate the die fromthe dicing tape
hel d byposuction provided by a vacuum assenbly. The vacuum assenbly is

usually held fixed and the push-up needle is independently, 30 novabl e by a
rai si ng- an&i¢ ohRN4IRG ifotdle i tha lﬁﬁéthﬁﬁn%fﬁptuﬂﬁ‘én Preeesseshinipelgriioniaches
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die leavin
and picked from an adhesive dicing tape and then bonded onto a substrate,

such as a copper leadframe or a printed wiring board (“PWB”) substrate.
15
During the die detachment part of the process, a die from a saw-singulated
wafer is detached from an adhesive dicing tape using a technique that
involves the utilization of a single or a plurality of push-up pin(s) for initiation
and completion of the delamination of the die from the dicing tape with the
20 cooperation of vacuum suction holding onto the dicing tape. This technique is

commonly adopted for both die bonding and flip chip bonding processes.

Various pin assemblies have been implemented in the prior art to detach a die
from an adhesive dicing tape. In a single push-up pin approach illustrated in
25 US patent number 5,755,373 entitled “Die Push-Up Device”, a single push-up
pin approach is described in which a push-up pin, in the form of a needle, is
fastened to a holder for pushing the die so as to separate the die from the
dicing tape held by suction provided by a vacuum assembly. The vacuum
assembly is usually held fixed and the push-up needle is independently

30 movable by a raising-and-lowering motor driven mechanism.

When the push-up pin reaches its maximum height, the dicing tape is
substantially delaminated from the die leaving only a small contact area

supported by the pin. The adhesion of the die to the dicing tape is minimal, so



supported by the pin. The adhesion of the die to the dicing tape is m nimal,
SO -2- that it is possible to lift the said die up fromthe dicing tape
using a vacuum collet without damaging the die. However, as the size of the
die increases in area and its thickness decreases, the single push-up pin

approach w ; } i £ M i b¥@hy, a
Fhb. ot age L1 PR OIS ARSIl MRy taned WERGTELatdint
entitled " PoketRetioudidantaging dne AppaHawveyer,as thepsize tob the diecimceeades inabove

probl em by providing.a tel escopic ejegtor. chuck. The tel escopic ejector
chuck corrpPF%‘%@nan't%ﬁ?'génméPgrﬁasqﬁ%T 3@@?%)9%93{%9{”5@9?[ hy ﬁlr fires 10
for pre- peg{ddegubftefofisBccedtfuldpigenpr al housing with a notorized ejector pin
connected to an ejector collar for pushing on the die away fromthe dicing
tape s® that the die is substantially detached fromthe dicing tape. A
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to be only effective for die sizes larger than 5mm The apparatus is

t her ef ore Aabove aphileman provisling aitelesdopic @jecienchusk. W hentalesddpic ejgctorsi zes.

20 Anot her alternatiwve approach is.to use djfferent ejectqr pin
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profiles may have reduced the risk of die damage, but frequent changi ng of

push-up pins with different profiles for 30 new devices may be necessary.
Fur t her nor &, dispdvantagerofdinis dverstags appreace tsothe design complexity of the

15  vacuum-and-spring-loaded telescopic ejector chuck, so that its size has to be
relatively large. With its size constraint, the ejector chuck is found to be only
effective for die sizes larger than 5mm. The apparatus is therefore not

applicable to semiconductor devices with smaller die sizes.

20 Another alternative approach is to use different ejector pin configurations to
facilitate the die detachment process. This is illustrated in US patent
application number 6,201,306 entitled “Push-up Pin of a Semiconductor
Element Pushing-Up Device, and a Method for Separating”. This approach
provides different push-up pins with tip end portions having different profiles

25 that prevent the die from being damaged during die detachment from the

dicing tape.

The use of push-up pins with different profiles may have reduced the risk of
die damage, but frequent changing of push-up pins with different profiles for
30 new devices may be necessary. Furthermore, if dice of different sizes are to
be detached, this prior art does not teach the use of the same tool for these
different dice. In addition, it does not cater for re-locating and optimizing the

arrangement of the push-up pins for any given die.



be detached, this prior art does not teach the use of the sane tool for
these different dice. In addition, it does not cater for re-locating and
optim zing the arrangenent of the pus_I‘gup pins for any given die. -3- A
conventional approach to detaching a die froma dicing tape will be
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assenmbly 1 the prior art ush-up pins assenb 00" conprises a
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det achment agrBAIY HSundldPtapied issass it hall ﬁuﬁaamageltné oS bl the J6IR 1@nC! osed
by a vacuum enclosure 112. 15 The vacuum encl oSure 112 conprises a flat

di sc-1i ke pophes ag‘amsh thes dicing rfgpea A locking ying 16peis digposed amrtheged f or
t he push- up ins 1 u up at d down freely. There
are the sa ‘HE'HQ qugﬂﬁh[%ﬁ&@gfg' é%ﬂftmap'gs 1\62' l?ﬁ pins 102, and

their ygspective 20 configurations are fixed. Wen the push-up pins assenbly
100 noves u the push- P pins 102 will correspondingly rise and project
rc

their tips 1@51Bb$399 igqraetricofie ok afdie getachmemntappapatus dt10mfiihe pgiof artt her
openi ngs 1 StyiRtb e pusREt by AsSEubl 1pd, e R LRt i s Sdtca by
t he vacuumaeoctesprised lhedpushaipdipthgleisaeRiBiNt100 enclosed by a vacuum
enclosure 112,
15
The vacuum enclosure 112 comprises a flat disc-like top platform 114 having
a plurality of openings 116 arranged for the push-up pins 102 to project
through and move up and down freely. There are the same number of
openings 116 as there are push-up pins 102, and their respective
20 configurations are fixed. When the push-up pins assembly 100 moves up, the
push-up pins 102 will correspondingly rise and project their tips 105 above the

top platform 114.

The top platform 114 further comprises a plurality of vacuum holes 118
25 arranged adjacent to the openings 116 for holding the dicing tape with
vacuum suction provided by the vacuum enclosure 112 during die detachment.
A vacuum seal ring 120 is disposed around the periphery of the top platform
114. The seal ring 120 helps to prevent vacuum leak from an interface
between the dicing tape and the top platform 114, thus reinforcing the vacuum

30 suction on the top platform 114.

FIGs 2A to 2D are cross-sectional views of the die detachment apparatus 110
at various stages of a conventional die detachment process. Referring to FIG.

2A, at the initial stage, a singulated targeted die 122 adhesively attached to a



A vacuum seal ring 120 is disposed around the periphery of the top platform
114. The seal ring 120 helps to prevent vacuumleak froman interface

bet ween the dicing tape and the top plagtform 114, thus reinforcing the
vacuum 30 suction on the top platform114. FIG 2A to 2D are
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of a conventio zﬁbdle det achnment process. Referring 2A, at the
initial stagetornissproyidest thdough dhwe wdculire hitgs 4dBdberabiyyhaldingctheddicinga - 4-

di ci 24, ] pti d h I :
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tape 124 against a flat top surface 126 of the top platform114. 5 At this
stage, the push-up pins 102 are |ocated beneath the openings 116 just
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pi ck-up surface 132 [ands central on the top surface of the die 122.
Vacuum sucwitbra diespipk-upi stst@cerrdzig ipositioned aventhetasgated died2eby hol di ng t he
die 122 against the die pick-up surface 132. The die 122 is held securely
by the pick-up collet 128 for the rest of the die detachnment process. 15

FIG 2{di s RefériingIo TG RBN#he pickWipPEolldh @ 26i Rasd@éstemaedtanddipadiat piek-Lp0 at the
third stage of the die detachnent process. At this stage, a mechani cal
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conpressive force acti nfg on the die 122 by both the pick-up collet 128 and
the push- dg8fentheregst pithgidie fetachment process.

15
FIG. 2C is a cross-sectional view of the die detachment apparatus 110 at the
third stage of the die detachment process. At this stage, a mechanical
upward force is exerted on the back of the die 122 by the push-up pins 102,
thereby raising it above the top surface 126 and pushing it away from the

20 dicing tape 124. Simultaneously, the pick-up collet 128 holding the die 122 is
elevated by the same distance as the push-up pins 102. Therefore the
compressive force acting on the die 122 by both the pick-up collet 128 and the

push-up pins 102 is minimized.

25 The dicing tape 124 is held down against the top surface 126 of the top
platform 114 by vacuum suction provided through the vacuum holes 118.
Hence, a bending moment induced on the die 122 creates a peeling stress
along the interface between the die 122 and the dicing tape 124, thus causing
delamination along the interface. The delamination continues as the push-up

30 pins 102 elevate until they reach a predetermined maximum height.

At the end of the push-up action lifting the die 122, the die 122 is held by the
pick-up collet 128 and supported only by the tip 105 of the push-up pins 102.
The die 122 is substantially separated from the dicing tape 124 with only



25 The dicing tape 124 is held down against the top surface 126 of the top
pl atform 114 by vacuum suction provided through the vacuum hol es 118.
Hence, a bendi ng nonment induced on the glie 122 creates a peeling stress
along the interface between the die 122 and the dicing tape 124, thus
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another target die will be positioned at the centre of the top platform 114 of the

vacuum enclosure 112 to get ready for the next process cycle.

In the die detachment apparatus 110 of the prior art illustrated in FIGs. 1A and
20 1B, the pattern of the openings 116 on the top platform 114 has to be
arranged according to the locations of the push-up pins 102 on the mounting
chuck 104. Thus, the openings 116 of the vacuum enclosure 112 and the

push-up pins assembly 100 form matching pairs.

25 When the thickness of a die is more than 0.15 mm, the location of the push-up
pins 102 is not as critical, and one arrangement of push-up pins 102 may be
applicable for a wide range of die sizes. However, when the thickness of a die
is very thin, such as less than 0.15 mm, the arrangement and locations of the
push-up pins 102 are critical as incorrect positioning may cause die crack

30 failure during the die detachment process.

The arrangement and locations of the push-up pins 102 underneath the die
122 are especially critical if the die has a thickness of less than 0.15 mm and

has a die size of larger than 3mmx3mm. When the thickness of the die is



push-up pins assenbly 100 form matching pairs. 25 Wen the thickness of a
die is nore than 0.15 mm the location of the push-up pins 102 is not as
critical, and one arrangement of push-yp_pins 102 may be applicable for a
wi de range of die sizes. However, when the thickness of a die 1is very thin,

such as | epsducednfuthly foMbeldve GM0an@eey adedrdoyc it ith@sloestiérize of peh- up
pins 102 are critical as incorrect positioning may . cause die crack 30
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by the sane apparat us. I nv I on see l'evi ate the aforesaid

pr obl et® of thadtmepditobeanandlgd byt sdmegappattatesdet achnent appar at us wherein
the |l ocations of the push-up pins on a push-up pins assenbly are not
constrained as aforesaid, in order to 15 cater to critical applications such
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apparatus. Sunmary o Invention 20 It 1's thus an vention
to seek topmvidindea die defadmerit! appdiretusdehersiméhe lagaimnat efstheoppsh-spng a

vacuum encl osur e andha ush- uqo itgs asanbI t.haé al Ifows fdl exi bc!e
" e cont | guPESi Yha B PRSATIRIY apBRL Gagiaieed as aforesaid, in order to
15 cater to critical applications such as the detachment of very thin dice of

different sizes by using the same apparatus.

Summary of the Invention

20 It is thus an object of the invention to seek to provide a configurable die
detachment apparatus comprising a vacuum enclosure and a push-up pins
assembly that allows flexible re-configuration and re-locating of push-up pins

for dice of various sizes.

25 Accordingly, the invention provides an apparatus for die detachment,
comprising: at least one pin mounting assembly having a plurality of pin sites
for selectively mounting ejector pins in a desired configuration on some of the
pin sites, and a vacuum enclosure enclosing the pin mounting assembly and
having a support platform comprising a plurality of openings that are sized and

30 arranged to accommodate different configurations of ejector pins mounted on
the pin mounting assembly, the ejector pins being drivable to project through

the openings towards a die to be detached.



for dice of various sizes. 25 Accordingly, the invention provides an
apparatus for die detachnent, conprising: at |east one pin nounting
assenbly having a plurality of pin sites. for selectively nounting ejector
pins in a desired configuration on sone of the pin sites, and a vacuum

encl osure encl osing the pin nmounting assenbly and having a support platform
conprising a plurality of openings that are sized and 30 arranged to
accommodat 8 wiil fieecentenients ioghersinaites defscabe dberinyantionnipgresteraretail by pi n
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her ei naf t egndeger rélatdd1@lsbrsitn 09 hdt & Gt @inderstebd &Y supersddng ehko t he
acconpanyi ng draw ngs. The particul ari t%‘ of the drawings and the rel ated
&

descri pﬁuogen@rahmofttbemom\mm@@m@f peyediginnas definesl by ing elping. of the
broad identification of the invention as defined by the clains. Brief
description of the Drawi ngs An exanple of an apparatus for die detachnment in
accor danceByet 8eédtivtioh®fithey Orhwiigsw | | now be described with reference to

t he acconpanying drawmngs, 1n which: FIG 1A is an isonetric view of a
push-up pins assenbly of the prior art 15 FIG 1 Bis an isonetric view of

a_die del aghent aRpayalys, flarklle A fle BkfachiR" AOLALAREnEDS RYSRUP P NS

assenbl y; RS sec |on Vi ews

appar at®s Riventién Wil fowt Rgessrbedl withveferereato tﬂ'e%déehwénymgt mm@ss,s, 20
FIG 3Ais an isometric view of a vacuum encl osure of di e det achnent

appar at us HUUBWBrng to the preferred enmbodi nent of the invention; FIG 3B is
an isonmetric view of a push-up pins assenbly of a die detachnment 25
apparatus according to the preferred enbodi nent of the invention; FIG 3Cis
an i sonetr FiGyviAv ah isdmetdc vigle bhalpmshtuppipsraaisembly bhthiehsrioragtjum

15 FIG. 1B is an isometric view of a die detachment apparatus of the prior art

incorporating the push-up pins assembly;

FIGs. 2A - 2D are cross sectional views of a die detachment apparatus at
various stages of a conventional die detachment process;

20
FIG. 3A is an isometric view of a vacuum enclosure of a die detachment

apparatus according to the preferred embodiment of the invention;

FIG. 3B is an isometric view of a push-up pins assembly of a die detachment

25 apparatus according to the preferred embodiment of the invention;

FIG. 3C is an isometric view of the die detachment apparatus with the vacuum
enclosure of FIG. 3A incorporating the push-up pins assembly of FIG. 3B;

30 FIG. 4 is a top view of the die detachment apparatus located under a

singulated die;



encl osure of FIG 3A incorporating the push-up pins assenbly of FIG 3B; 30
FIG 4 is atop view of the die detachnent apparatus | ocated under a
singulated die; -8 FIG 5 is a cross-sgctional view of the vacuum encl osure
of the die detachnment apparatus including detail A showi ng a sectional view

of ridges @G, tdheisvac hsb&iton@n Vie® bPPthel AbtaiMm encldstre fof Ihé die _
cross-sectional view of a singulated die attached to a dicing tape which is

hel d by vadetanhmentiappasatusrineluding desail Al shawingacseativaal viewuoh ridges @sur e of
t he di e detachpent ratus; A and 7B are a front view and a side
vi ew of thi““p‘dé%‘!‘ﬁB%g‘?q%ﬁstEg&%‘Fb%f of the di e detachnent apparatus
respectively; FIGs. 8A and 8B are an isonetric view and a side view of the

pin chuck hol der of the die detachnment apparatus respectively, 15 FIGs. 9A
and 9B ar e Fia. Pdereeciass-sactianalndewrefm singulated die @ttached fackdicngsiapet i vel y

T ow and" a idnEe iRl Y vEewi® et panet i ep ReRift a i ReBluirar i 1y
of push- up eptlsufef erdid datadhmert dppeiatas; 20 screws; FIGs. 11A and 11B are
an isonetric view and an elevation view of a pin positioning setup gauge

nmounted to the push-up pins assenbly respectively; 25 FIGs. 12A and 12B are
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views of tf e diefdaaetirment appuraius respediveligvi ces for different sel ections
of die sizes. 30 Detail ed description of the preferred enbodi nent Referring

to the drawings in which like parts are referred to by like nunerals, FIG
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of the die detachment apparatus respectively;

15 FIGs. 9A and 9B are an isometric view and front view of the pin chuck

respectively mounted with a plurality of push-up pins;

FIGs. 10A and 10B are an isometric view and a front view of a pin lock
respectively arranged with a plurality of push-up pins and a plurality of locking

20 screws;

FIGs. 11A and 11B are an isometric view and an elevation view of a pin

positioning setup gauge mounted to the push-up pins assembly respectively;

25 FIGs. 12A and 12B are a side view and a back view of a pin positioning setup
gauge respectively attached to the pin chuck assembly; and

FIGs. 13A, 13B and 13C are isometric views of three different pin positioning
devices for different selections of die sizes.
30

Detailed description of the preferred embodiment

Referring to the drawings in which like parts are referred to by like numerals,

FIG. 3A is an isometric view of a vacuum enclosure 14 of a die detachment



-9- apparatus 10 according to the preferred enbodi nent of the invention. The
vacuum encl osure 14 conprises a flat disc-like support platformin the form
of a top platform 12 nounted on top of a cylindrical housing 15 for hol di ng
a dicing tape (not shown). 5 The top £?atform 12 conprises a plurality of
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pressure bgj t SR \gh tform12 and the di CI ng tape. The top platform
12 further dﬁﬂ:‘%“ se 0 urgllty of openings, such as parallel slots 22
arrange centrally on the top platform 12. The slots 22 are preferably 15
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t he di e debaidingnp wpanmapressute betweearhibe topplatforemt2 apditiee diting tapieG. 3A

i ncorporating the push-up pins assenbly 24 of FIG 3B. The push-up pins
assenbly 24 is enclosed in the vacuum 30 encl osure 14 wherein the push-up

pins 36 ar q’héﬁb?"ﬁﬂ&fbrﬁP‘?Q flartRér édifbrisdd bellf’rélltyftff‘i‘)p%*?ﬁrﬁ;st QUBRR pdrafiély up and
down and project through the openings of
slots 22 arranged centrally on the top platform 12. The slots 22 are preferably
15 made in such a way that the slots have equal width and there is equal pitch

between adjacent slots.

FIG. 3B is an isometric view of a push-up pins assembly 24 of a die
detachment apparatus 10 according to the preferred embodiment of the
20 invention. The push-up pins assembly 24 comprises a plurality of ejector pins,
such as push-up pins 36 inserted at predetermined locations for pushing
against a die during die detachment. Each push-up pin 36 comprises a tip 41
at one end for contacting the dicing tape. The tip 41 is preferably round or
tapered so as it will not damage the die when the pin 36 pushes against the

25 dicing tape.

FIG. 3C is an isometric view of the die detachment apparatus 10 with the
vacuum enclosure 14 of FIG. 3A incorporating the push-up pins assembly 24
of FIG. 3B. The push-up pins assembly 24 is enclosed in the vacuum
30 enclosure 14 wherein the push-up pins 36 are arranged such that their tips 41
are able to move freely up and down and project through the openings of the
slots 22 on the top platform 12 towards a die to be detached. The parallel

slots 22 are sized and arranged to accommodate different configurations of



slots 22 on the top platform 12 towards a die to be detached. The parall el
slots 22 are sized and arranged to accommbdate different configurations of
-10- push-up pins 36 and advant ageouslygal | ow the push-up pins 36 to be

freely located at any position along the slots 22 as demanded by different

di e sizes. pushaip-pinke36 ahdt Ahaptededishpbiléw 3Re ilshyup pirisS368/tb Beetteiyt h t he
centre of the 5 vacuum encl osure 14 such that an adjustable axis of "the

push-up pi tPcaded ahdny pesitips aipngthedslatsodzyas demagided dyrdiffesnt diersizepe
parallel slots 22 that are arranged on the top platform 12. In operation, a
singul ated targeted di e adhesively attached to a dicing tape is 10

posi ti oned Thenderaét yf the Lh‘@h-tjngim atsemblyl24 ifhlignel idthahbaenticcof e t he die
det achnment apparatus 10 | ocated under a singulated die 44. The die 44 is
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arranged t@re éﬁaaggagﬁtthért@@plaﬂmmpm_al | el slots 22 conprise sharp ridges at
the top for supporting the dicing tape. FIG 5 is a cross-sectional view of

t he vacuum encl osure 14 of the die detachnent apparatus 10 including detail

A show ng jyana i r | f, thea. | ots 22
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top platfo suction pres I's a Cross- sectional view of a

si ngul at ed pdratleftfo #id Rigitddinal axigiafithg pampitel Sfotetti2con itise e platioymvez,uum
suction 50 against the top platform 12 of the vacuum enclosure 14 30 of the
di e det achMere ébgap%rhgplmns 36 of the push-up assembly 24 are arranged to

15  project from.

The parallel slots 22 comprise sharp ridges at the top for supporting the dicing
tape. FIG. 5 is a cross-sectional view of the vacuum enclosure 14 of the die
detachment apparatus 10 including detail A showing a sectional view of the

20 sharp ridges 46 of the vacuum slots 22 on the top platform 12. The sharp
ridges 46 are formed between adjacent parallel slots 22 facing the die to be
detached.

The parallel slots 22 are in fluid communication with the vacuum suction force
25 generated in the vacuum enclosure 14. When vacuum suction is provided
through the vacuum holes 16 and parallel slots 22, the dicing tape is held
against the flat top platform 12 by suction pressure. FIG. 6 is a cross-
sectional view of a singulated die 44 attached to a dicing tape 48 which is held
by vacuum suction 50 against the top platform 12 of the vacuum enclosure 14

30 of the die detachment apparatus 10.

When vacuum suction 50 is provided by the vacuum enclosure 14 through the
slots 22, the dicing tape 48 is pulled down by the vacuum suction 50 away

from the die 44. Since the die 44 is supported by the sharp ridges 46, the



When vacuum suction 50 is provided by the vacuum encl osure 14 through the
slots 22, the dicing tape 48 is pulled down by the vacuum suction 50 away
fromthe die 44. Since the die 44 is sypgported by the sharp ridges 46, the
-11- strong vacuum suction 50 will create partial delamnation 52 of the die

44 at  the spephtvaRRBnBEEtfort BE Wil &réddtel sartigl dslarMRAticASRYOfIthe di@apat | dges
46. Hence, the bottomsurface of the die 44 is Bal’tl ally pre-peeled from

t he di ci ngthepesitigns whese ththdiesd4 ismeotmuppodsd piyrt e@@@émﬂdgeewwl-ﬂenqmve up
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mechani cal force on the back of the die 44. This raises the die 44 above
the top surface of the top platform 12 and Pushes it away fromthe dicing
tape 489 SiMranwhile, he pHghwuguna@ssembiy 4 will egyent by petuadipg@ wertiealm 12 by
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die 44 fromthe dicing tape 48. 15 FIGs. 7A and 7B are a front view and a
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preferably configured to support the at |east two E n 20 chucks 26. When
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25 Fl Gs. 860m1ﬂbt831@aa1ménti sfthetdie 44\frc¢Mthmﬂd|cmgSﬁa6648 ew of the pin chuck
hol der 30 of the die detachnent apparatus 10 respectively. The pin chuck

hol der 30 conprises a nounting base 68 for attaching the pin chuck hol der
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24 of the die detachment apparatus 10 respectively. The push-up pin
assembly 24 in the form of a pin mounting assembly preferably comprises at
least two pin chucks 26 mounted on a sliding table 28 of a pin chuck holder 30.
The sliding table 28 is preferably configured to support the at least two pin

20 chucks 26. When adjusting and aligning the push-up pins 36 to the parallel
slots 22 on the top platform 12, one is able to fine-tune the positions of the pin
chucks 26 along a sliding axis of the sliding table 28 on the pin chuck holder
30.

25 FIGs. 8A and 8B are an isometric view and a side view of the pin chuck holder
30 of the die detachment apparatus 10 respectively. The pin chuck holder 30
comprises a mounting base 68 for attaching the pin chuck holder 30 onto a
vertical up/down actuator. It includes an orientation guiding slot 66 disposed
parallel to a longitudinal axis of the cylindrical mounting base 68 for ensuring

30 correct orientation of the pin chuck holder 30 when it is mounted onto the

vertical up/down actuator.

The sliding table 28 has a flat top surface 60 for supporting the pair of pin

chucks 26. The pin chucks 26 are mountable at different positions relative to



parallel to a longitudinal axis of the cylindrical nounting base 68 for
ensuring 30 correct orientation of the pin chuck holder 30 when it is
nmounted onto the wvertical up/down actygtor. The sliding table 28 has a fl at
top surface 60 for supporting the pair of pin chucks 26. The pin chucks 26

are mount alghgn abther fJne'ir%‘tshBiP@' ieltﬂ’é‘szg e"ﬁ{é \fdin ta% PP ilteldey ot he

sliding table 28. The sliding table 28 also i nclfudes a protruding guiding
flange 58 g@reipedied gaiding flangai58sdidposethat its cearwsideg Tdwei photryding guidmgs8 has
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front side clanps 32 on"the front edge of the sliding table 28. The

triangl® slots 62 of the front side clanps 32 as well as the rear side

uiding fl e 58 forma.loc at refor h in_.chyck 26 10
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push-up pins 36. The pin chuck 26 onprises a swal |l owtail
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the sligi ngnéxine §h &\Ubﬁlhagjg‘rl;g@nge 58 and secured by the front side clanp
32 of the pin chuck holder 30. 20 When the screws 64 of the front side

clanps 32 are tightened to produce a clanping force, one conponent of the
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component will press down on the front side of its swallow 25 tailed guide

56 for pusBPRWrisAs pewalinw-Sailedagwide ot disppsed adigsrnbl theabase of the pin
15 chuck 26. The swallow-tailed guide 56 is mounted between the guiding flange

58 and the front side clamp 32 of the pin chuck holder 30 so that the pin chuck
26 is adjustable along the sliding axis of guiding flange 58 and secured by the
front side clamp 32 of the pin chuck holder 30.

20 When the screws 64 of the front side clamps 32 are tightened to produce a
clamping force, one component of the clamping force will push the pin chucks
26 such that the rear side of the its swallow-tailed guide 56 presses against
the inner surface of the guiding flange 58 of the pin chuck holder 30. Another
clamping force component will press down on the front side of its swallow-

25 tailed guide 56 for pushing the bottom surface of the pin chuck 26 against the
top surface 60 of the sliding table 28. Thus the pair of pin chucks 26 are
clamped securely by the pair of front side clamps 32 onto the pin chuck holder
30.

30 The pin chuck 26 further comprises a plurality of pin sites, which may be in the
form of pin mounting holes 34 preferably arranged in two columns and each
column being located along the edges of the pin chuck 26 on its top surface
70 to allow a plurality of push-up pins 36 to be selectively inserted and

mounted in a desired configuration. The mounting holes 34 are preferably of



top surface 60 of the sliding table 28. Thus the pair of pin chucks 26 are
cl anped securely by the pair of front side clanps 32 onto the pin chuck

hol der 30. 30 The pin chuck 26 furtheraconprises a plurality of pin sites,
which may be in the formof pin nmounting holes 34 preferably arranged in

two col umsh@r@nfapitch & thephrilley sldi§@t2€dn8th@rl@?t ;blatf@dﬂeﬁz @ dIlBw fen chuck
26 on its top surface 70 to allow a plurality of push-up pins 36 to be
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the parallel slots 22, As opposed to prior art devices that acconmopdate

onl'y a $i x&lpte % Arsizedoandrranged tonacqemmpdale differentscarfigarations,eld and
arranged_t Wg%gh{‘{ﬁr&%}?cﬁﬂfdh%k §| ons of push-up pins 36 nmounted

on the pin c uc € push-up prns 36 are inserted into sone of the
pin mounting holes 34 according to a predetermned configuration, they will
rest on a n stoppin 10 surface 54 above the swallowtailed guide 56. The
pin stoppi E(th'ihrth%@éls AP B@ﬁ@%@@'@%ﬁ?@r*ﬂmgo@@r@ fahe P'GrmPH@t"Eﬂl felgsity of

push-up pi ock 38
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col um1of csarftacelﬂcyabdﬁe s isiviatiowctatiéd gadmlseolme bi?n stapphypdulfatesadn t he
two columms of pin nmounting holes 34 for receiving plurality of | ocking
screws 40 ta@tsc%aéua»pertlrmwqueefobme Plyralitysof P‘#ﬁh"@@lﬂ"ﬁr“g%he push-up pins 36
in place. The pin lock 38 is in the formof a colum. It is inserted into a
center 20 rectangul ar opening 74 extendi ng perpendicular to the axes of the
col uims of Thehpestdag giod 86 a2 foed aﬂd elampédibly 26in Tdok 3& dsengdl iasidepeni ng

74 is fornmed 0 cut h he unting holes 34 to create an over cut
82 on the H& ptlrhﬁnHQlf hg Qﬂ%’%gtngg hlick 26 further gompnses a column of centrally

15  positioned threaded holes 72 arranged between the two columns of pin
mounting holes 34 for receiving a plurality of locking screws 40 to cooperate

with the pin lock 38 in locking the push-up pins 36 in place.

The pin lock 38 is in the form of a column. It is inserted into a center
20 rectangular opening 74 extending perpendicular to the axes of the columns of
threaded holes 72 on the pin chuck 26. The rectangular opening 74 is formed
to cut through the pin mounting holes 34 to create an overcut 82 on the pin

mounting holes 34.

25 FIGs. 10A and 10B are an isometric view and a front view of a pin lock 38
respectively arranged with a plurality of push-up pins 36 and a plurality of
locking screws 40. The pin lock 38 is shown with an arrangement of a
plurality of push-up pins 36 as well as a plurality of locking screws 40 attached
to it.

30
The pin lock 38 comprises a V chamfer 76 disposed along its longitudinal axis.
The V chamfer 76 has a side clamp 78 on each side and a middle gap 80
adjacent to the sharp end of the V chamfer 76. The pin lock 38 is preferably

made of a copper-based alloy or engineering plastic so that the side clamp 78



25 FIGs. 10A and 10B are an isonetric view and a front view of a pin |ock 38
respectively arranged with a plurality of push-up pins 36 and a plurality of
| ocking screws 40. The pin lock 38 is_ghown with an arrangement of a
plurality of push-up pins 36 as well as a plurality of |ocking screws 40

attached  tnide ofthetnap b idme knd PuSRITRY iR BeracfasbRtoat by SistfRomed al ong
V ch 76 h I

a
its longitudinal axis. The ant er as a side clanp 78 on €ach side
and a m ddmiddieapod0 aithavtexcaeagingtheselastic imit abthe materialnanf er 76. The pin
|l ock 38 is preferably nmade of a copper-based alloy or engineering plastic
so that the side clanp 78 -14- can be opened up to clanp the push-up pins 36

adj acent t Thetsidey cRINYT8IndllGe ampldeHiiey GPveribaMitinus sa¥or esiandng mdel astic
limt of the material. The side clanps 78 include a plurality of vertical

cut - out® 8seewing theepushigp s 36. Jdweurertigaliaud-opits B4 upreieriadlyaeith widthger t i cal
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vertical cubttort 6f B meihé gap 801 TRenvdriéd cut-38td Bl Gepapaterthbipiy Iedkssect i ons
such that each section on the side clanps 78 is adapted to clamp the

push-up pi 88 iB® 2 Phupbiydiraaciiong such thak %aqujr%ecéionﬁm _ﬁidﬁrﬂ?mpﬁfmt e ook
35 wher o n2Hagiee, Bsfarpdhe BUSHU R 3R NGere Bty SCTew’h0 i sposed i n thar

sectiopgare used to clanp the push-up pins 36. Wien the | ocking screws 40

are screwed into the colum of threaded 15 holes 72 of the pin chuck 26,
they will Bt 8Ys piferredr-embedinerigiftee imvention, thajeare fouepdshrepdiass678 and

the m ddl e; Q. of. i.n..1.0 r i v.e i t he
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and pushed|cpkingscteivod P disposaddn tisdt sdutionusb-useditbredampahegaishalp pipish si des
of the pin _nounting holes 34 at the cutout area 82.
36. When the locking screws 40 are screwed into the column of threaded
15 holes 72 of the pin chuck 26, they will press down on the V chamfer 76 to
squeeze the side clamp 78 and the middle gap 80 of the pin lock 38 at the
respective locations of the locking screws 40. The flexible side clamps 78 will
be deformed elastically and pushed outward to press against the push-up pins
36 against both sides of the pin mounting holes 34 at the cutout area 82.
20 Hence, the push-up pins 36 will be clamped and locked at their locations by

the side clamps 78 of the pin lock 38.

One advantage of the prefered embodiment of the invention is that the
adjustable pin chucks 26 allow the positions of the push-up pins 36 to be
25 adjusted to any position along the parallel slots 22 on the top platform 12.
The parallel slots 22 allow re-positioning of the push-up pins 36 along the

longitudinal axis of the parallel slots 22.

In addition, the multiple pin mounting holes 34 on the pin chuck 26 allow the
30 push-up pins 36 to be selectively mounted in any required configuration,
thereby allowing the re-configuratable and a re-locatable push-up pin
assembly 24 to cater for dice of different sizes. Moreover, the pin locking

mechanism of the invention allow the use of push-up pins 36 made of non-



20 Hence, the push-up pins 36 will be clanped and | ocked at their |ocations
by the side clanps 78 of the pin |ock 38. One advantage of the prefered
embodi nent of the invention is that thegg adjustable pin chucks 26 allow the
positions of the push-up pins 36 to be 25 adjusted to any position al ong

the parall photsliiel fedrafh SR bSPoRbRLERRG BasidNsnBarwiiall: pbRhanddyal | ow

re-positioning of the push-up pins 36 along the | ongi tudi nal axis of the
paral | el sidamagiig thesexiasti on, the multiple pin mounting holes 34 on the
pin chuck 26 allow the 30 push-up pins 36 to be selectively nounted in any
required configuration, thereby allow ng the re-configuratable and a
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Mor eover, the pin |oc ismof the invention allow the use of
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and an el eva posi ning setup g uge nDunt d to the

push-up pi aﬁgﬂé@bmlsmg%lpmmﬂa@rhmgsbwp déggepi N posi tioning setup gauge 85
conprises a replaceable pin positioning device 88 attached on top of a

nount i ng base 86 for setting up the
15 FIGs. 11A and 11B are an isometric view and an elevation view of a pin

positioning setup gauge 85 mounted to the push-up pins assembly 24

respectively. The pin positioning setup gauge 85 comprises a replaceable pin

positioning device 88 attached on top of a mounting base 86 for setting up the

position of the push-up pins 36. The mounting base 86 is attached to the pin
20  chuck holder 30 for pin positioning setup.

FIGs. 12A and 12B are a side view and a back view of a pin positioning setup
gauge 85 respectively attached to the pin chuck assembly 24. The mounting
base 86 of the pin positioning setup guage 85 is mounted to the pin chuck
25 holder 30 by a screw 96 at the back of the pin chuck holder 30. The mounting
base 86 can easily be removed by unlocking the screw 96 after the pin
positioning setup. The positioning device 88 is detachably positionable over
the pin chuck 26 and adapted to indicate preferred positions of pin mounting
holes 34 to be used for different push-up pin configurations according to

30 predetermined die sizes.

FIGs. 13A, 13B and 13C are isometric views of three different pin positioning

devices 88 for different selections of die sizes. The pin positioning device 88



position of the push-up pins 36. The nmounting base 86 is attached to the pin
20 chuck holder 30 for pin positioning setup. FIGs. 12A and 12B are a side
view and a back view of a pin positioniqgg setup gauge 85 respectively
attached to the pin chuck assenbly 24. The nounting base 86 of the pin

posi ti oni ngs selatted) bagedSdpors the Wike dndotHitkhedsnof AutifgeibdiRol d&ich3pinby a
screw 96 at the back of the pin chuck holder 30. The nounting base 86 can
easi |y be POstipaingSeviee 881y Mpderer asetestion ofmrerdefined slie sizessi ti oni ng
setup. The positioning device 88 is detachably positionable over the pin
chuck 26 and adapted to indicate preferred positions of pin nounting holes
34 to be udde fpim phdifieniegt devisd- 89 pomprises i gucenteonguidingprsivtn@2t dor 30

pr edet eém' ned die sizes. FIGs. ,dji,SA, 1:?<fB Smd 3C are isanet rg& iews of three
di fferent SHACHHEN 1R FRNtetGiiciRG biack 3P of Meemonntiag, s i€ fire si zes.
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sel ecti on ebnferesiatdd ofttiediie positieningldevige 88 mmto theooemigr daidirnge bgk@npr i ses
a center guiding sl 8t %% for, 5 attachnment to a center guiding block 90 on
t he nount i ﬁéthf‘agpué' NgPREESOn positioning device 88 is | apped onto the
nmounti ng base 86 by inserting the center slot 92 of the pin positioning
device 88 onto the center guiding block 90 of the nounting base 86. 10 The
pi n po%0ti diengindensiticniB@ dieviceh®8 furdmg carapriges pairefof fflangge O® Bemtealtyr al | y

di sposed on.the pin positi oni_?g devi ce 8%1.8 TIP centter g.ai r of fl es 98 is
used to poSiSROSRY:IR in Besitigningsdevice 88. 5 6? i PRIpSEiTaNgRs P Bevi ce
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positioning a plurality of push-up pins to handle dice of a series of 15
pr edet er m @ssitdds $8B( ahd318C9 edeh 15haAw8s nan piai pPsilipAing0 desices 88mforand
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handl i §g. Phed&brnmed ifes of (i) 3,6,9,12,15,18 mm, (i) 4,7,10,13,16 mm, and (i)
5,8,11,14,17 mm respectively. The dimensions reflect the widths of the type of
die that a pin positioning device 88 is fabricated for handling. Therefore, the
gap 97 between the flanges 98 at the center of the device 88 is the biggest for
the 5-8-11-14-17 mm device 88 and smallest for the 3-6-9-12-15-18 mm
20 device 88'.

The pin positioning device 88 includes a plurality of slots 94 with a
predetermined slot size for guiding the push-up pins 36 which are to be
mounted onto the adjustable pin chuck 26 during their position setup. The
25 guiding slots 94 are bounded by the columns columns of flanges extending
parallel to the orientation of push-up pins 36 mounted on the pin mounting
holes 34. The adjustable pin chuck 26 is aligned such that the outermost
push-up pins 36 are guidably inserted into the appropriate guiding slots 94 of
the pin positioning device 88 wherein predetermined pin positions are defined

30 for a given die size.

In this configuration, the positions of the push-up pins 36 can be aligned to
any location along one axis of a die. Hence, some dice with very large aspect

ratios can also be handled by this apparatus.



gap 97 between the flanges 98 at the center of the device 88 is the biggest
for the 5-8-11-14-17 mm device 88"' and snallest for the 3-6-9-12-15-18 mm
20 device 88'. The pin positioning deviqge. 88 includes a plurality of slots
94 with a predeterm ned slot size for guiding the push-up pins 36 which are
to be nounted onto the adjustable pin chuck 26 during their position setup.
The 25 guiding slots 94 are bounded by the colums colums of flanges
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this apeci SIBr 181 2eaeinwee GoIe: KPS TaVTG: BousS it e SISAoR or  « he
grven 45  this specific die size on the pin positioning device 88 can be used for the given

die. Thus, the guiding slot 94 on the pin positioning device 88 can handle dice

with sizes of the specifically fabricated die size +/- 0.5 mm.

The preferred embodiment of the invention is advantageous over the prior art

20 by incorporating a push-up pin assembly 24 wherein the push-up pins 36 are
re-configurable and re-locatable. The positions of the push-up pins 36 can be
changed easily by inserting them into different mounting holes 34 on the pin
chuck 26.

25 In addition, the pin chuck 26 also allows the positions of the push-up pins 36
to be adjustable to any location along one axis of the die that is aligned with
the plurality of parallel slots 22 on the top platform 12 of the vacuum enclosure
14. With multiple pin mounting locations for inserting the push-up pins 36,
and locations of push-up pins 36 that can easily be determinable with the help

30 of the pin positioning device 88, the arrangement of the push-up pins 36 can
be configured and adjusted to any position according to the demands of a
given die size and thickness. Fine alignment of the push-up pins is also
possible for very critical applications such as for detaching a die with a

thickness of less than 0.1 mm from a dicing tape.
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by incorporating a push-up pin assenbly 24 wherein the push-up pins 36 are
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critical applications such as for._detaching,a die with a thickness of |ess
than 0.1 mi'R PBH‘I?kév&iCﬁ”:}@ g die sizgs °€\V’Plﬁog46?§"?muck hol der configured for

hol ding two or nore pin chucks, the preferred enbodi nent of the invention
can handl e a very large nunber of die sizes, in the range of 3x3 to 14x14
mm Th&0pr deneordr, avithotthiermnique pint loekibgimeehanism ic dre push-upgrinlasseinbly, of hi gh

aspect ratios such as,3x14 mm ,The dje sizes ran from.3mmx3 to
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pi n assenbldyjfferenkcritidal dieaapplishtions non-netal | i ¢ push-up pins can be used for
pushing up the die. Thus, push-up pins of different materials may be used
to cater for different critical die applications.

15 Furthermore, for some critical applications such as detaching a die of
thickness as small as 0.08 mm from a dicing tape, a special pin positioning
setup gauge can be used for setting up the position of the push-up pins. This
allows more precise positioning of the push-up pins with respect to a die of
any given size to minimize the cantilevers of the die edges from the pins or

20 ridges of the slots on the top platform supporting the die to be kept to less

than 1 mm.

The invention described herein is susceptible to variations, modifications
and/or addition other than those specifically described and it is to be
25 understood that the invention includes all such variations, modifications and/or

additions which fall within the spirit and scope of the above description.



15 Furthernore, for sone critical applications such as detaching a die of

t hi ckness as snmall as 0.08 mmfroma dicing tape, a special pin positioning
setup gauge can be used for setting up fde position of the push-up pins.
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kept to less than 1 mm_ The invention described herein is susceptible to
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described and it is to be 25 understood that the invention includes all
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i ncl udi ng Eth@bﬁeﬁ‘ﬁﬁgl‘b\ﬂgl'&eé did®) beé detakhegonfi gur ed_ for nmounti ng _the pin
chucks such that the pin chucks are nountable at different positions

relative to each other on the pin chuck holder. 4. Apparatus according to
claim 30 wherein the pin chuck holder conprises a sliding table and guides
for guiding relative sliding novenent

2. Apparatus according to claim 1, wherein the pin mounting assembly

comprises at least two pin chucks.

3. Apparatus according to claim 2, including a pin chuck holder that is
15 configured for mounting the pin chucks such that the pin chucks are
mountable at different positions relative to each other on the pin chuck holder.

4. Apparatus according to claim 3, wherein the pin chuck holder
comprises a sliding table and guides for guiding relative sliding movement
20 between the pin chucks.

5. Apparatus according to claim 3 or claim 4, including a clamp

comprising triangular slots that are operable to clamp onto swallow-tailed

guides located on the pin chucks for securing the pin chucks on the pin chuck
25 holder.



20 between the pin chucks. 5. Apparatus according to claim3 or claimd4,

including a clanp conprising triangular slots that are operable to clanp
onto swallowtailed guides |ocated ongpghe pin chucks for securing the pin
chucks on the pin chuck 25 holder. -20- 6. Apparatus according to any one

of clainms 3.to Rppargtueidecofdingitd aplytdfe obEl@ins Raiegs dwherdimeénd pimsiegds t wo
colums of pin nounting holes on each pin chuck. 5 7. Apparatus according

to any one 2k afranged ip the formsofy we columsy PEPIyMeUNtNg halek onngach gin

i nsert abl edhp&l? each pin chuck and which is operable to I ock the ejector
pins in positron on the pin chuck. 8. Apparatus according to claim?7,
wherein each pin lock is in the formof 10 a colum nmade of a copper-based
all oy or engineering plastic. 9. Apparatus according to any one of the
precedi ng cl ai ns, wherein the openings on the support platformconprise

mul tiple elLongated slots that are arranged parallel to,one another along an
Tt s Subh That - APRAEIVS PUPEIING 16 o DLCIAIES 2 by IHTYEH GATTPNG 2of 1 s

axes of i entfldapifbl 8linddHddie isieachloin BRyclehhl WhidDis ARABBRII0ACEHRY di ng to

claim9, further conprising sharp ridges forne et ween adj acent parall el

sl ot s faci ejeatbrepids én positien detthelpinich@ék.11. Appar at us according to claim9
or claim10, wherein the openings are in fluid comunication with a vacuum
suction force generated in the vacuum enclosure. 25 12. Apparatus according
to any one of clains 9 to 11, wherein the elongated slots have equal w dth
and there is equal pitch between adjacent elongated slots. -21-

8. Apparatus according to claim 7, wherein each pin lock is in the form of

10 a column made of a copper-based alloy or engineering plastic.

9. Apparatus according to any one of the preceding claims, wherein the
openings on the support platform comprise multiple elongated slots that are
arranged parallel to one another along an axis such that in use, a die to be
15 detached is arranged with one of its axes oriented parallel to the axis of the

slots.

10.  Apparatus according to claim 9, further comprising sharp ridges formed

between adjacent parallel slots facing the die to be detached.
20

11.  Apparatus according to claim 9 or claim 10, wherein the openings are
in fluid communication with a vacuum suction force generated in the vacuum

enclosure.

25 12. Apparatus according to any one of claims 9 to 11, wherein the
elongated slots have equal width and there is equal pitch between adjacent

elongated slots.



13. Apparatus according to any one of clains 9 to 12, wherein the pitch

bet ween adj acent pin sites is equal to the pitch between adjacent el ongated
slots. 5 14. Apparatus according to cl.g4ym 9, wherein the pitch between
adjacent slots is less than 2mm for detaching a m ni mum di e thickness of
0.080mm or |less. 10 15. Apparatus according to any one of the preceding
clainms, further conprising a positioning device that is detachably
positionable over the pin nounting assenbly and adapted to indicate

preferred J8sit APRaraius RGeosdingdotany paewefeelainas Sdtor flér whereipebedpitah n
configurati I eLer o ne L ] . . tus
accordi ng tb%ﬂ@?%f%Q@eﬂgﬁlrfgﬂése?snéa%gsﬁI{ﬂgﬁélﬁcé\ g%v ce &fﬁjﬁégﬁtdég)ﬁgéfeﬁ ng
slots fabrisgaged to gui de positioning of ejector pins for a series of die
sizes. 20 17. Apparatus according to claim 16, wherein the guiding slots
conprise columms of flanges extending parallel to the orientation of
ejector9pins nounted on the pin sites. 18. Apparatus according to any one
of the preceding clains, wherein the 25 apparatus is configured to handle

dice rangi Rg fr qBs3RE0addidihg toSEiAfn 9, wherein the pitch between adjacent
slots is less than 2mm for detaching a minimum die thickness of 0.080mm or

less.

10 15. Apparatus according to any one of the preceding claims, further
comprising a positioning device that is detachably positionable over the pin
mounting assembly and adapted to indicate preferred positions of pin sites to
be used for different ejector pin cbnfigurations according to predetermined die

sizes.
15

16. Apparatus according to claim 15, wherein the positioning device
includes guiding slots fabricated to guide positioning of ejector pins for a

series of die sizes.

20 17. Apparatus according to claim 16, wherein the guiding slots comprise
columns of flanges extending parallel to the orientation of ejector pins

mounted on the pin sites.

18.  Apparatus according to any one of the preceding claims, wherein the

25 apparatus is configured to handle dice ranging from 3mm to 18mm in size.





