-1 DIE EJECTOR SYSTEM USI NG LI NEAR MOTOR Field of the Invention 5 The

I nvention relates to a nmechani zed system for the renpoval of a bare

sem conductor chip or die froman adhesive filmon. which it is nmounted, and
in particular to a device for inducing partial delamnation of a die from
the adhesive filmprior-to totalrenoval -df- the die. - 10 Background and
Prior Art During a sem conductor packagi ng process, a plurality of

i nterconnected individual bare sem conductor chips or dice conprised in a
wafer are often 15 mounted onto an . adhesive filmstretched out on a wafer
ring for singulation toDEEIECTOR S¥STEMUSINGLINEARMOTOR MWlar filmis
comonly used as the fiTm wth an adhesive surface for nounting the wafer.
After singulation, the dice are individually picked up fromthe adhesive
filmand pl aces, 98t feARQMRRH die, a leadframe, lam nate substrate or other
carrier dependTTTg—crn“rﬁE—a'ppl I cation. 20 For automatically picking up the
dice, a diBd ejection systemis used to facilitate effective renoval of the
dice. In order. to. avoid the risk of die.crack ti,al del am pation of the
i o5t rom the. dHRoCPeRidn fdlel BoaThedidie SiteRater Jfe remRMADORR b be ai'e
by a pi ck- heademidthddt®r ehipCiri 018 figys bAmdhBsige ik ofi Whickjitels iburitédisarido 1ift a
die froman opposite side of the adhesive filmfromits 25 npunting side to
partial |y del dviPREicEIaHe 3idevice day inskicigneartigledslaminatignof a gie fam &}e a

pi ck-head to raﬁgigéeﬁ@%-ﬁ‘im?pﬁé@tott Pldm¥ovil 8k fe, adhesi ve surface.

Tradi tional Iy, ondi ng machi nes use di e ej ection systems based on sone

ki nd of trf8nsm ssionllinkage mechani smused to convert rotational notion of
a 30 rotary mg |1 ah j onal notion used for facilitating ejection
off a die. For M t nunber 5,755,373 for a "Die Push-Up

Devi ce" discloses a nmechanismincluding a push-up needle rai sed and | owered

by a camthat js. actuated by a rotary notor. ) ) ,
y durang a seml%ongalctor packag¥ng process, a plurality of interconnected

individual bare semiconductor chips or dice comprised in a wafer are often

~15  mounted onto an adhesive film stretched out on a wafer ring for singulation to

separate the dice from one another. Mylar film is commonly used as the film

with an adhesive surface for mounting the wafer. After singulation, the dice

are individually picked up from the adhesive film and placed onto another die,

a leadframe, laminate substrate or other carrier depending on the application.

20 For automatically-picking up the dice, a die ejection system is used to facilitate

effective removal of the dice. In order to avoid the risk of die crack, partial

delamination of the die from the adhesive film is advantageous before total

( removal of the die by a pick-head. The die ejection system thus has die

“ gjector pins to lift a die from an opposite side of the adhesive film from its

25 mounting side to partially delaminate the die from the adhesive film, and
thereatfter, a pick-head to remove the die totally from the adhesive surface.

Traditionally, die bonding machines use die ejection systems based on some
kind of transmission/linkage mechanism used to convert rotational motion of a
30 rotary motor into translational motion used for facilitating ejection of a die. For
example, US patent number 5,755,373 for a “Die Push-Up Device” discloses
a; mechanism including a push-up needle raised and lowered by a cam that is

actuated by a rotary motor.
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-2- Figure 1 is a sinplified diagramshow ng various parts of a conventional
ejection systemin greater detail. The ejection pins 1 are held by a coll et
la, which is nounted at the end of a shaft 2. Aroller 15 is affixed to the
| ower end of the shaft. A rotary notor 20 is used to drive a high precision
cam 16, 5 which actuates the shaft 2 throggh the roller 15 in order to
reduce friction. Typically a step-down transm ssion consisting of a timng
belt 18 and pulleys 17, 19 is used to drive the cam 16. Any other suitable
transm ssi on Figaehadnissen simplifed u@whmlﬂwcﬁ'nwr\enau@m the tcym/iec:admgbper ation

of ejector ns used to i.nduc rti del m nat ce no d on an
adhesi ve W aResHRiCeyssE 8 et fetolk Hop Eleston Pis Lrescrai B ASOI

normal |y posi whRAAS ridlited BHRTe andbiikaNkt2, OA rof!ércﬁ ?szaff&é& t@%{@lmn
mount ed on an adhesive surface of the Mylar sheet 21. This is to allow a

waf er tabl e hendphtpe: shafvh setaghmetor 20 is aisest de drive eriigh peedisioezamgl ot i on in
the hori zogt %hi%haé%‘?uéﬁ‘e& *Iﬂé“sh%ﬂyz 99@&@% FHT‘leF H%”ﬂwté}ﬂ?Pk&?edl{’fe fﬁ%@&{ the

waf er table executes i ndex ion a t he pick
_position on tMgpiepilyca eteppdicavri transrﬁlsslon twne[;s’emg of apumnsg behmseamppaiieyss hown in

Fi gure 2b and he sa cuum fprce,24 i i ndi cat ed
by dotted arra'ars 1% ‘Sab'ﬁr??et& HE\S'?ntﬁ I?ﬂmtﬁ% I\/ﬁ‘f‘)ﬁr(’tgﬁ’éeﬁ“'tﬁfile g‘ﬁ@SFQ'@ Si8lect or
pins 1 contacidchanibl by 68@8ed.21 and Iift the die 22 along with the sheet.

However, strong vacuum applied from bel ow serves to keep sone areas of the
Myl ar- sheet 21 in"close contact With the top surface o6f the ejector

practonm g4 Adibheinding Boicn REBMUEACH! eaBF B 18 16 aGRIr ound

t he area osi t rel conven i'onal die
{;ect or syst edeldesuationed! diveviapubted orpresadtesivel Mytareshelet.c ohpehewnsinbet ween

Substant s al cEpFs ZAnie AEEEPinesl o hotty osliofl Fyettef o't ana

hysteresis prdligeezstian Hahe bewatraountddiion dDadieshiveesufdue ootheridliabanelt dt h
thus severel yzlli rI}htisS |st t%eal osvr;(\)nyaqa gleoholémg the Mylar sheet 21 to execute free
15  indexing motion in the horizontal plane without any obstruction from the pins
1. After the wafer table executes an indexing motion so as to position a die at
the pick position on the ejector platforrh 23, the ejector pins 1 move up as
shown in Figure 2b and at the same time, vacuum force 24 in the direction
indicated by dotted arrows is applied from below the Mylar sheet 21. The
20 ejector pins 1 contact the Mylar sheet 21 and lift the die 22 along with the
sheet. However, sfrong vacuum applied from below serves to keep some
areas of the Mylar sheet 21 in close contact with the fop surface of the ejector

platform 23. A rubber seal 25 is provided to concentrate the vacuum around

(’“\

the area of the pick-up position.
25
In relation to the conventional die ejector system described above, the
presence of several components between the drive motor 20 and the end-
effector i.e. ejector pin array 1 introduces substantial compliance (reciprocal of
stiffness), friction, backlash and hysteresis problems in the system. This
30 reduces the control bandwidth thus severely limits the performance of the
ejector system. Secondly, it is difficult to control the impact of the pins on the
die during ejection. This could lead to cracking of the die, more so as ever-

thinner dies are being introduced into use in the semiconductor industry.
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ej ector system| Segondly, |t 'S dlfflcult to control the I mpact of the pins
on the die during ejection. This could lead to cracking of the die, nore so
as ever- thinner dies are being introduced into use in the sem conduct or

i ndustry. -3- Therefore, it would be desirable to inplenent a directly
driven ejector nechanismfor better cont4ol of the notion of the ejector
pins 1. Moreover, it would also be useful to have a flexure bearing design
associated with the directly driven ejector nechanismto inprove accuracy
and repeat abi Thdrgfoed, ttheould et desirabfurtoainyplehehhen Idiveemnt idmehte;leStothus an-

obj ect of the present- inyentio t opr ovi de ,an | npr oved 10 ejector
system t hat a‘\T/‘EPW‘%W bgtier E?Qm{‘g‘?[d)? é‘%%ﬁl??' c?glt egg‘g %1 e&qupg\ﬁar t he
prior art. Acggyididigh b8 d@sefilr @t ha%%oﬁoffexmfe bBﬁnr‘ag“\él%Qbh%soElﬁferdewitﬁ thg ovi ded a

die ejector systemfor renovin i e from an "adheSi ve surface, conprising:
an ej ector wmﬂm|dnv¢raejep§3r@m%anlrsvetonmprm@eaocenrwami neoeaﬂablhﬂa@tmereby to
push the dé aft for holding the ejector tool; a linear notor

conprising a I1:”orcer and a stator, wherein the forcer is coupled to the
shaft and is novable relative to the stator; and a die pick-up device for

removal of thg die fromthe adhesive surface after the die is pushed by the
ej ector tool .m&m second aspect of the invention, there is
provided a nethod for renoving a die froman adhesive surface, conprising

t he steps of: providing an ejector tool that is novable relative to the
di e; -~ mount i nglttigdhies apteetodthe dpresend iBvention soleppiovigler ar ivREvedtdiea for cer

of a lineg ”Bﬁtie ‘f‘sg bl TN BRI Ssofre oﬁ'tr?é 'aYcﬁeéé?d %‘%lg{rﬁr?éﬁgm ﬂ% Mﬂear

m)tor novi ng rcer relative tot e ejector
ol agai nst theepridrart. t hen renoving the die from the adheS| ve surface. It
ul d be convenient hereinafter to describe the invention in greater detail
30 by reference to the acconpanying draw ngs which illustrate one enbodi nent
According to a first aspect of the invention, there is provided a die ejector -

system for removing a die from an adhesive surface, comprising: an ejector
15 tool that is operative to move relative to the die whereby to push the die; a
shaft for hoiding the ejector tool; a linear motor comprising a forcer and a
stator, wherein the forcer is coupled to the shaft and is movable relative to the
stator; and a die pick-up device for removal of the die from the adhesive
surface after the die is pushed by the ejector tool.
20
According to a second aspect of the invention, there is provided a method for
removing a die from an adhesive surface, comprising the steps of: providing
- an ejector tool that is movable relative to the die; mounting the ejector {ool
| onto a shaft; coupling the shaft to a forcer of a linear motor that is movable
25 relative to a stator of the linear motor; moving the forcer relative to the stator
whereby to push the ejector tool against the die; then removing the die from
the adhesive surface.

It would be convenient hereinafter to describe the invention in greater detail
30 by reference to the accompanying drawings which illustrate one embodiment
CSJf the invention. The particularity of the drawings and the related description is
not to be understood as superseding the generality of the broad identification

61‘ the invention as defined by the claims.
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of the invention. The particularity of the drawings and the rel ated
description is not to be understood as superseding the generality of the
broad identification of the invention as defined by the clains. -4- Brief
Description of the Drawi ngs An apparatus and nethod in accordance with the
invention will now be described with refgrence to the acconpanying
drawi ngs, which is shown 5 solely by way of a non-limting denonstrative
exanpl e of the present invention, in which: FIG 1 shows an exanple of a
prior art ej eBligf@eserpticmaithe Deawingiscam oper at ed-ej ector systemi s
enpl oyed; 10 FIG 2 shows the typical operation of ejector pins used in the
partial delam nation of a die froma sheet of adhesive film FIG 3 shows a
'Cross-secti ongh AfdPatiié M Inetndd Gh CAdcRIFIBONIRAE ifVerfioR! Fill haweheCt O
devi ce according to the preferred enbodi nent of the invention, FIGS 4a and
4b show si de dasgripecduwith eelerenseplec thes @cgorapanying alrawisgst adich isvshown FI GS.

4c to 4e sho pPeGt.i vel UL ' er I acer
conpri sed%n%#@% ﬁgx\bj’%{g %ft gcb?ﬁéﬁﬁﬁ%aﬁ@nsﬁgﬁ%&ﬁﬁﬁ)ﬂ%e&gg@% hesD

fl exures w t hinpehtan, sywhiehry. Detail ed Description of the Preferred

Enbodi ment 25 The preferred enbodi nrent of the present invention will now be
described with reference to the drawings. FIG 3 shows a cross-sectional
side view of gjee 1 heher aeb@rpnsdicientorief it jeBich 8gétem IRsrGR ResprLding to
the invention. The mechanismof the ejector device' is intended to achieve
- strai ght - | i neopgigtegreiestor sistein écemployedol rel ative to a di e whereby to push
the die. {I’d]e novi ng part of 30 the nmechanismis actuated by a voice coil
notor in such a way that the effective actuating force is co-axial with a
shaft beari ngFtdhe2eplbats dhet typlca! Tperajomc bbrejéciot pirsmuisedi img tiee pantizr r ay |

and col I et hotljggrrnin]é ioh of %h & frginfala )s(ﬁéjet of adhesive film;

FIG. 3 shows a cross-sectional side view of a preferred embodiment of a die

15  ejector device according to the preferred embodiment of the invention;

FIGS. 4a and 4b show side and plan views respectively of a flexure stack,
whilst FIGS. 4c to 4e show respectively a flexure, a rim spacer-and a central
spacer comprised in the flexure stack; and

20

FiG. 5 shows three designs of flexures with polar symmetry.

( ' Detailed Description 6f the Preferred Embodiment

25 The preferred embodiment of the present invention will now be described with
reference to the drawings. FIG. 3 shows a cross-sectional side view of the
preferred embodiment of a die ejector device according to the invention. The
mechanism of the ejector device is intended to achieve siraight-line motion of
an ejection tool relative to a die whereby to push the die. The moving part of

30 the mechanism is actuated by a voice coil motor in such a way that the

effective actuating force is co-axial with a shaft bearing the ejection tool.

The ejector tool comprising a pin array 1 and collet hoilder 1a is thus affixed
and held at an end of a top shaft 2a. Preferably, a force sensor 14 is



and held at an end of a top shaft 2a. Preferably, a force sensor 14 is -5-

sandwi ched between the top shaft 2a and a bottom shaft 2b for detecting a
force exerted by the pin array 1. The bottom shaft 2b, is suspended froma
mai n support 4, using flexure bearings, which nmay be in the formof flexure
stacks 3 conprising flat circular flexuregdiscs, coupled to the bottom shaft
2b. 5 Normally, two sets of flexure stacks 3 separated by a suitable

di stance are used on the die ejector device. It is also preferable that the
two flexure ssamkdched batevepnhé itop ebafo Ra gmpos bbiosi stest 2Ib foheetetigps not or .

The flexure sfacks 3-are aced apart -a.spacer-tube 12-an col |l nount-8
10 of the voi é?ecﬁll‘?rte‘s{ P%?rg? ROV i'eé?‘\féo?ﬂﬁo Bh?ﬁlggh@ %pﬁngﬁ‘ifi@m 44 in a
stationary segfairP8uppit BPhisiRG fleRMEKIRFINgs,| WECHAP bE iNAMé RS RERERrescal e 7b
is then assenbled on the bottom shaft 2a using a scale nount 7c. The whol e

nmovi ng sub- asstefks § crmprinieg flat sikprser flexyra diges.mgualedue the bofiopodiafi#h sensor,

for exanplg a ' Vi | S en . .aki priately
15 with tro oNBBTal” B80teROBPABint SR eddtpiddt U BHIUREEBRIEE To
sensor, suchused an trepdieicjecter, davivdudt is\atscopreferaige tisatrthe twodigxire stagksabl y
used in plac

e, of the optical encoder .stator of the linear notor, such
as radially- nﬁ@ﬁ"e?’f’?@ﬂ"%&?'ﬁﬁm er?ﬁ%ﬁé)}g’éﬁﬂ?aimd‘%rre attached around an
i nside surface of the main housing 4, such as by wusing glue. The permanent
magnets 11 are preferably nade of a high energy density material such as
Neodymi-um FerbédeB#esackad aretspased apamy py assnagar tube(12narrhacot maust @ i s
created ipyan LG ga 1 he o) 11 and an
i'nner sec?‘l)onoﬁgﬂ%f%{cﬁ:é%lgﬁﬂh%ﬁgﬁﬁgd\%%e%maiﬁpwgc@af@g%fr?dlg?cgd on a
rrgvabl e f or cestatisoarly sastien.cAn lopfcal leatoder Ridalptling 4 oovang gneadeuscaaib when it
i

_appropri at gl osiLtipn i h netJ.c air_qgap_ 13 and | enerai zed by
an el ectrical ‘%‘ﬁ?ﬁ@ﬁ?ém&ﬁggmttﬁgtb&ﬁf”ggs?\aﬁr#ao‘fs"?%a%E}ﬂ)ller'ﬁﬂltmqid’sc‘ ﬁ%%/\gﬁglgd, t he
force on the ewvingsubsastesibly B\RES e@mpEdighbosieg datt nobedpagiiciesersar,! not or
is thus used to directly drive and pnove the ejecto

tor pin array 1. .30
Alternative tHE*HIPRacHalonagy BRCQST Featpbend é. iy thﬁfﬁ)?h@ﬂ%@s prepeRte!Ynot or
may 15  with the encoder scale 7b.and coupled to it. Any other type of position sensor,
such as a capacitive, inductive or other sensor may be suitably used in place

of the optical encoder 7.

A stator of the linear motor, such as radially-magnetized permanent magnets

20 11, are attached around an inside surface of the main housing 4, such as by
using glue. The permanent magnets 11 are preferably made of a high energy
density material such as Neodymium Ferrous Boron. With this set-up, a radial

{ magnetic field is created in an annular air gap 13 between the perménent
magnets 11 and an inner section 4a of the main housing 4. An axjal force is

25 induced on a movable forcer, such as a coil 9 that is adapted to carry a
current, when it is appropriately positioned in the magnetic air gap 1 3.and is
energized by an electrical current. When the direction of the current is
reversed, the force on the coil 9 is also reversed. The above-described voice

coil motor is thus used to directly drive and move the ejector pin array 1.

30 Alternative topologies of a voice coil motor or a multiphase linear motor may
be used in place of the voice coil motor described above. Furthermore, using

an alternative construction, the movable forcer may comprise permanent

magnets whereas the stator may comprise coils adapted to carry current.
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be used in plage of the voice coil notor described above. Furthernore, using
an alternative construction, the novable forcer may conpri se pernanent
magnet s whereas the stator may conprise coils adapted to carry current. -6-
The force sensor 14 directly senses the force exerted by the pins 1 on the
bottom side of the Mylar sheet 21. The siggnal fromthe force sensor 14 may
be used to mnimze the inpact of the pins on the die and also to exert a
controll ed anount of ejection force as required to partially delam nate a
die. 5 Once f{ihe fdree herssopddndisadtliiseinees the detamixaded dytthefmns Hidratte renoval ,

a die pick- devi ot 0 Id.on and r rmvethe e fromthe
adhesi ve suriﬂi’ggrrb?' ?ﬁi%i"@[}’ mﬁé@%l?ﬁﬁls’ ﬁg fﬁ gé"aé’nd- pl an
Vi ews- r especthevgsat & manifrligx teeingdart lof 3he pﬂr& toh & o€ ahe a4§b W@%rt a
respectlvely a flexure 3a, a rimspacer 5 and a central spacer conprised

in the flexur@nypliadamoupbeheipstion, cesﬁaéﬁqtaredct@n@amalbsdelaﬁ@%e adite Tl oror e
discs or Gl exyesdagiel AALHIRTSAiaM WABAREIEY 1) dRabOMoval, d i spacer s

5 and central spacers rimspacer so shape
posi tionabl e pmdq' a;meiavmo(rMC’sl‘@W\érmaYIettolqamnto @hdtlhmcf\deeﬁw eileBﬁotrhMe i s neant

15 to be statipnar Lt h ich are used to nmount the flexure
stack 3 on tar‘iji1 fgr?u taeﬂhﬁ%a%‘?e&gﬂtral spacer 6 has a hole 6a which
mates with the bottomshaft 2b for facilitating nounting thereto. The

central spacer SO shaged as to be positionabl e adjacent to and cover

“portions of tFH@Sf I4@>&ﬂde4b show pige ﬁ'ﬁﬂ/@‘alne‘f'%‘w\V%sﬂeét"{ﬂéoﬁﬁcﬂeéi%@n% Aehdd part of
Lhe 1 extye acdhale o hdiP ool aSllie0Ba! ¥ rinPtbadld ahy Bl @hyaf ! X ar

3b of the flexure disc 3a are not covere e spacers 5, 6 an
cqin flex to ysn:@pqr b reemisised dil theafexure aagkoh E@ohd@xutmetapbﬁt comprisemt nove

d the part Sl et eyl 8025 nex FIEs S A o QUL G Qlord Lkt ar e 30

vmthlnaflexur exures ain | exure
stack 3, i npaoftrisn apaery Shangihcenérdl spacets 6.f Baeb ridgbspacer I56s gsotshaped as pended

SR TRV R S I N
the ejectmy ptbflfé dtationary. It has holes 5a, which are used to mount the flexure stack 3
on the main housing 4. Each central spacer 6 has a hole 6a which mates with
the bottom shaft 2b for facilitating mounting thereto. The central spacer 6 is
so shaped as to be positionable adjacent to and cover portions of the flexure
3a that move relative to the aforementioned part of the flexure 3a that is
20 meant to be stationary, but do not flex. Flex-arms 3b of the flexure disc 3a
are not covered by any of the spacers 5, 6 and can flex to yield the desired
axial motion between the portions that move and the parts that are stationary.
K The mutual coupling of the flex-arms 3b within a flexure 3a, and also within
different flexures 3a in the flexure stack 3, imparts a very high radial stiffness
25 to the entire suspended assembly, while keeping the axial stiffness of the
flexure stack 3 relatively low.

Flexures 3a are especially suitable for guiding movement of the ejector pins 1
due to the excellent inhereni repeatability and smoothness of their motion
30 trajectory while avoiding friction and wear that are associated with
conventional bearings. Some typical flexure designs are shown in FIG. 5. The
flexure designs may be in the form of flat discs that are fractions of a
millimeter thick. Each disc has a specified number of slots (usually but not

always, three), and can have spiral, straight or arc shapes or a combination



|
due to the excellent inherent repeatability and snoot hness of their notion
30 trajectory while avoiding friction and wear that are associated with
conventional bearings. Sone typical flexure designs are shown in FIG 5. The
flexure designs may be in the formof flat discs that are fractions of a
mllimeter thick. Each disc has a specitized nunber of slots (usually but not
al ways, three), and can have spiral, straight or arc shapes or a conbination
-7- thereof. They are preferably regularly-shaped and machi ned using either
wi re El ectr theBeafc Fdey ard/hudiénablygegplady-echbpedand achined using eitheewirsui t abl e

roving_ memobioch G Ve, oo ias el e At g Bebie e Bl noss can

be realized fdr yislding &usimberestiflesing F1amqy'r Mich bBarPtHeafoasly 61Tt Fipvisgch as
those shown in Fig. 5 suffer froma, small parasitic rotation about the

motion axis. MESMLETs Veyuhigh rﬁ%Rﬁeofb@éi@l@&E@esw P flifness eynpedealzed and
cryogeni CgCO i Qb px@anpl e, as-disclosed in 10 US patent nunber

5, 351, 490. Sﬁﬁlgg%lejSené)éucﬁ a small parasitic rotation cannot be tol erated
in the present application, it is preferable to design and use flexures

l exure i screhgiar Wi Griaehy 30 e hafe “phBuntie. Ratoh Podkanc fat i on

of the die eggelQardstihamtiom abbudthd neton agisofSuhriiLifss iveTBRehyused
preferably inplenmented by inco rating a brush| ess |inpear notor using
per manent rraghplé’tng lifegrigempreRsars ﬁ’g‘ﬁ) GFyagshicocastersi ton exagp! %laﬁ&'%c?ﬁ?&’ '8

(comonl ygcalisePafeny Huhthes O3, hsmg@r)smﬁecévewéddhpﬁaﬁamwa&mc Ho@atféﬂy of the
several possible topol ogies but nost are usual ly cylindrical. I'n order to

ke 20 best cagrotdie taieratgdain the| presgricapplieatisiy iiin piefetapiata design @nd t he
ylindrical [ r eR% [ force
virtually al %ﬁeﬁgﬂﬁg# H’ﬂﬁéue z%@?s {é% %P@ir\gﬂ |§%\§e?a%hr$3%#e@%dt he
fl exure di scembodinaedtof adlexore dis@xhowWihin Rigs4 i foee sfempelrpgragitic thetiomosi ti on
f eedback enabling the notor to be operated in closed | oop servo node for
very precise control over the axial 25 position of the ejector pin array

nmount ed @B t RuENGhRY t1sd 8t ejector mechanism using flexures of circular symmetry is
préferabiy implemented by incorporating a brushless linear motor using

permanent magnets. The linear motor could be either of single phase

(cdmmonly called a voice coil motor) or of multiphase design, in any of the

se\i/eral possible topologies but most are usually cylindrical. In drder to make

20 beést use of the available space to obtain a compact design, the cylindrical

voi:ce coil motor keeps the actuating force or pushing force virtually aligned

wiﬂh the axis of the flexure discs along which the flexure discs are adapted to

I

flex. The position sensor provides position feedback enabling the motor to be
opjerated in closed loop servo mode for very precise control over the axial

25 poSition of the ejector pin array mounted on the moving shaft.

The invention described herein is susceptible to variations, modifications and/or

adéditions other than those specifically described and it is to be understood that

thé invention includes all such variations, modifications and/or additions which
30 fall within the spirit and scope of the above description.
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The invention plescrl bed her einis susceptl bI e to variations, rmdl f| cations
and/or additions other than those specifically described and it is to be
understood that the invention includes all. such variations, nodifications
and/ or additions which 30 fall within the spirit and scope of the above
description. -8- CLAIMS: 1. A die ejectog_systemfor renoving a die from an
adhesi ve surface, conprising: 5 an ejector tool that is operative to nove
relative to a position at which a die on an adhesive surface is |ocated,
whereby to pgshiMge die; a shaft for holding the ejector tool; a linear
notor conprising a forcer and a stator, wherein the forcer is coupled to
the shaft and is novable relativeto-the stator and wherein the 10 |inear
mot or includes twy fRRsHdes foarémbﬁh endiddfbh aRCAdi¥siBes friiceer  and
the stator and a second end ‘bei ng above t e forcer and the stator; a flexure
beari ng coupf@apPti®nd:he shaft for gui di ng novenent of the ejector tool
relative go the earing
bei ng p05| ti onedIozﬂféj[eﬁt%[J ({%Ets %bér?ﬁ’eﬂg%(?\%eﬂg%%%?gatpla%ggg%%s(‘léﬂegﬂébf | exure
beari ng couptiednan a(ﬁhassﬁm"f;ace Fsdosatednahdrebx tor pushitbadieng bei ng posi ti oned
at the second end r..and a die pick-up device for renoval
@ STt poloBEPe BB R e Gi ¢ posi ¢ on wh

of a die fromthe®3 he die position which has been

pushed by the ej eglingartotor caplsing alfccer] @et arstHys htierai mb&bnsedlsi n claim
1, wherein the forcer rises coils ada& ed to carry current. 3. A die.

enfortheysiaiasi and; waeredt Hieor
conpri segg peﬁﬁ@a’i‘%toﬂ“‘ﬁ@lﬂé@hmo’—@pﬁ’osnt@eﬁa@ aeﬂlrgf?érﬂzf béM@bSl’E\nﬂﬁe%r@ém in any

one of the preceding clains, wherein an axis of a pushing force generated
on t he shaft thesstaor anda serend end being abayethg foisecand the stalexure bearing is

adapted to flex. a flexure bearing coupled to the shaft for guiding movement of the

ejector tool relative to the position af which the die is located the flexure
bearing being positioned at the first end of the linear motor;
15 a second flexure bearing coupled to the shaft, the second flexure
bearing being positioned at the second end of the linear motor; and
a die pick-up device for removal of a die from the adhesive surface at
the die position which has been pushed by the ejector tool.

20 2. A die ejector system as claimed in claim 1, wherein the forcer
comnprises coils adapted to carry current.

3. A die ejector system as claimed in claim 1 or claim 2, wherein the

stator comprises permanent magnets.

25
4. A die ejector system as claimed in any one of the preceding claims,
wherein an axis of a pushing force generated on the shaft is aligned with an
axis along which the flexure bearing is adapted to flex.

30 & A die gjector system as claimed in any one of the preceding claims,

wherein the flexure bearing comprises flexing portions for facilitating relative

axial motion of non-flexing portions of the flexure bearing.



30 5. Adie ejector systemas clained in any one of the preceding clains,
wherein the flexure bearing conprises flexing portions for facilitating
relative axial notion of non-flexing porticons of the flexure bearing. -9-
6. A die ejector systemas clained in claim5, wherein the flexure bearing
i ncl udes spacers positioned adj acent andgcovering at |east part of the non-
flexing portions for facilitating nounting of the non-flexing portions to
one or nore nounting surfaces. 5 7. A die ejector systemas clained in any
one of the pbecedhnie gkaionsystemiasr@aimedhe cidieamdebsathanfiecoepeardes a

flexible disc. 8. A.d.e_eject SY§ - cl al med- j - 0on t he

precedi ng cl E\CH@?S _sp%Berls cq%ﬁ'(?ﬁ%g ﬁ%ﬁ%%ﬁ?ﬁ?ﬂ%@da{s%Sggx?@@?it@%ﬂ?a' on the

f1 exure bear fi@gngvpbhiops|far faciitatingtmountify of thké Moriflekingrpali@isein @ of ai med in
any one of the greceﬁli ngulil ains, wherein the linear notor is

cylindrical | ERHIPEFING BUNIFESA die ej ector systemas claimed in any one of
the preceging clainms, including a force sensor coupled to the shaft for
detecting a force exerted on the ejector tool. 20 11. A die ejector system
as cl ai ned i A anyAdlir eictarfysiane aedilzigped| ii any, ong at fhedpiegeding saitison sensor

coupled to the shall ffe‘?([l{e%%ﬁ-ngic%ﬂqp‘ﬁgééEifIQQibiefcﬁ&gbaCk whereby to determne a
the e ool".

posi tion of ector

8.~ A-die ejector system as:claimed-in-any:-one of the preceding claims, - -
10 including regularly-shaped slots fabricated on the flexure bearing with polar

symmetry.

9. A die ejector system as claimed in any one of the preceding claims,
wherein the linear motor is cylindrically-shaped.
15
10. A die ejector system as claimed in any one of the preceding claims,
~ including a force sensor coupled to the shaft for detecting a force exerted on
the ejector tool.

20 11. A die ejector system as claimed in any one of the preceding claims,
including a position sensor coupled to the shaft for providing position
feedback whereby to determine a position of the ejector tool.



