-1- DI E EJECTOR SYSTEM USI NG LI NEAR MOTOR Field of the Invention 5 The
invention relates to a nechani zed systemfor the renoval of a bare

sem conductor chip or die froman adhesive filmon which it is nmounted, and
in particular to a device for inducing partial delam nation of a die from
the adhesive filmprior to total renovatief 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 tpEEP#ECTORISESTEMUSINGLINEARMOTOR Mlar filmis
commonly used as the fiTm W{th an adhésive surface for nounting the wafer.
After singulation, the dice are individually picked up fromthe adhesive
filmand pl acesh®bf Peditiigh die, a leadframe, lam nate substrate or other

carrier depending on tne application. 20 For automatically picking up the
dice, a die ejection systemis used to facilitate effective renpval of the

dice. In orde o} j h i ie. rti | aninat of the

die fromthe j&%e@%ﬁfoﬁi %em%?é té%/g'ﬁl ‘%’8@%%@853@95’? Zfo{ 5@alrerq§\é§mn%’/#;% %‘E}qgt he die

3y af pi ck- headem‘ﬁmddd:tea eﬂ)iﬁ?irid?‘lfregsareﬁdhmf' lﬂla?odivmicre]te@hmumﬁdrmndo Lli ft a
ie froman opposite side 1 adhesive fi romijts 25 nounti side to
partially del dhPAHCHEF {3 aifievies Jo THLCGIRA) Aeamivatio af & flg Ko B,

pi ck-head to naABsIRe filEphitireo tahlakhovarsfihé Bre. adhesi ve surface.

Traditionally, die bonding machi nes use die ejection systens based on sone

kind of trfnsnission/li nkage nechani smused to convert rotational notion of
a 30 rotary mMpekarolh®ahd PRst Akt onal notion used for facilitating ejection
of a die. For Tx%lmmnt nunber 5, 755,373 for a "Di e Push-Up

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

by a cam that fgngagt Yahicthdléid? pRlAGMg Bidkss, 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 gjection system thus has die
ejector 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

thereafter, 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.



-2- Figure 1 is a sinplified diagramshow ng various parts of a conventional
ejection systemin greater detail. The ejection pins | are held by a collet
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 throagh the roller 15 in order to
reduce friction. Typically a step-down transm ssion consisting of a timng
belt 18 and puI leys 17, 19 is used to drive the cam 16. Any other suitable
transmission FigERahis® rEplified fiagtam ghewigararious earts eha eomealipn@per at i on

of ejector pi %ﬁecﬂéﬁ@y&t@n‘i |ﬂdg1‘6§tep%idlla*rhe‘éﬁcﬁﬁh'ﬂ>ﬁ{s'P%ré”he&‘l' S;?arﬂéﬂé‘tt@ on an
adhesi ve Myl ar” sheet. As shown in Figure 2a, the ejector pins | are

normal |y posi mWhigheis Mowited @l dhe Qn‘#)loﬁlﬂa?rhaﬂyz ofA raliec 5 xp affixgd thdve lavesn
mounted on an g'b‘ﬁlju%’ Eréa?fk/y%\arﬁ{%r f'notte}?ldv%é FedSB%Hve fazﬁgh}gécﬁa 5 chfy 78! ow a

wafer table hé eet 0 execut & ex ng notion in
t he hori zoft alwl'pxil'aaaume'shbatsl'mftﬂ ditrstighudhe ouvtlef ridnint treepitmseduce ficti@ar. t he
waf er table executes an exi.ng_nmotion so. ositio di t he pick
bos: 1 on on ¢ HAPLRLER Grers Pt SPfisDRsion hosistas of aiies PeflsBuindpllevsshown | n
Figure 2b and1 19h@s SREE {0 WEve ViReUtdm T 06.ce Ad¢ othel NRiiteblee hhsmissiondi cat ed
by dotted arrows is lied from bel ow the Myl ar sheet 21. The 20 ejector

pins 1 cont actm?qli'é”!@m 'E‘F"y@ﬁé’éte d21 and 1ift the die 22 along with the sheet.
However, strong vacuum applied from bel ow serves to keep sone areas of the
Wl ar sheet 21 in close contact with the top surface of the ejector

pl at f orm 48. Kiguie e shaws |the dynieal mpsiatigadof: ejeelon i veed ta indugadraitialar ound

the area of t bhiAkidlP oP ARkl i8inied®or B SURIHA WA SieONETbRATh di ©

ej ector system Cri presence of conponent's bet ween
the drive not digue 2anthe iectonginset faex nomallyeposéioped gustpindenarpiyralityi oft r oduces

Pyster esi o pr oBrere T G e TRk ion b apAET L e bLRB VB S0E ot
t hus sever el y 21i nThis id toealjpev & avafemtablediolding 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 platform 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, strong vacuum applied from below serves to keep some
areas of the Mylar sheet 21 in close contact with the top 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. gjector 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.



ej ector system Secondly, it is difficult to control the inpact 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 inplement a directly
driven ejector nechanisn1for better contBol of the notion of the ejector
pins 1. Moreover, woul d also be useful to have a flexure bearing design
associ ated wi nmechani mpr ov e ccuracy

t ct
and repeat abi ILPhFWQB‘P thréﬁCLﬁd 'ra@anPar‘{})‘rb@f“Wie |$KF§5’WI grh o eieé’q hus an

obj ect of the mgdhanizin forveter @cmttcﬂs of thephedrier e djeqooyiad 1di Moreblerjtect or
systemthat avoids sone of the aforesaid problens associated with the prior

art. Accordi ngvaus also; be usglihde naye & H%xqfﬁ\ﬁtﬁ@f'%rﬂesﬂgﬁbﬁ%‘iqcéat?ﬁ HNihdbg a die
ej ector  syst &fbff Ry A8r Melhshidrh ANrARro?e Q@éﬂr¥€y ) Fﬁié%cﬁﬂg%f fhei Ng: an

ej ector 15 tool that Is operative to nove relative to t ereby to
push the dide; maotigmaft 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 relative to the stator; and a die pick-up device for
renoval of the&ummafyrafihg hweatibresi ve surface after the die is pushed by the
ej ector tool. 20 According to a second aspect of the invention, there is
provi ded a nethod for renoving a die from an adhesive surface, conprising

the steps of: |pisOiHugi 41 obRiat Of @6d PredenPlinviehBdn iis oy ahehitroved die t he
die; nmounting the ejector tool  onto a shaft; coupling the shaft to a forcer

of a |inedl mfieston pystem habavpits some of| the; afaresgidprep agsociated Withear

mot or; novi ng tﬁ@gn&o‘;rger relative to the stator whereby to push the ejector
tool- against the die; then renoving the die from the adhesive surface. It
woul d be convenient hereinafter to describe the invention in greater detail

30 by referencgdhRifdfo ACHATBEHYYF tHE INHESH MHefd id bdvidddth &i@ feckdrPodi ment

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 holding 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 tool
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
of the invention. The particularity of the drawings and the related description is
not to be understood as superseding the generality of the broad identification

of the invention as defined by the claims.



of the invention. The particularity of the drawi ngs and the rel ated
description is not to be understood as superseding the generality of the
broad identification of the invention as defined by the clains. -4- Brief
Description of the Drawi ngs An apparatus and nethod in accordance with the
invention will now be described with retdrence to the acconpanyi ng

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 eje&fEbHe ' M3Scam operated ej ector systemis

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 on&in gpprratse@ndmethpd dnepeeidanesonithielhe ioiventian will pewepect or
devi ce accordi t e j t favenhion:. & 4a and
4b show si de gﬁgcr&%gnn\% Q'VE\EJ rgﬁe%pg%ﬁ tﬁ%’é&fﬂyﬂ@?& 5219;19 eé(}ﬁ‘rh@@é g@aﬂ 'e‘\'/\,iwslhﬁs;{1 Fl GS.
4c to 4e showspebpdyt wagl pf a frioexdimiting ademonsiativerexample oferive giresapacer
conprised in the flexure. stack; and 20 FIG 5 shows three designs of

fl exures with"B’gf-I ?n’é?/??‘ﬁé fy. Detailed Description of the Preferred

Enbodi ment 25 The preferred enbodi nrent of the present invention will now be

described wt reference to the drawings. FIG .3 shows a cross-sectional
e viow of e’ T BocSamRa St eTer 2l S1ecish GUSE JEEOR BBt ding t o

the inventiongpdhffed EREDBABYSIEMIS ehipfoylect or device is intended to achieve
straight-line notion of an ejection’tool relative to a die whereby to push

the die. THe noving part of 30 the mechanismis actuated by a voice coil

motor i n_such daway shiak e Rl Satdiforn Gk UgbLiBe iRk Gfkelss it M ibali th

shaft bearing e ejection t ej ector "'tool ‘conprising a pin array 1
and col | et holdgé@aminatidnsoftanie frafnt a gheet 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 of 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 straight-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 holder 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 may be in the formof flexure
stacks 3 conprising flat circular flexureS5dH scs, 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. preferable that the

two flexure stSERWichgd hebvegisihe Rl BRG S ?‘Et%“ 8E§ﬂ (?P fpﬁ@lete,cﬁggua not or .

The flexure Stfaf%se%érté& HyStRagidl arBMt e BoGBACHaft2)8s Sdsidtded ffth la nmount 8
10 of the voice coil in a noving section, and by the main support 4 in a

stationary sed‘f‘ﬁlarﬁUPAﬁft(ﬁ@tqslf‘@l flexyiEe Qearings; r«r&rqrumﬁg ke inotherfgrre i d@svrescal e 7b

|s then assemi ﬁgﬁs@cérﬂ é?l%fl?t’aeu%n%frtﬂe el&fgdggc &@i&{%%ﬂlﬁm?gha w9 whol e

movi ng sub-assenbly Is en c usi hg position sensor,
for exanpl & a N@rmallga,nmsdacrrﬁd@p(ureeatackmacseparated; byhee suiddhie méslargeparepr i at el y

senor.  such Seomn i B wPloR 8Py Riash Brobianle WeRlegil iR wabi "

used in place 3 afe gdsttionpd bnaippesltmsiees df. théliséatrostopf the linear notor, such
as radially-magneti zed pernmanent magnets 20 11, are attached around an
i nside surface of the main housing 4, such as by using glue. The permanent

nmagnets 11 ar ety g x@réblakkd 8 @fe Spackd et IBNEERNcer dQ5S 12 YndRt &ilidburtgch as
Neodym um Ferrous Boron. Wth this set-up, a radial nmagnetic field is

created i n'tn ¥nihel vriceicpil ghin f3”l?¥ﬂ‘ﬂe%‘??t'9ﬁeaber%mﬁ1f“a"rr§g‘ﬁ@@'§ 41 @d an
i nner section daidfar} g@ctr@ﬁ' 'Anh(%{ﬁbﬂ&rﬂ)dew Lt 5%%@# énc’)cﬁe'r adugegh on a

novabl e forcer, such as col | I's adapted to car current, when

it is appropr natfreeryaqsembdect)mther bpttqliesmfg%%tﬂﬁloga %a@momet 'édeh%WhehPer gi zed
by an el ectri tcrﬂl)vrﬁgfspt?-ggs ns R c‘ijénﬁr?egﬂrdm ugln tNGutSHY. rﬁp%srgén sEfpFr sed,
e Coi IS e

the force on so rever se ove descr Vol ce COI|
nmotor is thus fosexiammedai stahome}rymnmmraadd-dmaé TBhes thjeecahgneqbeppra)pnatyelyl 30

A ;er nati ves t Rl B! ol &alens Bnd 2blipiBR 10k, Ay SindHlybe R B3Sition B85or ™! O

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 permanent
magnets 11 and an inner section 4a of the main housing 4. An axial 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 13 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
coit 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.



be used in place 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 | on the
bottom side of the Mylar sheet 21. The signal fromthe force sensor 14 may
be used to mnimze the inpact of the pins on the die and also to exert a

controll ed anmpunt of ejectign force as required to partially delaminate a
die. 5 Once tHBedpeengnspgedp dgcly spasRs thederesnprritadyby e atms 1 cattBer enoval |

a die pick-upofeviGde bNtle BHaSHedTM hﬂh@g@ﬂél@r&ﬂdhé ESFRY 8ehdtit 14 Malr om the
adhesi ve surface of the Myl ar sheet 21. FIGS. 4a and 4b show side and pl an

vi ews respect beesedoto mirimizeuthe igpack oBthe piosmrcthe die ard alsostaosxert a
respectively r e r S conpri sed
in the flexur goéﬂ{(gié&k %ngggccﬁ %#@Qﬁﬁg&g%&gk&@ﬂegg%ﬂa@g d oneﬁgt;e gmd?é; fl exure
di scs or fbexres tBa, diertizsr bpar sefficienty defamtpatedi to fabititate remowd], ai diespacer s
5 and central spacers 6. Each rim spacer. 5 is so,shaped as to , be

posi ti onabl e KR JEVIES 58& SBBW& Waﬁmﬂa??too"fmq ﬁgmgy%%ﬁ?eé'%aﬂqrﬂatpei s neant
15 to be st at ig@nasive sliffadeast thoMytarsheetvgi ch are used to nount the flexure
stack 3 on the main housing 4. Each central spacer 6 has a hol e 6a which
mates with the bottomshaft 2b for facilitating nounting thereto. The

central spacerri€gi 3a ap@ NSRRI s drd Msn mstﬂe@F@éﬂvelya@H@ﬂ@akets_@ecﬁrs! cover
portions of the flexure 3a that nove relative to the aforenentioned part of

the flexul@ 3&1€RafiCita 4echouatesredively 8 flaxirents y NHUPAGEr AcNdra eaNrat| ex- ar s
3b of the fl e%gfjgerﬁ]gﬁr&'@ﬁse@gﬁthﬁoﬁe)ﬁﬁﬂé@faﬁﬁ PYEIRY ﬂQIurh@a&pﬁ,.C@Jn%pr%esG and

can: flex to vyi sired axial notion between the portions that nove
and the parts onear more flexarei disesror flexaies Jauinterspersep Mithgpetershie tifd formar ns 315

i t hi fl 3 i 1,hi if f . f ' I
stack 3 | mpad) ImiekacBls 3h3 Sollhitplceie |EAG Y pEUH ER sifsridbeliaf by GEL"
assenbl y, whi lbe poséipnabletdufacent td arst codfendisat pairt oftthe fiekwneBaethat Bakeant

relativel yal Ot pElsEaihas,. 38nat RoREREClAldard tisbd W fndl Bl e Hend By TNt of
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
s0 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.
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

fiexure stack 3 relatively low.

Flexures 3a are especially suitable for guiding movement of the ejector pins 1
due to the excellent inherent 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 specifi-&} nunber of slots (usually but not
al ways, three), and can have spiral, straight or arc shapes or a conbination

-7- thereof. They ar refera}bl regul e}rl -sh eg and. machi ned usi ng either
wire E ectro-ﬂlﬁfé‘&fhar AR RS tY,regH'éf &'—S%P??Fgg'ﬂ PIRFNHEd SPIRINEF WEE t abl e
nethod for yiE‘?écSﬂoﬂQisé‘héiﬁ@thﬂ‘finé,'pﬂ‘?dtdlﬁkhﬁglraﬁﬁ" ofaing ot aduithbe hemeddof a

moving nenber. Very high ratios of radial "stiffnesS to axial stiffness can
be realized #ru¥rldNsGsachumbexat dexing| agusewhight Begiother logdnalearpovingh as

t hose shown i j fer. & ; j i G i t he
notion axis. @ﬁhg‘?rl ggﬁfé‘éﬁﬁg{}%é)gre%r? '%gggﬁes}%?\tbla%eﬁ% ﬁ(ﬁlﬂ? %Sg%érrrg?%ggﬁ%dand
cryogeni ¢ boolusing,sutbiflexywaspl e, as di sclosed in 10 US patent nunber
5,351,490. Since even such a small parasitic rotation cannot be tolerated
in the present application, it is preferable to design and use flexures

W t hout any p#Hesrdd withoidlansyarabsyasuel .asTthes@rsebanriad-igestxudferméom af a

fl exure disc sho in Fig, 415 free of a net rasjtic tiqn. 15 Actuation
of the die o SORPARRIERIIN Aotk TR Belichexs: hdlayres g
preferably i nph esignife CoMmprésery BRd @hjogenid dUolss)| 0B exhipRAas édsedShng

per manent magnets. The linear notor could be either of single phase

(commonl y 10al 4R Pataps; uekes; .3%bF89-) BIpcerevRnl UChhB SN aleBRIGHRIC RIaIRD of the
several possi bLansOROtPDEe: H%Ffﬁ?éﬁerﬁra%pﬂéd{i%h! ¥ iSYréBHNE A de ign %QteL to

make 20 best use of the available space to obtain a conpact des fgn, e
cylindrical wseclexaps without laswpParapdicadnetian nehateeeverorTheughetegetior ce

virtual l'y al i gpag,y ﬂt'bf(%ﬂ@xﬁ?@ tﬁsc?ghéflﬂ?inf#i fffs‘?ré@ Serndt ARkttt e
fl exure di scs are adapte o flex. e poSition sensor 'provi des position
f eedback enabling the notor to be operated in closed | oop servo node for

\r/TgL% t ggegir}%fhg\%ﬂéﬁr}i?:h go?\sfrﬁ%g{ehe?e&é} ﬁ\lechgr%srﬂofsiir%gi ﬁ)enxu?(f:s BP 8rc%ila?csg/91rm§|i'ynisar ray
preferably implemented by incorporating a brushless linear motor using
permanent magnets. The linear motor could be either of single phase
(commonly called a voice coil motor) or of multiphase design, in any of the
several possible topologies but most are usually cylindrical. In order to make

20 best use of the available space to obtain a compact design, the cylindrical
voice coil motor keeps the actuating force or pushing force virtually aligned
with the axis of the flexure discs along which the flexure discs are adapted to
flex. The position sensor provides position feedback enabling the motor to be
operated 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
additions other than those specifically described and it is to be understood that
the invention includes ali such variations, modifications and/or additions which

30 fall within the spirit and scope of the above description.



The invention described herein is susceptible to variations, nodifications
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 ejector8systemfor renoving a die froman
adhesi ve surface, conprising: 5 an ejector tool that is operative to nove
relative to the die whereby to push the die; a shaft for holding the

ej ector t ool ; GAMSsar not or conprising a forcer and a stator, wherein the
forcer is coupled to the shaft and is novable relative to the stator; and
10 a die pick-up device for renpoval of the die fromthe adhesive surface
after the die is pésHedejbgtor Isysterederoremayiig azdie Areinearejadbesive sysaeen as
clainmed in Cl%bﬁk%sm erein the forcer conprises coils adapted to carry
current. 15 3 dre“ejector systemas clainmed in claim1 or claim 2,
wherein thé& st at orancejeqion web that isveperativaregmeve reldtiveAtadihe daee\dteosbystpst em as
clainmed in any_o of the preceding clainms, 20 including a flexure bearing
coupl ed to thé“@ﬁg? §diepr gui di ng noverent of the ejector tool relative to

the die. 5. Adie e;gr@ﬂqbr Isolgihg theagjeclontaed i n cl ai m 4, including a second
flexure bearing that is coupled to the shaft. 25 6. A die ejector system as

claimed in claimb5.2 iear apeio ﬁ%’“PW'%%raefoﬂ@érqnﬁga SBWEF pherein dbe doreeeidur e
bearing are p%uble@ﬂ@%%ha@%ﬁﬁb%v%b@%la@i@eW%e‘été‘l%?‘rand”m or. 30 7. Adie

ej ector system as claimed in any one of clains 6, wherein an
a die pick-up device for removal of the dle from the adhesive surface

after the die is pushed by the ejector tool.

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

15
3. A die ejector system as claimed in claim 1 or claim 2, wherein the
stator comprises permanent magnets.

4, A die ejector system as claimed in any one of the preceding claims,
20 including a flexure bearing coupled to the shaft for guiding movement of the
ejector tool relative to the die.

5. A die ejector system as claimed in claim 4, including a second flexure
bearing that is coupled to the shaft.

25
6. A die ejector system as claimed in claim 5, wherein the flexure bearing
and the second flexure bearing are positioned on opposite sides of the linear

motor.

30 7. A die ejector system as claimed in any one of claims 4 to 6, wherein an
axis of a pushing force generated on the shaft is aligned with an axis along
which flexure bearing is adapted to flex.



axis of a pushing force generated on the shaft is aligned with an axis al ong
which flexure bearing is adapted to flex. -9- 8 A die ejector system as
claimed in any one of claims 4 to 7, wherein the flexure bearing conprises
flexing portions for facilitating relative axial notion of non-flexing
portions of the flexure bearing. 5 9. A dBe ejector systemas clainmed in
claim8, wherein the flexure bearing includes spacers positioned adjacent

and covering at |east part of the non- flexing portions for facilitating
mounting of t e nof-9i¢ GG PEHAT G8CaiBedHe B onbplcammtitad. AhereiBes. 10

10. A die e eghdmesyiet B8y EbRAPASSS ?I@xiﬁ@ﬁqd?ﬁ%soforcﬂa@ilifé‘ﬁné_rbfétiQe ahgrein
the flexure bearing conprises a flexible disc. 11. A die g ector system as

cl ai med in anynaies ahnoaifigking pertians v the irquiriberying: equl ar | y- shaped sl ot's
fabricated on the flexure bearing with polar symmetry. 15 12. A die ejector
systemas clained in any one of the preceding clainms, wherein the |inear
motor is cHlifdricAldigeschpegsteirBas slathed i alaino8, whareenthadlezlrai bazdingn any
one of the preccﬁd' ng. cl ai e, .. 20 i%?l uditnag] a force sensar. cou ed to the
shaft for det dFYIES SPACEIS ROSUAIGgNBEeNt (e COvELRg At et Paf,0f Reqial-ei act or
system as cl aifgridgi portehs foneadiftatirgempuetirRibNihechdi-Ndxing pokibhglite@nd gposi ti on
sensor coupled to the shaft for providing position 25 feedback whereby to
determne a pdRYEINRHWNISHEAEESct or tool . 15. A nmethod for renoving a die
from an adhesive surface, conprising the steps of: providing an ejector

tool that is novable relative to the die; 30 nounting the ejector tool onto
a shaft; d8upliOng Andie girgier sustem fasr daimegrinany opapf aliney 4ttaH whereiBvabl e

relative to %éfl&lﬂéﬁ%ﬂﬁé‘@orhﬂ)ﬁ%"e%ra ﬁ@ﬁﬁtﬁédis@p\’i ng the forcer relative to the

stator whereby to push the ejector too

11. A die ejector system as claimed in any one of claims 4 to 10, including

regularly-shaped slots fabricated on the flexure bearing with polar symmetry.
15

12. A die ejector system as claimed in any one of the preceding claims,

wherein the linear motor is cylindrically-shaped.

13. A die ejector system as claimed in any one of the preceding claims,
20 including a force sensor coupled to the shaft for detecting a force exerted on

the ejector tool.

14. A die ejector system as claimed in any one of the preceding claims,
including a position sensor coupled to the shaft for providing position

25 feedback whereby to determine a position of the ejector tool.

15. 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;
30 mounting the ejector tool onto a shaft;
coupling the shaft to a forcer of a linear motor that is movable 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



against the die; then -10- renoving the die fromthe adhesive surface. 16. A
nmethod as clainmed in claim15, wherein the forcer conprises coils adapted
to carry current. 5 17. A nethod as clainmed in claim15 or claim 16, wherein
the stator conprises permanent nmagnets. 18. A nmethod as clained in any one
of claims 15 to 17, including coupling 1fpa flexure bearing to the shaft
and using the flexure bearing to guide novenent of the ejector tool
relative to the die. 19. A nethod as clainmed in claim 18, including coupling
a second flexure empving thedierfeons thef adhesiyezuirfape.met hod as claimed in claim
19, including positioning the flexure bearing and the second flexure
bearing on opposite sides of the linear notor. 21. A nmethod as clained in
any one of cl afrs P8methdOas iclabhedliimglaihi gniwieerdif the farces compesesusdilsng f or ce
generated on th haft with an axis along which flexure bearing is adapted
to flex. 22. @dﬁgfer‘ﬁacggyé’f'%ﬂred in any one of claims 18 to 21, wherein the
flexure be&aring conprises a flexible disc. 25 23. A nethod as clained in
any of clainms 15 to 22, including det gj:?té_rinn 5a force exerted on the ejector
0

tool. 24. A nethod”adaey @SdC/ainethyn Prafign 19, rehersin thee siaieg
providing 30 Rpsiriskspefreftitplagnets. determning a position of the ejector

t ool .
18. A method as claimed in any one of claims 15 to 17, including coupling
10 a flexure bearing to the shaft and using the flexure bearing to guide

movement of the ejector tool relative to the die.

19. A method as claimed in claim 18, including coupling a second flexure
bearing to the shaft.

15
20. A method as claimed in claim 19, including positioning the flexure

bearing and the second flexure bearing on opposite sides of the linear motor.

21. A method as claimed in any one of claims 18 to 20, including aligning
20 an axis of a pushing force generated on the shaft with an axis along which

flexure bearing is adapted to flex.

22. A method as claimed in any one of claims 18 to 21, wherein the flexure
bearing comprises a flexible disc.

25
23. A method as claimed in any of claims 15 to 22, including detecting a

force exerted on the ejector tool.

24. A method as claimed in any one of claims 15 to 23, including providing
30 position feedback for determining a position of the ejector tool.



