-1 ASSEMBLY AND METHOD FOR | MPROVED SI NGULATION Field of the Invention 5The
invention relates to the singulation of IC units froma substrate of said
units. In particular the invention relates to punching as the neans of
Singul ati on. Background of the Invention 10Singulation of ICunits froma
substrate in an efficient nmanner involves maxim zing the rate of

singul ation of the units at an acceptable capital cost. One nethod of

si ngul ation i ncl YdEEMBIYIARD MiFeHOD FOR MNMPROVETS BDSGUAKETION e. appl ying a
shearing force to the face of the substrate so as to cut all or portion of
t he peripheral edge of each unit. Gven the size of the singulated units
and the need to naintain a clean cut edge of said units, the 15tol erance

required i x% e nI hi gh and typically in the range 2 to 5 1,1m
Furt her, g@ﬂgﬁdgﬁgfgig~assenblles because of the high tol erance and the

nature of the singulation tend not to have | ong operational |ives because
of damage to the assenbly as the punch contacts the die. 20 There is
t herefore an ongoi ng need to inprove the quallty of uced by

ro
the pufich Thsdnuréioagsiars|ty fkwmglﬁlampm%uﬁg%?%n RS S@Fep Pﬂéﬂléd‘ﬁ@ d die

assenbly and so minimzing capital cost through ninimzing replacenent.
particular the invention relates to punching as the means of singulation.

Background of the Invention

10 Singulation of IC units from a substrate in an efficient manner involves maximizing the
rate of singulation of the units at an acceptable capital cost. One method of singulation
includes punching the units from the substrate, i.e. applying a shearing force to the face
of the substrate so as to cut all or portion of the peripheral edge of each unit. Given the

size of the singulated units and the need to maintain a clean cut edge of said units, the

15  tolerance required is extremely high, and typically in the range 2 to 5 pm.

Further, punch and die assemblies, because of the high tolerance and the nature of the
singulation tend not to have long operational lives because of damage to the assembly as
the punch contacts the die.

20
There is therefore an ongoing need to improve the quality of the product produced by

the punch and die assembly whilst maximizing the life of the punch and die assembly

and so minimizing capital cost through minimizing replacement.



2 Summary of the Invention In the first aspect the invention provides a
punch and die assenbly for singulating an 1C oma substrate, the assenbly
conprising an array of punches a guide bl ock having 5 opposed first and
second faces with a plurality of elongate channels corresponding to each
punch extending fromsaid first to second face; a die block for supporting
said substrate, said die block having dan array of punching zones at which
t he punchgf ear to S|ngulate all or a portion of a peripheral edge
of said I 98ubstrate. 10ln a second aspect the invention
provi des a guide block for use with a punch and di e assenbly for
singulating an 1C unit froma substrate, the guide assenbly conpri sing
opposed first and second faces with a plurality of elongate channels each
cor r espondinnige tiot aspporibh irextemdprngides o musdl ahdfdie s¢semnblysfec endulhaegan K5Whi | st
considerable effort has been made in the past to prevent the introduction
of errors dpitfeorh ARUNNQEE 8% ast@MEy thapRsag a0kiey oRSPehése &ale BROK hhdiyge to
the overall tolerance of the assenbly causing an accumnul ated error in the

final gr Odﬂabggsedpprsi AROELBAE ricat ROGUE biRAiPlof &l fharel d]faﬁnélb%m@és%ﬁ&ﬁg ks the
use of qui bl ocks, often 20 referred to as "strippers", whi do " not

Fully restug) b hle HBRRL. oL LAR . £NE RUnEN "t £ gfg%étfo%@gé)ﬁgxf%ﬂaﬁ@rt in

the prior ar unchin

punch and t e die. gU|de assenbl rl ooked but
P Tead tHPSr GHIGRITEE b ek AT of TERCH B Sabe Wmfgrsﬁ ;BB ORAIT g a
channel through the

as to singulate all or a portion of a peripheral edge of said IC units from the substrate.

10 In a second aspect the invention provides a guide block for use with a punch and die
assembly for singulating an IC unit from a substrate, the guide assembly comprising
opposed first and second faces with a plurality of elongate channels each corresponding

to a punch extending from said first to second face.

15  Whilst considerable effort has been made in the past to prevent the introduction of
errors into the process, nevertheless, other aspects can contribute to the overall tolerance

of the assembly causing an accumulated error in the final product.

An important introduction of error into the process is the use of guide blocks, often
20 referred to as “strippers”, which do not fully restrain the upper portion of the punches.
A great deal of effort in the prior art has been placed on tolerances at the punching end
of each punch and the die. However, the guide assembly tends to be overlooked but can

lead to a high degree of error. In the present invention providing a channel through the



3 guide block so as to restrain the punch for a significant portion of the
travel of the punch reduces both translation and rotation error in the
punch. In addition to the el ongate channels provided in the guide bl ock,
the present invention 5 may further include several enbodi nents ainmed at
addressing deficiencies in the prior ar{ that in some anount to an
accunul ated error which shortens the effective life of the punch and die
assenbly as wel | as |limts th of the assenb royi de high
uattcy” odRitielodgR ittty ArtshdoLhasaien boreno b Cabil o HanBrBn ey
further |nclude an inclined inside face on the channel By inclining one
face to tHedugey betaransiatien Mgrertien ctrpipeh¢ Bgndthr ough t he channel may be
directed away fromthe | eading edge of the die. A significant problemin
the longevity of prior art punch and die assenblies is cracking of the die
bl ock caused by repeated contact between the punch and the die. By

provi di ng Inkddigionitochd gedgdiacknabls birdvilhieincihanile bibbig (i pelediBivdd€ion
directed away from a Ieadlng edge of the die by a speC|f|ed anount and so

avoi d sai dyLoRE@eE inclddef s@bér@v\ﬁnﬁd@h@ﬁy afNQ g Mf&@ﬂ%%ﬁ&@h&‘@s ﬁqsﬁ@ggﬁannel

| ongevity may be |ncrease Alternatlvely the 1nsidée face of the

may be of fa% ttn t 1'1{ ?Lﬁ) uthp? anu edse%{"c!r l'tuglg) s}%DrYen:, :ﬂ% éaffecgvé h% # t%eé dge

reci pr ocal I on eln en ona

a speC|f|ed Because of the hi.gh degree f toler cein
machi ni ng P&}f’gi z:?n%ﬁ@ﬁ Sosor el s U R A 1S e BeTrP dthPﬂﬁﬁH{; }BglFset
may still prOV|de a high quality result but also avoid a debilitating

cont act . gaality output.

10 For instance in one embodiment, the present invention may further include an inclined
inside face on the channel. By inclining one face to the vertical, the punch on traveling
through the channel may be directed away from the leading edge of the die. A
significant problem in the longevity of prior art punch and die assemblies is cracking of
the die block caused by repeated contact between the punch and the die. By providing

15  an inclined face within the channel, the punch may be directed away from a leading
edge of the die by a specified amount and so avoid said contact. It follows that by

avoiding contact, the assembly’s longevity may be increased.

Alternatively the inside face of the channel may be offset such that the punch may still
20 move in a vertically reciprocal action but be intentionally directed away from a leading
edge by a specified amount. Because of the high degree of tolerance in the machining
of the components of the assembly, the specified amount offset may still provide a high

quality result but also avoid a debilitating contact.



Bricef Description of Drawings It will be convenient to further describe the
present invention with respect to the acconpanying drawings that illustrate
possi bl e arrangenents of the invention. Qther 5 arrangenents of the

i nvention are possible and consequently the particularity of the
acconpanying drawing i s not to be understood as superseding the generality
of the preceding description of the invention. Figure | is a plan view

of a puncg tgH!e accorgiEE to one enbodi mrent of the present 10i nventi on;
Figures 2 cript ! iews of a Y oriented punch and die assenbly
according to one enbodi nent of the present invention; 15Figures 2B to 8B
are various views of an X oriented punch and di e assenbly according to a
further enbodi ment of the present invention; Figure 9 is a detailed view of
a punch adgcorifli g cooveaidnurte Herthentodiibente pfestheimertsentwithniespta on thad; 20
Figure 10 is a plan view of a punch according to a still further enbodi nent
of the pregesthpiddiueNEia®ings that illustrate possible arrangements of the invention. Other

5 arrangements of the invention are possible and consequently the particularity of the

accompanying drawing is not to be understood as superseding the generality of the

preceding description of the invention.

Figure 1 is a plan view of a punch table according to one embodiment of the present

1¢  invention;

Figures 2A to 8A are various views of a Y oriented punch and die assembly according

to one embodiment of the present invention;

15  Figures 2B to 8B are various views of an X oriented punch and die assembly according

to a further embodiment of the present invention;

Figure 9 is a detailed view of a punch according to a further embodiment of the present
invention and;

20
Figure 10 is a plan view of a punch according to a still further embodiment of the

present invention.



5 Detailed Description The singulation of 1Cunits and in particular the
punching of said IC units as the nmeans of singulation requires a
particularly high tolerance such as in the range 2 to 5m 5 Were punch and
die assenblies of the prior art have failed is not sufficiently addressing
the effect of an accunulated error, th is the cunul ative effect of each
conponent contributes to the overall ertor in the process. The first of

these erraors invalves . insufficient use of the guide block to guide the 10
novenent gégﬁﬁ%LgﬁﬁEH@%é it inpacts against the die. Further errors in the
flexibility and assenbl ed tol erance are also major contributors, by
provi di ng key conponents as assenblies in thenselves rather than a unitary
bl ock. The present invention seeks to address these problens as the core

i nvent i on Hrdidgilatindi of ilfualits iagd ure parésuiwathie pusclenp otlbaie i€ smitAechedigagky t he
i nvention provides for a guide block having a plurality of elongate

channel s wiit inaaghhnchanngl a%ﬁﬁﬂﬂa{r@%i%\ﬁrt@ﬂé%c& Egclgléi% de R eglscand, shrough

whi ch each individual "punch travel s. il st guide ocks nmay be used in the

prior art,Ahe erture 1hrough whi t he .punch, 20 tr.avels is often . too
short gnd‘gﬁmgl d%%ngmfé%gfg%%ﬂ%e%u%hgﬁe&%%éﬁﬁuP%ﬁb%ﬂ@ﬁempﬁﬂbW%%Swﬂg%vide a
degree of mopvenent or flexibilit f the punch itself. By praviding a ful

| engt h chaﬁﬁﬁqu‘%ﬁ%%ﬁﬁe?th%g f“hlaFC‘%’Pﬂqé‘Rﬁ&.é%@r’o At fe gyt i B o kifeqy ol el
control of the punch may be provided and so a reduction in the contribution
of error sWEWORBYERRIRIDUISE byihgeyerall error in the process.

The first of these errors involves insufficient use of the guide block to guide the
10 movement of the punch as it impacts against the die. Further errors in the flexibility and
assembled tolerance are also major contributors, by providing key components as

assemblies in themselves rather than a unifary block.

The present invention seeks to address these problems as the core invention and
15 individual issues as various embodiments. Accordingly the invention provides for a
guide block having a plurality of elongate channels with each channel extending

through the guide block and through which each individual punch travels.

Whilst guide blocks may be used in the prior art, the ‘\aperture through which the punch
20 travels is often too short and so allowing rotation about the aperture of the punch to
provide a degree of movement or flexibility of the punch itself. By providing a full
length channel through the full thickness of the guide block, greater control of the punch
may be provided and so a reduction in the contribution of error such movement

provides.



6 Elongate in this instance will to a degree be qualitative in that the

| ength of the channel will be sufficient to limt undue novenent of the
punch within the channel. For instance rotational deflection of the punch
Wwll be nore prevalent as the channel 5 shortens. The skilled person wl|
appreciate that wthin the tolerances ¢f nmanufacture, an acceptable
rotational deflection of the punch will depend on the actual tol erance and
so a prescriptive length of the channel is unnecessary for the skilled
person to make a determ nation as to what will be sufficient. 10l n one
enbodi nent, however, .the channel be of a length equal t Xcess
of the majldpnsaioadh ’éé’&“tt‘im&ﬁé’flﬂd? ﬁéﬁgi%r}i’ecﬂf”a}ﬂtﬁ@v%ﬂh&lﬁ? fhﬁg?“‘ﬁ%gfﬁﬁ&@aﬁfﬁ a
punch being 1mmthick and 9nm wi de, in one enbodi nent the | ength of the

el ongat e chidnbresuiigienbeo dieialuntes SOVRIER(c 85 $heoPunghmwithiiushd shamel. s&nse t he
aspect ratio between the elongate channel |ength and the punch wi dth may be
great er thanarae egiiahalt defomedon kF Bk guumeh Iwshbwsmarep parvaknews ahe ahpurt h
table 5 conprising a block 10 upon which a substrate may be placed. IC unit

zones 21 %ﬁbﬁ&épmﬁ skﬁleﬁﬁﬁr&%tdfﬂlr'@gl&% B0 Viighed iHaVtoldhmcys 8f aRifecluRunches
15 and the X oriented punches 20 igures 2A to 8A show detail ed views of

the ¥ ori entedpuchesiola H@ﬁe@nﬁd SRE DR 1 BELANOH 09 L8 K208 LEAt ed

punches 2 rlng I rst e assenb as shown in

.I.: !s?lrjlr gpgf‘ %’g&?%z’% :I%\Béﬁ ?f[ g{i{f@éﬁs lgzﬁ“{%geessgryo lr( tk?eosk?lfléde ;r)]erls(onnoy(\)n ke &

determination as to what will be sufficient.

10 In one embodiment, however, the channel will be of a length equal to or in excess of the
major cross sectional dimension of the punch. For instance, for a punch being lmm
thick and 9mm wide, in one embodiment the length of the elongate channel may be
equal to or in excess of 9mm. Thus in one sense the aspect ratio between the elongate
channel fength and the punch width may be greater than or equal to one.

15
Figure 1 shows a plan view of a punch table 5 comprising a block 10 upon which a
substrate may be placed. IC unit zones 21 correspond to the cutting zone provided by
the Y oriented punches 15 and the X oriented punches 20. Figures 2A to 8A show
detailed views of the Y oriented punches I5 with Figures 2B to 8B showing the X

20 oriented punches 20.

Considering first the Y punch and die assembly 15 as shown in Figure 2A, the assembly
15 includes a guide block 30 often known as a “stripper” having a plurality of elongate

channels 40 which pass through the guide block 30, These channels 40 are arranged to



channel s 40 whi ch pass through the guide block 30. These channels 40 are
arranged to 7 enconpass punches 25 for the full width of the guide block
30 as conpared to those of the prior art having a nmere aperture. A key
characteristic of guide blocks of the prior art is the tendency for a very
short guide path provided by an aperture to allow novenent of the punch
according to the tol erances of the punch and aperture. It follows that an 5

aperture nmachined to.th a erance.as_t.hat, of | annel
enconpassiHg  BPHo RERCTRF ?IS %%ﬁnﬁ%%\t/f\}%g nW“g[%) 3 (5 il PGt i3§%8 gf”%{g%ge& g(& ﬁlgﬁg g {r'aeat er
than that of the el ongate channel. The | onger. the_path throu whi ch the
punch is ¢l B&ef At I ARTOP PRI K ff&hfél%ﬂ%@msa? of lﬂ%EkOF%wffg tg? PRRE #h t he
punch will be permtted. 10 A punch of the type being considered may be
speci fic fiptheQENlgpar kagesery shorrayida et providdd ly gh aapdwue LQIPEIECYRREAE ned to
a tolerance of for instance 2 to 5 Rm The punch may al so have a w dth of
about 1mmainkk pachi eedding @ thokdesances dfnhd penahangleapefut. tio f&llaws dhacar di ngl y
t he channel s 40 t hrough which the punch passes through the guide bl ock 30

may besnachifed h@hmedidttedanicabRIAE 8 tHaNoRlh alohgitdakinne! alcoapaameni one
15 side of the channel may be machined to a | ower tol erance for instance up

to 10 pm Uép? the a@gg{ﬂ%nnié@%ﬂr%ﬁéggﬂ‘nowtﬁﬁgﬁ@&g%ﬁ%&%ﬁh%@k tljleneIEF%a\}\}é ange 1

to 5 m Thi ooser one si may tend to al

h "swi ng" d he, | I ing. . . i
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particular to the arrangenent shown in Figure 9. 20 The punch 25 passes

t hrough t HegelradHBctigpigmhithethgarad wilbaPesmittd i npacts against a die 45
supported by a die block 35. 8 Returning to the punches, Figures 3A and 4A
show detailed view of the 5 x 2 array of punches. It will be noted that the
punch as a bevel cutting edge 75, 80. The Y oriented punch 25 is arranged

t o cutipopposecthasighs typb being cobsidatd naytespedifie far@By paskdgos.fechagdae seri es

of punch pairs. In this enbodinment there are five pairs cutting the opposed
edges width of about 9mm and machined to a tolerance of for instance 2 to 5 um. The punch
may also have a width of about Imm and machined to a tolerance in the range of 1 t0 3
um. Accordingly the channels 40 through which the punch passes through the guide
block 30 may be machined to a similar tolerance. In an alternative arrangement one
15 side of the channel may be machined to a lower tolerance for instance up to 10 pm with
the remaining faces of the rectangular channel in the range 1 to 5 um. This looser fit on
one side of the channel may tend to allow the punch to “swing” towards the looser
tolerance on punching. The benefits of such a looser tolerance on one side will be
discussed later and in.particular to the arrangement shown in Figure 9.
20

The punch 25 passes through the channel 40 of the guide block 30 and impacts against a

die 45 supported by a die block 35,



5 of the ICunit with the beveled edges 75, 80 having the | onger cutting
faces 76, 81 facing each other so as to provide a clean cut. It wll be
appreciated that the Y punch and die assenbly 15 nay have consi derably nore
than five pairs of punches or in fact may have | ess subject to the intended
application. 10The punches have on vertdcal edges on either side of the
cutting face 81 chanfers 82 cut fromthe edge and projecting fromthe

C.Ut ting quelef\lilr%gnét?) tﬁe c%%g %r}%%reb? gAga\nﬁtﬁﬁ}n 81%\0\)5 rdgtrgﬁltt:cﬁ-' %16%”151& tlh?el eg%% ag-”f" S

di st ance j ect ”to the

punch wi dth. These anfer to reduce frictio s p edge
from ot herpuﬁﬁ)li‘etsl ﬁmﬁg‘?e ppfe 3’%‘% ”31}‘:{135 &ALV ESH@%‘&G’ At i)/(§ﬁ @dgf g toge? ﬁg

| ongevity of the 15individual punches and the punch and die assenbly 15
overal | . Rengh AP agarrangehe GucaroBi eges3d thrally At ehesabegyrapis Broagat @
channel s 40 corresponding to their required arrangenment of the punches 25.
I n parti cukaes & guck pbits. sihahs carbedotdnothevd ew fofe tde cahmpnid o strbvdgeg a
flared opening to facilitate placenent of the 20 punch. It will be noted

al ong gne drage 1&Lmit hath Be BeRONE QN TR SRR FREhiones Hitigs Fhes f/acer 115.
This groove 100 acts as an air vent such that on driving the punch 25

domnmardsiaﬂﬂgea&P&h&ﬁéyQJ&QQSwB@%QQ%hc%@ ﬁe®ﬂlB§ﬁ§m£&B%%?ﬂﬁgﬁthe it annel

This air vent~100 pronotes an air |ayer between t punc

40 provi di g umSroUs, henel L, n IS By LAY SINGESAELS L oR e

may have less subject to the intended application.

[0 The punches have on vertical edges on either side of the cutting face 81 chamfers 82 cut
from the edge and projecting from the cutting edge 80 to a predetermined distance from
the cutting edge. This distance will be the subject of trial but may be approximately
equal to the punch width. These chamfers tend to reduce friction by separating the edge
from other portions of the assembly 15 and consequently adding to the longevity of the

15  individual punches and the punch and die assembly 15 overall.

Returning to the guide block 30 having the array of elongate channels 40 corresponding
to their required arrangement of the punches 25. In particular Figure 6A shows a
section view of the channel 40 having a flared opening to facilitate placement of the
20 punch. It will be noted along one face 115 that a groove 100 has been machined into
the face 115. This groove 100 acts as an air vent such that on driving the punch 25
downwards, one face 115 of the channel 40 permits a flow of air upwards. This air vent
100 promotes an air layer between the punch and the channel 40 providing numerous

benefits. The air layer may reduces friction and therefore promote a longer working life



9 of the assenbly 15. The air vent may also act in a simlar manner or in
conj.unction with the | ooser tolerance on that face so as to provide a
clearance in which to bias the punch to "swi ng" towards that end. Further
benefits may include self cleaning. Detritus resulting fromthe punching
process may be provided a path to escapg along the air vent. 5 Further
still the flow of air may provide a cooling effect, again adding to the

| ongevity of  the C punch. and SS Figure A show a
die bl ock 3uhF ey @5 pplg‘ N Egé%%(?trb n?&*“’r“l‘a% E”‘”eg‘-’b ok %

itself an assenbly conprising an_anvil 36 haV|n urali Io s into
10 whi ch dVi&h tigslepses iglpsancerpratiygh Ecq5oiaqdp Q%Védea% %ﬂ%@?e Hh‘ﬂ"w gtop? ‘i“‘an 37

whi ch projects up through the anvil 36 to provide a seat upon which the
subst r at e funels tof Giwipgineniarg tharged.pHwdher desefan eﬁsamncitlﬁfeseémgww CHHYS bear s
against the die 45 with the die insert 135 acting as a cutting edge

beneat h. Thedthgeiromsbs pnchidly pasestuahd be prplicecien foyh & shipm A& @adirsent.

mai ntaining the inserts in an assenbly arrangenent. The alternative

practi ge IjrdeciifimRdldwof B niifyi Rbvidk b dodlid®effdd Cagrid Mdin H%@S&H%xyoe\mw eby
the anvil 36 is replaced by a series of members which conbine to Tormthe

entire d| L ﬁdﬂﬂﬂ&%ﬁ ted that every connection between
menber s a %%?ﬁ aci erng'error t ough conbi ni ng tol erances of machine

surf aces. Thus prOV|d|ng an assenbly for the die block further accunul ates
error in the punching process. The present invention avoids this by
20provi di a unitary anvil 36 which_sti|l _has the benefits of an assenbly
t hr ough pr%%‘i‘fﬁ A8 AdsHy PoTRs d’r’i’dﬂﬂ‘%ﬁi fcﬁéhfd Vep‘inﬁgélpfl dieygseifySaclie dpe X
punch and die assenbhy shown in Figures 2B to 8B denonstrates simlar

block 35 is itself an assembly comprising an anvil 36 having a plurality of slots into

[0 which die inserts fit. The die 45 includes an upper cutting portion 37 which projects up
through the anvil 36 to provide a seat upon which the substrate lies for punching. The
punch descends on the substrate and bears against the die 45 with the die insert 135
acting as a cutting edge beneath. The die inserts 135 are held in place by a shim 125
and so maintaining the inserts in an assembly arrangement. The alternative practice

15 according to the prior art is to have a full assembly whereby the anvil 36 is replaced by
a series of members which combine to form the entire die block. It will be appreciated
that every connection between members adds to the overall error through combining
tolerances of machine surfaces.” Thus providing an assembly for the die block further
accumulates error in the punching process. The present invention avoids this by

20  providing a uvnitary anvil 36 which still has the benefits of an assembly through

providing a shim 125 holding the die inserts 135 in place.

The X punch and die assembly shown in Figures 2B to 8B demonstrates similar

advantages to the Y punch and die assembly 15 but with accommodation for the



10 orientation directed to the X axes. Therefore as shown in Figure 2B, an
X-punch and die assenbly 20 includes a plurality of punches 50, 60 novable
wi thin a guide block 55 through el ongate channels 65. The channel s 65
extend through the full thickness of the guide block 55 so as to control
angul ar deflection and so produce intrqguced error. 5 As will be seen from
Figure 1, the integrated circuit units mﬁthln the substrate are oriented

such that adj cent,. uni opg _the es _are extrenel | oS ar ed
to adj acen fJHﬁ'i g dige tﬁé%‘f ﬂ?? g Ages T ?&8@6‘? a7 Hgrye %E‘&?ﬁ%ﬁg % lga nmade
for the X punch and di e assenbly 20 to be able to accurately

ef fi ci ent |9} pisaeRit Heinpladgh P%Jrzzmy AhPwstenol. Ydvarably ‘j}’“hiﬁlfae%ﬁi‘i?en@lo% pacent

units. To this end, the X punches 60 include a double edge as seen in

Fi gur es 3Bhamgh 4Bn\ghtembbyletsr@. t' e ddgeds 8% Axtc88 Birougly ds polh thitlkmesdpiabent | C
units so as to cut the adjacent edges sinultaneously. Because the X punch
and di e asséddiiyci2h fass taroatdlayig@br dfRunehas] {ofrodudeiinirddiced srance, the
punches 50 at extrenme ends of the assenbly 20 need only punch one edge and
theref@gre are 15considerably smaller than that of the internal X punches
60. Figure 4B shows a different neans of reducing friction and extendi ng

the Iife of, Lhe b%“%b%ﬁef?oznp igl‘ﬁiedfdtth}h']né xfa?eh%e%igeuiggpw%t%ﬂ{‘% LihsRat §gESS 90

adj acent t'0’ the cu tiIng e he recess 1S provi ded
on both sides aof th ch and. ac 0 reduce fri n bet ween he punch
and di o | XIS 6" THbARpaE e & lgtth%g?gﬁﬁéﬁre P EBa % EPEBRER ' ur t her
increases the life of the die. Apart fromhaving to face 91 recede fronlthe
di e, the iadtacemi wls gfongHbe Meeess Hryrdita) agomBpdRtion rpYé be aysle Jor fhg X

providing an air path during novenment of the punch and so facilitating the
reduct i on puncl pid tlicomssemily 20 to be able to accurately and efficiently punch the IC units

10 whilst not adversely affecting adjacent units. To this end, the X punches 60 include a
double edge as seen in Figures 3B and 4B whereby the two edges 85A, 85B correspond
to adjacent IC units so as to cut the adjacent edges simultaneously. Because the X
punch and die assembly 20 has an array of X punches for a finite distance, the punches
50 at extreme ends of the assembly 20 need only punch one edge and therefore are

15  considerably smaller than that of the internal X punches 60.

Figure 4B shows a different means of reducing friction and extending the life of the
punches. Provided in a face 91 of the punch is a recess 90 adjacent to the cutting edges
of the punch 50, 60. The recess is provided on both sides of the punch and acts to
20 reduce friction between the punch and die leading to improved life of the punch. The
reduced friction further increases the life of the die. Apart from having to face 91
recede from the die, the inclusion of the recess may trap air and further assist in
providing an air path during movement of the punch and so facilitating the reduction in

friction.



It will be appreciated that the recess 90 for the X punch and the chanfer
82 f.or the Y punch nmay be used interchangeably between the X and Y punches
and al so used together to provide an additional benefit 5 Figure 5B shows

t he guide block 55 for the X punch and die assenbly 20. The transparent
gui de block 55 shows the position of the punches 50, 60 through the
channel s 65 whi ch as di scussed, prOV|de for a greater control over the
punch and so a reduction in accumul ated error. 10 An additional benefit of
provi di ng el ongate channel s through the guide block is the thickness of the
wal I s surroundi ng the punch. They will tend to be thicker and so possibly

| ess prond! 3! herpitagekAdhadhe Fc’r?ﬁ%sl Ehicadhs Agpincg aagghs ebanpish 8afon &%adf Thus
a degree of rigidity of the guide block provided by thicker walls may

provi de adwash atgy hdoved intheshprdeablyapdiweddi ther &s afdB anuing®sshowalao gised | ar
die block 65 arrangenment to that of the Y die block 35. Here an anvil 64 is
provi ded wbidthes hopSviderapughithiicienelite i nserts 140 are inserted to provide a
seat against which the substrate is cut. The die inserts include a cutting
edge 2@ 66 to assist in the cutting process with the die Inserts 140 held
securely in place by a shim130. As with the Y die block 35, the X die

bl ock 63 Hél L dSH Eﬁ? -gl‘(r)kﬂ‘ghi%e\ﬁ%& 58" foP ind & %ﬁﬁ&{f? tcé] %Qﬁ% 8‘“ #hp9 a

one pl ece a Vi | aln | nserts an pro

advantage u%\rllsepraré[nrt]egu? e %[chr §5 shows the position of the punches 50, 60 through the

channels 65 which as discussed, provide for a greater control over the punch and so a
reduction in accumulated error.

10
An additional benefit of providing elongate channels through the guide block is the
thickness of the walls surrounding the punch. They will tend to be thicker and so
possibly less prone to warping and deformation during the application of load. Thus a
degree of rigidity of the guide block provided by thicker walls may provide advantage

15 over the prior art.

Figures 7B and 8B show a similar die block 65 arrangement to that of the Y die block
35. Here an anvil 64 is provided with slots through which die inserts 140 are inserted to
provide a seat against which the substrate is cut. The die inserts include a cutting edge
20 66 to assist in the cutting process with the die inserts 140 held securely in place by a
shim 130. As with the Y die block 35, the X die block 63 avoids the accumulated error
of an assembly through providing a one piece anvil 64 to contain the inserts and so

further providing advantage over the prior art.



- Asignificant limtation on the effective life of a punch and die assenbly
is the longevity of the die. Typically 10,000 cycles is an expected
lifetime of a die before cracking of the die occurs or stress build up
through friction causes jamm ng of the punches. Wth regard to cracking of
the die block, a significant cause of -this is the inpact between the 5
punches and the edge of the die on a réepeated basis. This is a difficult

problemto, avoid. The alignnment_of. the i de bl ock. and di.e.needs to ensure
Phat a2 o SeRshtrorar bR En B ivaih i S HOtoRoRs CifdRHUR 1 BESTBE bont act
with the edge of the die. Figure 9 shows one enbodi nent of the present

i nvent i on iihe Ricadoiéesdizd A0 vples by eihexncpted Hifstineiod @i ke hefore paskehg ohs5
passes through a channel 150 of a guide block 155. The 10 punch 145 is

al i gned withhdm @icesbir otkss Brfdapdhiough drdtioowaasesgamineng elathe 180¢hesr Witinchi ng
zone in which the ICunit (not shown). In this enbodi ment the guide bl ock
155 provi degara tvaftidhi 0nthendit Bck] 4 gpiEBint \vhihvfens us e iapatidetwdes tayoi ded
bet ween the die and the punch. Because the conponents are stil

manuf agt Ugﬁgcﬁéé afd Pleahi ot OF BlcaRCEn §UGRaRE bhdis T DRI EaN8T Il RoBleR: {avBigr or i's
not introduced but contact 1s avoided. In this enbodinent  the 15 channel

150 of th ui,.de blo 155 .h n_internal face 0 on one side of the
punch 145, TS PR e T BRSSPl PR et oa i B9 6 ™Y e R el i and
so defining an inclined path al ong which the punch travels. The inclined
path is ddrepapiegddocthctrhath choplieritact 3@ the cpe of Galde: e dehiwy edge
di verges fromcontact with a peripheral, or |eading, edge 185 and so m sses
t he | eadi ngeedygeodi@eniod! tie pdisent Consteguemidly adfresss ehis2probtige almdtipunch do
not contact and as a result cracking of the die is avoided. Such avoi dance
of cont actenwidliBént Ropurhf Bt pavgest theougtiad thannef 15hef pugahedlqpkomsct Thay
yield an effective Ii1fe of 100,000 cycles or nore. 13 In an alternative

embodijge NPt 4% Eoéﬂ%ne& heni ek #3684t p&'rl?i%uﬁlﬂ' L6 Blapko Ch %ﬂﬂ&ﬁné’my
remai n vertical offset by a known distance. For nstance 5 um such that the

punch contjpues. 0, VR il BV LGl FELALAGAL TRUL9A AUl 18 gElsel from

the edge o y a sufficien i'stance to ensure con S avoi ded.
5 In this enmbodi nent the opposed face 165 of .the channel ge cg%ned to
a | ower td! B3HER 1%Efl?han§§‘“%gP WSt SIAEES SO 1?ﬁ|"%1%ﬁ‘g e&“ﬁé% ﬁ&%é vant age
of "sw nging" the punch generally in the direction of the |ooser tolerance
face 165. HuncthaBedsseathe eomeondaissire sijil mgnwigetueidfte athighioferanaetiach apiadhe
stresses fromthe | eading edge 190 of the die towards 10t he opposed ends.
By provi distgeea 100088, etrot Brmanderoalisel funkotha idheciiepalt thisssuesiace tsd i | |
avoi ded and so stress dissipated by this "sw nging" effect.
15  channel 150 of the guide block 155 has an internal face 160 on one side of the punch
145. This face 160 1s inclined at an angle 170 to the vertical, and so defining an
inclined path along which the punch travels. The inclined path is determined such that
the punch, and in particular the cutting edge diverges from contact with a peripheral, or
leading, edge 185 and so misses the leading edge 190 of the die. Consequently the die
20 edge and punch do not contact and as a result cracking of the die is avoided. Such

avoidance of contact whilst not affecting the quality of the punched product may vield

an effective life of 100,000 cycles or more.



Figure 10 shows a plan view of a punch 200 within a channel 210 of a guide
bl-ock 195. In this plan view, a rectangular air vent 220 is provided in one
face 215 of the channel. 15 This air vent provides for a flow upwards of
air through the vent 220 as the punch is directed downwards providing an
air layer which assists wth friction qgoling and possibly self cleaning.
Further by machining the air vent face 215 at a | ooser tol erance such as

about 10 m as conpared to the other faces,6 205, 210 which . be machined to
t ol er ancesi# Eﬁﬁg‘%“é{?@@%ﬁd‘f@“é R YRR 185 1ERd! faﬁetq\ﬁh @ 5\}\‘;{%@#9’? chgifebet as
previously 20described. MCSLLP 14 1. A punch and die assenbly for

si ngul at i ngaxaremal weitical foffopn by s kisyr disance. héorigstends! Y monph itsit iy Barh ar r ay

of punches a gui de bl ock having opposed first and second faces with
a plural i tepnofiugliongaten ahannal fcinbdLsnending id offeachnptcagext grdiipg from
said first to second face; a die block for supporting said

substrat e, Spddrdbe Rk DavuRG. ARl /A%idel. punching zones at which the
punches bear so as to singulate all or a portion of a 10peri pheral edge of

sai d Ig units fromthe substrate.

In this embodiment the opposed face 165 of the channel may be machined to a lower
tolerance such as for instance 10 m. This has the further advantage of “swinging” the
punch generally in the direction of the looser tolerance face 165. It has been found this
“swinging” effect shifts the impact stresses from the leading edge 190 of the die towards
10 the opposed ends. By providing a looser tolerance also for the die impact issues are stifl

avoided and so stress dissipated by this “swinging” effect.

Figure 10 shows a plan view of a punch 200 within a channel 210 of a guide block 195,
In this plan view, a rectangular air vent 220 is provided in one face 215 of the channel.
15 This air vent provides for a flow upwards of air through the vent 220 as the punch is
directed downwards providing an air layer which assists with friction cooling and
possibly self cleaning. Further by machining the air vent face 215 at a looser tolerance

such as about 10 um as compared to the other faces 205, 210 which may be machined to

tolerances in the range 2 to 5 [ may also lead to the “swinging” effect as previously

20 described.



2. The punch and die assenbly according to claim1l wherein each of said

channel s have an internal surface inclined to the vertical axismﬁﬂﬁ%gthat a
path foll owed by said punches are also inclined fromthe vertical. 3.
The punch and die assenbly according to claim2 wherein the inclined path
is arranged such that a cutting edge of s, ach of said punches diverges from
contact with at | east one peripheral edge of the correspondi ng punching
zone. 204. Eﬁngunch and die assenbly according to any one of the preceding
cl ai rs wh =sai d assenbly has a longitudinal axis parallel to the
cutting edge of said punches. MCSLLP 15 5. The punch and die assenbly
according to any one of clains 1 to 3 wherein said assenbly has a
| ongi tudi nal axis at right angles to the cutting edge of said punches. 6.
The punch hnd diepunsheindl gic ssearidl rigr tsongilaiing & Whewrsi frosaiadsybanmehethe
5include two cutting edges for punching peripheral edges of adjacent IC
units assembly comprising

3 an array of punches
a guide block having opposed first and second faces with a plurality of elongate
channels corresponding to each punch extending from said first to second face;
a die block for supporting said substrate, said die block having an array of
punching zones at which the punches bear so as to singulate all or a portion of a

10 peripheral edge of said IC units from the substrate.

2. The punch and die assembly according to claim 1 wherein each of said channels
have an internal surface inclined to the vertical axis such that a path followed by said

punches are also inclined from the vertical.

15
3. The punch and die assembly according to claim 2 wherein the inclined path is
arranged such that a cutting edge of each of said punches diverges from contact with at
least one peripheral edge of the corresponding punching zone.

20 4. The punch and die assembly according to any one of the preceding claims

wherein said assembly has a longitudinal axis parallel to the cutting edge of said

punches.



~within said substrate. 7. The punch and di e assenbly according to any one
of- the preceding clains wherein said punches include a profil ed Pp&@SLLEN

adj acent to the cutting edge, 10said profile portion providing a reduction
in friction between said punch and die during said punching action. 8. The
punch and die assembly according to anysone of the preceding clainms wherein
sai d channels include an internal face having a |ongitudinal recess

15renoved therefromsp as to facilitate. the novement K of air ,upwards gs the
poneh 1 s i ng oA RS st Bl AT e ChSLBhb Y0 ASEETHRRg o Ay
one of clainms 2 to 8 wherein said inclined surface is on an opposed si de of
t he channedss¢mmblyrias fingitpdipplig iyt igat e todbe pEning edgss saiflpungigs. assenbl y

according to any one of the preceding clains wherein said die block is
machi ned froma single nenber. MCSLLP 16

6. The punch and die assembly according to claim 5 wherein said punches
5 include two cutting edges for punching peripheral edges of adjacent IC units

within said substrate.

7. The punch and die assembly according to any one of the preceding claims
wherein said punches include a profiled portion adjacent to the cutting edge,
10 said profile portion providing a reduction in friction between said punch and

die during said punching action.

8. The punch and die assembly according to any one of the preceding claims
wherein said channels include an internal face having a longitudinal recess
15 removed therefrom so as to facilitate the movement of air upwards as the

punch is moving downwards.

9. The punch and die assembly according to any one of claims 2 to 8 wherein
said inclined surface is on an opposed side of the channel to the face having

20 the longitudinal recess.

10.  The assembly according to any one of the preceding claims wherein said die

block is machined from a single member.



11. The punch and di e assenbly according to claim 10 wherein said die block
further includes inserts having a cutting edge so as to formamagft upon
which to facilitate the punching of said IC units. LP

i6
11. The punch and die assembly according to claim 10 wherein said die block
further includes inserts having a cutting edge so as to form a seat upon which

to facilitate the punching of said IC units.



