A MOULD FOR | NTEGRATED CI RCUI T ENCAPSULATI ON Thi's i nvention rel&# T8 a
"mould for integrated circuit encapsul ation. Plastic-nmoul ded packages are
t he nost common of available integrated circuits. In the manufacturing )
process for such packages, an integrated circuit chip is attached to a flat
netal lead frame and wire bonding is then done to inter-connect the bond
pads of the integrated circuit to the leads of the frame. The lead frane is
then | oaded into a nulti cavity noulding tool and encapsul ated in thernoset

moul di ng conpoundA MORLR RORINTRGRATHD QIRCTHTENCAPSHLATIODNCess step i s

illustrated in Figure 1 in which the lead frane 10 is placed between top 12
and bottom 14 noul d sections under a clanping force F, conpound being
transferred through runner channel 16 to the nould cavity 18 under
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naked eye becones deposited on the lead frame at the parting line 19 of the
nmoul d sections during conpound transfer. The thin |ayer of resin prevents
the base lead frame material from being electroplated and this part of the
| ead fr aRlastismovlded packagey atecihe Jeest gemmonwi gvaitable ingrated sireuitsallnythe er ned
"exposed copper"” which

manufacturing process for such packages, an integrated circuit chip is attached to a flat

metal lead frame and wire bonding is then done to inter-connect the bond pads of the

integrated circuit to the leads of the frame. The lead frame is then loaded into a multi

cavity moulding tool and encapsulated in thermoset moulding compound using the transfer

moulding process. This process step is illustrated in Figure 1 in which the lead frame 10 is

placed between top 12 and bottom 14 mould sections under a clamping force F, compound

being transferred through runner channel 16 fo the mould cavity 18 under pressure.

One of the major problems of this technique is what is termed "mould bleed" in which a
very thin layer of resin 17 not visible to the naked eye becomes deposited on the lead frame
at the parting line 19 of the mould sections during compound transfer. The thin layer of
resin prevents the base lead frame material from being electroplated and this part of the lead
frame is consequently exposed after plating.. This is usually termed "exposed copper" which
is a serious quality problem. Current industry practice has been to add an additional
process step called "deflash" to remove the mould bleed layer before plating. This not only
increases the manufacturing time and costs but provides an additional quality control

problem due to inconsistency in the deflash process.



is a-.serious quality problem Current industry practice has been to add an
‘addi fional process step called "deflash" to renove the noul d bl eed | ayer
before plating. This not only increases the manufacturing tine and costs
but provides an additional quality contr®dl problemdue to inconsistency in
t he defl ash process. It is an object of this invention to provide a
nmoul d whilicls anheshikoe of thie igpveatibreto plovited woblderkich Aaitoesithe protiemhef momdnt i on
there is provided a nmould for integrated circuit encapsul ation conpri sing
first angjggcond noul d sections having respective first and second cl anpi ng
surfaces engageabl e under pressure on either side of an integrated circuit
| ead frame wherein the area of the first clanping surface is |less than the
area of the second clanping surface and the outer peripheral edge of the

second cl anping surface projects beyond the ter peripheral edge of the
first cl &gggnggge@rtpgg@{enﬁon Jthere ISS pro}//i%e a moul(? 'ilor irlterf?gratec{3 circu?t encagsulation

comprising first.and second mould sections having respective first and second clamping
surfaces engageable under pressure on either side of an integrated circuit lead frame
wherein the area of the first clamping surface is less than the area of the second clamping
surface and the outer peripheral edge of the second clamping surface projects beyond the

outer peripheral edge of the first clamping surface.

With the described embodiment of the invention, the outer edge of the clamping surfaces
are of different peripheral lengths, the outer edge of the second clamping surface projecting

beyond the outer edge of the first clamping surface.

Preferably, a clamping surface of the runner channel, through which resin is forced into the
mould is relieved relative to the clamping surfaces of the mould sections by an amount no
greater than the required deformation of the leadframe during the moulding process. This
enables the clamping pressure to be applied in two stages. In Stage 1, clamping pressure
increased by the elimination of the runner clamping area helps to flatten uneveness in the
leadframe surface, while in Stage 2 final clamping pressure before molding seals the runner

channel also.

According to the invention, in a second aspect, there is provided a mould for integrated
circuit encapsulation comprising first and second mould sections having respective first and

second clamping surfaces engageable under pressure on either side of an integrated circuit



Wth the described enbodi nrent of the invention, the outer edge of the
clanping surfaces are of different peripheral |engths, the outer edge of
t he second cl anpi ng surface projecting beyond the outer edge of the first
cl anpi ng surface. Preferably, a clanping urface of the runner channel,

t hrough which resin is forced into the nmould is relieved relative to the
cl anpi ng $adffeanes thé molnkd saotibos foemingonmobld cavitpand atrunnerghemied cofileeteditbe
requi red deformation of the | eadfrane during the noul ding process. This
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to the invention, iin a second aspect, there is provided a nmould for

i nt egr at e@AMNRY,PYTAETapsul ati on conprising first and second noul d sections
havi ng respective first and second cl anpi ng surfaces engageabl e under
pressure on either side of an integrated circuit

An embodiment of the invention will now be described by way of example with reference

to the accompanying drawings in which:

Figure 1 is a cross sectional view of a mould of a prior art.

Figure 2 is a cross sectional view of a lead of the lead frame of Figure 1.

Figures 3a, 3b and 3¢ show how the profile of the lead of Figure 2 is affected by increased

pressure during the moulding process.

Figures 4a - 4d illustrate a prior art mould with Figure 4a in being a cross sectional view
similar to Figure 1, Figure 4b being a cross sectional view in the plane A of Figure 4a,
Figure 4c being an enlarged view of the clamping surfaces shown in Figure 4a and 4d being

a cross sectional view of the runner clamping -surface across B-B of Figure 4b.
F igure Sa - 5d show an embodiment of the invention with Figure 5a being a view similar to
Figure 4a, Figure 5b being a view similar to Figure 4b, and Figures 5c and 5d being views

similar to Figures 4c and 4d.

Before describing the embodiment of the invention, the applicants identification of the



3 lead franme, the nould sections formng a nould cavity and a runner
‘channel connected to the cavity for supply of plastics material thereto,
the noul d sections having co-operating surfaces for sealing the channel,
the co-operating surfaces being relievedirelative to the clanping surfaces.
An enbodi nrent of the invention will now be described by way of exanple with
r ef er enceauses dffvaoakicllegahmyill by ddscaibedigs i n which: Figure 1 is a cross
sectional view of a nmould of a prior art. Figure 2 is a cross sectional
view of a |ead of the lead frane of Figure 1. Figures 3a, 3b and 3c show
how the profile of the |lead of Fi gure Is affected by increased pressure
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bei ng
shows the cross section of a typical lead 20 of the lead frame 10. The lead 20 is stamped

from a sheet of metal and as a result of the stamping process has an undulating top surface
having a peak 22 leading to troughs 23 and burrs 24 at each side. The peak to trough

distance H is generally of the order of 0.01 to 0.02 mm.

This cross sectional shape allows channels to form in the troughs 23 through which the

resin can flow during moulding.

This problem can be reduced by increasing the pressure between the mould sections 12, 14
as illustrated in Figure 3 in which increase force F causes a reduction in the irregularities in
the profile of lead 20 thus reducing the size of the channels through which the resin 28 can

flow and reducing mould bleed accordingly

Although this process can reduce mould bleed, the increases in cost associated with the
plant needed to provide the increased pressures are significant and it is not possible with
currently available moulds and moulding machines to increase the pressure to a level which
would reduce mould bleed to an acceptable level, so that ‘deflash’ stage can be eliminated in

the process.

An embodiment of the invention shown in Figure 5 will now be described by comparison

with a conventional mould shown in Figure 4 which comprises mould sections 12, 14



a cross sectional view of the runner clanping -surface across B-B of Figure
4b. Figure 5a - 5d show an enbodi nent of the invention with Figure 5a being
a viewsimlar to Figure 4a, Figure 5b being a view simlar to Figure 4b,
and Figures 5¢c and 5d being views simlag to Figures 4c and 4d. Before
descri bing the enbodi mrent of the invention, the applicants identification
of the engagmableete fofmmmbuldidasityl 18iat upper aiddowehdanpihigeusiadsiznant s Thave
found that the primary reason for nould bleed is associated with the shape
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Figure 2 which shows the cross section of a typi of the
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The upper clamping surface 30 is shown in more detail in Figure 4b. The surface 30 |
surrounds the cavity 18 and is raised relative to the remainder of the mould section 12 along
with runner clamp section 40 which seals against a corresponding runner channel 16 (Fig. 1)

formed in lower mould 14.

With reference to Figure 5, the embodiment of the invention has two differences compared
with the mould of Fig. 4. In Fig. 5, like reference numerals represent like parts in Fig. 4

with the addition of 100.

The primary difference concerns the clamping surfaces in that the outer periphery of the
upper clamping surface 130 is of reduced size compared to outer periphery of the lower
clamping surface. The reduction is caused by reducing the size of the clamping edge 130
from the outer peripheral edge 134 so that lower clamping surface 132 now projects
outwardly of the upper clamping surface 130. The difference between outer clamping
surfaces 132 and 134 is big enough to cover any tolerance in positioning of mould sections

112, 114 on the top of each other.

The inner peripheral edges 136 of the clamping surfaces are of the same size as in the prior

art.



di stance His generally of the order of 0.01 to 0.02 mm This cross
sectional shape allows channels to formin the troughs 23 through which the
resin can flow during noulding. This problem can be reduced by i ncreasing

t he pressure between the nmould sections g2, 14 as illustrated in Figure 3
in which increase force F causes a reduction in the irregularities in the

profile o additioh EDchdngs in atheaifnie tlhmphigzsarfade 130 tihamned chahhel @lghpingi ch t he
resin 28 can flow and reducing noul d bl eed accordingly Al though this
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pl ant ne to provide the increased pressures are significant an

not possi wth currentl,y avail abl e ul and noul.di ng .nachines . to

"cr base 1 BeieRt £ g sharBcr mTRng SO LrOr R ORIk UFTeCL Tttt
acceptable level, so that 'deflash’ stage can be elimnated in the process.

An enbodimBiguresb end Sinviietdepih Brfithe step i3 poigecater than the dggise of dsformpiéen, by

conparison with a conventional nould shown in Figure 4 which conprises
nmoul d seeof thenisadl frame4X (as shown in Figure 3) that takes place during the moulding process,

generally 0.015 - 0.020 mm so that the integrity of the runner channel 116 is maintained

while at the same time concentrating the clamping force on to the clamping surface 130.

An example of the embodiment of the invention will now be given, by comparison with the

prior art.

A mould similar to that shown in Figure 4 is provided having a frame clgmping area formed
by the engaged clamping surfaces 30, 32 and runner frame clamping surface 40 of 10.8 sq
cm. The upper clamping surface 130 is then reduced in cross sectional area by removing
materials from the outer peripheral edge of the clamp surface 130 to reduce the size of the
upper clamping surface 130 by 1.2 sq cm. The runner channel clamping surface 140 is then
relieved to a depth of 0.015 mm to provide a further reduction in clamping area of 3.5 sq
cm giving a total area reduction of 4.7 sq cm and thus providing a new clamping area of

6.1 sq cm.

Designed clamping force for this leadframe during molding is about 22 ton (215 KN),
which transforms into 2000 kg / sq cm clamping pressure considering the existing clamp
area of 10.8 sq cm. This pressure is increased to 3540 kg / sg cm by the new clamping
area of 6.1 sg cm using the invention. Hence there is an increase of about 77 % in

clamping pressure with the same force.



‘engageable to forma nould cavity 18 at upper and |ower clanping surfaces
"30, 32. The outer edges of the clanping surfaces 34 are in line although
the inner edges of the clanping surfaces 36 may be of different sizes,
dependi ng upon the noul d shape desired apd to allow for m smatch bet ween
the nould sections 12, 14 during noul ding. The upper clanmping surface 30 is
shown i nUsnaldy,dRé &iald framds wped dn 4 mdtld appurhme of 2 wentivanads pbiidowdvinttiie 18
and is raised relative to the renmai nder of the nould section 12 along with

runner clafpg 36 ¢hdt We MR RBE 22 3%l dhglvnan FHE 2RO UPHIIbs1ARE s &haRne!
16 (Fig. 1) formed in lower nould 14. Wth reference to Figure 5, the
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with the addition _of 100. The prinary differepce concerns the cl]anping
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of reduced size conpared to outer periphery of the |ower
undulating surface, in example shown in Figure 5, on the clamping surface 130 of the top
mould section 112. However, the invention may be used with other orientations of mould

and lead frame, with the reduced clamping surface being provided on the lower mould, for

example.



"clanpi ng surface. The reduction is caused by reducing the size of the

"¢l anpi ng edge 130 fromthe outer peripheral edge 134 so that | ower clanping
surface 132 now projects outwardly of the upper clanping surface 130. The
di fference between outer clanping surfads 132 and 134 is big enough to
cover any tolerance in positioning of nould sections 112, 114 on the top of
each ot h€laimghe i nner peripheral edges 136 of the clanping surfaces are of
the sane size as in the prior art. 6 In addition to change in size of

t he cl anpi ng surface 130, the runner channel clanping surface 140 is
relieved relative to the height of the sealing surface 130 so that there is

a step 145 be t g‘m? I ng
surface ﬁ‘SO aévglﬁgl&mﬂ?hdt thglecﬁ%%ip @&%p glg &Qnopsr i %a%%t %n 4) e%BH %oﬁgsj no
reater than the degree of deformatio
g sec%ons having gespective fq'st and sec(;nd clamping surfaces engageable under pressure on
either side of an integrated circuit lead frame wherein the area of the first clamping surface
is less than the area of the second clamping surface and the outer peripheral edge of the

second clamping surface projects beyond the outer peripheral edge of the first clamping

surface.

2. A mould as claimed in claim 1 wherein the first clamping surface is engageable

regions of the lead frame having a non-flat surface.

3. A mould as claimed in claim 1 or claim 2 wherein the first clamping surface is

engageable with the sides of the lead frame upon which the integrated circuit is mounted.

4. A mould as claimed in any one of the preceding claims having a runner channel
formed therein, the mould sections having co-operating surfaces for sealing the channel, and

said surfaces being relieved relative to the clamping surfaces.

5. A mould as claimed in claim 4 wherein the runner channel sealing surfaces are
relieved relative to the clamping surfaces by an amount no greater than a deformation of the

lead frame required during the moulding process.

6. A mould as claimed in any one of the preceding claims wherein the first and second

mould sections have respective first and second mould cavities, the cavities bemg of
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‘of the lead frane X (as shown in Figure 3) that takes place during the

" nmoul-di ng process, generally 0.015 - 0.020 mmso that the integrity of the
runner channel 116 is naintained while at the sane tine concentrating the
clanping force on to the clanping surfage 130. An exanpl e of the enbodi nent
of the invention will now be given, by conparison with the prior art. A
nmoul d si diffednttstve.nat shown in Figure 4 is provided having a frame cl anpi ng
area forned by the engaged cl anpi ng surfaces 30, 32 and runner frane

cl anpi ng surface 40 of 10.8 sq cm The upper clanping surface 130 is then
reduced in cross sectional area by renoving materials fromthe outer

peri phergl edge of.the.cla surface 130 to reduce the, size of .t he. upper
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is then relieved to a depth of 0.015 mmto, provide a further reduction in
cl anpi ngsestiens Baving sespectvi figptandpegondoglamping syrfaces sagrgsablgfunderrprespushemnd
thus providing a new clanping area of 6.1 sqg cm Designed clanping force
for thi seitleadideasfeandintagratedroireliinigad framispthie BGuld cectioRd Foriflifrg awhavithhand a
transforns into 2000 kg / sgq cm cl anping pressure considering the existing

clanp  runner channel connected to the cavity for supply of plastics material thereto, the mould

sections having co-operating surfaces for sealing the channel, the co-operating surfaces

being relieved relative to the clamping surfaces.
8. A mould as claimed in claim 7 wherein the co-operating surfaces are relieved

relative to the clamping surfaces by an amount no greater than a required deformation of the

lead frame during the moulding process.
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area..of 10.8 sq cm This pressure is increased to 3540 kg / sg cmby the
' nem/clanplng area of 6.1 sg cmusi'ng the invention. Hence there is an
i ncrease of about 77 % in clanping pressure with the same force.
Usual ly, the lead franes used in the nol@d apparatus of the invention are
positioned in the nould so that the undul ating surface 22 - 24 shown in
Figure 2 is upper nost and is on the sane side of the |ead frane as the
integrated circuit. Wth such an arrangenent, the clanping surface of the
reduced surface area is provided on the nould section facing the undul ating
surface, in exanple shown in Figure 5, on the clanmping surface 130 of the
top nould section 112. However, the‘4§g$$¢tﬁn may be used with ot her
orientations of nould and lead fra e reduced cl anping surface
bei ng provided on the | ower nould, for exanple.

A MOULD FOR INTEGRATED CIRCUIT ENCAPSULATION

A mould for integrated circuit encapsulation is disclosed comprising first and second mould
sections 112, 114 having respective first and second clamping surfaces 130, 132 engageable
under pressure on either side of an integrated circuit lead frame. The cross sectional area of
the upper clamping surface 130 is less than the cross sectional area of the lower clamping
surface 132 and the outer peripheral edge of the lower clamping surface 132 project beyond

the outer peripheral edge of the upper clamping surface 130.
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8 Clalns i A nmould for integrated circuit encapsul ation conprising

fi rst” and second moul d sections havi ng respective first and second cl anpi ng
surfaces engageabl e under pressure on either side of an integrated circuit

| ead frame wherein the area of the first clanping surface is | ess than the
area of the second clanping surface and t outer peripheral edge of the
second cl anpi ng surface projects beyond _tne outer peripheral edge of the

first clanping surface. 2. A moul d apfcl@ined in cI igm 1 wherein the
first clanping surface is engageable r ns of the frame having a
non-flat surface. B. A mould as claiyéd in_clai or claim?2 wherein
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formed therein, the nould sections having co-operating surfaces for sealing
thé channel, and said surfaces being relieved relative to the clanping
surfaces. 5. A mould as clained in claim4 wherein the runner channel
sealing surfaces are relieved relative to the clanping surfaces by an
amount no greater than a deformation of the |ead franme required during the
noul di ng process. 6. A noul d as claineq in any one of the preceding
cl.ains wherein the first and second noul d éections have respective first

and second noul d cavit%g , fhe cavities being of 9 different sizes. 7.
A moul d for integrated'dfyctidencapsul ati on conpri sing fiF@EE&nﬁ second
nmoul d sections having respecti flq gt and second cl anping surfaces

engageabl e under pressure on/él hefr 'si de 'of an integrated circuit ked&k

frame, the noulfd sections TO\n1ngJa cavity and &
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“runner channel connected to the cavity for supply of plastics materi al

‘t her'et 0,2 the noul d sections having co-operating surfaces for sealing the
channel , - the co-operating surfaces being relieved relative to the cl anping
surfaces. 8. A mould as clained in claim7 wherein the co-operating
surfaces are relieved relative to the clanping surfaces by an anmount no
greater than a required deformation Bf/& he | ead franme during the noul di ng

process.
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