WO 02/ 078077 PCT/ NLO2/ 00192 Method for encapsulating a chip having a
sensitive surface. The invention relates to a nmethod for encapsulating a
chi p haviwg m/s®nsitive sur- face exposed in a seal ed hi ghicg/naloeamogavi ty
package, conprising the following steps: 5 a) nmounting the chip onto a | ead
frame (instead of a lead frane also a substrate or tape or other materi al
on which a conductive interconnection pattern is applied can be used), D)
bondi ng t he i t £, ntact pads c) positioning
the chip anlc\fféFHé)gcfS?érhacﬁé&ﬁlaﬁﬁlg%[%? %%zn%g%%s%%gg&tf%' part mould d) taking
nmeasures to keep the space above the sensitive surface of the chip free
during 10 the encapsul ation process, e) closing the muuld by placing the
second part t heFionveiongglatss to ﬁén%m%r FREAPFYAERE 2 eie hauing o sepsifiyg $Bduci ng
the - packager,gpLgikal in 14caIch HullfPulcsh ARty ROVt Ak Ohe HIERARGER: (0 | ef
t he packageagﬁrﬁﬁ%n g%e ggs?@%g?ngnner.y?%aégch aI%et 0 éﬁgﬂﬁﬁggﬁlﬁ%on1the
ol der pdt ens) pobitingahé drip NhtbCOR3d Frame (ifstead o pdeaf frapphisc arstubsttate érhiage pri or
art publication the neasures nentjoned in step.d) above onprise: -
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proj ecting p)IRmHingRhdMip BosthEt Jads id8e A8 Fardd @htepdA0cess is in contact

W th the sensitive chip sur- 20 face such that during the introduction of

t he packagec)masidiohiag thechipend lead émeontodhe aicopaseofsd twomartsmptdldce can not be

reached by e .package terial. After denoul di.ng the f ormabl e .heat
oo stant, it aRRa RS h B wabe B BT Fril R alrbis o B iR prE AR by
appl yi n@ t hiae gh@psulificiprocasd fasteni ng said wi ndow using a suitable
adhesive. As an alternative the deformable material can be applied to the
surface of rdosingnihe sreuld by gacing the seeond part shetpefantontoddhe dfovetneendioned
ment i oned is that the sealing of the sensitive chip surface takes
pl ace only ju after conpleting a nunber of assenbly steps. One of these
steps is thf imAaimpigl the packape atesial infb ehechatldeandgodting the ciragastaees fEs

contam nated .is, .although smal], not inconceivable. Besides this physical
cont act Wi tlﬁtrpﬁéag@gﬁcgrggg the desired manner. PRy
15 Such a method is known from the older patent publication NL1003315 in the

name of applicant. In this prior art publication the measures mentioned in step d) above
comprise:
- applying an amount of deformable heat resistant material on an inward projecting
section which during the encapsulation process is in contact with the sensitive chip sur-
20  face such that during the introduction of the package material in the closed mould said
sensitive surface can not be reached by the package material. After demoulding the
deformable heat resistant material is removed and the resulting package is completed
by applying the glass window and fastening said window using a suitable adhesive. As
an alternative the deformable material can be applied to the surface of the semicon-
25  ductor circuit.
A disadvantage of the above mentioned method is that the sealing of the sensitive chip
surface takes place only just after completing a number of assembly steps. One of these
steps is the encapsulation process. The chance the chip surface becomes contaminated
is, although small, not inconceivable. Besides this physical contact with the chip sur-
30  face takes place during the encapsulation process.
A disadvantage of the above mentioned alternative method is the fact that the
actual encapsulation process results into a semiproduct being a package with an open

cavity filled with said deformable heat resistant material. In general the deformable



30 face takes place during the encapsul ati on process. A disadvantage of the
above nentioned alternative nethod is the fact that the actual

encapsul awoan/opsootess results into a sem product being a packageonoth an
open cavity filled with said deformable heat resistant material. In
general the deformable WO 02/078077 PCT/ NLO2/ 00192 2 heat resistant
material wll be rem)ved fromthe cavity a a location different fromthe
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one | ogical series of steps which can be carried out in a Continlious manner
in a hiyhl wmbnfahleenw ronment. 10 In agreenent with said object the
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conpri si ng pmeg‘sqhémamg @n@gp@mauoﬁanmumamggh& MRtatation oniHe 1&1 \lvﬁﬁﬁké pREE. b)
bonding the chip contact pads to the |ead frame contact pads C)

posi ti oni ngit pee giqal aeries| efagersr which jcan det daarigsheutpiar a Colﬂtlralotlmqyaﬁt inndul d

d) taking he space above the sensitive surface of the
chip free gﬁ%ﬁw&éatnhegwgﬁ%gﬁéul ation process, e) closing the nould by

pl aci ngl@ he sechrabreanidnt With 20f olgactttmméntﬁdiﬁn@b?mmmtmemed forodiRapar t, 20
f) introducing the package material into the nould and providing the
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in that the, ures in step d) conprise: dl) applying a
cl osed dam o eat res?gﬁgggﬁg?erl al around the sensitive chip area,

a) mounting the chip onto a lead frame,
b) bonding the chip contact pads to the lead frame contact pads
15  c) positioning the chip and lead frame into the one part of a two part mould
d) taking measures to keep the space above the sensitive surface of the chip free during
the encapsulation process,
e) closing the mould by placing the second part thereof on top of the above-mentioned
one part, |
20  f) introducing the package material into the mould and providing the circumstances to
let the package cure in the desired manner,
characterised in that the above mentioned measures in step d) comprise:
d1) applying a closed dam of heat resistant material around the sensitive chip area,
d2) placing a lid on said dam such that the space above the sensitive area enclosed by
25  said dam and said lid is sealed. The lid material can be glass, plastic etc. which can be
transparent, semi-transparent (applying an IR filter for example) or even non-trans-
parent if desired (functioning as a membrane for pressure applications for example).
The result of this method is a sealed cavity package which is manufactured in a clean
room condition in one continuous series of steps whereby the lid is present already at
30  the earliest stage during assembly in other words, the sensitive chip surface is sealed off
by an enclosed dam and lid done under very clean circumstances whereby in fact clean

class 1 is possible.



d2) placing a lid on said dam such that the space above the sensitive area
encl osed by 25 said damand said |id is sealed. The |lid material can be
gl ass, plwetio7®rt. whi ch can be transparent, seni -transparavio2/@appl yi ng
an IR filter for exanple) or even non-trans- parent if desired (functioning
as a nenbrane for pressure applications fog exanple). The result of this
nmethod is a seal ed cavity package which is"manufactured in a clean room
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fact the lid is not anly kept in place by the adherence of the dam
mat er i al buPa‘ikgg%IP’?G“R]ept in place by the enclosing package material.
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surface 10 of the t he upper surface o tarned in
that t hE) moof the mamuldiand the wpped sprfaeedtthe1fd Seobtamed Wit tikimionlgl hdsen in-
encapsul ation process i th t he surface of the ljd.
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section. In any case it is preferred that the dinensions of the damare
sel ected su@ﬁlll@hfanatelliﬂ is hpplisdnel befyeon theglass lid abétl@newpsialpameﬁmglswmn by the
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functionality of tﬁ stem
material. Depen ing of the dam material properties it is possible to achieve a package
of which the sealed cavity is nearly moisture insensitive. This might be of importance
for the functionality of the system.
The invention will now be explained in more detail with reference to the attached
20  drawings, whereby:
Figures la, 1b, and lc illustrate various steps in the encapsulating process result-
ing into a packaged chip of which the lid is positioned in a recess.
‘Figure 2 illustrates another example of a package according to the invention
whereby the upper surface of the lid is flat with the upper service of the package.

25 Figure la illustrates the first step in the method according to the invention. The
actual chip 10 is positioned on and attached to a lead frame 12 which in the illustrated |
embodiment consists of separate sections 12a, 12b en 12¢. By means of suitable appa-
ratuses the bonding wires between the contact pads on the lead frame 12 and the con-
tact pads on the chip 10 are brought into place. Two of the bonding wires are refer-

30 enced by 14a and 14b in figure la.

The next step is illustrated in figure 1b. On top of the chip 10 a dam is formed

from a heat resistant somewhat deformable material. This dam 16 has an angular, rec-

tangular or other shape, that is in any way closed. By means of a suitable apparatus a



The invention wll now be explained in nore detail wth reference to the

attached 20 drawi ngs, whereby: Figures 1 a, 1 b, and 1 c illustrate
vari ous swems/07s07t he encapsul ating process result- ing inrtaragozekaged chip
of which the lid is positioned in a recess. Figure 2 illustrates another

exanpl e of a package according to the invention whereby the upper surface
of the lidis flat wwth the upper service §f the package. 25 Figure 1 a
illustrates the first step in the nethod accordin%lto the invention. The

actual chi plidd8iisinstled paikeurner aad ohihealae d0.c9ch thab the spaesreoundedyby die i n
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10 is maintained free of packaging material.
It is supposed that measures have been taken to keep the upper surface of the lid
18 free of packaging material 20. To obtain this desired result the upper half of the
mould could have an inward extending section, whereby it is preferred that a layer or
20  element of resilient material is applied, which during the actual encapsulation process is
in contact with the upper surface of the lid 18. Examples of moulds having an inwards
extending section suitable for this purposes are described in NL-1003315.
Another solution for obtaining a free upper surface of the lid 18 is the use of a
drop of thick fluid heat resistant material such as a drop of silicon gel or another suit-
25  able material which is brought on to the upper surface of the lid 18 and after closing of
the mould takes care that no encapsulation material can reach the upper surface of the
lid. A similar procedure for maintaining the upper surface of a light sensitive semi con-
ductor free of encapsulation material is described in the European Patent EP-0682374.
Figure 2 illustrates another example of a package which may result from the
30  method according to the invention. In this example the upper surface of the lid 18 is flat
with the upper surface of the package. It will be clear that in this case the dimensions of

the dam 16 as well as the dimensions of the lid 18 are selected such that after closing

the mould, which has no inserting section, the upper surface of the glass lid is pressed



| ocated in the lower half of a suitable nould which is thereafter closed by
the other half of said nmould. After closing the nould the inner cavity is
filled upweaiokio7gone fluid 15 packagi ng material whereby thecemaloosed2cavity
between lid 18, dam 16 and the chip 10 is nmintained free of packaging
material. It is supposed that nmeasures have been taken to keep the upper
surface of the lid 18 free of packaging material 20. To obtain this
desired result the upper half of the noul @ coul d have an inward extendi ng
section, wh - . f: Lkl ent
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is used instead of a |lea
figure 4a and figure 1c is the opening 36 in the lid 34 all other components of this em-

bodiment are not indicated by separate reference numbers.
Figure 4b shows a package attached with a lid 38 provided with a connection tube
40. All other details of this embodiment are again equal to the corresponding details in

20  figure lc and are therefore not referenced by separate numbers.



frame. More in detail figure 3 shows the substrate 23 onto which the chip
24 is nounted. Furthernore one of the bonding wires is indicated by 26.
The dam 280wmawnrdoes the |id 30 and the whol e conbi nati on PsTENIO2pEYL at ed by
t he packaging material 3, such 10 that the upper surface of the Iid 30 is
mai nt ai ned free. Figure 4 shows another exanple of a package which may
result fromthe method according to the invention. Contact with the outer
worl d other than |ight as for exanple preésure or flow applications is
possi bl e be@@yﬁgﬁghe lid 34 is provided with an opening 36. Advantage of
this nmethod 1s that any contact of the sensitive chip area during 15
assenbly is avoided and wires are encapsul ated. Because the only difference

between figure 4 nd figure L.c is the opening.36 in the lid 34 all other
conponent s gf t Meghognfgr EB%W Aingg éh‘rli’gtﬂavi“%d? é%ft%ga’eb%‘/‘_rf@%ﬁ?‘%s%d e sFdfte
numbers. Fi gighfy &%gsdggﬁfpgckggg;lggg, rigihf A BHoWrgbtéps! 1 d 38 provided with a

connection tubé . Al'l "other details of this enbodi nent are again equal
to the correaspoundingghelchipiohto 4 lead ff@mej gure 1 ¢ and are therefore not

ref erenced separ.at e, .nunber s. 2/ 078077 PCT/NLO2/ 00192 6 CLAIMS 1.
Met hod f or Eﬁ‘&"é‘g tﬁ? FWB_an@ﬁﬁ%d%g/'?‘ﬁéeagg%%ﬁW?? rface exposed in a

seal ed hi gb) poshioRag thevhipand &aH Ieéne IGRITRE bid patt derwPpdroMbliid St eps: 5 a)
nounting the chip onto a lead frane, b) bonding the chip contact pads to

the | ead fr@hiakingmeeasurepladlkseepthyepare pbavetle sansitivhisyrfanedfiteeachip fegaduring o t he
one part of . d) taking neasures to keep the space above the
sensitive shh?fe%’%%sgl?{l{)%ggg%@b free during the encapsul ation process, 10 e)
cl osi ngla heeyaodink the mbuldibypliding the cesvdpartithérsef @0fopast the Rbddfe-théitioned

above-nmentioned one part, f) introducing the package material into the
moul d and pPRPdHng the circunmstances to " | et the package cure in the
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let the package cure in the desired manner,
characterised in that the the above mentioned measures in step d) comprise:
15 dl) applying a closed dam of heat resistant material around the sensitive chip area,
d2) placing a lid on said dam such that space above the sensitive area enclosed by said

dam and said lid is sealed.

2. Method according to claim 1, characterised in that in the ready situation the top
20 surface of said lid is positioned underneath the level of the upper surface of the pack-
age, for which during the encapsulation process measures are taken to maintain the

upper lid surface free from the upper surface of the mould.

3. Method according to claim 2, characterised in that
25  the mould has an inward projecting section which during the encapsulation process is in

contact with the upper surface of the lid.

4.  Method according to claim 3, characterised in that a layer or element of resilient
material is applied in between the lid and the inwards projecting section.

30 ‘
5. Method according to claim 2, characterised in that between the upper mould sur-

face and the upper lid surface a resilient material is applied.



15 dl) applying a closed dam of heat resistant material around the
sensitive chip area, d2) placing a |lid on said dam such that space above

t he sensiwbwe/nzsoea encl osed by said damand said |id is eeainad2/o®92 Met hod
according to claim1l1, characterised in that in the ready situation the top
20 surface of said lid is positioned underneath the |evel of the upper
surface of the pack- age, for which during7the encapsul ati on process
nmeasures are ta to maintain the pper lid surface free fromthe upper
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encapsul ation process is in contact wth the upper surface of the lid. 4.
Met hod accoepplred cambebssdm 3, characterised in that a layer or el enent of
resilient material is applied in between the Iid and the inwards

proj ecting section. 30 5. Method according to claim2, characterised in
that betseen. t hgledRieiccomdilgttocWim I, @Bfraatefsddlif thid piey edchpbusdtiohagferdal can
resilient material is applied. WO 02/ 078077 PCT/NLO2/00192 7 6. Method
accor di ng t be athgrmphardenasveadk asrd therandptast materiphst ead of a |ead frane al so a
substrate, tape or other material on which a conductive interconnection
pattern is applied can be used. 5 7. Method according to claiml,
characterised i Methuatactbrdingro apg vhabf the afoaéreértvned aldimy)eharattbdgedoharader as
wel |l as a therpoplast material. 8,  Mthqd according to any_ one of the
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packagegomat gllralléerlltwg}} lghsk?%;}ﬂ tﬁ%l#g@??éﬁﬁi%ﬂxg&?eﬁr%?hod according to any of the
afore-nentioned clains, characterized in that the I|id has an opening
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lid has an opening providing direct access to the inner cavity surrounded by the chip,

the dam, and the inner lid surface.



