21 June 2005 UNDERFI LL APPLI CATI ONS USI NG FI LM TECHNOLOGY FI ELD OF THE
| NVENTI ON The present invention relates to assenbly and manufactu of
sem conductor 5 device packages and, nore particularly, t021aJLH€vé0§)§chni gue
for assenbling sem conductor device packages using filmtechnol ogy.
BACKGROUND Sem conductor devices, for exanple dynam c random access nenory
(DRAM) 10 devices, are shrinking in the sense that snaller devices are
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faster data transfer rates. ‘As a result, sem conductor rmanufacturers are

novi ng toward chi p-scal e packa < gﬁmtor conponent s whi ch
have a small 'size and fine pipmmi% I"ary CSP uses a

chi p-on-board ( COBJh&pRsédtUséen@dn WIRES RY adembly SRIINGRANALGEO b SORRERE or
such as. an integrated circuit (IC) chip, is dattached to a base materi al,

such a$ a davisstpagkages whd hmarecpardowtily, o adtemstechniqmt fori abem bling somidonduicrer
adhesive pmaterial is int osed l?etvveen and bonds the I C chip and the
substrate %ctw%r?é’ R Y5106 chl}}go P -order to pernit electrical connections
bet ween the chip and substrate. In addition, electrical traces or wring
patterns may be included in or on the substrate to 20 permt the IC chip
to connect with other external devices, for exanple a printed circuit

board (PCB). For exanple, in an exenplary COB package, solder balls nmay be "
used to bond and electrically conn @@Pglﬁi p and the substrate. The

sol der balls may | d at. specified locations on the |C chi gzﬁr[
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' to handle larger volumes of data at faster data transfer rates. As a result, semiconductor
manufacturers are moving toward chip-scale packages (CSP) for semiconductor

components which have a small size and fine pitch wiring.

One exemplary CSP uses a chi];)-on-board (COB) construction whereby a
15  semiconductor component, such as an integrated circuit (IC) chip, is attached to a base -
material, such as a substrate, with a conductive adhesive material. The conductive adhesive
material is ihtcrposcd between and bonds the IC chip and the substrate at specified
locations in order to permit electrical connections between the chip and substrate. In
addition, electrical traces or wiring patterns may be included in or on the substrate to

20 permit the IC chip to connect with other external devices, for example 2 printed circuit
board (PCB).

For example, in an exemplary COB package, solder balls may be used to bond
and electrically connect the IC chip and the substrate. The solder balls may be placed at
specified locations on the IC chip and/or substrate in order to form the desired electrical

25  connections. The substrate may be attached by leads, solder balls or other electrical

connectors to a PCB for use in an electronic system. Similar structures may be used in



connectors to a PCB for use in an electronic system Simlar structures may
be used in 1 21 June 2005 ot her types of sem conductor packages, such as
board-on-chip ball grid array (BOC-BGA), flip chip, wafer $bde

(W.CSP), and thin snmall_ outline packages (TSOP). Because sem conductor
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balls) may be used to bond the IC chip and the substrate, but the space
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with the encapsul ant i s known as "underfill™ of IC packages. A problem
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packages thekzgsperm ssible void specification nmay be even nore restrictive
dependi ng on the package characteristics, such as package design, nold

hei ght, and nmaterials used. Post-
A problem arises in forming packages of small size, in that the gap between the

IC chip and the substrate may be very small, such that the empty space may not be filled

15  properly even when the encapsulant is applied to fill the gap using high pressure or vacuum
techniques. An unfilled space between the IC chip and substrate is commonly known as a
“void” and may lead to package reliability problems such as delamination or cracks. For
example, the manufacturing specification for ﬂu: thin small outline package (TSOP) does
not allow voids larger than 10 mils to be present. However, for other packages. the

20 permissible void specification may be even more restrictive depending on the package
characteristics, such as package design, mold height, and materials used. Post-
encapsulation treatment may assist in eliminating the voids, but may increase the cycle time

and pfo&uction cost of the package.

Therefore, there is a strong need and desire for a technique for underfilling IC
25  packages that substantially eliminates voids without significantly increasing the cycle time or

production cost of the semiconductor packaging process.




encapsul ation treatnent nmay assist in elimnating the voids, but may

I ncrease the cycle tine and production cost of the package., Therefare,
there is a strong need and desire for a technique for under4? ‘I“i"]er\%()%lsc 25
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then pulled up and away fromthe assenbled conponents, rmtting
encaps(l artterweent therchip and sudistrateh eA mertdicooipouotl drivacapshiine svhey flowed dnte the

enmbodi nrent, the nold cavity is fo d to produce bare die, 15 sem conduct or
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of the IC chip to formthe sem conductor pac _
components, permitting encapsulant to then flow into the remainder of the mold cavity.

In one embodiment, the mold cavity is formed to produce bare die
15  semiconductor packages, in which, after the release film is pulled up, the encapsulant is
permitted to flow around the perimeter of the IC chip but not over the top of the IC chip

to form the semiconductor package.

In another embodiment, the mold cavity is formed for overmold semiconductor
packages, in which, after the release film is pulled up, the encapsulant is permitted to flow

20  around the perimeter and over the top of the IC chip to form the semiconductor package.

'BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other features and advantages of the invention will become
more apparent from the detailed description of the exemplary embodiments of the

invention given below with reference to the accompanying drawings in which:

25 FIG. 1 illustrates a side view of a semiconductor package being formed using the

apparatus and process methodologies of the invention;

FIG. 2 illustrates a top view of the semiconductor package of FIG. 1;
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I n anot her enbodi nent, the nold cavity is formed for overnold sem conduct or
packages, in which, after the release filmis pulled up, t_r% fnc?%ﬁ lant is
permtted to flow 20 around the perineter and over the top Of chip
to formthe sem conductor package. BRI EF DESCRI PTI ON OF THE DRAW NGS The
f or egoi ng and ot hédflG: Sallusteasesensdaviwnfabe scicondectonpedkegonf FiGi1 1 petlsses
nore appargent. c1;fr0m té‘e detailed description of the exenplary enbodi nents of
the invention gﬁ)%‘h Y8l ow with reference to the acconpanyi ng drawi ngs in

which: 25 FIG 1 illustrates a side view of a sem conductor package being
formed using the HEparifibsttatededpr Q6 S tibdehacod gt GiSprkage s FIQ/ 3t i on;
FIG 2 illustrates a top view of the sem conductor package of FIG 1; 3 21

June 2005 FIG 3 illustrates a side view of the sem conduct or package, of
FIG 1 at a later PIIQ- agtusratesss Heg Visw: ofp sgmicpnductprinagkage “%%’fﬁeav\}s% Phe
a
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el ng torned us apparat us and prdcess

met hodol ogi es of anot her enbodi nent of the invention; FIG 6 illustrates a
side view of the JE.cadldstedfrera fdekagefahe Mrficohdattonpidhige of BIGgRand later
formation; FIG_.7 illustrates a view of the cross section VII-VII

i 11 ustrat XPESPIHPERAEED; F| G 8 jllustrates a top view of the seni conduct or
package of FIG 5; 10 FIG 9 is a block diagramillustrating the nmethod of

the invention; angyly & idleditd HHkwYrefe Brosd S26¥h VI TI AnREItLORAE. @

package being formed using the apparatus and process nethodol ogi es o0f an
al ternate enbodi nent of the invention.
FIG. 8 illustrates a top view of the semiconductor package of FIG. 5;

10 FIG. 9 is a block diagram illustrating the method of the invention; and

FIG. 10 iJ.lustratcg a side view of a semiconductor package being formed using

the apparatus and process methodologies of an alternate embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

15 The invention provides a process and associated apparatus which uses a thin
release film to assist in the production of semiconductor packages. While the invention is
described below with reference to a chip-on-board (COB) semiconductor package,
including an integrated circuit (IC) chip attached to a substrate, it should be understood
thar the packaging methodologies of the invention may be used with other types of

20  semiconductor packages requiring the flow of a mold compound into small gaps, for
example chip-on-board ball grid array (COB-BGA), board-on-chip ball grid array (BOC-
BGA), flip chip, wafer level CSP (WLCSP), and thin small outline packages (TSOP).

Referring to FIG. 1, an exemplary packaging apparatus 20 is shown including a

COB bare die semiconductor package during formation. A “sandwich” consisting of an

4




DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 The invention provides a process
and associ ated apparatus which uses a thin release filmtaq afsi st._Ln the
production of sem conductor packages. Wile the invention i% L@@?@Pbbed
bel ow with reference to a chi p-on-board (COB) semn conductor package,
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an exenpl ary ﬁac_kagi ng apparatus 20 is shown including a COB bare die
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means may fams3n.be used) is shown with the solder bunps 26 interposed
between the 1C chip 24 and the substrate 22. The sandw ch including the

chip 24, substrate 22 and solder balls 26 is positioned inside the nold
cavity 5 32. A t hifslaass Bl bandlpin 430 4P arepesit oreyi rere sds A Itae cavi ty

i
32 coveri : ' b Irelease fd |l i ' J
2t t acnmenickibig it 8w pigh BihghTE Agy sell1alas bP AiF o & BrPhBASNK of et
handl 0s 4ack#Sh@erRidOBdchi RRask flin hyRlQ 4 7TA0e g ess Gl ALME30 Pabkagiing forces
apparatus 20 which bring in a new fresh |ayer of film 30 at the begl nning

of each 1dopsekidigipgriogepEtimeadependingeretifd dhardstarishey ofithe packagedieinghs t he

film30 with,varyi faorges. for eci fied periods, of, tine, depending on the

char act er ipg?gl%cgdof&ctgtﬂg eBé Cq% ;}6%%%5%}53 cycqc, e usc’.&i film 30 may be CEREVE 1%
discarded by the release film handlers 47, 49. The release film handlers 47, 49 may be

programmable to function semi-automatically in cooperation with a controller, for example
15  aprocessor system. The release film handlers 47, 49 may also be manually operated or

controlled.

It may be seen in FIG. 1 that the solder balls 26 do not completely fill the gap
between the chip 24 and the substrate 22, leaving a small amount of empty spacé 28 that
may be filled with the encapsulant 29 (FIG. 3) to avoid delamination or cracks in the

20  resulting package. |

The mold cavity walls 50 define the shape of the final package. FIGS. 1 and 5
show two exemplary embodiments of mold cavity configurations that may be used in the

invention.

FIG. 1 illustrates an exemplary packaging apparatus for producing bare die
25  packages. A bare die package is used to mount an IC chip 24 on a substrate 22, leaving the
top of the chip 24 exposed for further processing, external connection to other
components, or simply to dissipate heat. In the apparatus for producing bare die packages,
the mold cavity walls 50 are spaced slightly away from the film 30. The release film 30 is
5




produced. At the end of the packaging cycle, the used film 30 nmay be
renoved and discarded by the release filmhandlers 47, 49._The reg| ease :
filmhandlers 47, 49 nmay be programmable to function sem - Bweat%al | y in
cooperation with a controller, for exanple 15 a processor system The

rel ease fiplacedaongr ehresI@ zhip4lie ddyandirsocrbptyrspaceab pyesopcbesweeh the filooal rod He .

It may be seen,in. F 1 that.t sol der balls 26 do not conpletely fill-
the gap b@?\k%%QQﬂtg\h‘HPdeﬁV%gst he substrate 22, leaving a small anount

of enpty space 28 that may be filled with the encapsulant 29 (FIG 3) to

avoi d del am nat i OrRIQ, 5Cillastkated 4h dgparatls f&wba&aﬂgFBa&hmpaa@ cdTOAS o0eididl
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FIG 5 illustrates an apparatus Cl ng -over no kages.
over mild Pppctagyeicsvaringfot cheblrhipa2d.l C chip 24 on a substrate 22 and
enconpass the IC chip 22 5 conpletely within the protective encapsul ant 29.

'n the apparatus fI?erfcr%rn%qaua% S F?(\_Lx.e'\i,ni?ll éjperation the packaging apparatus 20 first draws
the release film 30 down on the IC chip 24. FIG. I illustrates an exemplary system that

uses air pressure and vacuum pressure to assist the drawing down of the film 30 on the chip
24. Pressure is exerted on the top side of the film 30 by forcing air into the first and

15  second top vacuum//pressure ports 36, 38. Simultaneously, the film 30 is drawn down and
air under the film 30 is removed by applying a vacuum using first and second bottom
vacuum ports 44, 42. As a result, the film 30 is sucked down and stretched onto the chip-,
and-substrate sandwich, enveloping the chip‘ 24 with an airtight “ring” surrounding the
chip 24 on at least three sides. '

20 In drawing down the film 30, air pressure from the top is not required, and
other means, for example mechanical pressure, may be used to similar effect. One
exemplary mechanical means includes at least one arm that presses down on the filmat a
desired location to assist formation of the airtight “ring” before the mold is closed. An
exemplary embodiment of the bare die apparatus 20’ employing mechanical arms 35, 37 in

25  accordance with the invention is shown in FIG. 10.

After the airtight “ring” is created around the chip 24 by the film 30,
encapsulant 29 is permitted to flow into the empty space 28 between the IC chip 24 and




packages, the nold cavity walls 62 are fornmed to provide a specified anount
of space (the "overnold space") 65 over the IC chip die 24, The gease
film30 is placed over the IC chip die 24 in the overnold’sb&@@%)@, whi ch
separates the IC chip 24 and the top nold cavity walls 50. Wen the
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After the underfill operation is completed, as shown in FIG. 3 the vacuum ports
42, 44 on the substrate side stop applying vacuum which permits a release of the film 30.
15  Simultancously, the vacuum ports 34, 36, 38, 40 on the chip side are activated, pulling the
film 30 up and away from the substrate 22 and the chip 24. When the film 30 is relcased
from the chip 24, the film 30 takes the shépc of the mold cavity 32, thus permitting the
encapsulant 29 to flow around the periphery of the IC chip 24. The resulting package
takes the shape of the mold cavity walls 50. As illustrated in FIG. 4, the resulting package
20  includes the IC chip 24 surrounded on four sides by the encapsulant 29. FIG. 4 shows the
top view of the package after the encapsulant 29 has flowed from the source 52 completely
around the periphery of the IC chip 24.

Although the packaging cycle is described for release of the used release film 30
from the IC chip 24 as an act separate from flow of the encapsulant 29, this is not required.
25 The flow of the encapsulant 29 may be uninterrupted during the packaging cycle, i.e., the
film 30 is released from the IC chip 24 during flow of the encapsulant 29. Alternatively,
the flow of the encapsulant 29 into the mold cavity 32 may be interrupted to permit the
release film 30 to be released from the IC chip 24. For example, the flow of the

7




the substrate 22. The encapsulant 29 flows froma source 52 on one or nore
sides of the nold cavity 32. FIG 2 shows a top view of the package in the
early stages of formation. The release film30 is seen t o $elugrF¥andi ng
the 1C chip 24 on at least three sides. Solder balls 5 26, hidden fromthe
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activated, pulling the film30 up and avvaéﬂiromth.e substrate 22 and the

chip 24. \Mere ineomantly, dr waderll] atea dxsubsiaghialihialledhvish she assisiance phibsoreleates
t he shape %B}%{Ea -Iegvggl\ﬂrﬁy 32, thus permitting the encapsulant 29 to
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fl ow arou phery of the I1C chip 24. The resulting package takes
the shape of the nold cavity walls 50. As illustrated in FIG 4, the

resul lidng package BMloiieg itslese ihfthe baclaBing dherstion, e fling 301is $adfmelessaifodnythe
t he encapsulant 29. FIG 4 shows the top_view of aLhe pa kag?ﬁﬂaif er the
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rel ease of e‘use ease rilm rom I'p 24 as an act separate
from fl ow it nidld cevieapsul ant 29, this is not required.

The release film 30 may be any flexible, thin film compatible with

15  semiconductor processing conditions. Typical desired properties may include: low
flammability; specific electrical and mechanical properties {e.g., good elongation); very
good resistance to solvents and chemicals; extremely high resistance to weathering; non-
stick characteristics; good stress cracking resistance. One exemplary release film 30 that
may be used is a melt processable fluoroplastic, consisting mainly of alternating

20  tetrafluoroethylene and ethylene monomer units, that is able to withstand temperatures
ranging from about -200 to 150 degrees Celsius and short term exposure {(e.g., 6 to 8
hours or less) to temperatures up to 230 degrees Celsius. Two release films of this type
that may be used are the Hostaflon ET6235] and Hostaflon ET6210].

The mold compound or encapsulant 29 may be any encapsulation compound
25  thatis used in the molding, dispensing, or screen printing of IC packages. Typical
properties of an appropriate encapsulant material include: low warpage; good adhesion
properties with respect to the die, substrate, die attached tape and paste; good releasability
from the mold die and the release film; ability to fill small gaps; good flowability; low stress;
8 .



25 The flow of the encapsulant 29 may be uninterrupted during the packagi ng
cycle, i.e., the film30 is released fromthe IC chip 24 ﬂ#’ﬁ' n%%w of

t he encapsul ant 29. Alternatively, the flow of the encaps MeP00nt o t he
nmold cavity 32 may be interrupted to permit the release film30 to be
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encapsul ant l-.%xg\ into the enpt %m_space 28 between the su&stratiﬁi 22 and the IC
chip 24 me3f2bliEy; goggskermal sEbflity;dpsalphacpission; auklew Haemably | c chip 24,
and then flow of the encapsulant 29 may resune to fill the remainder ofh
the nold cavity 32 t h Sr ; '

t he shape and si zeFIocéstﬂggggﬂrgng@&g%eﬁcy @%ﬁﬁé% pt fpﬁg‘l’?&tﬂﬁgo%ﬁﬁ%{;{gq bk

di mensi onsowrmalid samirbnéddctby pidkegerdhdng fotidayional A Esand¥idh¥sonsiseng bf ekness

of the film30. In contrast,. using a conyentional process, e i si.qQns
of the gpacwaa%faeffieﬂr&&télﬁ? 280 ryubsirate, &2 grnabsldes Rurpps ?Irf@tl%baﬂ%gg i?s?).
Mor e i npor Yot ' ' Lal Ly fal AM

assi st ancesgl?lh% he drsgﬁgggggé}f?fljl (ert1h g% @eégkjp [ gg%%@%ﬁ%& 3%8 Hﬁo‘*sﬁ(@wwﬁ%&?%gﬁ tliastehci n
t he packagsoiderapdls 26iiaterpdded HetwdtndBe IS dip R4randahs eabsiracn22 h&hepandaigk and
renoved fromthe nold cavity 32 for disposal or recycling, For the next

cycle of mnelding Keship 26pattstmisnd2 and sqlder bally 26 ippositiengdeingigls she pysrmedd s
obt ai ned a .t iogned i h ayvit T e ]

any 1 oxi IS ERIY GETA il scledfe M8 8 R Mtk nfd8 HE RS by OF cBLHRY o
condi tiNSIC Ty 24l Thestlend AMnEES heRbinPl¥cel BicAttidBimeneir the ?sﬁp&ﬂry 4By48 of
specific electrical and nechanical properties (e.g., good elongation); very
good resi sthgeleascfilgpBlent s and cheni cal s; extrenely high resistance to
weat hering; non- stick characteristics; good stress cracking resistance.

One exenpl ary rel eﬂ?SerL\ﬁSﬂ,?tﬂe ovdold packaging apparatus 60 is operated in a manner
similar to the operations of the bare die apparatus 20. The release film 30 is drawn down

to create of an airtight ring around the IC chip 24 (FIG. 8), the encapsulant 29 is flowed
15  into the empty space 28 between the chip 24 and the substrate 22 assisted by vacuum
(FIG. 5), and the release film is pulled up and away from the chip 24 to permit the
encapsulant 29 to flow around the periphery of the chip 24 (FIG. 6). However, in contrast
to the bare die apparatus illustrated in FIGS. 1-4, the overmold apparatus 60 allows the
encapsulant 29 to flow over the IC chip 24 into the overmold space 65 as well, as

20  illustrated in FIG. 6.

FIG. 8 illustrates a top view of the cxcmplarf apparatus 60 prior to flow of the
encapsulant 29. The release film 30 is seen to be surrounding the IC chip 24 on at least
three sides. Solder balls 26 (hidden lines in the top view of FIG. 8) are present under the
chip 24. A source 52 supplies the mold compound or encapsulant 29 that is permitted to

25 flow through a runner 82 and a gate 84 before it reaches the empty space 28 between the
substrate 22 and the IC chip 24.

FIG. 7 illustrates a side view of the cross section VII-VII shown in FIG. 8,

showing the exemplary packaging apparatus 60 prior to flow of the encapsulant 29. The
9




may be used is a nelt processable fluoroplastic, consisting mainly of
alternating 20 tetrafl uoroethyl ene and et hyl ene nononer unijé‘ , thﬂt Is able
to withstand tenperatures ranging from about -200 to 150 ‘ij | si us
and short term exposure (e.g., 6 to 8 hours or less) to tenperatures up to
230 degr eesncphudaru29 dtersniae aadd cdvidyreet v thdhmrey 82 antithe gam\84bheThs bdttame

t he: Host af | on ET_623gé an I—bstaflo& E%%Zlo\]. %’he nol d npound ,or

encapsul anfA8¥mRRYt BE omnfic oppaits ide Phhe Bt Ad ragner R S furmgd o O FrEafe

mol di ng, dﬂh%ﬁﬁ-@i%h{‘ﬁng%o E‘Erlln}g:{ 304N g(I:rPL@epf‘{}%ﬁﬂP&cuI% L 28572 leQREY {HeeS

of an appropriate entapsul ant erial 1 _ ow-war page; good adhesi on
properti esrunineh82 ésgigcturhed bheo dhaire shirshe Abw, oftthe eatdpacihed28 dpeughahpastee;

good releagsability fromthe noJd die and t release film ,ability to_fill
smal | Saps§4a g%%&lwav%&m et WquGa/bé’ttPéégFasc gfrm?’% uﬁep PRI/ REETREEPOrts 7‘1:
absor pti ons relizabil.i . r : .

i ol cot i ¢ © SR el Wekict Kl ShBPEEL R0 40 S8 BlorPts AL e RRRps
f I ammabi | | éfithe RirGghbrinf busbiadiag tenclip . exendpled] thepmeknglang 28her &t flisvdaD
including a COB overnol d sem conductor package during formation,

A
"sandwi ch"inEQHG GRPRFPase 2 berwesp ahe chip @4candtietsubsiyte 2@ pnohe rgleaspfil 3P e

22, and sol s ;0r. sal der, bal.l 6 ol bu | ' or
other i nt e EolsL U e Sha? fier® necdin 2438 sy ang AR ulaE2? i BOLORGUAR RS
26 i ntler pos@ipheal vedR chije24 end Bitb tBé oddtehdlagpaield.rate 22. The sandwi ch

I ncluding the chip 24, substrate 22 and solder balls 26 is positioned

inside the overnold nold cavity 64. Athin release film30 is also placed
i nsi de the nol d caAQyY dusEaeest agmpiey rnbadiggnpobhe mrefgod of ghe IveRneR.30

1L s By s SRR M BRSOy ol gkt
manner FIGS. 1-4 and 5-8, respectively. The “sandwich” composed of the substrate 22, the IC
chip 24, and the solder balls 26 is assembled in the mold cavity in method segment 90.
15  The release film 30 is drawn down on the IC chip 24 in method segment 92 as noted, i.e.,
assisted by appropriate vacuum and/or air pressure applied using the ports 34, 36, 38, 40,
42, 44 on the top and bottom of the apparatus. The release film 30 creates a.n airtight
“ring” around at least three sides of the chip 24 to define areas for the flow of the
encapsulant 29 into the empty space 28 between the chip 24 and the substrate 22. In
20  method segment 94, the encapsulant 29 flows into this empty space 28, assisted by the
vacuum created by the lower vacuum ports 42, 44 and the release film 30. After the empty
space 28 is substantially filled with encapsulant 29, the film 30 is pulled up and away from
the chip.24, for example using the top and bottom vacuum ports 34, 36, 38, 40,42, 44 in
method segment 96. When pullcd away from the chip 24, the film 30 takes the shape of
25  the mold cavity walls 50. Thus the encapsulant 29 is permitted to flow into the remainder

of the mold cavity 32, including around the perimeter of the chip 24.

The method and apparatus described provide a packaging methodology that
allows substantially all of the empty space between a substrate and an integrated circuit chip
not occupied by solder bumps or balls to be filled with encapsulant during underfill
10




simlar to the operations of the bare die apparatus 20. The release film 30
is drawn down to create of an airtight ring around the IC CM 24 (FI G
8), the encapsulant 29 is flowed 15 into the enpty space 2 t he
chip 24 and the substrate 22 assisted by vacuum (FIG 5), and the rel ease
filmis pubpeestioi. aitd: e filhomdde thdlinveRdon Orepek Ahtairtight ring arqpmid enéral 9
to flow around the periphery of the chip 24 (FIG 6). However, in contrast
to the barudesiof £ iempsy spece Being fliedgmproyingithe Hewertibr gneamsaiant us

th

60 al |l ows : S f . ch Is er.nol d
space 65 aﬁslpoewse @T%%s;[l& i I@ﬁa f%‘g ne‘&%%ﬂéf@lagﬁz&f&ée@?ﬁ%f}é@ Pg éertsk%g&g%%

vi ew of t hger@¥eiieadhip aRd WAdubsteR, Phprovingtht rélvibfty theracRiseR ftediesZRing
The release film30 is seen to be surrounding the IC chip 24 on at | east
three &i dekrckagsl. der balls 26 (hidden lines in-the top view of FIG 8) are
present under the chip 24. A source 52 supplies the nold conpound or
encapsul ant 29 th | er.m d fl o r at e
84 before it reacﬁ}énslhfﬁ% %M%&stﬁ%&égggc%&wﬁggﬁaﬁﬁgﬁgwéffggefggg%%)#%
I C chip 2dexefrplary émibdditatis] i€ sheuldibdandeRYod tHab enaely ensdifieaiorenny! | - VI |
shown in FIG 8, show ng the exenplary packagi ng apparatus 60 prior to
flow of thwbstiaiesscambe Aode ithowt Zepziing oy Shefpinbang srepe 2O thangertehe

nmol d cavity 64, vi he. runner. 82 and the.gate 84. .T vac rt
50 on e Srubuel, WG SR i oc PU0e 05T ab li b0 By Bt FPTep BTN,
the ailpt i ghiie i§ bR 18hReE H_khesc@Pe Bf & appénddieclhindsm 30. The top vacuum port
72 nearest the runner 85 is also turned on to ensure that the flow of the

encapsul ant 28 through the gate 5 84 and runner 82 is not inpeded by the
rel ease film 30. TWpaviaclaimfdaenew ped getited tohe progcimd bhbeyers Hateat éscer t
pressure on the release film30 fromabove to assist the formation

11



of the airtight ring surrounding the chip 24. As noted, the encapsul ant 29
then is flowed into the enpty space 28 between the chip 24_and tpeqq
substrate 22, and the release film30 is pulled up and a\/va%/1 4 e chip
24 to permt the encapsulant 29 to flow around the 10 periphery of the
chip 24 and into the overnold space 65. FIG 9 illustrates an exenplary
enbodi nent CbAlkMBe net hod of the invention, applicable to each of the ‘
exenpl ary structures 20, 60 previously described with reference to FIGS.
1-4 and 5-8, respectively. The "sandw ch" conposed of the substrate 22, the
IC chip 24, and theAgmtﬁed df ghserbliggiasemicondyrad pagkagh ecorppPEsiRGvi ty in

nmet hod segnent 90. 15 The release film30 is drawn down on the I1C chip 24
in nmethod segnmept 92 as _not L. e, assisted by appr i_ate.vacuum and/ or
air pressure ap%rfnét&g ﬁ%f‘?‘?ﬁ"’?ﬁ’e"%’é’rﬁc%ﬁFaﬁg,c“‘gg,g‘%ﬁ?gs%?m 7\ s?‘hcgg]t op and
bottom of the apparatus. The release film 30 creates an airtight "ring".
around at flegsicaligpppectoryeonnsrting and disposed betverss saisbinsegradrercuit ghipy fm%aé#
the encapsulant 29 into the enpty space 28 between the chip 24 and the
substrdt e fibstrhee; 20 net hod segnent 94, the encapsulant 29 flows into this
enpty space 28, assisted by the vacuumcreated by the |ower vacuum ports
42, 44 and the release film30. After the enpty. space 28 is substantially
filled with encBlengapd asspmbly aithin gymgid icavipiandoproyisiing 4 relgsy ﬁfod?ﬁ‘Ff ftlgasta
chip 24, for exanple using the top and bottom vacuum ports 34, 36, 38, 40,
42, 44 in pomiomosf ssiclgmbstrat® Gnd\Aheimdad lkad tireayides ofsaidintegraypddscuttivhirf;i | m
30 takes the shape of 25 the nold cavity walls 50. Thus the encapsul ant 29
is permtted to flow into the_remainder of the nold cavity 32, including
around the per i $R¥SIBE 1B reifase dlmyor .‘9"’?}’{@ degmexsr s 4 tré‘t‘?f‘ss‘ﬁ%‘ rsted
provi de a packagi ng net hodol ogy that allows substantially all of the enpty
space bet wewegrateduirstitahip antisaadh portongefshiedubstrarej t chip not occupi ed by

sol der bunps or balls to be filled with encapsul ant during underfill 10
10 flowing encapsulant into empty space between said integrated circuit chip and said
substrate;

causing the release film to be released from said at least three sides of said integrated

circuit chip; and

flowing encapsulant into an unfilled remainder of said mold cavity.

15 2. The method of claim 1, wherein said electrical connectors are solder bumps.

3. The method of claim 1, wherein said electrical connectors are solder balls,




21 June 2005 operations. The release filmused in the invention creates an
airtight ring around several sides of the chip and the enpt %P%ﬁﬁpbeing
filled, inproving the flow of the encapsulant into small d%%&?q hi s
way, even very small voids may be elimnated in the encapsul ant between
the chip and thé subfhe atethod oficlaim hgwhéereinr aid abisirig thechlaasdiler foshd dewof
the resulting 5 package. Wi le the invention has been descri bed and
i 11 ustrat edowh ifclh@dsQpPRES: & QatR@etd pell tRXRIRLAAIYN BBRAUVEREY [8ast iskid Paetidd obe
understood that nmany nodifications and substitutions can be nmade w t hout
departing fromupgSpirit and scope of the invention. Accordingly, the
invention 1s not to be considered as limted by the foregoing description
10 but is only limted by the scope of the appended clains. What is clainmed
as new and desired to be protected by Letters Patent is: 11 21 June 2005
CLAIMS: 1. A nethod-pf _asse N sem conduct or ckage onprii si,n
Forming an assenbly bt ey 8 atel FRPCH P Fpingh BE Bhe FATR 4%
spaced el ectrical connectors connecting and di sposed between said.
i nt egr & edd@Vp dagledesiapplyingiais aregsurs ta thestelessefilng forsinggt SHPFoRRSE MRt I§aEhH
a nold cavity and providing a release filmover at least a portion of said
subst r at e suirdlpartmnef satd dubashtet hr ee si des of said integrated circuit chip;
causing the release filmto be drawn down over said at |east three sides of
said integrated circuit chip and said portion of said substrate; 10 fl ow ng
encapsul ant into enpty space between said integrated circuit chip and said
6. The method of claim 1, wherein causing said release film to be drawn down

includes using at least one mechanical arm to exert pressure on the release film.

7. The method of claim 1, wherein causing said release film to be released
10  includes applying a vacuum to pull the release film away from the integrated circuit and the

substrate.

8. The method of claim 1, wherein the mold cavity is formed such that there is

no empty space between the release film and a top wall of the mold cavity.

9. The method of claim 1, wherein the mold cavity is formed such that an

15  overmold space is present between the integrated circuit chip and a top wall of the mold

cavity.




substrate; causing the release filmto be released fromsaid at |east three
sides of said integrated circuit chip; and 15 flow ng encapsul ant into an
unfilled remainder of said nold cavity. 2. The method of cl @l d¥ne20QFerein
said electrical connectors are solder bunps. 3. The nmethod of claiml,
wherei n sai d el B&t r i Elad medmrbof daisn by wheeindeid faving. of 5@&d2hcdpsabn? @06 sdid The
nmet hod of claim 1, wherein said causing the release filmto be drawn down

i ncl udes agppiyi spacerinviddedMBPlFARE Wl vacikilif tb alstasies flow Bfdaurneyitlaat iltgagt said
portion of said substrate. 5. "The nethod of claim1l, wherein said causing

the rel eas‘%nné(if},ls@&q be drawn 5 down includes applying air pressure to _th'e
rel ease fi orcing it into contact with at least said portion of said

substrate. 6. The nmethod of claim1l, wherein causing said release filmto
be drawn down includes using at |east one nechanical armto exert pressure

on the release §fjl mr/. The od of claiml, ,wherein causing,said rel.ease
P R SR Pﬁ@?‘lﬁc}‘g‘g‘gﬁtﬁbfy‘f’ﬁ?‘é‘ i Athinets AR BR B
away fromthe integrated circuit and the substrate. 8. The nethod of claim
1, whePei AW spatcdnelidrs 3pRlEng siraressaigdp assisithe Heweofisgidrncapspiant dpracsaid
between the release filmand a top wall of the nmold cavity. 9. The net hod
of cl ai m lsmpiyespeien the nold cavity is fornmed such that an 15 overnol d

space is present between the integrated circuit chip and a top wall of the
nol d.

12, The method of claim 1, wherein during said flowing of said encapsulant into
said empty space, said encapsulant fills substantially all of said empty space between said

integrated circuit chip and said substrate.

10 13, The method of claim 1, wherein said flowing of said encapsulant into said
unfilled remainder includes flowing encapsulant around a perimeter of said integrated

circuit chip.

14.  The method of claim 1, wherein said flowing of said encapsulant into said
unfilled remainder includes flowing encapsulant over an upper surface of said integrated

15  circuit Chlp

15.  The method of claim 1, wherein during said flowing of said encapsulant into
said unfilled remainder, said encapsulant fills substantially all of said mold cavity previously

unfilled.

14



cavity. 13 21 June 2005 10. The nethod of claim1, wherein said fl ow ng of

sai d encapsulant into said enpty space incl udes appl ying a ‘T 9#8%
assist the flow of said encapsulant into said enpty space. 21 uneghQ5et hod

of claim1, wherein said flowi ng of said encapsulant into said 5 enpty
space i ncl udes Kppl yTigmathiodofdstt b, wheragisdwing dagl Edusingodf ssidi rdleaseciipsul Bt
into said enpty space. 12. The nethod of claim 1, wherein during said

f 1 owi ng ofdra@hdio%ﬂp@ﬁa%ﬁage ﬁlﬂltﬁlbst%ﬁhﬁhlyeémtc ﬁ%ﬁ%mﬁ@a‘té’d %?&ﬁpéﬁb@@tcrcfatéirﬁ
substantlally a of sal d errpty space between said fintegrated circuit c i p

oo s ‘E*ﬁ'ﬁf Sincatjeabt et HOE o ki sriel Pace iR d piimtobafell ARt

around a peri rreter of said |nt egrated circuit chip. 14. The nethod of
claim1, P anesadsabsrage ng of said encapsulant into said unfilled

remai nder incl udes fI ow ng encapsul ant over an upper surface of said
integrated 15 circuit chip. 15. The nethod of claim1l, wherein during said
flowi ng of said encapsulant into said unfilled renmainder, said encapsul ant
fills gubst ant i &1 y B4 methashéficlainl b, fosder wmpesmgu@nywngrﬁﬂdlrb!é@sc fie fpgm
June 2005 16. The nmethod of claim 1, wherein during said causing of said
rel ease fidaid in@ldeavity following said ﬂowing of said encapsulant into said unfilled remainder.

18.  The method of claim 1, wherein said causing said release film to be released

is performed during said flowing of said éncapsﬁlant.

19.  The method of claim 1, wherein said causing said release film to be released

10  is performed prior to said flowing of said encapsulant into said unfilled remainder.

20.  The method of claim 1, wherein said flowing of said encapsulant into said
empty space ceases, said release film is released from said at least three sides of said

integrated circuit chip, and said flowing of said encapsulant resumes to flow into said

unfilled remainder.

15 21. A method of assembling a bare die semiconductor package, comprising:

forming an assembly of an integrated circuit chip on a substrate with spaced
electrical connectors connecting and disposed between said integrated circuit chip and said

substrate;

15




drawn down, said release filmsubstantially envel ops said integrated
circuit chip to create an airtight seal around at |east three sides of
said enpty space between said integrated circuit chip and shiyestiifet r at e.
5 17. The nethod of claim 1, further conprising renoving said release film
fromsaid nol d slasing gaifl abdeabilngithii 4nidldvivig ok ravidigne egdeast dirh avat ar leai d
unfilled remai nder. 18. The nethod of claim1, wherein said causing said
rel ease fi ] ; h aRKIH i i oG df il R caiicHi
encapsul an %%g&'l%%geshgﬁgg a%? cl ald%{tg?g&ﬁg?%?ﬁcigsgldc%%r%d% dr elpéase
filmto be released 10.is.perforned .prior to said,f] ow ng, of id .
encapsul anYEFREOREEmEY il B R TERaHuBP ey SH5E DRI s wRLpfieid mold
wherein said flow ng of said encapsulant into said enpty space ceases,
said rel ea@éﬂtfi’m@ﬁlgfﬂéﬁéefé@d fromsaid at |east three sides of said
integrated circuit chip, and said flow ng of said encapsul ant resunes to

flowinpto said _unfilled,remainder. 15 21. A netho ssenb. i .nar e
di e se% conduct G* S%gchbﬁécei?as%g?gcrfé?wnfdé?ﬁﬁ ?’lvér aﬁggggcé‘%b%&gjf‘a%%ﬁ%mg

integrated circuit chip on a substrate with spaced el ectrical connectors
connect i nglGeaagH sHeuis ghipandesaid rerten; ofsaigrsaberRtei rcuit chip and said
substrate; 15 21 June 2005 placing said assenbly within a nold cavity and

providing a rel filmaoyer. | east_a_partion of. sai A

around at | eastﬁ:é Er gecnglgﬁfgls/méfn%éﬁncﬁyﬁ?%ﬁ&’gbé%fncﬁa?{lﬁ?%rgﬁ?p%i%{\kﬁgﬁel n sauac} d
nold cavity,is forned with no enpty space between a top wall of said nold
cavity and®¥iid el ease film 5 causing the release filmto be drawn down

over said at |east three sides of said
' causing the release film to be released from said at least three sides of said integrated

10 circuit chip; and

flowing encapsulant into an unfilled remainder of said mold cavity.

22. A method of assembling an overmold semiconductor package, comprising:

forming an assembly of an integrated circuit chip on a substrate with spaced
electrical connectors connecting and disposed between said integrated circuit chip and said

15  substrate;

placing said assembly within a mold cavity and providing a release film over at least a
portion of said substrate and around at least three sides of said integrated circuit chip,
wherein said moid cavity is formed having an overmold space between a top wall of said

mold cavity and said release film;

16




integrated circuit chip and said portion of said substrate; flow ng
encapsul ant into enpty space between said integrated circuit chip and said
substrate; causing the release filmto be released from sai 4l #e 3093t three
sides of said integrated 10 circuit chip; and flow ng encapsul ant into an
unfill ed renai nchawingfths aeldasadild todei drywn 2Rwnlovee siiddt hstahseendiddsrd sad
overnol d sem conduct or package, conprising: formng an assenbly of an

i nt egr at edingégratedt cieRitRhadd GiPsdhRhOMhidNubRaged el ectrical connectors
connecting and di sposed between said integrated circuit chip and said 15
substrate; placing said assenbly within a nold cavity and providing a :
rel ease fil m ovBewhg dnsapsulant ingorempy spdcedmindesuiait inatgraedadimnowhip atd daghst
three sides of said integrated circuit chip, wherein said nold cavity is
formed haviutgeaie; over nol d space between a top wall of said nold cavity and
said release film 16 21 June 2005 causing the release filmto be drawn
down over said at |least three sides of said integrated circuit chip and
said pértion of cavsing thapeleasafidm tp|bowklegsedrfoam saikdan leastrihocconghtsyofspisldategrated
between said integrated circuit chip and said substrate; causing the

rel ease fi timdiocHip; 4« eased from said at | east three sides of said
integrated circuit chip; and flowi ng encapsulant into an unfilled remai nder

of said nold cavity, including said overnold space.
flowing encapsulant Imnto an unfilled remainder of said mold cavity, including said

overmold space.

23.  An apparatus for filling gaps in integrated circuit packages, comprising:
10 a mold cavity;

a release film provided over at least a portion of a substrate and around at least three

sides of an integrated circuit chip placed within said mold cavity;

at least one release film handler that inserts said release film into said mold cavity

and removes said release film from said mold cavity;

15 a plurality of spaced electrical connectors connecting and disposed between said

integrated circuit chip and said substrate; and

at least one entrance in said mold cavity that permits flow of an encapsulant material

into said mold cavity and between said integrated circuit chip and said substrate.

17




23. An apparatus for filling gaps in integrated circuit packages
conprising: 10 a nold cavity; a release film provided over_ at

portion of a substrate and around at |east three sides of zérﬂq”ﬁt?gépat ed
circuit chip placed within said nold cavity; at |east one release film
handl er that in&brtsTkatpparaneatdaii R whensisamidiclaestigalcaunestorsad seldabyes
said release filmfromsaid nold cavity; 15 a plurality of spaced

el ectri calbwapnectors connecting and di sposed between said integrated
circuit chip and said substrate; and at |east one entrance in said nold -
cavity that permts flow of an encapsul ant material into said nold cavity
and between said integrated circuit chip and said substrate. 17 21 June
2005 24. The appsir at'De Sfpacatds B ddim PBEWRERIS Al cleticilidotatctoR e sbldesbalse
sol der bunps. 25. The apparat us of claim23, wherein said electrical
connectors are solder balls. 26. The appar atus of claim23, wherein the

nold cavity is fornmed such that there IS no enpty space between the
release filmangga t-pp dr t9£ bdwh the Rdld hify BRBANAE Y8ctOfhaf Hildn
23, wherein the nold c%% yal S sﬁcﬁeéh%atc an Co%}r'm) | d space |§

bet t he integrat d f.the nold
Cavi ty 5 26 ROy SRH O r%‘?r?%caﬁ{a% o8 vl p e ol o | over

vacuum ports 10 that assist flow of said encapsulant into said nold cavity
and between said substrate and said integrated circuit chip. 29. The

apparatus of olgm 25, [ ther AR bS! Ml heBRRl P roPhERSHILuROLY

overmold space is present between the integrated circuit chip and a top wail of the mold

cavity.

28.  The apparatus of claim 23, further comprising upper and lower vacuum ports
10 that assist flow of said encapsulant into said mold cavity and between said substrate and said

integrated circuit chip.

29.  The apparatus of claim 23, further comprising at least one air pressure port
that assists flow of said encapsulant into said mold cavity and between said substrate and

said integrated circuit chip.

15 30.  The apparatus of claim 23, further comprising at least one air pressure port

that assists in pressing the release film down over the integrated circuit chip and substrate.




that assists flow of said encapsulant into said nold cavity and between
said substrate and said integrated circuit chip. 15 30. The apparatus of
claim 23, further conprising at | east one air pressure port%i’l‘éﬁe%%o?i sts in
pressing the release filmdown over the integrated circuit chip and
substrate. 18 231Jun®h2@ffardhs of hieina Apafiathes cofmpeisiagrat 23ist drer tnleelranical arm
conprising at |east one nechanical arm that assists in pressing the

rel ease fi i dQws pUREssidperhle R FAUE GWrithe MbgARH SHRH AR 8nd Substrhbe
apparatus of claim 23, wherein said release film sUbstantially envel ops
said integrated circuit chip to create an airtight seal around at |east
three sides of said 5 electrical connectors between said integrated circuit

chip and said sgjst r’?ﬁ@ag%ﬁatu@‘@f@i&ﬂﬁbgf {@F%ﬂ{ sdidl kéﬂ:zﬁs ﬁ%%ﬁb&tﬁt@&lﬁﬁn@&%ﬁ%l s

sem conduct or packages, npri sing: cavity having wa said
formed such.that a space.is.present between a,to |l of ,said,nold cavity
bnd an | nt v HtteRitatni Bt raed WER AL Ao Sty M otsaiE s
filmprovided within said nold cavity, around at |east three sides of said
10 i nt éyr atleeiricalrconnecters herwaen spid integratedaitcuit ghip adbspidsubsimtmst rat e, sai d
release film substantially filling said space; at |east one release film
handl er that inserts said release filminto said nold cavity and renoves
said release filmfromsaid nold cavity; a plurality of spaced el ectrical
connect ors connddt i nfnappardivs fostlling eapeimrbaaidit sehicondgtern pakages ceannprdng
and said substrate; and at |east one entrance in said nold cavity that
permts flow of an,encapsul ant terial nto said nold cavity and between
Sai d i nt egr at od® B9 GRED IRV EHEIRs el Eestck 5t ATPAGHS PHSRR: BEVER 4
claim 33, wherein said apparatus is for filling gaps in COB

top wall of said mold cavity and an integrated circuit chip placed within said mold cavity;

a release film provided within said mold cavity, around at least three sides of said
10  integrated circuit chip and over at least a portion of a substrate, said release film

substantially filling said space;

at least one release film handler that inserts said release film into said mold cavity

and removes said release film from said mold cavity;

a plurality of spaced electrical connectors connecting and disposed between said

15  integrated circuit chip and said substrate; and

at least one entrance in said mold cavity that permits flow of an encapsulant material

into said mold cavity and between said integrated circuit chip and said substrate.

34.  An apparatus as in claim 33, wherein said apparatus is for filling gaps in COB

packages.
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packages. 19 21 June 2005 35. An apparatus as in claim 33, wherein said
apparatus is for filling gaps in flip chip packages. 36. An apparatus for
filling gaps in overnold sem conductor packages, conpri si ngﬁ1 %ﬁ‘é 298P d _
cavity having walls, said walls formed to create an overnold space between
a top wall of s¥i.d riut dppaastius gs soadaiem3 3,nwlegeiatsent appacamig is dbr fillipg gepeliniliphi n
said nold cavity; a release filmprovided within said nold cavity, over at

| east a paghip pickafesa substrate and around at |east three sides of said
integrated circuit chip; at |east one release filmhandler that inserts
said release filminto said nold cavity 10 and renoves said release film
fromsaid nold cavity; a plurality of spaced el ectrical connectors

connecting and 3§, SposeapPRitS &5t Mg garsnh @UERLSH seiniOHduckd gaciipds, sai d
substrate; and at |east one entrance in said nold cavity that permts flow
of an encg%% .material into said nold cavity and between said

i ntegrated Ci reurt chi p and said substrate. 15 37. An apparatus as in claim

36, wherein said apparatus is for filling gaps in COB packages. 38. An

appar agus as i n bR fav&§ haWagHAIIR, ARl WalBRBANS] bS cleitel 4 ofdriold§pad@Berviden a
flip chip packages. 20 :

top wall of said mold cavity and an integrated circuit chip placed within said mold cavity;

a release film provided within said mold cavity, over at least a portion of a substrate

and around at least three sides of said integrated circuit chip;

at least one release film handler that inserts said release film into said mold cavity

10 and removes said release film from said mold cavity;

a plurality of spaced electrical connectors connecting and disposed between said

integrated circuit chip and said substrate; and

at least one entrance in said mold cavity that permits flow of an encapsulant material

into said mold cavity and between said integrated circuit chip and said substrate.

15 37.  An apparatus as in claim 36, wherein said apparatus is for filling gaps in COB

packages.

38.  An apparatus as in claim 36, wherein said apparatus is for filling gaps in flip

chip packages.
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