BOC BGA PACKAGE FOR DIE W TH | - SHAPED BOND PAD LAYQOUT FI ELD OF THE | NVENTI ON
The present invention relates generally to packagi ng el ectronic conponents,
and particularly to nethods of encapsul ating board-on-chip (BOC) ball grid
array (BGA) integrated circuit die units, and particularly to die units

Wi th non-standard bond pad | ayouts including an |I-shaped bond pad | ayout.
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pl asti c packages "t'hat provide protecting agalns amage and envi r onnent al
contam nants, and enable electrical of the chip to other circuits on a
printed circuit board. PackagimgprLipCoghrme IR&ENTING Vved the pl acenent of a
chip on a flexible board where folTow ng adhesion of the chip to the board
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is placed in a nold having top and bottomcavity nolding plates. The | ower
mol di nglapPt e has a constricted channel or nold gate al ong one side of the
pl ate, and the encapsulation material, typically a thernoplastic or
thernosetting material, enters through the nold gate and fl ows under and
then over the I1C chip to cRAEKGROUNRBOR THH INCBNTIONe nold gate limts

the flow rate and jnjectjqn velocity of. a .noldi compound. into the cavity.
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conducted so that the ball grid array connections are not covered by the
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| C chips having a bond pad | ayout arranged in a col'um down the center of

t he chihip toShe FErpaelsay tEQané@Wﬁieqe%Ula@taﬁ Aewedevarihodar end heard tos femts] spalgd
die pag&ggﬁé_that do.not-utilize.a_ standard wire bond slot and bond pad

| ayout.” Currently, a sem conductor chip having a non-standard bond pad
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g plate, and the encapsulation material, typically a thermoplastic or thermosetting material, enters
through the mold gate ahd flows under and then over the IC chip to cover the electﬁéal leads. The
mold gate limits the flow rate and injection velocity of a molding compbund into the cavity. The

" encapsulation material is then cured to h_grden it. In devices having a ball grid array (BGA) on one '
side of the substrate, the molding process is conducted so that the ball grid array connections are rot
covered by the molding compound durning the encapsulation process.

The assembly process flows of standard BOC BGA packaging techniques are set-up for
conventional IC chips having a bond pad layout arranged in a column down the center of the chip.
Such-packaging techniques.cannot-accommodate the.assembly.of die packages.that do.not.utilize.a.
standard wire bond slot and bond pad layout.

Currently, a semiconductor chip having a non-standard bond pad layout is packaged in a
chip-on-board (COB) ball grid array (BGA) package. A disadvantage in using a COB BGA
paéi<aging technique is the use of long wires for connecting the bond pads in the center of the die to
contacts on the underlying substrate, which are prone to damage. Another drawback is the resulting

larger package size, which is needed to allow sufficient space for the wire bond connections.



| arger package size, which is needed to allow sufficient space for the wire
bond connections. 1 In view of these and other deficiencies in conventional
nmet hods for fabricating BGA packages, inprovenents in fabrication nethods
for BOC BGA packages are needed. SUMVARY OF THE | NVENTI ON The present
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circuit die with a plurality of bond pads in an [-shaped |ayout and an
overlying support substrate having an |-shaped wire bond slot. In one
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into the opening in the support substrate of the die unit to enclose the bond pads on the die.

In another embodiment, the method coinprises providing a mold having a molding chamber
and a mold gate providing a conduit for introducing a molding compound into the chamber;
providing a die unit comprising a die having a first (active) surface, a second (inactive) surface, and
sides, with the first surface of the die having electrical elements and a plurality of bond pads
disposed thereon, the die mounted onto a support substrate with the bond pads exposed through an
opening of the support substrate; placing the die unit in the mold with the mold gate oriented
perpendicular to the first surface of the die; and introducing a molding compound through the mold
gate whereby the molding compound flows into the opening in the support substrate to enclose the
electrical elements and bond pads on the die.

In another embodiment of the method, the molding compound can be flowed onto the sides
of the die and, optionally, onto the second (inactive) surface of the die, for example, through a gap or

hole in the substrate of the die unit. In another embodiment of the method, the molding compound



I n anot her enbodi nent of the nethod, the nolding conmpound can be flowed onto
the sides of the die and, optionally, onto the second (inactive) surface of
the die, for exanple, through a gap or hole in the substrate of the die
unit. In another enbodi mrent of the nethod, the nolding conpound 2 can be
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mounted onto the support substrate to provide a gap between a peripheral edge of the die and the
opening of the support substrate; and in the step of introducing the molding compound, the molding
compound flows through the gap and onto at least the sides of the die. In yet another embodiment,
the support substrate includes holes therethrough adjacent to the gaps, and the die is mounted onto
the support substrate such that the holes through the support substrate are uncovered, and the
molding compound is flowed through the gap and the holes in the substrate to cover at least the sides
of the die.

In another aspect, the invention provides a mold for encapsulating a semiconductor die. In
one embodiment, the mold comprises first and second molding plates, a chamber, and a mold gate
providing a conduit for introducing a molding compound into the chamber, with the mold gate
oriented in a first molding plate to deliver a molding compound into the chamber perpendicularly

into a wire bond slot of a die unit positioned between the two plates of the mold. The mold gate in

the first molding plate is oriented perpendicular to the second molding plate, and perpendicular to



I n anot her aspect, the invention provides a nold for encapsulating a

sem conductor die. In one enbodi nent, the nold conprises first and second
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an opening through the support substrate. The die unit can be partially encapsulated with only the
active surface of the die and, optionally, the sides of the die encapsulated with a molding compound,
and the inactive surface of the die exposed. The die unit can also be completely overmolded by a
molding compound.

The invention advantageously provides a BOC BGA package for IC dies and chips having an
I-shaped bond pad configuration or other non-standard layout, and an assembly process to build such
a package. The present BOC BGA semiconductor package is easier to assembly than COB BGA
packages, particularly in terms of wire bonding and molding processes, and achieves a smaller
package size with improved electrical performance due to shorter wire lengths. In addition, the BOC
BGA packaging maintains a conventional solder ball grid array to facilitate its use in conventional
semiconductor assemblies. The present invention can be applied to both single-in-line strip (SIS)

BOC configurations in which the arrangement of units within the strip is limited to a single row, and



nol di ng conmpound. The invention advant ageously provides a BOC BGA package
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non- standard | ayout, and an assenbly process to build such a package. The
present BOC BGA seni conduct or package is easier to assenbly than COB BGA
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3Cis a bottomPlan view of the die unit of FIG 3A FIG 4 is a top plan
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integrated circuit die of FIG. 1 A onto the underside of the support substrate of FIG. 2A. FIG. 3B is

a side elevational view of the die unit of FIG. 3A, taken along line 3B-3B. FIG. 3C is a bottom plan
view of the die unit of FIG. 3A.

FIG. 4 is a top plan view of an embodiment of an adhesive layer for mounting the integrated
circuit die of FIG. 1A onto the support substrate of FIG. 2A, the adhesive layer having an I-shaped
opening.

FIG. 5 is a bottom plan view of the support substrate of FIG. 2A with another embodiment
of an adhesive layer in the form of adhesive strips for mounting the die of FIG. 1A onto the
underside of the support substrate.

FIG. 6A is a top plan view of the die unit of FIG. 3A encapsulated (top molded) according to
a method of the invention to form a package. FIG. 6B is a side elevational view of the encapsulated
package of FIG. 6A, taken along line 6B-6B.

FIG. 7A is a top plan view of the encapsulated package of FIG. 6A, showing solder balls
mounted thereon. FIG. 7B is a side elevational view of the encapsulated package of FIG. 7A, taken

along line 7B-7B.



circuit die of FIG 1A onto the support substrate of FIG 2A the adhesive
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FIG 10B is a side elevational view of the die package of FIGS. OA, taken
al ongrouniadetheren. FEG: 108 G a gidacleyationabjsien efitho dipaskagmeft HETS. éﬂﬁoéﬁkﬁ@nton@f a
die lllnl 4 Bavd]_:?g a gap along the edge of the integrated circuit die and the
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A to?lt(heenmtaelg?artlgd Ic1|rcu1t die and the wire bond slot of the support substrate, and openings through the
support substrate. FIGS. 11B is a side elevational view of the die unit of FIG. 11A, taken along line
11B-11B. FIG. 11C is a bottom plan view of the die unit of FIG. 11A.

FIG. 12A is a top plan view of the die unit of FIG. 11A encapsulated according to a method
of the invention. FIG. 12B is a side elevational view of an embodiment of the encapsulated die
package of FIG. 12A, taken along line 12B,B'-12B,B’, and showing encapsulated sides and an
exposed second surface of the die. FIG. 12B' is a side elevational view of another embodiment of
the encapsulated package of FIG. 12A, also taken along line 12B,B'-12B, B', showing the sides and
second surface of the die being overmolded.

FIG. 13A is a top plan view of the encapsulated die package of FIG. 12A showing solder
balls mounted thereon. FIGS. 13B, 13B' are side elevational views of the encapsulated package of
FIG. 13A, taken along line 13B,B'-13B,B’, and corresponding to FIGS. 12B, 12B’, respectively.

FIGS. 14A-E are sequential processing steps of an embodiment of a method of the invention
for top gate molding the die unit shown in FIGS. 8A-8C. FIG. 14A is a top plan view of a panel or

strip of mold units for fabricating multiple die packages, each mold unit having a top mold gate.

FIG. 14B is a side elevational view of a mold unit of FIG. 14A taken along line 14B-14B, showing



11B-11B. FIG 11Cis a bottomplan view of the die unit of FIG 11 A FIG
12A is a top plan view of the die unit of FIG 11A encapsul ated according to
a method of the invention. FIG 12B is a side el evational view of an
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FIG. 17A is a side elevational view of another embodiment of a mold having a mold gate
positioned for upward delivery of the molding compound onto the die unit, and the direction of flow

of the compound. FIG. 17B depicts the encapsulated die package. .

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention will be described generally with reference to the drawings for the purpose of
illustrating the present preferred embodiments only and not for purposes of limiting the same. The
figures illustrate processing steps for use in packaging semiconductor devices in accordance with the
present invention. It should be readily apparent that the processing steps are only a portion of the
entire fabrication process.

non

As used herein, the terms "top" and "bottom", "upper" and "lower", "side" and "end" are used

for illustrative purposes only, and are not meant to limit the description of the invention in any way.



showi ng direction of flow of the nolding conpound. FIG 1613" is a top plan
view of the die Unit of FIG 15A within the 1-nold of FIG 16A, wth the
upper nol ding plate renoved and showing direction of flow of the nolding
conmpound. FIG 17A is a side elevational view of another enbodi nent of a
nol d having a nold gate positioned for upward delivery of the nolding
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I-shaped wire bond slot 30 has a main elongate segment 34 and a pair of shorter elongate segments
36 that are perpendicular to and on opposing ends 38 of the main elongate segment 34.

A plurality or series of bond pad fingers (contacts) 32 are formed on the first (upper) side 26
of the support substrate 24 adjacent to the edge or periphery 40 of the wire bond slot 30. The bond
pad fingers 32 comprise a conductive metal such as copper, aluminum, among others. A plurality of
ball pads 42 comprising a conductive metal layer and shown in a series of two parallel rows, are
formed on the first (upper) side 26 of the support substrate 24 adjacent to the bond pad fingers 32.
The bond pad fingers are electrically connected to the ball pads 42 by traces (not shown) within the
support substrate 24.

As shown in FIGS. 3A-3B, the first (active) surface 12 of the die 10 is mounted against the
underside 28 of the support substrate 24, with the bond pads 20 exposed through the wire bond slot

30 in the support substrate 24. Any conventional affixation technique can be used. For example, the

die 10 can be secured to the support substrate 24 with an adhesive such as epoxy, an adhesive tape,



In the illustrated exanple, the support substrate 24 includes an |-shaped
wire bond slot or opening 30 that corresponds to the bond pad | ayout on the
die 10, through which wi re bonding connects the bond pads 20 with contacts
32 on the upper side 26 of the support substrate 24. The |-shaped wire bond
slot 30 has a main elongate segnment 34 and a pair of shorter elongate
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) guratlon of the illustraled die unhit 54 i's known
as a(ibagivd) amfachil @ of BEG)i¢ is expaked hTheyaolding compound 56 is dried, set or cured to a
solid phase. The molding compound is preferably a thermoset epoxy resin, for example, a novolac
epoxy resin-based compound, that produces a rigid plastic body surrounding the die.
Following the encapsulation, solder balls 60 can be conventionally bonded to the ball pads
42, as depicted in FIGS. 7A-7B. A solder reflow process can be used to bond the solder balls to the
ball bond pads. The solder balls provide external electrical connections to the die, and permit the
package to be surface mounted to a printed circuit board (PCB) or other electronic component.
Optionally, a heat sink (dissipater), for example, an extruded aluminum plate, a solder dam or
ring, and other known devices (not shown), can be attached onto the die 10 to absorb and dissipate
heat generated by electronic components. Heat sinks are known and used in the art, as described, for
example, in U.S. Pat. Nos. 6,122,171 (Akram et al.).
In the foregoing embodiment, the molding compound 54 is disposed partially upon the

support substrate 24 and partially upon the first (active) surface 12 of the die 10, with the second



integrated circuit die or chip 10 is attached to the second (under) side 28
of a support substrate 24. Referring nowto FIGS. 6A-6B, the BOC die unit
54 can be encapsulated with a nol di ng conpound 56 to pot the bond w res 52
and the bond pad fingers 32, and fill the wire bond slot 30 of the support
substrate 24 to encapsul ate the el ectronic conponents and the bond pads (20)
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surface 14 and sides 16, 18 of the dje 10 exposed and ngt covered by 1he
ol dPF p%f?&g% {1 i 01 Ao rRHesT tl&rb@ﬁ&égéﬁngafséc? B She PRSR B ng
”EthQQ'R£gﬁﬁ%ih ek syhs illustrated in FIGS. 8-10. The die unit 54' is

( te al )

structure ow t he nol di ng conpound to flow onto the sides, and, if
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and the secopd surface_of th ie. Referring to FIGS, . SA-8C,. the support

o Uhs P e he b0t hARS 53 nhEerd Faasy S Fotdt Fint Bomebtor 3 T erhip ks OBE T e
12 @a‘)m%&een@si SRt Bohd Bads L b it}siaeﬁI%B%lcﬁte)tshﬁfawpp@fthesa@so'c AnQhé éncapbiigHes
a gap 2' between a peripheral edge 64' along side 16" of the die 10" and the

wi r estspnitie smaddinggoaiponmd S6'3s fpwed thyansh theteap #2' andpnte Hiswridest 96 1gaps tigadiear e
Lo . SRR ORGS0 AL IS, A o WISt 00
structured and sized to provide sufficient clearance (i.e., an open space) along the sides 16/, 18' of the
die 10" into which the molding compound 56' can flow to encapsulate the sides.
Where it is desirable to encapsulate the second (inactive) surface 14' of the die 10, the mold
(not shown) is structured to provide sufficient clearance along the second (inactive) surface 14' of
the die to allow the molding compound 56’ to flow over and encapsulate the second surface of the
die, resulting in the die package 58' shown in FIGS. 9B-9C. The mold (not shown) can also be
structured to prevent the molding compound 56' from flowing further onto the second (inactive)
surface 14' of the die 10", such that the second (inactive) side of the die is exposed and not covered
by the molding compound, resulting in the die package 58(1)' as depicted in FIGS. 9B’, 9D. This
embodiment 58(1)' of the die package provides a package having a reduced height (thickness),
resulting in a thinner package overall.

Following the encapsulation, solder balls 60' can be bonded to the ball pads 42' on the first
(upper) surface 26' of the support structure 24, as depicted in FIGS. 10A-10B.

10



bond pads 20'on the die 10" are then wire bonded to the bond pad fingers 32
on the support substrate 24', resulting in the die unit 54'. As depicted in
FIGS. 9A-9B, the die unit 54'can be encapsul ated with a nol di ng conpound

56'to cover the bond wires 52", bond pad fingers 32', and wire bond slot 30
including electronic conponents and the bond pads 20" on the first (active)
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30". The die 10" and the SUﬁpOFt substrate 24" are dinensi oned and
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support structure 24", as depicted in FIG. 13A and in cross-sectional view in FIGS. 13B, 13B",
corresponding to the embodiments depicted in FIGS. 12B, 12B’, respectively.
It is understood that in the embodiment of the die unit 54" illustrated in FIGS. 11-13, that the
die unit 54" can be structured with either or both of the described hole(s) 68" or gap(s) 72".
The invention can be applied to encapsulate one or both surfaces (and sides) of an IC die.
Referring now to FIGS. 14A-14E, an embodiment of a mold 74 and method of encapsulating an
integrated circuit die unit according to the invention will be described with reference to the die unit
54" depicted in FIGS. 8A-8C, which includes gaps 62' along the edges 64' of the integrated circuit
die 10' and segment 36' of the wire bond slot 30". As shown in FIG. 14A, the mold 74 can be
initially a segment (A) of a panel or strip 75 to fabricate multiple die packages. Following the
fabrication process for the packages, the panel 75 is singulated into individual BGA packages. As
depicted in FIG. 14B, the mold 74 includes first and second plate members (mold halves) 76, 78,

that define a chamber 80, the first plate member 76 having a top mold gate (pin cavity) 82 to provide
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bond sl ot 30", and also | eaves the holes 68" through the support substrate
24 uncovered. The bond pads 20" on the die 10" are then wire bonded to the
bond pad fingers 32" on the support substrate 24", resulting in the die
unit 54". In encapsulating the die unit 54", the nolding compound 56" is
fl owed over the bonding wres 52" and bond pad fingers 32" and to fill the
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::P\égnt '82:] cé)r Wh %tﬁ)qgé Cr}rv'eg‘gcgn t emo[gg;lgz{)ﬁpe%%[avg bé emgdgﬁb' rf%on%ﬁ %oﬁéled in

I'n he e egrated

Ci r cedrfi uelatﬁonl suCh aid thseagmrgate?@z affotrhed i drie dmndﬁﬁdt ot setdnd l%e ﬁi&ﬁwars T6,FI G
14A, the nold 74 can be initially a segment (A) of a gane or strip 75 to

f abr 7%and inprentpd pergredipalakiodhe ups|sidsds: gf thﬁéum%wbé giedd prbdedyst or t he
k t
oot Cetge) st £F2 P giogied o MAPLA it S4Bl UBlnoREM RS AL The MRlding

(ol cbrh;aéurﬂ% Pésse/roughhthe noédd pae 82 in ItimrtheerctlBﬁ) of atrewf88r, and ﬂbws dimrethherito 76

h d d f .
't BOPPHGEAE A1 Dhr b RyB AR BTG Hire PoRES B dhe gotldfg OB RmMag Eibod
t hat ﬂB\Q@d el !hléer‘ﬁolﬂ'%'aﬂa Mdzeg&eghre qg)pkenym Aﬂoz@goé p%i 8 'aﬁoﬁ'zd(?oo psi.

encapsul ati on” of die as picted"wmth reference to In the
i |1 ustr at &dthexearpldenem cepmmnbuleCé 448+ @) rih¢ mobd/ gaig 8algh>paté:dmdlmrﬁrat piaﬂee)

(e IRl % 1550 SR AL R O PrOIL A2, SUH ) St S SREADGET e
secoginpdundcie #Ed d@Nﬁ\fvé‘ﬂQilﬂe@tlo@farﬁdw 88 ¢htd e dik hA sWhitGBotiBe '&E{ht@f Sthe
main elongate segment 34' of the I-shaped wire bond slot 30' of the support substrate 24'. The
molding compound 56' is then flowed over the support substrate 24' and active surface 12' of the die
10' along the main elongate segment 34' in the direction of the arrows 90 to the shorter elongate
segments 36' of the wire bond slot 30". The molding compound 56' is then flowed through the gap
62' (arrow 92) and into the open spaces 84, 86 to cover the sides 16', 18" and the second surface 14"
of the die 10". The resulting encapsulated package 58' is depicted in FIGS. 14D-14E.

The method and mold described with reference to FIGS. 14A-14E can also be used to
similarly encapsulate a die unit 54'" in which the wire bond slot in the support substrate is a different
configuration such as an elongate opening 30™, as depicted in FIG. 15A. Optionally, as shown, the
die unit 54" can include a gap 62" and/or hole 68" for passage of the molding compound 56™ onto
the sides 16'", 18", and the second (inactive) surface 14'" of the die 10'". In the use of the mold 74
described in connection with FIGS. 14A-E, the molding compound 56" can be flowed onto about

the center 92" of the elongate opening 30" and to either end in the direction of arrows 90', as
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conmpound 56' can flow to encapsul ate the sides and second surface of the
die. If it is desired that the second surface 14" of the die 10'remain
exposed, the nold 74 can be structured to elinmnate the open space 86

adj acent the second surface 14' of the die 10'. According to the invention,
t he nol di ng pl ates have been nodified froma conventional configuration

h that .t t is f the first . pl at
ronbePdhit FGEPsE 88 bdlfing Sogo fRt senaft felretlienchShslinEaeSaindl®  ne
suppeple 681bshtbahesidds (18Md 18 Meoffthé ate, ?r((j@& tior@lly SHid e 8ecbhd saffatdie 4di) 8f &' q;Of

the die unit 54'positioned in the no 4. As such, the nolding conpound
56' pd9s'es deriraslighe FHe. ki )dregattimegn theenchpsulitedpadkege 58'" depiotedds FlendS€I(avk
directly ontg, thijﬁpqgg side 28 of the substrate and into the wire bond
sl ot 3OS HtHoRIP Kl T8hmound 56 is flowed through the mold gate 82 under

pressure, Thedbedidnysidé amdshibe 90thelSh (drdboMdat)imald AR (P (_-:avlit@?]lshﬁ)_t‘?é’gﬁ‘i’&iédfe nt
depicted in FIGS. 14B-14C, the nold gate 82 is located in the first plate
menbend zén badesigrdddntaghicpe thseptimal flaw efche holding epmppied tor defierent digpnd o

di spense the noldin cO0 u 56'..in . a downward.direction (arrow 88 nt o
the aretgrzeBat 1 ardgs R M thedols e o VORI b it sEEe® Bt
the lo ghpere thé /R 1dAE dombeind3Arectlly ohbethe WPPEY durfbd st thats@ppdtt subkhate aMaltd ng
conmpound 56' is then flowed over the support substrate 24" and active surface

12" dirst(petive) surfag ofghedig of e draivnitel amgpeiat slegerthet wizd bondislohef tieseppdrbn of
t he %rrg%ﬁago to the shorter elongate segnents 36'of the wire bond sl ot
30" . e nol ding conpound 56'is then flowed through the gap 62' (arrow 92)

and into tAgthaemisidases i34.m&a M9 icoNetrattdéh BiGSs16616B1 & s shdsvn kiR meldond
surface 14' of the die 10'. The resulting encapsul ated package 58'is

depi erEd? i Ipsated ations-epdpf thearshlattonemper fotudigeanse thsamolding companeniein d
FI GS. - 14F L SERLL AL i it B4l in
o oM Boeah SPabe iSE A0 S AL Y IGARAUbEI 2SI HOkbe i
conf ibgud alot 80" iatledisugpportBubdtrng2d’ e Tap el digg 30thpousd Selépimioddcedthrdgh thé Awold

Optionally, as shown, the die unit 54"' can include a gap 62"' and/or hole
68. . 8atedtZ Pl sgeciim ?%%g%i%@o thsripbstrie 28 and Rjfte Wﬂ‘ﬁé’°§g(§l§§ 39 The 1g"+
and th8458coRhoih@36tik iBlved W fiRCHretflon of Ao 1604 thelPorter 4B i}@s&%gerﬁi 3ghe
nold 74 escribed in connection with FIGS. 14A-E, the nol ding conpound
56. . of tenwive bbhdwiet3@dml thtvmugh the pap @2 farelord@les) af thehbreetiomghtmowp i Fg

30...,and tq either end in e djregtion.of.arro 0% ,. as ho i.n FIG
T55, UReen e e oathang 68 s daivefionl 18 RSB Re dischd Erdloslighl e
and/ @econldQuffa&B14' of e Aell DEr&LUARS ih A@iie pack8ge 38'0duchhe dgbiﬁtedQH FIGS. il PAIEY
onto the second surface (14 ... of the die 10"' as desired (see FIG

14B), resdhwapeiger embediment dpsupls B 7 rardgaisedto engapiudate @ digumt Bavinge (and
different shaped wire bond slot in the substrate and bond pad layout, for example, the die unit 54"
having an elongate slot (opening) 30" and pad layout, as shown in FIG. 15A. In such case, the
molding compound 56" can be flowed onto an end 38a'" of the elongate opening 30" (FIGS. 16A,
16B') and in the direction of the arrows 90' to the other end 38b" of the opening, and through the
gap 62'" and/or hole 68" to encapsulate the sides 16", 18", and second surface 14' of the die 10",
With the foregoing mold assemblies and methods, the mold gate 82, 82' is shown as being
oriented with respect to the die unit to allow the molding compound to be introduced through the
mold gate in a downwardly direction (arrow 88, 88') directly onto the first (active) surface of the die.
In some applications, the downward flow of the molding compound can apply an amount of pressure
onto the die unit that causes the support substrate and die to bend. To avoid such an effect, in
another embodiment of a mold 74" and method illustrated in FIGS. 17A-17B, the mold gate 82" is
oriented with respect to the die unit 54' such that the molding compound 56" is delivered through the
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in cross-section in FIG 14D). The |l ocation, size and shape of the top (or
bottom) nold gate (pin cavity) is not restricted, and can be designed to
achieve the optinmal flow of the nolding conmpound for different die and
package sizes. It is understood that the nold gate can be located in the
first or second plate nenbers to dispense t he nol di ng conmpound directly

onto & (#i% “ws%fugfv {(ﬁ(ﬁlr%;t["l nIHPRRL beS Y K ottrh%%ﬁpgr sqlrttac? %8'fc§f*.'tr?e s%) tlvﬁgt{ate

surfdce por'nt™alon e Wwre

the upaerihto tivbdatd Bdmel sld%r(eom&rndeﬁb@élfmem&r flofwed tmlugh 44gap 625and/bisdle ag'ad i n
FIGS. 16A-16B. As shown, the nold gate 82'is located at one end of the
fi r stthplisgctiopeipapws@2f gnig t§5é1ﬁ§‘é1§hé8 n¥lddhp gecoppBasiva surfnge 14 ehiradie 10',

d f. t th
O 1 5 A AL SRR Reh b o, 008 Ies oD BLOPORS oS E e B e
conpaivdtithsBubdtsitd duiriradiie eeblding prdest hed flowihg thahwI&idg compbhied S mcdnnq,iwai)a

arrow 88" onto the substrate 24' and into the wire bond sl ot 30 The
nol d|4h@0%@h‘mﬁ9r§}é? dig' unitsnrqavléwe@ additional wierghé o Brcoto pIesehhegbstrase five shor t er

elon n h

Canar TRl Che Bl 0P sh R 2A06uEd §indSiconifiut MR 7k P IRBRE
conp @ mﬂtlﬁ&irssplﬁtb@mﬁb@mw) ztshﬁuﬁtaﬂ&iimlﬁ@fmmhéhesy {1192 marml(m;)@etn mﬂnlpbyd sds he
second surface 14' of the die 10', resulting in a di e package 58', such as
depi dhatdhs modimscompeyndgan berflosyrsh inervestinsb diragion (arpY $85) as Fepicteditan be
used gie; §pgapsul ate a die unit having a different shaped wire bond slot in
t he substrate and bond pad | ayout, for exanple, the die unit 54. havi ng
an eIongaﬂhﬁﬁf®boﬁ@@mbnMth8Dnmhigmdnnmﬂng@yﬁﬂmsmahephmwmtngEkGhddﬁ@ In

such case, the | di ng conmpound 56. can, be fl owed on an end 3 "t of
the &FfifgHtd Rsgd ﬁo at%encapswlpﬁreé%e BHSABG A g wita (epryet t Puing mediadsry %fo@

arr O%V% ?ltétﬂé%erhefngf v1 ﬁp%ate aﬁie sr% é)@%ﬂfn%ﬂar) metlmﬂltgﬁetahg oS8Bn&R"

and/or ... to en apsu es 16" , econ sur ace
' adfaceriteo dieedi&@dge p. ('3 ‘sllmhl; He dnoa;agtnnnglatmiaﬁlsahspmmbetd lam@)nthlhyéntwdséde bvhe

nDId ate, 82, 82' is.sho i ented th re die unit
To o eI s W B s ang Suors b Edh cate thh Pebe e Sl die S @vEh &
downvge fir¥ b@lhaseqrnl tR8 déRFHOMBFPaatSfholdiflh bﬁﬁ:%is%t}fé%@ldtﬂgecd‘rhﬂo%hd (eAfrd @)mold
surface of the die. In sone applications, downwar d fl ow of the nol ding

corrpdhmdglm amal saty: nesitigred it théfsuqfa@s@ah@ﬁr% frseconsd) anaddingiplateparpedisdsr tohe

supp ubst a such, .an effect, in another
onbodiG BRI Rh g R el e GRS e R HR T RIS 17A-17B, the nol d

gate 82" ilfa c@hV@ﬂio(ﬂdl wblding egfed! tHe@idehsstlioned Rdld pdfe i6 tedloWeamdldigg pRiteli ng
Corrpcl)su lrllr?ed5v€1th IaSéoijde{)fa}/e%rc%gp(terhfroﬂl{g ?)révggt él-n%apsulant material from adhering to the edges of

the substrate. Advantageously, the top mold gate of the present mold apparatus does not require a

gold surface area on the substrate, thus providing a reduction in the substrate cost in the manufacture

of BOC FBGA packages.

The present top gate molding process also optimizes mold yield (the number of acceptable
molded packages), compared to conventional BOC molding processes, by reducing the number of
rejected or substandard packages.

Other disadvantages of conventional molding techniques include the need for a standard wire
bond slot quality for die placement, the use of a diversion dam to divert the flow of the molding
compound within the mold cavity, and the lack of consistency in thickness (height) of the diversion
dam, which are limited by a supplier's capability with slot fabrication and soldermask printing

(copper plating) to form the diversion dam. Variations in thickness of the tape between the die and

the substrate, the quality of the wire bond slot, and the height of the diversion dam can result in gaps
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nold gate 82" in an upward direction (arrows 96") onto the upper surface 28
of the support substrate 24' and into the wire bond slot (30'), and can be
further flowed through a gap 62' and/or hole 68 in the direction of arrows
92" onto the sides 16', 18, and the second (inactive) surface 14" of the
die 10", resulting in the encapsul ated package 58 shown in FIG 17B. The

advant age. of orienting the die .over the substrate during the noldin

pr oc Beut-fqEmed Yens e Puerrign gie th&%’rsﬁadmiah B@lﬁi‘lﬁ CHRPORIRFAP Seab PR BITASROS

t he i eq:unj i i 11 i strate
o Gttt BLOH LA 20r BERAINRRREMIELATbuT hOTIBR SnPEBRARE bRttt

pl at ehnoeghédre ii@ld daasy sioluwer madd yiahd.t Tbe fiser sftithp bessentrrep ghtemdld ity mscess

illustrated in FI.G. 14D wherehy the nold (74), can be flipped so that the
ol pliaﬁkja‘}f_?ﬁ?ﬁl'}%]ﬁ&h%‘?\a%set_h? I%Gég’ri%flzéer\?’@f‘tdiaé’alAE?T%’?‘?&H"@%WB@WTC%CS that
depi ¢t od-d frrflefn di%zfg‘ion%ahhﬁigaﬁorﬁ%\ﬁ%@h?ﬂ%l acé%h%a@iﬁg&ﬂf ﬁggmiglﬂ%?seg,r fheess
or the ' present top gate nolding process can be utilized to encapsulate the
BOC B&Aoflihe pugsient toplgnteandldimy mhoogss et he sisccofsfdCappdreditc d& utiisldveea svideol d

having a nold gate al ong.a, si.de erjneter) of the |ower plate and ,

posi FHRAse ta%ﬁ&ica?ﬁse% : ErﬁglaHP%_Oggﬁéi.W?f@O‘é de alsq e durrs ekt 2 fenBerations

di Sp?ﬁ'%&’&hi@ﬁ&hé%@a‘té Mlolﬂﬁgmaocéés%qﬁfr s felier lcﬁssas AJfJ)Pé%st‘x’ﬁQ%brﬁ:@goﬁ),ver the
support substrate onto the active dlrface of the die to cover tThe wre
bondsesulting inshoeacubitexde delpvegaleadntivhdamilopreo s@ssratetdostsnol di ng conpound

enters the nold,. through a nold gate positioned, in _the surface of the first
(or secc_—mcei)1 CRBPHRHMG "b‘hh{}‘@,smﬁ'étfep ARYIgR h%beetnﬁiésmbfgrm RYPRYTIrGRESShd t he
sur f 36&:ifif ad Jaesn%&llng Bl phdinddigal ToAtthes | Tt 1818 OOURIOORhoWRY &, Bt Ewetiﬂ%ﬁo%he
side-positioned nold gate in the lower nolding plate 1s lined wth a

gol diphattlevitaiappke sfeoiflc featuprseshewn aed dapsibed tinceethenieahs hiereim distheseidng to t he
edges of . the_.substrate. Advantageously, t top nol d gate of the present

ol 6 BRSPS ETHIeTRbS P e v eEndneytest ol B e hetetue: SeEe Hus
pr OV'aH!,r B9t fSrRRWe hh S i oh D /i BPHe TR for §8Te dMhé Qﬁpeﬂﬁ@&’él@ﬁﬁ%ﬁproﬂfiat@&x FBGA
packages. The present top gate nol ding process also optimzes nold yield

(t he imerpbeied of amoniaptawith thadateve poesjoagpdets. conpared to conventi onal BOC
nol di ng processes, by reducing the nunber of rejected or substandard
packages. O her di sadvantages of conventional nol ding techniques include the
need for a standard wire bond slot quality for die placenent, the use of a
diversion damto divert the flow of the nolding conpound within the nold
cavity, and the lack of consistency in thickness (height) of the diversion
dam which are limted by a supplier's capability with slot fabrication and
sol dermask printing
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(copper plating) to formthe diversion dam Variations in thickness of the
tape between the die and the substrate, the quality of the wire bond slot,
and the height of the diversion damcan result in gaps 14 being forned al ong
t he diversion dam through whi ch nol di ng conpound can seep onto a surface of
the die unit. Such seepage of the nolding conpound out of the flow of the
ol di ngyeanPeMiged ishrough the nold cavity can lower nold yield. The use of
the present top gate nolding process advantageously elimnates the need for
a diversion dam Also, unlike cur-rent nolding processes that require

di ffereht diAeesicondadon dsseabiyopsmpnsingiei ghts t o accommodate different tape

t hi ck , the f..the. t t t | di b
o ety igep s it ARaBE FRRDuRR, QRGBT FAES T Rieces
Eli m nagdaiy quhhﬁy dF USSP RR BB BErebR HHGERH ggﬁaggué'aﬁ@ configuration.

In addition, the top gate nolding process requi wer process steps for
substrat e f absuppattisobstrate ksuhg b figstisleshercoad sidajetdrat leshdpéd vpamyng eackspoming

and | ower_ substrate costs.. In conpliance, with the statyte, the invention has
been dedhf taeans thehefisRpdsnbPlr y plend Eﬁ&eflg‘?%ef%dlé%“? Ogtt%gltsaf@?ogﬁp_a _
met hodi &@goxft %@’(Béﬁra?esandlatd{'dc_énttte tREoPEAIRYS. 0P sRRVE Y BIhe didRlouhfid onBYBRLEQRd 1S

not limted to the specific features Shown and described, since the neans
her ei n ddsof ths swppocinupstir e withehe bemdpads @xpesed thrpugh thegppehmgi afvlensupportisnipsirate
effect. The inv%Ftiﬁn S Hﬂ refore, clainmed in any of its forns or

modi fi cHd OREESHF ﬁﬂiepﬂﬁgEﬁ Ekﬂ“%cope of the appended cl ai ns appropriately
interpreted in accordance with the doctrine of equivalents. 15 What is
claimed is: 1. A sem conductor assenbly, conprising: a sem conductor die
havi ng 2 fi r'She sumtachcton asssobivosGaimcle, frathdr somiprssing he adliessfe 1ayar fitemosed

having a plurali.t f. bond pads di sposed thereon in an |-shaped |ayout; and
a supp&r?ggﬂb@?ﬂgﬁgﬁﬁaeﬁﬁgoﬁ %ﬁgﬁaside, a second side, and an I-shaped
openi ng corresponding to the |ayout of the bond pads, a plurality of bond
pad fingers disposed on the first side of the support substrate and

adj acent. t o Thesespeoeridugtor asfenily af Chimshcwherin the adhesivedgherexpnimises #rhleshaped

second _ si f e 1L nd pads exposed through the
openin6”5?9&%§“§JSB€§#H§3%%?ﬁ%@%i5§%§5®%ﬁﬂé§pgﬁggo t he bond pad fingers. 2.
The sem conductor assenbly of Claim1, further conprising an adhesive | ayer
i nterposed hetween the die and the support substrate, ) )

4, The semiconductor assembly of Claim 2, wherein the adhesive layer comprises a pair of

adhesive strips positioned on opposite sides and adjacent to the I-shaped opening.

5. The semiconductor assembly of Claim 1, further comprising a gap between a peripheral

edge of the die and the opening of the support substrate.

6. The semiconductor assembly of Claim 1, further comprising a hole adjacent the opening of

the support substrate, the hole providing a passage through the support substrate.
7. The semiconductor assembly of Claim 1, further comprising a gap between a peripheral
edge of the die and the opening of the support substrate, and a hole adjacent the opening of the

support substrate, the hole providing a passage through the support substrate.

8. The semiconductor assembly of Claim 1, further comprising a plurality of solder balls

mounted on ball pads adjacent to the bond pad fingers.
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3. The sem conductor assenbly of Caim2, wherein the adhesive | ayer
conprises an |-shaped opening corresponding to the opening of the support
substrate. 4. The sem conductor assenbly of Caim2, wherein the adhesive

| ayer conprises a pair of adhesive strips positioned on opposite sides and
adj acent to the I-shaped opening. 5. The sem conductor assenbly of Caiml,
furtherg p

openi g of LTS e B o AR B i O Ch AP B0l PEine |
f urt hermeldmyrdoshpdynd, dndltee setjoad emifadelte tigpdiningnhcoterethe support substrate,
the hol e providing a passage through the support substrate. 7. The

sem conduct or assenbly of Claim 11, further conprising a gap between a

peri ph (@ t ni f t

Dol agl acenfheiqsf,'m%ondngtﬁg ?sfe?{%ﬁ/ Bﬁglggggr + Wher lsnttkggld%é’?rﬁ%%s c‘e&grsggflﬁ ofgﬂgd%
passagaugb@@#ghbyh@r@uam@nbnﬁumgarate 8. The sem conductor assenbly of
Claiml, further conprising a plurality of solder balls nounted on bal

pads adjacent to the bond pad fingers. 16 9. The semn conductor assenbly of

Clain11 ei n t.he sides q vered b 0

and ¢ hellsecontF S et f SsinlySr Clefnle o Bk Pind SoldiRe S i o RIHE
assenbltye 6perfh@ brmaoveﬁhgﬂwwbﬁdﬁﬁd@ des and the second surface of the die

are covered by t he nol di ng conpound. 11. The sem conductor assenbly of C aim

1, further conprising a nolding compound filling the opening and covering

he b 2 i f
L oo Mh: PR B sehiedidiigOE RSO GF ClaprR T SR Rl Paelh e iR 2 M

sem conshGéPbf PeEikadasfaccdiRhé 8ieNg: @ sem conductor die nmounted on a support
substrate; the die having a first surface, a second surface, and sides, and

a plurality of bond pads nounted in an |-shaped | ayout on the first surface

of theld’;d' e’AsQr%w%H@xP%rpal%Hgé &%8’8%1?‘%' ng a first side, a second side, an

| - shaped’ openi ng, pad fingers nmounted on the first side

of the suppariensivhistutrt dieandumted ag artippot stdbetraaethé d¢E havirg a fitsk silirfsdef 4 sendf
the die nopunted onto the_second side gf the support substrate with the bond

pads eXHaseand sidsy gnd empduralimihynd padsiountedh b an kehseed lyeubemthedhrettiface oo

Egﬁpboqge BRI el PSP sutRRGhetiGingdd: HAIS sRAdEadl bff 1SRN el g BRSPS
bond pad fingers mounted on the first side of the support substrate and adjacent to the opening; the

first surface of the die mounted onto the second side of the support substrate with the bond pads
exposed through the opening of the support substrate and connected to the bond pad fingers; and the

bond pads on the die covered by a molding compound.

14,  The semiconductor package of Claim 13, wherein the sides of the die are covered by the

molding compound, and the second surface of the die is uncovered.

15. The semiconductor package of Claim 13, wherein the sides and the second surface of the die

are covered by the molding compound.

16. The semiconductor package of Claim 13, further comprising a gap between a peripheral edge

of the die and the opening of the support substrate.

17.  The semiconductor package of Claim 13, further comprising a hole adjacent the opening of

the support substrate, the hole providing a passage through the support substrate.
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14. The sem conductor package of Claim 13, wherein the sides of the die are
covered by the nolding conpound, and the second surface of the die is
uncovered. 15. The sem conduct or package of C aim 13, wherein the sides and
t he second surface of the die are covered by the nolding conpound. 16. The
sem conduct or package of Claim 13, further conprising a gap between a

peri pheyal e f i : ni f . p trate, 17
The Ser Sonantk 7 saitiyd R o CRSPRr (i ol RY ARG e BiPhadlpoee
t he opestithgdRfanditheosendRos f the shgiorahubstritbendal Rl Pidydedt 18 dpeRing AR stqu)@'ﬂgh
the support substrate. 17 18. The sem conductor package of Caim 13, further
conpr i sfubgirateghp hpletrreeding anrassagsdirangle thyessuppart substraice and t he openi ng of

t he support substrate, and a hol e adjacent the opening of the support
substrate, the hole providing a passage through the support substrate. 19. A

sem conthict oA spRsdoR@Bctof PATRAES icBBprisingen conduct or di e nounted on a support

substrate; the die having a first surface, a second surface, and sides, and
a plurality ofemispeiusirishamonnied ops sappqrt swhspals; thaylbubavome & st shrfage, 8 gedoate

of the_ _die; the.suppart substrate having a first,side,.a second side, .an

1 shapedBEe G R AR SRR BuRer & LhERH B ERA it et te
of the hURRYkHe KipPsit kabtratiBhvath A6RNEIdER 0ndNREAINT:shhP&l ofeninyl a pHirhiagefof

the die nounted onto the second side of the support substrate wth the bond

pads ebqrdad fingersugeuntedon gerdfitaipids ofthe suppopioubstzaibend adjeceahth hewpewngdhe o

he b defi . b : h ' f.th |
cover oo 5y fise REFE e FRnisd ne R e DS AL O ulp S tipé Db Eplohaos

uncover@gosetllthrdhghehé 6Femhicsd ihe PEoagRbstENERid Sdridgited t6HFI A0 PUE Fidperd] £nd the
nounted on a suggort substrate; the die having a first surface, a second

sur f acebondnegds andids sides @f thelie ptgl Gop gred by sbamnofhies corppeinsl apd thersesangrtupiage of
| ayout tﬂgd}ehigutll;cg\%}e urface of the die; the support substrate having a
first si'de, a second side, an |-shaped opening, a plurality of bond pad
fingers nounted on the first side of the support substrate and adjacent to

the opening; the first surface of the die nounted onto the second side of
t he sup%)ort A3FBIGoRAUCR) PATkesfe CHBRESIP&s exposed through the opening of the

support, %&9@@5&%@%8%@@% %(.imf)ﬂ%ﬁ L shaedmpact fdviges st )@/ﬁﬁ&b%{’@ﬂé suft@ds.

t he sides and the second surface of the die are covere e I ng
conpourehd sities, Bdseptucditd ot bard prds kengoteddoapdiskipegd:layout on the first surface of the die;

the support substrate having a first side, a second side, an I-shaped opening, a plurality of bond pad
fingers mounted on the first side of the support substrate and adjacent to the opening; the first
surface of the die mounted onto the second side of the support substrate with the bond pads exposed
through the opening of the support substrate and connected to the bond pad fingers; and the bond

pads, the sides and the second surface of the die are covered by the molding compound.

21. A semiconductor package, comprising:

a semiconductor die mounted on a support substrate; the die having a first surface, a second
surface, and sides, and a plurality of bond pads mounted in an I-shaped layout on the first surface of
the die; the support substrate having a first side, a second side, an I-shaped opening, a plurality of
bond pad fingers mounted on the first side of the support substrate and adj acent to the opening; the
first surface of the die mounted onto the second side of the support substrate with the bond pads

exposed through the opening of the support substrate and connected to the bond pad fingers, and a
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a sem conductor die nmounted on a support substrate; the die having a first
surface, a second surface, and sides, and a plurality of bond pads nounted
in an | -shaped | ayout on the first surface of the die; the support
substrate having a first side, a second side, an |-shaped opening, a
plurality of bond pad fingers nmounted on the first side of the support
substr i f d
onto 1 e SenneRREERGp QR D Ee g e Henir i SRR s 4T AR
t hr oughntthedepenered befa mbldigamopdundubst rat e and connected to the bond pad
fingers, and a 18 gap between a peripheral edge of the die and the opening
of the support substrate; and the bond pads on the die covered by a nolding
conpoung. 22, conprising: a sem conductor die
nnuntegﬂon a gﬁ%%@ CQQﬂﬂg%%{ Qgﬁﬁﬁgﬁﬁe having a first surface, a second
surface, and sshdeshduatod dit hbutted o ¥ s@fpopiosullstpacsheaietaethg fiRnsurf&b aepwdond

| ayout on the first surface of the die; the support substrate having

first shfece andaidennandpaairaliy qfbond pads BpEHEh Y aml-theped lapaicenthe ﬂrﬁéUEfp%erﬂfng
thr Othhe AE: @%%ﬁ%é 614 s%ibsf?‘ﬁg h%wglg%rf?rl f stlé/e gfsec %%CL & ag?fl) F%)%H%Bgﬁ) H ,;eg(%lggdj%pe%t

first S|de (o) tra acen

sur f aceh®bpenley M(ﬁ]gﬂﬂﬁh@bﬂﬁtr@@t énd zhplu&ﬂﬁjb Bﬂboﬁd el M%]FMO&ME@% thesfikséidabethe
with the bond pads exposed through the opening of the support substrate _and

connec tsepparbsublsateend aé}@éerft ito rerapenmgdthe Hiasttioecpeiohpe dietgountpd ertadee saspedigh
the s u%gp o{ éﬁe %pgg%tsgbst AU H?h 91 g&ggg)épo%eé nxermgéhethg %nggg og}flg,?supp d{j Sltrate

conpoun m con uc
mount edn@RodneRtHANRO ftie Mﬂ%ﬁaﬂéﬁr%ers‘, Bed theohepronding 4 pdssigesttdugtiehe suppegond
surface, and sides, and a plurality of bond pads nounted in an |-shaped

| ayout SBbstakes apg ﬂsqbogldrpraa& en ge die Reveapdby e molsingsemposbst rate having a
first side, a second side, an |-shaped opening, a hole adjacent the opening
t hrough the substrate, and a plurality of bond pad fingers nmounted on the
first 9iBde o sétheondippqatksiehsdimptigngnd adj acent to the opening; the first
surface of the die nounted onto, the second, side of the support substrate
with the borfcfepaerndagiabdicanetiedigha srRpoBpRRsFRC:ohe fiwél%uwofg&stgtu ragesongng

ConneCtsﬁqua%e artlci"?ldpso Iaﬁld %ﬂlrzﬂ' HFbond EQ&; rﬂ&hrﬁe(ﬂ) ﬂdé}ﬁge@la ?%ﬂgﬁgtfﬂgt%ﬂglﬁ'cet&e
support su dtrate,; a gap between a perlp era ie and the
openi ngheodiet tfhe ssppmmlbsisatbhhvmga firstredde, heecdmirsmﬂepanit—sbapeﬂ lpeing, £halerndidcdny a
ol di n(t:lhe ope 1ng tﬂ:ougg the substrate, and a plurality of bond pad fingers mounted on the first side of the
support substrate and adjacent to the opening; the first surface of the die mounted onto the second
side of the support substrate with the bond pads exposed through the opening of the support substrate
and connected to the bond pad fingers, the hole providing a passage through the support substrate;
and a gap between a peripheral edge of the die and the opening of the support substrate; and the

bond pads on the die covered by a molding compound.
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