ﬁ;IJéSe52|"86nT). 12/ 08/ 2003 1 MOLDED STI FFENER FOR FLEXI BLE ClRELW;ﬁm/zmn
MOLDI NG BACKGROUND OF THE | NVENTION (1) FIELD OF THE | NVENTI ON Thi s
invention relates to the formation of nolded stiffeners which are fornmed at
the same time nolded circuit elements are forned. (2) DESCRI PTION OF THE
RELATED ART The processing of nolded flexible circuit t ass ' | res
the use of stiffeners to provide adequate rigidity of the fﬂ@&ﬂ“ﬂ@“NﬁMMhbly
-during processing. This invention describes the use of a nol de ”aé&j ener
to acconplish the required rigidity. U S. Pat. No. 5,635,671 to Freyman et

al . describes encapsul ation of an el ectronic device using injection nolding
wth a two piece nold using a degating region having a material chosen such

that the material Ln " 2210820032} b 0EBA} P UGRBIN! ™ @ weak bond

with the encapsul YR¥DED STIFFE

BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

This invention relates to the formation of molded

stiffeners which are formed at the same time moldgd circuit

elements are formed.

(2) DESCRIPTION OF THE RELATED ART

The processing of molded flexible circuit
assemblies requires the use of stiffeners to provide
adequate rigidity of the flexible assembly during
processing. This invention describes the use of a molded

stiffener to accomplish the required rigidity.

U. S. Pat. No. 5,635,671 to Freyman et al.
describes encapsulation of an electronic device using
injection molding with a two piece mold using a degating

région having a material chosen such that the material in
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~used. U S. Pat. No. 5,506,756 to Hal ey describes a ball grid array Fﬂ&ﬁ?%ﬁm
containing an integrated circuit die that is directly nounted to eithte
*heat sink or a printed circuit board. U S. Pat. No. 5,241,133 to Millen,
1l et al. describes a | eadless pad array chip carrier package. A

sem conductor device is electrically wire bonded and attached with
conductive adhesive to a netallized pattern on a printed circuit board.

1 h " 11 12/08/2003 3 SUMVARY OF THE | NVENTI ON Fl exible circuits are
frequently used in electronic circuit packaging. Mlded flexible circuit

el ements are formed on a flexible tape so that several such circuit

el ements can be processed sinultaneously _for such operations as electronic
chip_at t aGiEteqatling DEBIoA! FAEITD el AR IATH BhiOBnoShiligters ar e
required to provide adequate rigidity to the flexible circults for these
processi ngagag@erations. Figs. 1 and 2 show a nunber of flexible circuit s
elements 12 fornmed on a flexible tape 10. The detail of the circuit

el enents 12 is not shown here but the circuit elenments typically include a
die in a nolded encapsulation. A stiffener 19 is attached to the assenbly
to provide rigidityUd8ri Rgtt hio procEdsith dweHailleyndesThibesfadxall e
circuit assenblies nmust use a stiffener 14 to add rigidity during}these

pr ocessi nd@TfeAEd¥n#agkagehrentrininghan imtegrated pareanbveie sthathe | ast

operation of 418 R19° 5t LE% Flr MRSk b¥ a printed

circuit board.

U.S. Pat. No. 5,241,133 to Mullen, III et al.
describes a leadless pad array chip carrier package. A
semiconductor device is electrically wire bonded and
attached with conductive adhesive to a metallized pattern on

a printed circuit board.



~It-i's a principle objective of this invention to provide a method of
formng nolded flexible circuits which includes a nol ded stiffener BH@84e003
‘not require an additional stiffener to be attached. 12/08/ 2003 4 It is
anot her principle objective to this invention to provide nolded flexible
circuits which include nolded stiffeners and do not require additional
.stiffeners to be attached. These objectives are achi eved by using a nold
section to formflexible circuit elenents on a flexible' tape. The nold
section includes circuit element cavities, a stiffener cavity, nold runner
cavities, and a nol di ng conpound cull bl ock. Uncured nol di ng conpound is
pl aced in the nol ding conpound cull blocR and fl owed through the nold

runner cavities into the ciiywMnRre! OFERiIE CRNVENEONMND the stiffener cavity.
The nol di ng conpound is cured and the nold section renoved | eaving nol ded

circuit elenments and stiffeners fornmed on the flexible tape. The nvol ded
circuit elenents, which will be explained in nore detail later, include a
circuit die and wiriFiexifle wilrdedtst aféeficequertiy dseaddquat e sti ffening
for subsequent processing operations and no additional stiffeners are
requi red. FheckrPrie wirqrignpasckegiange Welded flexihlecedgiongtand are

renoved mhef t he, nol de cir%yit el epents_are renoved fromthe flexible
t ape. elements are formed on a flexible tape so that several such

circuit elements can be processed simultaneously for such
operations as electronic chip attachment, wire bond
attachment, and encapsulation. Stiffeners are required to
provide adequate rigidity to the flexible circuits for these

processing operations.

Figs. 1 and 2 show a number of flexible circuit
elements 12 formed on a flexible tape 10. The detail of the
circuit elements 12 is not shown here but the circuit
elements typically include a die in a molded encapsulation.
A stiffener 14 is attached to the assembly to provide
rigidity during the processing operations. These flexible
circuit assemblies must use a stiffener 14 to add rigidity
during these processing operations and this stiffener which:
must be removed at the last operation of the process, adding

cost and complexity.

It is a principle objective of this invention to
provide a method of forming molded flexible circuits which
includes a molded stiffener and do not require an additional

stiffener to be attached.



+ 12/ 08/ 2003 5 BRI EF DESCRI PTION OF THE DRAW NGS Fig. 1 shows a top view of a
‘conventional flexible circuit assenbly with a stiffener attached. Filg/08/2003

shows a cross section view of a conventional flexible circuit assenbly with
a stiffener attached. Fig. 3 shows a bottomview of a nold section used to
formthe flexible circuit assenbly with stiffeners of this invention. Fig.
4 shows a top view of the flexible circuit assenbly with a nol ded stiffener
of ‘this invention. Fig. 5 shows a cross section view of the flexible
circuit assenbly with a nolded stiffener of Fig. 4 along line 5-5 of Fig.
4. Fig. 6 shows a cross section view of the flexible circuit assenbly with
a nolded stiffener of Fig. 4 along line &6' of Fig. 4.

It is another principle objective to this
invention to provide molded flexible circuits which include
molded stiffeners and do not require additional stiffeners

to be attached.

These objectives are achieved by using a mold
section to form flexible circuit elements on a flexible’
tape. Thelmold section includes circuit element cavities, a
stiffener éavity, mold runner cavities, and a molding
compound cull block. Uncured molding compound is placed in
the molding compound cull block and flowed through the mold
runner cavities into the circuit element cavities and the
stiffener cavity. The molding compound is cured and the
mold section removed leaving molded circuit elements and
stiffeners formed on the flexible tape. The molded circuit
eléments, which will be explained in more detail later,

include a circuit die and wiring.

The molded stiffeners provide adequate stiffening
for subsequent processing operations and no additional
stiffeners are required. The molded stiffeners can be used
in the processing and are removed when the molded circuit

elements are removed from the flexible tape.



.12/ 08/ 2003 6 Fig. 7 shows a cross section view of a first exanple O{L@m_2003
circuit elenent on a flexible tape. Fig. 8 shows a cross section viem/o{ a
* second exanple of a circuit elenment on a flexible tape. 7 DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS 12/ 08/ 2003 Refer nowto Figs. 3-6 for a detailed

description of the preferred enbodi nents of the nolded flexible circuit
assenbly of this invention. Fig. 3 shows a bottomview of a nold section 25
which will be used to nold circuit elenents and stiffeners for the nol ded
flexible circuit assenbly. The nold section 25 has a nol di ng conpound cul

bl ock 21, a first nold runner cavity 19, a stiffener cavity 17, second nold
runner gate cavities 15, and circuit el efrent cavities 11. The nol di ng
conmpound is a materi al a ed.p er. . em cured state
which is later cured us?ﬁgafi§§§§§35?29§e§5t39g.Bﬁﬁﬁgﬁﬁﬁbn mol ding is
described in a Patent Application (ST-98-001) entitled "A DI SPOSABLE MOLD
RUNNER GATE FOR SUBSTRATE BASED ELECTRONI C PACKACGES", Serial Nunber .
09/ 080, 106, Filed 1qt8:1 1998, | ot S . assi gpee jch is
i ncor por at ed her ei wygl'r ot er encse.aap%s@ésﬁ%%hwid# = g‘?oe v%ﬁl%ﬁii ﬁge’éb Bund

i s then cuietuss ra&génma,anﬁﬁrﬁraaeg@ﬂmeét&«%@& tween about 125C and
190C for between about one and two mnutes. The nobld section is then

renoved | eaving cured nol ding conmpound to forma first nold runner 20, a
stiffener 18, second nold runners 16, and nolded circuit elenents 12 forned

on the flexible tap@it0. 2Amhoous ed drsd G I Wickw asf daie, and
conventional flexible circuit assembly with a stiffener

attached.

Fig. 3 shows a bottom view of a mold section used

to form the flexible circuit assembly with stiffeners of

this invention.

Fig. 4 shows a top view of the flexible circuit

assembly with a molded stiffener of this invention.

Fig. 5 shows a cross section view of the flexible
circuit assembly with a molded stiffener of Fig. 4 along

line 5-5' of Fig. 4.

Fig. 6 shows a cross section view of the flexible
circuit assembly with a molded stiffener of Fig. 4 along

line 6-6' of Fig. 4.



. 12/.08/ 2003 8 any part of the first nmold runner 20 not on the flexible tape
*10 is renoved after the nolding is conpleted. Figs. 4 and 5 show an exanpl e
rof a nold section 25 providing two circuit elenments 12 each, howev e/ fff O3
sections having a larger or smaller nunber of circuit elenents, for exanple
one, three, four, or nore, can also be used. As can be seen in Fig. 4 the
'mol.d section can be used to repeat the pattern of circuit el enents any
nunber of times on the flexible tape 10 desired or needed. Mol ded circuit
elements 12 'and stiffeners 18 are fornmed on the flexible tape 10. The
stiffeners 18 provide rigidity to the nolded flexible circuit assenbly and
no additional stiffeners are required. Thg nolded circuit elenents 12 have

circuit dies attachpgg.havenwivsi BYcabkac :Qt ircuit dies, and can
have via holes formed in the flexible ?a%geggggn ?ﬁ§l8% thlﬁgids of a

particul aexamptei bffa eiesent 82eheAt SACal FeXi b‘ie%&%” assenbl i es have
sufficient rigidity supplied by the nolded stiffeners “for subsequent
processi ng operations such as formng wiring traces on the first or second
surfaces of the flexible tape 10 or attachment of circuit dies to the
flexible tape 10. Fi@/o8/gbods%aFtgosd s8eWsohOviewDbEed ShkeHit el ements
12 on a segnent of the flexible tape 10 however nore or fewer nol ded
circuit EEMe 4D aneibeusbrekement aoseanebexdblél expble tape 10 and
processed as a group. Fig. 5 shows a cross section of the flexible circuit
assenbly along the line 5-5" of Fig. 4 showing nolded circuit elenents 12
on a segnent of flexible tape 10 with no additional stiffener attached to
the flexible tape 10. Fig. 5 does not show the wiring and circuit dies of
the nolded circuit elenents. Figs. 7 and 8 show nore detail of exanples of
nol ded circuit elenents and will be described |ater. Fig. 6 shows a cross
section of the flexible circuit assenbly along the line 6-6' of Fig. 4
showi ng a nol ded stiffener 18 on a segnent of flexible tape 10 with no
additional stiffener attached to the flexible tape 10. The nol ded
stiffeners 18 are fornmed at the sane tine the nold runners and nol ded
circuit elenents |2 are fornmed and do not add any processing steps or

conpl exity. The nolded stiffeners 18 can be renoved fromthe nolded circuit
elements 12 at the same tinme the nold runners are renoved after the
processing of the nolded circuit elenents has been conpleted. The renoval
of the nolded stiffeners 18 does not add any processing steps or conplexity
to the renoval of the nold runners, since the final package form does not
normal Iy include nold runners. 12/ 08/ 2003 10 Refer now to Figs. 7 and 8
for a description of some particul ar exanples of nolded circuit el enments
2. Fig. 7 shows a first exanple of a nolded circuit elenment 12 having a
circuit die 30 attached to the flexible tape 10. The flexible tape 10 is a
flexible material such as polyimde or the |ike. Copper pads 34 are forned
on the opposite side of the flexible tape fromthe circuit die 30. Wre
bonds using a material such as gold wire 32 are bonded to the circuit die
30 and to the copper pads 34 through via holes 40 in the flexible tape 10.
Sol der balls 36 are attached to the copper pads 34 through a sol der nmask 38
formed of a material not wettable by the solder. The circuit die 30 and
gold Wre 32 are encapsulated in a nol ded encapsul ant using the nol ding
process described earlier. Fig. 8 shows a second exanple of a nol ded
circuit element 12 having a circuit die 30 attached to the flexible tape
10. The flexible tape 10 is a flexible material such as polyimde or the
like. Via holes 41 is fornmed in the flexible tape 10 and copper pads 35 are
formed on both sides and in the via holes 41 of the flexible tape 10. Wre
bonds using a material such as gold wire 32 are bonded to the circuit die
30 and to the copper pads 35. Solder balls 36 are attached to the copper.
pads 35 through a solder nask 39 fornmed of a material not wettable by the
solder. The circuit die 30 and gold wire 32 are encapsul ated in a nol ded



. 12/.08/ 2003 11 encapsul ant using the nol di ng process described earlier.

‘These exanpl es have used particul ar designs of nold sections and nol ded
.circuit elements. It will be readily apparent to those skilled in tid08r3003
that different nold section designs and nolded circuit el enment designs can
al so be used as long as the designs includes a nolded stiffener. Wiile the
i nvention has been particularly shown and described with reference to the
preferred enbodi nents thereof, it will be understood by those skilled in
the art that various changes in formand details nmay be nade wi thout
departing fromthe spirit and scope of the invention. 12/ 08/ 2003 CLAI M5

12 1. A nmethod of o i sing: providing
a nold section hav{T%ﬁEéH%@&ﬁ%ﬁb%% uﬁgk%5§$§$?%ﬁébni¥éﬂj st mol d runner
cavity connected to said nolding conmpound cull block, a stiffener cavity
connected to said first nold runner cavity, a nunber of circuit cavities, a

nuber of second molkdinaes, €RVEGLES 90BNEGEES dO AUl (dlee i By unner

cavity wherein each of said second™nold runner cavities i's con 8d to one
of said cié6futke opddra®d RMBYadnBELS bF crhd! foldde £IAYIE RY raudynber of
circuit die attached to said flexible tape; providing a nolding conpound;

pl aci ng sadssemtbly seCttilds dnveaitdohl exFbge 3 agteowo\eetiatgomaivd ewi bguat di e;
pl aci ng sai d nol di ng conpound in said nolding conmpound cull bl ock of said
nmol d sect i BPA A f$eRBinn 2B whishdwhdlcbapesed thrmnigh ciaicnifti edemeokd runner
cavity and_s |%Jr ond mgld r nneragaV|t|es into said circuit _cavities,

covering saf qeﬁﬁ &0Tahhesap E?lf*%ﬁﬁﬁl?xﬁﬁﬁ%Pltcﬁﬁﬁﬁ§b§Xld nDIdlng
compound ther ey d YdEYIdn b &,Qge C*éf&lrﬂ etj:oem”;?or}}nsd W sEhbEgngLs gn said

f:l exi bl e tape; and renDV|ng sal sec
first mold runner cavity 19, a stiffener cavity 17, second

mold runner gate cavities 15, and circuit element

cavities 11. The molding compound is a material such as a

compacted powder in a semicured state which is later cured

using time .and temperature. Injection molding is described
in a Patent Application (ST-98-001) entitiéd "A DISPOSABLE

MOLD RUNNER GATE FOR SUBSTRATE BASED ELECTRONIC PACKAGES",

Serial Number 09,/080,106, Filed May 18, 1998, and assigned

to the same assignee which is incorporated herein by

{ reference.

As shown in Fig. 4 the molding compound is then
cured using time and temperature, such as between about
125°C and 190°C for between about one and two minutes. The
mold section is then removed leaving cured molding compound
to form a first mold runner 20, a stiffener 18, second mold
runners 16, and molded circuit elements 12 formed on the

flexible tape 10. Any cured molding compound residue, and



0 i i i d nol di ng conpound, j
. 03 13 2. The method of claim1 wherein said _ !
'ﬁ§;?823?ed material. 3. The nmethod of claim1l wherein said nolding g%k%é@%@

[ ' 4. The method of claiml

s onpact ed powder in a senmicured state. _
Q;e?efnngaid flgxible tape is Poly|g1g$ gaPFéx?bllhﬁaggﬁrg? og C#ﬁgnhéthod
wherein said flexible tape is forne _ . & T

' ' ' ' ' | di ng conpound uses tine a
of claim1 wherein said curing said no . ( es time and

f claim1 wherein said flexible tap

T e e a econd o0 ia hol bet ween said first surface and
first surface, a second surface, via holes _ f ace and

[ | ectrical traces forne
said second surface, and further conprises e [ical traces formed on

' e or said _second surface. 8. The nethod o .
sl d f1exi bREY; BREThAE &hei firstuneld sunnese achotuchaehe Fdxibaehol es
bet surface apd said second surface and further conprises

gfégf?Pczﬁi?F§%225f6?n£am%%e AEey ridte M@kding disd compdetedond sHgEacs.

| rein no additional means of

127708/ 2003 3fta%s ;qugwrr%t,h Qallgt;lé:loatl en%j]in esection 25 providing two

stiffening said flexible fape 135 Usé€d.
circuit elements 12 each, however mold sections having a

larger or smaller number of circuit elements, for example

one, three, four, or more, can also be used. As can be seen
in Fig. 4 the mold section can be used to repeat the pattern
of circuit elements any number of times on the flexible tape

10 desired or needed.

Molded circuit elements 12 ‘and stiffeners 18 are
formed on the flexible tape 10. The stiffeners 18 provide
rigidity to the molded flexible circuit assembly and no
additional stiffeners are required. The molded circuit
elements 12 have circuit dies attached, have wiring attached
to the circuit dies, and can have via holes formed in the
flexible tape depending on the needs of a particular circuit
element design. The flexible circuit assemblies have
sufficient rigidity supplied by the molded stiffeners 18 for
subsequent Processing operations such as forming wiring
traces on the first or second surfaces of the flexible
tape 10 or attachment of circuit dies to the flexible

tape 10.



i i si ting said flexible
. 10 thod of claim1 further conprising separating ¢ ) _
‘i?;cz?s gFenents, including said circuit die, into individual said ¢2faBurdo3

~elements and renoving said first nold runners, said secon? nDL?Srunners,
and said stiffeners fromeach of said flexible circuit F ezg E7¥o
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ot 72 e s SRRy oS s prep suesase)
@p$10@&m&_(Fe$91038bf)thelﬂ3@kiﬁléF&i%ﬁﬁiﬂ)aééemblyFalong the line 5-5°'
"10% ()" 10%& () Y109%& () -

. 4 showing molded circuit elements 12 on a segment of
flexible tape 10 with no additional stiffener attached to
the flexible tape 10. Fig. 5 does not show the wiring and
circuit dies of the molded Ccircuit elements. Figs. 7 and 8
show more detail of examples of molded circuit elements and
will be described later. Fig. 6 shows a cross section of
the flexible circuit assembly along the line 6-6' of Fig. 4
showing a molded stiffener 18 on a segment of flexible tape

10 with no additional stiffener attached to the flexible
tape 10.

The molded stiffeners 18 are formed at the same
time the mold runners and molded circuit elements 12 are
formed and do not add any processing steps or complexity.
The molded stiffeners 18 can be removed from the molded
circuit elements 12 at the same time the mold runners are
removed after the processing of the molded circuit elements
has been completed. The removal of the molded stiffeners 18
does not add any processing steps or complexity to the
removal of the mold runners,'since the final package form

does not normally include mold runners.
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10
Refer now to Figs. 7 and 8 for a description of

some particular examples of molded circuit elements 12.
Fig. 7 shows a first example of a molded circuit element 12
having a circuit die 30 attached to the flexible tape 10.
The flexible tape 10 is a flexible material such as
polyimide or the like. Copper pads 34 are formed on the
opposite side of the flexible tape from the circuit die 30.
Wire bonds using a material such as gold wire 32 are bonded
to the circuit die 30 and to the copper pads 34 through via
holes 40 in the flexible tape 10. Solder balls 36 are
attached to the copper pads 34 through a solder mask 38
formed of a material not wettable by the solder. The
circuit die 30 and gold wire 32 are encapsulated in a molded

encapsulant using the molding process described earlier.

Fig. 8 shows a second example of a molded circuit
element 12 having a circuit die 30 attached to the flexible
tape 10. The flexible tape 10 is a flexible material such
as polyimide or the like. Via holes 41 is formed in the
flexible tape 10 and copper pads 35 are formed on both sides
and in the via holes 41 of the flexible tape 10. Wire bonds
using a material such as gold wire 32 are bonded to the
circuit die 30 and to the copper pads 35. Solder balls 36
are attached to the copper pads 35 through a solder mask 39
formed of a material not wettable by the solder. The

circuit die 30 and gold wire 32 are encapsulated in a molded
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encapsulant using the molding process described earlier.

These examples have used particular designs of
mold sections and molded circuit elements. It will be
readily apparent to those skilled in the art that different
mold section designs and molded circuit element designs can
also be used as long as the designs includes a molded

stiffener.

While the invention has been particularly shown
and described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art _
that various changes in form and details may be made without

departing from the spirit and scope of the invention.
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CLAIMS 12
1. A method of molding flexible circuit elements,
comprising:
providing a mold section having a molding compound cull
block, a first mold runner cavity connected to said molding
compound cull block, a stiffener cavity connected to said
first mold runner cavity, a number of circuit cavities, a
number of second mold runner cavities connecfed to said
first mold runner cavity wherein each of said second mold
runner cavities is connected to one of said circuit
cavities; .
providing a flexible tape;
providing a number of circuit die attached to said
flexible tape;
providing a molding compound;
placing said mold section on said flexible tape
covering said circuit die;
placing said molding compound in said molding compound
( cull block of said mold section;
flowing said molding compound through said first mold
runner cavity and said second mold runner cavities into said
circuit cavities, covering said circuit die, and said
stiffener cavify;
curing said molding compound thereby forming flexible
circuit elements and stiffeners on said flexible tape; and

removing said mold section.
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. 13
2. The method of claim 1 wherein said molding compound is a

heat cured material.

3. The method of claim 1 wherein said molding compound is a

compacted powder in a semicured state.

4. The method of claim 1 wherein said flexible tape is

polyimide tape.

o

5. The method of claim 1 wherein said flexible tape is

formed of a flexible material,

6. The method of claim 1 wherein said curing said molding

compound uses time and temperature.

7. The method of claim 1 wherein said flexible tape has a
first surface, a second surface, via holes between said
first surface and said second surface, and further comprises
electrical traces formed on said first surface or said

second surface.

8. The method of claim 1, wherein said flexible tape has a
first surface, a second surface, and via holes between said
first surface and said second surface and further comprises
electrical traces formed on said first surface and said

second surface.
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9. The method of claim 1 wherein no additional means of

stiffening said flexible tape is used.

)
10. The method of claim 1 further comprising separating said
flexible circuit elements, including said circuit die, into
individual said circuit elements and removing said first
mold runners, said second mold runners, and said stiffeners

from each of said flexible circuit elements.




