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CROSS—REFERENCE TO RELATED PATENT APPLICATIONS

This patent application is related to U.S. Patent
Application Serial No. 08/476,475, entitled, "METHOD FOR
FORMING REFLOWED SOLDER BALL WITH LOW MELTING POINT METAL
CAP", filed on June 7, 1995, U.S. Patent Application
Serial No. '08/476,474,- entitled, "REFLOWED  SOLDER BALL
WITH LOW MELTING POINT METAL'C ", filed on June 7, 1995,
U.S.. Patent Application Serial No. 08/476,466, entitled,
"METHOD FOR MAKING DIRECT CHIP ATTACH CIRCUIT CARD", filed
on June 7, 1995, and U.S. Patent Application Serial No.
68/476,472, entitled, "DIRECT CHIP ATTACH CIRCUIT CARD",
filed on June 7, 1995, presently assigned to the assignee
of the instant application and the disclosure of which is
incorporated herein by reference.

‘'FIELD OF THE INVENTION ' , o — -

The present invention relates generally to an
improved and cost saving Direct Chip Attach (DCA) on
Flexible : circuit carriers using Flip Chip Attach (FCA)
technology. More particularly, the invention encompasses
a structure where at least one Integrated Circuit Chip can
be directly attached to a flexible substrate. This direct
attachment can be done using C4 (Controlled Collapsed Chip
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Fl ELDFOF THE | NVENTI ON The present invention relates generally to an
|rrproved and cost saving Direct Chip Attach (DCA) on Flexible circuit
carriers using Flip Chip Attach (FCA) technol ogy. Mre particularly, the .
i nventi on enconpasses a structure where at | east one Integrated Grcuit
Chip can be directly attached to a flexible substrate. This direct
attachment can be done using C4 (Controlled Col | apsed Chip

Connection) technology by capping the already -reflowed
solder balls and forming a eutectic solder composition. A
method for such direct chip attachment to the flexible
card is also disclosed.

BACKGROUND OF THE INVENTION

Semiconductor devices are becoming smaller and more
dense with the evolution of new technology. However,
increases in circuit density produce a correspond:mg
challenge to improve chip and chip connections in order to
remain competitive. Whereas significant process
improvements are ©being made by reducing process
variability, process improvements alone are not sufficient
to increase both yield and reliability'o-f these products.
Further, the packagihg technology has not been able to
keep pace with IC (Integrated Circuit) chip
miniaturization for performance improvements. .

Electronic products typically comprise of plurality
of components. The packaging of these components follow a
hierarchy where an Integrated Circuit (IC) chip comprising -
of semiconductor micro-devices are connected (lst level
assembly) to carriers made of ceramic or organic laminates
comprising one or several layers of metal interconmection -
lines. These carriers may also contain some other
discrete devices like capacitors, resistors etc. Thus
assembled carriers with IC chips, along with some kind of
sealing and cooling methodology, are called modules.

These modules; in turn, are connected to cards (2nd
level assembly) usually made of organic laminates with-
printed circuits on either side of the card.
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conmponent produlc®V miniaturization by eliminating first, second or
both levels of packaging. For example, in Direct Access
Storage Discs (DASD), read/write functions provided by a
static region, comprised of IC chips on an; input card, are
cross linked to a dynamic region, comprised of memory
discs, via Fiexible "Printed Circuit Boards. A close
proximity of static and dynamic regions is required to
increase the performance of such DASD. This requires
direct bonding of IC chips on Flexible circuit carrier
connected to the disc drive.

The Tape Automated Bonding (TAB) is the most common
method presently used for chip attachment on Flexible .
circuit carrier because it is also the most common method
for first level packaging and it is suitable for mounting
on flexible base. | .

However, TAB is not capable of taking full advantage
of the Very Large Scale Integration which not only
requires close spacing of I/0 pads but also requires an
array pattern to accommodate the vast number of I/O pads.

The TAB itself is a first level of packaging,- hence -
TAB mounting of chips on Flexible circuit carrier
precludes it from the Direct Chip Attach technology.

Another shortcoming of TAB is that it requires
additional space to accommodate the wire leads, this
limits its capability in bringing the static and dynamic
regions close enough. |

Yet another 1limiting factor for use of TAB is
difficulty in testing and/or burning-in of these -siounted



hieratchy where an Integrated Crcuit (1C chip conprising of sem conductor
m cr o- devi ces are connected (1st |evel assenbly) ] E"r
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I nt erconnection |ines. These carriers my aliso B - _Sone.
di screte devices |ike capacitors, resigstors etc. Thus assenbl ed carriers
with I C chips, along with some kind of* Sealing and cool i ng net hodol ogy, are
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Direct Access Storage, Discs (EMx[%, read/wite functions provided by a
 The C4 or Controlled Collapse Chip ' Connection
technology has been successfully employed for 1st level

assembly of chip on ceramic carriers. The C4 technology

is described in détail by many authors, see for ?xample,
Microelectronics Packaging handbook, edited by, Rao R.
Tummala and Eugene J. Rymaszewski, pages 366-391 (1989),
the disclosure of which is incorporated herein by
reference. '
The C4 interconnection is comprised of two main
elements, a solder wettable pad called Ball Limiting
Metallurgy (BLM), and a ball of solder. The BLM is
comprised of an adhesive layer like Cr or TiWw, and a
solder reflowable layer like copper or nickel. The BLM
- materials and their thicknesses are judiciously chosen to
provide good and reliable electrical, mechanical and
thermal stability to  interconnect structure. The solder
material used for C4 is preferably a low percentage (about
2 percent to about 10 percent) tin alloyed with lead.
This combination is used: ' ' e -
(i) to prevent melting of the reflowed solder ball
or C4 during the next level of packaging interconnection,
(ii) to reduce reaction between copper of BLM and
tin, as high stresses resulting from excessive cdpper—tin
intermetallic imparts a high stress concentration on
underlaying passivation, and,
(iii) for better thermal fatigue characteristic

offered by lower Sn (tin) percentage. -
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, of these %Ougb%%t 380 °C) precludes the use of organic card

material.

There are two ways to lower the joining temperature
- for DCA. One approach is to provide an eutectic (or lower
melting) solder on a card metallization. A method
pertaining to this approach is described in US Patent
No. 4,967,950 to Legg and Schrottke, which is presently
assigned to the assignee of the instant patent
application. "Legg and Schrottke describes a general
scheme for attaching IC chips to flexible substrate
(laminate) using C4s. The substrate is "tinned" with an
alloy of eutectic composition in its contact region with
the solder balls on the base of the chip.

The method of pre-coating the c_ard, or an organic
carrier, by eutectic solder is taught by Fallon et al.,
U.S. Patent Application Serial No. 08/387,686, entitled -
"process for Selective ,Applidation of Solder to- Gircuit -
Packages", filed on February 13, 1995, and the disclosure
of which is incorporated herein by reference. In this
method, eutectic solder is electroplated on copper
conductors of printed circuit card precisely where the
Chip C4 bumps would make contact. -

Another method of pre-coating the card, or an organic
carrier, by eutectic solder is taught by Nishimura, U.S.
Patent 5,238,176, entitled "Method and apparatus for
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A method for flexible substrates, which matches the
Legg and Schrottke's scheme of "tinning" the substrate
with eutectic alloy, is shown by Milkovich et al., in U.S.
Patent Application Serial No. 08/071,630, entitled
"Manufacturing Flexible Circuit Board Assémblies with
Common Heat Spreaders"™, filed on June 3, 1993, and
assigned to the assignee of the instant patent
application, and the disclosure of which is incorporated

herein by reference. In this method, "decals" of eutectic
solder balls with requ;red footprint are first formed
which is subsequently transferred on the flexible circuit
carrier. Decals are formed by electrbplating solder balls
on a stainless steel plate. This method requires a photo-
imageable solder mask on the Flexible circuit carrier
circuit, holes corresponding to the required footprint are
déveloped out in this mask. The decals are transferred by
placing the flipped stainless steel plate on -flexible -
circuit carrier card and reflowing. Flexible printed
circuit cards are typically made of polyimides, for
example Pyralux (Trade Mark of E.I. duPont de Nemours &
Co., 1Inc.). Using this technique, Milkovich et al.,
"Double Sided Flexible Carrier with Discretes and
Thermally Enhanced FCA/COF" IEEE 43rd ECTC Proceedings,
June 1993, pages 16-21, have demonstrated methods of
circuitization and device attachments on both sides—&f the
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(i) to prevent nelting of the reflowed solder ball or C4 durding the next

[ evel of packagi ng i nterconnecti on, (i1) to reduce reaction between
copper of BLMand tin, as high stresses resulting from excessive copper-tin
intermetallic inparts a high stress concentration on underl aying

passi vation, and, (rii) for better thermal fatigue characteristic
offered by |ower Sn (tin) percentage. 7 -
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mel ting point of IS re
temperature for Direct Chip Attach (bCA), is to provide a

low melting Solder On Chip (SOC) C4 rather than on the
carrier conductor. Carey et al., in U.S. Patents No.
5,075,965 and Agarwala et al., in U.S. Patents Nos.
5,251,806 and 5,130,779, which are presently assigned to
-the '-assi'gnee of the instant patent application, and
Japaneée Patent Publication No. 62-117346 to Eiji et al.,
describe various schemes to provide low melting solder on
chips. Carey et al., in U.S. Patent No. 5,075,965,
disclose a method, where an inhomogeneous, anisot_ropid
column consists of lead rich bottom and tin rich top of
sufficient thickness to form eutectic alloy. The
resulting as-deposited and un—reflo&ed column is then
joined onto the card's conductor.

To circumvent the thermodynamically driven tendency

for interdiffusion, Agarwala et al., in U.S. Patents Nos.
5,251,806 and 5,130,779, showed a structure where the low

melt component is separated from the high melt éomponent

by interposing a barrier metal layer. This stfucture does

show a hierarchy of solder material, however, in this
structure the column of high melting solder never get -
reflowed. Because, the stacked solder does not get
reflowed there is no metallurgical reaction between the
solder stack and the adhesive pad of BLM which is known to

cause poor mechanical integrity of the C4 joint.

— Eiji et al.l, in Japanese Patent Publication No. 62-
117346, describes an anisotropic column structure of low
and high melting solders. The basic objective " of this
inventio_n is essentially to provide an increase hefght of
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capping of lead with elther indium or tin for diffusion
bonding. In order to alleviate the problem of chip

ent

collapse onto the surface of the substrate an intermediate

temperature is emponéd. . ,
'For the purpose of this invention a bump completely
composed of low melting composition is a feature to be
avoided as the high tin content:teacts with all of the
copper of the adhesive layer (BLM) giving a thick
intermetallic layer. High stresses of reacted BLM have
been known to cause solder pads to fall off and to create

‘insulation cracking. The eutectic solder bumps also have

poor electromigration and thermal fatigue\lifetime. It is
also known that low melting eutectic solder suffers from
void formation due to thermal migration which causes
circuit failure. _

Yet another drawback of inhomogeneous, anisotropic
solder column is that this structure is unfavorable for
electrical tests of circuitry before joining the chips on
carriers as the electrical probes gouge into the low melt
cap during testing .and destroy the cap. Furthermore, for
the chip burn-in it is also not feasible to use any of the
known multilayered solder balls, as the temperature that
is generally used is between about 120 °C and about 150 °C
for burn-in which will cause inter diffusion of the low



-6+ forming bump”, assigned to the assignee of the instant patent
application, and the discl-osure. of which is i-ncorporated herein by
reference. In this method, precise amount of eutectic solder, in liquid
state, is injected at sites on copper conductors of lamnated circuit card
t hrough an injector head having openings pertaining to the card part nunber
used. The above nethods are limted to rigid substrates. A net hod for
f | exi bl e amldst theeshighi cheltt chompéhientegewi Selfioatd kehe sdbdn nof

"tinning th eutectic alloy, is shown by Cutting et al., in
U. S. Paten%)g%g%qgﬁ%%% I ssued 17 June 1997 and entitled "Manufacturing -
Fl exi bl e G rcuMhiBoainventionl ixslaties genepalgattoSpirteseonneckdon

di scl osur g nof eiBicthonid NeAmRey ! e%a'&‘i‘cra%'e'% by ah&f epspee- ?arkﬁlchﬁhii?t hod,
"decal s" of eutectic solder balls wth recﬁ__lw red footprint are frrst forrred

whi ch is §hR¥WEqRNPEY 1F11e%E ABkegsonnection Hiechnolegy &9 make apecal s

are formegikwcetl ahipprhttacamentde(DdE) | 6noFlaxiblenlasfami®ecipbatie This
met hod requires _a photo- inageabl e solder nask. The decals are transferred

by pl aci nfffKé®H i pped stainl ess steel plate on flexible circuit carrier
card and refAoworgling Fltaxi btlee ppresenit cinventiomaras mathodypiisal |y

made of pB.'chﬁ%% £SF S%%%Ein@”&é‘xfi&fgfe Mikclit carrier card
for direct device attachment using low melting Solder On
Chip (SOC) where the low melting eutectic alloy is formed
during joining operation and is localized at the tip o-f_
the standard high melting C4 ball. '

PURPOSES AND SUMMARY OF THE INVENTION

The invention’ is a novel method and structure for
providing direct device attach to flexible circuit card
using a novel solder interconnection scheme. _

Accordingly, it is a purpose of the present invention
to provide a method for preparing the flexible circuit
carrier card for direct device attachment using a novel
solder interconnection scheme.

Another purpose. of this invention is to provide a -
method for simultaneously j'oining devices on Flexible card
using the DCA/SOC, the method of the instant, along with
various Flip Chip, SMT and/or BGA (Ball Grid Array)
technologies. .

It is a further purpose of the present invention to
provide a method of directly attaching one or more of
devices using one or more of joining technologies and

———
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Still yet another purpose of this invention is to
provide a Flexible circuit carrier card with mounted-
devices which has low profile, is compact in design and
has low weight. ' |

Yet another purpose of this invention is to have a
Flexible card which is compatible with wafer level
electrical test and burn-in.'

Therefore, in one aspect this invention comprises a
method of directly attaching an electronic device onto a
‘flexible circuit carrier, said method comprising the steps
of:

(a) providing said electronic device with at least
one reflowed solder ball, wherein said reflowed solder
ball has at least one coating of at least one low melting
point metal to form a metallic cap,

(b) adhering at least one layer of at least one -
stiffener sheet with at least one thermo-plastic adhesive
onto at least one surface of a flexible sheet,

(c) forming at least one electrically conductive
metal line on said. at least one surface of said.flexible
sheet,

(d) . coating at least a portion of said flexible
carrier with at least one insulator material, and removing

. selective portions of said insulator material and ex®posing
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sites on said flexible circuit carrier,

(h) aligning and placing said electronic device onto
said flexible circuit barrier, such that reflowed solder
ball with metallic cap makes contacts with said solder

flux, ‘and upon heating forms an electrical connection

between said electronic device and said flexible circuit
carrier. |

In another aspect this invention comprises a flexible
electronic carrier comprising a flexible device carrier
and at least one electronic device electrically'connected
thereto by at least one solder ball, wherein said solder
ball has a cap of at least one low melting point cap
forming a eutectic.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the invention believed to be novel
and the elements characteristic of the invention are set
forth with particularity in the appended claims. The
drawings are for illustration purposes only and are not
drawn to scale. Furthermore, like numbers represent like
features in the drawings. The invention itself, however,
both as to organization and method of operation, may best
be understood by reference to the detailed desé‘fiption

t1ng sorder j di ni ng

in



metallic layer is secured to a chip and a substrate and a |ow nelting point
netallic layer is then fornmed. the two lownelting point netallic | ayers
are then joined and thereby the chip is joined to the substrate. | BM
Techni cal Disclosure Bulletin, entitled. "Indium Lead-Indium Chip
Joining", WA. Dawson et al., vol. 11, No. 11, page 1528 (April 1969),

di scl oses the standard cappi ng of | ead” %%t either indiumor tin for

di ffusi onyROEAI Fb1llowd) L4REH iR AdPmdEidewPERPLA® AccdihpPahPihgPse
onto the gsurface of the substrate an internmedi ate tenperature is enpl oyed.

For the pUFPBERISf 1PhWhichsention a bunp conpl etely conposed of |ow mel ting
conposition is a feature to be avoided as the high tin content reacts with

all of ‘the copper of the _adhesive |ayer L, iving.a thick interpetallic
Tayer. 1 gh o Eauges s sHONR & SaohaaRe te, 4 r Rt BAE S FUEE Daas
to fall oftdrnbert subsdéxiade rfmaning oat cieast ngneTHdexibdet ishestt deithunps

al so have, po e opi. L, O t | fatd jfetine. It is also
known tha?el gévaﬁ*{él ??‘%g%%&h C’bng%%del:é%;éﬁfogreztéf romévéo'i d formation due to
thermal mgration which causes circuit failure. Yet anot her drawback of

i nhomogeneous, ragi$at r 9P CshlEer aCotHgBs i Sedbifbnt bE SEHICILISiB1e
unfavorable for €electrical tests of circuitr beforgF oi ning the -chips on
carri ers TRt ecaTLieR; subsbEatg e & her | B | @ c%}%{ﬁ"?%

testing ande deséhoyetligedisinlEdthdlddyte onfeOladegictd.p burn-in it is also
not feasible to use any of the known multilayered solder balls, as the
tenperature that is generally used is between about 120 [err] C and about
150 [err] C Figure 3, shows a cross-section of the flexible

circuit carrier substrate after at least one 1ayér of an
organic material has been adhered adjacent to the
circuits. .

Figure 4, shows a flexible circuit carrier that has
been site-dressed for joining at least one electronic
device.

Figure 5, shows the securing of the flexible circuit
carrier of Figure 4, onto a support jig.

Figufe 6, shows the securing of one or more of
electronic devices onto the site-dressed flexible circuit
carrier card. )

Figqure 7, shows an enlarged view of a solc_ier ball
interconnect having at 1least one metallic cap being
secured to a single metallic—pad.



for burn-in which will cause inter diffusion of the |ow :
-9- and the high nelt components even before the joining operation begins.
This invention relates generally to interconnection in electronic CIrCUIt
-packages, and nore particularly shows a new sol der interconnection
technology to make a Direct Chip Atta nt (DCA) on Flexible organic
circuit carrier. According to théqgggsent I nvention a nethod is

provi ded for pFigaren®.t shéwsexabl endianged coossesectianadr wiewecofdevi ce

attachneng é’s'é‘tglé?i“’me t&PdonAbAE" OB %@fé@ Wya&f@& ! gghé' ng

eutectic allo during joining ation and [ ocali z at the
tip of . tHRL Jah‘aaPEdhﬁgﬁeﬁeFi‘?ngeGA-OHaPIPeratJ-PBRPOSES AND SUMVARY OF THE

| NVENTI ON

Figure 9, is an enlarged cross-sectional view after
at least one encapsulant has encapsulated at least one
solder connection of Figure 8. '

DETAILED DESCRIPTION OF THE INVENTION

The invention basically encompasses a flexible
circuit carrier with metallic conductor lines, such as,
copper. Openings are made at sites. which will be
electrically connected to an ‘electronic device using
reflowed solder with a metallic cap. Ashing of the
surface of the flexible circuit carrier could also be done
to improve the adhesion and the flow of encapsulants.
Solder paste could be screened for SMT, solder balls could
be placed for BGA, or, solder could also be placed by
solder injection for ,various flip chip attach methods.
Likewise, either one or both .surfaces of the flexible
circuit carrier could be prepared to secure various
electronic devices.

The invention also encompasses the formation .of a
direct chip attach (DCA) on the flexible circuit carrier
surface. This is done by aligning the solder
interconnections with a cap of low melting point metal on
the..chip with the corresponding footprints on the flexible
circuit carrier. The assembly is then held at a bias
temperature of about 150 °C and then individual chips are
heated, preferably with Infra Red (IR) heat source to a
temperature of between about 190 °C to about 220 2C in a



The i hvention is a novel method and structure for provi di ng direct device
attach to flexible circuit card using a novel solder interconnection

schene. Accordingly, it is a purpose of the present invention to
provi de a nmethod for preparing the flexible circuit carrier card for direct
devi ce attachnment using a novel solder interconnection schene. Anot her

purpose of this invention is to provi de @ et hod for sinultaneously joining
devi ces onifErege eorakd flsrmgn aBCMrﬁiﬁ:omﬁtmmt hatheofassembbgt di |

along wt ri or,
technol og!a(tel\sé{i)1 c l‘% gn urttq% Mg{]Sp pﬁ%%gryesegnéfg? nveg}\{%‘ci)nwtl&hprow de
a nmet hod ah dépexyl| P%&Qt&cmmmmnsecm agovi B€SOLsi4fgl bine Tmadenr e of

j oi ning tﬁﬁhl@()lu%cﬁ&b xter H sol of C?llfornla, USA. - 10 - having
flexibility to di scre y rermv and replace devices joined with various

t echnol ogi es.. AR %ﬁﬂ%‘?gﬁupﬁos@‘%ﬁ 1!\?%“?%%%?0?%1‘?5 fartyr bhnte the
Fl exi bl e giethdd £ dpfaMicsbRSsesk! wIhi tévdips bECRRSething, i.e.,

for highest 1level packaging, involving chip joining to
motherboard or flexible circuit carrier cards or PCMCIA
(Personal Computer Memory Card International Association)
cards. '

This invention basically came about as an unexpected
result which showed that low melting point solder that is
deposited atop a reflowed solder mass alloys only with
enough solder mass to form a volume of eutectic alloy. It
was also found that relatively little or no further inter-
diffusion took place even after multiple times of eutectic
melting cycles. This is believed to be due to that fact
that the amount of low melting point atop the solder mass
was equivalent to eutectic composition for the deposited
mass of low melting point metal. Thus, a desired volume
of eutectic 1iqu1d' atop a solid solder mass 1is formed
without any need for a barrier. A volume of eutectic
liquid remains present, whenever the joint temperature is
raised to eutectic temperature, e.ven after joining on
copper interconnections of circuit carrier; this liquid
formation at the 3joint interface presents an ideal
condition for easy removal of the joined chip for the
purposes of chip replacement without mechanically or
thermally affecting other components on the board.

As stated earlier "that the solder interconnections
using solder balls having a cap of low melting point metal
allows for making a low temperature chip attachment
directly to any of the higher 1levels of pa&kaging



per f or mance. Yet anot her purpose of this invention is to provide for a
Flexible circuit carrier card which i's lowin cost, easy to build and
possesses high reliability. Still yet; another purpose of this
invention is to provide a Flexible circuit carrier card with nounted
devices which has low profile, is compagd | I n design and has | ow wei ght.

Yet another purpose of this invention iSto have a Flexible card which is
conpat i bl substirateber LkﬁeérehwﬁrsdIdeﬁeﬁﬁlnnﬁaQUbaew1formed ubengf ore,

' h
el cctron BEABOREL” pebiis Pl EFERRRTONBA"ER BRe Bl Fand BﬁsﬁﬂpBPS?RQ
t he stepssmpoth surflacey ovi dAng lswier el et rmtcldevswlw tés at thimast one
refl oved eééaiahiy w%el elﬁal di g ehb%wit%al d@ﬁ t@}{é hap abs eghb one

coating of at least one [ ow ne t netal forma metal lic_ cap,
(b) adhefPhgesnt bpddst ofdhiswhrug %elr@%ﬂ%eﬂbt]ﬁqwl%ﬂe@f then at

Iﬁasi oneeﬁﬁéeﬁmcplaﬂby,adf@ﬁmae Qipch atsubeéqhealae sowf a@&nﬁératﬁkém bl e
snee

t | t l.ect I opductive ne line on
said st 1 dathibge SUPLEC. Br EOR 9.k shiger BAILGsveRaefsra
| east a pmultéplef low dehippgdthvre arefow witdlex. | east one i nsul at or

Tatertal and FRIRY AR CGbbY° nBY MUl Eindfd! SEUNE! YadFiSE! Bl AN
substrate to which the chip is to be joined, which makes
this method economical.

It has also been noticed that whenever température'is

- raised slightly above - the eutectic temperature, the
structure always forms a liquid fillet around the joint
with copper wires. This liqdid fillet formation results
in substantial thermal fatigue 1life improvement for
reduced stress at interface; and secondly, provides an
easy means to remove chip for the purpose of chip
replacement and field repairs.

These methods, techniques ' and metallurgical
structures enables direct attachment of devices of any
complexity to any substrate and to any level of packaging
hierarchy; thereby, making the products more economical
and more compact as well as resulting a Dbetter
performance. | |

+Referring now to the drawings, wherein like reference
numerals represent the same or similar parts throughout,
Figure 1, shows a flexible sheet 10, preferably a
polyamide based flexible material, on which at ieast one
metallic line, such as a copper film, is laminated using -
at least one first thermo-plastic adhesive 12, and then
the copper film is circuitized to form a plurality of
circuits 14. The flexible sheet 10, could be s€lected



.selettive portions of said netal line, and formng a flexible circuit
carrier, (e) screening eutectic solder paste to coat selective
sites on said flexible circuit carrier, (f) placing, said flexible
circuit carrier on an assenbly fixture to hold said flexible circuit
carrier, (g) dispensing at |east one solder flux at selective sites on
said flexible circuit carrier, - &)y aligning and placing said

el ectr onifiraheviaceguoup seompilisinkl cocganict sudbstimte suatulithiatlayét owed

solder b | & A ap .qnt ] sald s i and
upon hea?#rﬁgﬂff%r g%h%r? t¢=§.I(';i(§'ccet’ri ggégglg%%ne%&tb%ﬁ atet{émgélgsqi éﬁ g:lrie_ciférj%?\fc
devi ce aterAamir fswhksbrateir toi namgr gi §ew. To thpgegshiddiedhsiiecihenhi s

i nvent i on,,q0NPritSesod 18Xkt € HPetdi GH I itile CREHdWIY card L bl e

device carrier and at | east_one electronic_device electrically connected
substrate 15, could be made with interlevel wiring (not
shown) of one or more layers, and/or wiring channels on
either or both surfaces. For the ease of understanding.
circuits 14, are only shown on one surface.

After the circuit carrier substrate 15, has been
formed} at leést one stiffener 18, such as a metal foil
18_," or for example, an aluminum foil 18, is laminated on
the backside of the circuit'qarrier substrate 15, using at
least one second thermo-plastic adhesive 16, as more
clearly shown in Figure 2. It is preferred that the
thickness of the stiffener 18, is at least about 2 mil,
and preferably between about 3 mil to about: 5 mil. At
least one of the layers for the stiffener 18, could be
selected from a group comprising aluminum,’ molybdenum,
silicon, tantalum or titanium, to name a few.

As shown in Figure 3, a photo-imageable organic
material 20, such as, for example, PSR4000 (Trade Name
used by Taiyo Co., Japan), is then screened on top of the
circuit carrier substrate 15, and pre-baked at 80 °C. The
use of PSR4000 is optional. For the method of the present .
invention, the soldei: mask is not required. PSR4000 is
used here to demonstrate its need to act as solder dam to
prevent lateral flow of solder. The organic material 20,
is then exposed and developed.

- The organic material 20, is next cured at 150 °cC.
This curing process opens a large area, corresponding to
the device size. Holes corresponding to foot print of (of:
solder balls on IC chips are opened for devices to be

o
——,



,theréto by at |east one solder ball, wherein said sol der ball has a cap of

at | east one low nelting point cap formng a eutectic. BRI EF DESCRI PTI ON
OF THE DRAW NGS The features of the invention believed to be novel"
and the elenments characteristic of the invention are set forth with
particularity in the appended claims;5 _ The drawings are for illustration
purposes only and are not drawn to scale. Furthernore, |ike nunbers
represenbdﬂd&dieaﬂmmaspnodheedraMftgxiﬂmw ribkoni oxr i¢axdf 25hoveewver,
both as Eﬁfgﬁ%ﬁpl%ﬁ6WRn Egos of operation, may best be understood by
ref erence e alle i on -

12 - which fmﬂxﬂux¢aﬂenshp%%np fictiadh vwiew efe aacEbepiblenfigaithgs in
which:  carrier 23, having wires or circuits 14, and electrical

interconnections 22, 24, 26 and 28, to receive electronic
devices with various joining technologies. For example,
interconnection 22, could bg a pad 22, which is used for
joining of DCA/SCC, interconnection 24, could be solder
24, that has been placed using a solder injection method
for FCA (Flip Chip Attach). Similarly, interconnection
26, could be screened solder 26, such as BGA (Ball Grid
Array) 26, and interconnect 28, could be screened solder
28, for SMT (Surface Mount Technology); etc..

" The surface of the organic material 20, can
optionally be oxygen ashed at about 130_mT pressure for
about 30 minutes. This roughens the surface of the
organic material 20, and this surface roughness improves
the flowability of chip encapsulant which are used later.

Figure 5, shows the flexible circuit carrier 23,
after it is placed on a specially designed fixture or jig
30. The jig or fixture 30, is preferably méde of a glass
re-enforced thermosetting polymer. - The purpose of this
jig or fixture 30, is to ensure planarity of the flexible
circuit carrier card 23, ddring reflow operations. The
flexible circuit carfier 23, 1is securely held_at the four
corners on the jig or fixture 30, using spring loaded
clamps 32 and 34.

Figure 6, shows the securing of one or more of
electronic devices. 42, 44, 46 and 48, onto the site-
dressed flexible circuit carrier 23, which is itself
secured to the jig 30. Depending upon the joining
technology that is going to be used eutectic Pb-Sn solder
is applied on the interconnects or pads 22, 24, 26 and 28.



Figure 1, shows a cross-section of a flexible circuit carrier substrate
havi ng at | east one flexible sheet wwth at |least one circuit on at |east

one surface. Figure 2, shows a cross-section of the flexible circuit
carrier substrate of Figure 1, after a stiffener has been secured using at
| east one adhesi ve. Figure 3, shawsg a cross-section of the flexible

circuit carrier substrate after at |east one | ayer of an organic materi al
has been Hi:lh'm epraﬂpa'a:‘eldt thatt fthecieuhedtsic solderFipaete 4is ssewwsened| exi bl e

circuit =Ty ' e Si ni I

el ectroni c deV| ce %4235 eg&eq%ows t %Pésegglﬁ o(?é? hgeﬁ exi He—
circuit cGFideArzayi pads 50n136da eukskic j sglder s Figiested seBws t he
securing pAd®Ng4Qr foRY e, edes! r oni ﬁodeiéﬁﬁs seltert FRuxl tits HSISFLEd

flexible ol Tqult GRIITEr Gatd o).

An IC chip 42, having C4 solder balls 41, with tin
Cap 43, is next aligned to the DCA/SOC chip site 22.
Other e_lectronic devices 44, 46 and 48, are aligned to

. their appropriate sites as shown in Figure 6. For
example, electronic device 44, with interconnects 45, is
aligned with interconnect 24, electronic 'device 46, is
a]_.igned with interconnect 26, electronic device 48, with
interconnects 49, is aligned with interconnect 28, etc..
It should be obvious to artisan in the field, that the
electronic devices may be discretes 1like resistors,
capacitors, power supplies, IC chips or ‘'may be another
package like Thin Quad Flat Pack (TQFP), Ball Grid Array
(BGA) package, Tape Ball Grid Array (TBGA), amplifying
device, ci.rcuit carrier card, etc..

This assembly is then reflowed, preferably, in a belt
type furnace. However, heat for the solder reflow could
be provided by at least one focused IR lamp. It is
preferred that the belt speed ahd zone temperatures are
adjusted so as to give a temperature profile where the
assembly of Figure 6, spends from about 3 to about 5
minutes above about 155 °C, and, between about 15 tb about
75 seconds at a maximum temperature of about 190 °C to
about 230 °cC. The maximum reflow temperature for the
solder is between about 190 °C and about 230 °C. The
solder-reflow is above about 150 °c for between about 2 to
about 5 minutes. The time for solder reflow at maximum
temperature is between about 15 to about 90 seconds. The
solder reflow is preferably performed in an environment



Fi.gure 7, shows an enlarged view of a solder ball-interconnect having at
*least one netallic cap being secured to a single netallic--pad.

- 13 - Figure 8, shows an enl arged cross-sectional view of the sol der
i nterconnect of Figure 7, secured to the netallic pad after the reflow
oper ati on. Figure 9, is an enlarged cross-sectional view after at

| east one encapsul ant has encapsul at ed 1 east one sol der connection of
Figure 8.geledEddl EEBmDESGROAP @8ngribing My\NHidtogen, fdemingveasi on

pasi cal Yor CIGUISESES  2re | SHUBIE e CHote™ (AR Wnid" HBRR' ! Efcggnauctor
required for joining this chip is identical to that
required for SMT or for Ball Grid Array joining heat
profiles, this adds the advantage of simultaneous reflow
joining of SOC chips as well as SMT and/or BGA devices.
For lower maximum temperature a higher time is required at
the maximum temperature. |

Figure 7, shows an enlarged view of chip 42, -and
DCA/SOC interconnection or pad 22, of Figure 6. The chip
or electronic device 42, has a solder ball 41, that has a
cap of low melting point metal 43. The solder ball 41, is
itself secured to a pad 52, via a BLM 56. Preferably, a
layer of insulator 54, protects the surface of the chip
42. During the heating cycle the low melting point .metal
cap 43, on the solder ball 41, alloys with the solder ball
41, to form an eﬁtectic composition 53, which melts at
about 183 °C. The volume of eutectic liquid is enough to
envelope the exposed pad 22, such as, a coppér pad 22, of
flexible circuit carrier 23, and the surface tension of
this eutectic liquid provides self aligning of the chip
42, to the exposed copper pad 22, on the flexible circuit
carrier 23. The reflow temperature'cycle evapdrates the
protective layer, if any, and also the flux, and hence no
post cleaning is reqﬁifed.

Figure 8, shows an enlarged cross-sectional view of a
single interconnect of Figure 7, after the chip joining
operation creating chip-on-flex carrier 50. it can be
clearly seen that thé chip 42, has been secured to the
flexible circuit carrier 23, and that an eutectic solder
53, has been formed between the interconnect pad 22, and
solder 51.



copper. openings are nmade at sites which wll be electrically
connected to an el ectronic device using reflowed solder with a metallic
cap. Ashing of the surface of the flexible circuit carrier could also be .
done to inprove the adhesion and the flow of encapsul ants. Sol der paste
coul d be screened for SMI, solder balls could be placed for BGA, or, sol der
could al so be placed by solder injectien26er various flip chip attach

met hods. Li Ikevvils'a@zgyuledzétiheisméiﬁ éﬁlh@&@dsb‘ﬁéﬁcsli ghet aieéte&hh@déﬁ%é}]
Co L oc ) JoRERP AT el S ST eSS SLELEOnLE R el
the flexi ldia:‘cm'iru:ud:alirraeri @3 sufémmeng théhichip-on-diex ogrrabrgmiing the
oot e 8, SO Brathle 2 @PePLe L BYCAT, LiHoB0L BhoEbthicl Wi o1 ©
assenbl y edectaierdet ddevigebid?s taugierasur chdp 4Boutandotker fEexdidlenen
i ndi vi duale 163t FLrPeekeds, Pistlitatlle/ eddbdlidmit e, (& Bsampilrce to
a tenperature of between about 190 [err]C t0 about 220 [err]Cin a
- 14 - HYSOL 4511, or an epoxy 60, can be provided under and over

the electronic device or chip 42, and then cured. It has

been found that the o:_;ygeh ashing step considerably

improves the flow of the encapsulant under the chip 42.

This ericapsulant as shown in Figure 9, pfimarily protects

the electrical connection that is formed between the chip .

42, and the flexible circuit carrier 23. '

The solder ball 41, is preferably a high melting
peoint solder ball, such as, for example, a solder ball
with about 97 percent lead and about 3 percent tin, which
is formed o'ver the ball 1limiting metallurgy 56. The
solder ball 41', could be formed either by evaporation or
an electroplating methods of solder deposition. Before
the inventive step of this invention is applied to the
solder ball 41, it is preferred that all the processing
steps of thé semiconductor, such as, wafer testing,
electrical testing have been completed and the solder has
been re-flowed to bring it back to its spherical shape.

It should be apparent that the IC chip 42, could be a
semiconductor wafer, wherein a plurality of devices (not
shown) have been formed by conventional methods and
interconnected through IC chip internal wires in one or
‘more layers. '

It is preferred that the high melting point solder
ball is between about 2 percent to about 10 percent Sn,
with the balance being Pb, on the chip with at least one
capping layer of low melting point metal, such as, tin,



ni terogen or a formng gas environment. The assenbly is then cooled and the..
chip is preferably encapsul ated with an epoxy based encapsul ant, such as,

HYSOL 4511, Trade Name used by Dexter Hysol of California, USA An -
advantage of this invention is the fact that the nmethod is applicable for
all levels of packaging, i.e., for highest |evel packaging, involving chip

joining to notherboard or flexible cir IFT carrier cards or PCMC A .
(Personal thefdbe) pEoPIdikg’ dutlbeitdldoliRlr ATSAUHAEDP) ofAtBe high This
i nvention b Lcalu§6ﬁ§%$ abgft as an unexpected result which showed t hat
Iom1ne|tiﬂ§¥iﬁqﬂ a5 i s deposited atop a reflowed sol der nass

all oys only wi to ebhoge sskilkledrdin tthéoamty Vit ushoufldeubecobyimusy. |t
vas also fqund {Rat FBhAILe!ds dbd it Collrigy| WubRRLALA g, dobhitd @ ¢ o0k
pl ace even after multipretines of euteclic nelting cycles. I'S IS

bel i eved madse dof t polyamidet thalyeateznoem daolysthxleneag paised at op

the sol dep RS SRV MAdL111 4 O £RHmEC v Seif OFRe8ET B9R1! Qfi kg R ted
mass of | ow ne tlng point nmetal. Thus, a desired vaolune of eutectic liquid
atop a soSh®WY| def RASs 9% F‘SFﬁedIWQlFﬁ)utaaﬁ@ﬁe@érﬁé‘rg L£hanpets on p

vol une of eaiRGt icr IBskh dsiLf@t8s. Present, whenever ‘the joint tenperature
5 et 10, et b LRIREI Uiy BLE TRl ) MM of 8 catty
i nt er f ace conehwrttisveanfedtakreg omiich cas f padgapinsgmeta. ,of ahdie wheinedth chi p
affeot | ng B o S0 4K SEEEBELLLN1IPM HRGREEITE’ KeflburdE TR
sol der i nseleshesttfoom a group comprising Au, Co, Cr, Cu, Fe, Ni,
Tiw, phased Cr and Cu, and ailoys thereof.
- It is preferred that at least one layer of at least
one low melting point metal is formed on the solder ball
by a method selected from a ‘group comprising Radio
Frequency evaporation,.E—beam evaporatioh, electroplating,
electroless plating or injection. :
And, wherein the at least one low melting point metal

is selected from a group comprising of bismuth, indium,
tin or alloys thereof.

It is preferred that at least one low melting point
metal, caps between about 10 percent to about 90 percent
of the exposed surface of the solder ball, and preferably
caps between about 20 percent to about 80 percent of the
exposed surface of the solder ball, and more preferably
caps between about 30 percent to about 50 percent of the
exposed surface of the solder ball. However, in some
cased the low melting point metal could cdmpletely
envelope the solder ball. -

The average thickness of the at least one low melting
point metal cap is between about 15 to about 50 micro-
meters.



usi-ng' sol der balls having a cap of low nelting point netal allows for-
making a | ow tenperature chip attachment directly to any of the higher

| evel s of packagi ng - 15 - substrates.
After the solder ball has been formed using standard nethods it is refl owed
~to give the solder ball a smpoth surfgce. A layer of netal, such

as tin, preferably, pure tin, is depd$iTed on the top of the sol der balls.
Thi s structure Itessliawld rbé oapprechgtedl thateotheti matibrdalsf dloredheon

subsequen : | Qi i 140 o] th d bal ven
afterqrrul ?}%ﬁ\gb}lgvp%%i}t{J?g@r%qilgzv%%&éﬁeg?é Iqlé)élf}lﬂsesrnat o] Sd'oesﬂhnegt need

ti nni ng omatedidds r i £QX or thgbsflexdble waigicuife Fapriert ocpulfoi ke,
whi ch nekgalkkited et Pes epoaeahfaalcontq])risiﬂg haatlﬁhmdasen_wiircuttﬂw

whenever tgp erature is raised sligh %1above, e eutectic tenperature,

the strucfaP¥TQ e dBTERY0 PolvesterouRy tResiBi Al mat&sher
wires. Thabricsy ¢dindmé dofemtion results in substantial thermal fatigue

life inprovenent for reduced stress at interface; and secondly, provides an

While the present invention has been particularly

described, in éonjunctlon with a specific preferred

embodiment, it is evident that many alternatives,

modifications and variations will be apparent to those

'skiLled in the art in light of the foregoing description.

It is therefore contempléted that the'appended claims will

embrace any such alternatives, ' modifications and

variations as fallihg within the true scope and spirit of

the present invention. Y



easy ' nmeans renmove chip for the purpose -of chip replacenment and
field repairs. ———Jihese——ﬁf{—heds techni ques and met al | ur gi cal
structures en ment of devices of any conplexity to any"
substrate andaﬂumuﬂlljmm! ﬁ%c agi ng hierarchy; thereby, making the
products nore conpact as well as resulting a
better perfornmance. Referring now to - B8 -«irawi ngs, wherein |ike
reference numeral s represent the sane or similar parts througho
1, shows a flexible sheet 10, preferably a polyam de WasSET JdiieeXi
material, on which at | east one netallic line, such ag '
| ani nat ed usi NnWHAT | B CLATMED| I8¢t t her nopl asti ¢ adhed :
copper filmis circuitized to forma plurality of circlits 14.
fl exi ble sheet 10, could be sel ected - 16
- froma group conprising organic substrate, nulti-|layer organic

substrate;, cempanhéthédboif adﬂre@uy NMHtthch2igl afeleTeEL SOREE N a’&a&,id‘eo name

a few Tothose Skl||edl th it should be arent that cjrcuit
carrier Plexfbf ' circu q: carrfg sai t?’l of

comprising the steps of:

(a) providing said electronic device with at least
one - reflowed solder ball; wherein said reflowed
solder ball has at least one coating of at least one
low melting point metal to form a metallic cap,

(b) adhering' at least' one layer of at least one
stiffener sheet with at least one thermo-plastic
adhesive onto at least one surface of a flexible

v

sheet,

(c) forming at least one electrically conductive
metal line on said at least one surface of said
flexible sheet,

(d) . coating at least a portion of said flexible
carrier with af. least one insulator material, and
removing selective portions of said insulator
material and exposing selective portions of said
metal line, and forming a flexible circuit carrier,

(e) scréening eutectic solder paste to coat
selective sites on said flexible circuit carrier,

_
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substrate 15, cou d be nade ﬁgﬂsl nterl evel -wiring (not shown) of one or

nmore | ayers, m“m‘ I's| ion either or  the
ease of understa

are only shown pFHSHSHERTHAS BEEN | Aft er
the circuit carriér %ubstrate 15, has been forned,| at | &EBLAGER: sti fif ener
18, such as a netal foil 18, or for exa an al ] ol . IS
| ami nat ed on the backside of the circuit 3arr| er substrate 15, using at
| east one secon(:tf): her pdagliagt | saddheflexiibe adnomid ctezrligrshomn am
Figure 2. rr t t es t en JE_:ltgjl.'s at
| east. about 2 ré?s %ﬁprg é{trtg%%y l%me%‘?\f@abo%?i)@ mgﬁe?‘gbg'fgoufé ~m1'1.L' At
| east one of trféal‘lély%?s for the stiffener 18, could be selected froma
group conprising al um num nol ybdenum silicon, tantalumor titanium to
nane a few As shown in Figure_ 3, a photo eahl e organic rraterlal
20, such as, fof9kxAHFRENPERI0BE @?Pé&eoﬂﬁnﬁ%QSg' % T AP S&LeCH¥RN) s
then screened ®itewy oh sAedcElenibleacireuitukairirdes,15, and pre baked at
80[err]C. The use of PSR4000 is optional.  For the rret hod of the present
i nvention, the solder nmask is not required. PSR4000 is used here to :
denonstrate | ts(m)eedalbgni:ngaandopdlarudgrrsaddpeéeehroha‘.t:eldalvifde)\mufo

sol der. The or%aéyzcg rgligeq{]j!e@if e 2Qiyd Jt igs ¥pased %d% ©P8%f1owe

organl c naterl cured a err curil ng proce,‘ss opens

a large area, (ﬁﬂl‘é@bomlri‘g Wéthhéﬂ%l%ﬁ'lb%cspé@ ‘mpkes ameagbddiwigdh o f oot
print of C4 solgiprg bakblger | CeslkpPs @l OPEPER T Aea®dvgCesebPmBe an

electrical connection between said electronic device
and said flexible circuit carrier.

2. The . method of Claim 1, wherein at least a portion of
said electronic device is encapsulated with at least
one' epoxy.

3. The method of Claim 1, wherein at least a portion of
said flexible circuit carrier is encapsulated with at
least one epoxy.

4. The method of Claim 1, wherein at least a portion of
the surface of said insulator material is roughened.

5. The method of Claim 4, wherein said surface is
roughened using oxygen plasma.
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- 17 + joined. Thi's produces a flexible ribbon Mearl y
shown in Fi gure 3. Figure 4, shows the top W “nmu e circuit
carrier 23, having wires or circuits 14, and el ¢ M\\““ ections -
22, 24, 26 and 28, to receive electronic devices var i%ous jOI ni ng
technol ogi es. For exanple, interconnection 22, could be a pad 22, which is

used for joining of DCA/ SOC, interconnecti 24, could be sol der 24, t hat
has been place@hssi mgtaosloldér Qlgiact Lon whetxrteich f ar p@rEieni eThispid t ach).

Simlarly, C S e BGA
(Bal l Gr?/d Arrtafq)e‘-:“ﬁz)L a :}r?t%grtco%h{ectig% f%oﬁb%%bez@s%rggﬁgdrggﬁ&%%%%

SMI (Surface NM%#“QF&##&F%@‘E/)SOH@?- The surface of the organic’
material 20, can optionally be oxygen ashed at about 130 ml pressure for
about 30 m nutes. This roughens the surface of the organic materi al

20, and this surface roughness inproves the flowability of chip encapsul ant
whi ch are7ysedTihat aiethod bifgimim 6howhetrbénf baldbleutteaicitt sotder er 23,

after it is placed Ci desi 0.. T Lg or

fixture 30, |sl(pére gﬁﬁ%ll ﬁadggj(’#g a I'ggé;ﬂj% é%:igm%&l t%g?'?mset g%#b‘

pol ymer. The mqmsa;:nigt hiof solder injection, electroplating,
electroless plating, and decal placements.

8. The method of Claim 1, wherein a portion of said
flexible circuit carriér is screened and reflowed
using eutectic solder, and wherein said eutectic
solder provides screened ball grid array electrical
connection. '

9. The method of Claim 1, wherein said electronic device
is selected from a group consisting of an IC chip, a
capacitor, a resistor, a circuit carrier card, a
p.owér supplief and an amplifying device.

10. The method of Claim 1, wherein said flexible sheet is
selected from a group consisting of organic
substrate, multi'-layer organic substrate, ceramic
substrate and multi-layer ceramic substrate.

11. The method of Claim 1, wherein said solder ball is
selected from a group consisting of high melting
point solder and low melting point solder.



jig or fixture 30, is to ensure planarity of the fIMier
card 23, during reflow operations. The flexible circui '
securely held at the four corners on the jig or flxu m ﬂm rlng

S

| oaded cl anps 32 and 34. Figure 6, shows the ose ®r nore
of electronic devices. 42, 44, 46 and 48e ento the si te- dressed flexible
circuit carrier 23, which is |tself secured to the jig 30. Dependi ng

upon thel2.oi fhey nedchod| ofyClabn Ls gheneginosdiduselident bedilc ikh-n
sol der i s appl iy Fﬁ? Sl é@itf\%cggﬂ GEE10L P u&% of%satl 81¢A%onic

- 18 - It is preferred t e eu ectic so paste.1s screened on the
SMI pads 28, e@@dqe- balls are placed for BaII Grl d Array pads 26, and
eutectic solder is injected on pads 24, for FCA etc. A no clean sol der
flux is applied at the DCA/ SOC sites 22. An I C chip 42, having C4

sol der balls 41, with tin Cap 43, is next aligned to the DCA/ SOC chip site
22. QG her 14, ecmmnl medﬂdee@f44:1a4.‘ih angl, 4%hedednal mgbedibd tHerr said

appropri ate SI trai.scaﬂ:I conI i%urefeature Ii%r selected from a
group consisting of Au, Co, Cr, Cu, Fe, Ni, Tiw,
phased Cr and Cu, and alloys thereof.

14.- The method of Claim 12, wherein said electrically
conductive feature is in electrical contact with at
least one internal electrically conductive feature.

15. The method of Claim 1, wherein said eutectic solder
is selected from a group consisting of Pb, Bi, In,
Sn, Ag, Au, and alloys thereof.

16. The method of Claim 1, wherein said solder ball
comprises of a lead-tin alloy, and wherein said alloy
contains between about 2 percent to about 10 percent
tin. -

17. The method of Claim 1, wherein said solder ball

. comprises of a lead-tin alloy, and wherein said alloy

contains between about 90 percent to about 98 percent
lead.



exanpl e, electronic device 44, with interconnects Wl—rgﬁe’dm
I nterconnect 24, electronic device 46, is aligned with | “l 26,
| mm nect
L}

el ectronic device 48, with interconnects 49, is alwumgn

28, etc.. It should be obvious to artisan i-n the file¥ the dectronic
devices may be discretes |like resistors, capacitors, power supplies, I1C
chi ps or may be anot her package |i ke THT@7cnad.FIat Pack (TQFP), Ball Gid
Array (BGAB.paditegenethade ddal t1&kind 1Ar rvayellfé'ﬁ%a:ﬁdarqd]idq& ngadevi 1]933 N
circuit carrier .. Thi s se I.s then r.ef] o referably,
in a belt type ffoﬁlﬁlﬁléaé:e%'ﬁbv\seaviedr, %eeacféjf%r} h)é’esvoc&er UPe Ow‘ﬁgome}%oéf

provi ded by at sedgatedhe fropusthie| raum. consistingr affer evaporat itdm, bel t

speed and ZoneéTﬂH¥¥éé$ﬁ€§%€rSnQdEHigSQ §H%§§t}8n9ive a tenperature

profile where the asse Figure spe rom about 3 to about 5
m nut es above about 155 C, and, between about 15 to about 75 seconds at a
maxi mum t enperature of about 190[err]C to about 230[err]C. The maxi num

refl ow tengperatuyre for the sglder js hetween apout 190[err].C and about
D500 or 1] C18° TS oPBkhoror $Bw S lall ode. ORFSWBOPELA CAF o\l eRR e SR GAbOUL 2
to about 5 m nllager oife at Mldayt sohederlowl mewtdngnrepoint tneseel atigre i S

between about 15, Lo.pbaut 9055869888 pHIS 1Y 9PTnd IR bb2BEELC MY

performed in an énvironne
a group consisting of Radio Frequency evaporation,

E-beam evaporation, = electroplating, -electroless
plating and injection. '

20. The method of Claim 1, wherein said at least one low
melting point metal 1is selected from .a group
consisting of bismuth, indium, tin and alloys
thereof.

21. The method of Claim 1; wherein said at least one low
melting point alloy is selected from .a group
consisting of lead, bismuth, indium, tin and alloys
thereof. '

22. The method of Claim 1, wherein said at least one low
melting point metal completely envelopes said solder
. ball.

23. The method of Claim 1, wherein heat for said solder
reflow is provided by at least one focused IR lamp.



selected froma group conprising dry nitrogen, form—ngm

It should be noted that the heat cycle required for pis

identical to that required for SMI or for Ball Gi m&m‘ n‘“ |\‘M“L :
profiles, this adds the advantage of sinultaneous W Lol mi ny Of

chips as well as SMI and/ or BGA devices. For |ower maxi rrumterrperature a

higher tinme is required at the maxi mum tend®rature. Figure 7, shows an
enl arged 2#ew Shecimgthod ofd CEYNSCL, | wherednneoterager thadkaessofofFi gur e

6. The chip or ggligct Leni &2 a e I h a cap
of low nelting %o:a?\t E?ret a?éi&é %%ne %gpdzrrlé]béﬁ&l ?J}_?{é—, |€%§FF 2%%%] a to a
pad 52, via a BEMWSEN mhauk b3 yto abaybr 58fMiGEArBeErS4, protects the
surface of the chip 42. During the heating cycle the |ow nelting point

metal cap 43, on the solder ball 41, alloys with the solder ball 41, to
forman eutectic conposition 53, which nelts at about 183[err]C. The vol une

of eutectRb.li Qhied netkodugh Chagmvdl,omhered nexsxisecatpaie2dt oneh laty a

T e eubact o' PEETS ERRE AT (Phbs hetisefniotiE , 1, POEEhE Bl ooea
copper pad 22, abouthe 90| epebcenti r ofi tthear réxposksl sHnrfaad | of t eaick at ure
ﬁgCLgstgfg;‘;f %81}1%% gbgiic“é{ﬁd Pidferdb1d Y capll BePedh® il 2@ hence
percent q:o about 80 percent of the exposed surface of

said solder ball, and more preferably caps between
about 30 percent to about 50 percent of the exposed

surface of said solder ball.'-

26. The method of Claim 1, where thickness of said at
-least one low melting -poiht metal cap is chosen to
' provide a eutectic volume of between about 5 percent
to about 50 percent of the volume of said solder
ball, and prefe.rably between about 10 percent to
about 30 percent ef the volume of said solder ball. o

27. The method of Claim 1, wherein at least a portion of
said metal cap is secured to an electrically
conductive feature on said flexible circuit carrier.

28.  The method of Claim 27, wherein material for said
electrically conductive feature is selected from a
group consisting of Au, Co, Cr, Cu, Fe, Ni, Ta, Ti,
TiWw, phased Cr and Cu, and alloys thereof.



. Fi.gure 8, shows an enl arged cross-secti onal viemch,a—s+ngT€'Tﬁf€Fgannect
»of Figure 7, .after the chip joining operation creatin ' wwkx carrier
50. It can be clearly seen that the chip 42, ha\s\l gﬂw W the -
flexible circuit carrier 23, and that an eutecticll8 L o HRas been
formed between the interconnect pad 22, and sol der 51.
20 - Figure 9 is an enlarged view of 3he el ectronic device or chip 42,

after it 2@s bPlee methed tof tClkafnm ekj bwhereinusaidafledibd® Gb¥ehly the
chi p-on-flex C@é{*kf&rSQr : Qe(ireg:?edt Ofﬁéﬁ?t gct f&@peb@,q{srj_léﬁlnqzoa&ecéﬁons
device a %

between the el ectronic 42, such as, chip 42, and the Tlexjble
circuit carrieinterpegerablee £ivabsheypl ©8ckege emPt¥CIAYSAYY518, or an

epoxy 60, can @fs@r Qufied, unfeseaBAdovEsvéhe prlckeigeyni andevacanothehi p 42,
and then cured. It has been found that the oxygen ashing step considerably
| nproves the PRRFdt t he encapsul ant under the chip 42. This encapsul ant as
shown in Figure 9, primarily protects the electrical connection that is
formed between the chip 42, and the flexible circuit carrier 23.
.30; The method of Claim "1, wherein maximum reflow
temperature for said solder is between about 190 and

about 230 °C.

31. The method of Claim 1, wherein said step of solder
reflow is above about 150 °C for between about 2 to
about 5 minutes.

32. The method of Claim 1, wherein time for solder reflow
at maximum temperature is between about 15 to about
90 seconds. '

33. The method of Claim 1, wherein séid solder reflow is
performed in an environment selected from a group
consisting of dry nitrogen, forming gas and hydrogen.

34. The method of Claim 1, wherein said flexible circuit
. carrier is either a flexible organic laminated card
or a flexible inorganic laminated card.



The sol der ball 4T Ts preferably—a—high nelting point sol dgL..be

‘as, for exanple,I ball with about 97 percen . a“NgEEH&‘ 3

percent tin, :ﬂui@t'ﬂ " iﬂL e bal | I|mt|ng,\ X . Y The

sol der ball 41, i ther by evapor & v an e

met hods of sol der deposi ti on. Before E@e I nvent €p of thIS I nvention
it is

Is applied to the sol der ball referred that all the processing
steps of 3he sEhecarfhedr ofsu@haam Maf ewhereinnmataniaki £or tea8idng have

been CO”p|etedeQQibﬁ%f%¥ 1@aéiPéﬁﬂtr%a¥f¥&%1ﬂé)QéléGtéh badmte its
spherical shape. ul d be_apparent that could be a

42
sem conduct or $EPEP, %B?é?ﬁlﬁgplﬁaIHWW%l CBS’E?noY'egﬁg loute peen
formed by convethydeae Me(HTFE) andpolyestenneandd twesirgiinpgredqnatedt er nal
Wi res in one og ﬁgngslayers. It is preferred that the high nelting
poi nt sol der b PPEE®set ween about 2 percent to about 10 percent Sn, with
t he bal ance being Pb, on the chip with at |east one capping |ayer of |ow .
melting point nmetal, such as, tin, _ _ - 21 -

36. The method of joining an electronic device, having C4

- solder balls with tin cap, on a flexible circuit

carrier of Claim 1, comprising the steps of:

(a) aligning C4 balls of said electronic device with
corresponding openings in said passivation layer of
said flexible circuit carrier, . '

(b) holding said electronic device in place by
surface tension afforded by solder flux, and

(c) reflowing said C4 solder to bond said electronic
device to the flexible circuit carrier.

37. The method of Claim 36, wherein at least a portion of
' said electronic device is encapsulated with at least
one epoxy. '

38. A flexible electronic carrier comprising a flexible
. device carrier and at least one electronic device
electrically connected thereto by at least one solder
ball, wherein said solder ball has a cap of at least

one low melting point cap forming a eutectic.

This Sheet Has Been Replaced
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"t hereéby, providing eutectic solder at the tip of ftj ' | | der
bal | . To tho , it should HASBERMN
flexible circui tmlmlrmlulmlummnf 0, could be mpde ofRERIIACEDI de, | '

pol yester or pol yet iyl éne® based naterla in flexible Tormwth-+rterl evel
wiring (not shown) of one or nore Iay $.~ and/or wiring channels on either

or both rf e dev L eal e ally
conduct i g g?‘urecars{fc{leaék (giiéﬂﬁ %g #8&?1 %éage%éeﬁe}én% g'lrcl a & or the
electrically hasd et | beastaone eSMT ssecuzed ctheretpa group conprising Au,
Co, C, Cu, Fe, Ni, TiW phased O and Cu, and alloys thereof. It is

preferred that at | east one |ayer of at |east one |low nelting point netal
is formed on the solder ball by a nmethod selected from a group

conpri si g, Ragied d%[x%li’@f‘cdfe&B@QﬁaBSQﬂwhErbmns&ildpéllet:'t@bnic card

el ectropl ating, elect essiﬁE tlﬂ? I nj ection. And, wherein the at
| east one | ow :ﬁf §EF2¥s selected froma group conpri sing of

bi smut h, indium t|n or alloys thereof. It is preferred that at | east
one low nelting point nmetal, caps between about 10 percent to about 90
percent of the exposed surface of the solder ball, and preferably caps

bet ween &ﬂoutTh}[nanxnﬁrtofa@baim868pewbeneinfsﬂhé eipetrondgr caxd of the
sol der ball, r faps between about 30 percent to about 50
percent of the expos:%yI §§§§%€€£% fhe solder ball. However, in sone

- cased the l-ow nelting point netal could conpletely envel ope the sol der
bal | .

42. The carrier of Claim 38, wherein at least a portion
of said electronic card has at least one coating of
an insulator material.

43. The carrier of Claim 38, wherein ,at least a portion
of said electronic device is encapsulated with at
least one epoxy.

44, The earrier of Claim 38, wherein said flexible device
carrier has at least one stiffener secured to at
least one side.

45. The carrier of Claim 44, wherein said stiffener is
~selected from a group consisting of aluminum,
'molybdenum, silicon, tantalum and titanium. —

This Sheet Has Been R
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The average thi ckness of the at |east one | ow melting
bet ween about 15 to about 50 m cro- neters. i —
22 - It should be appreciated that other mater, zﬂ"ég SHEEIF; S

point nmetal cap is

| e
circuit carrier could be used, such as, the material_for REPgad if
circuit carrier could be selected froma group conprising pe pol y

tetra flouro ethylene (PTFE), pol yester-82-resin-inpregnated fabrics, to

dascr | bed, | FLIBGHIRcATSACH BRY BEEbPE SR ApaTER oG G Wis

evident that wmany alternati , | £, i variations wll be
apparent to those skilled in t‘%ﬁi“é#ﬁ&néﬁgiﬁ%gi‘ﬁ f oregoi ng description.
It is ther i ciﬁmtenpl ated that the appended clains will enbrace any
such alt'ernativés, nodifications and variations as falling within the

true scope and gRiichir@bnd Bfet¥aGs cldsBY f5}difRBrly attaching a device or package

(42) on flexible organic circuit (23) carriers having low cost and high reliability.

MRiJD

IC chips (42) with a new solder interconnect structure, comprised of a layer (43)
of pure tin, deposited on the top of high melting Pb- Sn solder balls (41) are employed
for joining.

| These methods, techniques and metallurgical structures enables direct attachment
of electronic devices of any complexity to any substrate and to any level of packaging
hierarchy. '

Also, devices or packages having other joining technologies, eg. SMT, BGA,
TBGA, etc. could be joined onto the flexible circuit carrier.

i
Fig. 7

i
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WHAT 1S CLAIMED | S: 1. A nmethod of directly attaching an el ectronic

device onto a flexible circuit carrier, sa d nethod conprising the
steps of:: (a) provi ding said electronic device with at |east
one refl owed sol der ball, wherein said at.least one refl owed sol der
ball has at | east one coating of at |east one | ow nelting point
netal to forma netallic cap, ( f adhering at |east one |ayer
of at |east one stiff Eer sheet with at |east.dee t her nopl astic
adhesive onto at |east”omne surface of a f I bl e sheayp, (c)

I ne on said at |east
g0 at | east a

formng at | east one el ectyicall onduct i ye net al
one surface por7oabe b exitbe ohoey 77 727
portion of gard Ym0l can vic e—m a oSt ' insul ator

material, arRd renoving sel ective portions of said insul at QL Perial and
exposi ng sel gctive portions of said netal line, and, formng a flexible

circuit 8k

FIG. 1
N o /15

25
14 pedl
XXX XN ez,

- L] L] | ] | "‘a’.""‘p’ﬁ’ﬁ‘.

' 18

FIG: 3




fe)'s screening eutectic solder paste to coat selective sites on said

Tlexible circuit carrier, () pl aci ng said flexible
circuit carrier on an assenbly fixture to hold said flexible
circuit carrier, (9) di spensi ng at | east one solder flux at
selective sites on said flaxible circuit carrier, (h)

al i gning and pl acing said el ectronic deyj,ce onto said flexible circuit
carrier, such that said at |east one refl'owed solder ball with netallic cap

makes contacts with said sol der I@, and upon heating ﬂprrrs an
el ectrical - connection bet we aid electronic ice and said
flexible circuit _carrier. 2. The nmet hod of O ai T, iIh at least a
portion of sai tronlc deylce J S, encaps at | east one
epoxy.. 8 gdd The
met hod of C reln T -poNtion O cui t
carrier is _.encapsul ai -%e.d—g/am h..ag-.l- dCast one epoxy. '

-O ~={J 16

-0 O C>~\_26

-0 C>ﬂ3'

34

FIG. 5 wg [ | ¥




4. %~ The method of Aaiml, wherein at |east a portion of the surface of

“sai d I nsul ator material is roughened. 5. The nmethod of C aim 4,
wherein said surface i s roughened usi ng oxygen pl asma.

-25- 6. The nethod of Claiml1, wherein a portion of said flexible
circuit carrier is screened and refl owed usi ng eutectic sol der. 7.
The nmethod of Claim6, wherein said euBéktic sol der I s deposited using
a nmethod selected froma group consisting of solder injection,

el ectropl ati ng, el ectrol ess plating, and decal placenents. 8. The

met hod of Claim1, wherein a portion of sajid -

-:dé.\zs'ﬂ =

FIG. 6



f1extble circuit carrier is screened and refl owed using eutectic

sol der, and wherein said eutectic sol der provides screened ball grid
array el ectrical connecti on. 9. The nmethod of Caim1, wherein said
el ectroni c device is selected froma group consisting of an IC chip, a
capacitor, a resistor, a circuit carrier, card, a power supplier and an
anpl i fyi ng devi ce. 10. The method o aim 1, wherein said flexible
sheet is selected from a group i stingy of organic

substrate and
~-Claim1l, wherein said
of high nelti.ng

substrate, multi-layer org&i
mul ti-layer ceram c substrg
sol der ball is sel ect ed
poi nt sol der and | ow nelting

0.0.9.9.9.0.0.9.0.9.9
700 0% %% % 0% % % %

‘%2000 %0 %0202 '
v POV ITTTZTZI 72272777 12

| |
- _~16
18

12

53

FIG. 9




+26 - -12. The nethod of Cl ai-m 1, wherein said sol der - ball 4%0%?44’4}

el ecsri-cal ly conductive feature of said electronic devi ce. 13. U%ﬁhé
fret hod of Claim 12, wherein material for said el ectrically conductive
feature is selected froma group consisting of Au, Co, C, Cu, Fe, N,
TiW . phased Cr and Cu, and all oys thereof. 14. The nethod of Caim
12, wherein said electrically condugtive feature is in electrica
contact with at | east one internal electrically conductive feature.

15. The nethod of Caim1l1, wherein said eutectic sol der is selected
froma group consisting of Pb, Bi, In, Sn, Ag, Au, and aIons t her eof .

FLIP CHIP. ATTACH ON FLEXIBLE CIRCUIT CARRIER
USING CHIP WITH METALLIC CAP ON SOLDER

(_  FIELD OF THE INVENTION °

The present invention relates generally to an
improved and cost saving Direct Chip Attach (DCA) on
Flexible : circuit carriers using Flip Chip Attach (FCA)
technology.' More particularly, the invention encompasses
a structure where at least one Integrated Circuit Chip can
be directly attached to a flexible substrate. This direct
attachment can be done using C4 (Controlled Collapsed Chip

| REPLACEMENT. SHEET
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16. The method of d ai mi, wherein said sol der ball " conprises of a

| ead-s¢in alloy, and wherein said alloy contai ns between about 2 percent
to about 10 percent tin. 17. The method of Caim1l, wherein said

sol der ball conprises of a lead-tin alloy, and wherein said alloy
contai ns between about 90 percent to about 98 percent | ead.

-27- 18. The nethod of Claim1, wherein said solder -ball is formed on
sai d- el ecthigrs x drhds e lusiitg athet hgdeld thesemakiiig orbhde pyoadrt

consi st Q,%(&;n%/@@prat i on, el ectropl ati ng and sol der injection. 19.
The net hod "o alm1, wherein said at |east one | ayer of at |east one

| ow nel ti ng pdtetlhet¥@ti sanother shortcoming is that rework - is
economically unfeasible. _

These limitations necessitate use of a C4 1like
technology for joining chips on circuit carriers.

The C4 or Controlled Collapse Chip- Connection
technology has been successfully employed for 1st level
assembly of chip on ceramic carriers. The C4 technology
is described in -detail by many authors, see for example,
Micfoelectronics Packaging handbook, edited by, Rao R.

.- Tummala and Eugene J. Rymaszewski, pages 366-391 (1989),
N the disclosure of which is incorporated herein by
reference.-

The C4 interconnection is comprised of two main
elements, a solder wettable pad called Ball Limiting
Metallurgy (BLM), and a ball of solder. The BLM is
comprised of an adhesive layer like Cr or TiW, and a
solder reflowable layer like copper or nickel. The BLM
materials and their thicknesses are judiciously chosen to
provide good and reliable electrical, mechanical and
thermal stability to interconnect structure. The solder
material used for C4 is preferably a low percentage (about
2 percent to about 10 percent) tin alloyed with lead.

(o This combination is used:

(i) to prevent melting of the reflowed solder ball
or C4 during the next level of packaging interconnection,

(ii) to reduce reaction between copper of BLM and
tin, as high stresses resulting from excessive copper-tin
intermetallic imparts a high stress concentration on
underlaying passivation, and, _

(iii) for better thermal fatigue characteristic
offered by lower Sn (tin) percentage. '
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formed on said solder ball by a nmethod selected from a group consisting
of “Radi o Frequency evaporation, E- beam evaporation, electroplating,

el ectrol ess plating and injection. 20. The nmethod of Claiml1,
wherein said at | east one | ow nelting point netal is selected froma
group consisting of bismuth, indium tin and, alloys t her eof .

21. The nethod of -Claiml1, mhereln sai® at | east one | ow nel ting point

alloy is selec?ﬁssﬁmG#wagyhﬁnﬁ are ctwai prrhiens thag, Mimﬁﬁu?he|%§¢un1 tin
and al | oygs curE@ﬁEE@ﬁ techdlog Fdeide ¥ Higide levdEr £éSemBbl Y,

RO T e e R e (I
i s provi défitbycenneetdiondnto f pdns@hirodghaole (PTH) technology and
precludes the use of space saving Surface Mount Technology
(SMT), because a joining temperature higher than melting
point of the SMT solder is required. Second, the
relativély high joining temperature (between about 340 °C
to about 380 °C) precludes the use of organic card
material. '
" There are two ways to lower the joining temperature
for DCA. One approach is to provide an eutectic (or lower
N\ melting) solder on a card metallization. A method
pertaining to this approach is described in U.S. Patent
No. 4,967,950 to Legg and Schrottke, which is presently
assigned to the assignee of the instant patent
application. Legg and Schrottke describes a general
scheme for attaching IC chips to flexible substrate
(laminate) using C4s. The substrate is "tinned" with an
alloy of eutectic composition in its contact region with
the solder balls on the base of the chip.

The method of pre—éoating the card, or an organic
carrier, by eutectic solder is taught by Carey et al., U.S.
Patent No. 5,597,469, issued 28 January 1997 and entitled
% “pProcess for Selective Application of Solder to Circuit
Packages”, the disclosure of which is incorporated herein by
reference. In this method, eutectic solder is electroplated
on copper conductors of printed circuit card precisely where
the Chip C4 bumps would make contact.
Another method of pre-coating the card, or an organic
carrier, by eutectic solder is taught by Nishimura, U.S. Patent

5,238,176, entitled “Method and apparatus for
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-28- 24,

ni cr o- net

about 20
50l der

50 per cenpabénthe appldseEtion, swuﬁ@cethé sdiigciokdee badf . whial. 1§he

net hod of
p0|nt met
5 percent

The nethod of Claim1l, wherein average thickness of said at

| east_=one low nelting point netal cap is bet ween about 15 to about 50
ers. 25. The nmethod of Claim1, wherein said at |east one | ow
mel ting point netal, .caps between about 10 percent to about 90 percent
of the exposed surface of said sol der ball, and preferably caps between

ercent tg about, 80 perce@®t—of the exposed surface of
bafPEIERY i

sai d

WP L cAdSHENeT o 50 dhecdfsignegp Rk thepeirsbanto about

d at t I t
a cggbl S C og"(;%nII lnCWﬁe ée' Zlﬁ%cftrficseas Hed bf O%V%ﬁﬁﬁlnnabout

amountooibmmipemaemf itmelnqniﬁrrstﬁtes,al.ﬂs sinjected at
sites on copper conductors of laminated circuit card
through an injector head having openings pertaining to the
card-part.number used. The above methods are limited to
rigid substrates.

A method for flexible substrates, which matches the Legg
and Schrottke’s scheme of “tinning” the substrate with eutectic
alloy, is shown by Cutting et al., in U.S. Patent No. 5,638,597,
issued 17 June 1997 and entitled “Manufacturing Flexible Cisxcuit
Board Assemblies with Common Heat Spreaders”, the disclosure of
which is incorporated herein by reference. In this method,
“*decals” of eutectic solder balls with required footprint are
first formed which is subsequently transferred on the flexible
circuit carrier. Decals are formed by eleétroplating solder
balls on a stainless steel plate. This method requires a photo-
imageable solder mask. The decals are transferred by placing
the flipped stainless steel plate on flexible circuit carrier
card and reflowing. Flexible printed circuit cards are

typically made of polymides, for example Pyralux (Trade Mark of

~E.I. duPont de Nemours & Co., Inc). Using this technique,

Milkovich et al., “Double Sided Flexible Carrier with Discretes
and Thermally Enhanced FCA/COF” IEEE 43™ ECTC Proceedings, June
1993, pages 16-21, have demonstrated methods of circuitization

and device attachments on both sides of the
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ball, and preterahly bet ween aboUt 10 percent to about |

EP E!NTasﬂesr

the volune of isaid solder ball. : .27. The method of Cair
least a porti mmu"m‘mﬂﬂutn mt alf cap is secured to an eleftfically .
conductive fe Xilple cirguit carrier. 28 | A& APRhoghtof
C ai m 27, V\,herel f mitefiat for said - ﬁeI ectrically conduct) ve feat u?@ [
sel ected froma group consisting of Au, Co, C, Cu, Fgq, N, T& T
Ti W phaseqyiya i€ angh |J.! oys thereof. _
-29 - 29. The T Crarm 1, wherein saldeeX|bIe circuit carrier
I s sel ect ed f roma gr oup consi sting of an I nterposer, a first |evel
package, 1 db e%m% of%xrecﬂy attacﬁm%ralnv ‘féctr%msce e(\)'lrc]:g oln%v ehexngl% lé%gl?it' and a
not her boar
carrier, said method comprising the steps of:
(a)  providing said electronic device with at least one reflowed solder ball,
wherein said at least one reflowed solder ball has at least one coating of at least
one low melting point metal to form a metallic cap,
(b)  adhering at least one layer of at least one stiffener sheet with at least one
_ thermo-plastic adhesive onto at least one surface of a flexible sheet,
N\ T
(c)  forming at least one electrically conductive metal line on said at least
one surface of said flexible sheet,
(d) coating at least a portion of said flexible carrier with at least one
insulator material, and removing selective portions of said insulator material and
exposing selective portions of said metal line, and forming a flexible circuit
carrier, '
(e) screening eutectic solder paste to coat selective sites on said flexible
circuit carrier,
_ ® placing said flexible circuit carrier on an assembly fixture to hold said
W/

flexible circuit carrier,

(‘g) d1$pens1ng at least one solder flux at selective sites on said flaxible

clrcult camer

(h)  aligning and placing said electronic device onto said flexible circuit
carrier, such that said at least one reflowed solder ball with metallic cap makes
contacts with said solder flux, and upon heating forms an electrical connection

between said electror_lic device and said flexible circuit carrier.

2. The method of Claim 1, wherein at least a portion of said electronic device is

encapsulated with at least one epoxy.



30. The nethod of Caim1l1, wherein maxi numrefTow——+tenperature for said
sol der i s between about 190 and about 230[1 31 The met hod of
Caim1, wherein said step of sol der refl mlm Itﬂu 15p[err]C
for between about 2 to about 5 m nutes. Caima1l,
wherein tine for solder reflow at oymxi rrumterrperature i S between about
15 to about 90 seconds. 33. The nethod of daim1, wherein said
solder reflowis performed in an environnent selected froma group

consi sting, of drke MkthoBE ClaimOr, RHRekif asleastd ponibnQFaRid flexiblé cirdiifcdménod of
Claim1l, wherein said flexible circuit carrier is either a flexible

organi ¢ | ani natlé@nmulatedwﬂmtleasw@@mx i norgani c | aminated card.

4. The method of Claim 1, wherein at least a portion of the surface of said

insulator material is roughened.

5. The method of Claim 4, wherein said surface is roughened using oxygen

plasma.
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-30- 35. The nethod of C aim 34, wherein materi
organic circuit carrier is selected froma group ¢ im des
" poly“tetra flouro ethylene (PTFE), poI yester and rmﬂ“ﬂﬂm fa r| CS.

36. The net hod ofjoining an el ectronic device, havii

with tin cap, on a flexible circuit carrder of C1a|n11 conpr|5|ng the
steps of: (a) aligning C4 balls of said electronic device wth
correspondi ng openi ngs _in said passivation |layer of said flexible

circuit carrdder, Themethod pf{laimi3d, Mlngnn;mau:nel bcsaldﬂlexlbtbangmuc cireyit ace by
surface tensjon aff refl ow ng

said C4 sol c?é‘F‘% ?Fge‘gﬁ?%‘ %HT8ER FWPSPHEQGP@X“?‘SCT’ 81Yf"FE§<FB\“<g’ &hyle
circuit carrPgFE), p%cf?restalﬁ@rdﬁﬁiﬁqﬂeg}fate@ﬁbmﬁG wherein at | east a portion

of said electronic¢ device is encapsulated with at | east one epoxy.

36.  The method of joining an electronic device, having C4 solder balls with tin cap,

on a flexible circuit carrier of Claim 1, comprising the steps of:

(a)  aligning C4 balls of said electronic device with corresponding openings

in said passivation layer of said flexible circuit carrier,

(b)  holding said electronic device in place by surface tension afforded by
\‘L/ solder flux, and =

(©) reflowing said C4 solder to bond said electronic device to the flexible

circuit carrier.

37. The method of Claim 36, wherein at least a portion of said electronic device is

encapsulated with at least one epoxy.
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31
FLIP CHIP ATTACH ON A FLEXIBLE CIRCUIT CARRIER USING CHIP

WITH METALLIC CAP ON SOLDER

ABSTRACT OF THE DISCLOSURE

A structure and method is disclosed for directly attaching a device or package
(42) on flexible organic circuit (23) carriers having low cost and high reliability.

IC chips (42) with a new solder interconnect structure, comprised of a layer (43)
of pure tin, deposited on the top of high melting Pb- Sn solder balls (41) are employed
for joining. | '

These methods, techniques and metallurgical structures enables direct
attachment of electronic devices of any complexity to any substrate and to any level of
packaging hierarchy.

Also, devices or packages having other joining technologies, eg. SMT, BGA.

TBGA, etc. could be joined onto the flexible circuit carrier.

| REPLACEMENT SHEET
25 APR 2001




