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i nvention relates generally to sem conductor device assenbl y,f"b@m Y F1a -
particular, relates to the connection of the integrated circuits (1 C) chip
or chips to the substrate circuitry,1printed circuit board, and

I nterconnect 10 conponents. Mst specifically, this invention relates to

of i ch oiroui 1y BUMPLESS! £yl KAfiP: ASHEMALT, WRTH, SORURE WIA S (% 7

the 1 C chip through sol der reflowin the via holes. The sol der
deposition techniques include electrolytic pl ati ng, el ectrol ess
(chem cal) plating, wave sol dering, meniscus coatin 15 and sol der
printing techniques. BACKGROUND OF THE INVENTION

5 1. Field of the Invention

This invention relates generally to semiconductor device assembly, and
in particular, relates to the connection of the integrated circuits (IC) chip or
chips to the substrate circuitry, pn;inted circuit board, and interconnect

10 components. Most specifically, this invention relates to the chip assembly
which includes a single or multi-layered substrate of which circuitry is
connected to the input/outpu_t terminal pads of the IC chip through solder
reflow in the via holes. The solder deposition techniques include electrolytic
plating, electroless (chemical) plating, wave soldering, meniscus coating

15 and solder printing techniques.
2. Related Art

Recent developments of semiconductor packaging suggest an

20 increasingly critical role of the technology. New demands are coming from
requirements for more leads per chip and hence smaller input/output
terminal pitch, shrinking die and package footprint, higher operational
frequency that generate more heat, thus requiring advanced heat

dissipation designs. All of these considerations must be met and, as usual,



2. Relat®d Art Recent devel opnents of sem conduct or packagi ng
suggest an 20 increasingly critical role of the technol ogy. New demands

are comng from requi renents for nore | eads per chip and hence

smal | er input/out put termnal pitch, oshrinking die and package
footprint, higher operational frequency that generate nore heat, thus
requiring advanced heat di ssi pation designs. Al of these

consi der at i ons plasd Ire atieitioant thes costuthiat packaging adds to the semiconductor-

2 pl aced in addition to the cost that packaging adds to the

sem conduct or - manufactifingffeed ehafig food chain. Conventional ly,
there are three predom nant chip-1level connection technol ogies in use
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technologies in use for integrated circuits, namely wire bonding, tape
5 automated bonding (TAB) and flip chip (FC) to electrically or mechanically
connect integrated circuits to leadframe or substrate circuitry. Wire bonding
has been the far most broadly applied technique in semiconductor industry
because of its maturity and cost effectiveness. However, this process can be
performed only one at a time between semiconductor chip’s bonding pads
10 and the appropriate interconnect points. Furthermore, because of the ever-
increasing operational frequency of the device, the length of the
interconnects needs to be shorter to minimize inductive noise in power and
ground, and also to minimize crosstalk between the signal leads. An
example of such a method is disclosed in U.S. Pat. No. 5,397,921 to

15 Kamezos et al.

Flip chip technology is characterized by mounting of the unpackaged
semiconductor chip with the active side facing down to a interconnect
substrate through some kind of contact anchors such as solder, gold or
organic conductive adhesive bumps. The major advantage of flip chip

20 technology is the short interconnects which can, therefore, handie high
speed or high frequency signals. There are essentially no parasitic
elements, such as inductance. Not only is the signal propagation delay
slashed, but much of the waveform distortion is also eliminated. Flip Chip

also allows an array interconnecting layout that provides more /O than a



connect integrated circuits to | eadfrane or substrate circuitry. Wre
bondi ng has been the far nost broadly applied technique in

sem conduct or industry because of its maturity and cost
effectiveness. However, this process can be perfornmed only one at a
time between sen1conductor chip's bonding Pads 10 and the appropriate

I nt erconnect points. Furthernore, because of the ever- i ncreasing

operational freguen af, the deyic g nt.
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al . Flip chip technology is characterized by nmounting of the
unpackaged no extraquackaging aodi lpssidifeuit hwaxd tspacesisdusédicAngexmple: of a
I nt er connect substrate through sonme kind of contact anchors such as

sol der, gol d orsych a methad Rl disclosed i UVS. Rathfld. 8261598 to Tassompdal.
advantage of flip chip 20 technology is the short interconnects mhich
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's the signal Foondi nqgatlis cos an Plechnical limitations are significant. First of all, prior art
flip chip technology must confront the challenges of having to form protruded
contact anchors or bumps to serve as electrical connections between
integrated circuit chip and substrate circuitry. Examples of such an
10 approach are disclosed in U.S. Pat. No. 5,803,340 to Yeh, al. et. al.; U.S.
Pat. No. 5,736,456 to Akram. These approaches typically include a very
costly vacuum process to deposit intermediate under-bump layer that serves
as adhesive and diffusion barrier. This barrier layer is typically composed of
a film stack that can be in the structure of chromium/copper/gold. Bumping
15 materials such as solder are subsequently deposited onto this intermediate
layer through evaporation, sputtering, electroplating, solder jetting or paste
printing methods followed by a reflow step to form the solder contacts.
Although evaporation and sputtering techniques can potentially offer high
density bumps, these processes need very tight control and normally result
20 in poor yield. As a result, a conventional flip chip assembly is not only very
costly but also suffers from very serious reliability concerns and high fatality
ratio.

Techniques for fabricating the intermediate under-bump barrier layer

as well as bump material utilizing electroless plating methods are also in the



sl.ashed, but nuch of the waveformdistortion is also elimnated. Flip Chip
also allows an array interconnecting |ayout that provides nore |I/O than a
3 _ perimeter interconnect with the same die size. Furthernore, it
requires m ni mal nmounting area and i ght which results in overal
cost saving since no extra packaging and less circuit board space is
used. An exanpl e of such a nethod is disclosed in U S. Pat. No.

5,261,593 to CarispraretAritlexampfe of such a\MéthedfisigescribpdtiacteoUdsyPatisNo.
tremendous advant age over wire bondi ng, its cost and technical

limtations arggé:g?%i A lin El"hr U Airddugh Reib&Folesé technique iprovideB an

t echnol ogy nust 'corfront the chall enges 6f having to form protruded

contact anchors_or bunps to ser. Lect | ] n j:o0s . he
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approach are disclosed in U.S. Pat. No. 5,6803,340 to Yeh, .al. et  al..; dLJ S.

Pat. No. 5,736 baseet layek cantactingsratepal sichhas reof adhesive Isystill requite

costly vacuum process to deposit internedi ate under-bunp |ayer that serves
5 for assembling. Solder dipping or screen printing of solder paste onto these

bumps has been explored but has met with very limited success due to lack
of solder bridging control and non-uniform deposition of solder on the metal
bump. This process can be very troublesome and suffers from poor process
control as input/output terminal pad space is getting closer and closer.

10 In view of the limitations of currently available integrated circuits
assembling methods, a high performance, reliable and economical method
that can effectively interconnect integrated circuits to the external circuitry

would be greatly desirable.
15 SUMMARY OF THE INVENTION

it is therefore, an object of the present invention to provide a flip chip

assembly to address high density, low cost and high performance

requirements of semiconductor packaging. It involves the bonding of

20 substrate circuitry to semiconductor device through the reflowing of pre-

deposited solder to connect the substrate via holes and the terminal pad
without the need for conventional bump, bonding wire, or other media.

To achieve the foregoing, the assembly includes a rigid or flexible

dielectric substrate having a plurality of electrically conductive circuitry and a



as adhesive and diffusion barrier. This barrier layer is typically conposed

of a filmstack that can be in the structure of chrom unf copper/gold.
Bumping 15 material s such as sol der are subsequently deposited onto this
I nt er nedi at e | ayer through evaporati ﬁn, sputtering, electroplating,

sol der jetting or paste printing nethods followed by a reflow step to

formthe sol der contacts. Al t hough evaporation and sputtering
t echni ques can pharabtyt ofabih )hodés.eThehcghductive tratmsson $hebsuriace ohdlse spbstratases
need very tight control and normally result 20 in poor yield. As a
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al so suffers fromvery serious reliability concerns and high fatality

tio. . ' . . cat t Wl | P
bar IL ?gr ayer depositd Kb HH > Fis Shrd Bt HGIB. (P iftarid SLERUbiRION BGHpBE T
et hods are al so

prior art. An é’ﬁ'{%ha?%hgf copdictive,hassy o5 SRIdRN  drrpsition ner &oérlierpa\ygttingf
5 Soldering material such as tin-lead alloy or lead-free solder is pre-deposited
in the via hole or on the terminal pad. This readily available solder is to
served as the joint material after the substrate is attached to the
semiconductor chip. The orientation of the attachment between chip and
substrate circuitry ensures that at least one of the via holes in the dielectric
10 substrate are aligned on the top of the terminal pad.

After alignment, the IC chip is brought in contact with the dielectric
substrate through adhesive film or paste, or mechanical techniques. This
soft or proximity contact is to ensure that the pre-deposited soldering
material is able to reflow into the via hole as well as onto the terminal pad

15 when it is molten. Heat, which serves to activate the flux and bring the solder
to its melting point, is used to effect the metallurgical bonding. This re-flow
process will results in a solder joint which will electrically and physically
connect the via hole and IC pad for permanent contact thereafter. This is
important in that it not only assures a very cost effective and simple process,

20 but also provides a compliant joint with significant stress release which
results in a very reliable connection between the substrate circuitry and IC
chip.

In one embodiment of the invention, the solder pre-deposition is in

the via hole. In this embodiment, the via holes are first metallized with a



5,583,073 to Lin et al. Although el ectroless technique provides an
econom cal, sinple and effective nethod for providing an under-bunp
barrier layer, contacting material such as solder or adhesive is still
required S5 for assenbling. Solder dippigg or screen printing of solder
paste onto these bunps has been explored but has net with very
limted success due to | ack of sol der bridging control and

non- uni f or m depastmetal by corivéational platechthraugh hole (Rik). tethnigqupr tallewedan
be very troubl esone and suffers from poor process control as
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circuitry mould be esirabl e

SUMARY OF TrE disRAnemantethniduet 46 ac°°'PP"§*§ ?ﬁerséf%rere‘ﬁﬂat&ﬂﬂ gt s9ldene
present invention to provide a flip P senbly to address hi gh
density, | oW cdpatesials hn@hthsemﬁtﬁmﬁﬁﬁ’cboe wall. lltééuln"l remsthe teAGNRY or

packagi ng. It involves the bondi ng of
herein that the particular solder or solder paste and methods of dispensing

techniques depicted here is not meant to limit the invention.

In another embodiment of the invention, the solder pre-deposition is

on the IC terminal pad. In this method, a barrier layer over-coated on the

10 aluminum pad before solder deposition is preferred. This is to provide a
good solder wetting surface  and protect the aluminum surface against
leaching, oxidation or degradation resulting from heat and soldering contact.
This coating can be accomplished by sputtering a stake of thin film or by wet
chemical direct plating of electroless nickel and immersion gold. For copper

15 terminal pads, the pre-treatment may not be necessary when its surface is
free of oxide and contamination.

The via holes of the substrate circuitry can be formed by various
techniques including mechanical drilling, punching, plasma etching or laser
drilling. They are formed in the substrate before or after the circuitry

20 patterning depends on the various fabrication processes. The via holes are
formed at locations where electrical circuitry on one side of the substrate can
be connected to the opposite side of the surface on which the
semiconductor chip or chips are mounted and their input/output terminal

pads can be aligned thereon.



20 substrate circuitry to sem conductor device through the refl ow ng of

pre- deposited sol der to connect the substrate via holes and the
term nal pad wi t hout the need for conventional bunp, bonding wire, or
other nedi a. To achieve the fgregoing, the assenbly includes a
rigid or flexible dielectric substrate having a plurality of
electrically conductive circuitry and a

5 plurality ofA yrefetredeapplitiationooidbeati toereflonc pre-dapesiteds soldateisdpy t he
substrate are extended into each specific via holes through the
conductive mat gigndbction ovedepRteiitively)ahe tibat Thay behappiisd byl laseP ti)effect

mat eri al such as pl ated copper provi des a conductive base for sol der

deposi tion or %@I@&rreﬂ%EAWbondiﬁ% lo §gél ggéMnHBt\ﬁﬁkf\'arél{ﬁhhésviéihﬁy lof 3He

alloy or lead-free so 'S pre- In the via hole or on the
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The orientation of the attachnment between _chl and, .
5 continuous belt reflow oven. Altematlve)),O hot nitrogen gas may be directed

onto the solder members of the assembly.

In summary, using soldering material directly reflowed between via
hole and terminal pad can effectively connect IC chip and dielectric
substrate circuitry without external bumps or wires. This approach allows a

10 reliable, low profile, high performance and low cost assembly to be
achieved. In particular, a small via hole which can be formed by laser or
other techniques allows very fine pitch terminal pad to be interconnected,
can significantly enhance the capability of packaging future high O
semiconductor chips.

15

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is cross-sectional view of a substrate before plating the via
hole with solder.
20 FIG. 1B is a cross-sectional view of the substrate in FIG. 1A after
plating the via hole with solder.
FIG. 1C is a cross-sectional view of a die with a terminal pad.
FIG. 1D is a cross-sectional view of a chip assembly after the die in

FIG. 1C has been attached to the substrate in FIG. 1B.



substrate circuitry ensures that at |east one of the via holes in the
dielectric 10 substrate are aligned on the top of the term nal pad.
After alignment, the IC chip is brought in contact with the dielectric
substrate through adhesive filmor paste, or nechanical techniques. This
soft or proximty contact is to ensure thaB the pre-deposited sol dering
material is able to reflowinto the via hole as well as onto the term nal

P ohe ahen i | HIEPIE s oA sctinGl B ofife RIS 1] By 1 brdP

bring the sol der 'S US

met al | ur gi cal borlﬂléllg. This re-fl ow process will results in a sol der
joi nt which wi P SAIIEfOWRIOgesHd physical | y connect the via hole and
| C pad for permanent contact thereafter. This is i mportant in that it

not only assures a very cost effective and sinple process, 20 but al so
provides a conpliant joint with significant stress rel ease which

results in a very reliabl e GEMLEDIDESSRIETIONIGE THESINVENTIONCuUi try and

I C chi p. I n one enbodi nent of the invention, the sol der
pre-depositgon is in the via hole. In this enbodi nent, the via holes
are first netallized with a

The bumpless flip chip assembly of the present invention includes a
rigid or flexible dielectric substrate having a plurality of electrically
conductive circuitry and a plurality of via holes. The conductive traces on the
surface of the substrate are extended into each specific via holes through

10 the conductive material deposited thereon. This through-hole (PTH) material
such as plated copper provides a conductive base for solder deposition or
solder wetting. Soldering material such as tin-lead alloy or lead-free solder
is pre-deposited in the via hole or on the terminal pad. This readily
available solder is to served as the joint material after the substrate is

15 attached to the semiconductor chip. The orientation of the attachment
between chip and substrate circuitry ensures that at least one of the via
holes in the dielectric substrate are aligned on the top of the terminal pad.

After alignment, the IC chip is brought in contact with the dielectric
substrate through adhesive film or paste, or mechanical techniques. This

20 soft or proximity contact is to ensure that the pre-deposited soldering
material is able to reflow into the via hole as well as onto the terminal pad
when it is molten. Heat, which serves to activate the flux and bring the solder
to its melting point, is used to effect the metallurgical bonding. This re-flow

process will results in a solder joint which will electrically and physically



6 base netal by conventional plated through hole (PTH) techni que

fol | owed by the various sol der deposition techniques. These i ncl ude
el ectropl ating, wave sol dering, neniscus sol der coating, solder paste
printing and di spensi ng techniques tQ acconplish the said pre-coating
of sol der 5 materials onto the netallizgd hole wall. It is understood
fromthe teaching ~ herein that the particular solder or solder paste
and net hods of cghsednkieNga hole aridfOPet s pepariont dumtacti theraaftered@his iso
limt the invention. | n anot her enbodi ment of the invention,

the solder prepfaBesiih fhtiitnot only a85rb8% vdry'cstTefladtvecshd binbidi sroeBss,od.

a barrier |ayer vYver-coate num pad before sol der
deposition is preferred. .This is tq. pravi . - 0 I tdi
surface and pr 5{-‘@ SQ pxoYy ﬁ?n%&r?{'é‘ﬂ\??‘gd8'"g§%‘ﬂh§9“'f'caq‘q gé%h?%é#%x‘m% on
or degradation resulting from heat and sol derin ont act . .. . This
coating can be regidisnipl a ¥aadralipble, geprection Ee*é!‘(eé%eﬁ@f slfbﬁtwtg Qneuty agd &
chemi cal direct plating of electroless nickel and i mersion gold. For
copper 15 sterchippal pads, the pre-treatnment may not be necessary when its

surface is

As defined herein, the preferred embodiment is particularly directed

to the bonding of an integrated circuit (IC) chip to a flexible circuitized
substrate, or to a more rigid, circuitized substrate, a particular example of the

later being a printed circuit board. It is to be understood, however, that the

10 invention is not limited to the attachment to printed circuit boards, in that
other circuitized substrates, including known ceramic substrates, may be
employed. Typically, organic-type substrate is preferable for the purpose of
lower cost, superior dielectric property whereas inorganic-type of substrate

is preferable when high thermal dissipation and matched coefficient of

15 expansion are desired. By the term “substrate” as used herein is defined as
at least one layer of dielectric material having at least one conductive layer
thereon. Printed circuit boards of similar type are well known in the
electronics industry, as well as the processes for making the same, and
therefore, further definition is not believed to be necessary. Such structures

20 may include many more electrically conductive layers than those depicted in
FIGS 1A through 1E, depending on the desired operational characteristics.

As is known, such electrically conductive layers may function as signal,

power, and/or ground layers.



free of oxide and contam nati on. The via holes of the
substrate circuitry can be fornmed by vari ous t echni ques i ncl udi ng
mechani cal drilling, punching, plasna etching or |aser drilling. They
are formed in the substrate before or after,the circuitry 20 patterning
depends on the various fabrication processes. The via holes are

formed at | ocations where electrical circuitry on one side of the substrate

can be CO“neCI@Gné%ﬁb@dlﬁmﬂ%ﬂtﬁesmd@nmin tthe soldérpee-deposition ishia
sem conductor chip or c I ps are mounted and their input/output term nal

pads can be al k?é‘@ij% rlhls embodiment, the via holes are first metallized with a
pre erre appl rcation of heat to reflow pre-deposited
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which are in the vicinity of the hol es not her, exa .
an approach i sbxihevariousdsqldey depgs't"é%ﬁPar‘HJB%S b@ﬁ ¢ dnqly d.%}gﬁt.ro&atlng,
Al ternatively, hot nitrogen gas nay be directed

5  wave soldering, meniscus solder coating, solder paste printing and

dispensing techniques to accomplish the said pre-coating of solder
materials onto the metallized hole wall. It is understood from the teaching
herein that the particular solder or solder paste and methods of dispensing
techniques depicted here is not meant to limit the invention.

10 In another embodiment of the invention, the solder pre-deposition is
on the IC terminal pad. In this method, a barrier layer over-coated on the
aluminum pad before solder deposition is preferred. This is to provide a
good solder wetting surface and protect the aluminum surface against
leaching, oxidation or degradation resulting from heat and soldering contact.

15 This coating can be accomplished by sputtering a stake of thin film or by wet
chemical direct plating of electroless nickel and immersion gold. For copper
terminal pads, the pre-treatment may not be necessary when its surface is
free of oxide and contamination.

The via holes of the substrate circuitry can be formed by various

20 techniques including mechanical drilling, punching, plasma etching or laser
drilling. They are formed in the substrate before or after the circuitry
patterning depends on the various fabrication processes. The via holes are
formed at locations where electrical circuitry on one side of the substrate can

be connected to the opposite side of the surface on which the



onto the sol der menbers of the assenbly. I n summary, using
soldering material directly refl owed between via hol e and term nal
pad can effectively connect I1C chip and dielectric substrate
circuitry without external bunps or wires. This approach allows a 10
reliable, low profile, high performance anlill ow cost assenbly to be
achieved. In particular, a small via hole which can be fornmed by | aser or

A

sem conduct or chidos. %5 . BRI EF DESCRI PTI ON OF THE
DRAW NGS pads can be gfigned 19reop, oss- secti onal view of a substrate
before plating the via hole with solder. 20 FIG 1B is a
cross-sectional vi e preferredsapplication ofnhgatdo meflow pee-depositedhisaidatigist by
via hole with sol der. FIG 1Cis a cross-sectional view of a
die with a ter rdonvectioit oven. Alternatively, fhéhelat bnay be applied dyclasenad effeetv of

a chip assenbly after the die in

5 solder reflow and bonding to the IC terminals which are in the vicinity of the
via holes. Another example of such an approach is an infrared (IR)
continuous belt reflow oven. Alternatively, hot nitrogen gas may be directed
onto the solder members of the assembly. It is understood from the teaching
herein that the particular re-flow techniques depicted above is not meant to
10 limit the invention, in that it is also possible to reflow the solder by vapor

phase reflow system.

if the finished product is, for instance, a ball grid array package,
solder balls will normally be placed on the specific pads on the surface of
the dielectric substrate. This finished package can be connected to a printed

15 circuit board by reflowing the solder balls to form an attachment to the traces
of the printed circuit board.

FIG. 1A to 1E are diagrammatic cross-sectional views showing steps
invoived in the manufacturing of an integrated circuit assembly by pre-
depositing solder in the substrate via hole and re-flowing to connect the

20 terminal pad.
Referring initially to FIG 1A, a substrate 101 having a plurality of

electrically conductive circuitry traces 102 partially covered by the solder

mask 103 is shown. The traces 102 on the substrate extend into a plurality of



FIG 1 C has been attached to the substrate in FIG 1 B.

8 FIG 1 Eis a cross-sectional view of the chip assenbly in
FIG 1 D after a sol der refl ow process.

DETAI LED DESCRI PTION OF THE I NVENTION 5 The bunpless flip
chip assenbly of the present invention inclddes a rigid or flexible
dielectric substrate having a plurality of electrically conducti ve
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10 the conductjve material deposited thereon. This through-hole (PTH)
mat eri al &&PNas pl ated copper provides a conductive base for sol der

deposi tion or sol der wetting. Soldering material such as tin-lead
all oy or |ead-free §#BdeB shows the substrate is immersed in a solder plating solution

and a layer of solder 106 is electroplated on the metallized via hole wall as
5  well as on the solder opening site.

FIG. 1C shows an integrated circuit chip 107 having various types of
transistor, wires and the like (not shown), which has a plurality of exposed
input/output terminal pads 108. These pads 108 were deposited with a stake
of thin film 109 in the structure of titanium (500 Angstroms)/nickel

10 (700Angstroms)/gold (1000 Angstroms) to serve as the barrier and adhesive
layer.

FIG. 1D shows IC chip 107 securely attached to the substrate circuitry
101 by adhesive paste ABLESTIK “ABLEBOND 961-2" (trademark) 110 to
form an assembly 111. The orientation of the attachment is arranged in such

15 a manner that the specific terminal pad 108 of the integrated circuit chip 107
is in contact with a specific via hole 104. The via hole 104 is to serve as the
electrically connecting channels for respective traces 102 of the substrate
101.

FIG. 1E shows the input/output terminal pad 108 firmly joined together

20 with a specific via hole 104 to become an integral part after the assembly
111 was placed in an oven for a solder reflow. This simultaneously-reflowed
joint 112 provides an effective means for electrical and mechanical

connections between IC chip 107 and the dielectric circuitry 101. The



Is pre-deposited in the via hole or on the termnal pad. This readily
avail able solder is to served as the joint material after the substrate is
15 attached to the sem conductor chip. The orientation of the attachnent
between chip and substrate circuitry ensurgg that at |east one of the via
holes in the dielectric substrate are aligned on the top of the term nal
pad. After alignnent, the IC chip is brought in contact with
the dielectric solderungsmbtﬁrraatlestdapmsgbdadhbs isoldefrirasio oppaingewilbserves as
mechani cal techniques. This 20 soft or proximty contact is to ensure

that the pre- d?iﬁ’é’%bhﬁ%tnﬁglniiaéhél%rthe neﬂﬂé@élla@kehﬂol@bl e to reflowinto the
via hole as well as onto“the term nal pad Wnenlt Is nolten. Heat,

boi nt, 15 used to effELEn Rl qut InpaR ed, E‘?P §ishownin 8 ffo/Tig 9

ng?z; }Myl ! res%let ancljgrs vod 1ha? adjd%onal \M}egrated cwcunt cﬁ %%l \&Xll %gdpas(lsé)\{ﬁ1 ect

the via hole and I C pad for permanent contact thereafter. This i
i nportant i B tleempanenis suhyasEesisters ar \'/:@pgcl&ﬁt C@ﬂf@é@l%"&%ﬂ‘tg‘i’ R the
Provess, substrate circuitry 101.

Though only one solder system is shown in the figure, it is to be
understood that many solder systems including lead-free ones, can also be
applied and serve the connection purpose.

10 The present invention may be embodied in other specific forms
without departing from the spirit or essential characteristics thereof. The
presently disclosed embodiments are, therefore, to be considered in all
respects as illustrative and not restrictive, the scope of the invention being
indicated by the appended claims and all changes which come within the

15 meaning and range of equivalency of the claims are, therefore, to be

embraced therein.



but also provides a conpliant joint with significant stress release which
results in a very reliable connection between the substrate circuitry and

IC 5 chip. As defined herein, the preferred enbodinent is
particularly directed to the bonding gf an integrated circuit (1C)
chip to a flexible circuitized subst | te, or to a nore rigid,

circuitized substrate, a particular exanple of the later being a
printed circuijchmmfd. It is to be understood, however, that the =10~ _
invention is not limted to the attachnment to printed ci rﬁm

' I n
t hat other circuitized substrates, including known Htﬁ@mgglllu”m
substrates, may be enpl oyed. Typically, organic-type* subs .

referable for ,th urpose of | gwer cost, superior dielectric
Br operty whereas ﬁ@q ﬁﬁﬁﬁ’. %QS[WVD?O'QBB?PQat e Is preferabl e when high
t hermal dissipation and matched coefficient of 15  expansion are desired.
By the term "subst r 422 diglecitesuhstrate, havingea first @andssecond oppesite-gurfaces:
| ayer of dielectric material having at | east one conductive | ayer
thereon. Prbnted ciandia pluralitysofodlesiricallyrcongpetive traves Ibeing iormed tomethe
el ectronics industry, as well as the processes for maeking the same, and

therefore, further dipdtisurfalcBrdfitise 8aid dilechicaflibsfrafe necessary. Such
structures
(b) the said dielectric substrate having a plurality of via holes and
each one of the said traces are connected to the specific said via
holes with soldering material deposited on the side-wall of the said
10 via holes;
(c) a semiconductor device having a first surface and a plurality of
input/output terminal pads with metal film formed thereon;
(d) the said substrate is attached on the said semiconductor device
from the second surface and the via holes of the said substrate are
15 aligned on the top of the said terminals;
(e) the electrical continuity of the said substrate to the said
semiconductor device is achieved by reflowing the pre-deposited
solder in the via holes therefore connect the said substrate to the said
semiconductor device and form an integral part in the said assembly.
20 2. The dielectric material of the said substrate according to claim 1(a), is
made of plastics.
3. The dielectric material of the said substrate according to claim 1(a), is the

flexible film.



20 may include many nore electrically conductive |ayers than those
depicted in FI GS 1A through 1E, depending on the desired operationa

characteri sti ) . known, such electrically conductive | ayers
may function tmmmm""mumﬂ power, and/or ground | ayers.

10 *I nt one e nt of the inV®ntion, the sol der
pre-deposition is in the via hole. In this enbodinent, the via hol es

are first nmetal)ized with a . b net al conventional plated,through
ol e (PTH) oot 15t JelpPfomaterial hifie S mbbuel sErutitito Bidity die. s

t echni ques. These include el ectropl ating, 5 wave sol dering, neniscus

sol der coating, soederof@samios:inting and di spensi ng techniques to
acconplish the said pre-coating of solder materials onto the

met al | i zed hol &.wéheé vid holeofihe sait substrate accdrdingtaatiaimg 1(b), is fabricated byat
the particul ar sol der or solder paste and nethods of dispensing

techni ques depi ctgd d@iteohe Rthodaiémt ¢he i gfolipt B IaREENEfMAG, rh@chanical !N
anot her enbodi nent of the invention, the solder pre-deposition is
5 punching, plasma etching or chemical etching.
6. The soldering material in the via holes according to claim 1(b), is
deposited by electrolytic plating.
7. The soldering material in the via holes according to claim 1(b), is
deposited by meniscus coating.
10 8. The soldering material in the via holes according to claim 1(b), is
deposited by wave soldering.
9. The soldering material in the via holes according to claim 1(b), is
deposited by solder paste printing.
10.The attachment of the said semiconductor device to the said dielectric
15 substrate according to claim 1(d), is by adhesive film.
11.The attachment of the said semiconductor device to the said dielectric
substrate according to claim 1(d), is by adhesive paste.
12.The attachment of the said semiconductor device to the said dielectric
substrate according to claim 1(d) is by mechanical clamping.
20 13.A flip chip assembly, comprising:
(a) a dielectric substrate having a first and second opposite surfaces
and a plurality of electrically conductive traces being formed on the

first surface of the said dielectric substrate;



on the ICtermnal pad. In this nmethod, a barrier layer over-coated on the
al um num pad before sol der deposition is preferred. This ts-te-provide_ a
good sol der wetting surface and protect the alum num@mwace aﬁal nst

| eachi ng, oxidation or degradation resulting from he “}gm ﬂ””kﬂ" ¢
0

contact. 15 This coating can be acconpli$®ed by sp
thin filmor by wet chem cal direct plating of el ect rol ess *ni kel and

i mrersion gold. For (] a t he

be necessa?y when it(B)oﬂ% %ggedlieéecttﬁé QUB%Q% gi‘"ﬂ?i%é’? aftd ﬁt"é?mr}}?é??(?rp

The via holes of the substrate CII‘C itry can be forme varlous

t echni ques i ncl udi nG3FB PO é'i‘ediai taggs avarkannestedtad %ﬂe@lﬂcnéa@r Vigaser
drilling. They are fornmed in the substrate before or after the circuitry
patterning depends &olashwithametallic ffilror depesited pnothes side-watheofvihe baideviaar e
formed at |ocations where electrical circuitry on one side of the substrate
can be connectheled;o the opposite side of the surface on which the

5 (c) a semiconductor device having a first surface and a plurality of
input/output terminal pads with soldering material formed thereon;
(d) the said substrate is attached on the said semiconductor device
from the second surface and the via holes of the said substrate are
aligned on the top of the said terminals;

10 (e) the electrical continuity of the said substrate to the said
semiconductor device is achieved by reflowing the pre-deposited
solder on the terminal pads therefore connect the said substrate to
the said semiconductor device through wetting on the via hole wall
and form an integral part in the said assembly.

15 14.The metallic film according to claim 13(b), comprises at least one

element from the group of copper, gold, nickel, titanium, and palladium.



sem conductor chip or chips are nounted and their input/output term nal
pads can be aligned thereon. A preferred application of heat
to refl ow pre-deposited solder is by convection oven. Alternatively,
the heat may be applied by |laser to effect 5 sol der reflow and bonding to
the I1C termnals which are in the vicinity ‘of the via hol es. Anot her
exanpl e of such an approach is an infrared (IR) conti nuous belt
reflow oven. Al terf@UMﬁ.Esshﬂlpi CHIPE ASSEMBYY bWITH SOEDER VIAonto the
sol der menbers of the assenbly. It is understood fromthe teaching

herein that the particular re-flow techni ques depicted above is not neant

to 10 |imt the invention, in that it is also possible to reflow the

sol der by vapor phase refl ow syst I f the finished
product is, for instance, a ball grid mm%, sol der balls
will normally be placed on the specific pads on the surface of t he

dielectric substrate. This finished package can be connected to a printed
15 circuit board by reflowing the solder balls to forman attachnent to
the traces 5 Affliphehipr asgemblyj andi methedsd of forming the same, dnclugingo a1 E
are diagrammati c cross-sectional views show ng steps
single or multi-layer substrate having a plurality of via holes which serves as
the connection between semiconductor device and substrate circuitry is
described. The assembling steps comprise of attaching an integrated circuit
(IC) chip or chips to a rigid or flexible substrate circuitry having a plurality of
10 through holes. These through holes are attached on top of the IC terminal
pads so that the respective traces on the substrate can be connected to the
respective input/output terminal pads through the via holes. After
attachment, the pre-deposited solder inside the via or on the terminal pad is
re-flowed. This re-flow soldering process will then connect the substrate
15  circuitry to the semiconductor device therefore complete the connection. The

soldering materials can be deposited by plating, wave soldering, meniscus

coating, and screen printing techniques.

FIG. 1E



i nvolved in the manufacturing of an integrated circuit assenbly by pre-
depositing solder in the substrate via hole and re-flow ng to connect the

20 term nal pad. Referring initially to FIG 1A, a substrate
101 having a plurality of electrically conductive circuitry traces
102 partially covered by the sol der mask 103 is shown. The traces 102
on the substrate extend into a plurality of

12 via holes 104 by a thin |ayer o%?Plated t hr ough- hol e copper 105
deposi ted t her eon. 1 B shows the substrate is

i mersed in a solder plating solution and a layer of solder 106 is

el ectroplated on the netallized via hole wall ass3 5 well as on the sol der
openi ng site. FIG 1C shows an jwtegrated circuit chip 107
havi ng vgp!ous“-ypes of tra S|ﬁkﬂderwlres and the |ikg-
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i nput/output term nal pads 108. These pads 108 were deposited with a stake
of thin film1109 in the structure of titanium (500 Angstrons)/nickel 10
(700Angstrons)/gold (1000 Angstrons) to serve as the barrier and adhesive
| ayer. FIG 1 D shows IC chip 107 securely attached to the
substrate circuitry 101 by adhesive paste ABLESTI K "ABLEBOND 961- 2"
(trademark) 110 to forman assenbly 111. The orientation of the
attachment is arranged in such 15 a manner that the specific termna
pad 108 of the integrated circuit chip 10Z1 is in contact with a
specific via hole 104. The via hole 104 isléb serve as the

electrically connecting channels for respective traces 102 of the substrate
101. FIG 1 E shows the input/output termnal pad 108 firmy
joined together 20 wth a specific via hole 104 to becone an integral
part after the assenbly 111 was placed in an oven for a sol der

refl ow. This simultaneously-refl owed joint 112 provides an effective
nmeans for electrical and mechani cal connections between I C chip 107
and the dielectric circuitry 101. The

Ni (Adh /
Au (Protective layer) / Q ((B esloln ay)er)
1 (Barrier layer

Al pad »~Passivation
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13 soldering material 113 deposited in the solder nmask opening wl|
serves as the contacting material for the next |evel assenbly.
Though only one integrated circuit chip 107 is shown in the figure, it is
to be understood that additional integrated circuit chips, as well as
passi ve 5 conponents such as resistors or capacitors, can al so be

nmount ed on the substrate circuitry 101. Though only one
sol der systemis shown in the figure, it i o be under st ood t hat
many sol der systens including | ead-free oﬁéé* can al so be applied and
serve the connection purpose. 10 The'present invention may be
enbodi ed in other specific forns W t hout departing fromthe spirit or
essential characteristics thereof. The presently discl osed

enbodi nents are, therefore, to be considered in all respects as

Il lustrative and not restrictive, the scopﬁl df the invention being
I ndi cated by the appended cl ains and all anges which cone within the 15
meani ng and range of equival gncy of the £lains are, therefore, to be
enbraced therein. ﬁ
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148 I claim 1. Aflip chip assenbly, conprising

(a) a dielectric substrate having a first and second opposite surfaces 5
and a plurality of electrically conductive traces being fornmed on the

first surface of the said dielectric substrate; (b) the said
dielectric substrate having a plurality of via holes and each
one of the said traces are connected to the specific said via

hol es with sol dering materi al deposited 6é#e side-wall of the said 10
via hol es; (c) a sem conduct devi ce haV|ng a first surface
and a plurality of i nput / out put term nal é with netal film
formed thereon; (d) the said substra tached on the
sai d sem conduct or device
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fromthe second surface and the via holes of the said substrate are 15

al.igned on the top of the said term nals; (e) the electrical
continuity of the said substrate to t hdfdsai d sem conduct or
device is achieved by reflowing the pre-deposited . ....—Selder~in

the via holes therefore connect the said substrate t.rcn hesaid‘lf SH_EET!
semi conductor device and forman integral part in the'sai-d assenbly 120
2. The dielectric material of the said substrate according {9,ehR mil(a),

i s made of plastics. 3. The dielectric matefial” of the said

substrate according to claim1l (a), is the flexible.film -1 |

4. The dielectric material of the said substrate according to claim1(a),

S made oraj.cs. 5. The via hol e..of--the-sat-d-substrat e
m%'é), ﬁ@ fabricated by

according to cl ai

FIG. 1B

102



=~

at | east one nethod fromthe group of laser drilling, nechanical 5

punchi ng, plasma etching or chem cal etching. i Rﬁagm\mmrsn&\'
material in the via holes according ta@glain11(b), is teposilt 4dd
by electrolytic plating. 7. The | dering materifl |2i§§ Viqaq hadl ds
according to claim1(b), is deposited by menj}stu 5% g. 0

8. The soldering material in the via holes according t¢ ¢laim 1(b)y—5
deposited by wave sol dering. 9. The sol dering namerial'in the via

hol es according to claim1(b), is deposi ted hy—solder—past®
printing. 10. The attachnment of the said sem conductor device to the
said dielectric 15 substrate according to claim1(d), is by adhesive
film 11. The attachnment of the said sem conductor device to the said
dielectric substrate according to claiml1l (d), is by adhesive
paste. 12. The attachnent of the said sem conductor device to the said
dielectric substrate according to claim1(d) is by nmechanica

cl anpi ng. 20 13.Aflip chip assenbly, conprising: (a) a

di el ectric substrate having a first and second opposite surfaces

PASSIVATION
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Ni (ADHESION LAYER)
109

FIG.1C
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and a-plufality of electrically conductive traces being

formed on the

fi.-rst surface of the said dielectric substrate;

16 (b) the said dielectric substrate havin
hol es and each one of thd@Maid traces are
specific said via holes with netallic film
side-wall of the said via hol es; 5

sem conductor device having a first surface and a plura
I nput/out put term nal pads with soldering naterial for

CoMmected to the
depesi theg: @Iot he
e

i LyV—of
A~

bd t her eon;

y REPRACEMENT: pHBET Wi

Q

(d) the said substrate is attached on the said sem conductor—deVvi cée
fromthe second surface and the via holes of the said substrate are
aligned on the top of the said termnals; 10 (e) the electrical

continuity of the said substrate to the said
device is achieved by reflow ng the pre-deposited
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sem conduct or
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sol der- on the terninal pads therefore connect the said substrate to

t he said sem conductor device through wetting on the via i
ahd forman integral part in the said ?’ﬁsenbly. 15 14. 7
according to claim 13(b), conprises at''l east one

group of copper, gold, nickel, titanium and palladium
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