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BACKGRQUND OF THE INVENTION

5 1. Field of the Invention

This invention relates generally to semiconductor device assembly,
and in particular, to a chip assembly which includes a single or multi-layered
substrate of which circuitry traces are connected to the input/output terminal

10 pads of the IC chip through deposition of conductive material onto the pre-
formed leads and the terminal pads inside the via. The filled material

includes electrical conductive adhesives and solder.

2. Related Art
15
Recent developments of semiconductor packaging suggest an
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
20 frequency that generate more heat, thus requiring advanced heat
dissipation designs. All of these considerations must be met and, as usual,
are placed in addition to the cost that packaging adds to the semiconductor-

manufacturing food chain.
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smal | er input/out put term nal pitch,2 shrinking die and package
footprint, higher operational 20 frequency that generate nore heat, thus
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chai n. technologies in use for integrated circuits, namely, wire bonding, tape

automated bonding (TAB) and flip chip (FC), to electrically or mechanically
connect integrated circuits to ieadframe or substrate circuitry. Conventional
5 flip chip tgchnology is characterized as mounting of an un-packaged
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
technology is the short interconnects, which, therefore, can handle high
10 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 aiso eliminated. Flip Chip
also allows an array interconnecting layout that provides more /O than a
perimeter interconnect with the same die size. Furthermore, it requires
15  minimal mounting area and weight which results in overall cost saving since
no extra packaging and less circuit board space is used. An example of

such a method is disclosed in U.S. Pat. No. 5,261,593 to Casson et al.
While flip chip technology shows tremendous advantage over wire
bonding, its cost and technical limitations are significant. First of all, prior art
20 flip chip technology must confront the challenges of forming protruded
contact anchors or bumps to serve as electrical connections between
integrated circuit chip and substrate circuitry. Examples of such an approach
are disclosed in U.S. Pat. No. 5,803,340 to Yeh, et. al. ; U.S. Pat. No.

5,736,456 to Akram. They typically include a very costly vacuum process to



2 & Conventional Iy, there are three predom nant chip-level
connection technologies in use for integrated circuits, nanely, wre
bondi ng, tape aut omat ed bonding (TAB) and flip chip (FC, to

el ectrically or nechanically connect integrated circuits to | eadfranme

or substrate circuitry. Conventi onal S5 4lip chip technology is _
characterized as nounting of an un-packaged sem conductor chip with
the active side facing down to a interconnect substrate through sone
kind of cont ac@eaﬁ%'hdngerw@ratas ugderbmpgdayerothat servesr ganiadhesivduanidve
adhesi ve bunps. The maj or advantage of flip chip technol ogy is the
short i nter confiffision bairien, Thisdvasfien leyec sntypizathy eohipgsed 1dd a filpesckithat gh

frequency signals. There are essentially no parasitic el enents, such
as inductance. chipbednlthie sfrutife 6f SBMiRhRRPBEHHOD. BaIPIng materials such as
solder are subsequently deposited onto this intermediate layer through
5 evaporation, sputtering, electroplating, soider 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 in a poor yield. In addition, from the mechanical structure viewpoint,

10  the coefficient of thermal expansion (CTE) of silicon and substrate may be
quite different, the stress between these two parts after attachment will buiid
up and fully loaded on these bumps. This will then cause severe joint
cracking and disconnection problems during normal operation conditions.
As a result, conventional flip chip assembly is not only very costly but also

15  suffers from a very serious reliability problems and high fatality ratio.

Organic contacts, which utilize conductive adhesive to replace
solder, are also described in U.S. Pat. No. 5,627,405 to Chillara; U.S. Pat.
No. 5,611,140 to Kulesza, et. al . Generally speaking, the conductive
adhesive which is made by adding conductive fillers to polymer binders

20  holds a number of technical advantages such as environmental compatible,
lower temperature processing capability, fine pitch and simplified processes
compared to soldering. However, these types of adhesives do not normally
form the metallurgical interface in the classical sense. The basic electrical

pathway is through conductive particles of the adhesives that are in contact



sl ashed, btut much of the waveformdistortion is also elinmnated. Flip Chip
also allows an array interconnecting |ayout that provides nore I/O than a
perimeter interconnect with the same die size. Furthernore, it requires 15
m ni mal nmounting area and wei ght which results in overall cost saving since
no extra packaging and less circuit board4space is used. An exanple of

such a method is disclosed in U S. Pat. No. 5,261,593 to Casson et al.
While flip chip technolo shows trenmendous advantage over wire

bonding, its cWih ene arer%m cad [reach aeutoins the etwo geantaelasurfaces sef dheal | |
prior art 20 flip chip technology nmust confront the chall enges of forn1ng

pr ot ruded componends. anchors or bunps to serve as el ectrical connections
bet ween integrated circuit chip and substrate circuitry. Exanpl es of
such an approach | vnéﬁleoidtrﬁcllﬁtﬂﬁﬂohé‘opoﬁrreﬁ T% aviflable: "?rﬁé e trctiRs. et .
al. ; US Pat. No. 736,456 to Akram ey typical Iy i nclude a very

costly Vacuumﬂs%?rﬂﬁﬁlgtrﬂethods, a high performance, reliable and economical method
5 that can effectively interconnect integrated circuits to the external circuitry

would be greatly desirable.

SUMMARY OF THE INVENTION

10 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
substrate circuitry to semiconductor device through the connection of pre-
formed leads to the IC terminal pads inside the via holes without the need

15 for conventional bump, bonding wire, or other media. These unique joining
approaches are capable of providing both electrical and mechanical
connection between IC chip and circuitry of the substrate.

To achieve the foregoing and in accordance with the invention, the
assembly includes a rigid or flexible dielectric substrate having a plurality of

20 electrically conductive circuitry and a plurality of via holes formed in the
dielectric substrate. These conductive traces on the surface of the substrate
are extended into each specific via holes through the leads that are
fabricated by conventional circuitry patterning process, cutting or punching

methods.



3 deposit internediate under-bunp | ayer that serves as adhesive and
di ffusion barrier. This barrier layer is typically conposed of a filmstack
t hat can be in the structure of chrom unif copper/gol d. Bunping
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although the invention is not limited to this particular type. For solder paste,

5 a typical example of paste includes 80% solder solids and 20% flux paste

although this application is not limited to this ratio. Solder paste, as stated, is

applied in paste-like form, preferably using a screening procedure known in

the art. After solder paste is dispensed onto the screen, a suitable squeegee

type device is dragged across the screen, forcing the paste through the

10 holes in the screen and into the substrate via holes. The screen is then

removed, leaving the desired quantity of paste in each via.

According to a further aspect of the invention, the connection
material may take the form of conductive adhesive to provide connection of
the IC terminal pads and pre-patterhed leads of the substrate. The

15 conductive adhesive system holds a number of technical advantages such
as environmental compatibility, lower temperature processing capability,
and simplified processes compared to soldering. Typically, the conductive
adhesive system comprises a solution of polymerizable pre-cursor, fine
metal particles and hardener, forming the paste. This paste can be filled into

20 the blind vias through screen printing, stencil printing or direct dispensing
methods. After conductive adhesive paste is filled in, the external energy
such as heat or UV lights is applied where the adhesive is cured and
hardened thus providing an effective means for electrical and mechani.cal

contacts between circuitry leads and IC terminal pads. This is important in



quite different, the stress between these two parts after attachment wll

build - up and fully | oaded on these bunps. This will then cause
severe joint cracki ng and di sconnection probl ens during normal

oper at.i on condi ti ons. As a result, conventional flip chip assenbly
Is not only very costly but also 15 suffgrs froma very serious
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The basic el ec{jP?é%%qéFaet&ﬁEa hea/gé is through conductive particles of the

adhesives that are in .contact . . .
5 R barﬁeralayer over-coated on the aluminum terminal pad surface is

preferred aithough for the copper terminal pad, it may not need further
protection. This over coating is to provide pad surface for solder wetting and
to protect the connecting material against leaching, oxidation or degradation
resulting from intermetallic formation during exposure to soldering material
10 and heat. This coating can be accomplished by sputtering a stake of thin film
thereon or by wet chemical plating technique such as electroless nickel and
immersion gold.
The contacting leads that are located inside of the via holes may
take the form of strips with various shapes. A preferred fabrication process is
15 by conventional photolithographic patterning and etching processes.
Alternately, they can be fabricated by micro-machining or laser cutting. After
these leads are formed, they are bent toward inside of the via holes in order
to provide an effective connection path between IC pads and the circuitry.
The bending of the leads can be achieved by a variety of methods such as
20 vacuum suction, air blowing or mechanical pushing.
The via holes of the substrate circuitry can be formed by various
techniques including mechanical drilling, punching, plasma etching or laser
drilling. They can be formed before or after copper lamination depends on

the substrate manufacturing process. These via holes are formed at the



4 with one another and reach out to the two contact surfaces of the

conponents. In view of the limtations of currently avail able
integrated circuits assenbl i ng nmet hods, a high performance, reliable
and econom cal net hod 5 that can effectively interconnect integrated

circuits to the external circuitry woul d be greatly desirable.
SUMVARY OF THE | NVENTI ON :

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
exposed through these holes.

5 Using extended leads and conductive material directly deposited in
via hole can effectively connect the IC chip and dielectric substrate circuitry
without external bumps or wires. This approach allows highly 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
10 allows very fine pitch terminal pad to be interconnected, can significantly

enhance the capability of packaging future high 1/0O semiconductor chips.

BRIEF DESCRIPTION OF THE DRAWINGS

15 FIG. 1 is an isometric view of a substrate showing via hole and
traces of the substrate circuitry.

FIG. 2A to 2E are diagrammatic cross-sectional views showing steps
involved in the manufacturing of an integrated circuits assembly by
dispensing conductive adhesives in the via holes according to the present

20 invention.

FIG. 3A to 3F are diagrammatic cross-sectional views showing steps
involved in the manufacturing of an integrated circuit assembly by solder
paste printing into the via followed by re-flowing process according to

another embodiment of the invention.



10 It is therefore, an object of the present invention to provide

aflipchip assenbly to address high density, |ow cost and high

per f or mance requi renents of sem conductor packaging. It involves the
bondi ng of substrate circuitry to sem conductor device through the
connection of pre- fornmed leads to téhe I C term nal pads inside the
via holes without the need 15 for conventional bunp, bonding wre, or

ot her medi a. These uni que joining approaches are capabl e of providing
both el ectrical and nechani cal connecti on between |1 C chip and
circuitry of the substrate. To achieve the foregoing and in

accordance with the i nvenDEQAJLEMBESCRIPTHINH MAE INVENHEHON rigid or

flexible dielectric substrate having a plurality of 20 electrically
conductive circuitry and a plurality of via holes formed in the
di el ectric substrate. These conductive traces on the surface of the

substrat e are. WebRARS b8 FABRIGRCS! ipC oifbaabobiifly! I Srefigbderd eads

t hat are fabri cat conventi on cir process,
cutting or 3 un%ﬁdre%s high density, low cost and high performance requirements of

semiconductor packaging. It involves the bonding of substrate circuitry to
semiconductor device through the connection of pre-formed leads to the IC
terminal pads inside the via holes without the need for conventional bump,
bonding wire, or other media. These unique joining approaches are capable

10 of providing both electrical and mechanical connection between IC chip and
circuitry of the substrate.

To achieve the foregoing and in accordance with the invention, the
assembly includes a rigid or flexible dielectric substrate having a plurality of
electrically conductive circuitry and a pluraiity of via holes formed in the

15 dielectric substrate. These conductive traces on the surface of the substrate
are extended into each specific via holes through the leads that are
fabricated by conventional circuitry patterning process, cutting or punching
methods. FIG. 1 is an isometric view of a section of such a substrate 101 on
which vias 102 are normally formed by laser or mechanical drilling. These

20 via holes 102 are to serve as the interconnecting channels between circuitry
traces 103 and IC terminal pads through the pre-formed leads 104 hanging
inside the vias. Circuitry traces 103, which extend from vias 102 along an
outer surface of the substrate will lead to another pad connection or next

level assembly.



met hods. 5

I n one’ enbodi nent of the invention, the connection nethod may t ake
the formof solder paste printing, solder jetting or solder particle

pl acement. The nobst common sol der systemin use today is tin-|lead sol der,
al though the invention is not limted to tdhis particular type. For sol der
past e, 5 a typical exanple of paste includes 80% sol der solids and 20%
flux paste al though this a Plication is not limted to this ratio.
Sol der paste, as stafflB@, orjestation of the,gentaet phsyas thal akleasbope ¢frbeeyiapl v
using a screening procedure known in the art. After solder paste is
di spensed ont oholes is ¢he dieleciric sulysitite ase)aligrpekto the pads of the IC chip so that

these pads can be totally or partially exposed through the opposite side of
the substrate. After alignment, the IC chip is aftached to the dielectric
5 substrate through adhesive film or paste, or mechanical techniques thus
form an assembly. Electrically conductive material is subsequently filled into
the via holes to connect these leads as well as the input/output pads of the
IC chip. These filled conductive materials in the via hole can provide
electrical and mechanical connections between the chip and the traces of

10 the dielectric circuitry. After substrate circuifry is connected to the terminal
pad, the mechanical and chemical means used to attach the chip and
substrate can be removed. In the alternative, it can be left in as an integral
part of the assembly since this attachment can also provide mechanical
support.

15 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
invention is not limited to attachment to printed circuit boards, in that other

20 circuitized substrates, including known flexible substrate tapes or ceramic
substrates, may be employed. In general, 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 expansion are desired. By the term “substrate” as



type device is dragged across the screen, forcing the paste through the 10
holes in the screen and into the substrate via holes. The screen is then
renoved, |eaving the desired quantity of paste in each via.

According to a further aspect of the invention, the connection

material may take the form of conductive aghesive to provide connection of
the 1C term nal pads and pre-patterned | eads of the substrate. The 15
conductive adhesive system holds a nunmber of technical advantages such

as envi ronment HF@ bRfRIR ipmeanyto defineras atipastane laypr ot thesdietpotrigpmatetialy
and sinplified processes conpared to soldering. Typically, the conductive
adhesi ve syst ehaviogmatileast caesonductive laiepthieyenar. iPrmbdd cipcudt bodrgie rof sirnier
nmetal particles and hardener, formng the paste. This paste can be filled
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t he adhesive is C
5 necessary. Such structures may include many more electrically conductive

layers than those depicted in FIGS. 1 through 3, depending on the desired
operational characteristics. As is known, such electrically conductive layers
may function as signal, power, and/or ground layers.

In one embodiment of the invention, the connection method may

10 take the form of solder paste printing, solder jetting or solder particle
placement. The most common solder system in use today is tin-lead solder,
although the invention is not limited to this particular type. For solder paste,
a typical example of paste includes 80% solder solids and 20% flux paste
although this application is not limited to this ratio. Solder paste, as stated, is

15 applied in paste-like form, preferably using a screening procedure known in
the art. After solder paste is dispensed onto the screen, a suitable squeegee
type device is dragged across the screen, forcing the paste through the
holes in the screen and into the substrate via holes. The screen is then
removed, leaving the desired quantity of paste in each via.

20 It should be understood from the teaching herein that the particular
solder paste and methods of dispensing depicted above is not meant to limit
the invention, in that it is also possible to place solder paste by stencil
printing, direct dispensing or other method. Heat, to a predetermined

temperature sufficient to cause solder paste to “ball up”, is then applied to



hardened thus providing an effective neans for electrical
contacts between circuitry leads and I C term nal pads. Thi
6 that it assures a very |ow cost and environnental
package. Its connection through netallized via wall

and nechani cal

S is inportant

ly friendly

in addition to

the filled conductive materi al al sgqassures an inproved interface
bet ween substrate and chip due to a large contact area. 5
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of such heat is achieved by using laser. Alternatively, the attached assembly
may be placed in a suitable oven to effect solder re-flow and bonding to the
IC terminals as well as the extended leads which are inside of the via holes.
One example of such an approach is an infrared (IR) continuous belt re-flow
oven. As yet another alternative, hot nitrogen gas may be directed onto the
solder member. This re-flow formation results in solder structure, which will
electrically and physically interconnect the leads and pads for eventual
permanent connection thereto. This is important in that it not only assures a
wide selection of the solder system but also assures a very low stress and
therefore reliable connection between substrate and chip due to the
flexibility of the strips.

According to a further aspect of the invention, the connection
material may take the form of conductive adhesive to provide connection of
the IC terminal pads and pre-patterned leads of the substrate. The
conductive adhesive system holds a number of technical advantages such
as environmental compatibility, lower temperature processing capability,
and simplified processes compared to soldering. Typically, the conductive
adhesive system comprises a solution of polymerizable pre-cursor, fine
metal particles and hardener, forming the paste. This paste can be filled into
the blind vias through screen printing, stencil printing or direct dispensing
methods. After conductive adhesive paste is filled in, the external energy
such as heat or UV lights is applied where the adhesive is cured and

hardened thus providing an effective means for electrical and mechanical

in

This over coating is to provide pad surface for solder wetting



to protect the connecting material against |eaching, oxidation or

degr adati on resulting frominternetallic formation during exposure
to soldering material 10 and heat. This coating can be acconplished by
sputtering a stake of thin film thereon or by wet chenical plating
techni que such as el ectrol ess nickel and 12 I nmer si on gol d.

The contacting |leads that are |located inside of the via holes may

take the formof strips with various shapes. A preferred fabrication
process is 15COBRCIRPRIMIeENBiEUItAhlsads iandols tesminal (eadse Tihish és imporéanthinng
processes. Alternately, they can be fabricated by m cro-machi ning or

| aser cutting. thattibassures a whgs tow emds andeehronmientalie friendly beadkagevaisd
i nside of the via holes in order to provide an effectlve connecti on

path between | Eomgsttionnthrolish ehétamied Y wall in 38416661 tRE fitlegt Bsnélﬁﬁ% can

be achi eved by a variety of nethods such 20 vacuum suction, alr

bl owl ng or Ef’a‘?#r‘fél'al %%'s[]?és an improved mterfg&e PetRedlP! Stibsithte Qﬁd Ul'?St rate

circuitry can orma by vari
5 due to a large contact area.

A barrier layer over-coated on the aluminum terminal pad surface is
preferred although for the copper terminal pad, it may not need further
protection. This over coating is to provide pad surface for solder wetting and
to protect the connecting material against leaching, oxidation or degradation

10  resulting from intermetallic formation during exposure to soldering material
and heat. This coating can be accomplished by sputtering a stake of thin film
thereon or by wet chemical plating technique such as electroless nickel and
immersion gold.

According to the invention, the contacting leads that are located

15 inside of the via holes may take the form of strips with various shapes. A
preferred fabrication process is by conventional photolithographic patterning
and etching processes. Alternately, they can be fabricated by micro-
machining or laser cutting. After these leads are formed, they are bent
toward inside of the via holes in order to provide an effective connection

20  path between IC pads and the circuitry. The bending of the leads can be
achieved by a variety of methods such as vacuum suction, air blowing or
mechanical pushing.

According to the invention, via holes of the substrate circuitry can be

formed by various techniques including mechanical drilling, punching,



t echni ques including nechanical drilling, punching, plasma etching or |aser
drilling. They can be forned before or after copper |am nation depends on

t he substrate manufacturing process. These via holes are forned at the

7 - | ocations where el ectrical C|rCU|try on one side of the substrate
can be connected to the opposite silde of the surface on which the
sem conduct or chip or chips are nounted and their input/output
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holes are formed at the locations where electrical circuitry on one side of the
substrate can be connected to the opposite side of the surface on which the
5 semiconductor chip or chips are mounted and their input/output terminal

pads can be exposed through these holes.

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

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

Using extended leads and conductive material directly deposited in
via hole can effectively connect the IC chip and dielectric substrate circuitry
without external bumps or wires. This approach allows highly reiiable, low

15 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 1O
semiconductor chips.

20 The present invention will be illustrated further by the following
examples. These examples are meant to illustrate and not to limit the

invention, the scope of which is defined solely by the appended claims.



W t hout external bunps or wires. This approach allows highly reliable, |ow
profile, high performance and | ow cost assenbly to be achieved. In
particular, a small via hole which can be formed by |aser or other
techni.ques 10 allows very fine pitch termnal pad to be interconnected,
can significantly enhance the capabinlgity of packaging future high I/0O
sem conduct or chi ps. BRI EF DESCRI PTI ON OF THE
DRAW NGS 15 FIG 1 is an isonetric view of a substrate show ng
via hole and EXAMPLESeL of the substrate circui try. FIG 2A
to 2E are diagrammatic cross-sectional views show ng steps i nvol ved
I n the manufacturing of an integrated circuits assenbly by di spensi ng
conductive adhesives in the via holes according to the present 20
i nventi on. FIG 2A shows an integrated circuit chip 201 with various types of
transistor, wiring and the like (not shown) which has a plurality of exposed
5 input/output terminal pads 202 (only one shown). These pads 202 were
firstly cleaned by dipping the integrated circuitry chip 201 in a phosphoric
acid solution at room temperature with an immersion time of 10 minutes to
remove the surface oxide film. This chip was next dipped in a diluted
catalytic solution Enthone “Alumon EN” (trademark) at 25 degree C for 20
10 seconds to form a thin zinc film (not shown) on the surface of aluminum alloy
terminals 202. Following steps include a thorough distillated water rinse
and electroless plating using Shipley “NIPOSIT 468" (trademark) at 85
degree C. The electroless plating will continuously deposit a thin layer of
nickel film 203 containing phosphorous (to be referred to as a nickel film
15 hereafter) on the input/output terminal pads 202 of the integrated circuits
chips 201
FIG. 2B shows a cross sectional view of the dielectric substrate 204
having a plurality of circuitry traces 205 partially covered by the solder mask
206. These circuitry traces 205 extend to via hole 207 and split into a
20 plurality of leads 208 which are bent toward inside of the via holes. The
holes 207 are formed in such a manner that the terminal pads 202 of the
integrated circuit chip 201 can be totally or partially exposed when

integrated circuit chip 201is mounted on the substrate 204. The leads 208

are bent toward the terminal pad and serve as the electrically connecting



FIG 3Ato 3F are diagranmatic cross-sectional views show ng steps

i nvol ved in the manufacturing of an integrated circuit assenbly by sol der
paste printing into the via followed by re-fl ow ng process according to
anot her enbodi ment of the invention.

8 DETAI LED DESCRI PTEON OF THE | NVENTI ON

According to the invention, a flip chip assenbly is provided to 5

address high density, | ow cost and high gerformance requi renents of
channéls for respective traces 205 of the substrate 204 with respective

terminal pads 202 of the integrated circuit chips 201 of FIG. 2A.
As shown in FIG. 2C, the substrate 204 is next securely attached to
the IC chip 201 by the adhesive paste ABLESTIK “ABLEBOND 961-2”
5 (trademark) 209.
As shown in FIG. 2D, the electrical conductive paste Solder-Sub
“ME 8659-SMT” (trademark) 210 is filled into the via holes. The filled
conductive epoxy is cured at 150 degree Celcius for 5 minutes to harden
which increases the bonding strength between circuitry leads and IC
10 terminal pads. These joints will provide an effective means for electrical and
mechanical connections between the input/output terminals and the traces
of the dielectric circuitry, thereby completing the fabrication of the electrical
bonding interconnect.
As shown in FIG. 2E, the solder ball 211 is attached to the
15 connection pad of the substrate circuitry and the package is ready for the

next level assembly.
EXAMPLE 2

20 Referring now to FIG 3A, an integrated circuit (IC) chip 301 similar to
that in example 1 was cleaned in an alkaline solution containing 0.05M
phosphoric acid at room temperature (25 degree Celcius) with immersion
time of 1 minute. The chip was then thoroughly rinsed in distillated water to

ensure there is no residue on the surface of IC chip. A stake of thin film 303



sem conduct or packaging. It involves the bonding of substrate circuitry to
sem conductor device through the connection of pre-formed leads to the IC
term nal pads inside the via holes wi thout the need for conventional bunp,
bonding wire, or other media. These unique joining approaches are capable
10 of providing both electrical and nechasi cal connection between I C chip
and circuitry of the substrate. To achleven%re
foregoing and in accordance with the invention, asse

i ncl gdesga ri gith e stuctiyrg) @f efremigm, (QOOSM@PPB?@ (ﬁ%mﬁt@rm)lgcddl (N)O@f

el ectrically conductive circuitry and a plurality of via holes formed in
the 15  di el Abgsirems)basrdapositathand patterhet orv the texmirsal padshB0 to tene of

t he substrate are extended into each specific via holes through the
| eads that areas the batridrrdncbadiseshye lagaventional circuitry patterning
process, cutting or punching nmethods. FIG 1 is an isonetric view of

a section of such a Fl@SSBa&ﬁovwﬁ %lectn?_hgl‘é%gtfﬁtfe VA B H%darg ﬂﬂFé]’iW'é{f

formed by | aser or nechani cal 1 ng
5 electrically conductive circuitry traces 305 partially covered by the solder

mask 306. These traces 305 on the substrate extend into the via holes 307
and split into a plurality of leads 308 which are bent toward inside of the via
holes 307. The holes 307 are formed in such a manner that the terminal
pads 302 (FIG. 3A) of the integrated circuit chip 301 (FIG. 3A) can be totally

10  or partially exposed when integrated circuit chip 301 (FIG. 3A) is mounted
on the substrate 304. The bent leads 308 are to serve as the electrically
connecting channels for respective traces 305 of the substrate 304 with
respective terminal pads 302 (FIG. 3A) of the integrated circuit chips 301
(FIG. 3A).

15 As shown in FIG. 3C, the IC chip 301 is next securely attached to the
substrate circuitry 304 by an adhesive film ABLESTIK “ABLEFILM 561K”
(trademark) 309.

As shown in FIG. 3D, the solder paste KESTER SOLDER “R253"
(trademark) 310 is next screen printed into the via hole.

20 As shown in FIG. 3E, the assembly is next re-flowed at the peak
temperature ranging from 210 to 215 degree of Celcius. After the re-flow
process, the assembly is cooled down at the rate of 1degree of Ceicius per

second using ambient air to solidify the solder therein. This re-flow process



20 via holes 102 are to serve as the interconnecting channels between
circuitry traces 103 and IC term nal pads through the pre-forned

| eads 104 hangi ng inside the vias. Circuitry traces 103, which extend
fromvias 102 al ong an out er surfac? of the substrate will lead to
anot her pad connection or next Ievel7assenbly.

9 The orientation of the contact ensures that at |east one

of the via enablBQHﬁ»‘éﬁlléU B&@efifn‘ﬁhl?%bﬁhéctstHéfféé&t|ﬁ3l€?eof"ﬂ11é i hd Fﬁ g pads

of the IC chip so th hese” pads can be totally or partia

at
fﬁgofgdcm[)o?g{hé{é E{&?B?{# ?}1@" %é@h&?ﬂhs vaaé he substrate. After alignnent,

As shown in FIG. 3F, the solder ball 311 is next attached to the

connection pad of the substrate circuitry and the package is ready for the
5 next level assembly.

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

The present invention may be embodied in other specific forms

10  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
meaning and range of equivalency of the claims are, therefore, to be

15 embraced therein.



5 substrate through adhesive filmor paste, or nechanical techniques thus
forman assenbly. Electrically conductive material is subsequently filled
into the via holes to connect these |eads as well as the

I nput /[ out put pads of the | C chip. These filled conductive materials
in the via hole can provide el ectrigal and nechani cal connections
between the chip and the traces of 10 the dielectric circuitry. After
substrate C|rCU|try is connected to the term nal pad, the nechanica

and cheni cal ntel@§nused to attach the chip and te can be
renoved. In the alternative, it can be left in as an |M
of the assenbly since this attachnent can al so provi dezm

support. 15 As defined herein, the preferre

particularly dir egtiRdchip assel’hblyt bgm}gqgiagng of an integrat ed dir c’w H”!:)
chip to a flexible circuitized strate, or to a nore rigid,

ey oo A Bl SR B EPRIAED ety (ot °
5 (b) the said 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, the said traces are extended into
the specific said via hole through at least one lead but preferable a plurality
of leads which fabricated on the top of and bent into the said via holes;

10 (c) a semiconductor device having a first surface and a plurality of
input/output terminal pads preferable with a stack of metal film deposited
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

15 of the said terminal pads so that at least one of the said terminal pads can
be totally or partially exposed through the said via holes from the said first
surface of the said substrate;

(e) the electrical continuity of the said substrate to the semiconductor device
is provided by depositing the electrically conductive material in the said vias

20  which connect the said bent leads and the said terminal pads.

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 a

flexible film.



invention is not limted to attachnment to printed circuit boards, in that
ot her - 20 circuitized substrates, including known flexible substrate
tapes or ceramc substrates, nay be enpl oyed. Tn general,

organi.c-type substrate is preferable for the pu - ost,
superior dielectric property whereas 1gi nor gani émﬁmm“mmj‘mmﬁe S
pr ef erabl e when high thernmal dissipation and matched coéf f Sci &nt of
expansion are desired. By the term"substrate" as . ) .

10 used4hefha didlectrie andterial abthensaidssubstiaté eecoiding i slaimr 1@eis
dielectric materi al havi ng at | east one conductive | ayer thereon.
Printed circui mddessfdserafmics. m | ar type are well known in the

el ectronic industry, as well as the processes for

5. The said via holes according to claim 1(b), are formed by laser drilling.

6. The said via holes according to claim 1(b), are formed by mechanical
5 punching.

7. The said via holes according to claim 1(b), are formed by plasma

etching.

8. The said via holes according to claim 1(b), are formed by chemical

etching.

10 9. The said electrical lead or leads which bent into the said via holes
according to claim 1(b), are fabricated by photo lithographic and etching
processes.
10.The said electrical lead or leads which bent into the said via holes
according to claim 1(b), are fabricated by laser cutting.

15 11.The said a stack of metal film according to claim 1(c), is deposited by
sputtering process.
12.The said a stack of metal film according to claim 1(c), is deposited by
evaporation process.
13.The said a stack of metal film according to claim 1(c), is deposited by

20 electroless plating process.
14.The attachment of the said semiconductor device to the said dielectric
substrate according to claim 1(d), is adhesive paste.
15.The attachment material of the said semiconductor device to the said

dielectric substrate according to claim 1(d), is adhesive film.



maki ng sane, and therefore, further definition is not believed to be 5

necessary. Such structures may include many nore el ect thaH—yﬂ;g ive
| ayers than those depicted in FIGS. 1 through 3, depend the desired
oper at.i onal characteristics. As is known, such electric HHM”]

| ayers may function as signal, poweg, and/or gro T"

I n one enbodi nent of the invention, the connection net hod may 10 ‘taK’e t he
form of sol der paste printing, sol der jetting or solder particle

pl acenent. The 1hoEhe seignalo@Btailr copduetivei maledak geeerding e relaignd (ebl iser |

al though the invention is not limted to this particular type. For sol der
past e, gonhglypctivel adhesing.e of paste includes 80% sol der solids and 20%
flux paste al though this application is not limted to this ratio.

Solder paste, a9 miglsafl dictiddily cORBURR btBAS! Sobdrimd 8 TBlaifi of(8], 2R ¥

usi ng a screeni ng procedure known in he art. After sol der paste IS

di spensed onto, fﬁﬂﬁs'é%(’ﬁ@ﬂc"‘%oﬁ@?ﬁ‘gpl e squeegee type device is

dragged across cre ‘the paste through the

5 18.The said electrically conductive material according to claim 1(e), is
solder.
19.The deposition method according to claim 1(e) is screen printing.
20.The deposition method according to claim 1(e) is dispensing.

21.The deposition method according to claim 1(e) is jetting.



holes in the screen and into the substrate via holes. The screen is then
renoved, |eaving the desired quantity of paste in each via. 20

It should be understood fromthe teaching herein that the particul ar

sol der. paste and net hods of dispensing de |cted above is not neant to limt
the invention, in that it is also possibl Tto pl ace sol der paste by stenci
printing, direct dispensing or other nethod. Heat, to a predeterm ned

temperature sufgyRIPESSOFE seuwlgssmaw YITHPASTRIPS, AND LVRR-AIRE! | od

to t he asse east I1n the vicinity of the via holes.
A preferred application of such heat is achieved by using | aser.
Alternatively, the attached assenbly
ABSTRACT
5 A flip chip assembly, and methods of making the same, including a

substrate circuitry having a plurality of via holes of which the pre-formed
strips or wires hanging therein and the filled conductive material together
serve as the electrical connection between semiconductor device and
substrate circuitry is described. The assembling steps comprise of attaching
10 an integrated circuit (IC) chip to a rigid or flexible substrate circuitry having a
plurality of pre-formed strips extended from patterned circuitry traces and
hanging inside a plurality of through holes. These through holes are aligned
and placed on top of the terminal pads so that the respective traces on
substrate can be readily connected to the respective input/output terminal
15 pads of the IC chip through the leads inside the via holes. After attachment,
the electrically conductive materials including adhesive or solder is
subsequently filled into the blind vias therefore connect the leads-in-via to
the terminal pads-in-via. The joining material not only provides the
mechanical support but also the electrical continuity between IC chip and

20 the circuitry of the substrate.

FIG. 2E



ndy be gEa¢eddin a buitable oven to effect solder re-flow and bonding to
t HeNEES SYH IBEIE 8iltkd pal s as wel |l as the extengzqgggads whi ch are inside of
t he via holes. 5 One exanple of such an appr'oach is an infrared (IR
continuous belt re-flow oven. As yet another alternative, hot
: sol der menmber. This re-fl ow
which wll electrically and
fpads for eventual per manent
{n that it not only assures a 10
al so assures a very |low stress and
rsubstrate and chip due to the
f. . /According to a further aspect o
the invention, thA at erijal gay take the-formof - -
conduct i vg~ adhgg gy i ect i ony, of 4 the 1C term nal pads and
pre-pattgrned | &aghif et e, The. 8 conductive adhesive system
hol ds a hunber : 74 '

formation results in
physi cal | 'y -i nt er conneft
connection thereto. ZW
wi de sel ection of t g
t herefore reliabl e [ganngti
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as environnental conpatibility, |ower tenpe proce55|ng capability,
and sinplified processes conpared to solderésgkj g&plcally t he conductive
adhesi ve system conprises a sol ution of polynerlzable pre-cursor, fine 20
nmetal .particles and hardener, forming the paste: This paste can be filled

into _the blind vias through screen printing, stencil printing or

di rect di spensing nmet hods. After conductive adhesive paste is filled
in, the external energy such as heat or W lights is applied where

t he adhesive is cured and har dened t hus providing an effective neans
for electrical and nechani cal

12 contacts between circuitry leads and IC termnal pads. This is

inportant in
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that it assures a very |low cost and environnentally friendly package. Its

connection through netallized via wall in addition to the filled conductive
mat erial al so assures an inproved interface between substrate and chip 5
due to a |l arge contact area. A barrier |ayer over-coated on
the al um num term nal pad surface is preferred al though-for the
copper termnal pad, it may not n / t her protection. This over
coating is to provide pad surface r der wetting and to protect

the connecting material against |eaching, oxidation or degradation 10
resulting frominternetallic formation during exposure to sol dering

mat eri al and heat. This coating can be acconplished by sputtering a
stake of thin film t hereon or by wet chemical plating technique such
as el ectrol ess nickel and i mrer si on gol d. According to

the invention, the contacting |eads that are located 15 inside of the via
hol es nay take the formof strips wth various shapes. A
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preferred fabrrcatro
patt erning and
by m cro- machi
t hey are bent

ef fective.connection

n process is by conveqﬂ,?a photolrthographrc
etching processes they can be fabricated

ining or laser cutting. ﬁﬁter these | eads are forned,
toward inside of the via holes in order to provide an

bendi ng of tThe Teéads
vacuum sueti+of

According to the i nv
formed by ue s 19
13

20 path between IC padf_gﬂd;Lhﬁ circyitry. The
can e achi eved byta varietv of I thods such as

entlon

p substraPe061rcurtry can be

L , ]
T
G 2c¢c)

I e

"THIS SHEET HAS BEEN |
REPLACED

___,&




pI asma etch| ng or Iaser dr| 11ing. They can beg/ d before or after copper
| am nati on depends on the substrate nmanufacturi éﬂgrocess These vi a

holes are fornmed at the locations wherei&l ectrical circuitry on one side of
the | substrate can be connected,to the opp05|te side of the surface
on which.the. 5 sem conductor chigp and their
|nputIOUTEut ternlnal —these hol es.

If the fini- Sq-tatt—grd package
(BGA), sol der baIIs wil | no\' OB i on the sp&dfic pads on the.
surface obE=the-dieleetl] cLB) WM@MC% be connected

10 to a printed circuit{board by, reffowng } he solder balls to form an
at t achnment to the traces the printed circuid Pard

Usi ng extended | eads and condugtive material di rectly deposited in

via hole i Substrate
circuitry Thi s approach all ows
highly reliable, |ow

bunps or wres.
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15 profile, high perfornmance and |.ow cost asmiyto be achl eved. In

particul ar, a snall

via hole, which can be fo

| aser or other

techni ques allows very fine pitch termﬂ pad to be |nterconnec_;_qq

significantly enhance the capability of” packaging futu
sem conductor, chips. 20 Thes/ present inventi e/ . k_be
/

illust ratEd"T‘U'rr‘h‘G'r—byTh'qz foI | ow ng exErrpI es. T xanpl es are
nmeant to i Lo pavention: “the-scope of
which is defined solely by t A i{ns. 204
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14 ‘ ._.\/ / /'[7\
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FI G 2A - shows an integrated circuit chip 201 with various types of
transistor, wiring and the like (not shown) which has a plurality of
exposed 5 input/output term nal pads 202 (only one shown). These pads

202 were firstly cleaned by dipping the integrated circuitry chip
201 in a phosphoric acid solution at roomtenperature.with an
imrersion tinme of 10 mnutes to remove the surface oxide film This
chip was next dipped in a diluted catal ytic solution Enthone "Al unon

EN' (trademark) at 25 degree Cfor 20 1 seconds to forma thin zinc film
(not shown) on the surface of alumnu ) term nal s 202.

Fol | om ng steps include a thorough di stifl gﬁed water rinse and

el ectrol ess plating using Shipley "NIPOBI T 468" (tradenark) at 85

degree C. The electroless plating will continuously deposit a thin | ayer of
ni ckel film 203 contai ni ng phosphorous (to be referred to as a nickel film
15 hereafter) on the input/output term nal pads 202 of the integrated
circuits
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chi ps 201 FIG 2B shows a cross sectional view of the

dielectric substrate 204 having a plurality of circuitry traces 205
partially covered by the sol der mask 206. These circuitry traces 205
extend to via hole 207 and split into a 20 'plurality of |eads 208 which
are bent toward inside of the via holes. The hol es 207 .ar.e formed in
such a manner that the term nal pads 202 of the integrated circuit
chip 201 can be totally or partially expgsed when integrated circuit
chip 201lis nounted on the substrate ZQ?L g‘ | eads 208 are bent
toward the termnal pad and serve as t l&gtrically connecting

15
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channels for respective traces 205 of the substrate 204 with respective
terminal pads 202 of the integrated circuit chips 201 of FIG 2A

As shown in FIG 2C, the substrate 204 is next securely attached to

the 1C chip 201 by the adhesive paste ABLESTI K " ABLEBOND 961- 2" 5

(trademar k) 209. shown in Fl G 2D the el ectrical
conductive paste Sol der- Sub (trademark) 210 is filled
into the via holes. The filled di ve epoxy is cured at 150
degree Celcius for 5 mnutes to harden ich increases the bonding
strength between circuitry leads and I1C 10 term nal pads. These joints
w Il provide an effective nmeans for electrical and nmechani cal
connections between the input/output termnals and the traces of the
dielectric circuitry, thereby conpleting the fabrication of the electrical
bondi ng i nterconnect. As shown in FIG 2E, the solder ball

211 is attached to the
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15 connection pad of the substrate circuitry and the package is ready for
the - next | evel assenbly. Referring
now to FIG 3A, an integrated circuit (1C) ﬁ 01 S|mlar to that in
exanple 1 was cleaned in an al kaline solutio cont aining 0.05M

phosphoric acid at roomtenperature (25 degree Celcius) with inmersion
time of 1 mnute. The chip was then thoroughly rinsed in distillated water
to ensure there is no residue on the surface of IC chip. A stake of

thin film 303
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164 = in the structure of chrom um (500 A)/copper (700Angstrons)/gold
(1000 - Angstrons) was deposited andAga terned on the term nal pads
302 to serve as the barrier and ad QYMQ.Iayer. FIG
3B shows a dielectric substrate 304 having a plurality of 5

el ectrically conductive circuitry traces 305 partially covered by the

sol der mask 306. These traces 305 on the substrate extend into the
via hol es 307 and split into a plurality of |eads 308 which are bent
toward inside of the via hol es 307. The holes 307 are fornmed in such
a manner that the term nal pads 302 (FIG 3A) of the integrated
circuit chip 301 (FIG 3A) can be totally 10 or partially exposed when
integrated circuit chip 301 (FIG 3A) is nounted on the substrate
304. The bent | eads 308 are to serve as the electrically connecti ng
channel s for respective traces 305 of the substrate 304 with

respective termnal pads 302 (FIG 3A) of the integrated circuit chips 301
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3A). 15

securely attached to the

As shown in FIG 3C

ABLESTI K " ABLEFI LM 561 K"
FIG 3D, the solder paste KESTER SCLDER " R25
next screen printed into the via hole. 20

the assenbly is next re-flowed at the peak .

210 to 215 degree of Cel

ci us.

the IC chip 301 is next

substrate a |try 304 by an adhesive film
)

(trademar

After the re-fl ow

As shown in
(trademark) 310 is
As shown in FIG 3E

tenperature ranging from

process, the assenbly

is cooled down at the rate of 1 degree of Celcius per second usi ng

anbient air to solidify the sol der therein.

This re-fl ow process
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17 enables the filled solder firny connect the/hgads—~i.nsi
vias as well as the term nal pads at the botto fé#ﬁﬁ%mmggf -
As shown in FIG 3F, the solder ball 311 is next attaghgd tTo~tHE. * 7F

connection pad of the substrate circuitnyy and the package g eady T he
5 next |evel assenbly. ough only o Irgol d%A[}‘gy%S%&emqir
shown in the figure, it is to be under st ood t-at“han¥w§olde;e/ .
systens, can al so be applied and sexyve the co

haection purposel
The present invention may be enbpdi edNn ot her spécific -10  wift hout
departing fromthe spirit or essqntial chqracferistics thereof. T

presently disclosed enbodi nents alke, therefore, to be considered in al

respects as illustrative and not fgstrictive, \he scope of the invention
bei ng I ndi cat ed by e—appended clains an§ all changes which cone

within the

101

102
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%n&aning and range of equival ency of the cl

enbraced t herein. 18
I.claim 1. Aflip chip assenbly, conpri si ng: (a) a
dielectric substrate having a plurality vi a hol es; 5 r HEEW‘
said dielectric substrate having a fi rs?ﬁand second opposite¢ REPLA&@QA M%S
surfaces and a plurality of electrically conductive traces beilng formed on
t he first surface of the said dielectric substrate, {he éhﬂd&&ﬁdﬂ%%
are extended into
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the specific ,said via hole through at | east one | ead but preferable a

plurality of |l eads which fabricated on the top of and bent into the

said via holes; 10 (c) a sem conduct device having a f sur-face—and
rﬁﬁk1 eﬁ%Ft

d plurality of i nput/out put te pads pref erabl ACEMENTa SHEBT
metal film deposited t her eon; (d) the said sjubgtrate-ts
attached on the said sem conductor device fromthe secogd §@@f 266§
and the via holes of the said substrate are aligned on thg tljop 15"~ &7t he

said termnal pads so that at |east one of the said termral pads can

be totally or partially exposed through the said via holeg fromthe said
first surface of the said substrate; (e) the electrical
continuity of the said substrate to the sem conductor device is
provi ded by depositing the electrically conductive naterial in the said
vias 20 which connect the said bent | eads and the said term nal pads.
2.. The dielectric material of the said substrate according to claim1(a),
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made of plastics. 3. The dielectric material of the said substrate

according toclaim1 (a), is a flexible film

19 4. The dielectric material ofmﬁhe said substrate qcaardﬁygmﬁg 3%&} 5
claimil(a), is made of ceram cs. 5. The said vija hol.es e
according to claim1(b), are forned by laser drilling. 6. ,The -5 ﬁﬁ

via holes according to claim1(b), are fornmed by nmechani cal 52 3 gﬁﬁc‘Pag.

7. The said via holes according to claim1 (b), are forned |bylplas#a

211

A VA

—
301

\_
N
204
303
—

210
FIG. 2E

FIG. 3A

“~/ /S
r”!
202
302

N

<
201

e o an — w ————-——

/
N
5
S




etching. =~ . 8. The said via holes according to claim 1(b),

are formed by

chemical’ etching. 10 9. The said electrical |ead or_|eads which

hent into the said via holes accgrding to claim1(b), [ag rgﬁ?ﬁ}

by photo |ithographic and etching 9ﬂ7pr ocesses. 10. Tﬁgﬁsé'_éﬁgﬂt §HEET
electrical lead or |eads which bent into the said via holes accordi ng

toclaiml (b), are fabricated by laser cutting. 15 11. The

of nmetal filmaccording to claim1(c), is deposited by

sa? d AP8t198%

puttering

process. 12. The said a stack of netal filmaccording tjo claim21(c),
_a.stack of

is deposited by evapor ati on process. 13. The said

metal filmaccording to claiml1(c), is deposited by 20 el ectrol ess

pl ati ng process.
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14. The até%chﬁént of the said sem conductor device to the said dielectric
substrate according to claiml (d), is adhesive paste. 15. The
attachnment material of the said sem cogguctor device to the said

LAGEMENT SHEET |

20 16. The said electrically conductive material according

dielectric substrate according to claim1 (d), is adhesive fiIQ%g
I

1(e), is conductive adhesive. 17. The said el ectricaj conducti1Vve
mat erial according to claiml1(e), is intrinsic conductive poRyag\FR 1989
18. The said electrically conductive material according to claim_1(e), is
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sol der. &*,&@9 The deposition nethod according to claiml (e) is screen

printing. 20. The deposition nethod according to claiml1 (e) is
di spensi ng. 21 . The deposition ma’tmod according to claim1l (e) is
jetting. - '
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FIG. 3F
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