FLEP CH P TECHNOLOGY USI NG ELECTRI CALLY CONDUCTI VE POLYMERS AND DI ELECTRI CS
Background of the Invention Integrated circuits have had al nost universal 5
application to communication and mlitary technol ogies for several years.
O~ I ncreawwO®1ygmae9 t ance has been devel opnment of m crocircuit pgIEsS90/67S24
met hods for interconnection of the circuits by automated equi p- nment. A
primary limtation to application of micro- 10 <circuit technol ogy has been
cost efficiency and reliability of interconnection of integrated circuits
on chi ps because of the small size of the chips, which often require
hundreds of connections to be nmade within each circuit. 15 One net hod
of circuit interconnection is called T

FLIP CHIP TECHNOLOGY USING ELECTRICALLY
CONDUCTIVE POLYMERS AND DIELECTRICS

" Background of the Invention
Integrated circuits have had almost universal -

5 application to communication and military technologies
for several years. Of increasing importance has been
development of microcircuit wafers and methods for
interconnection of the circuits by automated equip-

ment. A primary limitation to application of micro-

10 circuit technology has been cost efficiency and
reliability of interconnection of integrated circuits
on chips because of the small size of the chips, which
often require hundreds of connections to be made
within each circuit.

15 Oone method of circuit interconnection is called
flip chip bonding. Flip chip bonding can offer a
shorter signal path and, therefore, more rapid
communication between circuits than can other methods,
such as tape automated bonding (TAB) or conventiocnal

20 wire bonding, because bond pads on flip chips are not
restricted to the periphery of the chip, but rather
are usually located at one face of the chip opposite a
substrate. In one method of flip chip bonding, a chip
or die is formed with the requisite integrated circuit

25 and interconnect wiring required for interconnecting
the circuit with other chip circuits on a circuit
board, such as a separate printed circuit board or
substrate. Bond pads are located at points of inter~
connection. Bumps are formed by plating of several

30 layers of metals on the bond pads of the flip chip.
Following deposition, the chip is heated to reflow the
metals, thus causing surface tension of the deposit to
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flicp chip bonding. Flip chip bonding can offer a shorter signal path and,
therefore, nore rapid conmuni cation between circuits than can other

nmet hods, such as tape automated bonding (TAB) or conventional 20 wre
bondi ng, ¥OR1£4Bnd pads on flip chips are not restricted t ®CHNESI0/07524
peri phery of the chip, but rather are usually | ocated at one face of the
chip opposite a substrate. In one nethod of flip chip bonding, a chip or
die is fornmed with the requisite integrated circuit 25 and interconnect
wiring required for interconnecting the cifcuit with other chip circuits on
a circuit board, such as a separate printel@ circuit board or substrate.
Bond pads are |l ocated at points of inter- connection. Bunps are fornmed by

plating of seveggin3flemidyfibsi8h1"EbIuErOWphips?NdrRRIF19E EREp! EP Chi p.
subsequently severed from the wafer of which it was a
part and "flipped" for alignment with the bond pads of
a substrate. These bumps are then contacted with the

5 bond pads of the substrate and uniformly heated to
simultaneously form interconnects between aligned bond
pads of the flip chip and the substrate.

Use of metals to interconnect bond pads of flip
chips and substrates has required, however, that

10 passivation of the flip chip be accomplished by use of
a metal barrier such as titanium (Ti), tungsten (W) or
silicon nitride (si3N4). Both the metal, as a passi-
vation (or barrier) material, and ceramic, as a
‘substrate material, are generally necessitated to

15 allow sufficient heating to enable reflow of the
solder bumps for interconnection between the flip chip
and the substrate without consequential damage to
either.

Fabrication of circuits using bumped f£lip chips

20 have also been limited by the inability to visually
inspect interconnections between the f£flip chip and the
substrate. Further, the yield of finished mounted
circuits can be detrimentally affected by failure of
interconnects caused by the difference between the

25 coefficients of thermal expansion of the various
materials comprising the flip chip, the passivation
layer, the solder bumps and the substrate. Also, '
melting of the solder bumps creates an electrically
conductive flux as an undesirable byproduct which

30 generally must be removed from between the substrate
and the flip chip to allow proper operation of the
finished circuit.
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Foltow ng deposition, the chip is heated to reflow the netals, thus causing

surface tension of the deposit to -2- form hem spherical solder "bunps.'
The flip chip is subsequently severed fromthe wafer of which it was a part
and “f11 paso1/g94192! i gnment with the bond pads of a substratepcf

are then contacteéﬁmﬁth the 5 bond pads of the substrate and un|$

heated to sinultaneously forminterconnects between aligned bond pads of
the flip chip and the substrate. Use of nmetals to interconnect bond pads of
flip chips and substrates has required, however, that

-3-

Problems of heat stress during fabrication have
been addressed by various methods, such as by rapid
application of heat to a bumped flip chip and rapid
conduction of heat from the solder interconnects in

5 order to minimize damage to £lip chips, substrates and
interconnections due to internal stresses caused by
thermal expansion and contraction. However, this
method is very expensive.

Therefore, a need exists for a method of

10 interconnecting flip chips to substrates which is
fast, cost-effective and reliable, so that the advan-
tages of flip chips over other types of microcircuit
wafers can be exploited more fully. Also, there is a
demand for a simplified method of connecting flip

15 chips to substrates which eliminates the need for
elaborate plating procedures. Further, a method which
enables greater flexibility of passivation and choice
of substrate is also desirable. These improvements
could promote cost efficiency and broaden the applica-

20 tions for which microcircuits are suitable.

Summary of the Invention
The present invention relates to a bumped flip
chip technology and a method for interconnecting the
bond pads of a bumped £flip chip to the bond pads of a
25 substrate. In accordance with the present invention,
an organic protective layer is selectively formed over
the surface of a flip chip, leaving the flip chip bond
pads exposed. An electrically conductive
polymerizable precursor is disposed at the bond pads
30 of the flip chips to form "bumps" which extend beyond
the organic protective layer. Alternatively, the
electrically conductive éolymerizable precursor can be
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10.passivation of the flip chip be acconplished by use of a netal barrier
such as titanium (Ti), tungsten (W or silicon nitride [err]. Both the
netal, as a passi- vation (or barrier) material, and ceramc, as a
substrate ¢R)ojio0419 are generally necessitated to 15 al | ow suf{,tf) ,07524
heating to enable reflow of the solder bunps for interconnection between

the flip chip and the substrate w thout consequential danmage to either.
Fabrication of circuits using bunped flip chips 20 have also been |imted
by the inability to visually inspect interconnections between the flip chip
and the substrate. Further, the yield of- finished mounted circuits can be
detrinentally affected by failure of interconnects caused by the difference

bet ween t he
formed in two layers at each bond pad, the two layers

together forming the bumps. The two layers can be
polymerized to form an electrically conductive bump
"before connecting the bump with bond pads of the

S substrate. An adhesive is then applied to the
substrate bond pads to provide "wet," or electrically
conductive, connections between the bumps and
substrate which are subsequently polymerized. An
electrically conductive polymer is thereby selectively

10 formed between the bond pads of the flip chip and the
bond pads of the substrate. Alternatively, the bumps
can be polymerized after connecting the bumps of the
flip chip to the bond pads of the substrate.

Electrical interconnections between bond pads of

15 £1ip chips and bond pads of substrates are obtained by
formation of a electrically conductive polymerizable
precursor at the bond pads of a flip chip. Polymer-
ization of the bumps can be achieved under milder
thermal conditions than are required to reflow solder.

20 Thus, reliability problems, caused by rapid heating
and by large discrepancies of coefficients of thermal
expansion of component materials in the f£flip chip,
passivation layer, bumps and substrates, can be
substantially reduced. Further, because the polymeri-

25 zation conditions are less harsh than required for
reflow of solder bumps, the need for metal passivation
of the flip chip is eliminated and a wider variety of
substrate types is enabled. Also, complicated and
time~consuming vapor deposition and electroplating

30 techniques for depositing solder bumps are eliminated.
In addition, polymer interconnects are fluxless, thus
eliminating difficult problems with removal of
electrically conductive flux between flip chips and
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25-toefficients of thermal expansion of the various materials conprising
t he passivation |ayer, the solder bunps and the substrate.
Also, nmelting of the solder bunps creates an electrically conductive flux

the flip chip,

as an undew hipg40ypr oduct which 30 general ly nust be renoved
the substrate and the flip chip to allow proper operation of t

circuit. -3- Problens of heat stress during fabrication have been

addr essed by various nethods,

bunped flip chip and rapid

10

15

20

25

30

-5-

substrates. The organic protective layer can also have

a low dielectric constant, thereby acting as a
passivation layer and enabling close proximity of the

" £1ip chip to the substrate and consequent shortened

circuit paths in the finished circuit.

The above features and other details of the
invention, either as steps of the invention or as
combinations of parts of the invention, will now be
more particularly described with reference to the
accompanying drawings and pointed out in the claims.
It will be understood that the particular embodiments
of the invention are shown by way of illustration and
not as a limitation of the invention. The principle
feature of the invention may be employed in various
embodiments without departing from the scope of the
invention.

Detailed Description of the Drawings _
Figure 1 is a plan view of one embodiment of the

present invention after selective formation of an
organic protective layer over the surface of a flip
chip. _

Figure 2 is a section view of the embodiment of
Figure 1 taken along lines I-I.

Figure 3 is a section view of a flip chip which
has been passivated with a silicon nitride or oxide
layer, over which layer an organic protective layer
has been formed.

Figure 4 is a section view of the embodiment of
Figure 1 after formation of the first layer of an

electrically conductive polymerizable precursor on the

bond pads of the flip chip.
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copduction of heat fromthe sol der interconnects in 5 order to mnimze
damage to flip chips, substrates and interconnections due to internal
stresses caused by thermal expansion and contraction. However, this nethod

i s. very exwengisgeqi9Therefore, a need exists for a nethod of 1(pcr,U590,07524
i nterconnecting flip chips to substrates which is fast, cost-effective and

reliable, so that the advan- tages of flip chips over other types of
mcrocircuit wafers can be exploited nore fully. Also, there is a denand
for a sinplified nethod of connecting flip 15 chips to substrates which
elimnates the need for elaborate plating.gLocedures. Further, a nethod

whi ch enables greater flexibility of passivation and choice of substrate is
al so desirable. These inprovenents

Figure 5 is a section view of the embodiment of
Figure 1 after formation of a second layer of an
electrically conductive polymerizable precursor on the
‘first layer to thereby form bumps. ‘
5 Figure 6 is a plan view of a substrate suitable
for use with the present invention.
Figure 7 is a section view of the embodiment of
Figure 1 and of the substrate taken along lines VI-VI
of Figure 6 after aligning the bumps of the flip chip
10 with bond pads of the substrate.
Figure 8 is a section view of the embodiment of
Figure 1 after contact of the bumps of the flip chip
to the bond pads of the substrate.
Figure 9 is a section view of a third embodiment
15 of the present invention wherein the bumps have been
polymerized to form an electrically conductive polymer
and wherein an electrically conductive adhesive has
been applied to the substrate bond pads prior to
contacting the flip chip bumps to the bond pads of the
20 substrate.
Figure 10 is a section view of the embodiment of
Figure 9 after contacting the bumps to the bond pads
of the substrate and polymerization of the adhesive to
form electrical interconnections between the bond pads
25 of the flip chip and the bond pads of the substrate.

Detailed Description of the Invention
In one embodiment of the present invention, shown

in Figure 1, a simplified illustrative version of a

flip chip 10 is shown. It consists of bond pads 12,14
30 on upper planar surface 16 of flip chip die 11. Die

11 is formed of silicon, gallium arsenide, germanium

or some other conventional semiconductor material. As
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coul d pronote cost efficiency and broaden the applica- 20 tions for which
mcrocircuits are suitable. Summary of the Invention The present invention
relates to a bunped flip chip technology and a nmethod for interconnecting

the bond pegg 9pjgesgunped flip chip to the bond pads of a 25 spegy 186707423
accordance wth the present invention, an organic protective layer Is

sel ectively fornmed over the surface of a flip chip, leaving the flip chip
bond pads exposed. An electrically conductive polynerizable precursor is

di sposed at the bond pads. 30 of the flip chips to form "bunps” which
extend beyond the organic protective Iayerh7élternatively, the electrically
conductive polynerizabl e precursor can be

can be seen in Figure 2, an organic protective layer
18 is formed over circuits 15 (connected to the bond
pads) and surface 16 of flip chip 10 by screen
" printing, stenciling, spin-etching or by other methods
5 of monomer or polymer deposition. Alternatively, f£flip
chip 10 also can be passivated with silicon nitride or
an oxide layer 19 before formation of organic
protective layer 18, as is shown in Figure 3. The
organic protective layer is preferably a dielectric
10 polymer. An example of an organic material suitable
for application in the present invention is Epo-Tekg
polyimide, manufactured by Epoxy Technology, Inc.
Bond pads 12,14 are covered during deposition of
organic protective layer 18 and are then left exposed
15 following deposition, as shown in Figure 2. Organic
protective layer 18 is preferably polymerized by
application of heat or other conventional means prior
to formation of layers 20,22 on bond pads 12,14, shown
in Figure 4. Organic protective layer 18 passivates
20 and thereby insulates and protects the underlying
surface 16 of flip chip 10.

As shown in Figure 4, first layers 20,22 of an
electrically conductive polymerizable precursor are
selectively formed on bond pads 12,14. Electrically

25 conductive polymerizable precursor, as that term is
used herein, can include a thermoset polymer, a
B-stage polymer, a thermoplastic polymer, or any
monomer or polymer which, upon polymerization or upon
further polymerization, is electrically conductive or

30 which can support an electrically conductive material.
The electrically conductive polymerizable precursor
can be gold-filled, silver-filled, or filled with some
other electrically conductive material. The organic
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-4+ formed in tw |ayers at each bond pad, the two |ayers together form ng
t he bunps. The two layers can be polynmerized to forman electrically :
conductive bunp before connecting the bunp with bond pads of the 5

subst r at e.wo 9inggmihesi ve is then applied to the substrate bonPqrRUS9/7524
provide "wet," or electrically conductive, connections between the bunps
and substrate whi ch are subsequently polynerized. An electrically
conductive polynmer is thereby selectively 10 forned between the bond pads
of the flip chip and the bond pads of the substrate. Alternatively, the
bunps can be polynerized after connecting-8&e bunps of the

protective layer 18 acts as a template defining areas
for deposition of first layers 20,22 of monomer on
flip chip 10. In a preferred embodiment of the
.present invention, the uhpolymerized organic
5 protective layer has a high thixotropy for retaining a
pattern on surface 16. The flip chip 10 can thus be
manipulated more conveniently during subsequent
deposition of electrically conductive polymerizable
precursor onto bond pads 12,14. First layers 20,22
10 are substantially flush with polyimide layer 18.
Second layers 24,26 of electrically conductive
polymerizable precursor, such as are used to form
first layers 20,22, are formed on first layers 20,22,
as shown in Figure 5. First layers 20,22 and second
15 layers 24,26 form bumps 28,30 on flip chip 10. As
shown in Figure 6, circuit 33 on substrate 36 is
connected with bond pads 32,34. As can be seen in
Figure 7, bumps 28,30 are located on flip chip 10 in a
position which is aligned with the known position of
20 bond pads 32,34 on substrate 36. As shown in Figure
8, bond pads 32,34 are then brought into contact with
bumps 28,30. Bumps 28,30 are then polymerized by
heating, or by other known methods, to form
electrically conductive interconnections between flip
25 chip bond pads 12,14 and substrate bond pads 32,34.
Substrates which are suitable for use with the present
invention include materials such as ceramic, silican,
porcelain, conventional printed circuit board
materials, or other conventional substrates suitable
30 for electrical circuits. |
If the electrically conductive polymerizable
precursor is a thermoset, the first layers 20,22 can
be polymerized before formation of the second layers

eet Has Been Re 1aced

T



~fldp chip to the bond pads of the substrate. Electrical interconnections
bet ween bond pads of 15 flip chips and bond pads of substrates are
gbtained by formation of a electrically conductive pol ynmerizable precursor
at” the b 19f @ flip chip. Polymer- ization of the bummecIyeg$r7s524
achi eved under mlder thermal conditions than are required to reflow

sol der. 20 Thus, reliability problens, caused by rapid heating and by

| arge di screpancies of coefficients of thermal expansion of conmponent
materials in the flip chip, passivation |ayer, bunps and substrates, can be
substantially reduced. Further, because t«4%- polyneri- 25 =zation conditions
are less harsh than required for refl ow of sol der bunps, the need for netal

passivation of the flip chip is elimnated and a w der variety of
24,26. Second layers 24,26 can be hemispherical in

shape before contact is made with substrate bond pads
32, 34. First layers 20,22 and second layers 24,26
form bumps 28,30 which can be contacted to substrate

5 bond pads 32,34 before polymerization. Bumps 28,30
are subsequently polymerized to form electrical
interconnections between flip chip bond pads 12,14 and
substrate bond pads 32,34. Alternatively, first
layers 20,22 can be polymerized before deposition of

10 second layers 24,26.

In another embodiment of the present invention,
shown in Figure 9, bumps 28,30 can be formed of
electrically conductive polymerizable precursor which
is polymerized before contact with substrate bond pads

15 32,34. As seen in Figure 9, adhesive layers 38,40 are
formed on substrate bond pads 32,24 before bumps 28,30
are contacted to substrate bond pads 32,34. Examples
of adhesives which can be used include thermosets,
thermoplastics and polymer thick film. Adhesive

20 1layers 38, 40 are formed on substrate bond pads 32, 34
by screen printing, stenciling, or by some other
conventional method. Bumps 28,30 are brought into
contact yith adhesive layers 38, 40 are shown in
Figure 11, and the electrically conductive adhesive is

25 then polymeﬁized by heating or by other conventional
means to form electrical interconnections between bond
pads 12,14 of flip chip 10 and bond pads 32,34 of
substrate 36.

The electrically conductive polymerizable

30 precursor used to form first layers 20,22 and second
layers 24,26 of bumps 28,30 can be a B-stagé polymer.
Examples of suitable B-stage polymers include
thermosets and thermoplastics. Solvents within the

e
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sybstrate types is enabled. Also, conplicated and tine-consum ng vapor
deposition and electroplating 30 techniques for depositing sol der bunps
agre elimnated. In addition, polymer interconnects are fluxless, thus

el i"mi nat i ngv(gb?]}d'ggwt problens with renoval of electrically cog&g%%zogzgx
o r 0

between flip I'ps ‘and substrates. The organic protective

have a | ow dielectric constant, thereby acting as a passivation |ayer and
enabling close proximty of the flip chip to the substrate and consequent
shortened 5 circuit paths in the finished circuit. The above features and
ot her details of the 10

B-stage polymer can be substantially evaporated from
the electrically conductive polymerizable precursor
comprising bumps 28,30 before bumps 28,30 are
‘contacted to substrate bond pads 32,34. Evaporation

5 of the solvent within the B-stage polymer causes the
bumps 28,30 to retain a substantially rigid shape
while the flip chip is manipulated for contacting
bumps 28,30 to substrate 36. The B-stage polymer can
subsequently be polymerized to form electrical

10 interconnections between flip chip bond pads 12,14 and
substrate bond pads 32,34.

In a preferred embodiment, flip chip 11 is
aligned over substrate 36 by a flip chip aligner
bonder, such as model M-8, manufactured by Research

15 Dpevices, Division of the American Optical Corporation.

Equivalents
Although preferred embodiments have been
specifically described and illustrated herein, it will
be appreciated that many modifications and variations
20 of the present invention are possible, in light of the
above teachings, within the purview of the following
claims, without departing from the spirit and scope of
the invention. For example, while the discussion is
directed to a single flip chip on a substrate which
25 f£lip chip has only one circuit and two bond pads, it
is to be understood that the concept can be readily
expanded to include a plurality of chips with a
plurality of circuits and bond pads on each.
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ivention, either as steps of the invention or as conbinations of parts of
the invention, will now be nore particularly described with reference to
.;hg 10t acconpanying drawﬁn?s and pointed out in the clains. It will be
unter st oo particul ar enbodi ments of the invention apgy

way of .|Sﬁ§%‘!‘f ?)% and not as a limtation of the invention. Theh%??,rﬁ% e
feature of the invention may be enployed in various 15 enbodinents w thout
departing fromthe scope of the invention. Detailed EESCTTpTTﬁﬁ‘BT_FﬁE——_-
Drawings Figure 1 is a plan view of one enbodi ment of thep;PéReead Benk edon

after selective fOI‘ITB.tIOI_‘l of an 20 organlc:JL prot ectlve Iaye‘ ““ ““ ml‘

surface of a flip chip.

CLAIMS

1. A method of forming an electrically conductive
interconnection between a bond pad of a'flip chip
and a bond pad of a substrate, comprising the

L steps of:

a) selectively forming an organic protective
layer over a surface of the flip chip where
the bond pad is located, leaving the bond
pad exposed;

10 b) forming an electrlcally conductive
polymerizable precursor on the bond pad of
the flip chip to a level extending beyond
the protective layer to produce a bump:

c) contacting the bump to the bond pad of the

15 substrate; and

d) while so contacted, polymerizing the bump to

" form an electrically conductive
interconnection between the bond pad of the
flip chip and the bond pad of the substrate.

20 2. The method of Claim 1 wherein the organic
protective layer is a dielectric polymer and the
electrically conductive polymerizable precursor
is screen printed onto the bond pad of the flip
chip.

25 3. The method of Claim 1 wherein the protective
layer is formed of a dielectric polymer and the
electrically conductive polymerizable precursor
is stquiled onto the bond pad of the flip chip.

I —————
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Fi,gure 2 is a section view of the enbodi ment of Fi-gure 1 taken along |ines
I-1.. Figure 3 is a section viewof a flip chi mhggh 25 has been
passi vated with a silicon nitrideTasShesiHgaB abver which |ayer an

or gani ¢ prﬁ}q&ggbyﬁgl ayer has been f\m 41is a sectiw%&QSWe
0 | n

enbodi nent - gure 1 after format} st layer of
el ectrically conductive pol ynerizabl e precursor on the bond pads of the
flip chip. -6- Figure 5 is a section view of the enbodi ment of

=12~

4. The method of Claim 1 wherein the electrically
conductive polymerizable precursor is polymerized
‘to form an electrically conductive bump prior to
contacting the bump to the bond pad of the
5 substrate.

5. The method of Claim 1 wherein the organic
protective coating defines the area for forming
the electrically conductive polymerizable
precursor on the flip chip.

10 s. A method of forming an electrically conductive
interconnection between a bond pad of a £flip chip
and a bond pad of a substrate comprising the

steps of:
a) selectively forming an organic protective
15 layer over a surface of the flip chip where

the bond pad is located, leaving the bond
pad exposed;

b) forming a first layer of an electrically
conductive polymerizable precursor on the

20 bond pad of the flip chip:

c) forming a second layer of an electrically
conductive polymerizable precursor over the
first layer, the second layer and the first
layer together forming a bump:

25 d) contacting the bump to the bond pad of the
substrate; and

e) while so contacted, polymerizing the bump to
form an electrically conductive
interconnection between the bond pad of the

30 flip chip and the bond pad of the substrate.
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Fi,gure 1 after formation of a second layer of an electrically conductive
poI yneri zabl e precursor on the fi r’BiisSh asBeeanpbc@by form bunps.

5

BFigure 6 is a plan view of a substr use with the present

inventi on. WwO®1ye419i S a section vi | ment of Fi gypicar/Usieyd7§s
gure after aligning the bu

t he substrate taken along |ines VI-
of the flip chip 10 with bond pads of the substrate.- Figure 8 is a section
vi ew of the enbodi ment of Figure 1 after contact of the bunps of the flip
chip to the bond pads of the substrate. Figure 9 is a section view of a
third enbodi nent 15 of the present inventihga wherein the bunps have been
pol ynmerized to forman electrically conductive pol yner

7. The method of Claim 6 wherein the organic
protective layer is a dielectric polymer.

- 8. The method of Claim 7 wherein the second layer is
screen printed onto the first layer.

5 9. The method of Claim 7 wherein the second layer is
stencilled onto the first layer.

10. The method of claim 6 wherein the electrically
conductive polymerizable precursor is polymerized
to form an electrically conductive bump prior to

10 contacting the bump to the bond pad of the
substrate.

11. The method of Claim 10 further comprising the
step of forming an electrically conductive
adhesive on the substrate bond pad to allow an

15 electrically conductive interconnection between
the bond pad of the flip chip and the bond pad of
the substrate.

12. The method of Claim 11 wherein the electrically
conductive adhesive is stenciled onto the
20 substrate bond pad.

13. The method of Claim 11 further comprising the
step of depositing an adhesive onto the bond pad
of the substrate to form an electrically conduc-
tive interconnection between the bond pad of the

. 25 flip chip and the bond pad of the substrate.

[
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and wherein an electrically conductive adhesive-has been applied to the

substrate bond pads prior to contacgtjn ' h|p bunps to the bond
Eads of 9t he 20 substrate. Figure mﬁi"ﬁ‘ﬁm |ew of the enbodi nent of
Cigure gacting the bunp ﬂ ads of the sikst 0355k
polynerlzatlon d?ﬂthe adhesive to f |nterconnect|on‘E%gﬁmeen
the bond pads 25 of the flip chip and the bond pads of the substrate.
Det ai | ed Description of the Invention In one enbodi ment of the present
invention, shown in Figure 1, a sinplified illustrative version of a flip
chip 10 is shown. It consists of bond pads,12, 14 30 on upper planar
surface 16 of flip chip die 11. Die 11 is formed of .silicon, gallium

ar seni de, germani um

14. The method of Claim 6 wherein the organic
protective coating defines the area for forming
the electrically conductive polymerizable
precursor on the flip chip.

5 15. A method of forming an electrically conductive
interconnection between a bond pad of a flip chip
and a bond pad of a substrate comprising the

steps of:
a) selectively forming an organic protective
10 layer over a surface of the flip chip where

the bond pad is located, leaving the bond
pad exposed:;

b) forming a first layer of an electrically
conductive polymerizable precursor on the

15 bond pad of the flip chip:;

c) drying the first layer:

d) forming a second layer of the electrically
conductive polymerizable precursor over the
first layer to a level extending beyond the

20 organic protective layer;

e) drying the second layer to form a bump on
the f£lip chip:

£) contacting the bump to the bond pad of the
substrate; and

25 g) while so contacted, polymerizing the bump to
form an electrically conductive intercon-
nection between the bond pad of the flip
chip and the bond pad of the substrate.
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or- some ot her conventional sen conductor material. --As- -7- can be seen in
Ffgure 2, an organic protective |ayer. 18 is forned over circuits 15

(connect ed to the bond pads) and surmeﬂniﬁmﬁ hip 10 by screen

Rr¥nting, wbo19e94199. spin-etching or ds 5 of POIUS®0/09524
pol yner deposition. Alternatively, o can be passivated
9

with silicon nitride or an oxide Iayer before formation of organic
protective layer 18, as is shown in Figure 3. The organic protective |ayer
is preferably a dielectric 10 polyner. An exanple of an organic nmateri al
sui tabl e -15-

16. A method of forming an electrically conductive
interconnection between a bond pad of a fiip chip
and a bond pad of a substrate comprising the
steps of:

5 a) selectively forming an organic protective
layer over a surface of the flip chip where
the bond pad is located, leaving the bond
pad exposed;

b) forming a first layer of an electrically

10 conductive polymerizable precursor on the

_ bond pad of the flip chip;

c) polymerizing the first layer to form an
electrically conductive polymer;

d) forming a second layer of the electrically

15 conductive polymerizable precursor on the
first layer to a level extending beyond the
organic protective layer;

e) polymerizing the second layer to form an
electrically conductive bump on the bond pad

20 . of the flip chip:

£) applying an electrically conductive adhesive
to the substrate bond pad; and

qg) contacting the adhesive to the electrically
conductive bump to form an électrically

25 conductive interconnection between the bond
pad of the flip chip and the bond pad of the
substrate.

17. The method of Claim 16 further including the step
of polymerizing the electrically conductive
30 adhesive while the electrically conductive
adhesive is in contact with the bond pad of the
substrate and bond pad of the flip chip.
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R for application in the present invention isEpo-Tek polyimde,
manuf act ured by Epoxy Technol ogy, |ng, Bond. pads %%,14 are covered during

- geposition of organic protective Iayg"f‘ls B | eft exposed 15
fof | owi ng Yapesigosfs. as shown in Fi gl.i . pr ot ect i VvepCENES90167528
preferably polynmerized by application | er: conventional neans

prior to formati on of layers 20,22 on bond pads 12, 14, shown in Figure 4.

organi c protective |layer 18 passivates 20 and thereby insul ates and

protects the underlying surface 16 of flip chip 10. As shown in Figure 4,

first layers 20,22 of an electrically condyglive polynerizable precursor

are selectively fornmed on bond pads 12, 14. Electrically

18. An article formed by a method of electrically
interconnecting a bond pad of a flip chip and a
bond pad of a substrate comprising the steps of:
a) selectively forming an organic protective

5 layef over a surface of the flip chip where
the bond pad is located, leaving the bond
pad exposed;

b) forming a first layer of an electrically
conductive polymerizable precursor on a bond

10 pad of the flip chip;

c) drying the first layer;

d) forming a second layer of the electrically
conductive polymerizable precursor over the
first layer to a level extending beyond the

15 protective layer:;

e) drying the second layer to form a bump on
the flip chip:;

£) contacting the bump to the bond pad of the
substrate; and

20 g) while so contacted, polymerizing the bump to
form an electrically conductive
interconnection between the bond pad of the
flip chip and the bond pad of the substrate.

19. The article formed by the method of Claim 18
25 wherein the electrically conductive bump of the
first and second layers is a B-stage polymer.

20. The article formed by the method of Claim 18
wherein the electrically conductive bump of the
first and second layers is a thermoplastic

30 polymer.

I ——

| O A N A



25 conductive pol ymerizabl e precursor, as that termis used herein, can

|hclude a thernoset polyner, a B—stage poI

po‘r ymeri zaw@ni1/0931¢!l ectri cal | y condu

lgggrnnplastlc polyner or

i ch can suppPgIVUS90/07524

gny nonomer or polymer which, upon ﬁb nﬁﬁm“ upon further

electrlcally conductive material . The

conductive pol ynerizabl e

precursor can be gold-filled, silver- fllled or filled with sone other
electrically conductive material . The organic protective |ayer 18 acts
as a tenplate defining areas for deposition of first |layers 20,22 of
monormer on flip chip 10. In a preferred esgei nent of the

10

15

20

25

30

21.

An article formed by a method of electrically

interconnecting a bond pad of a flip chip and a

bond pad of a substrate comprising the steps of:

a) selectively forming an organic protective
layer over a surface of the flip chip where
the bond pad is located, leaving the bond
pad exposed;

b) forming a first layer of an electrically
conductive polymerizable precursor on the
bond pad of the flip chip:;

c) polymerizing the first layer to form an
electrically conductive polymer:;

d) forming a second layer of an electrically
conductive polymerizable precursor on the
first layer to a level extending beyond the
organic protective layer;

e) polymerizing the second layer to form an
electrically conductive polymer, the first
and second layers thereby forming an
electrically conductive bump on the bond pad
of the flip chip;

£) applying an electrically conductive adhesive
to the bond pad of the substrate;

qg) contacting the electrically conductive
adhesive at the bond pad of the substrate to
the electrically conductive bump; and

h) while so contacted, polymerizing the
electrically conductive adhesive to form an
electrically conductive interconnection
between the bond pad of the flip chip and
the bond pad of the substrate.

A



preéent I nvention, the unpolynerized organic 5 protective | ayer has a high
thiXotropy for retaining a pattern on surf ce 1 he flip chip 10 can thus
b& @ani pul ated nore conveniently dh deposition of

el®ectric ctive polynerizab nto bond p rst
| ayers 28@51@82&; substantially f i m de | ayer M@?ﬁg

| ayers 24,26 of electrically conductive polynerrzabﬂe precursor, such as
are used to formfirst |layers 20,22, are formed on first layers 20,22, as
shown in Figure 5. First layers 20,22 and second 15 | ayers 24,26 form bunps
28,30 on flip chip 10. As shown in Figure 6, circuit 33 on substrate 36 is
connected with bond pads 32,34. As can D¥8%een in Figure 7, bunps 28,30 are
| ocated on flip chip 10 in a

22. The article formed by the method of Claim 21
wherein the electrically conductive polymer of
the first and second layers is formed of a
thermoset.

5 23. An article formed by a method of forming an
electrically conductive interconnection between a
bond pad of a flip chip and a bond pad of a
substrate compfising the steps of:
a) selectively forming an organic protective
10 layer over a surface of the flip chip where
the bond pad is located, leaving the bond
pad exposed:; .
b) forming an electrically conductive
polymerizable precursor on the bond pad of
15 the flip chip to a level extending beyond
- the protective layer to produce a bump;
c) contacting the bump to the bond pad of the
substrate; and
qd) while so contacted, polymerizing the bump to
20 form an electrically conductive
interconnection between the bond pad of the
flip chip and the bond pad of the substrate.

24. A bumped flip chip comprising:;
a) a flip chip:
25 b) an organic protective coating over a surface
of the flip chip; and
c) an electrically conductive polymer bump.

* [ L M s *..



position which is aligned with the known position of 20 bond pads 32,34 on
shpstrate 36. As shown in Figure 8, bond pads 32,34 are then brought into
@ontact with bunps 28,30. Bunps 28,30 are then pol ynmerized by heating, or
Ry" ot her WOW/0981%hods, to formelectrically conductive inter POT/ESI0/ON534
between flip 25 chip bond pads 12,14 and substrate bond pads 32, 34.
Substrates which are suitable for use with the present invention include
materials such as cerami c, silican, porcelain, conventional printed circuit
board materials, or other conventional substrates suitable 30 for
electrical circuits. If the electrically-ggnductive polymerizabl e precursor
is a thernoset, the first layers 20,22 can be polynerized before formation
of the second | ayers

25. An electrical circuit comprising:;

a) a substrate having a bond pad;
b) a flip chip having an organic protective
coating and a bond pad;
5 c) an electrically conductive polymer
interconnect between the bond pad of the
substrate and the bond pad of the flip chip.

S
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24 26. Second | ayers 24,26 can be hem spherical in shape before contact is
ma.de with substrate bond pads 32, 34. First |ayers 20,22 and second | ayers
4,26 form bunps 28,30 which can be contacted to substrate 5 bond pads
32“ 34 befm9p'09§'199r| zation. Bunps 28,30 are subsequently pBCT/US9%0/03824 o
formelectrical interconnectio betwg 1f32ip chip bond pads 12,14 and
substrate bond padg@32,34. Alt&fnativ ?Q first layers 20,22 can be

pol ymeri zed before ‘po}l(t' mo; 10 se¢ond lfayers 24,26. In another

enbodi nent of the prese |nveft-j_QH3 shown ifn F| ure 9, bunps 28,30 can be
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elgectrically conductive polynerizable precursor which is polynerized before
comtact with substrate bond pads 15 32,34. As seen in Figure 9, adhesive
Ib&yers 38, @035@ mead on substrate bond pads 32,24 before bunps 28,30 are
contacted to 281%¢t e bond pads 32, 34. Exanpl es of adhesi ves Pa{¥$90407524e
used i ncl ude therrmSﬁbs t hermopl astics &@ polymer thick film Adhesive
20 layers 38, 40 are med on smbst“at g2bontP pads 32, 34 by screen
printing, stenciling, orwy bnvefit i onal net hod. Bunps 28, 30 are

aney ot he
brought into contact ith ad mmm, pl@re shown in Figure 11, and
the electrically conduc e m_u... &‘\- pol ymeri zed by heating or
by ot her conventi onal E% ﬂ‘\‘//\x\yfa \f

W bo N

? erco CtIO bet ween
bond pads 12,14 of fli p % 34 of ?
28

m/// \\//)“

eet Has Been Rzilaced
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substrate 36 The el ectrically conductive ponnerqubPe 30 precursor used
.to forn]%n c 20 .22 and second Iayers‘24 26 bunps 28, 30 can .be_a

B- st age REFL @WNT SHEETS ui t8b| e B- st age pol Yiers i nglusde

and t her asti_*ﬁ@blwg@ém stonpaged et h --10- B-stage plaﬂmﬁ\c@&ﬂ’ﬁﬂe
subst ant i agg Fearapor apasdfi.gm pdpedebect rical |y conductlve\polyne |
precurso dhpmitag{sly: unpst2as, gdgedcforie bunps 28, ‘30 are cnmaete """" i
substr at Eﬁﬁﬁ$ﬁpads q@wag ,,,,, Eﬁ&ﬂ%ﬁgb+0ﬂ 5 -‘of the solvent Nzt _ stage
pol ymer ¢auses.the . .

DATE OF RECEIPT....3[0\%, .~ '.f;-

' FLIP CHIP TECHNOLOGY USING ELECTRICALLY
CONDUCTIVE POLYMERS AND DIELECTRICS

" Background of the Inventibp
Integrated circuits have had almost universal

5 application to communication and military technologies
for several years. Of increasing importance has been
development of microcircuit wafers and methods for
interconnection of the circuits by automated equip-
ment. A primary limitation to application of micro-

10 circuit technology has been cost efficiency and '
reliability of interconnection of integrated circuits
on chips because of the small size of the chips, which
often require hundreds of connections to be made
within each circuit.

15 One method of circuit interconnection is called
flip chip bonding. Flip chip bonding can offer a
shorter signal path and, therefore, more rapid
- communication between circuits than can other methods,
such as tape automated bonding (TAB) or conventional

20 wire bonding, because bond pads on flip chips are not
restricted to the periphery of the chip, but rather
are usually located at one face of the chip opposite a
substrate. In one method of flip chip bonding, a chip
or die is formed with the requisite integrated circuit

25 and interconnect wiring required for interconnecting
the circuit with other chip circuits on a circuit |
board, such as a separate printed circuit board or
substrate. Bond pads are located at points of inter-
connection. Bumps are formed by plating of several

30 layers of metals on the bond pads of the flip chip.
Following depositicn,.the chip is heated to reflow the
metals, thus causing surface tension of the deposit to



bunps 28,30 to retain a substantially rigid shape while the flip chipis
:mani pul ated for contacting bunps 28,30 to substrate 36. The B-stage

. pol ynmer can subsequently be polynerized to formelectrical 10

I nterconnections between flip chip bond pads 12,14 and suf
32,34. In a preferred enbodinent, flip chip 11 is aligned
by a flip chip aligner bonder, such as nmodel M8, manufactured by

15 Devices, Division of the American Optical Corporation. |EQaievalent-g: "
Al t hough preferred enbodi nents have beeneﬂfeC|f|cally desdr==ee
Il lustrated herein, it will be appreciat hat many nDdlflcatlons and
variations 20 of the present invention are possible, in |ight of the

form hemispherical solder "bumps." The flip chip is
subsequently severed from the wafer of which it was a
part and "flipped" for alignment with the bond pads of
a substrate. These bumps are then contacted with the
5 bond pads of the substrate and uniformly heated to
~ simultaneously form interconnects between aligned bond
pads of the flip chip and the substrate.
Use of metals to interconnect bond pads of flip
chips and substrates has required, however, that
10 passivation of the flip chip be accomplished by use of
a metal barrier such as titanium (Ti), tungsten (W) or
silicon nitride (813N4). Both the metal, as a passi-
vation (or barrier) material, and ceramic, as a
substrate material, are generally necessitated to
15 allow sufficient heating to enable reflow of the
solder bumps for interconnection between the f£lip chip
and the substrate without consequential damage to
either.
Fabrication of circuits using bumped flip chips
20 have also been limited by the inability to visually
inspect interconnections between the flip chip and the
substrate. Further, the yield of finished mounted
circuits can be detrimentally affected by failure of
interconnects caused by the difference between the
25 coefficients of thermal expansion of the various
materials comprising the flip chip, the passivation
layer, the solder bumps and the substrate. Also,
melting of the solder bumps creates an electrically
conductive flux as an undesirable byproduct which
30 generaily must be removed from between the substrate
and the flip chip to allow proper operation of the
finished circuit.



above teachings, within the purview of the follow ng clainms, wthout
-departing fromthe spirit and scope of the invention. For

the discussion is directed to a single flip chip on a sulfstrs EeT
flip chip has only one circuit and two bond pads, it is i&*i-é?%%ﬁﬁfgﬁd
that the concept can be readily expanded to include a pl ' 1990...
with a plurality of circuits and bond -pads on each. -1 b

nmet hod of forming-an electrically conductive interconnection betmeen a bond
pad of a flip chip

-3

Problems of heat stress during fabrication have
been addressed by various methods, such as by rapid
~application of heat to a bumped flip chip and rapid
conduction of heat from the solder interconnects in
5 order to minimize damage to flip chips, substrates and
interconnections due to internal stresses caused by
thermal expansion and contraction. However, this
method is'very expensive. .
' Therefore, a need exists for a method of
10 interconnecting flip chips to substrates which is
fast, cost~effective and reliable, so that the advan-
tages of flip chips over other types of microcircuit
wafers can be exploited more fully. Also, there is a
demand for a simplified method of connecting flip
15 chips to substrates which eliminates the need for
elaborate plating procedures. Further, a method which
enables greater flexibility of passivation and choice
of substrate is also desirable. These improvements
could promote cost efficiency and broaden the applica-
20 tions for which microcircuits are suitable.

Summary of the Invention
" The present invention relates to a bumped flip
chip technology and a method for interconnecting the
bond pads of a bumped flip chip to the Bond pads of a
25 substrate. In accordance with the present invention,
an organic protective layer is selectively formed over
the surface of a flip chip, leaving the flip chip bond
'pads exposed. An eledtrically conductive
polymerizable precursor is disposed at the bond pads .
30 of the flip chips to form "bumps" which extend béyond
the organic protective layer. Alternatively, the
electrically conductive polymerizable precursor can be




and a bond pad of a substrate, conprising the 5 steps of: a)

sel ectively form ng an organic protective |layer over a surface of the f
chip where the bond pad is | ocated, |eaving the bond pae=e> H

b) formng an electrically conductlve pol yreri zabl e EEBO d
pad of the flip chip to a | evel extending beyond the p oteoil

produce a bunp; O contacting the bunp to the bond p@o
substrate; and d) whil e so contacted, polynerizing thes
el ectrical ly conductive interconnection between the bond pa of t he

-4~

formed in two layers at each bond pad, the two layers
together forming the bumps. The two layers can be
polymerized to form an electrically conductive bump
"before connecting the bump with bond pads.of the

5 substrate. An adhesive is then applied to the
substrate bond pads to provide "wet," or electrically
conductive, connections between the bumps and
substrate which are subsequently polymerized,' An-
electrically conductive polymer is thereby selectively

10 formed between the bond pads of the flip chip and the
bond pads of the substrate. Alternatively, the bumps
can be polymerized after connecting the bumps of the
flip chip to the bond pads of the substrate.

Electrical interconnections between bond pads of

153 f1ip chips and bond pads of substrates are obtained by
formation of a electrically conductive polymerizable
precursor at the bond pads of a flip chip. Polymer-
ization of the bumps can be achieved under milder
thermal conditions than are required to reflow solder.

20 Thus, reliability problems, caused by rapid heating
and by large discrepancies of coefficients of thermal
expansion of component materials in the f£flip chip,
passivation layer, bumps and substfates, can be
substantially reduced. Further, because the polymeri-

25 zation conditions are less harsh than required for
reflow of solder bumps, the need for metal passivation
of the flip chip is eliminated and a wider variety of
substrate types is enabled. Also, complicated and
time~-consuming vapor deposition and electroplating

30 techniques for depositing solder bumps are eliminated.
In addition, polymer interconnects are fluxless, thus
eliminating difficult problems with removal of
electrically conductive flux between flip chips and



flip chip and the bond pad of the substrate. 20 2. The nethod of Claim1l

Wherein the organic protective layer is a dielectric olyner and t he

el ectrically conductive polynerizable precursor is sc _

bond pad of the flg.p chip. 25 3. The net hod of d ai RHN%ﬂHEﬂRSHEET

protective layer is-fornmed of a dielectric polyner a he-g eﬂﬁTrlBBﬁlly
(&t omd-- -pad...of....t.h

conductive polynerizable precursor is stenciled onto
flip chip. -12- 4. The nethod of Claim1 wherein thé €

-5-

substrates. The organic protective layer can also have
a low dielectric constant, thereby acting as a
passivation layer and enabling close proximity of the
' flip chip to the substrate and consequent shortened
5 circuit paths in the finished circuit.

The above features and other details of the
invention, either as steps of the invention or as
combinations of parts of the invention, will now be
more particularly described with reference to the

10 accompanying drawings and pointed out in the claims.
It will be understood that the particular embodiments
of the invention are shown by way of illustration and
not as a limitation of the invention. The principle

- feature of the invention may be employed in various

15 embodiments without departing from the scope of the

invention.

Detailed Description of the Drawings _
Figure 1 is a plan view of one embodiment of the
present invention after selective formation of an
20 organic protective layer over the surface of a flip
chip. '
Figure 2 is a section view of the embodiment of
Figure 1 taken along lines I-I.
Figure 3 is a section view of a flip chip which
25 has been passivated with a silicon nitride or oxide
layer, over which layer an organic protective layer
has been formed.
'Figure 4 is a section view of the embodiment of
Figure 1 after formation of the first layer of an
30 electrically conductive polymerizable precursor on the
bond pads of the flip chip.




conducti ve pol yneri zabl e precursor is polynerized to form an electrically
.conductive bunp prior to contacting the bunp to the bond pad of the 5

substrate. 5.

The nethod of Claim1 wherein the org

ITC _PT Ot ECtT VE
coating defines the area for formng the electrically :5ﬁﬁ£6?ﬁV§NTSHEET
pol ynmeri zabl e precursor on the flip chip. 10 6. A gt hod ufsf@ﬁfﬂggg an
el ectrically conductive interconnection between a bond;ﬁ@@’o+"a"fhhpmcm
and a bond pad of a substrate conprising the steps of: @) — selectively

form ng an organic protective 15

| ayer over a surface of the

flip chip where the bond pad is Iocated,Jsgaving t he bond

10

15

20

25

30

Figure 5 is a section view of the embodiment of
Figure 1 after formation of a second layer of an
electrically conductive polymerizable precursor on the

‘first layer to thereby form bumps.

Figure 6 is a plan view of a substrate suitable
for use with the present invention.

Figure 7 is a section view of the embodiment of
Figure 1 and of the substrate taken along lines VI-VI
of Figure 6 after aligning the bumps of the flip chip
with bond pads of the substrate.

Figure 8 is a section view of the embodiment of
Figure 1 after contact of the bumps of the flip chip
to the bond pads of the substrate.

Figure 9 is a section view of a third embodiment
of the present invention wherein the bumps have been
polymerized to form an electrically conductive polymer
and wherein an electrically conductive adhesive has
been applied to the substrate bond pads prior to
contacting the flip chip bumps to the bond pads of the
substrate.

" Figure 10 is a section view of the embodiment of
Figure 9 after contacting the bumps to the bond pads
of the substrate and polymerization of the adhesive to
form electrical interconnections between the bond pads
of the flip chip and the bond pads of the substrate.

Detailed Description of the Invention

In one embodiment of the present invention, shown
in Figure 1, a simplified illustrative version of a
flip chip 10 is shown. It consists of bond pads 12,14
on upper planar surface 16 of flip chip die 11. ‘Dpie
11 is formed of silicon, gallium arsenide, germanium

or some other conventional semiconductor material. As

e v uridasmpioamovssgomnll



pad exposed; b)

formng a first layer of an electrically conductive

.pol yneri zabl e precursor on the 20 bond pad of the flip chip; c)
form ng a second | ayer of an electrically conductive polynerizable

precursor over

the first layer, the second | ayer and t ayeT s
t oget her fornming a bump; 25 d) contacting the B ﬁ%ﬁt%ﬁ%ﬁkﬁ EEBad

of the substrat
forman electri
30 - f

e; and e) whil e so contacted, polyne '5%
cally conductive interconnection betwe The bowd ‘pad- of the
lip chip and the bond pad of the substrate

-7-

can be seen in Figure 2, an organic protective layer
18 is formed over circuits 15 (connected to the bond
pads) and surface 16 of flip chip 10 by screen

" printing, stenciling, spin-etching or by other methods

10

15

20

of monomer or polymer deposition. Alternatively, flip
chip 10 also can be passivated with silicon nitride or
an oxide layer 19 before formation of organic '
protective layer 18, as is shown in Figure 3. The
organic protective layer is preferably a dielectric
polymer. An example of an organic material suitable
for application in thetpresent invention is Epo-TekR
peolyimide, manufactured by Epoxy Technology, Inc.
Bond pads 12,14 are covered during deposition of
organic protective layer 18 and are then left exposed
following deposition; as shown in Figure 2. Organic
protective layer 18 is preferably polymerized by
application of heat or other conventional means prior
to formation of layers 20,22 on bond pads 12,14, shown
in Figure 4. Organic protective layer 18 passivates
and thereby insulates and protects the underlying

- surface 16 of flip chip 0.

25

30

' As shown in Figure 4, first layeré 20,22 of an
electrically conductive polymerizable precursor are
selectively formed on bond pads 12,14. Electrically
conductive polymerizable precursor, as that term is
used herein, can include a thermoset polymer, a
B-stage polymer, a thermoplastic polymer, or any
monomer or polymer which, upon polymerization or upon
further polymerization, is electrically conductive or
which can support an electrically conductive material.
The electrically  conductive polymerizable precursor
can be gold-filled, silver-filled, or filled with some
other electrically conductive material. The organic



-13- 7. The nethod of Claim6 wherein the organic protective |ayer
. dielectric polymer. 8. The nmethod of Claim7 wherein t cond | ayer is

~screen printed onto the first layer. 5 9. The net hog ﬁﬁp g§§§£e1n

the second layer is stencilled onto the first layer. 10

is a

claim6 wherein the electrically conductive pol ymeri zab) &, q;eau

polynerized to forman electrically conductive bunp pri

e

contacting the bunp to the bond pad of the substrate. 11 The nethod of
Claim 10 further conprising the

10

15

20

25

30

-8-

protectivellayer 18 acts as a template defining areas
for deposition of first layers 20,22 of monomer on
flip chip 10. 1In a preferred embodiment of the

present invention, the unpolymerized organic

protective layer has a high thixotropy for retaining a
pattern on surface 16. The flip chip 10 can thus be
manipdlated more conveniently during subsequent
deposition of electrically conductive polymerizable
precursor onto bond pads 12,14. First'layers 20,22
are substantially flush with polyimide layer 18.
Second layers 24,26 of electrically conductive
polymerizable precursor, such as are used to form
first layers 20,22, are formed on first layers 20,22,
as shown in Figure 5. First layers 20,22 and second
layers 24,26 form bumps 28,30 on flip chip 10. As
shown in Figure 6, circuit 33 on substrate 36 is
connected with bond pads 32,34. As can be seen in
Figure 7, bumps 28,30 are located on flip chip 10 in a

.position which is aligned with the known position of

bond pads 32,34 on substrate 36. As shown in Figure
8, bond pads 32,34 are then brought into contact with
bumps 28,30. Buﬁps 28,30 are then polymerized by
heating, or by other known methods, to form
electrically conductive interconnections between flip
chip bond pads 12,14 and substrate bond pads 32,34.
Substrates which are suitable for use with the present
invention include materials such as ceramic, silican,
porcelain, conventional printed circuit board
materials, or other conventional substrates suitable
for electrical circuits.

If the electrically conductive polymerizable
precursor is a thermoset, the-first layers 20,22 can
be polymérized'before formation of the second layers



step of forming an electrically conductive adhesive on the substrate bond
_pad to allow an 15 electrically conductive interconnection between
. the bond pad of the flip chip and the bond pad of t i pate—32—=The
nmet hod of C aim 11 wherein the electrically conductilygeehesiEeiTi SHEET
stenciled onto the 20 substrate bond pad. 13. {The nethge gﬂﬁplaLnlll
further conprising the step of depositing an adhesi Vg ud @ Bh L ad of
the substrate to forman electrically conduc- tive i Wween
the bond pad of the 25 flip chip and the bond pad of the substrate.

-9~

'24,26. Second layers 24,26 can be hemispherical in
shape before contact is made with substrate bond pads
32, 34. First layers 20,22 and second layers 24,26
form bumps 28,30 which can be contacted to substrate
5 bond pads 32,34 before polymerization. Bumps 28,30
. are subsequently polymerized to form electrical
interconnections between flip chip bond pads 12,14 and
substrate bond pads 32,34. Alternatively, first
layers 20,22 can be polymerized before deposition of
10 second layers 24,26. '

In another embodiment of the present invention,
shown in Figure 9, bumps 28,30 can be formed of
electrically conductive polymerizable precursor which
is polymerized before contact with substrate bond pads

15 32,34. As seen in Figure 9, adhesive layers 38,40 are
formed on substrate bond pads 32,24 before bﬁmps 28,30
are contacted to substrate bond pads 32,34. Examples
of adhesives which can be used include thermosets,
thermoplastics and polymér thick film. Adhesive

20 layers 38, 40 are formed on substrate bond pads 32, 34
by screen printing, stenciling, or by some other
conventional method. Bumps 28,30 are brought into
contact yith adhesive'layers 38, 40 are shown in
Figure )1, and the electrically conductive adhesive is

25 then polyme:ized by heating or by other conventional
means to form electrical interconnections between bond
pads 12,14 of flip chip 10 and bond pads'32,34 of
substrate 36.

: The electrically conductive polymerizable

30 precursor used to form first layers 20,22 and second
layers 24,26 of bumps 28,30 can be a B-stage polymer.
Examples of suitable B-stage polymers include
thermosets and thermoplastics. Solvents within the



-14- 14. The nmethod of O aim 6 wherein the organic protective coating
~.defines the area for formng the electrically conductive polynerizable

precursor on the flip chip. 5 . 15. A nethod of form : pﬁegﬁ%&&gﬁgggyiad
iy bl
i1

conductive interconnection between a bond pad of a fli
i C

of a substrate conprising the steps of: a)  selectiv
protective 10 | ayer over a surface of the f , '
bond pad is |ocated, |eaving the bond pad exposed; ‘b) ormng a first
| ayer of an electrically

- B-stage polymer can be substantially evaporated from
the electrically conductive polymerizable precursor
comprising bumps 28,30 before bumps 28,30 are
"contacted to substrate bond pads 32,34. Evaporation

5 of the solvent within the B~-stage polymer causes the
bumps 28,30 to retain a substantially rigid shape
while the flip chip is manipulated for contacting
bumps 28,30 to substrate 36. The B-stage polymer can
subsequently be polymerized to form electrical

10 interconnections between flip chip bond pads 12,14 and
substrate bond pads 32,34. ' '

In a preferred embodiment, flip chip 11 is
aligned over substrate 36 by a flip chip aligner
bonder, such as model M-8, manufactured by Research

15 Devices, Division of the American Optical Corporation.

Equivalents
Although preferred embodiments have been
specifically described and illustrated herein, it will
be appreciated that many modifications and variations
20 of the present invention are possible, in light of the
above teachings, within the purview of the following
claims, without departing from the spirit and scope of
the invention. For example, while the discussion is
directed to a single flip chip on a substrate which
25 flip chip has only one circuit and two bond pads, it
is to be understood that the concept can be readily
'expanded to include a plurality of chips with a
plurality of circuits and bond pads on each.




conductive pol yneri zabl e preéursor on the 15 bond pad of the
flip chip; ¢ drying the first layer; d) formng a second | ayer of the
el ectrically conductive polynerizable precursor over the first layer to a

| evel extending beyond the 20 organi c protedf

drying the second layer to forma bunp on the flip chip ﬁ%ﬁk8§@%P5§Hﬁﬁi
the bunp to the bond pad of the substrate; and 25 g)Dn* w{%l@ysﬁgs
contacted, polynerizing the bunp to forman electricall (oo TaTo 1V (oh MV - A

i ntercon- nection between the bond pad of the flip chip and the. bond pad of
the substrate.

CLAIMS

1. A method of forming an electrically conductive
' interconnection between a bond pad of a flip chip
and a bond pad of a substrate, compriéing the

5 steps of:

a) selectively forming an organic protective
layer over a surface of the flip chip where
the bond pad is located, leaving the bond
pad exposed;

10 b) forming an electrically conductive
polymerizable precursor on the bond pad of
the flip chip to a level exténding beyond
the protective layer to produce a bump;

c) contacting the bump to the bond pad of the

15 substrate; and

d) while so contacted, polymerizing the bump to
form an electrically conductive
interconnection between the bond pad of the
flip chip and the bond pad of the substrate.

20 2. The method of Claim 1 wherein the organic
protective layer is a dielectric polymer and the
electrically conductive polymerizable precursor
is screen printed onto the bond pad of the flip
chip.

25 3. The method of Claim 1 wherein the protective
' layer is formed of a dielectric polymer and the
. electrically conductive polymerizable precursor
is stenciled onto the bond pad of the flip chip.

) YA 1



-15- 16. A method of forming an electrically conductive interconnection

. between a bond pad of a flip chip and a bond pad of a substrate conprising
the steps of: 5 a) selectively form ng an or
over a surface of the flip chip where the bond pad is IBEEﬂkﬁﬁmﬁmﬁﬁﬁﬁETt%e
bond pad-exposed; b) formng a first layer of an el ctrlcall¥gﬁq%g5 B!
conductive polynerizable precursor on the bond pad of tD@Bf*J ﬁ

4. The method of Claim 1 wherein the electrically
conductive polymerizable precursor is polymerized
to form an electrically conductive bump prior to

contacting the bump to the bond pad of the
5 substrate.

S. The method of Claim 1 wherein the organic
protective coating defines the area for forming
the electrically conductive polymerizable .
precursor on the flip chip.

10 . A method of forming an electrically conductive
interconnection between a bond pad of a flip chip
and a bond pad of a substrate comprising the '
steps of:

a) selectively forming an organic protective

15 1ayef over a surface of the flip chip where

the bond pad is located, leaving the bond
pad exposed;

b) forming a first layer of an electrically
conductive polymerizable precursor on the

20 bond pad of the flip chip; - '

c) forming a second layer of an electrically
conductive polymerizable precursor over the
first layer, the second layer and the first.

. layer together forming a bump: '

25 d) contacting the bump to the bond pad of the

substrate; and -

e) while so contacted, polymerizing the bump to

' form an electrically conductive
interconnection between the bond pad of the

30 flip chip and the bond pad of the substrate.

* [ L M s *



c)  polynerizing the first layer to forman electrically conductive
. polynmer; d) formng a second | ayer of the electrically 15
conductive polynerizabl e- precursor on the first '|ayer t ﬁc# ?wgmfgadan
beyond the organic protective |ayer; e) pol ymeri zi ng tjhe secon%} 2$§$ ¥
forman electrically conductive bunp on the bond pad 20 R QI ________ he i
flip chip; f) appl ying an electrically conductive adh 9|vp"Fn the
substrate bond pad; and g) contacting the adhesive to the electrically
conductive bunp to forman electrically 25 conductive

I nt erconnection between the bond pad of - thf5f|lp chip and the bond pad of

t he

7. The method of Claim 6 wherein the organic
protective layer is a dielectric polymer.

o : The method of Claim 7 wherein the second layer is
screen printed onto the first layer.-

5 9. The method of Claim 7 wherein the second layer is
stencilled onto the first layer.

10. The method of claim 6 wherein the electrically
conductive polymerizable precursor is polymerized
to form an electrically conductive bump prior to

10 | contacting the bump to the bond pad of the
substrate. -

11. The method of Claim 10 further'comprising the
step of forming an electrically conductive
adhesive. on the substrate bond pad to allow an

15 electrically conductive interconnection between
the bond pad of the flip chip and the bond pad of
the substrate. '

12. The method of Claim 11 wherein the electrically
conductive adhesive is stenciled onto the
20 ) substrate bond pad.

13. The method of Claim 11 further comprising the _
step of depositing an adhesive onto the bond pad
‘0of the substrate to form an electrically conduc-
tive interconnection between the bond pad of the
25 flip chip and the bond pad of the substrate.

* [ L M s *



substrate. 17. The nethod of Caim 16 further including the step of

_polynerizing the electrically conductive 30 adhesi Q r e
electrically conductive adhesive is .in contact with the % %ﬁfqﬂgﬁ
substrate and bond pad of the flip chip. -16- 18. Anigrticde J

a method of electrically interconnecting a bond pad of a Jfb chi'p: and"au-
bond pad of a substrate conpr|5|ng the steps of: a) selectlvely form ng
an organic protectlve 5 | ayer over a surface of the flip chip

wher e

10

15

20

25

14.

15.

The method of Claim 6 wherein the organic.
protective coating defines the area for forming
the electrically conductive polymerizable
precursor on the flip chip.

A method of forming an electrically conductive
interconnection between a bond pad of a flip chip
and a bond pad of a substrate comprising the
steps of: '

a) selectively forming an organic protective
layer over a surface of the flip chip where
the bond pad is located, leaving the bond
pad exposed; '

b) forming a first layer of an electrically
conductive polymerizable precursor on the
bond pad of the flip chip;

c) drying the first layer:;

d) forming a second layer of the electrically
conductive polymerizable precursor over the
first layer to a level extending beyond the
organic protective layer:;

e) drying the second layer to form a bump on

the flip chip:

£) contacting the bump to the bond pad of the
substrate; and '

g) while so contacteqd, pdlymerizing the bump to
form an electrically conductive intercon-
nection between the bond pad of the flip
chip and the bond pad of the substrate.

—————
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the bond pad is located, |eaving the bond pad exposed; b) forming a first

_layer of an electrically conductive polynerizable precurs a bond 10

pad of the flip chip; c) drying the first layer; d) f éﬁég

| ayer of the electrically conductive polynerizable precur Wﬂﬁ@réh
mve laﬁf&gﬂ%@

| ayer to a | evel extending beyond the 15 prote
drying the second layer to forma bunp on the flip chip;

the bunp to the bond pad of the substrate; and 20 g) while so
contacted, polynerizing the bunp to _

16. A method of forming an electrically conductive
interconnection between a bond pad of a flip chip
and a bond pad of a substrate comprising the
steps of: _

5 a) selectively forming an organic protective:
layer over a surface of the flip chip where
the bond pad is located, leaving the bond
pad exposed; '

b) forming a first layer of an electrically

10 conductive polymerizable precursor on the

bond pad of the flip chip; |

c) polymerizing the first layer to form an
electrically conductive polymer;

d) forming a second layer of the electrically

15 . conductive polymerizable precursor on the
first layer to a level extending beyond the
organic protective layer:

e) polymerizing the second layer to form an
electrically conductive bump on the bond pad

20 of the flip chip; '

f) - applying an electrically conductive adhesive
to the substrate bond pad; and

qg) contacting the adhesive to the electrically
conductive bump to form an electrically

25 ' - conductive interconnection between the bond
pad of the flip chip and the bond pad of the
substrate.

17. The method of Claim 16 further including the step
of polymerizing the electrically conductive
30 adhesive while the electrically conductive
adhesive is in contact with the bond pad of the
substrate and bond pad of the flip chip.

* c L M 13 *



forman electrically conductlve i nt erconnection between the bond pad of the

flip chip and the bond pad of the substrate. 19. The an
" method of Caim1l18 25 wherein the electrically COA
first and second |l ayers is a B-stage polyner. 20. The 4
met hod of Claim 18 wherein the electrically conductive
and second layers is a thernoplastic 30 pol yner.

1538]
BEPLAGEWE 36‘?{:5{%
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— Z21. An

article formed by a method of electrically

-16-

18. An article formed by a method of electrically
interconnecting a bond pad of a flip chip and a
bond pad of a substrate comprising the steps of:
a) selectively forming an organic protective

‘5 layer over a surface of the flip chip where
the bond pad is located, leaving the bond
pad exposed; :

b) forming a first layer of an electrically
conductive polymerizable precursor on a bond

10 pad of the flip chip:

| c) drying the first layer;

d) forhing a second layer of the electrically
conductive polymerizable precursor over the

_ first layer to a level extending beyond the

15 protective layer; '

e) drying the second layer to form a bump on
the flip chib:

£) contacting the bump to the bond pad of the
substrate; and

- 20 g) vhile so contacted, polymerizing the bump to

form an electrically conductive
interconnection between the bond pad of the
flip chip and the bond pad of the substrate.

19. The article formed by the method of Claim 18

25 ‘wherein the electrically conductive bump of the

first and second layers is a B-stage polymer.

20. The article formed by the method of Claim 18
wherein the electrically conductive bump of the
first and second layers is a thermoplastic

30 polymer. '

e

A A



i nt erconnecting a bond pad of a flip chip and a bond pad of a substrate —
conprising the steps of: a) sel ectively form ng an or. =
* layer over a surface of the flip chip where the bond pd ﬂEsLbﬁéﬁF?
| eavi ng 't he bond pad exposed; b) forming a first |ay of am
conductive pol ymerizabl e precursor on the 10
flip chip; c) polynmeri zing the first layer to form an
conductive polyner; d) form ng a second | ayer of an electrically
conductive polymerizabl e precursor on the 15 first layer to a
| evel extendi ng beyond the organi c protecjipe Iayer

21. An article formed by a method of electrically
interconnecting a bond pad of a flip chip and a
bond pad of a substrate comprising the steps of:
a) selectively forming an organic protective

5 : layer over a surface of the flip chip where
' the bond pad is located, leaving the bond
pad exposed; '

b) forming a first layer of an electrically
conductive polymerizable precursor on the

10 bond pad of the flip chip;

c) polymerizing the first layer to form an
electrically conductive polymer:;

d) forming a second layer of an electrically
conductive polymerizable precursor on the

15 ‘first layer to a level extending beyond the
organic protective layer:;

e) polymerizing the second layer to form an
electrically conductive polymer, the first
and second layers thereby forming an

20 electrically conductive bump on the bond pad
of the flip chip:;

£) applying an electrically conductive adhesive

. to the bond pad of the substrate;

g) contacting the electrically.conductive

25 adhesive at the bond pad of the substrate to
the electrically conductive bump; and

h) while so contacted, polymerizing the
electrically conductive adhesive to form an

) electrically conductive interconnection

30 ' between the bond pad of the flip chip and

' the bond pad of the substrate.

SN
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e) pol ymeri zing the second layer to forman electrically conductive
polynmer, the first and second | ayers thereby form ng an 20:-
el ectrically conductive bunp on the bond pad of the flip c,|prptgﬁ"\”vaqhhfl
applying an electrically conductive adhesive to the bond pad of t
contacting the electrically conductive 25 an:”“m”m_m"Tir
adhesi ve at the bond pad of the substrate to the el ectricalfyeonductive
whil e so contacted, polynerizing the electrically conductive

substrate; g)

bunp; and h)
adhesi ve to.

bet ween the bond pad of the flip chip and the bond pad of the substrate.

10

15

20

25

forman electrically conductive interconnection 30

22. The article formed by the method of Claim 21
wherein the electrically conductive polymer of
the first and second layers is formed of a
thermoset. |

23. An article formed by a method of forming an
electrically conductive interconnection between a
bond pad of a flip chip and a bond pad of a
substrate comprising the steps of:

a)

b)

c)

q)

selectively forming an organic protective
layer over a surface of the flip chip where
the bond pad is located, leaving the bond
pad exposed; _

forming an electrically conductive
polymerizable precursor on the bond pad of
the flip chip to a level extending beyond
the protective layer to produce a bump;
contacting the bump to the bond pad of the
substrate; and

while so contacted, polymerizing the bump to
form an electrically conductive
interconnection between the bond pad of the
flip chip and the bond pad of the substrate.

24. A bumped flip chip comprising:;

a)
b)

c)

a flip chip:;

an brganic protective coating over a surface
of the flip chip; and

an electrically conductive polymer bump.

Ll




-18- 22. The article fornmed by the method of O aim 21 wherein the -
el ectrically conductive polyner of the first and second
"athernmoset. 5 23. An article formed by a nethod of for \jiggPid@EWS
el ectrically conductive interconnection between a bond pdd of-a3fﬂﬁbﬁgﬁ|p
and a bond pad of a substrate conprising t he steps . of: a) Daelect1v6Ly ni
formng an organic protective 10 | ayer over a =5t 1 he f||p
chip where the bond pad is | ocated, |eaving the bond

-19-

25. An electrical circuit comprising;
a) a substrate having a bond pad;
b) a flip chip having an organic protective
coating and a bond pad;
5 c). an electrically conductive polymer
interconnect between the bond pad of the
substrate and the bond pad of the flip chip.

I
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pad exposed; b) formng an electrically conductive pol ynerizabl e
.precursor on the bond pad of 15 the flip chip to a |evel
ext endi ng beyond the protective |ayer to produce a bunp;
bunp to the bond pad of the substrate; and d) while so c@nhpRLAE: '

pol ynmeri zing the bunp to 20 forman electricall cfi grlgga__,
I nt erconnecti on between the bond pad of e flip chip and |t betsbord-pa Jils) MRS
the substrate. 24. A bunped flip chip cofiprising; a) a fi= ;
b) an organic protective coating over a surface of the flip Chlp, and

_ ABSTRACT

FLIP CHIP TECHNOLOGY USING ELECTRICALLY CONDUCTIVE POLYMERS AND
DIELECTRICS ' |

A method is presented for interconnecting bond pads of a flip chip with bond pads of a
substrate by an electrically conductive polymer. An organic proctective layer is selectively
formed over a surface of a flip chip to thereby leave exposed bond pads on the flip chip. An
electrically conductive polymerizable precursor is disposed on the bond pads extending to a level
beyond the organic protective layer to thereby form bumps. The bumps are aligned with the
bond pads of a substrate and then contacted to those bond pads. The bumps can be polymerized
either before or after contacting the bumps to the bond pads of the substrate to form electrically
conductive interconnections between the bond pads of the flip chip and the bond pads of the
substrate.

FIGURE 8



c) an electrically conductive polynmer bunp. -19- 25. An electrical
circuit conprising;, a) a substrate having a bond pad; b) a fli
havi ng an organic protective coating and a bond pad; 5 .. EBTh ng@ﬂ&TSHEET
el ectrically conductive paolynmer interconnect between the b rﬁf pad of the

substrate and the bond pad of the flip chip. Date ..-3---0[31-1996" ...... ;
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