METHOD OF COPPER/ COPPER SURFACE BONDI NG USI NG A CONDUCTI NG POLYMER FOR
APPLI CATION IN I C CH P BONDI NG This application is a Continuation-in-Part
of application serial nunber 09/ 612,576 filed on July 7, 2000 and
assigned to a common assignee. FIELD OF THE | NVENTI ON The p} @sgny ymgention
rel ates generally to the packagi ng of sem conductor devices, and nore
specifically to copper interconnect processes between chips and substrates
i n packagi ng processes. 1 3Q ff' i~( C BACKGROUND OF THE | NVENTI ON Recent
integration of copper interconnect processes into IC (integrated circuit)
manuf acturing requires copper termnating chips to be bonded directly on
the copper netal pad and circuit boards. The present invention allows the
use of conducting polyners to bond copper term nating chips directly on
copper substrate or printed circuit boards. U S. Patent No. 5,923,955 to
Wong describes a process for creating a

METHOD OF COPPER/COPPER SURFACE BONDING USING A

CONDUCTING POLYMER FOR APPLICATION IN IC CHIP BONDING

This application is a Continuation-in-Part of application serial number

09/612,576 filed on July 7, 2000 and assigned to a common assignee.

FIELD OF THE INVENTION

The present invention relates generally to the packaging of
semiconductor devices, and more specifically to copper interconnect processes

between chips and substrates in packaging processes.



flip-:chip bonded conbination for a first and second integrated circuits
using a N/Cu/TiN structure. U S. Patent No. 5,891,756 to Erickson
describes a nethod for forming a solder bunp pad, and specifically to
converting a wire bond pad of a surface- mount IC device to alfi{p-hfp
sol der bunmp pad such that the I C device can be flip- chip nounted to a
substrate. The method uses a Ni layer over the pad. U S Patent No.
5,795,818 to Marrs describes a nethod of formng an interconnection
bet ween bondi ng pads on an integrated circuit chip and corresponding

bondi ng contacts on a s 2A0ys | : ed ball bond bunps. 2
NOV 2006 U S, Pat ent kEOulIs SPIRCIRRIGRINCT D2 L Don o

appl yi ng under bunp net al 1'i zat i on (UBM for sol der bunp interconnections on
i nt erconnection substrates. The UBM conprises a Cu, Cu/Cr, C nultilayer
structure. U.S. Patent No. 5,767,009 to Yoshida et al. describes a net hod

of Recent integration of copper interconnect processes into IC

(integrated circuit) manufacturing requires copper terminating chips to be bonded
directly on the copper metal pad and circuit boards. The present invention allows
the use of conducting polymers to bond copper terminating chips directly on

copper substrate or printed circuit boards.

U.S. Patent No. 5,923,955 to Wong describes a process for creating a
flip-chip bonded combination for a first and second integrated circuits using a

Ni/Cu/TiN structure.

U.S. Patent No. 5,891,756 to Erickson describes a method for forming a
solder bump pad, and specifically to converting a wire bond pad of a surface-
mount IC device to a flip-chip solder bump pad such that the IC device can be flip-

chip mounted to a substrate. The method uses a Ni layer over the pad.

U.S. Patent No. 5,795,818 to Marrs describes a method of forming an
interconnection between bonding pads on an integrated circuit chip and
corresponding bonding contacts on a substrate. The method uses coined ball bond

bumps.




reduct ng cross tal k noi se between stacked sem conductor chips by the use of
a chip on chip nmounting structure. U S. Patent No. 5,804,876 to Lake et
al . describes a |l ow contact resistance electrical bonding i@gegggngm&gv
having a netal bond pad portion and conductive epoxy portion.

2005 SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the present
invention is to provide a nethod of bonding a chip to a substrate w t hout
the need for a bunp netal, wetting agents, and barrier materials. Another
obj ect of the present invention is to provide a nethod of bonding a chip
to a substrate avoiding the use of environnentally unfriendly solder and
solder material. An additional object of the present invention is to
provide a nmethod of bonding a chip to a substrate in smaller mcron scale

metal pitch sizes.U& Ratendhyed¥P4io0l todpersan deserghasaf wethod for applying

under bump metallization (UBM) for solder bump interconnections on
interconnection substrates. The UBM comprises a Cu, Cu/Cr, Cr multilayer

structure.

U.S. Patent No. 5,767,009 to Yoshida et al. describes a method of
reducing cross talk noise between stacked semiconductor chips by the use of a chip

on chip mounting structure.

U.S. Patent No. 5,804,876 to Lake et al. describes a low contact
resistance electrical bonding interconnect having a metal bond pad portion and

conductive epoxy portion.




It has now been discovered that the above and other objects of the present
i nvention may be acconplished in the followi ng manner. Specifically, a

sem conductor chip having an exposed netal term nating pad %QFﬁ“%Nggm-and a
separate substrate having a correspondi ng exposed netal bunp thet'e V@r are
provi ded. A conducting polyner plug is forned over the exposed netal _
termnating pad. A conformng interface layer is formed over the conducting
4 " V 200 polyner plug. The conducting polymer plug of the sem conductor
chipis aligned wth the corresponding nmetal bunp. The conform ng

interface | ayer over the %ﬂ%ﬁ%@@@?ﬁﬁ'ﬂv%@dﬁ mated with the
correspondi ng netal bunp. | ayer is thermally
deconposed, adhering and permanently attaching the conducting pol yner plug
of the sem conductor chip with the corresponding netal bunp of the
separate substrate. Methods of form ng and patterning a nickel carbonyl

| ayer are al so di sécowdingls, BoisN@VobjeoiGof the present invention is to provide a
method of bonding a chip to a substrate without the need for a bump metal,

wetting agents, and barrier materials.

Another object of the present invention is to provide a method of
bonding a chip to a substrate avoiding the use of environmentally unfriendly solder

and solder material.

An additional object of the present invention is to provide a method

of bonding a chip to a substrate in smaller micron scale metal pitch sizes.
Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
semiconductor chip having an exposed metal terminating pad thereover, and a
separate substrate having a corresponding exposed metal bump thereover are
provided. A conducting polymer plug is formed over the exposed metal

terminating pad. A conforming interface layer is formed over the conducting




BRI EF- DESCRI PTI ON OF THE DRAW NGS The features and advantages of the
present invention will be nore clearly understood fromthe foll ow ng
description taken in conjunction with the acconpanying draw ngs in vvhi ch
|i ke reference nunerals designate sinilar or corresponding’ 8l EﬁEnﬁ

regions and portions and in which: Figs. 1 to 6 schematically |Ilustrate in
cross-sectional representation a preferred enbodi nent of the present
invention. 6 i 0i "O! 2006 DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI MENT Unl ess ot herw se specified, all structures, |ayers, etc. may be

Accor di nfgélyﬁfe?iffm%-?ﬁ@?%ﬁ’%ﬁﬁaﬁ&&éﬁ% TR PR b0 B,

overlyi n‘%H% Q nmet al yer 212 connected to, for exar}p nmetal |ine 214
t hr ough t Hie Wréem tlél?fatle‘?tﬁﬂaaffhﬁgf:%ﬁarmm svterRee dayar naverntheal
| ayer 212 at a predeterm ned position within first passivation |ayer 220.

Sem conductdectisg r palyuree RO iis muedr stidodhd @opespomdingi metdideump. The
conforming interface layer is thermally decomposed, adhering and permanently
attaching the conducting polymer plug of the semiconductor chip with the
corresponding metal bump of the separate substrate. Methods of forming and

patterning a nickel carbonyl layer are also disclosed.




sem conductor wafer or substrate, active and passive devices formed within
the wafer, conductive |ayers and dielectric layers (e.g., inter-poly oxide
(IPO, internetal dielectric (IM), etc.) forned over the wafer. surface.
The term "sem conductor structure 200" is neant to include£2§§éﬁi duct or
chip. Final netal layer 212 and netal term nating pad 218 are preferably
conprised of copper as will be used for illustrative purposes hereafter.
Addi tional netal vias 216, netal lines 214, nmetal term nating pads 218,
etc., may be fornmed within and over sem conductor structure 200 although
for 7 purposes of il i on i tures are shown in
Figs. 11. For purposi@agkqéﬁggpfﬁ fé?ﬁgggg$Eiﬂ§£E@%@£§Etal line 214, and
final netal layer 212 are not explicitly illustrated in the follow ng
Figs. 2 - 6. Final passivation layer 222 is forned over first passivation

| ayer 220 and copper termnating pad 218 to a thickness of from about 1000

to 10,000A, and rirefqauakeraall ydirmagabouthe?PRBeAOIRRABAN WHEDE NHorR24 1S
formed within second passivation |ayer 222 exposing copper term nating pad

218. clearly understood from the following description taken in conjunction with the

accompanying drawings in which like reference numerals designate similar or

corresponding elements, regions and portions and in which:

Figs. 1 to 6 schematically illustrate in cross-sectional representation a

~ preferred embodiment of the present invention.




As shown in Fig. 2, planarized conducting polynmer plug 250 is forned

w thin opening 224 by flow ng or using a spin-on-techni que on copper
surfaces such a bondi ng pads 218 or copper tracks on prlnteq IrCUIt
boards. Planarized conducting polynmer plug 250 is preferabF ﬁ#@nﬂ&ﬁout
1000 to 10,000A thick, and nore preferably from about 3000 to 6000A thick.
Conducti ng pol yner plug 250 includes, but is not restricted to doped

pol yacetyl ene, poly (para-phenyl ene vinylene) (PPV), or polyaniline

manuf actured by DuPont, G ba Geigy, and Sieman's and others. 8 nor)

Conduct i per/ copper
supf;gelggng?tﬁﬁﬁinﬁﬁyg) fﬁﬁiﬁﬁGQJﬁ?‘ §E§§§§£§§@§§¥ﬁgﬂiggnduct.ng

pol ymer has good conductive properties, is highly doped to degeneracy (see
bel ow), has good adhesive properties and very useful thermal insulation
properties. The main characteristics of the conducting polynmer form ng
conducting poIynEﬂJ@k&goQﬁﬁwugsqheﬁmdeaﬁnmnmﬁhe$Haye@ el heg isofyrigat ed
chain

or accomplished by conventional methods known in the prior art.

Accordingly, as shown in Fig. 1, semiconductor structure 200 includes
an overlying final metal layer 212 connected to, for example, metal line 214 through
metal via 216. Metal terminating pad 218 overlies final metal layer 212 at a

predetermined position within first passivation layer 220,

Semiconductor structure 200 is understood to possibly include a
semiconductor wafer or substrate, active and passive devices formed within the
wafer, conductive layers and dielectric layers (e.g., inter-poly oxide (IPO),
intermetal dielectric (IMD), etc.) formed over the wafer surface. The term

“semiconductor structure 200" is meant to include a semiconductor chip.

Final metal layer 212 and metal terminating pad 218 are preferably

comprised of copper as will be used for illustrative purposes hereafter.

Additional metal vias 216, metal lines 214, metal terminating pads

218, etc., may be formed within and over semiconductor structure 200 although for




where the chem cal bondi ng between the atons in the mainly carbon
“backbone" of the polynmer chain alternates between single and double
bonds. There are two types of bonds nanely the onega - bond apd the phi -
bond. Electrons in the fornmer (onega - bond) are strongly Idéﬁlh%édﬂéﬁd
form strong bonds, in contrast to the later (phi - bond) in which the

el ectrons formweak bonds and are not |ocalized. The electrons in phi -
bonds can be thought of a cloud that extends along the entire |ength of
the conjugated chain in which electrons are free to nove in a simlar

fashion to condu?t'n elec&&@gs.iq a n§%$[. The con uctingfpolyner is
heavi | y HIGp8EE% 8 g FHE'F oCnt B tees o3y X1 é1t138% Heder at e
sem conductor and is sufficient enough not to perturb the device

per f or menopos® dugmpdiciiometalviFi2go, Betal dinerXldcend fipel n260 Iagerd 2n@d over
second passivation layer 222 and conducting polynmer plug 250. Interface

layer 26Qtiekpligt9fiRaabitdd G0 BRI foBBHiRf FlisChels carbonyl (Ni (GO 4) as will be
used for illustrative purposes hereafter. The material for interface |ayer
is selected to be subject to

Final passivation layer 222 is formed over first passivation layer 220
and copper terminating pad 218 to a thickness of from about 1000 to 10,0004, and

more preferably from about 2000 to 5000A.

Opening 224 is formed within second passivation layer 222 exposing,

copper terminating pad 218.

As shown in Fig. 2, planarized conducting polymer plug 250 is
formed within opening 224 by flowing or using a spin-on-technique on copper
surfaces such a bonding pads 218 or copper tracks on printed circuit boards.
Planarized conducting polymer plug 250 is preferably from about 1000 to 10,000A

thick, and more preferably from about 3000 to 6000A thick.

Conducting polymer plug 250 inctudes, but is not restricted to doped
polyacetylene, poly (para-phenylene vinylene) (PPV), or polyaniline manufactured

by Dul’ont, Ciba Geigy, and Sieman's and others.



t hermal deconposition be chem cal conbustible. N (CO4 has a freezing point
of -19C, between -19C and 40C nickel carbonyl exists as a liquid and, at

t enperatures above 40C, the followi ng reaction takes place: ngl; fl\ﬁQQ)4?4 Ni +
4 CO Below 40C, the reverse reaction takes place: N + 4 CO’ ‘i-*(ffcgﬁﬁ Two
nmet hods may be used to form N (CO 4 interface layer 260. In the first

nmet hod, nickel is first deposited (through sputtering or electroplating)
over second passivation |ayer 222 and conducting pol yner plug 250. Then,
carbon nonoxide (CO is introduced into the reaction chanber and reacts

with the 10 2006 Coepegingepotymkel phayesot & figed M (LBl e Bhelk@egvd ayer
260. The CO may be pressurized as necessary. The tenperature of the chanber

and/ or t . u f er e less "t\]!?n 40C t t he

Ni (CO 4 {akﬁ) ? ‘ﬂeﬁ %tée%ﬁgg?oa&?ﬁggai 80%?%%5?1“1?%%5 i 65}1943 eégacmlé}“? ayer
260 as acosi%ulcghg polymer has good conductive properties, is highly doped to degeneracy

(see below), has good adhesive properties and very useful thermal insulation

properties.

The main characteristics of the conducting polymer forming
conducting polymer plug 250 is the presence of the so-called conjugated chain
where the chemical bonding between the atoms in the mainly carbon “backbone” of

the polymer chain alternates between single and double bonds.

There are two types of bonds namely the omega - bond and the phi -
bond. Electrons in the former (omega - bond) are strongly localized and form
strong bonds, in contrast to the later (phi -~ bond) in which the electrons form weak

bonds and are not localized.

The electrons in phi - bonds can be thought of a cloud that extends
along the entire length of the conjugated chain in which electrons are free to move
in a similar fashion to conducting electrons in a metal. The conducting polymer is
heavily doped to achieve a conduction which is comparable to a degenerate

semiconductor and is sufficient enough not to perturb the device performance.




In the second nmethod, liquid Ni(CO4 (at a tenperature between -19C and

40C) is flowed over second passivation |ayer 222 and conductin le,_iyr}.fe@ﬁ
plug 250 and then the tenperature of the chanber and/or the tenperat ar'e of

the wafer is lowered to less than -19C so as to convert the liquid N (CO4
into solid N (CO4 interface | ayer 260. Regardl ess of which nmethod is
used, the tenperature of the chanber and/or the tenperature of the wafer
must be less than -19C to naintain the N (CO4 interface |layer 260 as a
solid. As shown in Fig. 4, the excess of NN(CO4 interface |layer 260 not
over conducting polyner plug 250 is renmoved to formconformng N (CO 4
interface |ayer 260" over conducting polynmer plug 250. To renove the
excess of NN (CO4 interface |ayer 260 not over conducting pol yner plug
250, a partial chiomshoptotonBigk X niotersamwigyer s26(isrddrrovér otdresowher Wit h
the chrone portion of the photomask overlying that portion of the N (CO4

i nt er f ageshi@ygon 26Per0nL? latidn Godidetinkl pbBy R Pu0! bfterRQ YARE Roug 250.
The par?iﬁal chroneﬁi)hotonask is tk?é]r];g gugj ect gg;%]o a P
preferably comprised of nickel carbonyl (Ni(CO),) as will be used for illustrative

purposes hereafter. The material for interface layer is selected to be subject to

thermal decomposition be chemical combustible.

Ni(CO), has a freezing point of -19°C, between -19°C and 40°C nickel
carbonyl exists as a liquid and, at temperatures above 40°C, the following reaction

takes place:
Ni(CO), 2> Ni+4 CO
Below 40°C, the reverse reaction takes place:
Ni + 4 CO > Ni(CO),
Two methods may be used to form Ni(CO), interface layer 260. In the
first method, nickel is first deposited (through sputtering or electroplating) over

second passivation layer 222 and conducting polymer plug 250. Then, carbon

monoxide (CO) is introduced into the reaction chamber and reacts with the

10




radi ati on source such that radiation penetrates the photonmask to the

Ni (CO4 interface |layer 260 not over conducting pol ynmer plug 250 and
raising the tenperature of that portion of the N (CO 4 interfidcél/aysi 260
above 40C so that the reaction Ni(CO4 9 N + 4 CO takes place, renoving
the NN (CO 4 interface |layer 260 not over conducting polynmer plug 250. No
radi ati on may penetrate the chronme portion of the photomask overlying the
Ni (CO4 interface | ayer 260 over conducting pol yner plug 250 so that
portion of the Ni(CO)4 interface |l ayer 260 remai ns as Ni(CO)4 Fi nal

passi vation | aye 2,15 als t he ved, . exposin uc | ymer

pl ug ZSGEWQSHQ% ﬁé Ff@’eéom ‘8 ?50 Eprfaﬁf:el,a géﬁ £ %‘aﬁp ®shown
in Fig. 5 pre-forned netal burrp 300 (connected to nmetal track 310 within
subst r atpre820jzedsasatdogsrady. Thec teamparatury of thes seanbarahdyatrdle wrnherature
conducting polynmer plug 250 with overlying conformng Ni (CO4 interface

layer  2§Qhe u&lf@ﬁﬁﬁ@% Be 329 (hRY 40°€ & RPRChRATI(CD) AuRT iHehadep bl L1dooar d,
for exanple. 12 30 V 21105

to maintain the Ni{(CO), interface layer 260 as a solid.

In the second method, liquid Ni{(CO), (at a temperature between -19°C
and 40°C) is flowed over second passivation layer 222 and conducting polymer
plug 250 and then the temperature of the chamber and/or the temperature of the
wafer is lowered to less than -19°C so as to convert the liquid Ni(CO); into solid

Ni{CO), interface layer 260.

Regardless of which method is used, the temperature of the chamber
and/or the temperature of the wafer must be less than -19°C to maintain the

Ni(CO); interface layer 260 as a solid.

As shown in Fig. 4, the excess of Ni(CO), interface layer 260 not over
conducting polymer plug 250 is removed to form conforming Ni{(CO), interface
layer 260" over conducting polymer plug 250. To remove the excess of Ni(CO),
interface layer 260 not over conducting polymer plug 250, a partial chrome
photomask (not shown) is formed over the wafer with the chrome portion of the

photomask overlying that portion of the Ni(CO), interface layer 260 overlying the

11




Met al- bunp 300 and netal track 310 are preferably conprised of copper as

W ll be used for illustrative purposes hereafter. Cu netal bunp 300 is
formed by electroless plating, at about 200C. As shown in Fig @affﬁ@b
conformng N (CO4 interface | ayer 260" thermally deconposés al'Towi n

copper bunp 300 to adhere directly with conducting polynmer plug 250 at

t enper at ure above about 40C. NN (CO4 4 N + 4 COWth slight application of
pressure, the thernmal deconposition of NN (CO4 interface |ayer 260
facilitates Ni bondi ng of copper bunp 300 to conducting poly plug 250. The

present doRvaRdih d pig Woden @ht QR fdih ' ard,
and m cron net gﬂggﬁ%?n% nd pro%?gggﬁfar eyggﬁhsggpgtﬁ%hgﬁhngQﬁﬁg t he

Fer m na PORED BRUE by YRE0RaRIY pEhe Pl IhF b iRBErion i B

m cron netal bonding processes onto a copper substrate or printed circuit
board, iBterfcaalaynay 4He nebeevdrocondusiing mobener velugi AgP0 trafing| theand
barrier materials wth the attendant costly process steps and materials

i nvol vedemiperdtird bethavirtésntdfethe 18i(CO), interface layer 260 above 40°C so that

the reaction
Ni(CO), > Ni+4 CO

takes place, removing the Ni(CO); interface layer 260 not over conducting polymer
plug 250. No radiation may penetrate the chrome portion of the photomask
overlying the Ni(CO), interface layer 260 over conducting polymer plug 250 so that

portion of the Ni(CQ), interface layer 260 remains as Ni{CO)..

Final passivation layer 222 is also then removed, exposing conducting

polymer plug 250 with overlying conforming Ni.(CO)t; interface layer 260".
As shown in Fig. 5, pre-formed metal bump 300 (connected to metal track
310 within substrate 320) is aligned, mechanically pressed, and mated with,
conducting polymer plug 250 with overlying conforming Ni(CO), interface layer

26(’. Substrate 320 may be a bond pad or a printed circuit board, for example.

12




V 20061 wuse of environnmentally unfriendly solder and solder materials, and
allows for use in smaller mcron scale netal pitch sizes unlike nost of
the current bonding techniques. Wiile particul ar enbodinen;g ﬁﬁjhgﬁ
present invention have been illustrated and described, it {5 ‘not Q’?ended
tolimt the invention, except as defined by the following clains. it 14
3 0 P-- 01V 2006 CLAIMS W claim 1. A nmethod of bonding a chip to a
substrate, conprising the steps of: providing a sem conductor chip having
an exposed netal termnating pad thereover, and a separate substrate

having a correspondiiad bexRe SO0 ARl dhellMackt 510 SRV BFofefa®lyTicBfhRisE@MIUCT i Ng
pol ymer plug over said exposed netal term nating
copper as will be used for illustrative purposes hereafter. Cu metal bump 300 is

formed by electroless plating, at about 200°C.

As shown in Fig. 6, conforming Ni(CO), interface layer 260" thermally
decomposes allowing copper bump 300 to adhere directly with conducting polymer

plug 250 at temperature above about 40°C:
Ni(CO}), => Ni+ 4 CO

With slight application of pressure, the thermal decomposition of Ni(CO), interface

layer 260" facilitates Ni bonding of copper bump 300 to conducting poly plug 250.

The present invention may find wide application in flip-chip, chip-on-

board, and micron metal bonding and provides for micron scale bonding.

Thus, the present invention permits semiconductor chips with copper
interconnect termination to be directly bonded by a flip-chip, chip-on-board, and
micron metal bonding processes onto a copper substrate or printed circuit board,
eliminating the need for a bump metal, wetting agent metals and barrier materials

with the attendant costly process steps and materials involved. It further avoids the




pad; formng a conformng interface | ayer over said conducting pol yner
plug; wherein said conformng interface layer is conprised of N (CO 4;

al i gning said conducting pol yner plug of said semi conductor i gwiil; said
correspondi ng netal bunp; mating said conformng interface |ayer over said
conducting polynmer plug with said corresponding netal bunp; and thermally
deconposi ng said conform ng interface | ayer, thereby adhering and
permanent|ly attaching said conducting polyner plug of said sem conductor
chip with said corresponding netal bunp of said separate substrate. 2. The

thod of claim.1l, wh [ id ti | | [ bout 1000
o 10, 00A S/ Biong A bRt o it e Parertta w EaloeR e

termnating pad and said exposed nmetal bunp are conprised of copper. 15 9
0 i=j  dinosamaller nigwmsedio ometal gpikilnsites widikei moshiad hendugeninopdingmer
plug is

techniques.
While particular embodiments of the present invention have been

iltustrated and described, it is not intended to limit the invention, except as defined

by the following claims.

14




conprised of a material selected fromthe group consisting of doped

pol yacetyl ene, poly (para-phenylene vinylene) (PPV), and polyaniline. 5.
The nethod of claim 1, wherein said conducting polyner plug n% o f%rlal
doped to degeneracy. J1 6. A nethod of bonding a chip to a substra e,
conprising the steps of: providing a sem conductor chip having a netal
termnating pad thereover, and a separate substrate having a correspondi ng
exposed netal bunp thereover; fornmng a final passivation |ayer over said
metal terninating pad; formng an Sﬂéa' within said final passivation

| ayer, exposing said mnetal term nating pad; formng a conducting pol yner
plug wt acedny final passi vation | ayer opening and over said exposed
nmet al ternlnatlng pad; formng a N(CO4 interface | ayer over said
conducting polyner plug and said final passivation |ayer; renoving the

excess Ofl. sal 9; Hegh%@ & Hdﬁc@ﬁé Q%ﬁiﬁ AVELuNGle, %gfn%rfts-ir{gaéhe steps of:

providing a semiconductor chip having an exposed metal terminating pad
thereover, and a separate substrate having a corresponding exposed metal bump
thereover;

forming a conducting polymer plug over said exposed metal terminating
pad;

forming a conforming interface layer over said conducting polymer plug;
wherein said conforming interface layer is comprised of Ni(CO),;

aligning said conducting polymer plug of said semiconductor chip with
said corresponding metal bump;

mating said conforming interface layer over said conducting polymer
plug with said corresponding metal bump; and

thermally decomposing said conforming interface layer, thereby adhering
and permanently attaching said conducting polymer plug of said semiconductor

chip with said corresponding metal bump of said separate substrate.

2. The method of claim 1, wherein said conducting polymer plug is from

about 1000 to 10,000A thick.

3. The method of claim 1, wherein said exposed metal terminating pad and

said exposed metal bump are comprised of copper.

15




passi vation | ayer and not over said conducting polyner plug, formng
conformng Ni (CO4 interface | ayer; renoving said final passivation |ayer
fromsaid sem conductor chip; aligning said conducting pol y ey gy

sai d semiconductor chip with said corresponding nmetal bunp; “mating said
conformng Ni (CO4 interface |ayer over said conducting polynmer plug with
said corresponding netal bunp; and 16 3 0 N }V 2006 thermally deconposing
said conform ng Ni (CO4 interface | ayer, thereby adhering and permanently
at t achi n§. sai dheomgthad mj @@uynér‘@hﬁgnbﬁasbw@ndgéhm&oﬁ@ﬁ@#ﬁrpﬁﬁaﬁSmﬁth
sai d correspondi ng netal bu of said separate substrate. 7 he t hod of
cl ai m 6, COMPriErh Shid BBwR iSRG gl 3%? E]I‘%gg‘foélpf rEORPISEBEUET 1 %e{rg

10, 000A thj ck. 8. The method of .cl ai m 6, in sai d netal
Lot mi nat PRU B8 ScPOSAPERBRPOSER SErI s O S BRBARIE of copper.

5. The method of claim 1, wherein said conducting polymer plug is a

material doped to degeneracy.

6. A method of bonding a chip to a substrate, comprising the steps of:

providing a semiconductor chip having a metal terminating pad
thereover, and a separate substrate having a corresponding exposed metal bump
thereover;

forming a final passivation layer over said metal terminating pad;

forming an opening within said final passivation layer, exposing said
metal terminating pad;

forming a conducting polymer plug within said final passivation layer
opening and over said exposed metal terminating pad;

forming a Ni(CO), interface layer over said conducting polymer plug and
said final passivation layer;

removing the excess of said Ni(CO), interface layer over said final
passivation layer and not over said conducting polymer plug, forming
conforming Ni{CO), interface layer;

removing said final passivation layer from said semiconductor chip;

aligning said conducting polymer plug of said semiconductor chip with
said corresponding metal bump;

mating said conforming Ni(CO);, interface layer over said conducting

polymer plug with said corresponding metal bump; and
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9. The nethod of claim6, wherein said conducting polynmer plug is
conprised of a material selected fromthe group consisting of doped
pol yacet yl ene, poly (para-phenyl ene vinylene) (PPV), and polyaniline. 10.
The method of claim®6, wherein said conducting pol yner plud i sidop#d to
degeneracy. 11. A method of bonding a chip to a substrate, conprising the
steps of: providing a sem conductor chip having a copper term nating pad
t hereover, and a separate substrate having a correspondi ng exposed copper
bunp t her eovetherfralyi depompasirg spidseinfatinigg NEeD: dverfasailayecobpeby
termnating pad; formng an opening wthin said final passivation |ayer,
exposi ngadheting cophgrernenemiiatatiaghived saidl7 cenducting] polyager plug of ndaid a
conducting polynmer plug within said final passivation |ayer

semiconductor chip with said corresponding metal bump of "said separate

substrate.

7. The method of claim 6, wherein said conducting polymer plug is from

about 1000 to 10,000A thick.

8. The method of claim 6, wherein said exposed metal terminating pad and

said exposed metal bump are comprised of copper.

9. The method of claim 6, wherein said conducting polymer plug is

comprised of a material selected from the group consisting of doped

polyacetylene, poly (para-phenylene vinylene) (PPV), and polyaniline.

10.  The method of claim 6, wherein said conducting polymer plug is doped to

degeneracy.

t1. A method of bonding a chip to a substrate, comprising the steps of:
providing a semiconductor chip having a copper terminating pad
thereover, and a separate substrate having a corresponding exposed copper
bump thereover;
forming a final passivation layer over said copper terminating pad;
forming an opening within said final passivation layer, exposing said

copper terminating pad;
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openi ng and over said exposed copper term nating pad; said conducting poly
| plug being fromabout 1000 to 10,000A thick; j formng a Ni (CO4
interface |ayer over said conducting polymer plug and said final

passi vation | ayer; renoving the excess of said N (CO4 int e labs| ayér over
said final passivation |layer and not over said conducting pol yner plug,
formng conformng Ni(CO4 interface |ayer; renoving said final

passi vation | ayer from said sem conductor chip; .aligning. said conducting
pol ymer plug BRETYBER SeMRGRGUBPYMEIPISWEIIN $aidyfingl PREHEHIITNYEBpper
bunp; mating said conforming Ni(CO4 interface |ayer .qver saj.d conducting
ol yirer - BPHGG 41! a0 PRSHUhAPHEE T B BUR i G el g TBEonposy ng

att achi ngeertreosaurr iy Bty ASPORRNE: Sai o " sen conductor chi p i th
said corr esPOFb%ﬂﬂg%%R&b)PH\@Prf&’Je lﬁ?ézrdo@e?%%fcﬁ&&d&ﬁggtﬁﬁﬁer plug and
said final passivation layer;
removing the excess of said Ni(CO), interface layer over said final
passivation layer and not over said conducting polymer plug, forming
conforming Ni(CO), interface layer;
removing said final passivation layer from said semiconductor chip;
aligning said conducting polymer plug of said semiconductor chip with
said corresponding copper bump;
mating said conforming Ni(CO), interface layer over said conducting
polymer plug with said corresponding copper bump; and
thermally decomposing said conforming Ni(CO), interface layer, thereby
adhering and permanently attaching said conducting polymer plug of said
semiconductor chip with said corresponding copper bump of said separate

substrate.

12.  The method of claim 11, wherein said conducting polymer plug is from

about 3000 to 6000A thick.
13.  The method of claim [1, wherein said conducting polymer plug is

comprised of a material selected from the group consisting of doped

polyacetylene, poly (para-phenylene vinylene) (PPV), and polyaniline.
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12. The method of claim 11, wherein said conducting polymer plug is from
about 3000 to 6000A thick. 13. The nmethod of claim 11, wherein said
conducting polymer plug is conprised of a material selected fromthe group
consi sting of doped polyacetylene, poly (para-phenyl ene vi iyl diigj 2{BPV),
and polyaniline. 18 31 OP' ;'206 14. The nethod of claim 11, wherein said
conducting polyner plug is doped to degeneracy. 19

14, The method of claim 11, wherein said conducting polymer plug is doped

to degeneracy.
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