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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.



U.S. Patent No. 5, 988855 to Wong describes a process for creating a
flip-chip bonded conbination for a first and second integrated circuits
using a- Ni/Cu/TiN structure. U S. Patent No. 5,891,756 to Eri ckson
describes a nethod for formng a solder bunp pad, and specifically to
converting a wire bond pad of a surface- mount 1C device to a flip-chip

sol der bunp pad such that the I C device can be flip- chip nounted to a
substrate. The method uses a N 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 subBAGKGROUNDOHDHEUSSSERTION! bal | bond bunps. 2
U.S. Patent No. 5,904,859 to Degani describes a neth?q*for appl yi ng under

- metal lization (UBM for solder bunp interconnections on _
Pﬁ?grconnection subgtrg%es. The UBM conprises a Cu, Cu/Cr, C nultilayer
structure.

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.



U S. Patent No. 5, 76¥,-309 to Yoshida et al. describes a nmethod of reducing
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 | ow contact resistance electrical bonding interconnect having
a netal bond pad portion and conductive epoxy portion. 3 SUMARY 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 without the need for a
bump netal, wetting agents, and barrier materials. Another object of the
present invention is to provide a nethod of bonding a chip to a substrate
avoi ding 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 aypgbsikat Rid B,50485H ¢S Iﬁgg%g)ﬁegccrﬁ;e% an‘r%{[eﬁllocp %c;rcaq)pﬁ;i%\egs'
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.



O her objects will appear hereinafter. It has now been di scovered that the
above and ot her objects of the present invention may be acconplished in
the fol fowi ng manner. Specifically, a sem conductor chip having an exposed
nmetal term nating pad thereover, and a separate substrate having a
correspondi ng exposed netal bunp thereover are provided. A conducting
polymer plug is forned over the exposed netal termnating pad. A
conforming interface layer is formed over the conducting 4 polyner plug.
The conducting pol yner plug of the sem conductor chip is aligned wth the
correspondi ng netal bunp. The conform ng interface | ayer over the
conducting polyner plug i s SEMMARY IOE THEINVENIIGNNg metal bunmp. The
conform ng interface layer is thernmally deconposed, adhering and
permanently attaching the conducting pol yner plug of the sem conduct or
chip with the corresponding netal bunp of the separate substrate. Methods

of form ng and at ter ni ni ckel carbonyl |ayer are al so disclosed. 5
9 P Accorcﬁggl%, 1t 1s an object of 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 advant ages of the
present invention will be nore clearly understood fromthe foll ow ng
description taken in conjunction with the acconpanying draw ngs in which
| i ke reference nuneral s designate simlar or corresponding el enents,
regions and portions and in which: Figs. 1 to 6 schematically illustrate in
cross-sectional representation a preferred enbodi nent of the present

i nvention. 6 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT Unl ess

ot herwi se specified, all structures, layers, etc. may be formed or
acconpl i shed by conventional nethods known in the prior art. Accordingly,
as shown ipolyfher plug. T8k CAUMUEAS PR IMBEPUILOLAR i VRl

final netlgr)):igyelr) 2g12 connect edgtpg?}tforpexg;npl e, rretkgfliglﬁ?tﬁgeg%fgt%%gggh
netal via thdel3} j i overlies final .netal |ayer 212 at
a predet g@r%pr%d poselsk)?fcl)n %%‘%}% p?ﬁ“é%@%s??’vg‘%fm& %rrfac§2gaye; ek die

Sem conduct o structijre 20Q i s, understood to possibly include a
conducting polymer plug is mated with the corresponding metal bump. 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
(PO, “intermetal dielectric (IMD), etc.) formed over the wafer surface.
The term "sem conductor structure 200" is neant to include a sem conductor
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 illustration, only single such structures are shown in
Figs. 11. For purposesBRIEE DESCRIFFION®RITHE BRAWINGS al |ine 214, and
final netal layer 212 are not explicitly 1lTustrated rn 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 m)é’ﬁ gr eferably from about 2000 to 5000A. Qpening 224 is
formed within second HdERES PRY ady@Bages ofthedaresent invention will be more

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.



copper termnating pad 218. As shown in Fig. 2, planarized conducting
polymer plug 250 is formed within opening 224 by flowi ng or using a

spi n-on-techni que on copper surfaces such a bonding pads 218 or copper
tracks on printed circuit boards. Planarized conducting polymer plug 250
is preferably fromabout 1000 to 10,000A thick, and more preferably from
about 3000 to 6000A thick. Conducting polynmer plug 250 includes, but is not
restricted to doped polyacetylene, poly (para-phenylene ylnylgne) (PPV),
or polyaniline manufactured by DuPont, Ci ba Geigy, and Sieman's and

thers. 8 Conductin ol ynmer plug 250 is used to achieve an effective
gopper/copper Mﬁbﬁ&éﬂﬂgWIGM@é’rTﬂﬁmﬁmRREUMﬁplm218- The
conducting pol ymer 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

pol ymer form ng

Unless otherwise specified, all structures, layers, etc. may be formed

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



conducting polynmer plug 250 is the presence of the so-called conjugated
chain where the chem cal bonding between the atons in the mainly carbon
"backbone"” of the polyner chain alternates between single and doubl e
bonds. There are two types of bonds nanely the onmega - bond and the phi -
bond. Electrons in the former (onega - bond) are strongly localized and
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

fashi on t puepsstycef fBiselaBioh! GRR skihgle %Eﬁlsuugﬂﬁ'eg%g%:\@g g’xgqgggmfl For

heavily doped to achi eve a conduction which I's conpar degénerate

per 1 or mange PYRALf bl pFpl VB 21 Bl e A i Boal el iy 2hzcace

second passivation |ayer 222 and conducting polyner plug 250. Interface
| ayer 260MPiexplicidyillustiptedbimpthedellowing\Figke! - 6ar bonyl (N (CO)4) as will be
used for illustrative

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 includes, but is not restricted to doped

polyacetylene, poly (para-phenylene vinylene) (PPV), or polyaniline manufactured

by DuPont, Ciba Geigy, and Sieman's and others.



rposes hereafter. The material for interface layer is selected to be
gﬂbjpect to thernmal deconposition be chem cal conbustible. Ni(CO4 has a
freezing point of -19C between -19C and 40C nickel carbonyl exists as a .
liquid and, at tenperatures above 40C, the followi ng reaction takes place:
N (CO4 4Ni + 4 CO Below 40C, the reverse reaction takes place: N + 4 CO
4 N (CO4 Two nethods may be used to form N (CO4 interface layer 260. In
the first method, nickel is first deposited (through sputtering or
el ectroplating) over second passivation layer 222 and conducting pol yner
plug 250. Then, carbon monoxide (CO is introduced into Phe reaction
chamber and reacts fonduckag IPQIYGWOQlugdZW ciselusédyter dchiekror an Neffé&ghve
interface | ayer 260. The CO may be pressurized as necessary. The

. . . tmhe
t enper at uceppér/ichppehaubfate duldang tike copparetahiihin® Tt PRipMELEE J14StTHR
Iegg than 40C to formthe N (CO)4gand then keep below -198\,\@

conducting 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.



to maintain the N (CO4 interface layer 260 as a solid. In the second
method, liquid Ni (CO4 (at a tenperature between -19C and 40C) is flowed
over second passivation |layer 222 and conducting polynmer plug 250 and then
the tenperature of the chanber and/or the tenperature of the wafer is

| owered to |l ess than -19C so as to convert the liquid Ni(CO4 into solid

Ni (CO4 interface | ayer 260. Regardl ess of which nethod is used, the
tenperature of the chanber and/or the tenperature of the wafer nust be

| ess than -19C to maintain the N (CO4 interface |ayer 260 as a solid. As
shown in Fig. 4, the excess of N(CO4 interface |ayer 260 not over
conducting polyner plug 250 is renoved to formconformng Ni (CO4 interface
| ayer 260" over conducting pol yner plug 250. To renove the excess of

Ni (CO4 interface lyay 0.nqgt. ower. copduciin I r pluyg 250, a

partial chrone phofA‘ %rrgé(l)(‘%?ng{m%ﬁb&m)mf?pqc&i‘?é(ﬂgof@r ¥S?E%“5%Fre‘?"% g¢ronde
chronme portiqn of the Ezhotomask overlying that portion of the N (CO 4
i nt er f ace PRESFERtIoBdayRFed?? iangd eomslucting” polymer plug 250. Interface layer 260 is

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

carbony! exists as a liquid and, at temperatures above 40°C, the following reaction

takes place:
Ni(CO), > 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



conducti ng pol yner plug 250. The partial chrome photomask is then subjected
to a radiation source such that radiation penetrates the photomask to the
Ni (CO4" interface |ayer 260 not over conducting pol yner plug 250 and

rai sing the

tenperature of that portion of the Ni(CO4 interface |ayer 260

above 40C so that the reaction Ni(CO4 -) N + 4 CO takes place, renoving
the Ni (CO4 interface layer 260 not over conducting polyner plug 250. No
radi ation may penetrate the chrome portion of the photomask overlying the
Ni (CO 4 interface |ayer 260 over conducting polyner plug 250 so that
portion of the Ni(CO4 interface |ayer 260 renmains as N (CO 4. Final

passi vati da
pl ug 250 vvlli)

ol nickel i1ay&l 39 fobR Nii Cgeﬂneﬁé&pg‘ig;cbg g@d?dyﬁéiég@_ mz,g' pger

h overlying conformng N

4 inter ayer

- i a. -f d I 300 ted tq netal track 310 within
Subst  at e PSR! BF RetBery bR Rripbeiat e chaimbed anl ot e tmperature

conducti ng

ol ymer plug 250 with overlying conforming Nl (CO4 interface

| ayer 260f thegtipfer muss bedessnthnn 46°G th orin PaiN(CQ), pnd rthext keép beloty 1102C d,

for exanpl e.

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

Conducﬁng 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



12 Metal bunp 300 and netal track 310 are preferably conprised of copper
as will be used for illustrative purposes hereafter. Cu metal bunp 300 is
formed by electroless plating, at about 200C. As shown in Fig. 6,
conformng Ni (CO4 interface |ayer 260 thermally deconposes allow ng
copper bunp 300 to adhere directly with conducting polyner plug 250 at
tenperature above about 40C: Ni(CO4- N + 4 COWth slight appli Ca:[I on of
pressure, the thernmal deconposition of Ni(CO4 interface |ayer 260
facilitates N bonding of copper bunp 300 to conducting poly plug 250. The
present invention may find wide application in flip-chip, chip-on board,
and i cr osondudingpelyimey plng 250 oVhelpartiabrhrime photaahsk isahelt Bgbjectbdito at he
present invention permts sem conductor chips with copper interconnect

t er m nat i eadiatiohesdiré® Gk @lgﬂ%gia@bnagéﬁétfktgéﬂ e ﬂmteﬁﬁgk g@?ﬁ%eé\ﬁg??kui ¢

m cron netal bonding processes onto a copper substrate or

im i i t tals and
boar d, elil‘lt@hﬂ&f 'lﬁﬁe} RonRSH W SR, ge&)%i}}mg\fe tI:ElluEQZg(? “and rrr‘?iising the
barrier materirals

temperature of that portion of the Ni(CO), interface layer 260 above 40°C so that

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

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(CO), interface layer 260 remains as Ni(CO)s.

Final passivation layer 222 is also then removed, exposing conducting

polymer plug 250 with overlying conforming Ni(CO)4 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

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

12



with the attendant costly process steps and materials involved. It further
avoids the 13 use of environnmentally unfriendly solder and solder
material’'s, and allows for use in snmaller micron scale netal pitch sizes
unlike nost of the current bonding techniques. Wile particul ar _
enbodi ments of the present invention have been illustrated and descri bed,
it is not intended to limt the invention, except as defined by the
following clainms. 14 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 jsubst.rate
having a correspondMgjakkpoyed0fetrd nietab track16omer preferablynicogpdised of
conducting polynmer plug over said exposed netal term nating

copper as will be used for illustrative purposes hereatter. 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

13



pad; formng a conformng interface | ayer over said conducting pol yner
plug; aligning said conducting polynmer plug of said sem conductor chip
with sai'd corresponding nmetal bunp; 10 mating said conformng interface

| ayer over said conducting polyner plug wth said correspondi ng netal
bunmp; "and thermal |y deconposing said conform ng interface |ayer, adhering
and permanently attaching said conducting polyner plug of said

sem conductor chip wth said corresponding netal bunp of said separate
substrate. 2. The nethod of claim1, wherein said conducting polymer plug
is fromabout 1000 to 10,000A thick. 15 3. The nethod of claim1, wherein

sai d expo ! I g i | b aje
Sal 4 SXDORSOoEhitohSERIN LABICAANY Sifter S RAAREH IR, SRR ohF e
B P SR ol TR eSS S0l O Py

techniques.

While particular embodiments of the present invention have been
illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.

14



phenyl ene vinyl ene) (PPV), and polyaniline. 5. The nmethod of claiml,
wherein said conducting polyner plug is a material doped to degeneracy. 6.
The nethod of claim1, wherein said conformng interface |ayer is conprised
of N(CO4. 7. A nmethod of bonding a chip to a substrate, conprising the
steps-of: providing a sen conductor chip having a netal termnating pad

- thereover, and a separate substrate having a correspondi ng exposed mnet al
bunp thereover; formng final passivation |ayer over said metal bunp; 5
form ng an opening within said final passivation |ayer, exposing said netal
termnating pad; 16 form ng a conducting polyner plug within said flna!
passi vation | ayer opening and over éaﬂgléﬁppsed nmetal termnating pad;
formng an interface | ayer over said conducting polyner plug and said final
10 passivation |ayer;

We claim;

1. A method of bonding a chip to a substrate, comprising the steps of:
providing a semiconductor chip having an exposed metal terminating pad
thereover, and a separate substrate having a corresponding exposed metal bump
thereover;
5 forming a conducting polymer plug over said exposed metal terminating
pad;
forming a conforming interface layer over said conducting polymer plug;
aligning said conducting polymer plug of said semiconductor chip with said
corresponding metal bump;
10 mating said conforming interface layer over said conducting polymer plug
with said corresponding metal bump; and
thermally decomposing said conforming interface layer, 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.

15



removi ng the excess of said interface | ayer over said final passivation

| ayer and not over said conducting polyner plug, form ng conformng
interface layer; renoving said passivation |ayer from said sem conductor
chip; aligning said conducting polyner plug of said sem conductor chip with
said 15 corresponding netal bunp; mating said conformng interface |ayer
over said conducting polynmer plug wth said correspondi ng netal bunp; and
thermal | y deconposi ng said conform ng interface | ayer, adhering and
permanent|ly attaching said conducting polyner plug of said sem conductor
chip 20 with said corresponding netal bunp of said separate substrate. 8.
The nmethod of claim7, wherein said conducting polynmer plug is from about
0 1000 to 10,000A thick. 9. The nethod of claim7, wherein said exposed

metal ters natiig RathoA"Gr ciifh®, WRERET SRS BposedPmatal teamiating pad ang P

said exposed metal bump are comprised of copper.

4. 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.

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

doped to degeneracy.

6. The method of claim 1, wherein said conforming interface layer is comprised

of Ni(CO)..

7. 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 final passivation layer over said metal bump;
5 forming an opening within said final passivation layer, exposing said metal

terminating pad;

16



10. The method of claim 7, wherein said conducting polynmer plug is
conprised of a material selected fromthe group consisting of doped

pol yacetyl ene, poly (para- phenylene vinylene) (PPV), and polyaniline. 11.
The nethod of claim7, wherein said conducting polyner plug is doped to
degeneracy. 12. The nmethod of claim7 wherein said conformng interface
layer is conprised of Ni(CO4. 13. A nethod of bonding a chip to a .
substrate, conprising the steps of: providing a seniconductor chip having
a copper ternminating pad thereover, and a separate substrate having a
correspondi ng exposed copper bunp thereover; formng final passivation

| ayer over sai €org@iRpeh &onfRicting! PORFIE BlugREMATs Al Hhe(i} f)?és‘i'vafﬁd??llayer

passivation | ayer, exposing sald cOpper® termnating pa ormng a

conduc | n8gRoY T S, LIRSl GBI BERSHUES 00 | 1T PSTLRS 20,
from about 100?orgli)mé%hoi(r)1?eArfatc2ilg)lfér over said conducting polymer plug and said final
10  passivation layer;
removing the excess of said interface layer over said final passivation layer
and not over said conducting polymer plug, forming conforming interface layer;
removing said passivation layer from said semiconductor chip;
aligning said conducting polymer plug of said semiconductor chip with said
15  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, adhering and

permanently attaching said conducting polymer plug of said semiconductor chip

20 with said corresponding metal bump of said separate substrate.

8. The method of claim 7, wherein said conducting polymer plug is from about
1000 to 10,000A thick.
9. The method of claim 7, wherein said exposed metal terminating pad and

said exposed metal bump are comprised of copper.

17



10 form ng an interface layer over said conducting polynmer plug and said
final passivation layer; 18 removing the excess of said interface layer
over sai'd final passivation layer and not over said conducting polyner
plug, formng conformng interface |ayer; renobving said passivation |ayer
from said sem conductor chip; 15 aligning said conducting polyner plug of
sai d sem conductor chip with said corresponding copper bunp; mating said
conform ng interface |ayer over said conducting polymer plug wth said
correspondi ng copper bunp; and thermally deconposing said conform ng
interface |layer, adhering and 20 permanently attaching said conducting

pol yner pli0g ofTheahéthsarifGRifieWherelt B’eud"&!ornlaugﬁhgI p%%@%ﬁﬁ%%qmﬂgp??ﬁgs ai d

bunp of said separate substrate. 14. Thgoggt ho o S pherern sald

conductin about t |c

of claim %&Rg‘l‘vﬁgﬁ@u &éécg‘?‘h?r&’ gl?&“’HB BBPSTRS BFIBB“? po &ﬁ%ﬁs’i@édpo y (para-
phenylene vinylene) (PPV), and polyaniline.

11.  The method of claim 7, wherein said conducting polymer plug is doped to

degeneracy.

12, The method of claim 7 wherein said conforming interface layer is comprised

Of NI(CO)4

13. 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 final passivation layer over said copper bump;
5 forming an opening within said final passivation layer, exposing said copper
terminating pad;
forming a conducting polymer plug within said final passivation layer
opening and over said exposed copper terminating pad; said conducting poly plug
being from about 1000 to 10,0004 thick;
10 forming an interface layer over said conducting polymer plug and said final

passivation layer;
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of a material selected fromthe group consisting of doped polyacetyl ene,
poly (para- phenylene vinylene) (PPV), and polyaniline. 16. The nethod of
claim 13, wherein said conducting polyner plug is doped to degeneracy. 19
17. The method of claim 13 wherein said confornmng interface layer is
conprised of Ni(CO4. 18. A method of forming a Ni(CO4 layer, conprising
the steps of: providing a substrate within a reaction chanber; formng a
| ayer of nickel over the substrate; and introducing COinto the reaction
chanber at a tenperature of less than 40C 5 to cause the reaction N + 4
CO-> N (CO4 to occur whereby the Ni(CO4 layer is formed. 19. The nethod
of claim 18, whemeving the excessedf dadqg énterfacé tayepdvey sailifihalr pargivation layer
el ectropl ati ng.
and not over said conducting polymer plug, forming conforming interface layer;
removing said passivation layer from said semiconductor chip;
15 aligning said conducting polymer plug of said semiconductor chip with said
corresponding copper bump;
mating said conforming interface layer over said conducting polymer plug
with said corresponding copper bump; and
thermally decomposing said conforming interface layer, adhering and

20  permanently attaching said conducting polymer plug of said semiconductor chip

with said corresponding copper bump of said separate substrate.

14.  The method of claim 13, wherein said conducting polymer plug is from

about 3000 to 6000A thick.

15.  The method of claim 13, 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.

16.  The method of claim 13, wherein said conducting polymer plug is doped to

degeneracy.
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20. The nethod of claim 18, wherein the CO introduced into the reaction
chanber is pressurized. 21. The nethod of claim 18, wherein the nickel

| ayer is formed by sputtering or electroplating;, and the CO introduced
into the reaction chanber is pressurized. 20 22. The nethod of claim 18,
wherein the formed Ni (CO 4 |ayer is maintained below -19C whereby the
formed N (CO 4 layer is solid. 23. The nethod of claim 18, wherein the
substrate is a sem conductor substrate. 24. The method of claim 18,
wherein the nickel layer is forned by sputtering or electroplating; the CO
introduced into the reaction chanber is pressurized; and substrate is a
sem condud?or JtiBsmethed 06, cltinmelhoethefeid osaiil ngorefosmiing! itdrfdol 4 1dyRY efs,
conprising the steps of: providing a substrate within a reaction chanber;

form ng acbinguisdd lofYE(COf,. Nl (CO) 4 over the substrate at a tenperature
bet ween -19C and 40C, and 5 then | owering the tenperature of the substrate
or the reaction chanber

18. A method of forming a Ni(CO), layer, comprising the steps of:
providing a substrate within a reaction chamber;
forming a layer of nickel over the substrate; and
introducing CO into the reaction chamber at a temperature of less than 40°C
5  to cause the reaction
Ni + 4 CO - Ni(CO),

to occur whereby the Ni(CO), layer is formed.

19.  The method of claim 18, wherein the nickel layer is formed by sputtering or

electroplating.

20. The method of claim 18, wherein the CO introduced into the reaction

chamber is pressurized.

21.  The method of claim 18, wherein the nickel layer is formed by sputtering or

electroplating; and the CO introduced into the reaction chamber is pressurized.
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below -19C to formthe solid Ni (CO4 |ayer. 26. The nethod of claim 25,
wherein the substrate is a sem conductor substrate. 27. A method of
patterning a solid Ni (CO4 |ayer, conprising the steps of: providing a
substrate having a solid Ni(CO4 |ayer forned thereover; 21 V forming a
partial chrome photoresist |layer over the solid Ni(CO4 layer; the partial
chrome photoresist having a chrome portion and a non-chrone portion;
exposing the partial chrone photoresist |layer wth radiation that
penetrates only the non-chrome portion of the photoresist layer to the
underlying solid N (CO4 |ayer whereby the tenperature of the radiation

exposed p@R!ioThefmetiwd s0tiadmNg kel VR fdrdnd Vi 3dal & AP AREGSO
oo

that the radiati on exposed portion of the solid N ayer deconposes

hat t |4 1 i er ned. . The nmethod of claim?27,
\?\g; egy t%gloggl-flqgcﬁ}’{z@)gﬂ}lé;goﬁnegggg%éégerﬁégﬁadi ng to the reaction:
Ni(CO4 ->N + 4 CO

23. The method of claim 18, wherein the substrate is a semiconductor substrate.

24.  The method of claim 18, wherein the nickel layer is formed by sputtering or
electroplating; the CO introduced into the reaction chamber is pressurized; and

substrate is a semiconductor substrate.

25. A method of forming a solid Ni(CO), layer, comprising the steps of:
providing a substrate within a reaction chamber;

forming a liquid layer of Ni(CO), over the substrate at a temperature

between -19°C and 40°C; and

5 then lowering the temperature of the substrate or the reaction chamber
below -19°C to form the solid Ni(CO), layer.
26.  The method of claim 25, wherein the substrate is a semiconductor substrate.
27. A method of patterning a solid Ni(CO), layer, comprising the steps of:

providing a substrate having a solid Ni(CO), layer formed thereover;
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29. The method of claim27, whereby the solid Ni(CO4 layer has a
tenperature of less than -19C. 30. The nethod of claim 27, whereby the
solid N"(CO 4 layer has a tenperature of less than -19C, and the solid _
Ni (CO 4 | ayer deconposes above 40C according to the reaction: N (CO4 - N
+ 4 CO 22

forming a partial chrome photoresist layer over the solid Ni(CO), layer; the
partial chrome photoresist having a chrome portion and a non-chrome portion;

exposing the partial chrome photoresist layer with radiation that penetrates
only the non-chrome portion of the photoresist layer to the underlying solid
Ni(CO)s layer whereby the temperature of the radiation exposed portion of the
solid Ni(CO), layer is increased to above 40°C so that the radiation exposed portion
of the solid Ni(CO), layer decomposes so that the solid N i(CO), layer is patterned.

28.  The method of claim 27, whereby the solid Ni(CO), layer decomposes

according to the reaction:

Ni(CO), = Ni + 4 CO.

29.  The method of claim 27, whereby the solid Ni(CO), layer has a temperature

of less than -19°C.

30.  The method of claim 27, whereby the solid Ni(CO), layer has a temperature
of less than -19°C; and the solid Ni(CO), layer decomposes above 40°C according to
the reaction:

Ni(CO), > Ni + 4 CO.
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