A METHOD OF COPPER/ COPPER SURFACE BONDI NG USI NG A
CONDUCTI NG POLYMER FOR APPLI CATION I N I C CH P BONDI NG
This application is a Continuation-in-Part of
application serial nunmber 09/612,576 filed on July 7,
2000 and assigned to a common assi gnee. FlIELD OF THE

| NVENTI ON The present invention relates generally to

t he packagi ng of = sem conductor devices, and nore
specifically to copper interconnect processes between
chi ps and substrates in packagi ng processes. 1
BACKGROUND OF. THE | NVENTI ON Recent integration of
copper interconnect processes into IC (integrated
circuit) manufacturing requires copper term nating
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
boar ds. :

A METHOD OF COPPER/COPPER SURFACE BONDING USING A

CONDUCTING POLYMER FOR APPEICATION 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 fo the packaging of
semiconductor devices, and more specifically to copper interconnect processes

between chips and substrates in packaging processes.



- U'S. Patent No. 5,923,955 to Wng descri bes a process
for creating a flip-chip bonded conbination for a
first and second integrated circuits using a
Ni /Cu/ Ti N 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- nmount |1 C device to a flip-chip solder bunp
pad such that the I C device can be flip- chip nounted
to a substrate. The nmethod uses a N |ayer over the
pad. U. S. Patent No. 5,795,818 to Marrs describes a
met hod of f orBACEGROUNI SFCKHBENVENTIDN ween bondi ng
pads on an integrated circuit chip and correspondi ng
bondi ng contacts on a substrate. The nethod uses
coi ned baII bond bunps. 2 U. S. Patent No. 5, 904, 859
to Deganj %%}?‘?‘ Bt f&eg%érormépwnmag profdes R 1C

or

netalllzatlon bunp i nterconnections

(mg%rateg BSOS RY 2 AL SBppd 1BmdbMifi? PR 26 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 fo 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.



Structure. U S. Patent No. 5,767,009 to Yoshida et at
descri bes a nethod of reducing cross talk noise

bet ween stacked semnmi 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

resi stance el ectrical bonding interconnect having a
netal bond pad portion and conductive epoxy portion.
3 SUMMARY OF THE | NVENTI ON Accordingly, it is an

obj ect of the present invention is to provide a

met hod of bonding a chip to a substrate w thout the
need for a bunp netal, wetting agents, and barrier
materi al s Anot her object of the present invention is

to provi met hod onding a.chip to a s trate.
avoi di nggt%"hgatﬁg% St 53%‘%% ot fssctifgs 3 ew&r%ﬁf) 506@68 ying
and sol der material. '

under bump metallization (UBM) for solder bump interconnections on

interconnection substrates. The UBM comprises a Cu, Cu/Cr, Cr mﬁltilayer

structure.

U.S. Patent No. 5,767,009 10 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.



An addi tional object of the present invention is to
provide a nethod of bonding a chip to a substrate in
smaller mcron scale netal pitch sizes. O her objects
wi || appear hereinafter. It has now been di scovered
that the above and ot her objects of the present

i nventian may be acconplished in the foll ow ng manner.
Specifically, a sem conductor chip having an exposed
netal term nating pad thereover, and a separate
substrate having a correspondi ng exposed netal bunp

t hereover are provided. A conducting polyner plug is
formed over theievpoSRY GRTAIE INVENTIEK Ng pad. A
conformng interface layer 1s fornmed over the
conducting 4 polynmer plug. The conducting pol yner plug
of the sem conductor chip is aligned wth the

corres po&&l {%ﬁnéﬁ?t ﬂlls %H’E% ec?la? tl?eggieg&m ﬂgeﬁt{btne{s tgclgmvﬁe a

| ayer over onddctin g pol

el o RG0S Al T e Rty a'ét@wpg@naeega%? DR el

pernanently attachi ng the conducting pol yner plug of

wetHEg agshite aRd betrisF M % t h t he

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




correspondi ng netal bunp of the separate substrate.
‘Met hods of formng and patterning a nickel carbonyl

| ayer are al so disclosed. 5 BRI EF DESCRI PTI ON OF THE
DRAW NGS The features and advantages of the present
invention will be nore clearly understood fromthe
follow ng description taken in conjunction with the
acconpanyi ng drawi ngs in which like 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

d ' ' 0016 s 1
PR B FRECA S R SERL RO PRy o
685 PS50 RALLEC 10 ST R BB e e

or "ac€o conventi dna
owm in the prior . Accor di shown
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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.



an overlying final nmetal |ayer 212 connected to, for
exanple, nmetal line 214 through netal via 216. Metal
term nating pad 218 overlies final netal |ayer 212 at
a predetermned position within first passivation

| ayer 220. Sem conductor structure 200 is understood
to possibly include a sem conductor wafer or _
substrate, active and passive devices forned within
the wafer, conductive layers and dielectric |ayers
(e.g., inter-poly oxide (IPO, internetal dielectric
(IMD), etc.) forned over the wafer surface. The term

"sem CondUCﬁﬂfE@w@kmﬁcﬁ%r TRETRRRIVING ncl ude a
sem conductor chip. Final metal layer 2I2 and netal
termnating pad 218 are preferably conprised of copper
as wll be used for illustrative. purposes hereafter.

Addi ti onal tal vias, 21 net lines, 214, .neta
Cer i ot Shae e HThy PRy BN R AL by more
over sem conductqr structure 200 al though for 7 -
clepsly pslemsted fremytder lpwing gatcyPleR friensiciPritctien (g the
are shown in Figs. 11. For purposes of sinmplicity,.
acqpetanyinigadrrvengsrin avhich dikerpferengeonyungrals designate gipailar or
212 are )
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.



not explicitly illustrated in the following Figs. 2 -
6. Fi-nal passivation layer 222 is fornmed over first
passi vation |ayer 220 and copper term nating pad 218
to a thickness of fromabout 1000 to 10, 000A, and

nore preferably from about 2000 to 5000A. Opening 224
is formed within second passivation | ayer 222 exposi ng
copper term nating pad 218. As shown in Fig. 2,

pl anari zed conducting pol ynmer plug 250 is forned

wi thin opening 224 by flowng or using a

spi n-on-techni que on copper surfaces such a bonding
pads, &LDE)%@?{"IPH@Q PHER FHERGR I BN ,

Pl anari zed conductl y1m ug ' ' y
from about 1000 to 10 OOOA thlck and nore preferably
from about 3000 to 6000A t hick. Cbnductlng pol ynmer

pl ug 25 but i.s estrlc ed to dope
pol yac o B SE S5 sy AL e tetse i fly Rppigyformed
niline manufactured by DuPont, G ba Geigy,
or%@@lgﬁﬁﬁ by copygnppa mretheds known in the pnor 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 used to achieve an
ef fective copper/copper surface bonding in copper
termnating I C chip pads 218. The conducting pol yner
has good conductive properties, is highly doped to
degeneracy (see below), has good adhesive properties
and very useful thermal insulation properties. The
mai n characteristics of the conducting polymer formng
conducting polymer plug 250 is the presence of the
so-cal l ed conjugated chain where the chem cal bondi ng
between the atons in the mainly carbon "backbone" of
ugtb%%sp gt nﬁfsﬁaﬁ!%' &ﬂ%ﬁﬁ%}@ ahes shatieanaRi Have: andidoub! Bor

re are t pes of bonds nanely the onega -

bond.
R Sl s S0 TSI EATS e
? éﬁ cont t he phi - bond) in which
nﬂ¥ﬁﬁ’%ﬁ@' Ttpde %W KM% ﬁﬁs ahd are not |ocalized.
The el ectrons in phi - bonds can be thought of a cloud

that extends along the entire Iength of the

conjugated chain in which electrons are free to nove
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 10,0004,

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.



inasimlar fashion to conducting electrons in a
nmetal . The conducting polynmer is heavily doped to
achi eve a conduction which is conparable to a
degenerate sem conductor and is sufficient enough not
to perturb the device performance. 9 As shown in Fig.
3, interface |ayer 260 is forned over second

passi vation |ayer 222 and conducting pol ymer plug 250.
Interface layer 260 is preferably conprised of nicke
carbonyl (Ni(CO4) as will be used for illustrative
pur poses hereafter. The material for interface |ayer

s sel ectsgdnp %ﬁyﬁie?ﬁ%lu 05 NeriRl d8CRIROS! ki ofticdve

chem cal conbus 4 has a freezing point of
coph S e e;lﬁ?ﬁwé R PRt
CO%@@%%?P” SRS Lo BSErd etk frehle ety Sbogl ey
(see &% 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.




Two nethods may be used to form N (CO4 interface
layer 260. In the first nethod, nickel is first
deposited (through sputtering or electroplating) over
second passivation |layer 222 and conducting pol yner
plug 250. Then, carbon nonoxide (CO is introduced
- into the reaction chanber and reacts with the 10
deposited nickel layer to formN (CO4 interface |ayer
260. The CO may be pressurized as necessary. The
tenperature of the chanber and/or the tenperature of
the wafer nust be less than 40Cto formthe N (CO 4
and then keep below -19C to naintain the N (CO 4
interface layer 260 as a solid. In the second nethod,
[iquid ( 4 (at Lur e
400 is ocgc}é"t\zlmoverF gseagg%gﬁrr%agsllgv%t ?%kﬁ%$§§%1%g(§é%g g Sgcond
conduct j ol and t he he t at u .
paSTIRG BRePes otaroRusihe PoNBUT e @500 fnt?ﬁ%?%%%’sfr 260 is
| owered to | ess than -19C s as_to convert the liquid
preferably) eompisd orickel Rprbory(Wir @t at &l 2petsed der ifbstrative

Regardl ess of which nethod is used, the tenperature of
purpeses hardaéer. The material for interface layer is selected to be subject to

thermal decomposition be chemical combustible.

Ni{CO})4 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)s > Ni+ 4 CO
Belo_w 40°C, the reverse reaction takes place:

Ni + 4 CO = Ni(CO)4

Two methods may be used to form Ni(CO)4 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

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

10



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 pol yner plug
250 is renmoved to formconformng Ni(CO4 interface

| ayer 260" over conducting polyner plug 250. To renove
the excess of N (CO4 interface |ayer 260 not over
conducting polynmer plug 250, a partial chrone

phot omask (not shown) is forned over the wafer with
the chrone portion of the photonmask overlying that

or.l i;on. ' ' rf ayer . '
oo EUORCEN 50 1 (O MLOAT ReuloHE: 200 TRYRE YRR be
hot.onpsk i s then, subjected to,a ,radi ati pn source
POt nd Sy T bt 5 608 e Rl B Wt leffpgrature
Ni(C§%4 interface | ayer 260 not over conductin o
of o5 WARSF T Lile Bs0han A0TKatosiPH ki Dt dheneer PlpnA19°C
. portion of the NN(CO4 interface | ayer 260 above 40C
to spintaicthe NHEQ)einderiasn lager 2 ap assohid- + 4 CO

In the second method, liquid Ni{(CO)s (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 Iowefed to less than -19°C so as to convert the liquid Ni(CO)4 into

solid Ni{CO)4 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)4 interface layer 260 as a solid.

As shown in Fig. 4, the excess of Ni{CO)4 interface layer 260 not over
conducting polymer plug 250 is removed to form conforming Ni{CO)s interface
layer 260’ over conducting polymer plug 250. To remove the excess of Ni(CO)4 |
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)s interface layer 260 overlying the

11



takes place, renoving the Ni(CO4 interface |ayer 260
not over conducting polynmer plug 250. No radiation
may penetrate the chrone portion of the photonmask
overlying the Nl (CO4 interface |ayer 260 over
conducting pol ynmer plug 250 so that portion of the

Ni (CO4 interface |ayer 260 renmains as N (CO 4. Fina
passi vation |layer 222 is also then renpoved, exposing
conducting polyner plug 250 with overlying conformng
Ni (CO4 interface |layer 260'. As shown in Fig. 5,
pre-forned netal bunp 300 (connected to nmetal track

cortlkidtikb Blyﬁheﬁlﬂlh% v3ik ¥hd EQﬂhal ShrdhieGsRAomABC AUrCaldtted to a
ma

pressed and ed wt conducting pol ymer plug 250

rad%\ﬁc!}l QURkd %Y tﬁ&nfa%{ﬂo‘ikg e(txgi@ 4tHe fa RothAGSK VR Ni(CO)s
0'. Substrate 320 may b a or a printed

mt%éf et %E"Ialﬁ SR é%ﬂ%@% o pepeae
oA g g e of (P @é@ pRAP? B2 850 RGP hat

about 200C. As shown in Fig. 6,.conform ng N|(CI»4
thq j¢peiMace | ayer 260' thermally

Ni(CO)s > Ni + 4 CO

 takes place, removing the Ni(CO)4 interface layer 260 not over conducting polymer
plug 250. No radiation may penetrate the chrome portion of the photomask
overlying the Ni(CO)s interface layer 260 over conducting polymer plug 250 so that

portion of the Ni{CO)4 interface layer 260 remains as Ni{(CO)a.

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)s interface layer

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

12



deconposes al |l ow ng copper bunp 300 to adhere directly
W th conducting polynmer plug 250 at tenperature above
about 40C. N (CO4 4 N + 4 COWth slight application
of pressure, the thermal deconposition of N (CO 4
interface |layer 260" facilitates N bondi ng of copper
bunp 300 to conducting poly plug 250. The present
invention may find wi de application in flip-chip,

chi p.-on board, and m cron netal bondi ng and provides
for mcron scale bonding. Thus, the present invention
permts sem conductor chips with copper interconnect

term natpg@al t, 3@6 'aﬁ&trhé(tap%gl?@ @sér@ rﬁ%éfb;%b bﬁngnsed of

chi p- on-board, m cron netal ond| processe
cog‘%r rTallsn a?PBQ G5 Sﬁlga%eﬁw% Lgrrglogg qgetrga{f{e?% n?qurghn% 300 is

d bar i er er|j MAth t he attendant
f%%ﬁv% %ngaéwp@t%ﬂaf RGrials involved It

further avoids the 13 use of environnentally

unfriendly solder and solder nmaterials, and alloms for
use in snmaller mcron scal e netal pltch sizes unlike
most of Apshayr indfig. heorfiorging Ni(CO)4 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)s > Ni+ 4 CO

With slight application of pressure, the thermal decomposition of Ni(CO)4 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



techni ques. Wil e particul ar enbodi nents of the
present invention have been illustrated and
described, it is not intended to limt the invention,
except as defined by the followng clains. 14 CLAI M5
W claim 1. A nethod of formng a Ni(CO4 |ayer,
conprising the steps of: providing a substrate within
a reaction chanber; form ng a |ayer of nickel over the
substrate; and introducing - COinto the reaction
chanber at a tenperature of |less than 40C to cause
the reaction N + 4 CO- N (CO4 to occur whereby the
usd\bf Q@lﬂ)ﬂr@éﬁ%ﬁl}f' &f?i@lﬁﬂ?@olc%r ahASoRRE BRekrafis, 6haiabwls for use

wherein the nicke ayer is forned by sputtering or
in smaller micron scale metal pitch sizes unlike most of the current bonding

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



el ectroplating. 3. The nethod of claim1, wherein the
CO introduced into the reaction chanber is

pressuri zed. 4. The nethod of claim1l, wherein the

ni ckel layer is formed by sputtering or

el ectroplating; and the CO introduced into the
reacti on chanber is pressurized. 15 5. The nethod of
claim 1, wherein the forned Ni (CO4 |ayer is
mai nt ai ned bel ow -19C whereby the forned Ni (CO 4

| ayer is solid. 6. The nethod of claim1, wherein the
substrate is a sem conductor substrate. 7. The nethod

of claim1, wherein the #j gkt |ayer is formed by
sputtering or eIectropFﬁT%ﬁgT the CO introduced into

the reaction chanber is pressurized; and substrate is
a sem conductor substrate. 8. A nethod of formng a

solid Ni (CO4 |layer, conprising the steps of:
VVﬁ%BV?ding a substrate within a reaction chanber;
formng a liquid layer of Ni(CO4 over the substrate

at a tenperature

1. A method of forming a Ni(CO)4 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
to cause the reaction
Ni + 4 CO < Ni{CO)4

to occur whereby the Ni(CO)4 layer is formed.

2. The method of claim 1, wherein the nickel layer is formed by sputtering or
electroplating.
3. The method of claim 1, wherein the CO introduced into the reaction chamber

is pressurized.

4, The method of claim 1, wherein the nickel layer is formed by sputfering or

electroplating; and the CO introduced into the reaction chamber is pressurized.

15




between -19C and 40C; and then |lowering the
tenperature of the substrate or the reaction chanber
bel ow -19C to formthe solid Ni (CO4 layer. 9. The
met hod of claim 8, wherein the substrate is a
sem conduct or substrate. 10. A nethod of patterning a
solid NN (CO4 | ayer, conprising the steps of:
providing a substrate having a solid N (CO 4 |ayer
fornmed thereover; 16 form ng a partial chronme
photoresi st |ayer over the solid N (CO4 |ayer; the
partial chrone photoresist having a chrone portion and
a non-chrone portion; exposing the partial chrone
photoresist layer with radiation that penetrates only
5. t NETIRO RreChYD BE clah tli, Ahe@bint the FEAREONBRIC): lhayas thantahed
underlying solid N (CO4 |ayer whereby the

beloRMREI@LMERLD thd BEMmERNi@I)OhyexRAsIEd portion of the
solid Nl (CO4 |ayer is |ncreased to above 40C so that

the radi ati on exposed portion of the solid N (CO 4
| ayer decorrposes so that the solid NN(CO4 | ayer is

g g|t #@er neg@g) ag‘g}gr %rggl?%xg%%bs%a%e 1s a]SQmICVC\)API uc“:a’tby subsg-ate

7. The method of claim 1, 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.

8. A method of forming a solid Ni(CO)4 layer, comprising the steps of:
providing a substrate within a reaction chamber;
forming a liquid layer of Ni{CO)s over the substrate at a temperature
between -19°C and 40°C; and
then lowering the temperature of the substrate or the reaction chamber

below -19°C to form the solid Ni(CO)4 layer.
9. The method of claim 8, wherein the substrate is a semiconducter substrate.

10. A method of patterning a solid Ni(CO)s layer, comprising the steps of:

providing a substrate having a solid Ni{CO)4 layer formed thereover;
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according to the reaction: Ni(CO4 -> N + 4 CO 12,
The nmethod of claim 10, whereby the solid N (CO4

| ayer has a tenperature of |ess than -19C. 13. The
met hod of claim 11, whereby the solid N (CO 4 |ayer
has a tenperature of less than -19C and the solid
Ni (CO 4 | ayer deconposes above 40C according to the
reaction: Ni(CO4 - N + 4 CO 17 '

forming a partial chrome photoresist layer over the solid Ni{CO)4 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 underlyiﬁg solid
Ni(CO)s+ layer whereby the temperature of the radiation exposed portion of the
solid Ni(CO)a layer is increased to above 40°C so that the radiation exposed portion

of the solid Ni{(CO)4 layer decomposes so that the solid Ni(CO)4 layer is patterned.

11.  The method of claim 10, whereby the solid Ni(CO)s; layer decomposes

according to the reaction:

Ni(CO)s - Ni + 4 CO,

12.  The method of claim 10, whereby the solid Ni{(CO)4 layer has a temperature

of less than -19°C.

13.  The method of claim 11, whereby the solid Ni(CO)4 layer has a temperature

~ of less than -19°C; and the solid Ni{(CO)4 layer decomposes above 40°C according to

the reaction:

Ni(CO)s - Ni + 4 CO.
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