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 assignee. 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 packaging processes. | B
ACKGROUND 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
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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.



copper substrate or printed circuit boards. U S.

Pat ent No. 5,923,955 to Wng descri bes a process for
creating a flip-chip bonded conmbination for a first
and second integrated circuits using a N/Cu/TiN
structure. 1J S. Patent No. 5,891,756 to Erickson
describes a nethod for formng a solder bunp pad, and
specifically to converting a wire bond pad of a
surface- nmount I C device to a flip-chip solder bunmp
pad such that BASKGBRQENR O EHEINYVENFIOMi p nount ed
to a substrate. The nethod uses a N |ayer over the
pad. U S. Patent No. 5,795,818 to Marrs describes a
met hod of forming an. interconnection between bonding
pads on ralehit ﬁﬁé%}ﬁﬁgnc'dfc Uz’og{ag" htBRBnn&Q" 58RQRB NGto  IC

bondi ng contacts a substr The net hod "uses

(int‘%igaé’{%?nj cg'%ilt) %ggfacplﬁri}pi (r)%ﬂ}il%'s J(D)%E)Fg ?eﬁan%tgr}é ?1%@%%% bebonded

eScCr 1 a net or a

| l'ization (UL f,or | der [.nterconnecti an
dir%'ﬁltyaon tRe tcolgper(rget%%adoandsgrc%?t bc?al{'rélrg. é Sre%gnt Slcx:}engorsl 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.



i nterconnection substrates. The LIBM conprises a Cu,

Cu/Cr, C multilayer structure. U .S. Patent No.

5,767,009 to Yoshida et at describes a nethod of

reduci ng cross tal k noi se between stacked

sem conductor chips by the use of a chip on chip

mounting structure. U S. Patent No. 5,804,876 to Lake

et al, describes a | ow contact resistance electrical

bondi ng i nterconnect having a nmetal bond pad portion

and corldGc Pateat &pm5004850i torDeghnbldebdkidés GEmletid for applying

I NVENTI ON Accordingly, it is an object of the present
undefV SREAPN netallifatsRVildeMy Rt Nidaf bemngi NatdcshidtibAs on

a substrate without the need for a bunp netal,

inteliBkbRA A UGB Sarc N RN JBLEREE!S CANRLIRY B Sfkiiayer

e present 1 nvention Is rovide a

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.



bonding a chip to a substrate avoiding the use of
environnental ly unfriendly solder and sol der

material. An additional 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 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 follow ng
mari ner. Speci f ISSEMMARY OEAHE oINMENTBIONhi p havi ng an
exposed netal termnating pad thereover, and a
separate substrate having a correspondi ng exposed
nmetal bunp thereover are provided. A conducting

pol yrer Rké&dg@l{roﬁq@%o&ﬁ]éctt&eth%y%§&q if%bRtion is to provide a

termnating p ‘A conft ng interface layer is

metQSdTRY, N REin I'}le cﬁ n Ctg 1RO IR PLg s IS a bump metal,
e WENWoitupe

conducting ctor 'C

al.igned. 4 th the correspondlng met al bunp. The
weld SRt g R PARRRor over tho

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

polymer plug. The conducting polymer plug of the semiconductor chip is aligned



conducting polynmer plug is mated with the
correspondi ng netal bunp. The conformng interface
| ayer is thermally deconposed, adhering and
permanently attaching the conducting polyner plug of
t he sem conductor chip wth the corresponding netal
bunp of the separate substrate. Methods of form ng
and. patterning a nickel carbonyl |ayer are also
di scl osed. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS The
withetteu r@sesputhdinly anttap ésingp. The qonéseningi interfiddeotayer |dver the
be nore clearly understood fromthe follow ng
condRSEih PbdIQthel aKRIY i nERBH UREhi e \WbirBspdiRling metal bump. The
acconmpanyi ng drawi ngs in which Iike reference nuneral's

_ g fch I ke reference num

i e S e R A e
iblustrate | ross-sectional representation . a . .

atedshitE P B RE OB R, SRS SRR grip with the

corresponding metal bump of the separate substrate. Methods of forming and

patterning a nickel carbonyl layer are also disclosed.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

Unl ess otherw se specified, all structures, |ayers,
etc, may be formed or acconplished by conventiona

met hods known in the prior art. Accordingly, as shown
in .Fig. 1, sem conductor structure 200 includes an
overlying final netal |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 predet er BRIEH DESCRIPHIONtOF THE DRAPAdDNGY at i on

| ayer 220. Sem conductor structure 200 is understood
to possibly include a sem conductor wafer or
substrate, active and passive devices forned within

the vef-fe fe%m]%e %ﬁvgd&%ﬁ%% Snhed] fdss&tf \%nhpg &l be more

, inter y OXl |nt rmet a ctric
ND et c. Wer th Lface. The term
deér'l J“dsﬁ%ﬂo‘% SHH! ucf’ ?3%8168%0 s HICRSH: Cnomfa%wa With the
sen1conductor ch| Fln netal |ayer Zlf and net a
acCOBRAN G ﬁlga‘ﬁgbs52 ’rlﬂé"f wletsnge TeppgRiss esighate Similar or
copper as will be used for illustrative purposes

corpespenfling elements, regions and portions and in which:

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

preferred embodiment of the present invention.



Addi tional netal vial 216, netal |ines 214, netal
termnating pads 218, etc., nay be forned wthin and
over semnm conductor structure 200 al t hough for

purposes of illustration, only single such structures
are shown in Figs. 11. For 7 purposes of sinplicity,
metal via 216, netal line 214, and final netal |ayer
212 are not explicitly illustrated in the foll ow ng
Figs. 2 --- 6. Final passivation |ayer 222 is forned
ove DETAHED ESCRIFTION &FETHERR EEFRREDDPMBODIMENT
termnating pad 218 to a thickness of front about 1000
to 10,000: A,, and nore preferably from about 2000 to
5000A. Opening 224 is fornmed within second passiva ion

I 2 [ . t ] ' .
| BYer 223,008 0R08 0" T80 1BR 200 S e formec
250 is. . f d wi thi ' 224. . by fl ow '

o 0Tl S D SRy DRl LR, 0 i

pads 218 or copper tracks on printed circuit boards.

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

purposes of illustration, only single such structures are shown in Figs. 11. For



Pl anari zed conducting polynmer plug 250 is preferably
from about 1000 to 10,00{1A thick, and nore
preferably fromabout 3000 to 6000. E thick. Conducting
pol ymer plug 250 includes, but is not restricted to
doped polyacetylene, poly (para-phenyl ene vinyl ene)
(PPV), or polyaniline manufactured by DuPont, Ci ba
Gei ggy, and Sieman"s and others. Conducting pol ymer
plug 250 is used to achieve an effective
pugRppeb! siofilRitys tidtalcaal®16dineelilinecZigpend tiewabvinaili laged 712 are
chip pads 218. The 8 conducting pol yner has good

&@%ﬂ’i‘éﬁt"‘ﬂﬁ RA@ASH thefollowinBIFgY. ¥ dpped to degeneracy
no(s e b313m§, has good adhggfggiproperties and very

useful thermal insulation prom erties. The main
characteristics of the. conducting polyner fanning

conduct i pol yner. pl.ug 2 is. the presence of.the
sorcai | atebRaareR BRar 722 (iekaoe RE FER el pifa e 20
t th t ' h i nl " " :
an %o\p!\gg‘nterm%a%n%rrgaci 218t toea t 'Icﬂngsscoa}rfpoorpl abgg’? l1< 00 o 10? 00A, 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.

Conducting polymer plug 250 is used to achieve an effective

copper/copper surface bonding in copper terminating IC chip pads 218. The



t he polyner chain alternates between single and doubl e
bonds. There are two types of bonds nanely the onega -

bond and the phi -- bond. Electrons in the forner
(onmega - bond) are strongly localized. and form
strong bonds, in contrast to the later (phi - bond) in
whi ch 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
coridirting fjolgatelaschwidicorustive iprepedes, anbighiye dbpedtd degeneracy
move in a simlar fashion to conducting el ectrons in,
(se@ BEESW, - hdd @068 e RI pRSPHHIBY ahd véal§aubfil dRE@EL]L Bisulation
achi eve a conduction which is conparable to a
rate sem conductor and is sufficient enough not
to perturb the device perfornmance. As shown in Fig. 3,
interface layer 260 is fornmed over second.
passi vation | ayer 222 and conducting pol ymer plug 250.
Interface layer 260 is 9 preferably c ri sed of )
ni ckel c“éﬁeoo%wn (ﬂi‘a(réﬁfﬂfhcgs 3 1the pEonduingy polymer forming
illustrative
conducting polymer plug 250 is the presence of the so-called conjugated chain

Pr

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.

As shown in Fig. 3, interface layer 260 is formed over second

passivation layer 222 and conducting polymer plug 250. Interface layer 260 is



pur poses hereafter. The material for interface |ayer

is selected to be subject to thermal deconposition be
chem cal conbustible. M CO 4 has a freezing point of

-19C, between -19C. and 46C ni ckel carbonyl exists as

a liquid and, at tenperatures above 40C, the foll ow ng
reaction takes place: NN(CO4 9 N + 4 CO Bel ow 40C,

the reverse reaction. takes place: NN 4 CO4 N (CO,

T xvo nethods may be used to form N (CO4 interface

prefaybly &ofiprited dheickel cabonel (NHCO))) clselvill be fused tfor illustrative

deposited (through sputtering or electroplating) over

puigREE N HeRASSH VEhd QRateANE forl AdedRek dus teeR@teROty BB subject to
plug 250. ' Then, carbon nonoxide (CO is introduced

thegrgkpdéc%ﬁl o%?cﬁ%(dél?é‘fl{éﬁ@i@le{on?é(}%%%ﬁ?“ s with the

positead nic ayer to (CO4 interface | ayer
260. The CO may be pressurized as necessary. The
tenperature of the chanber and/or the tenperature

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), > Ni+4CO
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
deposited nickel layer to form Ni(CO), interface layer 260. The CO may be
pressurized as necessary. The temperature of the chamber and/or the temperature
of the wafer must be less than 40°C to form the Ni(CO), and then keep below -19°C

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

10



of the wafer nust be less than. 40C to formthe N (C
))4 and then keep below -19C to maintain the N (CO 4
interface layer 260 as a solid. 10 In the second
method, liquid NN (CO4 (at a tenperature between -19C
and 40C) is flowed over second passivation | ayer 222
and conducting polyner plug 250 and then the
tenperature of the chanber and/or the tenperature of
the wafer is lowered to less than -19C so as to
convert the liquid NN(CO4 into solid N (CO4
interface | ayer 260. Regardl ess of which nethod is

used, thg thesRhatHe@oa! li§h e et a3dbefattifbetween -19°C
tenperature of the wafer st be l'ess than -19C to

. . ' ' face. | 6 :
IR i O R T N0 o
oAl o SRR U R e g e of
Waé)% Siéégxg;edﬁﬁlgg tglllarllng-lgg(l?ysrcr)ez{s Pol ggnv%?tofheTﬁq&i?inl%\i/(%Cg)? Sato 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
conducting polymer plug 250. The partial chrome photomask is then subjected to a
radiation source such that radiation penetrates the photomask to the Ni(CO),
interface layer 260 not over conducting polymer plug 250 and raising the
temperature of that portion of the Ni(CO), interface layer 260 above 40°C so that

the reaction

11



interface |layer 260 not over conducting pol yner plug
250, a partial chrone photonmask (not shown) is forned
over the wafer with the chrome portion of the

phot onnask overlying that portion of the N (CO 4
interface |layer 260 overlying the conducting polymer
pl ug 250. The partial chrome photomask is then
subjected to a radiation source such that radiation
penetrates the photonask to the Ni(CO4 interface

| ayer 260 not over conducting polynmer plug 250 and
raising the tenperature of that portion of the

Ni (CO 4 interface | apg(C@f0>akpve &9C so that the
reaction 11. Ni(CO, 4 N + 4 COtakes place, renoving

the Ni(CO 4 interface | ayer 260 not over conducting
pol ymer plug 256. No radi ation may penetrate the

I . hot oxnask rlying th .
toky PRI PRIIFE SECNIGTR 9400 B er Y o183 5By polymer
phfg;;gp.z 0 rg ﬁtggﬁ tsma oﬁér&%tgjthte h&\rlc\)“rrgecc}g)o?titl)r{] toefr ’Ihaec }e)hotomask
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),.

Final passivation layer 222 is also then removed, exposing conducting

polymer plug 250 with overlying conforming Ni(CO), 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.
Metal bump 300 and metal track 310 are preferably comprised of

copper as will be used for illustrative purposes hereafter. Cu metal bump 300 is

formed by electroless plating, at about 200°C.

12



Fi nal passivation |layer 222 is also then renoved,

exposi ng conducting polyner plug 250 with overlying
conformng i (C.O, interface |layer 260'. As shown in

Fig. 5 pre-fornmed netal bunp 300 (connected to net al

track 310 within substrate 320) is aligned,

nmechani cally pressed, and mated with, conducting

pol ymer plug 250 with overlying conform ng N (CO 4
interface layer 260'. Substrate 320 nmay be a bond pad

or a priAs$eldownis Fig. 6hboatfdrmirgy Ne(CGOWp ireerfhat lal ed260) thermally
300 and netal track 310 are preferably conprised of

de@RRRSes aBoWir i pRehyd 900 10 ddheté alrbMB RhRB@Sicting polymer
hereaf?er? Cﬁ%ﬁgﬁgl bu%% 300 is formed by electrolgegsy

[ o h in Fig. 6,
plu?o%?é#?herﬁggﬁﬁ%bﬁ ?%tgglrnflgaoc?I Zyg\anZIGB' It%er mal |y

deconposes al | owi ng copper bunp 300 to adhere directly

wi th conducting polynmer plug 250 at tenperature above
40C. N (CO4 3 N+ 4

about (G4 3 Ned) B +1co

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
use of environmentally unfriendly solder and solder materials, and allows for use
in smaller micron scale metal pitch sizes unlike most of the current bonding

techniques.

13



Wth slight application of pressure, the thermal
deconposition of Ni(CO4 interface |ayer 260

facilitates NI bondi ng of copper bunp 300 to

conducting poly plug 250. The present invention nay

find wde application in flip-chip, chip-on board, and

m cron netal bondi ng and provides for mcron scale

bondi ng. Thus, the present invention pernits

sem conductor chips with copper interconnect

t er m nat Wihilet parieubhr rerabodiniamsied thy prebéntpinehfion have been
chi p-on-board, and mcron netal bondi ng processes

illu@fthfedPartPEBRKiHEH S Y RbEinBindRdl tBU1RHit ¢hé filiehtiBRAE:Rept as defined
elimnating the need for a bunp netal, wetting agent

byﬁ?éﬂ[ll%mﬁﬂgcﬁ%&i er materials wth the attendant

costly process steps and materials involved. It
further avoids the wuse of environmentally unfriendly
sol der and solder materials, and allows for use in
smaller mcron scale netal pitch sizes unlike nost of
the current bonding techniques. 13 Wile particular
enbodi ments of the present invention have been

14



illustrated and described, it is not intended to [imt
the invention, except as defined by the follow ng
claims. 14 CLAIMS W claim 1. A nethod of patterning
a solid NN(CO4 |aver, conprising the steps of:
providing a substrate having a solid N (CO4 | aver
formed thereover; formng a partial chrone
phot oresi st |ayer over the solid Ni (CO4 |ayer; the
partial chronic photoresist having a chronme portion
and a non-chrone portion; CLAIMSI ng the partial chrone
phot oresi st laver with radiation that penetrates only
t he non-chrome portion of the photoresist |layer to the
underlying solid N (CO4 |ayer whereby the

wd 8apgrature of the radiation exposed portion of the
soli1d NN(CO4 |aver is increased to above 40C so that

the radi ati on exposed portion of the solid Ni(CO)4

| ayer deconposes so that the solid Ni(CO4 |ayer is

1. pat }\e;r{é%%d of patterning a solid Ni(CO), layer, comprising the steps of:
providing a substrate having a solid Ni(CO), layer formed thereover;
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), 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 Ni(CO), layer is patterned.
2 The method of claim 1, whereby the solid Ni(CO), layer decomposes
according to the reaction:

Ni(CO), > Ni + 4 CO.

8 The method of claim 1, whereby the solid Ni(CO), layer has a temperature of

less than -19°C.

15



2, The nmethod of claim1l1l, whereby the solid N (CO4

| ayer deconposes according to the reaction: N (CO4 4
Ni + 4 CO 3. The. nethod of claim1, whereby the

solid Ni(CO 4 |layer has a tenperature of |ess than

19C. 15 4, The nethod of claitnt. 2, whs>reln the

soliid N (CO,, layer has a tenperature of |ess than
-If ,C and the solid N ( 0), |layer deconpose above

40C according to the reaction, 4.(C.0) -3 Ni+4 CO

4. 16 The method of claim 2, 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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