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1 ' - PROCESS FOR | NTEGRATED CI RCUI T W RI NG IT0S s 2Py :
DESCRI PTI ON - Technical Field The 4go¢sBat-§
i nvention is concerned with a process for fabricating netal wires in an
integrated circuit. Mre particularly, the present invention is concerned
with fabrication of copper wiring for chip interconnections and chip
packagi ng. The nmethods of this invention use a thru- mask process instead
of the damascene type technique to avoid problens of dishing in |arge netal
features and erosion of insulators adjacdnt to conparatively |arge netal

f eat ures. Background_.of Invention
' PROCESS FOR INTEGRATED CIRCUIT WIRING

DESCRIPTION
Technical Field

The present iﬁyentibn is concerned with a process for
fabriéating metal wires in an integrated circuit. More
particularly, the present invention is'concernea with
fabrication of copper wirinj for chip interconnections and
chip packaging. The methods of this invention use a thru-
mask process instead- of ‘the damascene type technique to '
avoid problems of'dishing in large metal features and
erosion of insulators adjacent to cOmpafatively large mestal
features. ' ' '

Background of Invention. .

Various-techniques have been investigated and used for
metallizing semiconductor chips. These methods include the
lift-off process, thru-mask methods, metal RIE and metal and
insulator damascene and various combinations of the abovgl
methdds. The lift-off and thru-mask methods -are more |
valuable for large features like those typically encountered
in éhip packaging. Unlike the lift-off and the thxu-mask
meéhéds, the metal RIE and damascene methods have been the
proéess of choice for chip metallizations where the grcund
rules are typically below one micron.

In the damascene process, metal film is deposited over
the entire patterned substrate surfaces to fill trenches and
vias. This is then followed by metal planarization tc

remove metal overburden and isolate and define the wiring



Various techni ques have been investigated and used for netallizing

sem conduct or chips. These nethods include the lift-off process, thru-nmask
met hods; netal RIE and netal and insul ator damascene and vari ous

conbi nati ons of the above nethods. The Iift-off and thru-nmask nmethods are
nore val uable for large features |ike those typically encountered in chip
packaging. Unlike the lift-off and the thru-mask nethods, the netal R E and
darmascene net hods have been the process of choice for chip netallizations
where the ground rules are typically belpw one m cron. In the
damascene process, netal filmis deposited over the entire patterned
substrate surfapesteenfi|Whém ematrds dapdsytasn iEhby eledtirapliginowed by

metal planari zatih@R. Q1 LEMDYELEIA! cOMLeLRHE AeN :angrésaldd Byardedefine the
W ring ] gattern. \When neLaI de qijtlgn IS Qy elgctro l ati ng
or by el ectrol eSEPRFHELRR OF HR Mty PRES PP FE§Ed I BYCY 1Y FeplSi TP oh Dt a
pl ati ng base or sseddckagfrtioy epatitieenedt wper or substrate. Also, layers
' that may improve adhesion and prevent conductor/insulator
interactions or interdiffusion are deposited between the

platiﬁg base or seed layer and the insulator.

In the metal RIE methods, blanket metal film is etched
to define the conductor pattern. The gaps between the metal
lines and vias are then filled with insulators. In high
performance applications, the dielectric is planarized to
define a flat ﬁetal level. One of the main advantages of
the damascene process as compared to metal RIE is that it is
often easier to etch an insulator as opposed to metal.

Also, insulator gap fill and planarization may be more
problematic. However, the last wiring level, ireferred to as
Mlast, may not require a planar metal/insulator layer and
typically is of a less dense pitch. Accordingly, the use of
a damascene process may not provide a significant advantage
for the last wiring level because of low thruput of the CMP
step.

Moreover, this last wiring level typically contains
very wide metal lines for power bussing and large pads for
wirebonds or C4 solder balls. For the chemical-mechanical
polishing (CMP) process, these relatively large metal
structures are sensitive to dishing (see Fig. 1). Also,
erosion of the insulator adjacent to large metal feature is
a source of yield loss, especially when they occur at lower

levels.



surface of the patterned wafer or substrate. Al so, layers that may inprove
agdhesi on and prevent conductor/insulator interactions or interdiffusion are
deposited between the plating base or seed | ayer and the insulator.

In the nmetal RIE nethods, blanket nmetal filmis etched to define the
conductor pattern. The gaps between the netal lines and vias are then
filled wwth insulators. In high performance applications, the dielectric
is planarized to define a flat netal |evel. One of the nmin advantages of
the damascene process as conpared to me3al RIEis that it is often easier
to etch an |nsulator as o ed to, net ns I ' d
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occur at |ower jgvstsst are about 5 to 30 microns in depth and about 40 to

200 microns in lateral dimensions. The plating base or seed

layer are typically about 200 to 600 nm thick.  Hence the
loss of 500 nm in a 50-100 micron feature is not detrimental
to yield or performance.

In sharp contrast to packaging features, in chip
interconnection upper metal lévels, the dimensions of
interest are about 500-3000 nm in @epth. The seed layer
must be thinner than those used in packaging, typically
about 30ﬂ100'nm. However, during the seed layer etching
step, because the metal etching step tends to be isotropic,
the profile of structures with smaller dimensions (sub-
micron) are more degraded than their larger counterparts, as
illustrated in Fig. 2. The loss of 100 nm in a 700 nm
interconnection structure is a detrimental ground rule
violation (see Fig. 2). Therefore, for such thru-mask
method to be effective in chip wiring, particularly in the
sub-micron regime, it is imperative to provide a method for
removing the seed layer without significantly distorting the

~ profile of the plated structures of interest.



It would be desirable to be able to enploy a process incorporating a
subtractive etch or sub-etch nethod, for instance, thru-mask plating for
depositing the netal features on a suitable seed | ayer.. However, the nost
difficult aspect of the thru-mask process is the seed | ayer etching step.
In chip packaging wiring dimensions, the features of interest are about 5
to 30 microns in depth and about 40 to 200 microns in |ateral dinmensions.
The plating base or seed | ayer are typically about 200 to 600 nmt hick.
Hence the | oss of 500 nmin a 50-100 micjgon feature is not detrinental to
yield or perfornmance. In sharp contrast to packaging features, in

chip interconnection upper netal |eyahSary e dhvemsioans of interest are
about 500-3000 nmin depth. The seed |ayer nust be thinner than those used

i n packagi ng, typically about 30-100 nm However, during the seed |ayer
et ching step, because®t RPIRAtalote tBAP nEP WG ONehtista ®TH¥ 1A OR rRFRIESS he
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degraded than thgéédlfg§g¥ d%gﬂyu%r9§§£§fié§%tly etching or distorting the
plated features of interest. Moreover, an object of the
present invention is to provide a process in which the
desired seed layer features are defined prior to, the metal

deposition.

In particular,-the present invention is concerned'with
a method for forming interconnection structure that meets
the demanding wiring ground rules of high performance VLSI
chips by a thru-mask method. The chip wiring metal in this
invenﬁicn includes metals such as electrodeposited orxr
electrolessly deposited coppér, nickel, gbld, chromium,
cobalt, rhodium, aluminum, platinum, silver, palladium, and
their respective alloys.

In this invention, a suitable substrate with or without
semiconducting devices is coated with a fine grain, high
stress and highly oriented seed layer such as copper of
about 20-100 nm either by metal evaporation or by metal
sputtering. A photoresist is then deposited over the metal
seed layer, the resist is patterned to define the conduction
paths. Copper or other suitable metal is deposited by
electroless or electroplating methods in the cavities
defined in the resist. The photoresist is stripped to
expose the underlying seed layer. The ﬁnplated'Seed layexr
is preferentially etched without significantly distorting
the plated profiles of metal features with widely varying
aspect ratio.



illustrated in Fig. 2. The loss of 100 nmin a 700 nm i nterconnection
sttructure is a detrinental ground rule violation (see Fig. 2). Therefore,
for such thru-mask nethod to be effective in chip wiring, particularly in
the sub-micron regine, it is inperative to provide a nethod for renoving
the seed layer without significantly distorting the profile of the plated
structures of interest. Summary of

| nventi on An object of this invention is to provide a process that
permts the preferential renoval of a plaing base or seed | ayer wi thout
significantly etching or diié]t)grgtin%the | at e Lgatures of
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deposi tion. the art from the following detailed description, wherein it
is shown and described only the preferred embodiments of the
invention, simply by way of illustration of the best mode
contemplated of carrying out the invention. As will be
realized the invention is capable of other and different
embodiments, and its several details are capable of
modifications in various obvious respects, without departing
from the invention. Accordingly, the description is to be
regarded as illﬁstrative in nature and not as restrictive.

Summary of Drawings
Fig. 1 illustrates prior art problem of dishing caused
when using CMP. '

o Fig. 2 illustrates prior art problem in etching process
where structures with different widths are involved,
resulting in large differences in their height, and

distortion of texture.

Figs. 3-6 are schematic diagrams of the sequence of
steps in accordance with the present invention.

Best and Various Modes for Carrying Out Invention

In accordance with the present invention, a thin seed
laver of copper 2 (see Fig. 3) is sputtered onto a
‘semiconductor substrate 1. Typical semiconductor substrates
include silicon and group III-V semiconductors. The copper
is sputtered onto the semiconductor substrate employing
temperatures of less than about 100°C, preferably less than
about 60°C, such as about 50 to about -10°C. The sputtering
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In particular, the present invention is concerned with a nethod for formng
I nt erconnection structure that neets the demanding wiring ground rul es of

hi gh performance VLSI chips by a thru-mask nmethod. The chip wring netal
in this invention includes netals such as el ectrodeposited or el ectrolessly
deposi ted copper, nickel, gold, chromum cobalt, rhodium alum num

plati num silver, palladium and their respective alloys. In this

i nvention, a suitable substrate with or wi thout sem conducting devices is
coated with a fine grain, high stress and highly oriented seed |ayer such
as copper of about 20-100 nm either by tal evaporation or by netal
sputtering. A phstpreftstblys dshenedeposi ired rever atbientet sucbead haywmr., the
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w dely varying gggeCt hf%lts fine grains of about 300 A or less, and
preferably about 50 to about 300 A, and more preferably
about 100 to about 150 A. The seed is highly stressed such
as at least about 5 x 10° dynes, preferably about 5 x 10° to
about 2 x 10 dynes and more preferably about 8 x 10° to
about 1 x 10'° dynes. Essential to the success of.the
present invention is achieving this fine grain, highly
stressed film, and highly oriented <111> seed layer which in
turn, makes it possible to prefgrentially etch it as

compared to the subsequently electroplated copper.

Next, a photoresist 3 . is deposited o6n the copper seed
layer and then patterned using conventional lithographic
techniques. BAny of the well known photosensitive resist
materials known in the art can be employed. The resist is
typically applied by spinning on or by spraying. The
photoresist émployed can be a positive photoresist or a
negative photoresist. A positive photoresist material is
one which on exposure to imaging radiation, is capable of
being rendered soluble in a solvent in which the unexposed
resist is not soluble. A negative resist material is one
which is capable of polymerizing and/or insolublizing upon
exposure to imaging radiation. An example of a type of

- photoresist material is based upon phenolic—forméldehyde
novolak polymers. A particular example of such is Shipley
AZ-1350 which is a m-cresol formaldehyde novolak polymer

composition. Such is a positive resist composition and



5 Still other objects and advantages of the present invention

wiil becone readily apparent by those skilled in the art fromthe foll ow ng
detail ed description, wherein it is shown and described only the preferred
enbodi ments of the invention, sinply by way of illustration of the best

node contenpl ated of carrying out the invention. As wll be realized the
I nvention is capable of other and different enbodinents, and its several

details are capable of nodifications in various obvious respects, wthout
departing fromthe invention. Accordingly, the description is to be

regarded as illustrative in nature and not as restrictive.
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etching process where structures with different widths are invol ved,

resulting in large differences in their height, and distortion of texture.
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metals such as Au, Ni, Co, Rh, Al, Pd, Ag and/or Pt and
their alloys can be used instead of or in addition to the
_copper. The electroplated or electrolessly plated metal is
of relatively large grain, e.g. greater than about 1 micron,
and relatively low stress. For instance, electroplated
copper is of a Felatively large grain, greater than 1 micron
and low stress in the range of -5 x 10°® dyne/cm?
(compressive) to about +5 x 10°® dyne/cm?. Metal layer 4 is
typically about 0.5 to about 3 microns thick. The copper'
seed layef makes it possible to plate within thé openings in
the photoresist and not on top of the peaks of the
photoresist.. Copper can be plated employing an acidic
copper plating bath. The plating bath includes a source of
cupric ions and an inorganic mineral acid such as sulphuric
acid. The preferred source of cupric ions is'CuSO4 e SH,O.
Typical copper plating baths contain the source of cupric
ion in an amount of -about 10°% to about 0.5 molar. The
inorganic acid is added to the plating bath in an amount
such that the ionic strength of the bath is typically from
about 5 molar to about 9 molar, and more typically about 1.5
to about 2.5 molar.

In addition, the bath can contain other additives such
as brighteners including chloride ions such as in amounts of
about 30 to about 70 ppm and organic brightener additives
such as polyalkylene glycols. The organic brighteners are

usually added in amounts of about 0.5 to about 1.25 percent



| ayer of copper 2 (see Fig. 3) is sputtered onto a sem conductor substrate
1.- Typi.cal semiconductor substrates include silicon and group Il11-V

sem conductors. The copper is sputtered onto the sem conductor substrate
enpl oyi ng tenperatures of |ess than about 100[err]C, preferably | ess than
about 60[err]C, such as about 50 to about -10[err]C The sputtering i
Is preferably carried out in inert anbient, such as Argon. The sputtering
is carried out in order to provide a seed | ayer of about 20 to about 100
nm and preferably about 30 to about 70 granoneters, a typi cal exanpl e being
50 nanoneters. The sputtering results in a copper seed |layer that exhibits

fine grains of ahoutki3fA0 BfOtné eSSt idddpRERT erald yraberie®Gbd3,a0909EN300 A,
and nore prefera

and, rore b ef et L eAIoU 108, AN 110 Ayl paelolsp lhrt T eosed
2 x 10[err] dynedysrd -nofheprefertapiradbpal yStiy ledkegiycels amsut 1 x
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AT ey i e 8bNeo "Iy Yo aRAMELL By 20 B S OTdRd <111
about 700. Furthermore, multicomponent organic additives
can be.empIOYed such as those containing a ﬁolyalkylene
glycol along with an organic sulfur-containing compound such
as benzene sulfonic acid, safranine-type dyes, and sulfo- '
.organic aliphatic compounds including disulfides and/oxr
nitrogen-containing compounds such as amides. Examples of

amides include acrylamide and propylamide.

In the piating procéssn the structure to be plated is
contacted with the plating bath. In addition, a soluble
copper anode is placed in contact with the plating bath.
The copper seed layer acts as a cathode upon which the
electroplated copper is to be deposited. The potential is
typically about -0.05 to about -0.3 volts, and more:-
typically about -0.5 to about -0.2 volts, as measured
against a Cu*?’/Cu reference electrode at about 24°C.

The electroplating is continued until the desired
thickness of the wiring is achieved. Also, the metal may be

deposited by the electroless method.

Next, the remaining photoresist layer is stripped by
dissolving in a suitable solvent for the photoresist

material. See Fig. 5.

After removal of the photoresist material, that portion
of the copper seed layer 5 uncovered must now be removed.

Moreover, such must be removed without etching or adversely



v

turn, nmakes it possible to preferentially etch it as conpared to the
subsequent|ly el ectropl ated copper. Next, a photoresist 3 is
deposited on the copper seed | ayer and then patterned .using conventi onal

| i t hographic techniques. Any of the well known photosensitive resist i
materials known in the art can be enployed. The resist is typically applied
by spinning on or by spraying. The photoresi st enployed can be a positive
phot oresi st or a negative photoresist. A positive photoresist material is
one which on exposure to inmaging radiati®n, is capable of being rendered
saluble in a solvent in which the unexposed resist is not soluble. A
negative resi st affeecing the omksathiop aitedcapabletalpebyveplatend) rmatdylor
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photoresi st material i.s based QQ%E phenollc-fornaldehxdg novolak(gfkyners.
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f or mal dehyde novdlesk ppefgnent tohpositicdhes. tBechedd cpppesi 2 veompayiest to
conposi tion andthe electroplated or electrolessly plated metal. Particular

etchants discovered in accordance with the present invention
which will result in removing the copper seed layer between
the electroplated features without seriously eroding the '
features themselves is an etching composition containing
ammonium persulfate and a surfactant available under the
trade designations Alkanol ACN -and MERPOL-SH from  Dupont.
These surfactants contain about 25 to about 50% by volume
aliphatic amine ethoxylates, about 10-30% by volume isobutyl
alcohol and the balance being water. The amount of Alkanol
ACN or MERPOL-SH present in the composition is typically
about 100 to about 800 ppm, a typical example being about
250 ppm. In addition, the ammonium persulfate present is
typically about .5 to about 10%. Potassium or sodium
persulfate or their hydrogen sulfates may be used in place

of ammonium persulfate.

The etchant can also include wminor amounts (e.g. 1-5%
by volume) of an acid such as HCl and/or of stabilized

hydrogen peroxide.-

The above etchant composition preferentially etches the
sputtered copper seed layer 2 at a rate of about 6:1
compared to the electroplated copper layer. For instance, &
seed layer of about 50 nanometers thick can be removed
between copper wires 0.7 um x 0.7 um without seriously
reducing the wire cross-section.



i ncludes therein a diazoketone such as 2-diazo-1-naphthol-5- sulfonic acid
ester. After the photoresist is patterned, a netal such as copper 4
is electroplated or electrolessly plated in the openings in the photoresist
pattern (see Fig. 4). Oher netals such as Au, Ni, Co, Rh, A, Pd, Ag
and/or Pt and their alloys can be used instead of or in addition to the
copper. The electroplated or electrolessly plated netal is of relatively

| arge grain, e.g. greater than about 1 micron, and relatively | ow stress.
For instance, electroplated copper is of g relatively large grain, greater
than 1 mcron and |Iow stress in the range of -5 x 10[err] dyne/cnferr]
(conpressive) to aboworgpwer]Oaer prdyawierdernhe. abbtalsudperadei s

typi cal ly about 4)355 FA RO g@&mén& N thﬁﬁgomac%eﬁgdgaéﬁann@kes

it possible to ate enings in th ot or esi st on’ top
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an inorganic n12§?€§ IdeSUGH aBeSULRBW LG acid. The preferred source of
cupric ions is SJerr] * 5SHerr]O Typical copper plating baths contain

the source of cupric ion in an anobunt of about 10[err] to about 0.5 nol ar.
The i norgani c acid i sTheddied lowingenphal imig it examphe ianpuesesteld that t he

i oni c strength ofum?ezbqtﬂuls%ﬁax@ Eﬁélyrégé;m %%Ltﬁoﬁml ar to about 9
nolar, and nore typically about 1.5 to about 2.5 nol ar. I n addition,

the bath can contain ot her addltlves such as brlghteners i ncl udi ng chlori de
ions such as in anmounts of about 30 to abBwémgDe ppm and organi ¢ bri ghtener
addi ti ves
Alkanol ACN is dissolved in deionized water (DI) to
make 2000 ppm by volume stock solution. Stirring is carried
out for about 30 minutes to dissolve the Alkanol ACN in DI.
A 5g/1 ammonium persulfate by wt. solution in DI is prepared
and then acidified with sulfuric acid to pH 4. The Alkanol
ACN stock solution is added to the acidified ammonium i
persulfate solution in an amount to provide 250 ppm by
volume of the Alkanol ACN. The solution is stirred for
about 20 minutes before use.

The resist is strippéd from a plated substrate in a
suitable solution for the resist. Next, the substrate is
rinsed copiously with a DI cold water spray. The substrate
is then immersed in a tank with the above Alkanol
ACN/persulfate etchant solution with mild agitation.
Etching is carried out about 5 minutes. The substrate is

then rinsed vigorously in deionized water.

When the Alkanol ACN concentration is increased tc
about 500 ppm, the etch rate of copper in the ammonium

persulfate solution is decreased.



such as pol yal kyl ene glycols. The organic brighteners are usually added in
anounts of about 0.5 to about 1.25 percent by wei ght of the
plating bath. The preferred pol yal kyl ene glycols include polyethyl ene

gl ycol and pol ypropyl ene glycol. The nore typical polyethylene glycols and
pol ypropyl ene glycols usually have nol ecul ar wei ghts of about 400 to about
1000 and nore typically about 600 to about 700. Furthernore, nmulticonponent
organi ¢ additives can be enployed such as those contai ning a pol yal kyl ene
gl ycol along with an organic sulfur-contztning conmpound such as benzene

sul fonic acid, safranine-type dyes, and Sulfo- organic aliphatic conpounds
i ncludi ng di sulf i deShanti¥pregaitar odgenréipnien mhgheohpormdonsidiugsramesies.
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pl ati ng processaigg ostrgctﬁnﬁété%db% %IaLed is]pogégpt§g¥éM th the plating

bath. In addition® a6t upi & Copher “aR6HE"TS Pl 'dcad®iFH THHACt with the

pl ati ng bath. embodiments of tke invention but, as mentioned above, it is
to be 'understood that the invention is capable of use in
various other combinations, modifications, and environments
and is capable of changes or modifications within the scope
of the inventive concept as expressed herein, commensurate
with the above teachings and/or the skill or knowledge of
the relevant art. The embodiments described hereinabove are
further intended to explain best modes known of practicing
the invention and to enable others skilled in the art to
utilize the invention in such, or other, embodiments and
with the various modifications required by the particular
applications or uses of the invention. Accordingly, the
description is not intended to limit the invention to the
form disclosed herein. Also, it is intended that the
appended claims be construed to include alternative
embodiments.



The copper seed | ayer acts as a cathode'upon whi ch the el ectropl ated copper

is to ﬂ ' potential is typically about -0.05 to about -0.3
volts, umn f 'lpﬂﬂi‘lﬁﬂily]about -0.5 to about -0.2 volts, as neasured

agai nst* a «Cujter k

el ectroplating is continued until the desired thickness of the wiring is
achi eved. Also, the netal nmay be deposited by the el ectrol ess nethod.
Next, the remaining photoresist layer is &ripped by dissolving in a

sui tabl e solvent for the photoresist material. See Fig. 5. Af ter
renoval of the photoresist material, that portion of _the copper seed |ayer
5 uncovered nust now be renoved. Moreover, S58&¥Snust be renoved wit hout
etching or adversely

What is claimed is:

1. A method for providing metal wire in an integrated
circuit which comprises sputter coating copper onto a
semiconductor substrate to provide a copper seed layer of
about 20 to about 100 nanometers; depositing on said copper
seed layer a photoresist and patterning said photoresist;

electroplating or electrolessly plating a metal within
the openings of the patterned photoresist onto the exposed
copper seed 1a¥er; stripping the remaining photoresist; and
etching the exposed copper seed layer not covered by the
electroplated or electrolessly plated metal using an etchant
that preferentially etches said copper seed layer at a rate
higher than that for the electroplated or electrolessly
plated metal.

2. The method of claim 1 wherein said copper seed
layer has grains less than about 300 A and stress of at
least about 5 x 10° dynes.

3. The method of claim 1 wherein said copper seed
layer has grains of about 50 to about 300 A and stress of
about 5 x 10 to about 2 x 10 Qdynes/cm®.

4. The method of claim 1 wherein said sputter coating
is carried out at a temperature oif less than about 100°C and

without annealing.

5. The method of claim 1 wherein said sputter coating
is carried out at a temperature of less than about 60°C

without annealing.
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ference el ectrode at about 24[err]C. - The -



affecthg_Lhe_eLeéLLepLa%ed or electrolessly plated netal such as copper to
an-undesired extent. In other words, the exposed copper seed |ayer 5 nust

be rerfﬂ“mumm“w‘ ilt t that preferentially etches the seed copper as
conpar pl ated or electrolessly plated netal. Part. cul ar
etchant$ di scovéred in accordance with the present invention which wll
result in renoving the copper seed | ayer between the el ectropl ated f eat ur es
wi t hout seriously eroding the features t?gnselves is an etching conposition
cont ai ni ng amoni um persul fate and a surfactant avail abl e under the trade
desi gnations Al kanol ACN and MERPOL- SH from Dupont. These surfactants
contain about 25 to about BEvMEhes) ahecktithHamberain ned el Mebdlatiss, about
10- 30% by vol unecopedétit yl al cohol -and t he bal ance being water. The anount
of Al kanol ACN or MERPOL- SH present in the conposition is typically about
100 to about 800 ppm _a typical exanple being about 250 ppm In addition,
t he ammoni um persul fate pr rﬂ?qn§dt95|%%ﬁywqhbﬁﬁfel% the AISFETPRIRted or
Pot assi um or sodelertsskaddiat platetihaetahyid egentsal § ateabmt Bemisednsn
pl ace of anmmoni um, ﬁ%sulfate The etchant can al so i nclude m nor
anounts (e.g. 1-5% by volune) of an acid such as HO and/or of stabilized
hydr ogen per oxi de. The above etchant conposition preferentially
etches the sputtered &oppelrhesmmthbdyef Claim & makeedh sdiiclitetGhintonpared to
the el ectropl at ed,goppas 4 sulfE@L i nstance, a seed | ayer of about 50
nanoneters thick can be reane bet ween copper wires 0.7 [err]mx 0.7
[err]mw thout seriously reducing the wire cross-section.

9. The method of claim 1 wherein the etchan;

preferentially etches said copper seed layer at a rate of at
least three tiﬁés that for the electroplated or
electrolessly plated metal.

10. The method of claim 6 wherein said etchant further
passivates said copper and prevents particle redeposition on
etched surfaces.

11. The method of claim 8 wherein said etchant further
contains aliphatic amine ethoxylates and isobutyl alcohol.

12. The method of claim 9 wherein said etchant further
contains 1-5% HCl.

13. The method of claim 9 wherein said etchant further

contains stabilized 1-5% hydrogen peroxide.

14. The method of claim 1 wherein said metal is at
least one metal selected from the group consisting of
copper, nickel, gold, chromium, cobalt, rhodium, aluminum,

platinum, silver and palladium, and their respective zlloys.
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10 Wsence of the above surfactant passivates the
éopper' enders its surface hydrophobic, thereby preventing copper
st ai ni mﬂ “AI so, the etchant fornulation prevents the -
redepoﬁ“\m ‘ | ates on the substrate. ‘The foll ow ng
non- | i kg exahpl®e i's presented to further illustrate the present

i nventi on. Exanpl e Al kanol ACN is

di ssol ved in deionized water (DI) to magg 2000 ppm by vol une stock
solution. Stirring is carried out for about 30 mnutes to dissolve the
Al kanol ACN in D. A 5g/l ammonium persulfate by wt. solutionin DI is
prepared and then acigli fimk wWddhcgubEuelgimal dvhe@ephl daidlvetallkamol

electroplated copper.

16. The method of claim 1 wherein said etchant

-contains ammonium persulfate.
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ACN stock solution is added to the acidified anmoni um persulfate sol ution
i an anount to provide 250 ppm by vol une of the Al kanol ACN. The sol ution
is stirred for about 20 m nutes before use. The resist is stripped
froma plated substrate in a suitable solutiygpn for the resist. Next, the

substrate is rinsed copiously with a DI cold water spray. The substrate is

then imersed in a tank w C‘E@% NTH: @ﬁlﬂﬁﬂ%‘ﬂm t chant

solution with mld agi ta#%?. tcﬁqﬁg I'S éggrwri;Ee]? out about 5 gnut'es. The

substrate is m ed vigorously in deionized water. When t he

Al kanol ACN c ion is increased to about 500 ppm the etch rate of

copper in the ammoni um persul fate solution is decreased. | .

The f or egoi ngMrsalcwiringiis prayided:in anrintegratedreifcnit bytspatierscoating onto a semiconductor
substrate a copper seed (2) layer; depositing and patterning a photoresist;

electroplating or electrolessly plating a metal within the openings of the photoresist (3);
stripping the remaining photroresist (3) and etching the copper seed layer with an etchant
that preferentially etches the copper seed layer at a rate higher than that for the
electroplated or electrolessly plated metal.

Fig 4



and descrlbes the present invention. Additionally, the disclosure shows and
deseribes only the preferred enbodi ments of the invention but, as nentioned
above, it is to be understood that the invention is capable of use in
~.various other conbinations, nodifications, and environnents and is capable
of changes or nodifications within the scope of the inventive concept as
expressed herein, comensurate with the above teachings and/or the skill or
know edge of the relevant art. The enbodi nents descri bed herei nabove are
further intended to explain best nobdes known of practicing the invention
and to enable others skilledin the art to utilize the invention in such,

or other, embodinments and with th¥2various nodifications requi red by the
particular applications or uses of the invention. Accordingly, the
description is not intended to limt the invention to the form discl osed
herein. Also, it is intended that the &5§dNde ﬂqclalqﬁsggAngﬂstrued to

i nclude alternative embodi nents. LAYER FEATURES OSION
CLAIMS What is clained is: ) hod'ﬁg providi ng neta
wireip __an integrated circuit utter coat er at a
tenper3ture of [Fesg |t han |4

.—-—.——-———-—.___.——_—.——.—-————..—

-
@
R

Prior Art




anneal ing onto a sem conductor substrate to provide a copper seed |ayer of
abotit 20 to about 100 nanoneters; wherein said copper seed |ayer is highly
oriented <111> seed |ayer and has grains of about 300 A or |ess and stress
“of at |east about 5x10[err] dynes; depositing on said copper seed |ayer a
phot oresi st and patterning said photoresist; el ectropl ating or
electrolessly plating a netal within the openings of the patterned
phot oresi st onto the exposed copper seed |layer; stripping the renaining
phot oresi st, and etching the expo2&d copper seed | ayer not covered by the
el ectroplated or electrolessly plated netal using an _etchant that
preferentially etches said copper seed Isyer 4t a rate higher than that

=)

for the electroplated or electrplessly ted, netal; and wherein said
etchant c i er sul ffaty nd a rAact afi” The met hod
of cIain1gﬂR;z?g?zg;pid co @yt/ eed Hé;é?shaq;g?/ ' 50 to about
300 A and ss—of—abou}—8—1tbHer+rt+o—-abhout—2x10terri—dynes/ cn

3. The} net hod of él/azm 1 %ﬁ/ei n saif putter coating is ar;ii ed out at
a tenperature of |ess than aBout 60[err4 w thout annealing 4,
The met hod\of claim 1l wherein said netal is copper. The

met hod of glaim 1 wherein the electroplated or. electrolessly plated netal
i s about 0{5 to about 3 microns thick. '

FIG.4
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caopper s
erectroplat
met hod of
prevents

he nethod of ‘claim3l wherein the etchant preferentially eﬂicﬁ%s sal d

Mof at least three times that for the |5 wpg.
e ssly plated netal : 7. The
\E‘\B‘ m\; fsal d etchant .furtyper passi vates said copper and

medeposition on et ched surfaces. 8. - The

nmet hod of cI aim1 wherein said etchant further contains aliphatic amne
et hoxyl ates and i sobutyl al cohol . The nethod of claim8

wherein said etchant further contains 1-
of claim8 wh
per oxi de.

10. The net hod

- 50
%ﬁtxs ila: d et chant further cont ains stabilized 1-5% hydrogen

ilmed‘sThe met hod of claim | wherein said netal is at

| east one netal selected fromthe group. consisting, of copper, nickel

‘gold,”

A

chr oni um cobdit r Woethad for providing metal wire in an integrated circuit whlch

compnses sputter coating copper at a temperature of less than about 100°C w1thout

| annealing onto a semiconductor substrate to provide a copper seed layer of about 20 to

about 100 nanometers; wherein said copper seed layer is highly oriented <111> seed
layer and has grains of about 300 A or less and stress of at least about 5x10° dynes;
depositing on said copper seed layer a photoresist and patterning said photoresxst

electroplatmg or electrolessly plating a metal within the openings of the

. patterned photoresist onto the exposed copper seed layer; stripping the remaining

““photoresist, axid etching the exposed copper seed layer not covered by the electroplated

or electrolessly plated metal using an etchant that preferentially etches said copper seed
layer at a rate higher than that for the electroplated or electrolessly plated metal; and
wherein said etchant comprises a persulfate aﬁd a surfactant.

2. The method of ciaim 1 wherein said copper seed layer has grains of
about 50 to about 300 A and stress of about 5 x 10° to about 2x10'® dynes/cm?

3. The method of claim 1 wherein said sputter coating is carried out at a
temperature of less than about 60°C without annealing.

4, Thé method of claim 1 wherein said metal is copper.

S. The method of claim 1 wherein the electroplated or. electrolessly plated
metal is about 0.5 to about 3 microns thick.

6. The method of claim | wherein the etchant preferentially etches said

copper seed layer at a rate of at least three times that for the electroplated or electrolessly

plated metal. REPLACEMENT SHEET
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a1 um ni um,_plmand pal | adium and their respective all ays.
The net m 1 wherein said netal is el ectropl ated copper. .
r\m t\\“ﬁ“ﬁ\‘\“\ 1 wherein said etghant” contains amoni um
per sul f at The method of claim1 wherein said netal is
el ectropl at ed copper obt ained froman el ectroplating bath conprising a

source of ‘cupric iong, -an or ic _mneral and a bri ener
The nmet hod of claim ?4 {I'E r‘i‘?éaﬂ@céf é@ﬂfﬁo‘bl“é‘ﬂ’% spdt %@hﬁmf@ésaassameﬁ SE@dS
to about ‘1.25 percent by weight of an organic bri ghtener of about 30 to

about 70 ppm mpmnamd\megans particlegbdepnsition ometahed supfacds. i ons. 16.
The met hod of claim 15 wherein the electroplating bath contains at | east

one .menber sel ected 8rom t he grethud efoins | iwlBredd séld etcheitRAher dWntahY Qiiatic
containing A ions, a. polyalkylene glycol, a sulfur containing conpound and
a nitrogen  Cophfe tithiskyftdsaidsbbuty! alcohol.

9, The method of claim 8 whergin said etchant further contains 1-5%
HC1. |

10. The method of claim 8 _wherein_ said etchant further contains stabilized

1-5% hydrogen peroxide.

U 11. The method of claim 1 wherein said metal is at Jeast one metal sélected
from the group conmsisting of copper, nickel, gold, chromium, cobalt, rhodium,
aluminium, platinum, silver and palladium and their respective alloys.

12 The method of claim 1 wherein said metal is electroplated copper.

13.  The method of claim 1 wherein said etchant contains ammonium
persulfate.

14, The method of claim | wherein said metal is electroplated copper
obtained from an electroplatixig bath comprising a source of cupric ions, an inorganic
mineral and a brightener.

N .
15, The method of claim 14 wherein the electroplating bath comprises

about 0.5 10 about 1.25 percenf by weight of an organic brigﬁtener of abour 30 to about
70 ppm of an inorganic brightener containing C1 ions.

16. The method of claim 15 wherein the electroplating bath contains at
least one member selected from the group consisting of an inorganic brightener -

containing CI ions, a polyalkylene glycol, a sulfur containing compound and a nitrogen

containing compound.
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14 - o A7——The method of claim 16 wherein the sul fur-containing
co-rrpound Is selec amrom the group consisting of benzene sulfonic acid,

safran mﬂ foorgani ¢ aliphatic conmpounds, and said nitrogen.
cont ai L

an am de. _ 18. The nethod of claim |
wher ei n*safd 'Sputterl ng |s carr| ed out at tenperatures of about 10[err] to -
about 50[err]C The net h@d of claiml wherein the seed -

| ayer is about 30 to about 70' nanonet ers t hi ck. : 20. The met hod
of claim1l wherein said seed |ayer is a <111> copper .|ayer. 21.
The-met hod of claim 14 wherein said etchant preferentially etches the
sputtered copper Keed |'Hiemethodofrclaim 46 vaisein the sulfyrrontaindng sompeund is

el ectropl ated copper |ayer. 22. The nethod of claim1 wherein
el ect r opl atsetected @oerctthe| grewy \copsistined of reenzdnehsifonid lacidk rsefraniné - dyesuand). 5
to 300 m crons.

sulfoorganic aliphatic compounds, and said nitrogen contammg compounds is an amide.
18. The method of claim | wherein said sputtering is carried outr at
temperatures of about 10°C to about 50°C.
19. The method of claim 1 wherein the seed layer is about 30 to about 70
nanometers thick.
20, The method of claim 1 wherein said seed layer is a <] 11> copper layer.
21.  The method of claim 14 wherein said etchant preferentially etches the
sputtered copper seed layer at a rate of about 6:1 compared to the electroplated copper
layer. .
22, The m'ethod of claim 1 wherein electroplated or electrolessly plated

b

metal has a thickness of about 0.5 to 300 microns.
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