; R2e3e79"6| . b6T+2r ~ , r METHOD FOR STRI PPI NG COPPER | N DAMASCENE

| NTERCONNECTS BACKGROUND OF THE | NVENTI ON  *@00002* (1) Field of the

| nventi‘on The invention relates to a nethod of copper stripping in the
fabrication of integrated circuits, and nore particularly, to a cheap and
safe nethod of copper stripping using a novel chemcal mxture in the

manuf acture of integrated circuits. ( 2 ) Description of the Prior Art In
the manuf act ugergdp | FUREGTREHIRG FCHPEER INODRGASGENE PINTRRCORNEEEYi red in a
nunber of situations, for exanple, after electroplated copper deposition in
a damascene process with conplete selectivity to the barrier netal, or
stripping of bulk copper fromsilicon wafers such as for rework. One nethod
of renoving copper has BSEKGROUNISOiTHE @NYENTIONhi s net ral
drawbacks. High purity nitric acid is expensive. The cor”"’ﬁm"mm( Me of
nitric acid renders the acid dangerous to operators and unsg&&(%* e tor nost
cl eani ng qggl pmeijctl éapdchcer gat 884 & serious disposal problem Finally, nitric
aci d oxi di‘Zzds" the“ sTr face “6f “8rtP%on and produces a thin oxide that hinders
further renmoval of copp@he hhvistfosiradted RHONI AerbPfe, 1 _

i nexpensi ve nethod for renoving copper. U S. Patent 5,207,867 to Cordani

t eaches t lneppese strippiagudoushaciasbsitattiionn ofoibtegsaicedifdiarcudasyent i onal
copper stripping for the purpose of renoving residual netal specie fromthe
surface ofnEn™PRe PRt lagydr . tThe AaR | pateuBREhed fifheral acid, a
fluoride ionp and an o:e(I{ diu%iirﬁg agent . sug Qamalsc tiygllrlogﬁane per q_;%de. U S. Patent
5, 348, 590 TEP8hi agmﬁ’% &t "8 "di 8c'9%%s & prefal uXEo be Formed onl y on
copper angagARREEuse | OY SintAgehebat ENg@aant for reacting with copper ions
is added to the preflux. The chel ating agent may conprise am nocarboxylic
aci ds such as ethylene dianene triacetic acid. U S. Patent S@ﬁwmmﬂm ”Hm
MG ath et al teaches a solder-stripping agueous sol ution tha

damage t hd 2InBepryiREiddFetreTRELISHI %Y on i ncl udes nitric acid, *feewsic

ions, halide ions, and m iLum linogs. uUr.eS. tPth ent St%féodli%r% 2 Somers et al
al so di scl oses a sol der ZI{anRS' i Fﬁ‘a HRCEYSh A AP ERHER R ST Sum £ 1 uor i de,
P@E&%ﬁ&%p%&dﬁtr%ﬂng and r3Gu$r By I XY GHintRly! BE §PEROUBhs SYUMYARY OF THE
example, after electroplated copper deposition in a damascene
process with complete selectivity to the barrier metal, or
stripping of bulk copper from silicon wafers such as for
rework. One method of removing copper has been to use nitric
acid. This method has several drawbacks. High purity nitric
! acid is expensive. The corrosive nature of nitric acid
renders the acid dangerous to operators and unsuitable for
most cleaning equipment and creates a serious disposal
problem. Finally, nitric acid oxidizes the surface of

silicon and produces a thin oxide that hinders further

removal of copper. It is desired to provide a safe,



A princi,pal object of the present invention is to provide an effective and
very manuf act urabl e nmet hod of copper stripping in the fabrication of
integrated circuits. 2 a Anot her object of the present invention is to
provi de an effective and very nmanufacturabl e nmethod of copper stripping

wi t hout attacking or damagi ng the barrier netal |ayer in the fabrication of
integrated circuits. Yet another object of the invention is to provide an

i nexpensi ve and safe copper renmoval nmethod in the fabrication of integrated
ci rcui t s.irpxPersdvReRetiyd doHreMREiINGVEPRRY N is to provide a novel copper
stripping nethod which can be enpl oyed using wet cleaning equi pment w t hout
corroding or destroying the equipnent. A further object is to provide a

novel copper stripping ged hgd \dich Egg &, ! ﬁgnﬁoaé§&9¥?15kPUte copper

cont ani nation from any equi pnent w  hout cortoding or destroying equi pment
parts. use of an aqueous acid solution to be used after conventional

copper stripping for the purpose of removing residual metal
specie from the surface of an insulating layer. The solution
includes a mineral acid, a fluoride ion, and an oxidizing
agent such as hydrogen peroxide. U.S. Patent 5,348,590 to
Shigemura et al discloses a preflux to be formed only on

j copper and copper alloys. A chelating agent for reacting
with copper ions is added to the preflux. The chelating
agent may comprise aminocarboxylic acids such as ethylene
diamene triacetic acid. U.S. Patent 5,244,539 to McGrath et
al teaches a solder-stripping aqueous solution that will not
damage the underlying copper. The solution includes nitric
acid, ferric ions, halide ions, and ammonium ions. U.S.
Patent 5,410,396 to Somers et al also discloses a solder-
stripping solution that includes ammonium fluoride, hydrogen

peroxide, acid, and an 8-hydroxyquinoline compound.
SUMMARY OF THE INVENTION

A principal object of the present invention is
to provide an effective and very manufacturable method of

copper stripping in the fabrication of integrated circuits.



A still .further object is to provide a novel copper stripping nethod

enpl oying a chem cal m xture conprising an anmmonium salt, an am ne, and
water. I'n accordance with the objects of this invention an inexpensive and
safe copper renoval nmethod in 3 the fabrication of integrated circuits is
achi eved. Copper is stripped or renoved by a chem cal m xture conprising an
ammoni um salt, an am ne, and water. The rate of copper stripping can be

control led by the concephp@tdL bifecthssabHR AR inGRARPHEN s Of the
m xture. Also in accordance with the objects of the invention, a novel

chem cal & drgw@ideOanstEEPPt e GRIE @erySnpmOiddettablbemaonel ehemni cal

m xture for renoving or ! stripping copper conprises an anmoniumsalt, an
am ne, andoppgrrstifigpiagawptiout st tagkéngcore damgimax tbeebanyieonpri se
amoni um fl uori de, ethyl enediamine, and water in a ratio of 1:1:1. BRI EF
DESCRI PTI ®REEF IaMe rDRRWERESE 307 197 188 8fp AR HP P Rith§¥ 1£8r ni ng a materi al
part of this description, there is shown: Fig. 1 schematically illustrates
in crosssectional representation a dual danascene application of the

present invention. Fig. y2tSEhemidd Gljlekel bEUBKL alRRdtl of" 9§SEECt i onal
representation a single damascene application of 4 the present invention.
Fig. 3 scpromidealn inkkbaféivd ehd $3afe086pper removal method in the

fabrication of integrated circuits.

jo. Yet another object of the invention is to
provide a novel copper stripping method which can be employed
using wet cleaning equipment without corroding or destroying

the equipment.

A further object is to provide a novel copper
stripping method which can be employed to remove minute
copper contamination from any equipment without corroding or

destroying equipment parts.

) A still further object is to provide a novel
copper stripping method employing a chemical mixture

comprising an ammonium salt, an amine, and water.

In accordance with the objects of this

invention an inexpensive and safe copper removal method in



sectibnal representation a bulk copper stripping application of the present
i nvention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Copper stripping is
performed in a variety of applications. For exanple, Figs. 1 through 3
illustrate three of the many applications of the copper stripping process
of the present invention. It is to be understood by those skilled in the
art that the process and novel chem cal m xture of the present invention
are not limted to the appl.ications.illustrated in these figures. Rather,
the procdl® Eafrifabith M iRersERe citTHiR SRoRtRLAvEE: L odFRE any

appl 1 cat i;Qn o B; L& Mo LrdribnlBSHUCY LRI 46 xRuS8! Coiith diifxpGNST ve net hod
of copper renoval. Fig. 1 i1llusfrates a dual damascene 1. application. A
dual danesGRnguRAPSaLtp desanlier) ahahedtdhr ougle tBeecOpti @hdbercap | ayer (23),
dielectric (22, 18), etch stop layer (20), and passivation layer (16) to

t he underdtriipgingt eén | beecabdrivd1kd bpntletaohcefltratiren abf |[thee 14 may be a
copper or alum numcopper |line or a tungsten |lead. 5 A barrier netal

| ayer 24, amgetiugssphht @PURANANY cdetBe RUFEYI®eN nitride i s deposited over
the topnost dielectric |ayer 22, or the optional cap layer 23, and within
t he dual damascene opening. A copper layer 26 is forned, for exanple, by
vapor deposition and elgcdd apl dkkBgahRcd i4itH RBcOBBHLBEs MNoWnd he excess
copper 26 not within the dual danascene opening nust be renpved with

conpl et e isnleadtiow, t § tove heHmricadr mietate fidr issrdppdnappempsd dtse t hat all
of the copper in the damascene opening can be renoved with conplete

sel ecti viRhPigefne BRe rpQ¥elnghemicpl gnistyyg for, Xe@QVLNg ¥yl e danascene

in-laid | cation inale . en i as _been. et ched, t hrough t he
opt i onal asgtgrﬁq%éli'/lgr c@%? é-c|m"vrelc%i‘;'?%%( @?X%’%&gﬁ \7§t ?’gﬁg?ayaen% (16) to the
under | yi QgL 1GRRPEFCP! e KM UEHPRBY el | BReicAl X488 mbFacbipki)set 0 be
contacted. It is to be understood by those skilled in the art that the
excess coppenidm deposided ensrlenedibmine crametvaltelrayar a24atieedst t 0 be
removed with conplete selectivity to the barrier netal. It is also

appropri atd:tthat all of the copper in the danmascene openi ng can be renoved
wth conplete selectivity to the barrier nmetal and w thout attacking or
damagi ng the barrier netal. 6 Fig. 3illustrates a third exanple
application of copper sggimPifihcrAPMRHR! oF Orii® DRAWiREEat €d having a coating
of copper 14 thereover. Stripping is 1ndicated by arrows 15. For exanpl e,
as shown in Fig. 3, copper 14 may be renoved fromthe front side of the

waf er only. In other exanples, not shown, copper may be renoved fromthe
backsi de, fromthe beveln lthemoromppopibotdrdvwiorgs dodmbagkasi des, or from

t he bevel and baqth fron% and back sides. This application may be used when
rework i SSPERFUIReB2TVeP! aHbtheeSEHAPEASPr atRY S iS@2PPon of ~copper
stripping is perforned in any equi prent found in a wafer fabrication plant.
The copper stripping can be perfornmed after the wafer or wafers have been
processed, during prevemidyvea rRinknakaBsely of1 Ridtathceakageood- a wafer in
the equi pnment. In the event of wafer breakage, the wafer may incorporate
copper i nsedieidnalmreprédutaippera dualndahasderrenapp ldicatiinoneEogper al | oy,
whi ch occur in one or nore layers in the fabrication of mcroelectronic
devi ces OQr%ﬁﬁqﬂ11nventlon.

Fig. 2 schematically illustrates in cross-

sectional representation a single damascene application of



occur' as a sole film(with or without one or nore | ayers above or bel ow
this film on a silicon wafer. The copper stripping solution of the
i nvention can be applied in this application by placing it on a cl eanroom
cloth and then w ping the equi pment parts and surfaces with the cloth. 7
The process of the invention proposes a novel nethod for safe and
i nexpensi ve stripping or renoval of copper in any application. The process
of the i mmenbireBefBNieeretinQyed usi ng wet cl eani ng equi pnent w t hout
corroding or destroying the equi pnent. The nethod enployed is the use of a
chem cal m xture that conprises an ammonium salt and an amine. It is
pertinent that the ammoniumsalt be used in a formin which it is dissolved
in a solution (for instBe, FehePRrticRi HibtlilNs2rabes dit dt5ASSThe cheni cal
m xture for .t.he _dissolutiaon af copper, conprises_an anmoni um salt, water,

? i ; S

and an amSFEIOTRE ARRERTUNAOPs & BUAhmTTHRRR FEaSPP eI AR uori de

sol ution i 4G kSbat! islgble as a 40s solution (e. g. from Ashland
Chenicalé%. A%r%gs may %ﬁc ude et hyl enedi am ne (HZNCH2CHzNHz) ,

1, 2- di am nopropane (CH2CH( NH2) CHZNH2) , and 1, 3-di am nopr opane

( HZNCHZCH2CH2NH2) . For exanple, a m xture of ammoni um fl uori de,

et hyl enedi am ne, aRESURIRFIOM OF FHE| BREFERRED EMBOPIMBENT®Dbl e to strip

el enental copper at rates of about 5 microns per mnute at room
tenperature. Furthernore, the reaction can be controlled by increasing or

decreasing the ratio ofﬁéﬁggyﬂ%#§FEkgg§ig§ 28 BY Lhes nggiéfy of wat er

that is added to the m stance, a mxture of al'um num fluoride,
8, ethylfiadicarliBas . anfoMad@impllB, aFidé] O hrbudhl8 Mibs&idded copper at a
sl’ower rate relative to the same mxture at a 1:1:1 ratio. Simlarly, the
rate of rehmeealofcahebraryppmlicatibysi of reesicopper decippiiadig the rati o of
ammoni um fluoride in the solution, for exanple, from11:1:1 to 0.5:1:1. The
process diragpssprésEhe PYRRENY dARVEREIPRes B it ROdPEornderstentt hvnexpensi ve

COPDe” SRR et B o OS] R o ovel
mixture of the present invention are not limited to the
applications illustrated in these figures. Rather, the
process and chemical mixture of the invention can be used in
any application in which it is desired to provide a safe and

inexpensive method of copper removal.

\ Fig. 1 illustrates a dual damascene

' application. A dual damascene opening has been etched
through the optional cap layer (23), dielectric (22, 18),
etch stop layer (20), and passivation layer (16) to the
underlying metal line 14 to be contacted. This metal line 14

may be a copper or aluminum-copper line or a tungsten lead.



Whil e 'the invention has been particularly shown and described with
reference to the preferred enbodinents thereof, it wll be understood by
those sKilled in the art that various changes in formand details may be
made wi thout departing fromthe spirit and scope of the invention. 9
CLAIM 1. A method of copper stripping and contam nation renoval conpri sing:
provi ding a copper layer on an integrated circuit; and stripping portions

of said ¢opper.|ay si.ng_a chem cal mxtu consi st.i of an ammoni um
salt, walePtyny Terad tayer 20 duch ap EattE RS AR08 1) wherein sai d

ammoni Umc§akivé$ éﬁﬂ?&ﬁeuqbfhﬂgééf%bd5%véFh%hHEE8§ﬁb@€Qﬂkﬁk@ﬂrﬁ@ daiml
wherein said amne is chosen fromthe group containing: ethylenediamne, 1

/ 2- di am napeppane, orrnchel opdidnali caypriopane 234, andewitiihodhecaaadi ng to

Caim1 wherein said chem cal m xture conprises ammoni um fl| uoride, water,

and et hyPeRas@enfi MENINI-Thé AEPPRY 3T dbngst forred miprwsgrEPhesai d

chem cal .m xture 1,s€es aggngiunlflqprLde, ma£§{11gpd ethgkene di am ne
g.

onpr.
in a rath g?piF1$ﬁ§g%. 1on, & ectroplating to € open
Now, the excess copper 26 not within the dual damascene
opening must be removed with complete selectivity to the
barrier metal. It is also appropriate that all of the copper

in the damascene opening can be removed with complete

H selectivity to the barrier metal.

Fig. 2 illustrates a single damascene in-laid
application. A single damascene opening has been etched
through the optional cap layer (23), dielectric (19), and
passivation layer (16) to the underlying copper or aluminum-
copper line or a tungsten lead (14) to be contacted. It is
to be understood by those skilled in the art that the excess
copper 26 deposited over the barrier metal layer 24 needs to
be removed with complete selectivity to the barrier metal.

i It is also appropriate that all of the copper in the
damascene opening can be removed with complete selectivity to
the barrier metal and without attacking or damaging the

barrier metal.



6. Thée method according to Caim5 where said chem cal m xture strips said
copper at the rate of 5 mcrons per mnute at roomtenperature. 7. The

met hod according to Claim4 wherein the rate of copper stripping can be
controlled by varying the concentration of said anmonium fluoride in said
chem cal m xture. 8. The nethod according to Claim4 wherein the rate of
copper stripping can be controlled by varying the anpbunt of said ammoni um

fluoride in said chem c@ig maxitligstfatdda MiiRaderenPldi i 1tikaCidhm 4
wherein the rate of copper stripping can be controlled by varying the

anmount ofofsabgpeat etrippiay.d aheafenl 10mid uldustbatdd edviaey @f copper
stripping and contam nati on renoval conprising: providing a copper |ayer
overl yi ng:%timdeﬁl a9epenit darkhenpeyent e otinpdng; iantndicatnd My portions of
sai d copper Iay a chemcal mxture conS|§t|ng%€f an, annnnlun1salt

vater - RRTEI A e e BT &.rdaana%?wwé} §n Redt PEY D81 The
TR h00 SRR cLas (AL TARCTRE e Sthd BTG Sy oo o
from t he gaaipl e€)Nhat NEKGin eickpbenedifmd sembydddi a6k e apak&isand 1, 3
from the bevel 17 only, from both front and back sides, or
from the bevel and both front and back sides. This

application may be used when rework is required.

Yet another unillustrated application of
copper stripping is performed in any equipment found in a
wafer fabrication plant. The copper stripping can be
performed after the wafer or wafers have been processed,
during preventive maintenance, or after breakage of a wafer
in the equipment. In the event of wafer breakage, the wafer
may incorporate copper in the form of 100% copper or in the
form of aluminum-copper alloy, which cccur in one or more
layers in the fabrication of microelectronic devices or which
occur as a sole film (with or without one or more layers
above or below this film) on a silicon wafer. The copper
stripping solution of the invention can be applied in this
application by placing it on a cleanroom cloth and then

wiping the equipment parts and surfaces with the cloth.



di am nopropane. 13. The nmethod according to Caim 10 wherein said chem cal
m xture conprises ammoni um fluoride, water, and ethyl enediam ne. 14. The
nmet hod according to Caim 10 wherein said chem cal mxture t conprises
ammoni um fl uoride, water, and ethylenediamne in a ratio of 1:1:1. 15. The
met hod according to Caim 14 where said chemcal mxture strips said copper
at the rate of 5 mcrons per mnute at roomtenperature. 16. The method

according to Caim 13 whar ﬁg §:S§ A€ e qgggg{:ﬁrg odl%?grggifcgn ,gefont rol | ed

by varying the concentrati sai d ammoni um met hod

accor di ngetRodl £biM sla¥eManse i h8gpdrad B, e0fs t6OPPEHg SbrF | fHNOVG1C AR be controlled
by varying the anount 12 of said amonium fluoride in said chem cal

m xtur e. cegpefhén petshgwrddcerdbng tTtheCipmioress ahethe timyenitienofawopper

strippi n% can be controlled by varying the anbunt of said water in said
chem' cal PRi PRIRyed g1siRgc Heki Ehpaning tﬂqé“PB‘FnEt‘f”r’Htﬂ‘l’Fg OEPRELNE0PSI st i ng

an a glrum sal t.: water: ng a,ﬂéam ?1?20 Tge hemt%e umext!EJre
accordl ng CESTRY 59 1 AIRBRARE 4 o l?‘r‘rﬂf% & §xpt Y% s€ o
a chemical mixture that comprises an ammonium salt and an
amine. It is pertinent that the ammonium salt be used in a
form in which it is dissolved in a solution (for instance,

water) and not in a solid form.

The chemical mixture for the dissolution of
copper comprises an ammonium salt, water, and an amine.
The ammonium salts is ammonium fluoride. Ammonium fluoride
solution is commercially available as a 40% solution (e.qg.
from Ashland Chemicals). Amines may include ethylenediamine
(H=NCH=2CH=NH=), 1,2-diaminopropane (CHzCH(NH=)CH=NH=), and

1,3-diaminopropane (H=NCH=CH=CH=NH=).

For example, a mixture of ammonium fluoride,

) ethylenediamine, and water in a ratio of 1:1:1 will be able
to strip elemental copper at rates of about 5 microns per
minute at room temperature. Furthermore, the reaction can be
controlled by increasing or decreasing the ratio of ammonium
fluoride and also by the quantity of water that is added to

the mixture. For instance, a mixture of aluminum fluoride,



ammoni um fluoride. 21. The chem cal m xture according to C aim19 wherein
said am ne conplex is chosen fromthe group containing: ethylenedi am ne,
1, 2+ di am nopropane, and 1, 3- di am nopropane. 22. The chem cal m xture
according to Caim19 wherein said amonium salt conprises anmoni um
fluoride and said am ne conprises ethyl enediam ne. 13 23. The chem cal
m xture according to Caim22 wherein said ammoni um fl uori de, water, and
et hyl enediag Gge fldhildd , 2af@NEE0F ald AN rQkid: df 1. 240 T Chepigal mixture
according to Caim22 wherein the rate of said copper stripping can be

control | edphyr vt W R okee £80€ erdrativen tef thai shrdmmxituref hyosi de. 25. The
met hod according to Caim?22 where said rate of copper stripping can be
control | 2dlby watio.ng Stimédlanbyntthd rsdied oimremowa fdarobede i n said chem cal
m xture. 26. The nmethod according to Claim22 where said rate of copper
st ri ppi n§eRERC bked it Adicreas by3 e yasy epRénanbimt T 871 s &ifd 3M@eBEWRN sai d

ChenlcalfQLégyég'ié!%he solution, for example, from 1l:1:1 to 0.5:1:1.

The process of the present invention provides
a method for safe and inexpensive copper stripping for any
aprlication. A novel chemical mixture is employed to

effect the desired safe and inexpensive copper stripping.

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be
made without departing from the spirit and scope of the

invention.



A@Y LA H AYYE LA CAHYL L AnE .AHY A2 LAY .A L. A&. AU .A As
\]jr(>rwxQR~ytoje [V]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
ca] ca] ca] ca] ca] ca] cal] ca] caUl ca] ca]calUc a]caUc al ro568c 9 v

CLAIM

1. A method of copper stripping and contamination

removal comprising:

providing a copper layer on an integrated circuit; and stripping portions of said
copper layer using a chemical mixture consisting of an ammonium salt,

water , and an amine.

2. The method according to Claim 1 wherein said ammonium salt is ammonium

fluoride.

3. The method according to Claim 1 wherein said amine is chosen from the group

containing: ethylenediamine, 1/2-diaminopropane, and 1/3-diaminopropane.

4. The method according to Claim 1 wherein said chemical mixture comprises

ammonium fluoride, water, and ethylene diamine.

5. The method according to Claim 1 wherein said chemical mixture comprises

ammonium fluoride, water, and ethylene diamine in a ratio of 1:1:1.

10
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X ol wr mhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal]c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! o@HnctLf km Z| w nmhc”~Y] c] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] caU] ca! 78

FTIviwW DT #4#55$3355%006 % % Ya%R& wr mhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! &&&' (
S((()))*$+. +}++,C,,,,,)-i--..c.../PlI//}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]calca!/
800000*1j 1z11192223d33344U444$5K5555C6X66666} xsni d_Z] c]] ca] ca] ca]ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
a] cal 647274 8%ie 48 PARIRBIAQIANSS KB RERANABARG] xiRivtk #ipd ] ca] ca] ca] ca] ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] _=9opyerigisiroite 95 micrampoper IRYE Moo tenperale ok’ ()-L @10%& () -
y@10909&' () -r(>zX93,, 109%& ()-G (f#10%\ & ()- #10%& ()-!

#10% & ()-!'Y#L0W 1 & ()-!| Y#I0% \< \ & ()->rtuvwb@g

10v@ () - /R ' ' ; . .

10@ 109 %‘) - |ﬁi%t§%‘%/%?°§’@‘f%‘é%%‘%%§’?g e P L CORPE PR S SARBE: ()1 s

10%&' () - Fl ¢dbf¥Bed by VEFIQRUEE (dncdiBaiod of said ammonium fluoride in said

dEg\ =I 10%0%68_ 0% & ()-10% & ()-9910% & ()-1 F10% & ()-&10% & ()-M v
?NdEg\ =F1 1%6]1-@6%%; ()- z 10%4 & ()-f10% & ()- 10% & ()-&L0% & ()-N|

- 0dEQ\ =s*10% & ()- (z10% & ()- Y% 10% & ()-#10% & ()-!-10% & () -,

10% & () - oxnbCGL0%WE () - 10/ 10/

10/ 6" 10% &8.(Dhel dthsd &cbyding 0ThEN 4) wiBrdiddth&iate of@ppémiyFiPddMBeh& () - 1! #310

WVMVE' ()-S 109V ()-!#10YKK& () - !#10%-. F. & ()-.,  F10%W&. () -cl~ 10% & () -
O contro e(g %)y vary?ng the ar(n)ount of said ammoni&r?‘l ﬂuorI&e in sald( 2heml1'caT@ 0& ()

mixture.

9. The method according to Claim 4 wherein the rate of copper stripping can be

controlled by varying the amount of said water in said chemical mixture.

10. A method of copper stripping and contamination
removal comprising:

providing a copper layer overlying an underlayer on an integrated circuit; and
stripping portions of said copper layer using a chemical mixture consisting of an

ammonium salt, water, and an amine wherein said underlayer is not removed.
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10% & () - Y10% & () -
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10% & () -, Z~ =!1" $10%& ()-10% & ()-!$10%& ()- 10° 10° 10 6s10% & ()-L*y
10% & ()- bCl! 10%& ()-L10% & ()-& 10% & ()-3 Y 10% & ()- 10: 10

10: 67 10% & ().-TheThéthdd Adcari@ fo Ql@dim 10Wherein said ammonium salt is

10\ 6s10% & ()-/, 10% & (%--810%&' ()-,10% & ()-!(

"10%\ & () - MRy

| 10& @0% & ()-10% & ()-109%%& ()-y310% & () - Lf

10% & ()- fl0%N& ()-[ R&&E&E&& (S(~_@!s10% & ()-f10% & ()-"If 10% & ()- 10\
10\ 10\ 6S10% & ()-!($10%\& ()-sS((())))))avk@! 10:
12. The method according to Claim 10 wherein said amine is chosen from the

group containing: ethylenediamine, 1,2-diaminopropane, and 1,3-

diaminopropane.

13. The method according to Claim 10 wherein said chemical mixture

comprises ammonium fluoride, water, and ethylenediamine.

14. The method according to Claim 10 wherein said chemical mixture

Sy

comprises ammonium fluoride, water, and ethylenediamine in a ratio of 1:1:1.

15. The method according to Claim 14 where said chemical mixture strips said

copper at the rate of 5 microns per minute at room temperature.

16. The method according to Claim 13 where the rate of copper stripping can be

controlled by varying the concentration of said ammonium fluoride.

17. The method according to Claim 13 where the rate of copper stripping can be

controlled by varying the amount
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10: 1 6t 10% & () - (: 10% & ()-sml0% & ()-F10% & ()-1110%& ()-), ***$+. +} +dEVK@ !
10 109%& ()-' 10%& ()-10%& ()- 109& ()-& 109%& ()- &

109& ()-& ++,C,,,,dEVK@'! 10/ 10%& ()-!10%& ()- @

S10%<& ()-10%& ()-gl0%& ()-10%& ()- ,,,,,)-i--.bCl!
1Y109%VE () - Y@LOYVE ()-Y 109VE ()- Y&LO9%VE ()- 10 10 10Y@LOY%& () -
./ Pl dEOCI ! 1l

" 10908 () - TkARMRAH )il DI () sdid LRAMBA(hixkEkOIOVE () - YLO%VE: () - P/ // 8000000aV
K@! 10M 10M
LONFA109%VE' () - s* 109%VE' ()-19' " 10%H#&' () - | Y409%VE' () - y#10%v&' () - 000*1j 1z11dEVK

@6 :V éO( )10;/%1&2; (,}e'\ﬂ-} %g})rg g)jlg Q%ﬂg%gggm@a;e of copper stripping can be

10@10% & dohtrof&Pbyiey &}'n@ﬁ@%&lﬂtb‘f sdi@%0aker (in saidcAdcdl hikngB10% & () - d3334444
AQAxmbCl 1 1Y10% & ()

19. A chemical mixture for stripping copper consisting of:
an ammonium salt;
water; and

an amine.

20. The chemical mixture according to Claim 19 wherein said ammonium salt is

ammonium fluoride.

21. The chemical mixture according to Claim 19 wherein said amine complex is
chosen from the group containing: ethylenediamine, 1,2-diaminopropane, and

1,3- diaminopropane.

22. The chemical mixture according to Claim 19 wherein said ammonium salt

comprises ammonium fluoride and said amine comprises ethylenediamine.
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25. The method according to Claim 22 where said rate of copper stripping can
be controlled by varying the amount of said ammonium fluoride in said

chemical mixture.

26. The method according to Claim 22 where said rate of copper stripping can

be controlled by varying the amount of said water in said chemical mixture.
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