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The present invention relates to the field of fabricating

semiconductor devices, and more particularly to anisotropically etching metal
films formed on a semiconductor substrate of an integrated circuit for the

fabrication of interconnects.

(2)  Prior Art

In the manufacture of intégrated circuits, it is often desired to
etch certain areas of a metal film deposited on a semiconductor substrate to
form metal interconnects between semiconductor devices. It is also desired to
form metal interconnects having high aspect ratios for increasing the
performance characteristiés of the interconnects and for maximizing the
device density of the integrated circuit. In the prior arf, this has been |
accomplished through reactive ion etching of aluminum films wherein the
ion-assisted etch process produces an anisotropic etch of the aluminum film
to obtain the well-defined, high aspect ratios currently required in many of
todays applications. | |

However, due to the increased speed and current density
requirements for devices reaching submicron dimensions, the use of
aluminum intérconnects have become increasingly marginal. This is because
the relatively high _resiétivity of aluminum as a metal, as seen in Table I
shown below, hinders the performance and relizbility of inlerconnects made
from aluminum. This problem is particularly acute in current ultra-large
scale integration (ULSI) devices which have relatively high aspect ratios of 2-

3:1 or more. Ina umon the pr«.s hod for etching aluminum



to obtain the well-defined, high aspect ratios currently required in many
of todays applications. However, due to the increased speed and current
density requirenents for devices reaching submcron dinensions, the use of
al'um num i nt erconnects have becone increasingly marginal. This is because
the relatively high resistivity of alumnumas a netal, as seen in Table |
shown bel ow, hinders t-he perfornance an%j1 reliability of interconnects made
fromalumnum This problemis particuldrly acute in current ultra-| arge
scal e i nt eg{fbl@hneklsS1to IRVOITES subekl diavwdatkd, dhtlvding thalforaRge6k ofal | 0S
of 2- 3:1 or nore. In addition, the.present met hod for® et chi ng al um num
-2- i nter copage¢e oxadeoni fhecllugdnaey film the anvdaicalt fonedmiove) thehesef off mat i on
of a native oxide on the alumnumfilmthat is difficult to renove, the use
of chl or i nechkeie-lgsedagmstémthataee eithee carcinagendgenhighly tbxighhyd tthei ¢, and
t he

formation of reactive compounds that degrade the pumping fluids used in

the etch process.

" TABLE 1
RESISTIVITY OF METALS DEISIREABLE FOR USE IN INTERCONNEQE§
(in pQ-cm)
Silver : 1.6
Copper - 1.7
Gold - | 2.4
Aluminum | 2.65

Due to the marginal performance and reliability of aluminum
interconnects, some prior'art methods have attempted to use copper instead"
of aluminuni films since copper films .provide a substantially lower
resistivity and higher electromigration resistance. However, several
problems in the formation of copper interconnects ha.ve rendered the prior
art use of copper ineffective for interconnect applications. One of the |
problems with copper has been the difficulty in patterning the copper film.
Although this problém was somewhat resolved through the use of selective
deposition techniques, i.e. selective CVD or electrolysis plating, such
techniques canrot be used in production because the presence of small defects

or particulate contamination results in the loss of selectivity or the growth of

large precipitates. For this reason, integrated circuit manufacturers have



formati on of reactive conpounds that degrade the punping fluids used in the
etch process. TABLE | RESISTIVITY OF METALS DEI STREABLE FOR USE I N
INTERCC]\INECTS(ln [err]) Silver 1 6 Copper 1.7
CGot d 2.4 Al um num 2.65 Duetothe mar gi nal
performance and reliability of alum num I nt erconnects, some prior art

nmet hods have attenpted to use copper §t ead of alum numfl | m8 since copper
films provide a substantially | ower |st|V|ty and hi gher

el ect r oni gr deenriryiagitetdavelop %Wé\ge?ec siquasaior doppsr kwsithat resuitdinat i on of
copper interconnects have der ed the art use of copper ineffective
for intercodig ﬁ?ﬁf%%lﬁaéﬁg"efm %Fft“f ‘étcBF%bl enms Wi th copper has been the
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using a chlorine-based gas chem15try in a reactive ion etch process can be

achieved at submicron dimensions using elevated temperatures, i.e. around ,
250 to 300 °C. Although the anisotropic etching of copper is a major break
through, the high temperature requifement poses severe difficulties for
plasma etch equipment manufacturers as well as process engineers in trying

__ to develop a manufacturable etcher and process. This is because the volatile
‘compound, copper chloride, produced in the high terﬁperature etch process
condenses on cold surfaces, thereby crea'ting the problem of copper chloride
deposition in the vacuum lines, in. the pumps and even on the unheated
walls of the etch chamber. In additioﬁ, the high temperature requirement
further prevénts the use of a suitable masking material since most masks |
cannot withstand temperatures above approximately 120°C.

Although the prior art methods for etching interconnects have
found some success with the anisotropic etching of aluminum and copper, it
is widelv recognized that a method which permits the anisotropic etching of
other highly conductive metals such as silver, gold and molybdenum would

- also be of greaf importance and utility. |
| Accordingly, it is an objéct of the present invention to prcvide.a
'method for anisotropically etching a variety of metal films to obtain metal
interconnects having very high aspect ratios and minimal undercutting,.

It is a further object of the present invention to provide a

method for anisotropically etching highly coﬁductive metal films to form

 ULSI interconnects having a very low resistivity and high electromigration



deposition techniques, i.e. selective CVD or electrolysis plating, such
t echni ques cannot be used in production because the presence of snall
defects or particulate contam nation results in the |oss of selectivity or
tire growmth of large precipitates. For this reason, integrated circuit
manuf acturers have -3- been trying to devel op etching techniques for
copper filns that result in highly anisotropic and very selective etches.
Reeently, it has been found that the anisotropic etching of copper using a
chl ori ne-based gas chenistry in a reactjve ion etch process can be achieved
at subm cron di rensi ons using el evat ed“t‘errper atures, i.e. around 250 to 300
[err]. At hpasidtahdeeiraordarttoabtaineULSI interdonmeptsethat sneetrthp dncaleasek spégdugh,
the high tenmperature requi renent poses severe difficulties for plasm etch
equi prent mandfactentedensity regulireasents.ocess engineers in trying to develop a
manuf act ur abl e etcher and process. This is because the volatile '

It is another object of the invention to provide a method for

anisotropically etching silver, copper, gold, aluminum and molybdenum

films at low temperatures for interconnect applications.



conpound, copper chloride, produced in the high tenperature etch process
condenses on cold surfaces, thereby creating the problem of copper chloride
deposition in the vacuumlines, in the punps and even on the unheated walls
of*the etch chanber. In addition, the high tenperature requirenent further
prevents the use of a suitable masking nmaterial since nost masks cannot

W t hst and tenperatures above approxinmately [err]. Al though the prior art
nmet hods for etching interconnects have found sonme success with the

ani sotropi ¢ etching of alumnumand copper, it is widely recognized that a
met hod which pernmits the anigio/mIRRY OFCPHRINVERIFIRINNI ghly conducti ve
nmetal s such as silver, gold and T'ybdenum woul d alSo be of great

i mportance and utility. Accordingly, it is an object of the present

i nvention to provide a nmethod for anisotropically etching a variety of .
metal filns to obtai nThetgbsemtiavemtiviedistldseyiaghethod for ginigsesitallyat i os
and m ni mal undercutting. It is a further object of the present invention
to provide etching amktibinterdosnectspespelciallye'T Bl imtencopuacts,dmaking ihigh et al
films to formULSI interconnects having a very low resistivity and high
el ect rom gr aspent ratios. A metal film is first deposited on the appropriate layer of a

semiconductor substrate by techniques well-known in the art. A mask layer is
deposited over the metal film with openings defined in the mask layer for
patterning of the metal film.
| Ions are then driven into an exposed region of the metal film to
anisotropically form a converted layef oi the metal film comprising
compounds of the metal. “The introduction of the ions into the metal film
can be performed by conventional methods, such as through the use of a
reactive ion etch system or an ion implaritation system, or by any other
method which anisotropically forms the converted layer.
If a reactive ion etch systém is utilized, thé gasses used in the
| system are chosen in accordance with the metal compourds to be formed
‘rather than a volatile species used for etching. If an ion implanter is utilized;
an implant barrier may be formed beneath the metal film in order to prevent
the ions from being implanted into the underlying layers, which barrier may
also be used as a diffusion barrier. Furthermiore, a thermal treatment step . |
Imay be implemented after ion implantation so as to ensure that the ions
~ have thoroughly diffused into the exposed region and have completely
reacted with the metal atoms to form the metal compounds.
The mask layer is then removed by conventional means to leave
behind the metal film having a converted layer of metal compounds. Finally,

the metal compounds are seleétively removed by a suitable removal means



4 yesistance in order to obtain ULSI interconnects that neet the increased
speed and current density requirenents. It is another object of the

i nvention to provide a nethod for anisotropically etching silver, copper,
gol d, alum num and nol ybdenum filns at | ow tenperatures for interconnect
appl i cations. -5- SUMVARY OF THE | NVENTI ON The present invention = °

di scl oses a nmethod for anisotropically etching netal interconnects,
especially ULSI interconnects, having high aspect ratios. A netal filmis
first deposited on the appropriate |ayer of a '

-6-
chosen for its properties in removing the metal compounds without causing

significant etchir{g or degradatidn of the metal film itself.

In this manner, metal 'intercon_nects-carg be formed withbut
directly etching the metal film itself. with a volatile specieé of the metal,
thereby avoiding isotropic etching which results in undercutting and further
avoiding the problematic high temperature requirement of the prior art
methods. In addition, a wide variety of metals can now be utilized in the -

* fabrication of interconnects, especially ULSI interconnects, so as to achieve

interconnects having higher electromigration resistance and lower resistivity.



semi conduct or substrate by techniques well-known in the art. A mask |ayer
I s deposited over the netal filmwth openings defined in the mask | ayer
for patterning of the netal film lons are then driven into an exposed
region of. the netal filmto anisotropically forma converted | ayer of the
metal filmconprising conpounds of the netal. The introduction of the ions
into the netal filmcan be perforned by _conventional nethods, such as
through the use of a reactive ion etch=dystemor an ion inplantation
system or by any ot her | | ' t he converted
| ayer. If a reactive io t , es used in the
system are chosen in accordance with the netal conpounds to be forned
rather than a volatile species used for etching. If an ion inplanter is

utilized, an inplant g bhRksTNatifed eRdRAAARANSTLA (B prRsal: fvkRtibR of der

to prevent the ions frombeing inplanted into the underlying layers, which
barrier mayy,a %c@ﬁf%?pﬁﬂrélﬁ o tHeufoIRwing! détalled FdestiproR0f the préfired

treatment step nmay be i'npl enmented after ion inplantation so as to ensure
that the i op;mbadi@ehhon avisilchy di ffused into the exposed.region and have
conpl etely : : ;

. Figures 1A to 1D are cross-sectional views of a semiconductor
substrate with a metal interconnect being formed thereon according to the

general method of the present invention.

Figures 2A to 2B are cross-sectional views of a semiconductor
substrate with a metal interconnect being formed thereon according to the-

preferred embodiment of the present invention.

Figures 3A to 3D are cross-sectional views of a semiconductor
substrate with a metal interconnect being formed thereon according to an -

alternate embodiment of the present invention.

Figures 4A and 4B are cross-sectional views of a semiconductor
substrate showing the formation of multiple-layer interconnects according to

an alternate embodiment of the present invention.

Figures 5A and 5B are cross-sectional views of a semiconductor
substrate showing the formation of multiple-layer interconnects according to

an alternate embodiment of the present invention.



reacted with the netal atoms to formthe metal conpounds. The mask |ayer is
then renoved by conventional neans to | eave behind the netal film having a
converted | ayer of nmetal conpounds. Finally, the netal conpounds are
selectively renoved by a suitable renoval neans -6- chosen for its
properties in renoving the netal conpounds w thout causing significant
etching or degradation of the netal fi+&ﬂitself I'n this manner, netal

i nt erconnects can ;:ﬂ;e ‘ v . Ry al filmitself
with a volatile speci =0t [ 1110 opi ¢ et ching
which results in undercuttlng and further avoi ding the problematic high-
tenperature requirement -of the prior art nmethods. In addition, a w de
variety of netals canangtiRfi Héd Ahig8etopitallycettRivng Gtk lointefconAkesdoNNect s,
especially ULSI interconnects, so as to achieve interconnects having higher

el ectrgm graédcﬁfbeﬁeslh&héﬁéﬂownﬂg ldesériptiens, wimetdys details such as specific

materials, structures, gas mixtures and etching parameters are set forth in
order to provide a more complete understanding of the present invention.
However, it is understood by those skilled in the art that the present
invention can be practiced without these specific details. In other instances,
well-known elements, devices, solvents and the like are not set forth in
detall in order to avoid unnecessarily obscuring the present invention.

In the fabrication of metal interconnects accordmg to the present -
invention, as shown in Fig. 1, a metal film 3 is deposited on a silicon dioxide
layer 14 of a substrate 1 during the fabrication of a semiconductor device By
techniques well-known in the art, such as CVD, sputter depositioh or
electrolysis deposition. FolloWing the deposition of the metal film 3,. a mask
layer 4 is formed thereon for patterning the metal film 3 before the formation
of the metal compounds to be etched. As shown in Fig. 1, openings are

* defined in the mask layer 4 using well-known photolithographid methods in
order to define an exposed regioﬁ 6 of the metal film 3 to be etched. The mask
layer 4 may take the form of either a photoresist or a hard mask, with the
hard mask formed from.a material selected from the group of dielectric films,
metal films, and tightly bonded metal oxide films. The selection of a suitable
material for the mask 1ayé; 4 will depend upon the specific process utilized
for convertihg_ the exposed region & and the removal means _subsequently
used to remove the converted layer 7 as will be described below. If a hard ~
mask is selected for the mask layer 4, a photoresist layer 5 may be formed

thereon for patterning of the hard mask.



-7- BRI EF DESCRI PTI ON OF THE DRAW NGS The objects, features and advant ages
of the present invention will beconme apparent fromthe followi ng detailed"
description of the preferred enbodi nent in which: Figures 1A to 1D are
cross-sectional views of a sem conductor substrate with a netal

i nterconnect being forned thereon according to the general nethod of the
present invention. Figures 2A to 2B are9€ross- sectlonal views of a

Secording (o the. pref 8 SV BARBREH ‘BILCHHES FRBCERH EIOBA Fon. i gur s 3A
o 30 are LSRRG Mol SR YL Fora b EoL ol el o
the present L OVERLIOR be.removed without affecting the metal film 3 itself. This
conversion step is performed by driving ions 9 into the exposed region 6 of
the metal film 3. by techniques well-known in the art, including plasma
etching and ion implantation, although other processes which anisotropically
form the converted layer 7 may be used as well.
According to the preferred embodiment of the present
invention, as shown in Figs. 2A to 2C, the first technique used to
anisotropically form the converted layer 7 is based on the same principles as
plasma etching wherein an ionic plasm.'a 10 in conjunction with an electric
potential is used to drive the ions 9 into the exposed region 6 of the metal
film 3. However, unlike the ty.piéa] plasma etch process, the gasses chosen to
form the plasma 10 in the present invention are selected in accordance with
the metal compounds 8 to ;be formed rather than a volatile spedies used for
etching. Hence, the same plasma etch system can be used to both form the
| compounds 8 within the exposed region and then subsequently remove the
converted layer 7 from the metal film 3. In the preferred embodiment, an IPC
Branson reactive ion etch system is used to form the converted layer 7.
However, as will be obvious to one skilled in the art, the conversion process
is not limited to this specific type of system. Any plasma etch system utilizing
an electric potential for driving the ions 9 into the metal film 3 will achieve
approximately the same results as long as the dosage of driven ions 9 is large
enough to convert a substantial portion of the exposed region é.
In an alternate embodiment of the present invention, as shown
in Figs. 3A to 3D, a sec.ond technique that can be utilized for conversion of the

exposed region 6 is that of ion implantation where a beam of ions 12 is



Fi:gures 4A and 4B are cross-sectional views of a sem conductor substrate
showi ng the foriBisheiH4e Bediilepihddd €- | ayer interconnects according to an

al t érnat e enbodi esent invention. Figures 5A and 5B are
ct 0ss-secti onal Mﬂll{mgﬂ m'iconduct or substrate showi ng the formation of
mul tiple-|ayer ccording to an alternate enbodi nent of the
present invention. - 8- DETAI LED DESGR-PTI ON OF THE | NVENTI ON A net hod

for anisotropically etching metal interconnects is descrlbed In the
fol | owi ng desesad.en she Sﬁb#é?f@u]s tqidirgrtienally Fmplang fheiipng Innte the metal
structures, gas m xtures and,.etching p ?\frreters gre set forth in order to

provide a réite 3¢ oot Br%ﬁHEF’E‘fe&mﬂ%@ ‘F’rgr?ﬁ“e gEon WE MEh. However, it
d tood b led t b
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into the metal film 3, although the particular ion implantation system used
need not be limited to an implanter of this type. Similarly, a medium-current
ora higl_l-energy implanter can be used in the present invention depending
upon the density of the metal film 3, the type of jons 9 to be implanted and
the volume of the metal film 3 to be implanted.
An important consideration in the use of an ion implantation

. system is the p0551b1e use of a 1mplant barner 11 beneath the metal film 3 for
protection of the underlying layers 13 from the ion 1mplants 9. This implant
barrier 11 may also be used as a diffusion barrier during the actual conversion
of the exposed region 6 to preven.t diffusion of the metal film 3 into the
underiying layers 13. During ion implantation, the profile of the implants 9
exhibits an implant tail that may reach beyond the metal film 3 and into the
underlying layers 13. In order to avoid charging and/or conversion of the
underlying layers 13 into an unstable material, the implant barrier 11'is placed
beneath the metal film 3 for absorption and neutralization of the ion
implants 9. Th15 implant barrier 11 should be formed from a material that is
electrically and chemically stable with respect to the ion implants 9. For
example, if oxygen ions were implanted into the metal film 3, a silicon oxide
layer could be used to receive the implant tail so as to prevent any ionic
contamination of the underlying layers 13. |

As shown in Figs. 3B and 3C, after tiw exposed region 6 of the

metal film 3 is thoroughly saturated with the ions 9, the mask layer 5 can |
then be removed by dissolution in a solvent or by other techniques well-

known in the art. Following the removal of the mask layer 5, the substrate 1



wel | -known el enents, devices, solvents and the like are not set forth in
detail in order to avoid unnecessarily obscuring the present invention. In
the fabrication of nmetal interconnects according to the present invention,
as shown in Fig. 1, a netal film3 is deposited on a silicon dioxide |ayer
14 of a substrate 1 during the fabrication of a sem conductor device by
techni ques well -known in the art, such as CVD, sputter deposition or

el ectrol ysis deposition. Follow ng the'akbosition of the metal film3, a
nmask |ayer Iﬂa%li’oeftﬁéffﬁﬂlﬁ @t 6ath of @nnpalietietord ssist i ehereeantioni dfrthg ibns 8r e t he
formati on of the netal conmpounds to be etched. As shown in Fig. 1, openings

are defi nedwith theemetatatdmyd¢o formsthegmetdl| comnpoundh8: oThermad tegatiment®f hods
in order to define an exposed region 6 of the netal film3 to be etched.

The mask | aherconvertgd layer % iienoumnallpmasirequired yHetsothesioas dIareAnigen nask,
with the hard mask formed froma materjal selected fr t he group, o
di el ectri'c inid tze mesalafilm B|atea relativelygiow F%Bﬂ{féaf%?gm‘ H&’Of‘mpq?sg torhe
selecti-on of a suitable material for, the mask | ayer 4, w.ll depen on the
specific prirbumed 19GuUeIMER? eReTalcthamfpat args pggétﬁl%ﬁﬁ" tﬁ‘eénﬁ%ij&% :
removal MRADS ead tor dhvars Yo FoRdved BetORY Sphiying BMRLa GedtMURE (niBSs 8t ' Pe
| course a photoresist layer is used) since, in some instances, it can be reinoved

| simultaneously with the converted layer 7 itself.

With respect to the use of a thermal treatment step in using the
reactive ion etch technique shown in Figs. 2A to 2C, the conversion of the
exposed region 6 is pefforméd at elevated temperatureé in the plasma etch
system so- that the formation of the compounds 8 occurs almost

'ﬁmMmmmmmmmWM@m&mmmNMMmeMm&
Hence, the preferred embodiment may be practiced without a the'rma1~
‘treatment step unless higher temperatures are required to form the specific
compounds 8. With regard to the ion implantation process, ion implantation
is s_dmetimes performed at lower témperatures than the typical etch processes.
Therefore, thermal treatment may also be used during or after implantation
of the ions 9 in order to diffuse the implanted ions 9 throughout the exposed -
region 6 and ensure thorough conversion of the metal film 3. Obviously, the
use and duration of the thermal treatment step is dependent upon several
parametérs, including the type of ions 9 to be implanted, tﬁe type of metal
receiving the implant and the volume of metal to be converted.

The metal compounds & thus formed are then seiectively |
removed through the use of a removal means which includes but is not

limited to the application of a wet or dry solvent, evaporation and water

solubilizationi. It is noted that in practice, it may be desireable to follow the



mask is selected for the mask |ayer 4, a photoresist layer 5 may be forned
thereon for patterning of the hard nask As shown in Figs. 1A to 1C, the
exposed region 6 is anisotropically converted into a converted |ayer 7 of
nmetal compounds 8 of a type that can be renobved w thout affecting the netal
film3 itself. This conversion step is performed by driving ions 9 into the
exposed region 6 of the netal film3 by techni ques well-known in the art,

i ncluding plasma etching and ion i mpl anl&t i on, al t hough ot her processes

whi ch ani sof; gl fedddval fdFithe fcaﬁv@a&ywe%c# ' ﬁxa%@cﬁbémbeee,umk £5hdf!dr

According to the preferred enbodi nent e present 1 nvention, as shown in

Figs. 2A toerdkintdi€ef ltb?cﬂeatrﬁéﬁﬂhﬂjdQe#ﬁﬁiingQ'@mlﬁeOIerﬁ'b%@'théf eI RS val
converted layer 7 is based on the sane principles as plasma etching wherein

an ionic plpgesslO in conjunction with an electric potential js used to
drive the ions 9 into the exposed region 6 of the netal

As previously mentioned, the removal means must be chosen

~ in accordance with the specific metal compounds 8 formed so that no

substanhal degradation of the metal film 3 or other structures of the substrate
1 results. If a liquid is used for the removal of the converted layer 7, the
resulting etch is anisotropic rather than isotropic as would be the case in the
prior art processes. This results from the fact that the converted layer 7 is

formed by use of an anisotropic conversion process wherein the metal -
compounds 8 are selectively formed only within the exposed region 6 by
directional driving of the ions 9 into the metal film 3.

In selecting the appropriate ions 9 and removal means to use in
anisotropically etching a particular metal film 3, the general approach is to
select ions 9 which form co.'mpounds,8 of the metal that can be removed from
the metal film 3 ';vithout substantial etching or degradation of the metal film
3 itself. Hence, the first step ie to determine what removal means cause
significant etching or degradation of the metal film 3 (so that these can later
be avoided). The next step is to define a group compounds of the metal that
can be readily formed through either of the above-described conversion
processes. The last step then involves selecting those compounds out of the
group that can be readily removed by removal means other than those that
significantly etch or degrade the metal.

For example, with.reference to Table II shown below, if copper is

. chosen as the metal film 3, the solvents which rﬁust be avoided are HNO3
and H3S04 since they are known to significantly etch copper. With the use of

a chemistry handbook, the copper compounds § that are readily etchable with



film3. However, unlike the typical plasma etch process, the gasses chosen
to formthe plasma 10 in the present invention are selected in accordance
with the netal conpounds 8 to be fornmed rather than a volatile species used
for etching. Hence, the sane plasma etch system can be used to both form

t he conpounds 8 within the exposed regi on and then subsequently renove the
converted layer 7 fromthe netal film3. In the preferred -enbodi nent, an

| PC Branson reactive ion etch systen1i31&sed to formthe converted | ayer 7.
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of ions 12 kRown in column 1.

In addition to using the above-described processes to form single
layer metal interconnects, the same processes may be used to form multi-layer
interconnects having la'yérs formed from different metal films 15 and 16 as
shown in Figs. 4 and 5. With reference to Figs. 4A and 4B, the lower and
upper layers 15 and 16 of such an interconnect may be ccaverted in one step
(Fig. 4A) and thereafter etched simultaneously with an appropriate removal
means to form the simple bi-pla;nar'structure shown in Fig. 4B. '
Alternatively, the conversion (Fig. 5A) and/or removal of the converted layer
7 of each metal film 15 and 16 can be performed separately to form multi-layer
interconnects having a plufality of shapes and dimensiors as shown in Fig.
5B. )

For purpéses of explanation, an example of e present
invention according to each of the above-described convession processes will

be described below.

EXAMPLE]

In the first case, shown in Fig. 2, a reactive ion etch system is
utilized to drive oxygen ions 9 into a copper film 3 to form copper oxide
c-om-pounds 8. Because copper does not readily adhere 1o silicon dioxide, an
adhesion layer 2 is first deposited on the silicon dioxide laver 14 of the
substrate 1. The adhesxon layer 2 may include but is not Emited to Ta, Mo or

TiN formed by sputtermo deposition. The copper film 3 is then deposited on



[err] focused on the substrate 1'b directionally inplant the ions 9 into
the netal fitm3. -In the present invention, a high-current Extrioninplanter
manuf act ured by Varian Associ ates-Extrion is used for inplanting the ions 9
into the netal film 3, although the particular ion inplantation system used
need not be limted to an inplanter of this type. Simlarly, a
medi um current or a high-energy inplant&4%-can be used in the present

0"t o be | mpitincanes Rt o dARA buitribg AepBhflon bdciiyuds sl
| nportant copgi ﬁtergtﬂaqa rhssb gfeyaecom Mﬂsmgﬂ an}gelgn}a@eg&uéd bhe

possi bl e use o a | npl ant I er eneath t

rotection I
p % ‘o ghe ed@sérymms fauemd;b;y 4 pRBYdrRsist Riyek rmbaya&e%un NdfSthe

I mpl ant barr| al so be used a“diffusionbarrier during the

act ual COHVQfaﬁdQﬁasld‘l?féﬁt;emS@@oG@@l pRftién o ths RyRDinatki4 isSihen @thddg et al
film3 into the underlying layers 13. During ion inplantation, the profile

of the inpl aavealthexkpbsdd region mflthetmédtal filthhdh theyexaaegsie giem@r@lettkﬁé dret al
Hims and Itgfe %atrg emask layer in combination with the photoresist layer is necessitated
due to the fact that the photoresist'5 will etch away during the conversion
step when exposed to the oxygen plasma created in the reactor cﬁamber. :
Hence, the hard mask layer 4 is needed to prevent driving the oxygen ions 9 »
into unwanted areas of the copper film 3 as the photoresist layer 5 is etched.
Next, the conversion step is performed in an IPC Bx;anson
reactive ion system, wherein an oxygen gas is introduced into a pressure
controlled system. Formation of the plasma 10, shown in Fig. 2B, takes place
at an RF power of approximately 1000 watts and a pressure of 1.5 Torr. Once
the plasma 10 is created, anisotropic formation of copper oxide occurs as a
result of the electric field lines between the plasma 10 and the copper film 3
which drive the oxygen ions 9 into the copper perpendicular to the surface of
the film 3. | |
After converoior_l of the exposed region 6 into the copper oxide .
compounds 8, the cofnpounds 8 are removed from the metal film 3 using a
wet clean of (NH4)Cl. As mentioned above, this solvent is chosen for its
ability to remove the copper oxide compounds 8 without any deleterious
effect of the copper film 3 itself. Finally, the hard mask 4' is removed by
~ techniques well-known in the art, such as by reactive ion etching with a

chlonne-oxygen (CHF3 / O2) chemlstry in order to obtain the final result

shown in Fig. 2C.



u_ﬁderlyi ng Ia—ﬁ-rné 13. In order to avoid charging and/ or conversion of the
under | yi ng | ay&kisSht8d HasBean Reépldogiist abl e nmaterial, the inplant barrier 11 is

mé !!I 3 for absorption and neutralization of the
y and c

pl aced beneath t
i.on inplants 9. arrier 11 should be forned froma nmateri al
that is electrica emcally stable with respect to the ion inplants

9. For exanple, if oxygen ions were inpiSanted into the netal film3, a-
silicon oxide layer could be used to receive the inplant tail so as to
prevent any ionic confamdiantage of thinaeunmathod ayer she psiorart metbpgf i n

Figs. 3B and 3C, after the exp region 6 of the netal film3, is _
t hor oughl y 8thingERRPSFi ‘Fﬁﬁ?%é‘eﬁjﬁ& yterQBngetis anisiroriclly, formped iR 2 enpyed

221 v ng & oRvishal Sl B R SFERRLOUER wf Rl L
thermal Iy tyecatied  ofr. MREASR, Re PRolett ihPeddiSn 26BRIS B Airnidifod 8PS

undesired copper chloride compounds which eliminates the problem of

copper ghioride condensation and particle formation.
EXAMPLE.H

In the second case, shown in Fig. 3, an ion implantation system
is utilized to implant chlorine ions 9 into a copper film 3 to form copper
chloride compounds 8. To prevent_confamination of the layers 13 underlying
the copper film 3 resulting from the implar{tatiqn of chlorine ions 9 beyond
the film 3, an implant barrier layef 11 of Mol)}bdenum is first deposited on the
substrate 1. After the copper film 3 is deposited as described above, a mask
layer 5, comprising a photoresist in this case, is formed thereon and
lithographicall}' developed for patterning of the copper film 3. The

- conversion step is then performed using a high-current Extrion implanter

with an accelleration poténtial of approximately 50-250 Kev to implant a large
dose (1018/cm?2) of the chlorine ions 9 into the copper film 3 at an angle of
approximately 90° to the surface of the copper film 3. | | |

If the -irﬁplant is performed at a lower temperature than that
required to react the chlorine ions 9 with the copper atoms, the substrate 1 is
then heéated to assist in the reaction. Once copper chloride compounds 8 are
formed throughout the exposed region 6 of the metal film 3, the converted
layer 7 can be removed by either evaporating the compounds 8 in a ligand

ambient at a temperature of 100°C or by using a wet clean comprised of

(NHy)CL



with the rretaHNa{—gas_uml@ra metal conmpounds 8. Thermal treatnent of

t he converted Iayer 7 is normalTy not required unless the ions 9 are driven
into the metall BasEB‘eenéRe isegt'i vely | ow tenperature and the conpounds 8
to be fornmed re rgy than that present. In addition, the mask

| ayer 5 need n rmved before applying thernmal treatnent

(unl ess of course a p o laygg.is used) since, in sone instances, it
can be renoved si rmltaneously W|th t e converted layer 7 itself. Wth
respect to the use of a thermal treatnment step in using the reactive ion
etch technique showmaafa&ﬂoaérb&g%ﬁ amfen s BORIBlvitd fpfaposed
region 6 is perforned at elevated t grat es in the plas etch system so
that the fQreptdvidedto ilhﬁtxﬁwm@bmdaarﬂiy eecutrious! dopsbinations ofaments! y with the
i ntroduction of the ions 9 into the netal film 3. Hence, the preferred
enbodi nent iomsy nissalprompiurald andidemowabmetms that can batsﬁbmedstpefpmrthess hi gher

tenperatures are required t e cific cp Wth regard.to
t he ion |nﬁ¥‘%\tﬁlt’aﬁr6‘?f“}%§(?ééjgsai‘%fﬁ]#’f%Fa OX{SV8F: if é‘ (tg}l‘a}fégeperforned at

| ower tenperatures ce T t her mal
treat ment 84 ?a% %3&85%%& (Xug@hgﬁ%rbg E'ét%t(erﬁ}e é‘ﬁgﬁotda?t{@ngrg&
invention are not limited to the particular metals, ions, metal compounds

" and removal means listed below.

TABLE II

SILVER COMBINATIONS

SILVER-BASED

IONS COMPOUNDS SYMBOLS ETCHANTS
Carbon Silver acety’ lnde AgaCe acid, alcohol
Arsenic/oxygen Silver grthoarsenate Ag3AsOg4 NH;OH'. acetic acid
Arsenic/oxygen Silver orthoarscnite AgiAsOs acetic acid, NH4OH
Nivogen Sitver azide. AgN; NH{OH
Carbon/hydrogern/ Silver benzoate AgC1H:O2 0.017 aicohn!
oxygea _
Boron/oxygen Silver tetraborate Ag2B407.2H20 H20; acid
| Brominc/oxygen Silver bromaic AgﬁrO;; NH.-;,OH
Bromine | Silver bromide Bromyrite; AgBr NaCl sol; NH4OH
Carbon/oxygen Silver carbonate AgaCO3 NH4OH, Na35203
Chlorinc/oxygen Silver chlorate AgCIO3 aleohol
Chlorinc/oxygen Silver perchloruie AsCl04 H20:; alcohol; 101 toluene; 523
_ benzene
Chilorine Silver chlaride - Nat. cerargyrite. AéCl NH4OH, Na25S203
Chromium/oxygen Silver chromate AgaCrO: NHsOH



of the ions ‘ﬁ'order*t-oﬂ—f—f—use t he i npl anted ions 9 throughout the

exposed regi OQ‘hQsha gsure thorough conversion of the netal film 3.
Qoviously, th of the thermal treatnment step is dependent
upon sever al Em]iﬂﬁ uding the type of ions 9 to be inplanted, the
type of netal r npl ant and the volume of netal to be
converted. The netal conpounds [err] thus fornmed are then selectively
renoved through the use of a renoval yfans which includes but is not

limted to | cat Qo 9% t or (r Q,vent,  evaperah, N T'llnd wat er
€L .

sol ubi li za “Pr r%??zen @ed ll‘na I n practp¥7é§2 Ti t may te desi rea% eto

foll ow t he cabonmybidgeni N t Sibertip®val of thaegfAyerted | dya0; NHOHSNGS®S! | bed

above, witbxygenshort dryletch in order td clean out any renmining residue

left fromthe injtial repoval process. A viously renti , the renoval
nifrogen
Carbon/nitrogen Silver cyanide AgCN NH4OH, NaS703
Ironfcarbon/nitrogen Silver ferricyanide AggFe(CN)g NH4OH, (NH4)2COs
Galliumlﬂt;odne Silver fluogallate ‘Ag3[GaFg].10H20 H20
Fluorine . | Silver Fluoride . | AgF NH4OH
Fluorine - Silver difluoride AgFp H20
Fluorine : Silver (di-)luoride AgsF H20
ilicon/fluorine Silver fluosilicate Ag2SiFg4H;0 Hy0
Carbon/itrogenfoxygen | Silver fulminate AgyCaN204 H,0; NH4OH
Todine/oxygen Silver iodate | Agios NH4OH, KI
lodine/oxygen Silver periodate ' AglO4 H20
Todine : Silver iodide (a) Nat. iodyrite. Agl Na2§203, KI; NH4OH
JTodine/mercury Silver iodomercurate (&) Ag2Hgl4 KI
Todine/mercury | sitver iodomercurate (B) AgaHgly K | .
Carbon/hydrogcnl- Silver lauralo AgCi2H2:02 0.00725 alcohol; 0.0085 ether
oxygen '
Caﬁenﬁm‘-;oger! Silver levunilate AgCsii703 . E-0
oxygen
Manganese/oxy 22n Silver permanganate AgMnQy alcohol _
Cabonhydrogen/ | Silver myristate AgC14H7702 0.00625 alcohol; 0.00715 ether
oxygen _ .
Nitrogen/oxygen Silver nitrate o AgNO3 ether, glycerin
Nitrogen/oxygen Silver nitrite AgNO2 ' acetic acid, NH4OH
?!:.tinurr.;':;ia;og_cr:/ Silver nitroplatinite Aga[PIGNG) H:0
oxygen : . '
Imnlmuogcn/oxvgen/ '} Silver nitroprusside Aga[FeNO(CN)s] NH4OH .
carbon
Carbordorygen Silver oxaluie . Ag:C-04 ‘ ' N0, zid
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gFoup that can berteadity Tenmoved by renpoval neans other than those that
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Tabl'e 11
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that are readily etc
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h -13-

t he sol vents

t he copper

etchants ot her than

t hose noted above have been |listed it colum 2. The correspondi ng etchants
for those conpounds 8 are then [err]

copper conpounds 8 havi ng been. sel
to obtain those conpounds then bec

in colum 4. Therefore, with the

gﬁéﬁg%ggrgnt,

addition to using the above-dqﬁﬁﬁhﬁegoggﬂﬁggé

i nt er connect s,

COPPER-BASED

t he sane processes nay

type of

lons 9 to be inplanted
as shown in colum 1.

In

g to formsingle |ayer netal

to formnulti-Ilayer

IONS COMPQUNDS L SYMBOLS ETCHANTS

Carbon Copper acetylide CuC, H20, acid, KCN
Arsenic Copper arsenide - CusAsy acid, NH4OH
Nitrogen Copper azide Cu(N3)2 - acid
Bromine Copper bromide CuBr (or CuzBra) H,0, HBr, HCI, NH4OH, acetone

CuBr; H;0, alcahol, acetone, NH3, pyridine
Carbon/Oxygen Coppeé carbonate CuaCoz acid, NH40H
Chlorine/Oxygen Copper perchlorate Cu(CiO:s)2 H;0
Chlorine Copper chloride CuCl (or CuzCla); HCI, NH40H, ether

CuCl, alcohol, MeOH, acetone
Carbor/Nitrogen Copper cyanide CuCn; HCI, KCN, NH4OH

Cu(CN)2 acid, atkali, KCN, pyridine
Fluorine Copper fluoride CuF (or CuzFa); -HCl, HF

' CuF; H20, mineral acid
Todide Capper iodine Nat. marshite. Cul (or | HCI, Ki. KCN, NH3
L Ciizlp)
Oxygen/Nitrogen Copper hydroxide Cu(OH)> acid, NH:OH, KON
Nitrogea Copper nitride CusN H50, acid
Oxygen Copper oxide Nat. cuprite. Cu20; HCl, NH:Cl, NH4OH
T Nat. tenorite, CuO acid, NH4Cl, KCN, NH4F
Oxygen Copper peroxide CuQyH0 - aid -
Oxygen Copper suboxide Cuq0O acid
Sclenium Copper sclenide’ CusSe; HCl
' CuSe HCI, NH:0H

Sulfur/Oxygen Copper sulfaie CuzS04 1 HC, NH;3
Sulfur Copper sulfide Nat. chalcocite, CuS; | NH4OH

Nat. covellite, CuS KCN, HCI
Tellurium Copper telluride CuyTe Br+H20




i.nterconnects having | ayers Tormed fromdifferent netal filns 15 and 16 as
shown in Figs. 4ma§~m'§may\1§;en &f ence to Figs. 4A and 4B, the | ower and
‘uppér layers 15 a n interconnect may be converted in one step
(-Fig. 4A) and therMMl I;miﬁ si mul taneously with an appropriate renoval
means to formthe ar structure shown in Kg. 4B.

Al ternatively, the conversion (Fig. 5A) and/or renoval of the converted

| ayer 7 of each netal film 15 and 16.can be perforned separately to form
nmul ti-layer interconnects having a 5? rality of shapes and di nensions as
shown in Flrgluri@@Oxy@ar pFpree icurisy exp ﬁﬁa?z on, an eXx8fple of the present .

'W”YF”L'e"SeS@@?%%"a“ﬁg%m., halrkf {DTABoecr] Pod, IRRIGL Ry ovesses

ﬁﬁrst cas@aiclon in Fig. 2, a

reactive i~ometcirSySteNT s Uttt Zed L0 drive oXxygen rons 9 Into a copper
film3 to form copper oxide conpounds 8. Because copper does not readily
adhere to silicon dioxide, an adhesion layer 2 is first deposited on the
silicon dioxide |ayer 14 of the

TABLE IV

GOLD COMBINATIONS

- GOLD-BASED :
IONS COMPOUNDS SYMBOLS ETCHANTS
i Gold bromide AuBr acid; NaCN
Bromine ‘ Aubr; H:0; ether, alcohol
lori Gold chloride AuCl HCI, HBr
Chlorine AuCl3 or AuClg H20:; alcohol, ether, NH3
Carbory/nitrogen Gold cyanide AuCN NH4OH
rnitrog Cyanoauric acid. H20; alcohol, ether
Au(CN)3.3H20 or ;
HAu(CNg).3H20
Todine Gold iodide Aul H0: KI
AUl3 Hy0; iodides
Hydrogen/oxygen/ Gold nitrate, hydrogen Nitratoauric acid. | H-0; HNO3
nityrogfn : AuH@NO3)4.3H20 or
H[AuMNO3)4].3H20
Oxygen Gold oxide Auy0s3 HCl, concentrated HNO3, NaCN
o Auz202.xH20 B NaCN, concentrated HNO;
Sulfur Gold sulfide AuzS3 Naz$




substrate 1. —Fhe—adhesion iayer 2 may include but is not limted to Ta, M

or TiN formed Pl}{s Ui 88 e NRepfieqyosi tion. The copper film3 is then deposited
on ° -14- the ' am 2 through sputtering deposition techniques

wel | - known in tﬂﬁﬁﬂﬂ“&ﬂﬂﬂ l:rrask | ayer 4 conprised of silicon nitride is
next deposited , opper film3 followed by a photoresist |ayer
5 for patterning of the hard nmask | ag®&r 4. The exposed portion of the hard
mask 4 is then etched to reveal theT4#BpBs€d region of the netal film In
t he exanple given, the use of the hard mask |ayer in conbination with the
phot oresi st |layer i s necessi AMUMINUMe COMRBRINATIONSt t hat the photoresist 5°

wll etch away during the conversion step when exposed to the oxygen plasm
created in the reactor ayer 4 is needed to

hapher eNGep the hard mask |
prevent drivingidyge oxygen'T dgFo upwangfgediseas [of theggepRes film3
as the ph EoFresSTSt T ¢ e ETCied  NERT—T e COTvVer s o Step—T
perfornmed icks@Rydogées Br af ARminum wriacete AlC2H302)3 H,0
oxygen .
Carbon/hydrogen/ Aluminum acetylacetonate | AI(CsH702)3 alcohol; ether, benzenc
oxygen :
Arsenic/oxygen Aluminum orthoarsenate AlAsQ4.8H20 aé'd
Boron Aluminum Boride AlBjy HNO3
Brominc/oxygen Aluminum bromate Al(BrO3)3.9H20 Hy0; acid
" Bromine . _Aluminum bromide AlBr; (or Al3Brs) H20; alcohol, acetone, CSp
__Bromine Aluminum hexabramide £IBr3.6H20 H-0; alcohal, acid, CS3-
hydrate
Bromine Aluminum pentabromide AlBr;.iSHzO H20:; alcohol
decylhydrae : :
Carbon/hydrogen/ Aluminum tertbutoxide Al(C4H20)3 organic solvents
oxygen .
Carbon Aluminum carbide Al4Cs H70; acid
Chlorinc/oxygen | Aluminum chlerute Al(CIO3)3.6H20 H20
Chlorine/oxygen Aluminum perchlorate Al(Cl104)3.6H20. o H20
Chlorine Aluminum chicsii. AlCH; (or AlzCle) H20; 100123 alcohol; 0.072-3
' : chloroform; CCly, ether
Chlorine . Aluminum hexazhlosiie AlCl1.6H20 H20; 50 alcohol; cther
hydrate
Chlorine/nitrogen/ Aluminum hcxammine AlCl3.6NH;3 H0
hydrogen :
" Carbon/hydrogen/ Aluminum dicthylmalonaie | AKC7H1104)3 organic solvents
oxygen : derivative )
Carbon/hydrogen/ Aluminum cthoxide AlC2H;50)2 H,0
oxygen
Carbon/hydrogen/ Aluminum | Al(C4HgO3)3 H20: ligroin
oxygen a-cthylaccwoacetate derivative
ron;carbon/niirogen Alu:minum férrocy;midc Alg[Fe(CN}pi3.17H20 | H0; acid




reactive ion system “wherein an oxygen gas is introduced into a pressure

control | ed syst emlhiE ¢placke pl asma 10, shown in Fig. 2B, takes

pl ace at an RF po Aii tely 1000 watts and a pressure of 1.5
Torr. Once the pI a edf, ani sotropic formati on of copper oxide
occurs as a result of the electric field Iines between the plasma 10 and
the copper film3 which drive the oxygen ions 9 into the copper

perpendi cular to the surface of the=234 m 3. After conversion of the exposed

regi on 6 i rHwrdehe copper|Anusiita fig@apounds] AF3 t he conpou hg® 8 are renoved
fromthe metal film3 usling a wet clean AIFL.ERHEO As rreﬁzbmdacabove, this.
solvent is chosen for itjs ahilit ﬂt Q. .renpve the cop oxi de conpounds 8
wi t hout any™3&®Fet eri ous _({ﬁ&'&‘f"“@ YL ¢ opiiE fugtifer ‘MFS Oc SR0F - Finally, the
hard mask 4 is renoved echni ques wel] -known in thefart, such as by
reactive i @ryRingiogdd W t|Aniilhaokite - OX Yjpe béehaitedalb(d@8 ) asg heni stry in order
to obtain the final resut shown in Fig.|Cdiaspore. AIO{OH) |acid
: AllOHy3 ad ‘
Todine Aluminum jodide All3 (or Alzlg) Hz0; alcohol, ether, CS4, NH;
Todine Aluminum hexaiodide All3.6H20 H30; alcohol, CS2
hydrate
Carbon/hydrogen/ Aluminum isopropoxide AKC3H70)3 H0; alcohol, benzene,
oxygen chloroform
Carbon/hydrogen/ Aluminum lactate Al(C3Hs503)3 H20
oxygen :
Niuogen/oxygen Aluminum nitrate AI(N03)3.9H20 H20; 100 alcohol; acetone
. HNO3. acid
Nitrogen Aluminum nitride AIN H20; acid,
Hydrogen/oxygen Aluminum oleate (com'l) Al(18H3302)3(D) H20
Carbon/oxy@n Aluminum oxalate Aly(C204)3.4H20 acid
Oxygen Aluminum oxide Yy-Alumina. Al;O3 aid
Oxygen Aluminum trihydrate oxide | Nat. gibbsite, hydra- aid
: : argilite. Al;03.3H20
Nat. bayerite. aid
Al03.3H20
Carbon/hvdrogen/ Aluminumaenopzinitawe | AKCH)2C16H3102 - | hvdrocarbon
oxygen (com'l) '
Carbon/hydrogen/ -Aluminum 1-phenol-4- Al(CgH5045)3 H=0; alcohol, glycerin
axygen/sulfur sulfonate _ _

' Carbonv/hydrogen/ Aluminum phenoxide Al(CgHs0)3 H30; alcohol, ether, chloroform
oxygen _ , )
Phosphorous]oxygcn . Aluminum orthophosphate | AIPO4 acid, alcohol
Carbon/hydrogen/ | Aluminum propoxide Al(C3H70)3 H10; alcohol
oxygen
Selenium Aluminum selenidc AlaSe3 "1 HaO; acid
Oxygen/fsilicon - Aluminum silicate Nat. sillimanite, HF
. : andalusite, cyanite,

Al203.8i0;2




REPLACENENT SHEET Shedtas Blkn R mw age of this new nethod over the prior art

nmet hod of et chi at - the ULSI interconnect is anisotropically
formed in a conmmma
t enperature regqui ore, the present

ive ion etch.systemwi thout the usual high
i nvention avoids the

formati on of the undesired copper chloride conpounds which elimnates the
pr obl em of copper chloride conde%at ion and particle formati on. EXAMPLE 1|
In the second case, shown in Fig.““3, an ion inplantation system'i s utilized
to inplant hbdyirbien/i ONS| RurhiktirQriardeOPPET | Ad for @F;&: or| de
conmpounds 8uxyg&o prevent gontam nation of {\r‘\ée‘%g%?s 13 under ﬁg‘“’t“ he
copper film 3 resulting om the i nplantation of chlorf{ne ions 9 beyond the

film 3, an ¢

KploxE™. barr |

oSO o

substrate lgyedfter the chpShum s 3 1S

fpB8EnUm i s f (*tdcfshosited on the
gpgsited as d ﬁﬁ&:lﬁed above, a

mask | ayer =5, CONMPrising a pnotoresrst

Tt HT S TasT;

TABLE VI

MOLYBDENUM COMBINATIONS

-l
s—+ored—thereon—and

MOLYBDENUM-BASED
IONS . COMPOUNDS SYMBOLS ETCHANTS

Bromine Molybdenum dibromide MoBr; (or MoBra) atkali

Bromine Molybdenum tetrabromide | MoBrd H30, alkali

Bromine Molybdcnum tribromide | MoBr3 alkali, NH3

- Carbon Molybdenum monocarbide | MoC HF, HCl

Carbon - Molybdenum dicarbide | MozC HF, HCl

Carbon/oxygen. Molybdenum carbonyl Mo(CO) benzene; ether

Chlorine Molybdenum dichloride MoCl3 (or MoClg) HC], alkali, NH40H alcohoI

' accione
Chlorine Molybdenum pentachloride | MoCls mincral acid, liquid, NH3, CCls,
chloroform; alcohol, ether
Chisrinc Molybdenum tetrzchloride MqC!'.; concentrated mincral acid;
: ) ) . alcohol, ether

Chlorine Molybdenum trichloride . | MoCl3 HaO

Fluorine Molybdenum hexafluoride MoFé6 H-20; NH4OH, alkali

Oxygen/hydrogen Molybdenum hydroxide Mo(OH);3 (or HCI; 30% Hz0;
M003.3H20);
MoO(OHR)3 (or acid, alkali, carbon
Mo0705.3H20); ] _
Mo035.2H;0 H20,, alkali, hydrogen; acid

Bromine/oxygen/ Molybdenum hydroxytetra- | Mo3Bra(OH) alkali

hydrogen dibromide .

Bromine/oxygen/ -1 Molybdenum hydroxytetra- | Mo3Bra(OH),.8H,0 HCY; alkali

hydrogen dioctabromide hydratc




|.i t hogr aphi cal | y—devetoped—for—patterning of the copper film 3. The

conversion step i-f:d ' - ysing a high-current (RTM Extrion
i nplanter with an il Bege'nﬁ{e potential of  approxi mately 50-250 Kev to

inplant a |arge domﬂll ﬂl Jlr e chlorine ions 9 into the copper film3 at
an angl e of approx to the surface of the copper film3. If the

inmplant is performed at a | ower tenperature than that required to react the
chlorine ions 9 with the copper atong, the substrate 1 is then heated to
assist in the reaction. Once copper ®hlori de conpounds 8 are forned

throughout Efgin@espieged I Egoidientm Brodylber- MEMaICLIOR)IEBD t heneramand ed | ayer 7
can be renowedeeby eit her|dbleqier ati ng t hejconpounds 8 ih a |igand anbi ent at
a tenperature of [err] Q'Mt?%gclﬂsuﬁ' .% wet @IIean conpri segqoof REPLACENMENT
SHEET - 16- ¥*®addition tp'Y gﬂ ing €xarples, the | =
Oxygen/hydrogen Molybdenum pentoxide Mo30s: HC!
' "Molybd. blue” H20; acid, MeOH
Mo0205.xH20
(variations in Mo arnd O)
Oxygen Molybdeaum trioxide Molybdic anhydride. acid, alkali, sulfur, NH4OH
Nat. Molybdite. . :
MoQOs
Oxygen/bromine Molybdeaum dioxydibromide | MoO2Br2 H20
Oxygen/chlorine Molybdenum MoOCly H:0
) oxytetrachloride :
Oxygen/chlorine Molybdenum oxytrichloride | MoQOCI;3 ' Ha0
Oxygen/chiorine Molybdenum - MoO2Cl2 H70; alcohol, ether
dioxydichloride : _
Oxygen/chlorine/ Molybdenum Mo0,Cl2.H20 Hz0: alcohol, acetone, ether
hydrogen dioxydichloride hydrate: _ .
Oxygen/chlorine Molybdcnun{ Mo203Clg H-0; ether
: trioxyhexachloride
Oxygen/chlorine Molybdenum . Mo203Cl5 HO
rioxypentachloride :
Oxygen/hydrogen/ Molybdenum oxychloride MoO(OH)2Cl2 H,0; alcohol, ether, acetone
chlorine xid : ) :
Oxygen/flucrine Molybdenum MoOaFy H,0; alcohol, McOH
dioxvdifluoride
Oxygen/fluorine ._ Molybdenum oxytetrafluoride | MoOF4 H20; alcohol, ether, CCly
Silicon Molybdenum silicide MoSiz HF+HNO3
Silicon/oxygen/ Molybdenum pentasulfide Mo335.3H,0 NH40H, alkali, sulfides
hydrogen '
Sulfor Molybdenum tetrasulfide | MoSa alkali sulfide
Sulfur Molyﬁdcnum trisulfide MoS;' H70:; alkali, sutfur, concentrated
KOH

While the present invention has been described in conjunction

with the preferred embodiment and several examples, it is evident that



following tables are provided to illustrate nore clearly the various

conbi nations of netals, ions, netal conpounds and renobval neans that can be
sel écted to formthe nmetal interconnects as descri bed above. However, it is
noted that the conbi nations which may properly be used in the nethod of the
present invention are not limted to the particular netals, ions, netal
conpounds and renoval neans |isted bel ow SILVER COVBI NATI ONS Sl LVER- BASED
| ONS - COVPOUNDS -25-  SYMBOLS ETCHANTS

Car bon

aci d, al condTAFSEH; %;%%ggﬁs,ec{ep&}&ﬂns, S W&Pngraﬂbgé%ewﬂ be apparent to
Lerr], Acety, Ps@g 1ﬁﬁétlﬁetﬂb(%9ﬁ'¥ #Eht of the foregoiﬁ\g d’@gcrflf;r olﬁoaéﬁ%]ﬁéaﬁ Pe [tﬁ§ "]

acetic aCI err

[err] Carbapefy ‘iﬂﬁ’@eﬁﬁsed in the Préséa xll?é‘é}ﬁ.ﬁ)\i;{e fhay comp £SE ahy of a va.l['lgtryr ?f 017

al cohol oxygen Boron/ oxygen tra orate
[err] acid metals or a combination thereof, while the specific ions 9, metal compounds 8

and removal means are not limited to any specific type as they are to be

selected in accordance with the metal compounds to be formed.



Br omi ne/ oxygen Silver bromate - [eTT—————— [err]

Br om ne - ————Silver bronide Br o Jdte [err]

Car bon/ oxygen Si | ver carbonate [err

Chl ari ne/ 0xygenl ""H”,I ’MHM hl orat e [er :Tl"mm{ﬁ”[ I, cohol
Chl oi ne/ oxygen mufchl orate [er [err];

al cehol ;101 tol uene 28 bertzene Chl o¥fm . | ver chloride
NaLcer ar gyrl te. [err] Chr om uni ox . Silver chrorrat e

[err] - [err] Chrom unf oxygen Silver dichromate = [err]
[err] Carbon/hydrogen/ . Silver citrate [err] [err]
oxygen Oxygen/ car bon/ Silver cyanate [err]

[err] nitrogen Carbory, nid ﬂﬂ@fabncanon of aSemieondyector dievice, a methgdNor

[err] Iron/carbon/nitrogen Silver ferricyanide [err]. [err]
Gal | i un f| unehing a metal filthIfoemed lonoyaemitanductor subjtrak womprising the

Silver Fluoride AgF [err]

steps of: .
| forming'a xﬁask on the metal film to define an exposed region of
the metal film;

converting the exposed region of the metal film into a converted
layer of the metal film, the converted layer comprising metal compounds of
the metal film; and

selectively.r removing the converted layer without substantial

etching of the metal film.

2. The method of Claim 1, wherein the mask comprises a hard
mask selected from the group consisting of dielectric films, metal films and

tightly bonded metal oxide films.

' 3. The method of Claim 1, wherein the mask comprises a

~ photoresist layer.

4. The method of Claim 1, whereir\ the method further

comprises the step of removing the mask after the converted layer is formed.

5. The method of Claim 1, wherein the ster of converting the
exposed region is performed by introducing ions into the exposed region to

form the metal compounds.



Fl.uori ne - 'Sitver—diftuori de [erTF— —lerr]

[RErPIr_jACEI\/EI\ﬂ' SHEET I_me mﬂmﬂmﬂ@“ s l@ 's}{ i -)fluoride

cgd- [err]
[err] Carbon/nitrogen/Oxygen ver ful mnate 0 Jerr]

| odi ne/ oxygen Silver iodate [er Il err]

| odi ne/ oxygen Silver periodates_ [err] [err] |odine
Silver iodide [err] Nat i odyri te. Agl 25203, KI ; NHAOH | odi ne/ ner cury

Si | ver i odoner cur at e( perTHe meklesd bf Claim 1, witrein Mmﬁ/dfmuemng the
Silver iodonercurate(B) [err] Kl Car bon/ hydr ogen/

Si | ver | aur axposed region fssperformed Hyeimplantingdbn$ émto] thet dxgrosed yrggion of

Car bon/ hydr ogen Silver levunilate  [err] [err]

the metal film by an ion implantation system.

7. The method of Claim 6, wherein the method further
comprises the step of forming an implant barrier layer beneath the metal film
to prevent the ions from penetrating into layers beneath the implant barrier

layer.

8. The method of Claim 7, wherein the implant barrier
comprises a material that is électrically and chemically stable with respect to

the ions implanted.

9. The method of Claim 6, wherein the method further
comprises the step of thermally treating the semiconductor substrate after the

exposed region is converted to assist in formation of the metal -compounds.

10. The method of Claim 6, wherein the metal film comprises
copper, the ions comprisé chlorine ions and the step of removing the metal
compounds is performed by evaporating the metal compounds in a ligand

ambient.

11. The method of Claim 6, wherein the metal film comprises
copper, the ions comprise bromine ions and the step of removing the metal
compounds is performed by evaporating the metal cbmpo'unds in a ligand

ambient.



og:'(ygen NanganeseLex-yg%n——————Si—l—ver perrrangaW’ al cohol
Car bon/ hydr oge rrﬁrl state e&&r 1124 cohol

[err] ether oxygﬂlll ull Si I vdrhnsﬁ err]
et her, gl ycerin Ni Silver ni t u \“‘\
acetlc acid, [err] Platlnurﬂnltrogen/ Silver [err]

oxygen | ron/ ni trogen/ oxygen/ Silver nitroprussi de [err] carbon
Car bon/ oxygen _ Si | ver oxal at e28- [err] [err], acid.

3( Zgﬁ& Oxygen | 12~S%V%eﬁ§qd §§EFI%§} g,xyvéégein the step ﬂf removmé el
Car bon/ hydr 0?:?&51 CompBHnéé lVE&r f?@%(\gatebﬁtfpplymg E@ ctdhant to etch §ié #l%%%lher ,

[err] al cohol” 0Xygen osporous TVE netaphospha
[err] Wd@josphor ous/ oxygen Si |l ver orthophosphate

[err] -
13. The method of Claim 12, wherein the metal film compi'ises
copper, the ions comprise chlorine ions and the etchant is selected from the

group consisting of HCl, NH4OH, MeOH, ether, alcohol; acetone and water.

14. The method of Claim 12, wherein the metal film comprises
copper, the ions comprise oxygen ions and the etchant is selected from the _

group consisting of HCl, NH4OH, NH4Cl, KCN, NH4F and acid.

15. The method of Claim 12, wherein the metal film comprises
r:opper, the ions comprise fluorine ions and the etchant is selected from the

group consisting of HCl, HF, H,0 and mineral acid.

16. The method of Claim 12, wherein the metal film comprises
copper, the ions comprise bromine ions and the etchant is selected from the
group consisting-of HCI, NH4OH, HBr, H20, NHj, acetone, alcohol and

pyridine.

17. The method of Claim 12, wherein the metal film comprises
copper, the ions comprise Iodine ions and the etchant is selected from the

group consisting of HC], KI, KCN and NH3.



Ph.'osphorous/ oxygen | Si | ver pyrophosphate i [err] [err] acetic

aci d Car bon/ hydrogen/ | ver salicylate ThésrShdet Has Been Replad
oxygen Sel eni um ﬂ ver sel enide Hllllt I

[err] Car bon/ hdelIIJlIHIIIII Il ||I|IHs Ilver stearate [ I
al cohol; [err] etHer Coxygeh Sul ffur/ oxygen : lver su

[err] acid, [err] Sulfur Srlver sulfrde
Nat argentite. acid [err] Sulfur/oxyg%% - Silver sulfite

[err] aci d, e

[err]. [err] O<ygen 9?%% %%E g—rEvl\:c e%ﬁtﬁ%ﬂ@ﬁ%} Sirhfnﬁéér#ﬁ}ﬁes

Si | ver __ort habRiddén@i®, the ioh§cbinprisd @yden ions and the etchant is selected from
the group consisﬁng of H,O, NH,OH, acid, alkali and sulfer.

19. The method of Claim 12, wherein the metal film comprises
silver, the ions comprise fluorine ions and the etchant is selected from the

group consisting of H2O and NH4OH.

20. The method of Claim 12, wherein the metal film comprises
silver, the ions comprise oxjgen ions and the etchant is selected from the

group consisting of NH4OH, acid and alcohol.

21. The method of Claim 1 wherein the step of converting the
exposed region is performed by exposing the semiconductor substrate to a
plasma comprising ions under an electric potential to reactively form metal

compounds within the exposed regions of the metal film.

22. The method of Claim 21, wherein the step of exposing the
semiconductor substrate to a plasma is performed in a reactive ion etch

system.

23. The method of Claim 22, wherein the method further
comprises the step of heating the semiconductor substrate to at least 2002

Celsius during exposure of the integrated circuit to the plasma.

24. The method of Claim 22, wherein the metal film comprises |

copper, the plasma comprises chlorine jons and the step of removing the



oiygen ra-H [err] Tellurium .

Silver telluride t . HessItE, NH40H TelThis Bheat/ Hax lneplaced

Silver tellurite H!l 1", [err] Sul fur t  Silver

t hi ocyanat e [err] Sul fur/ -’ S| I ver
'l ver

thi osul fate Tungst en/ oxygen rrj
[err] [err] TABLE I I I CODPEBOCOVBI NATI ONS COPPER- BASED I O\IS
COVPOUNDS SYMBOLS ETCHANTS Car bon

Copper acey! ird¢al compoundy i pérformed by evaporating] therthetat icdm{idunissinac
Copper. arseni de [err] aci d, NHOH Ni trogen,.

Copper azi deligand ambienf.err] ' acid Brom ne

Copper brom de - [err] C[err]

25. The method of Claim 22, wherein the metal comprises
copper, the plasma comprises bromine ions and the step of removing the
metal compounds is performed by evaporating the metal compounds in a

ligand ambient.

26. The method of Claim 22, wherein the step of removing the
metal compounds is performed by applying an etchant to etch the metal

compounds.

27. The method of Claim 26, wherein the metal film comprises
copper, the ions comprise chlorine ions and the etchant is selected from the

group consisting of HCl, NH4OH, MeQOH], ether, alcohol, acetone and water.

28. The method of Claim 26 wherein the metal film compnses

copper, the ions comprxse oxygen ions and the etchant is selected from the

group consisting of HCl, NH40H, NH4Cl, KCN, NH4F and acid. -

29. The method of Claim 26, wherein the metal film comprises
copper, the ions comprise fluorine ions and the etchant is selected from the

group consisting of HCl, HF, H20 and mineral acid. -

30. The method of Claim 26, wherein the metal film comprises

copper, the ions comprise bromine ions and the etchant is selected from the



[err] [err] Carbon/ Oxygen Copper carbonate

[err] aci d, ferri—t€htori ne/ Oxygen _ Copper pechI orate
[err] Coj p‘blrs Stk a"e [err]
HCL, [er r] et her [(”'im,mjlrﬂw ﬂl " |||, al cohol , MeOH, ac m trogen
Coppe ni de HC1, KCN,

aci d, aI kal | KCN, pyri di ne Fl uorr ne Copper fluoride

[err] HC , HF [err] -3lerr], mineral acid Iodide

Copper iodine Nat , mar shi te. HCi KI,KCN, [err] [er ré

Oxygen/ Ni t r @genp consisting o{:ﬁ@b,NH;@ﬁ-b)Hag H20O, I\P[I:ararr:]etone alcohol and aci d,
[err] Nitogen Copper nitride . [err]

[err], aci d @¥yidine. . Copper oxi de

Nat.cuprlte[err] HCL,[err] Nat.tenorite, acid,[err],KCN, [err]
CuO Oxygen Copper peroxide [err] acid

31. The method of Claim 26, wherein the metal film comprises
copper, the ions comprise iodine ions and the etchant is selected from the

group consisting of HCl, KI, KCN and NHj.

32. The method of Claim 26, wherein the metal film comprises
molybdenum, the ions comprise oxygen ions and the etchant is selected from

the group consisting of HyO, NH4OH, acid, alkali and sulfer.

33. The method of Claim 26, wherein the metal film comprises
silver, the ions comprise fluorine ions and the etchant is selected from the

group consisting of H20 and NH4OH.

34. The method of Claim 26, wherein the metal film comprises
silver, the ions comprise oxygen ions and the etchant is selected from the

group consisting of NH4OH, acid and alcohol.

35. In the fabrication of a semiconductor device, a method is
.provided for etching a metal film formed on a semiconductor substrate
comprising the steps of:

forming a mask on the metal film to derine an exposed region of
the metal fﬂm, |

1mp1antmg ions into the exposed region of the metal film to

form a converted layer of metal compounds within the exposed region; and -



Oxygen Copper suboxi de err ‘
Sel eni um Copper sel eni de [er'Fl]!S Sheet Has Been Re la"‘3‘1HC1
CuSe ygen MMI“‘H |L
s R I

Nat.chal cocite,[err] °¢NH4 . *covel lite,CuS KCN, HC1 Tel lurium
Copper telluride [err] -32- [err] Tellurium Oxygen
Copper tellurite err] HCl Sul fur/ Carbon/ Ni trogen
Copper thiocyanate $§li|e3mvely removing the corjweartgd layar without sibstantial
acid, [err] REPLACEMENT SHEET - 20 - TABLE |1V. GOLD COVBI NATONS

etching of the metal film.

36. The method of Claim 35, wherein the method further
comprises the step of forming an implant barrier layer beneath the metal film
to prevenf the ions from penetrating into layers beneath the implant barrier

layer.

37. The method of Claim 36, wherein the implant barrier
comprises a material that is electrically and chemically stable with respect to.

the ions implanted.

38. The method of Claim 35, wherein the mask Comprisés a hard
mask selected from the group consisting of dielectric films, metal films and

tightly bonded metal oxide films:

39. The method of Claim 35, wherein the mask comprises a

photoresist layer.

40. The method of Claim 35, wherein the meth_od further

comprises the step of removing the mask after the converted layer is formed.

41. The method of Claim 35, wherein the method further
comprises the step of thermally treating the semiconductor substrate after the
ions are implanted into the exposed region to assist in the formation of the

metal compounds.

acid



GOLD- BASED | ONS | COMPOUNDS

aci o NaON AGbr | 1 ot her &l Gohol _Chi s Been Rl

cid chioride ||HIRUN I O HBr [err ]I,W ﬂ"ﬂ , m {"L
[err], al cohol, et her* Carohi rogén * Gol d cyal uCN
[err] Cyanoauric aci d. H20; al cohol , ether [err] or [err] |odine

Gol d i odi de Aul —3}-err] [err] [err];

| odi des Hydrogen/[err]/ 42. The method cﬁoélfiax at gépeygrtggen ta?'hﬁr%@ég?ﬁ‘ﬁ{;%ecs

acid. . [err] n|trogen
[err] Oxygen

HCL, concent r &t F® ef'eF’}"] IOIQS o\ ni%n%p cﬁlo?fﬁ'edi%nﬁdnd'\gwtg B n‘?e{%%?wag [%‘F rITEtal

compounds is performed by evaporating the metal compounds in a ligand

ambient.

43. The method of Claim 35, wherein the metal film comprises
copper, the plasma comprises bromine jons and the step of removing the
metal compounds is performed by evaporating the metal compounds in a

ligand ambient.

44, The method of Claim 35, wherein the step of removing the
converted layer is performed by applying an etchant to etch the metal

compounds.

45. The method of Claim 44, wherein the metal film comprises
copper, the ions comprise chlorine ions and the etchant is selected from the

group consistir{g of HCI, NH4OH, MeOH, ether, alcohol, acetone and water.

46. The method of Claim 44, wherein the metal film comprises
copper, the ions comprise oxygen ions and the etchant is selected from the

group consisting of HCI, NH4OH, NH4Cl, KCN, NH4F and acid.

47. The method of Claim 44, wherein the metal film comprises
| copper, the ions comprise fluorine ions and the etchant is selected from the

group consisting of HCIl, HF, H2O and mineral acid.



Sul fur Gotd—sutfide- [err] [err]

TABLE V ALUM NUM | COVPOUNDS

SYMBOLS : ;Iﬁ!w ﬁﬁ dr ogen/ Alum num triacetate
[err] H20 oxygen ogen/ Al um num

al cohol ; et her, benzene oxygen acetyl acetonate

Ar seni ¢/ oxygen Al um num -34- [err] acid

ort hoar senat e Boron Al um num Bori de [err]

[err] Bromi ne/ oxygen 48. The methadhohQiaihv édvesvherein [the ln]letal film coraprisesici d
Br om ne Al um num br om de Jerr [err] hydrate . -
Bromine copper, the ions compiisg hromine ions and theegtehant is selected rem: the

al cohol, acid,[err] hexabrom de hydrate
group consisting of HCl, NI-¥40H HBr, Hzo NH3, acetone, alcohol and

pyridine.

49. The method of Claim 44, wherein the metal film comprises
copper, the ions comprise iodine jons and the etchant is selected from the

group consistirig of HCl, KI, KCN and NH.

50. The method of Claim 44, wherein the metal film comprises
- molybdenum, the ions comprise oxygeh ions and the etchant is selected from

the group consisting of HaO, NH‘_;OH, acid, alkali and sulfer.

51. The method of Claim 44, wherein the metal film comprises
silver, the ions tomprise fluorine ions and the etchant is selected from the

group consisting of H20 and NH4OH.

52. The method of Claim 44, wherein the metal film comprises
silver, the ions comprise oxygen ions and the etchant is selected from the

group consisting of NH4OH, acid and alcohol.

53. In the fabrication of a semiconductor device, a method is
provided for efching a metal film formed on a semiconductor substrate
comprising the steps of:

forming a mask on the metal film to define an exposed region of

the metal film;



'[A\Ié.rr]- - 21 - Qlum ngm—peﬂfﬁbfmﬂ—dEchyThydrate Blrom ne Car bon/ hyd[)ogen/
Al urt num car bi de. ellllllli fil 1|IIH|I|I M e aci d Chl bF1 nef oxygen

Al'um num chl orat e err] Chl orine/ oxygen. Al um num
perchl orate [err] . [err] Chlorine Al um num chl ori de
[err] [err] alcohol;[err] chloroform3sslerr],ether Chlorine

Al um num hexachl ori de xpogi?lrgrgh&l semlﬁor}#hgétg r?ﬁ‘b%tgggl to f&:ﬁ'%?rrx{'wﬂ\%ﬁing lerr]

[err] Chlorinel/ni trogen
ions under an electric potential to reactively form metal compounds within

the exposed regien of the metal film; and
selectively removing the converted layer without substantial

etching of the metal film.

54. The method of Claim 53, wherein the mask comprises a hard
mask selected from the group consisting of dielectric films, metal films and

 tightly bonded metal oxide films.

55. The method of Claim 53, wherein the mask comprises a

-photoresist layer .

56. The method of Claim 53, wherein the method further

comprises the step of removing the mask after the converted layer is formed.

57. The method of Claim 53, wherein the step of exposing the
semiconductor substrate to a plasma is performed in a reactive ion etch

system.

58. The method of Claim 57, wherein the method further
comprises the step of heating the semiconductor substrate to at least 200°

Celsius during the exposure of the semiconductor substrate to the plasma.

59. The method of Claim 57, wherein the metal film comprises

copper, the plasma comprises chlorine ions and the step of rexﬁoving the



hy%irogen Car bon/ hydrnnan Al um num di et hyl mal onate [err]

organi ¢ sol vents oxy derivative Carbon/ hydrogen/

Al umi num et hoxi de Y ”Il‘lllﬁﬂ "I" “Ill “ l" [err] oxygen[err] Carbon/hydrogen/

Alum num H20; |igroin oxygen

[err]-ethyl acet oacet at e "I néar bonui togesn

I[—I(Zag)r][ [iarr] aci d Fluorln;a - -36- Alum'humfluoridgI Al F3
err err] | C aci uor| ne um num

monof | uor i demetalmmpaw § &S perfaraed by evaporating the megal cpmpounds in afer ]

Oxygen/ hydr oge bi Al um num hydr oxi de Nat. boehmte. [err]

[err]acid Al Sﬂlﬁi ambient. aci d | odine Al uni num i odi de

[err] (or [err] [err];al cohol,ether[err] I|odine

Al um num hexai odi de [err] [err];al cohol, [err]

60. The method of Claim 57, wherein the metal comprises
copper, the plasma comprises bromine ions and the step of removing the
metal compounds is performed by evaporating the metal compounds in a

ligand ambient.

61. The method of Claim 57, wherein the step of femoving the
converted layer is performed by applying an etchant to etch the metal

compounds.

62. The method of Claim 57, wherein the metal film comprises
copper, the ions comprise chlorine ions and the etchant is selected from the

group consisting of HCl, NH4OH, MeOH, ether, alcohol, acetone and water.

63. The method of Claim 57, wherein the metal film comprises
copper, the ions comprise oxygen ions and the etchant is selected from the

group consisting of HC], NH4OH, NH4C], KCN, NH4F and ;cid.

64. The method of Claim 57, wherein the metal film comprises
copper, the ions comprise fluorine ions and the etchant is selected from the

group consisting of HCl, HF, H2O and mineral acid.

65. The method of Claim 57, wherein the metal film comprises

copper, the ions comprise bromine ions and the etchant is selected from the



hy_blrate

Car bon/ hydmganJ—————A—u-nci—nrrm | sopr opoxi de [err]

[err]; al cohal , benz

[Cglr(r)]r ogg;gneﬁar bon/ hy Mﬁ '“I“““Il”H“Pm num | act ate | Cerr] [err]

Ni t r ogen/ oxygen Alumnumnltrate - [err] [err]; 100

al cohol ; acetone, [err], acid Nitrogen : Alum num nitride

Al N H20; aci d, Hydr ogen/ o¥&rgen Al um num ol eate(comi |)
ggir Ei] 'O(ﬁggg%o%g{stxgg/o?g&e%IH,;@%I—&%I—&@)W& Acero %e,a ;E\Ic?lécplra}n% u[ err]
[err]- aci d. Alumnumtrlhydrate oxi de [err]
acid argil |R3g‘?é¥‘r] Nat . bayerite . acid

66. The method of Claim 57, wherein the. metal film comprises
copper, the ions comprise iodine ions and the etchant is selected from the

group consisting of HCl, KI, KCN and NHz.

67. The method of Claim 57, wherein the metal film comprises
molybdenum, the jons comprise oxygen ions and the etchant is selected from

the group consisting of HoO, NH4OH, acid, alkali and sulfer.

68. The method of Claim 57, wherein the metal film comprises
silver, the ions comprise fluorine ions and the etchant is selected from the

group consisting of H0 and NH4OH.

69. The method of Claim 57, wherein the metal film comprises
silver, the ions comprise o;cygen_ions and the etchént is selected from the
‘group consisting of NH4OH, acid and alcohol.

70. In the fabrication of a sem:.conductor device, a method

" for etching a metal film formed on a semiconductor substrate, substantially

" as herebefore described with reference to the accompanying drawings.



-

[err] Carbon/ hydrogen/ Al um nium nonopal mtate Lsedeé Replaced -
hydr ocar bon oxygen (com 1) Car bon/ hyfx
Al umi num | - phenol - 4- [err] [err];al cohol, glyc ﬁ“\%\\“\\%‘\ ur
sulf onat e Car bon/ hydr ogen/ Al um num phenoxi de. !
[.err];al cohol, et her, chl or of or m oxygen- Phoshor ous/ oxygen Al um num
[err] - aci d, al cohol Carbon/ hydrogen -~ Al um num pr opoxi de
[err] H20; al cohol oxygen 1/
[err] Sel enium Al um ni um sel eni de [err]
[err];acid Oxygen/silicon Al umi num si l i cate Nat.sillanite,
HF andal uspite, cyanite [err] Carbon/hydro Alum numtritearate
[err] “al cohol , benzene, t ur penti f e SuI,I{ur/ oxygen
Al um num sul phat e [err] '
' 3
Fic-1a i4

ifzz -

FfG‘-ic' . - | _ _——-l.q .-




Sul fur- - Al umi num sul fi de [err] SE£++f%Er;““TI§%;14—_
acid TABLE VI MOLYBDENUM COVBI NATI ONS NCLYBDENUN@BA OUNDS

SYMBOLS ETCHANTS Br oni ne Nblybde 1%& Rglmwd
[err](or [err] al kali Brom ne _ Nblybdenu
MoBr 4 [err],al kali Brom ne Nblyb de
MoBr 3 al kali, [err] Carbon
nonocar bi de MbC HF, HC1 Carbon
Mol ybdeum di car bi de [err] 274 HF, HCl1
Car bon/ oxygen Mol ybdenum car bonyl [err]
benzene; ether Chlorine Mol ybdenum di ¢hlori de [err]
HC , al kal i, [err], al cohol '
[err] acetone ] (*’"“L’,S
i i L
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Chl ori ne
nlnerm

Mol ybdenum pent achl ori de
liquid [err] [err], cbl oroformal coho

aci d,

Nblybdenun1tetrach|or|de

[err]

[érr]
et her

cone

%Hﬂﬂﬁﬂdﬂl““‘

Chl

ori ne

m neral acid; alcohol, ether Chlorine Mol ybdenu chl ori de
[err] H20 Fl uori ne Mol ybdenum h ﬁﬁ]ﬁihﬁi&e lace
MoF6 [err],alkli Oxygen/hydrogen Nblyq e
[err] (or HC1; 30%[err] [err} [err] (or leﬁ’
acid,al kali,carbon [err]); [err] [err], al kali, hydrogen

Br om ne/ oxygen/ Mol ybdenum hydr oxytetra rr] al kal'i
hydr ogen di brom de Bronlne/oxygen/ M bdenun1 hydr oxytetra
hydr ogen di ot abr om de( HCO ;

al kali Chl ori ne/ oxygen/ Nblybdenun1 _aﬂ

[err]
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hydr ogen di chl ori de [err] ro'

Nol ybdenum di - i odi de [err] . [ r THls g
Oxygen/ hydrogen Mol ybdenum pent oxi de [err] b“”
"Ml ybd. bl ue” H20; aci d, NbCH [err] (variations in Nb

Mol ybdenum tri oxi de Mol ybdi ¢ anhydri de.

acid,al kali,sulfur,[err] Nat.Mlybdite [err] i/t REPLACENENT SHEET
Ckygen/bron1ne Mol ybdenum dloxydlbron1de [err]
[err] Oxygen/chl orne. Mol ybdenum Oxygen/ chl ori ne

Mol ybdenum oxytrichl ori de [err] H20

e
Frce. HA 7/\///)/ .
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Oxygeni ¢hl orine - Mol ybdenum _ [err] Oxygen/chlorine
di oxychl ori de [err] [err] al cohol, et her

Oxygen/ chl ori ne. Mol ybdenum [err] -

[err]; acetone, ether [err];al cohol, acetone, et her

di oxyd| chloride hydrate O<ygen/ chI or| ne Mol ybdenum

[err];ether Ml ybdenum [err] Oxygen/clorine,
Mol ybdenum . [err] tr| 0X ent ac hydr ogen _
Mol ybdenum oxy efeiion BER THE ANISOTROPIC Emégmh ot%'c#i' Wﬁge one chlorine
acid Oxygen/ fﬂ-mmmoﬂ OF INTERCONNE(H8enum err]

di oxydi fluri de” [err]; al cohol MeoH
Oxygen/fluorine = The phéﬂeytbdmvanhomxdiseltoseé aunethed for amsotropxcally
[err];al cohol,ether, Sillicon Mol ybdenum si | i ci de

MOSi etchmg mlelt%dl[xater]:o&éots mkmmdahpdrqﬁasemldmidmﬂen devizest asul fi de
[err] [errl ~alkali,sulfides Sul fur Ml ybdenum
tetrasul fi cespedally[lGLE] 1nterconnects havingchigh aspeict den&n fAumetal film is first

Mol ybdenum tri sul fide: [err]. [err];
al kal i , sul fdepasad am tha agpropnate layer of a semmonductor substrate by techniques

well-known in the art. A mask layer is deposited over the metal film with
o.penings defined in the mask layer for patterning of the metal film. Ions are
then introduced into an exposed region of the metal film to anisotropically
form a converted layer of the metal film comprising compounds of the metal.
The introduction of the ions inito the metal film can be performed by
conventional methods, such as through the use of a reactive ion etch system
or an ion implantation system, or by any other method which anisotropically
forms the metal compounds. ' The mask layer is then removed by
conventional means to leave behind the metal film having a converted layer
of metal compounds. Finally, the metal compounds are selectively removed
by a suitable removal means chosen for its properties in removing the metal
compounds without causing significant étching or degradation of the metal

- flm itself.

(Fig. 1B & 1C)
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e ' REPLACEMENT SHEETS  SG
KOH Whil e the present invention has been described ji Wmm«mgﬁl pm-w"f’/btd Ped .24
preferced embodi nent ‘and several exanples, it is ewi (L‘Ea*hh@t :n{rgz 2610 paged 33
numerdus al ternatives, depictions, variations and US@J%JQL?,@@% ﬁ,p,%r__gp Eé?ged o
those skilled in the art in light of the foregoing jdepggigpl. aged “'to aged .
Specifically, the netal films 3 used in the present{ inven ngyé’ """ | 83gea -

any of a variety of nmetals or a. conbi nat i omyg-her eof, eci fi.Cc
ions 9, metdl conpounds 8 and renpval neans are not Jﬁﬂ%ﬁ&&fﬁ s%gég-fjiing-g —
type as they arfocusedenstbesubstraienl awc;maﬁaéllwrmv m@%mug@aﬁeo@ﬁds‘e tad

be forned.

film 3. In the present invention, a high-current Extrionamplanter
manufactured by Varian Assodates-Extrion is used for implanting the ions 9
into the metal film 3; although the particular ion implantation system used
need not be limited to an implanter of this ’type. Similarly, a medium-current
ora higk_\-energy implanter can be used in the present invention depending
upon the density of the metal film 3, the type of ions 9 to be implanted and
the volume of the metal film 3 to be implanted.

An important consideration in the use of an ion implantation
system is the possible use of a implant barrier 11 beneath the metal film 3 for
protection of the underlying layers 13 from the ion implants 9. This implant
barrier 11 may also be used as a diffusion barrier during the actual conversion
of the exposed region 6 to prevent diffusion of the metal film 3 into the
underlying layers 13. During ion implantation, the profile of the implants 9
exhibits an implant tail that may reach beyond the metal film 3 and into the
underlying layers 13. In ofder to avoid charging and/or conversion of the
underlying layers 13 into an unstable material, the implant barrier 11 is piaced
beneath the metal film 3 for absorption and neutralization of the ion
implants 9. This implant barrier 11 should be formed from a material that is
electrically and chemically stable with respect to the ion implants 9. For
example, if oxygen ions were implanted into the metal film 3, a silicon oxide
layer could be used to receive the implant tail so as to prevent any ionic
contamination'of the uhderlying layers 13.

As shown in Figs. 3B and 3C, after tiic exposed region 6 of the
metal film 3 is thoroughly saturated with the ions 9, the mask layer 5 can

then be removed by dissolution in a solvent or by other techniques well-

known in the art. Following the removal ot tiie mask layer 3, the substrate 1



CLAI M5 1. A nethod for wuse in the fabricati omrmfis '

- sem_conduct or device, said nethod for etching a netal R %ACMNTML
sein conduct or substrate conprising the steps of: formnfg p mask on the
metal filmto define a preselected region of the metal fi] m30MAR498 ng
ions into a preselected region of the netal filmto. formp converted |gyqr
of metal conpounds in the presel ected reggon; and selectively renoving tHe
converted | ayer by etchi ng the netal conpounds at |ow tlenperatures. with dn
et chant chpsen to prevéy ad vwaswﬁttl\wn@mneﬁh@dowqrﬂé\ermgt art m.ethqzd of

The met hod of Laim 1, wherei sk* co rises a hard sel ect ed
from the ing CBRBELIS W@t r&%ﬁ B& 18tereq qCF Fsﬁgmsoﬁ:gpaqauyn? egdhi® i ght I y

SO L il conventional reactive ion etch system without the usual high temperature

requirement. Therefore, the present invention avoids the formation of the
undesired copper chloride compounds which eliminates the problem of

copper chloride condensation and particle formation.

EXAMELE.H

In the second case, shown in Fig. 3, an ion implantation system
is utilized to implant chlorine ions 9 into a copper film 3 to form copper
chloride compounds 8. To prevent contamination of the layers 13 underlying
the copper film 3 resulting from the implantation of chlorine ions 9 beyond
the film 3, an implant barrier layer 11 of Molybdenum is first deposited on the
substrate 1. After the copper film 3 is deposited as described above, a mask
layer 5, comprising a photoresist in this case, is formed thereon and
lithographically developed for patterning of the copper film 3. The

(RTM)

+ conversion step is then performed using a high-currentsExtrion 1mp1anter
with an accelleration potential of approximately 50-250 Kev to implant a large
dose (1018/cm?2) of the chlorine ions 9 into the copper film 3 at an angle of
apprommatel‘ 90° to the surface of the copper film 3.

If the implant is performed at a lower temperature than that
required to react the chlorine ions 9 with the copper atoms, the substrate 1 is
then heated to assist in the reaction. Once copper chloride compounds 8 are
formed throughout the exposed region 6 of the metal film 3, the converted
layer 7 can be removed by either evaporating the compounds 8 iﬁ a ligand

ambient at a temperature of 100°C or by using a wet clean comprised of

(NHy)CL
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oxide filnms. 3. The nethod of claim1, wherein the pg]
photoresi st |ayer. 4. The nmethod of claim 1, wherein
further conprises the step of renpving the nask after thejconverted | ayer
is forned. 5. The method of claim 1, wherein the et hod flL0MAR1998
conprises the step of formng an inplanfgbarrier Iayer bepeath the netal

@CE’IWEE‘TGSI%ET

filmto prevent the ions from penetrating into layers ﬁeneath t he
i npl ant y barrier |ayer. 6, The method of <claim 5L _wherein _the
i npl ant |barrier conpri sesIna aRdiddon (4eat the o|foreppPins| yexpgples; othe -
I -2dilowing tables are provided to illustrate more clearly the
various combinations of metals, ions, metal compounds and
removal means that can be selected to form the metal
interconnects as described above. However, it is noted that the
combinations which may properly be used in the method of the
present invention are not 1limited to the particular metals,
ions, metal compounds and removal means listed below.
TABLE IY
SILVER COMBINATIONS
SILVER-BASED
IONS | COMPOUNDS | SYMBOLS | ETCHANTS
Carbon Silver acetylide AgC, acid,alcohol
Arsenic/oxygen Silver orthoarsenate Ag,As0, . NH,OH, Acetic acid
Arsenic/oxygen Silver orthoarsenite Ag,AsO, acetic acid NH,OH
Nitrogen Silver azide AgN, NH,OH
oc;;gglhydrogenl Silver benzoate AgCHO, 0.017 alcohol
Boron/oxygen Silver tetraborate Ang 0 2H 0 Hzo; acid
Bromine/oxygen Silver bromate AgBr0, NH OH
Bromine Silver bromide Bromyrite; AgBr NaCisol;NH,OH
" Carbon/oxygen Silver carbonate Ag,CO,NH OH, Na,S,0,
Chlorine/oxygea Silver chlorate AgClOs Alcohol
Chlorine/oxygen Silver perchlorate AgCI0, H Osalcohol; 101 toluene;
5.28 benzene
Chlorine Silver chioride Nat. cerargyrite. AgCINH,OH, Na,S.0
Chromium/oxygen Silver chromate Ag,Cr0, NH_ OH
Chromium/oxygen Silver dichromate AgCr,0, H,0;acid,NH, OH
ocgzglhydmgen/ Silver citrate Ag,CH,0, H,0;NH OH,Na,$.0,
gxu%gge:hlcarbon/ Silver cyanate AgOCN H,0;NH 0H
Carbon/nitrogen Silver cyanide AgCN .| NH 0H N328203
Iron/carbon/nitrogen | Silver ferricyanide AgFe(CN), | NH40H,(NH,),CO,
Gallium/fluorine Silver finogallate Ag)[GaF L.10H0 |H0
Fluorine Silver Fluoride AgF NH_OH
Fluorine Silver difluoride AgF A Hio




-

‘Chemically stable with respect to the ions inplanted. 7.
claim1, wherein the nmethod further conprises

treating
converted

[err],

1, whereip the netal

and t he et
KCN, NH4F
conpri ses
sel ected f

the = stepgy LR om
t he sem conductor substrate after the presel ec éﬁ%%;@.ngsgﬂﬁyy
to assist in formation of the netal conpounds. B. The neth
of claim1, wherein the netal filmconprises copper, the |ohs &QMAR 1988
chlorine ions and the etchant is selected ¥7om the group gopsisting of H{l,
MeOH, ether, alcohol, acetone and water. 9. The net hod of cl ai
filmconprises copper,, the ions conpki-se-oxygen-i.ons...!
CPfablind S Sel ect ed| kiveridi-jiRoslie0UP qsistingjqioHC1, [err], [err],
an.d,aﬁu%ﬁéo. geﬁr‘g{éﬂ%guof, clgg?r_nl wherdin the netal film
cﬁﬁﬁ@ﬁ, ions ¢ or i & ¥Ftfd etchant is
rm@hﬁu@gmggwnsksmw HC1, Iﬁczﬁgg and H;b;rmpH aci d.
Iodine/oxygen Silver iodate Aglo, NH_O0H.KI
Iodine/oxygen Silver periodate Aglo, HO
Jodine Silver iodide (¢) Nat.iodyrite. Agl | Na25203,KI;NH40H
Todine/mercury Silver iodomercurate(ar) | Ag2Hgl4 KI '
Todine/mercury Silver iodomercurate(8) AGzHgI . K :
Carbon/hydrogen/ Silver laurate AgCH 0, 0.007%alcohol;0.008" ether
oxygen
Carbon/hydrogen/ Silver levunilate AgCHO, H0
oxygen
Manganese/oxygen Silver permanganate AgMnO, alcohol
Carbon/hydrogen/ Silver myristate AgC H, 0, 0.006alcohol;0.007' ether
oxygen
Nitrogen/oxygen Silver nitrate AgNO3 ether, glycerin
Nitrogen/oxygen Silver nitrite AgN'.Oz acetic acid, NH OH
Platinum/nitro Silver nitroplatinite 1(NO 0 '
Pl gen/ trop: Ag[P1(NO),] | H,
Iron/nitrogen/oxygen/ - Silver nitroprusside Agz-[FeNO(CN)S] NH OH
Carbon/oxygen Silver oxalate Ag,C0, NH_0H, acid
Oxygen Silver oxide Ago acid, NH,0H, alcohol
Oxygen Silver peroxide Ag0, (or Ag0) | NHOH
Carbon/hydrogen/ Silver palmitate AgC H, 0, 0.007"5 ether; 0.006% alcohol
oxygen
Phosphorous/oxygen Sﬂver metaphosphate AgPO, NH,0H
Phosphorous/oxygen Silver orthophosphate Ag,Fo, acid,NH OH,NH,
Phosphorous/oxygen Silver pyrophosphate Ag PO, acid,NH OH, acetic acid
Carbon/hydro Silver salicylate
Sarbon. ydrogen/ er cy’ AgC7H503 H,0, alcohol
Selenium Silver selenide Ag,Se NH,0H
. ; 25 . 25
owmgml Silver stearate Ag(:“l-lz’soz 0.006“ alcohol; 0.006“ ether
Sulfur/oxygen Silver sulfate- AgSO, acid, NH,0H
Sulfur Silver sulfide Nat.argentite. | acid
Agﬁ“”“
Sulfur/oxygen Silver suifite Ag,SO, acid, NH 0H
Carbon/hydrogen/ Silver d-tartrate Ag,CHO, acid,NH OH
oxygen

The net hod of




~

11,

ions conprise bromne ions and the etchant
caonsi sting of HCL,

12.

the ions conprise iodine
consi sting of HO,

The met hod of claim1, wherein the netal film conpr
_ is selected from
[err], HBr, [err], [err], acetone, alcorol
The met hod of claim 1, wherein, the netal filmcongri
ions and the etchant is selected

K1, KON and [err]. 13.18 = The nethod, ¢f

fr

Rﬁ?EA@EMENT SHEET

re gr-otp

o Dol se ™

omthe group
claim1l,

wherein Jthe nmetal film conprises nol ybdenum the | oNS conpri-se—oxyger—ons
and the et mﬁ&ﬁl ect eaﬂ oup t in Iqioj;IZO [err], acid,
al kal i - 28- | fefa-H The net|ho of Sclaijm I wherein the meta
film Tellurium Silver telluride Nat.Hessite, | NH,0H
Ange

Tellurinm/oxygen Silver tellurite Ag,Te0, NH,

Sulfur/carbon/oxygen Silver thiocyanate AgSCN NH,O0H

Sulfur/oxygen Silver thiosulfate Ag,S,0, H,0;Na S5, 0,,NH OH

Tungsten/oxygen Silver tungstate Ag, WO, NH OH




conprises silver,

i ons and the etchant
and al cohol . 16.
sem congduct or

sem con
barrier
the inp
presel e

the ions conprise fluorine ions and the etchant is
sel ected fronlthe group consisting of H20 and [err]

cl.aim 1, wherein the netal film conprises silver, thelfiﬂﬁﬁaﬁﬁﬁﬁﬂﬂﬁﬁﬂﬁi" L
is selected fromthe group consi st j of [err] adi
_ A nmethod for wuse in the . fabr catB MARMo9S
device, said method for ¥ ching a nmetal [i forneg over} g
juct or substrate conprising the steps of: formnp am—rnptant
layer on the semi conduct orpapgyiirate; formipg the netal fil mjon
o0t Dar L er Ve T pdeltecllutks™! @ T TO 06T TTe 3
COPPER-BASED
IONS COMPOUNDS | SYMBOLS | ETCHANTS
Carbon Copper acetylide cuC, H,0,acid,KCN
Arsenic Copper arsenide CuAs, acid,NH 0H
Nitrogen Copper azide Ca(N,)2 acid
Bromine Copper bromide CuBr(or Cu,Br,) H,0,HBr, HC1,NH,0H, acetone
CuBr, Hzo,a.lcohol,acetone,NI-I,,pyridine
Carbon/Oxygen Copper carbonate Cu,Co, acid, NH,0H
Chlorine/Oxygen Copper perchlorate Cu(C10,), H,0
Chiorine Copper chloride CuCl(or Cu,Cl) | HC1,NHOH,ether
CuCl, alcohol,MeOH,acetone .
Carbon/Nitrogen Copper cyanide CuCn; HC1, KCN, NH OH
: . CU(CN), acid,alkali, KCN, pyridine
Fluorine Copper fluoride CuF(or Cu F,); HC1,HF
CuF, H,0,mineral acid
Iodide Copper iodine Ié:i.(::rucs‘l::il:). HC1,KI,KCN,NH,
Oxygen/Nitrogen Copper hydroxide Cu(0H), acid, NH OH,KCN
Nitrogen Copper nitride CuN H,0,acid
Oxygen Copper oxide Nat.cuprite.Cu,0; | HC1,NH,C1,NH OH
Nat.tenorite, acid,NH,C1,KCN,NH F
Cu0
Oxygen Copper peronde Cuoz-H’O acid
Oxygen Copper suboxide Cu 0 acid
Selenium Copper selenide Cu Se; HC1
CuSe HC1,NH OH
Sulfur/Oxygen Copper sulfate cuzso A HCI,N'HJ
Sulfur Copper sulfide Nat.chalcocite,Cu,S; | NH,OH
Nat.covellite, KCN,HC1
Tellurium Caopper telluride Cuz'l'e Br+ HzO
Tellurium/Oxygen Copper tellurite CuTe0, HC1
Sulfur/Carbon/Nitrogen Copper thiocyanate CuSCN; NH _0H,acetic acid
Cu(SCN), acid, NH,0H




i nplanting ions into the preselected region of the netal fy

conpounds within the presel ected
| ayer preventing the ions from penetrating
and sel ectively renoving

converted | ayer of netal
i mpl ant barrier
beneath the inplant barrier
| ayer without substantial etching of the2®etal film 17,

of claim 16, I npl ant barrier conprises a

wher ei n

t he

| ayer;

electrically and chemcally stable wt

The

i ons ar @

met hod of
step of thernmally treating the

claim 16,

LACEMEN SHEET
nto | ayers

R

HEP- I S N S
LT Tal Clricte ™0

gpct to the ions inplanted. 18.

mhere'g % ne%hod further conprrses tne
. - ctor substrate after the

i mpl anted into - '
GOLD-BASED
IONS | COMPOUNDS | SYMBOLS | ETCHANTS
Bromine Gold bromide AuBr acid;NaCN
| Aubr, H,0;ether,alcobol
Chlorine Gold chlcride AuCl HC1,HBr
| AuCl, or An.Cl, | HO;alcohol,ether,NH,

Carbon/nitrogen Gold cyanide AuCN NH OH

Cyanoauric acid. Hzo;alcohol.ether

Au(CN),.SH,O or

HAu(CN,).3H,0
Iodine Gold iodide Aul H,0;K1

AUL, H,0ziodides
Hydrogen/oxygen/ Gold nitrate,hydrogen | Nitratoauric acid. | H,0;HNO,
nitrogen

AuH(NO,).3H,0 of

H[Au(NO,),1.3H,0 _
Oxygen Gold oxide An0, HC1,concentrated HNO,,NaCN

Au,0..xH 0 HC1,NaCN,concentrated HNO,
Sulfur Gold sulfide AuS, Na,S

TABLEV
ALUMINUM COMBINATIONS
. ALUMINUM-BASED
JONS - | COMPOUNDS | SYMBOLS | ETCHANTS
Carbon/h Alumizum triacetate | AIC,H.0
oxygen i CH0, 20
Carbon/h; Aluminum ANCH.0 alcohol;ether,benzene
oxygen ydrogea/ acetylacetonate €0, -
Assenic/oxygen Alumum AlAs0,.8H0 acid
Boron Aluminum Boride AB, HNO,
Bromine/oxygen Aluminum bromate Al(Br0,),.9H,0 H,0;acid
Bromine hA;nmnnm bromide AlBr,(or AlBr) H,0;alcobol,acetone,CS,
Bromine Aluminum AlBr,.6H,0 H,0;alcohol, acid,CS,
hydrate




the preselected region to assist. in the formation of the net

I .\ 1@ QLT T
19. The met hod of claim 16, wherein the netal film conpr 5Rs]j"l}g‘ & ﬁ? SHEET
the ions conprise chlorine ions and the step of renobving the] ngtal,
conpounds is performed by evaporating the netal conpounds inl af | BJhMAR 1998
anmbi ent. 20. The nmethod of claim 16, wherein the netal f}ilin conprises
copper, the plasnma conprises bronine ions 2T the step of rgnoving the
nmet al conpgpunds is performed by evaporating the nmetal conpousgds—h—a-ligand...
anbi ent. 2. Bromine The net hod | ARimioutd RRitiBronkde, | WIBRLISH t he| H Siakghol Of
removing the converted | ayer] dibyss®s or ned by {appl yi hg an ptchant to etch _
the nmetal ¢onpounds. 22. The nethod of cllaim 21, whergin the netal film
conpri ses OWYM ons ddvimitunctertbatoridd ne [ AKESELDnd t he| wespisselyeatss
sel ected f{ofETe group congisting of HO, [err], [err], pther, alcohol,
acet one ang @ebayr . Aluminum carbide LC, H,0;acid
Chlorine/oxygen Aluminum chlorate Al(C10)),.6H,0 HO0
Chlorine/oxygen Aluminum perchiorate AlC10,),.6H,0 HQ
Chiorine Aluminum chioride AIC,(or ALCL) H,0;100'*alcohol;0.072%
chloroform; CCl,,ether
Chlorine Aluminum hexachloride A1C13.6H20 H,0;50 alcohol; ether
hydrate
Chlorine/nitrogen/ Aluminum hexammine AICL 6NH, H,0
gen
Carbon/k; Alumi diethylmalonate | A(C.H 0 ic sol
P ydrogen/ de:ﬁgnv:l ethy! AlCH 0), organic solvents
Carbon/hydrogen/ Aluminum ethoxide Al(Cszt))z H,0
oxygen
Carbon/hydrogen/ Alnm;num AlC H,0), H,0; ligroin
derivative
Iron/carbon/nitrogen Aluminum Al [Fe(CN),,17E.0 | H,O;acid
Fluorine Aluminum flucride AlF3 HO
AIF3.3'/ H0 H,0;acetic acid
Fluorine .Aluminum monofluoride Nat.fluelite.
hydrate -H,0 HO
Oxygen/hydrogen Aluminum hydroxide l:&t.boehmte 4
acH
Nat%?%on.
Al acid
AXO 5 acid
Todine Aluminum iodide Al (or ALT) H,0;alcohol,ether,CS NH,
Iodine Aluminum hexaiodide ALl 6H,0 H,;alcohol, CS,
S:;l;glhydrogml Aluminum isopropoxide AI(C,H.0), gao;alcfggl,benzene
Carbon/hydrogen/ Aluminum lactate AlCHO), H0
Nitrogen/oxygen Aluminum nitrate AI(NO,),.9H 0 H,0; 100 alcohol;acetone,
HNO,. acid
Nitrogen Aluminum nitride AIN H,0;acid,
Hydrogen/oxygen Aluminum oleate(com'l) Al( H. 0.7 H0
Carbon/oxygen Alnmnmn oxalate AlL(C,0),.4H,0 acid




23. The nethod of claim 21, wherein the netal film
the 4 ons conpri se oxygen ions and the etchant is sel ect

consisting of Ha, [err],[err], KCN, [err] and acid. 24,

ST PR CEN N SHERT

Tre me hod of

claim?21l, wherein the netal fi I'm conpri _copper, the ions ¢onp MR
fluorine ions and the etchant is sel ect fromthe group con<|<t|ng 128{3
HF, [err] and m neral acid. 25. The nmethod of claim 21, eretrr—the
metal fi|nogygepri ses copperAludiinm dxias conpiy-skmiaspne |wids @nd t he etchant
i s sel ecleg,fepm the grou W,ﬂﬂm%ﬂﬁ at. gibbsite, b &frrl, HBr, HZU,
NH3, acef one‘{gggl cohol and Jpyri di ne. The rret%%c'i bf claim 21, wherein
the metall film argilite.AL,0,.3H,0
Nat.bayerite acid
A1,0,3H,0
Carbon/hydrogen/ Alominum monopalmitate | AOH),C, H, 0, hydrocarbon
. oxygen {com']) .

Carbon/hydro, Alumi 1 i-4- ANC S O;alcohol, glyceri

oxygedg{lﬁugm’ umipum 1-phefio] (CH,0,8), H, glycerin

Carbon/hydrogen/ Aluminum phenoxide Al(CH.0), H,0;alcohol, ether,chloroform

oxygen: |

Phosphorous/oxygen Aluminum orthophosphate | A1PO, acid,alcohol

Carbon/hydrogen/ Aluminum propoxide AYCH.0), H,0;alcohol

oxygen

Selenium - - Aluminium selenide AlSe - | H,0:acid

Oxygen/silicon Aluminum silicate Nat. silhmamte. HF

usite, cyanite

. Alzo SO

Carbon/hydrogen/ Aluminum tritearate Al(Cl ,H“Oz), alcohol, benzene, turpentine

oxgyen

Sulfur/oxygen Aluminum sulphate AL(S0,), acid;alcohol

Sulfur Alumimm sulfide ALS, H,0;acid




conpri ses copper

fromthe group consisting of HO,
claim 21, wherei.n the neta
oxygen ions and the etchant

acid, alkal
filmconprises silver

[err],
net al

et chant

nmet hod ¢
conpri sq
of [err]
fabri cat

‘and sul fer.

28.

the ions conprise iodine ions and the
K1, KCN.and [err].
f|In1conpr|ses nol ybdenum t
is selected fromthe group cén |st|naﬁ£f H2
- 23The net hod of cl

the ions conprise fluorine johs_and the

is selected fromthe group consjisting of. H20 and{[err].
f claim?21, wherein the netal
oxygen ions and the ekﬁ!ﬁ!ﬂﬂﬂﬂuEGWHHNEuoﬂson1the group consi sting

onprises si

27 |REPLACEM rLH@EMW@HEET

i F h
29. Th
N St S35 1<

)

(D

, acid and al cohol o ggethod for wuse in the
i on 0IONSa sbncmmm&)rmng ce, |saynBoes hod f ¢r EFCHANTS) a net al
Bromine Molybdenum dibromide MoBr,(or Mo, Br, alkali
Bromine Molybdenum tetrabromide MoBr4 H,0,alkali
Bromine Molybdegum tribromide MoBr3 alkali, NH3
Carbon Molybdenum monocarbide MoC HF, HC1
Carbon Molybdeaum dicarbide . Mo,C HF, HC1
Carbon/oxygen | Molybdenum carbonyl Mo(C0), benzene; ether
%%:g?e Molybdenum dichloride MoCl,(or Mo,C1) | HCl,alkali, NH,0H,
_ acetone
Chlorine ‘Molybdenum pentachloride MoC1, mineral acid, liquid NH,
CC1,,chloroform;alcohol
ether
Chlorine Molybdemun tetrachloride MoC1, m mineral acid;
Chlorine Molybdenum trichloride MoCl, H,0
Fluorine Molybdenum hexafiuoride MoFé6 H,0;NH OH,alkali
Oxygen/hydrogen | Molybdenum hydroxide Mo(0H), (or HC1;30% H,0,
M0203.3HzO);
MoO(0H), (or acid, alkali,carbon
M0205.3H20);
Mo0,.2H.0 H,0,,alkali,hydrogen;acid
Brominel/oxygen/ | Molybdemum hydroxytetra MO,Be (O, alkali
Eyrggnefoxygenl a/ilolybdmu%e hmym MO,BR 4(01-1)2. 8H,0 HC1;alkali
Mt»wgenl gocgf&d&l:um hydroxytetra- Mozc 1 ‘(OH)z.ZHzO ooncenttawd acid
Iodine Molybdenum di-iodide Mol, H,0
Oxygen/hydrogen | Molybdenum pentoxide Mo 0 HC1
*"Molybd.blue” HzO;lcid.MeOH
MO,0,.xH.0
(variations in Mo and 0)
Oxygen Molybdenum trioxide Mol bgi;ba:‘hgdnde acid, alkali,sulfur, NH OH



filmformed on a sem conductor substrate conprising the steps..of: fornmng a

mask on the netal filmto define a preselected region of th
exposi ng the sem conductor substrate to a plasma conprising

presel ect ¢
convert ed

t he net al
conpri ses
films,

I

KCE

NTSHEET

el ectric potential to reactively formnetal conpounds wi thi he
td region of the netal film an@4selectively renovjng S:MAR 1998
| ayer with an etchant chosen to prevent substantijplletching of
f iokypentbromide-- 'mgbdeﬂﬁ{&?&gdmﬂﬁide h@édﬁ;l 30, Mgﬁ‘ ein the mask
a hard nask seledted fromthe group cdndisting of e s
e : and ti nded . '
tﬁﬁp&@ﬂdﬁk' g?hhuth Mo0Cl, H,0
Oxygen/chlorine Molybdemum oxytrichloride | Mo0C1, H,0
Ox 'chlorine Mol (
ygen/ diox{v?hm Mo0,C1, H,0; alcohol,ether
' chlorine/ Molybdenom Mo, >
Sydogen dioxydichloride hydrate 2Cl, H,0salcohol, acetone, ether
Oxygen/chlorine M'dybdmoride Mo,0,C1, H,0;ether
Oxygen/chlorine Molybdeoum Mo,0,C1, H0
trioxypeatachloride
Oxygen/hydrogen/ Molybdenum oxychloride Mo0(0H).C1. - Hzo;aleohol,ether,aeeﬁone
chiorine acid 22
Oxygen/fluori Mol, Mo0 ;
ygen/fluorine dioxgg‘iilﬁnm ze H,0;alcobol,MeOH
Oxygen/fluorine Molybdenum oxytetrafluoride | MoOF A Hzo;aleohol,ethu,CCI .
" Silicon Molybdenum silicide MoSi, HF +HNO,
Silicon/oxygen/hydrogen | Molybdeaum pentasulfide - | Mo,S,.3H,0 NH,OH, alkali, sulfides
Sulfur Molybdenum tetrasulfide Mos, alkali sulfide
Sulfur Molybdenum trisulfide Mox‘ Hzo;alhli,sulfur,concemnted
KOH '

While the present invention has been described in
conjunction with the preferred embodiment and several examples,
it'is evident that

PN



n%tal oxide filns. 32. The nethod of <claim:- 30, wherein the nask

COI'TpI’I ses a p

hQLngngl_layer 33. The nethod of i
the method further conprr‘ES‘the~step of renoving theﬂgagﬂﬁgﬁﬂéyTt :

step of exposi
reactive ion etch éysﬁenw
met hod further conprises the step of heatlng t he sem cpnd qCTOT-SUbSTT AL

converted Iaye”cl'mu The net hod of clain wherein |t
g wor subst te to a pl aspmy |3@ﬂg\kq9wd '

The hod of clalm wher ei n

at least 200 Cel sius during the exposure of the sem copductor substrate
the plasma. 36. The nethod of clai m&@AIMBerein the netal film

conprises c
renoving th
conpounds |

g

pper, the pl asma conprises chlorine ions and the step of
nmet al ounds_.i s erforned by, evaporating the netal
ng P Yin ' “khe™ 'fab

1|gand nbwgﬁpo for |use rication of a
semiconductor device, said method for etching a metal
film formed over a semiconductor substrate comprising the
steps of:

forming a mask on the metal film to define a

. preselected region of the metal film;

implanting ions into a preselected region of the
metal film to form a converted layer of metal compounds
in the preselected region; .and i

selectively removing the converted layer by
etching the metal compounds at low temperatures ﬁith an
etchant chosen to prevent substantial etching of the
metal £ilm.

2. The method of claim 1, wherein the mask comprises
a hard mask' selected from the group consisting of
dielectric films, metal films and tightly bonded metal
oxide films.

3. " The method of claim 1, wherein the mask comprises
a photoresist layer.

4. The method of claim 1, wherein the method further
comprises the step of removing the mask after the

converted layer is formed.

5. The method of claim 1, wherein the method further

ein-

e
a

it he
¥ to

to

comprises the step of forming an implant barrier layer

beneath the . metal film to prevent the ions from
penetrating into layers beneath the implant barrier
layer. ' B '

6. The method of claim S, wherein the implant
barrier comprises. a material that is electrically and



37.

canmpounds

anbient. 3
converted |
conpounds.

conprises ¢
selected fr
acetone and
conprises ¢
fromthe gr

t he pIasnaL

im 34, wherein the net

' kpe ions and the step of reno
m‘mmlmﬂwmgvaporati ng the netal conpou
* ¢ unex of claim 34, wherein the
ayer is perfornmed by applying_an etchant to

39. The method of cTafm 34, wherein the netal film
opper, the ions conprise chlorine ions and the—etehant—i-s - -

ORFHML HOUP SOR51&tiDen oéebgct[ eb" knel gohls igii@ntead cohol,
wat er . 40. The nmethod of claim 34, wherein the netal film

opper, the ions conprise oxygen ions and the etchant is selected
oun consi SThé@Um@thd¥l of claim 1, wherein the method further

'comprises the step of thermally  treating the
semiconductor substrate after the preselected region is
converted to assist in formation of the metal compounds.

3. The method of claim 1, wherein the metal film
comprises copper, the ions comprise chlorine ions and the
etchant is selected from the group consisting of HCL,
NH,OH, MeOH, ether, alcohol, acetone and water.

9. The method of claim 1, wherein the metal film
comprises copper, the ions comprise oxygen ions and the
etchant is selected from the group consisting of HCI,
NH,OH, NH,Cl, KCN, NH,F and acid.

10. The method of claim 1, wherein the metal film
comprises copper, the ions comprise fluorine ions and the

etchant is selected from the group consisting of HCl, HF,
H,0 and mineral acid.

11. The method of claim 1, whérein the metal film
comprises copper, the ions comprise bromine ions and the
etchant is selected from the group consisting of HCI1l,
NH,OH, HBr, H,0, NH;, acetone, alcohol and pyridine.

12. - The method of claim 1, wherein the metal film
comprises copper, the ions comprise iodine ‘ions and the

etchant is selected from the group consisting of HCl, Ki,
KCN and NH3.

13. - The method, of claim 1, wherein the metal f£ilm
comprises molybdenum, the ions comprise oxygen ions and
the etchant is selected from thé group consisting of H,0,

NH,OH, acid, alkali and sulfer.



~

[err],

[err], KCN, NH4F and acid. 41. The nethod of VB;EBILA;EBMEN%&HEEN

the.netal fi I”mﬂmmﬂﬁm r, the ions conprise fluofi

etchant is se mﬁmroup consi sting of HCL, HP, Hfﬁo qi Laerhl
acid. 42. _ The* méthdd &f €laim 34, wherein the nmetal |f{l g% ﬁé S
copper, the ions conprise brom ne ions_ the etchant §s the
group consisting of HO, [err], [err], , NH3, acetong¢, alcohol and
pyridi ne. 43. The nmet hod of claim 34, wherein the —f SES
copper, thejions conprise iodine ions and the etchant is selected fromthe

group consist tAg of HERe kmethe Hfy FdAAP 44 whereqp bendietdlcitii® 34,
wher ei n t hel mebapriise® GAMILELXH®| Ydientdmpiigel EDGoeRNRr LOR SO tHONS

and the et chagl s selartedh Lo tPEo M SRS e PLel 85 be b0 Tana

2
NH ,OH.

15. The method of claim 1, wherein the metal film
comprises silver, the ions comprise oxygen ions and the
etchant is selected from the group consisting of NH,OH,
acid and alcohol.

16. A method for wuse in the fabrication of a
semiconductor device, said method for etching a metal
film formed over a semiconductor substrate comprising tﬁe
steps of:

forming an implant Dbarrier layer on the
semiconductor substrate;

forming the metal film on the implant barrier
layer;

forming a mask on the metal film to define a
preselected region of the metal film;

implanting ions into the preselected'regioﬂ of
the metal film to form a converted layer of metal
compounds within the preselected region, the implant
barrier layer preventing the ions from penetrating into
layers beneath the implant barrier layer; and

selectively removing the converted layer without
substantial etching of the metal film.

17. The method of claim 16, wherein <the implant
barrier comprises a material that is electrically and
chemically stable with respect to the ions implanted.

i8. The method of claim 16, wherein the method
further comprises the step of thermally treating the




45, The nethad of claim 34, wherein the netal filmcd ¥ ' @HEET
the ions conprise fluorine Tonsand the etchant is -select %§%$@§EPQ|U p

consi sting of HZQHHIH . The nethod of claim wherein the
netal film - UMM'IHWH"LVEI’ the ions conprise pxlygd®0HARSI%hd
t he etchantsi-s select%d ' rém thesgroup consisting of [err aci d and

al cohol . 47 A nethod for use in- 209the fabricatioh of a

=

sem conduct ¢r device, the nethod for etching a netal fil mioroed-over
sem conduct ¢r substrate, said nmethod substantially as herei nbefore

descri bed wit FaRGQRIREEQH $HRS BERBAPAAYRPRy theadioRfs are implanted into
the preselected region to assist in the formation of the
metal compounds.

»

. A

19, The method of claim 16, wherein the metal film
comprises copper, the ions comprise chlorine ions and the
step of removing the metal . compounds is performed by
avaporating the metal compounds in a ligand ambient.

20. The method of claim 16, wherein the metal film
comprises copper, the plasma comprises bromine ions ‘and
the step of removing the metal compounds is performed by
evaporating the metal compounds in a ligand ambient.

21. The method of claim 16, wherein the step of

removing the converted layer is performed by applying an
. etchant to etch the metal compounds.

22. " The method of claim 21, wherein the metal film
comprisés copper, the ions comprise chlorine ions and the
etchant is selected from the group consisting of HCI,
NH,OH, MeQH, ether, alcohol, acetone and water.

23. The method of claim 21, wherein the metal film
comprises copper, the ions comprise oxygen ions and the
etchant is selected from the group consisting of HCL,
NH,OH, NH,Cl, KCN, NH,F and acid.

24. The method of claim 21, wherein the metal film
comprises copper, the ions comprise fluorine ions and the
etchant is selected from the group consisting of HCl, HF,
H,0 and mineral acid.

25. The method of claim 21, wherein the metal film
comprises copper, the ions comprise bromine ions and the
etchant is selected from the group consisting of HCI1,




r . H ). "};; ,(- ‘,'—1-_ -,-«-;.,',; N
-34- 48. The method-of T ai m 44, wherein the metal filmco IAE} Li%ﬁ#&?ﬁﬁﬂﬁi;
the icons conpri ' ' Iﬁnd the etchant is selected firgmthe group
consi sting of é&ﬁ\ HW““HMW‘ 20, NH3, acetone, al cohol arjd jpydiOdiAR19949.
4, '

The met hod of aln whefei h t'he netal filmconprises cogpgqr, the ions
conprise iodine ions and the etchant is 99 ected fromthe gfoup consistin
of HCl, KI, KCN and [err]. 50. The nethod of C aim 44, wher é&~R-t.he _neial
filmconprises nolybdenum the ions conprise %é¥gen ions, and the etchant is

sel ected frojm ¥HeOFr oBBTeolelst NHg 0GRS, [AhGqhoL, ARE BYREHIPRnd

sul fer. 51. [The method of C aim44, wherein the netal filmconprises -

silver, the jo conpri,se fluarine_ i.0 and e etchant_ i e d

the group cohs?gting o#ﬁ%w?ﬁégm Pgrﬁialm 5?, chhant, | Snsehik®Ad Fiom
comprises copper, the ions comprise iodine ions and the -

etchant is selected from the group consisting of HCl, K1,
KCN and NH3. ' '

27. The method of claim 21, wherein the metal film
comprises molybdenum, the ions comprise oxygen ions and
the etchant is selected from the group consisting of H,0,
NH,OH, acid, alkali and sulfer.

28. The method of claim 21, wherein the metal film
comprises silver, the ions comprise fluorine ions and the

etchant is selected from the group consisting of H,0 and
NH4OH.

29. The method of claim 21, wherein the -metal film
comprises silver, the ions comprise oxygen_iohs and the
etchant is selected from the group consisting of NH,OH,
acid and alcohol.

30. . A method for wuse in the fabrication of a
. semiconductor device, said method for etching a metal
‘£ilm formed on a semiconductor substrate comprising the
steps of:

forming a mask on the metal film to define a
preselected region of the metal film;

exposing the semiconductor substrate to a plasma
comprising ions under an electric potential to reactively
form metal compounds within the preselected region of the
metal film; and

selectively removing the converted layer with an

etchant chosen to prevent substantial etching of the
metal film.




52. The method of Caim44, wherein the metal film conpg
I ons conpri se o he etchant is selected f
corisi sti ng of and al cohol. 53. In the fabrig¢
sem conduct or ‘m”hﬁﬂﬂ’ is provided for etching q
on a sem cond ar onpr|5|ng t he steps of: f(
nmetal filmto define an exposed regi or ¥l the nmetal filr
t he sem conductor substrate to a plasma conprising ionsjunder an electric

potential tp reactively formnetal compounds wi thin the €Xposed region of

the metal f|lpyr.and sq‘lh@ctlrweettryoderrefl ng Uditm CoBUET t edhelrmior vEhéoumask

subst anti al egggb@qségtguh & mas

Jblected from the group consisting

of dielectric films, metal films and +tightly bonded
metal oxide films.

32. The method of claim 30, wherein the mask
comprises a photoresist layer.

33. The method of c¢laim 30, wherein the method

further comprises the step of removing the mask after the
converted layer is formed.

34. The method of claim 30, wherein the step of
exposing the semiconductor substrate to a plasma is
performed in a reactive ion etch system.

35. The method of claim 34, wherein the method
further comprises the step of heating the semiconductor
substrate to at least 200° Celsius during the exposure of
the semiconductor substrate to the plasma.

36. The method of claim 34, wherein the metal film
comprises copper, the plasma comprises chlorine ions and
the step of removing the metal compounds is performed by
evaporating the metal compounds in a ligand ambient.

37. - The method of claim 34, wherein +the metal
comprises copper, the plasma comprises bromine ions and
the step of removing the metal compounds is performed by
evaporating the metal compounds in a ligand ambient.

38. The method of claim 34, wherein the step of
removing the converted layer is performed by applying an
etchant to etch the metal compounds.




fromthe group consisting of dielectric filns, netal fil
bended net al mum Jm he method of Ol aim 53, whefe

conpri ses a pﬂﬂ! " ll ﬂ"’r% The method of O ai m53 vvhércgﬁ"’ﬁ%
met hod further conprlse e step of remgwisg the mask af}el the convert

| ayer is formed. 57. The rret hod of C aim53, wherein the ptep of exposi ng
t he sem conduct or substrate to a pl asrra |s perfornmed in al+reaettve-tomretch

system 581 T matho 5 he f h np S
the step of ggtl ng the sem g%ué or- Subst nge»{fFetﬁﬁ.q? e*a'Jifs‘{=J 3‘590% EHE
during the expom@mésgstQQppﬁﬂn<ﬁhﬁnknnﬁ Qnmmxxsne;nkpxinepigsﬁaanégth$he
met hod of d ab%ianemfgels}w&é@t 2koh 'EB&OEEBhiesc&xﬁ)@f&ln&heoﬂO' genm

conprises dhlorine 1ons an he step of renoving“t
NH,4OH, MeOH, ether, alcohol, acetone and water.

54. The et hee—ef—Claim 53, wherein the mask conprises a [ppiA MWIS@M}Q{
pae—tght+

40. The method of claim 34, wherein the metal film
comprises copper, the ions comprise oxygen ions and the
etchant is selected from the group consisting of HC1,
NH,OH, NH,Cl, KCN, NH,4F and acid.

41. = The method of claim 34, wherein the metal film:
comprises copper, the ions comprise fluorine ions and the

etchant is selected from the group consisting of HC1,

HF, H,0 and mineral acid.

42. The method of claim 34, wherein the metal film
comprises copper, the ions comprise bromine ions and the
etchant is selected from the group comnsisting of HCI,
NH,OH, HBr, H,0, NH3, acetone, alcohol and pyridine.

43. The method of claim 34, wherein the metal film -
comprises copper, the ions comprise iodine ions and the

etchant is selected from the group consisting of HCl1l, K1,
* KCN and NHj.

44. The method of claim 34, wherein the metal film
comprises molybdenum, the ions comprise oxyéen ions and
the etchant is selected from the group consisting of H50,
NH,OH, acid, alkali and sulfer.

45. The method of claim 34, wherein the metal film
comprises silver, the ions comprise fluorine ions and the

etchant is selected from the group consisting of H,0 and
NH,4OH.

46. The method of claim 41, wherein the metal film




-36- netal
| i gand anmb
copper, th
metal conp
anbient. 4
converted

conmpounds.

co by evaporating the ne @PM@WENBSSHEE’E
i ent. H&&Eﬂﬁ % CI ai m57, wherein the|ngtat—Tonmprises '
e plas ine ions and the step of i e

ounds I Uﬂmk vaporati ng the netal C)n]ogﬂﬁguﬁﬁwgg i papd

1. The nethod of Cla|n157 wherei-n the step of Lemving—i-he
| ayer is perforned by applyiag an etchant to ¢tch the netal
62. The nmethod of C aim 57, wherein the met al'“~r+mcompTTSES

copper, th'goc'ﬁés’rﬂgff%?r}si;&ﬁw F;ér 3 iﬁg&%ﬂﬁ%ﬂ% % 'ig@%’t gaﬁrgf’gﬁgéom

the group
wat er. 63.
the ions ¢
consi sting|o

1?@Ch%nhodsoﬁemaﬂﬁﬂ¢3 rqmembenqnnumecansistmmmnqﬁl8&308oppen
onpéiaeagayggeoh ps and the etchant is selected fromthe group
CL, [err] ?err], KCN, [err] and acid.

47. A method for use in the fabrication of a
semiconductor device, the method for etching a metal film
formed over a semiconductor substrate, said method
substantially as hereinbefore described with reference to
the accompanying drawings.




64. The method of O aimb57, wherein the netal
I ons conprise fluorine ions and the etchant

HF, H20 and m neral
filmconprises copper,
Is selected fromthe
NH3, acet one,

consi sting of HJ,

wherein the
t he et chant
HBr, [err];
wher ei n th!
t he et chant
67. The net
the ions cda
consi sting

p

net al

nmet al

al cohol and

filmconprises copper,
is selected fromthe group consisting of HCi,
hod of C aim57, wherein the netal
npri se oxygen ions and the etchant i
of [err], [err], acid, alkali and/s.y er.

-37- group consistih

acid. 65. The nej
the ions conpr

pW/4di ne. 66. The
the ions conpjgi

filmconprises copper,
is selected fromthe group
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68- The nethod of Caimb57, wherein the netal filmconprises silver, the
i ons conprise fluorine ions and the etchant is selected from t‘he. group

consisting of [err] and [err]. 69. The nethod of O aim57, ret—th .
nmetal filmpgconprises silver, the ions conprise oxygen ions EMFE‘%E&IEET
is selected fromthe group consisting ofp/ferr] acid and al cdh 70.Tn the
fabrication of a sem conductor device, a nethod for etching ajmeg i kg
formed on d semi conductor substrate, substantially as herebdf dre~descri bed
with refergnce to the acconpanying draw ngs. i s
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