2 4 MAR 2005 BI -LAYER RESI ST PROCESS FOR DUAL DAMASCENE FI ELD OF THE

I NVENTI ON The invention relates to the general field of photolithography
with particular reference to etching damascene wiring patterns in_, which
via hole dianeters are | ess than about 0.15 microns. BACKGROUND O 4TMER 2005

| NVENTI ON The invention relates to the manufacturing of Utra Large Scal e
Integrated Circuit L%F)E\ﬁ\@frei n the interconnection structures consi st
“of inlaid conduct i@’e Ao eSS ESIRIDLRAMABCENE and via hol es
formed using a dual damascene process. This invention describes a nethod
of form ng a dual damascene structure whose di nensions are | ess than those

obt ai nabl e when usi ng conventional photo |ithography techniques.

Subtractive etching nethod Eigroﬁ rmng interconnects have béen used in the
integrated circuit industr@ ™~ I"%@R{EN@Q'\BUCh net hods i nvol ve formation

of contact or via holes in a dielectric layer and then depositing a netal
filmsuch as alumnumor its alloy by 1 2 4 MAR 2005 a sputtering

t echni que. Thi |l layer is then patterned using a photolithography mask
and the netal Frlﬁgﬁ@%‘@tf?@ e%%sft%ﬁ"ﬁ%”ﬁﬁ figld opehatelithograyhy witp Iperticilai eggreraict er n

| ayers c . formed by deposition of an interlayer dielectric and
e SRl

connecti on tging imwhieh via hole diameters are iless than about 0.15

microns.

BACKGROUND OF THE INVENTION

The inventiop relates to the manufacturing of Ultra Large Scale Integrated Circuits

(ULSI) wherein the interconnection structures consist of inlaid conductive metal wiring and

| conductive contact and via holes formed using a dual damascene process. This invention
describes a method of forming 2 dual damascene structure whose dimensions are less than

. those obtainable when using conventional photo lithography techniques.

Subtractive etching methods for forming interconnects have been used in the
integrated circuit industry for a long time. Such methods involve formation of contact or via

holes in a dielectric layer and then depositing a metal film such as aluminum or its alloy by



patterns. The switch fromalumnumand its alloys to copper interconnect
schenes brought about changes in the interconnect process technol ogy.

Sirnce etching of copper is difficult when using subtractive etchin? R 2005
nmet hods, 'damascene/ dual damascene' processing approaches have evo éé%ﬁ ?%
t he damascene process a trench is cut in the dielectric for netal wring
and contactﬂand/or via holes are forned in the dielectric for wiring

i nt er coAeotieringexdmiduel it [ f form.ng dual damascene
structures are known, some %pﬁﬂ%H?gﬁh§éﬂ%i§8&?%@dﬁﬁ' A Mhotelithegraphe ek no

1 Ref eramdgh@omettpidb sirate 11 is coated with dielectric |ayer 12
and trench 13 is et c%ggaﬁﬁefr%g'?né. VNG Patiefs Meliiste wiring patyrnbigyéiecan be

appl i cabim sist | r 14 which is patterned to provide an etch
mask with g‘écebf%’idn%b%gfo%ff%wﬁ%&sf@efﬂ@gecan@aedtqonoecmn oivestR Wb opnhbig

t he Ie\ﬁétte%ssubstrate 11, thereby formng via hole 16, as seen in FI%

lc. After the resist has been stripped, the via hole and trench are filled
with nmetal 17 to formthe danascene structure (referred to as 'dual’
because both hole and trench formation are involved) seen in FIG 1d. 2 2
4 MAR 2005 Prior art nmethod no. 2: Here, formation of via hole 16 is the

. T ' i
first step, 4% SWHeM fiom BluGin2a. akhre aliéys ®FE&bper interconnect schemes brought

about changes in the interconnect process technology. Since etching of copper is difficuit

when using subtractive etching methods, "damascene/dual damascene' processing

a
| pproaches have evolved., In the damascene process a trench is cut in the dielectric for
metal wiring and contact and/or via holes are formed in the dielectric for wiring interconnect

Several different techniques of forming dual damascene structures are kndwn some of

. which we describe below:

Prior art method no. 1-

Re_ferring now to FIG. 1a, substrate 11 is coated with dielectric layer 12 and trench
13 is etched therein. This is followed (FIG. 1b) by the appiication of photoresist !ayef 14
which is patterned to provide an etch mask with opening 15. All unprotected dielectric is
then etched down to the level of substrate 11, thereby forming via hoié 16, as seen in FIG.
1c. After the resist has been stripped, the via hole and trench are filled with metal 17 to

form the damascene structure (referred to as ‘dual’ because both hole and trench formation

are involved) seen in FIG. 14.



in FIG 2b, photoresist 24 is laid down and patterned to define the trench
(FIG 2c). After trench etching and resist stripping, the trench and via
are filled with netal 17 (FIG 2d). Prior art nmethod no. 3: This variation
begi ns with deposition of silicon nitride |ayer 31 onto diel ectricZUR2MARSO0S
seen'in FIG 3a, followed by photoresist |layer 34 which is patterned to
define the via i Then the silicon nitride is selectively renoved to
form hard naské;%g(—fsl'ﬁo—&}%@)'—?énd second dielectric layer 32 is laid down
(FIG 3c). .A second photoresist layer 35 is then applied over |ayer 32 and
patterned to define the trench (FIG 3d). A single etch step is then used
to -form both rench 33 and the via hole 36 (FIG 3e). Then, as before,
all resist is BRUSHET g bele H Santhevirst stere abishb@dl inWFISh28eTRdn, :gg LELG
3f). Prlor Fré' 2me gtd no 4: In this fourth prior art approach, th

di el ectric [ ay&P P3OPEsi 24 ilgighdavnmndpaticrnatn defihd thedendd (F150bd) OWﬁEQ

whi ch a l%ﬁ'l{: %C%OSItdI Ve ghotoremst 41 is laid down and patterned to
define via her&<f YFEesighstrioping dyetrenth aepeit pvefillpt otitresthisty (#R5.i8)
deposited over patterned layer 41 and is itself patterned to define trench
13. Because of their different chemstries, 3 2 4 MAR 2005 patterning of
42 does not inpact |ayer 41 as shown in FIG 4b. Then, silicon-nitride etch
stop | ayer, 31%@@@&% enoved and si nmul t aneous etching of both
resists as well dielectric |layer proceeds so that trench 33 and via 36 are
both formed in a single etching

This variation begins with deposition of silicon nitride layer 31 onte dielectric 12, as
seen in FIG. 3a, followed by photoresist layer 34 which is patterned to define the via hole.

Then the silicon nitride is selectively removed to form hard mask 131 (FIG. 3b) and second

- dielectric layer 32 is laid down (FIG. 3c). A second photoresist layer 35 is then applied over

y layer 32 and patterned to define the trench (FIG. 3d). A single etch step is then used to

form both the trench 33 and the via hole 36 (FIG. 3e). Then, aé before, all resist is

removed and trench and via are filled with metal 17 (FIG. 31).

Prior art method no. 4:

In this fourth prior art approach, the dielectric layer 12 is also coated with silicon
n:trxde 31, following which a layer of positive photoresist 41 is laid down and patterned to
define via hole 15 (FIG. 4a). Alayerof negative photoresist 42 is dep081ted over patterned
layer 41 and i Is itself patterned to define trench 13. Because of their different chemistries,
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operation (FIG 4c). Then, as before, all resist is renoved and trench and
via are filled with netal 17 (FIG 4d). Wile all of these prior art
nmet hods are widely used, they all share a single difficulty, nanely that
they are ineffective for etching via holes having a dianeter |ess 2thgar 2006
about 0.15 mcrons. This is because contact and via holes of size 0.18

m cron arréttbelirgrofadiedodza®® bkt LL i ign that jt is difficult
to pattern them (using conve‘??:i ﬁgfwg%osbgwmrﬂggia‘%hyfqe@cWH?QWEEE'F@\ﬁiqhh

consi st estorateyer atys asdct IR Qﬁﬁﬁ ility ,required for VLS
devices. Wth current pho\{égll i t hogr ;%rLoi l ect%ﬁ(igod"ﬁe%tc}i“f’gi%é begY {esifits epovdlt to

f or m vi adfeitatriciyeciutdsdd sohast ird f._ Lt hogr aphy ephancenent
techniques such as off-axis il {urlr%lﬁr?gtselgjgﬁV'gr?g Y E%ﬁﬁ‘a iBiaesle piching

maski ng. opgpticaihesid)habhed)ay e : [ aling with this problem
i nclude shrinking tdr)le via si ;ﬁ%né@é&%& rieﬁ]\gge%?m%ﬁ%rfc&zg}divéa ¢ tllgd witbl e
openi ng astaldightGy)Lin in US 05753967, and a self-aligned method to form
a narrow via (Lu US 5789316). In a routine search of the prior art, the
foll owi ng additional references of interest were also found: In US
5,877,076, Dai describe atwo step process based on a conbi nation of

i, R T R B S et

at . g how a 2yr esi st!? %Iré:ygr dﬂ%{or gg@é%@rﬁm Vg2 &ﬂ’i"?t@f i thes aboeE219 96,
microns. This is because contact and vja holes of size 0.18 micron and below are
becoming so small in dimension that it is difficult to pattern them {using conventional
photolithography techniques) with consistent éccuracy and the process repeatability
required for ULS| devices. With current photolithography techniques it is very difficult to

form viafhole structure without the use of lithography enhancement technigues such as

off-axis illumination and attenuated phase shift masking.

Approaches that have been taken towards dealing with this problem include
shrinking the via size by deposition of dielectric in the hola opening as taught by Lin in US
05753967, and a self-aligned method to form a narrow via (Lu US 5789316). In a routine -

search of the prior art, the following additional references of interest were also found:
In US 5,877,076, Dai describe atwo step process based on a combination of positive

and negative resists. Nguyen et al. (US 6,043,164), Dai (US 5,976.,968), and Nguyen et al.
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Dai shows a dual damascene bi-Ilayer photoresist process. SUMVARY OF THE

| NVENTION It has been an object of the present invention to solve the

probl em of how to pattern via/contact holes less than 0.15 umin a
damascene structure. Another object of the invention has been to redyg RIS
process to two |lithography steps and one etching step. These objects have

been achi Bt g mipabsEcke SrblfRRl FEMIKLLTOURLANES Lo o Lor g (he

contact and via holes while using deep ultra vi

pat t er ni n§933, B&hMmses. ] hes. A si ified process
scheme is described mhe{rg?vnéQi%pﬁ?%g%?@fag&%@%séénﬁp@c?ﬁ ¢ 11 VS5 87,906,

sol vent desiehepakl ®.£10030 [; ¢ e.trench pattern is then forned on
an aqueous devel opabl e phot%]r%zdslfégteﬁgg%tﬁ% !SiRrCiCS?JS'of said e-beam resist. 5

2 4 MAR 2005 BRI EF DESCRI PTION OF THE DRAW NGS Figs. la - 1d show
successive steps in the formation of damascene wiring according to the
teachings of the prior art. FIGS. 2a - 2d show successive steps of a second
prior art nmethod for form ng damascene wiring. FIGS. 3a - 3f show
successive steps of a third prior art nethod for formng

SUMMARY OF THE INVENTION

It has been an object of the present invention to solve the problem of how to pattern

via/contact holes less than 0.15 um in a damascene structure.

Another object of the invention has been to reduce the process to two Iithography

steps and one etching step.

These objects have been achieved by the use of e-beam patterning techniques for
forming the contact and via holes while using deep uitra violet photolithography patterning
techniques for forming the trenches. A simplified process scheme is described wherein

- contact/via holes are formed first on a solvent developable e-beam resist and the trench

pattern is then formed on an aqueous developable photoresist coated on fop of said e-beam

resist.



damascene wiring. FIGS. 4a - 4d show successive steps of a fourth prior art
nmet hod for -formng damscene wiring. Figs. 5-8, 9A-9D, and 10-11 show

successive steps that illustrate a first enbodi nent of the process of the
present invention. FIGS. 12 - 20 show successive steps that iIIust{j? 2005
second enbodi nent of the process of the present invention. 6 2 4 006

DESCRI PTI ON OF THE PREFERREDEMPINWENTSE Ting: gﬂ)&W‘INiG@ I's a general process
for form nhg a dual danascene structure in a lelectric layer. In its nost

general enbodinment, the invention first uses an el ectron beam together
with a positive electron beamresist, to etch a via hole that is |less than

0.15 microngigs de- thsangBuetinl aetd i .to_some particular depth,
general | y between about 0. 5 and 1.é%inﬁrlh%:%ﬁého&%\%ﬁm?ﬁcpepﬁé"'rﬁ&éccpfﬁmt

Wi ring ltevks feachihgs ui thepaibt gth al so includes alignnent nmarks for |ater
alignment of. the wire/trench pattern. The dielectric is nost comonly
silicon oxide but the invention is not limted to these. O her dielectrics
that could also have been used include bariumstrontiumtitanate (BST),

CVD (cheni caFlGapt - 2deghosi sices)sivaRicds WP PXi oped tantal um oxi de,
pl asma enhanced (PE) CVD tantal um oie?)ge, fl u%ﬁdn%epégtsﬁegggtﬁr MREY,
hydr ogeflagiase’nsuiriogxane, spi n-on organic o

Fng. 3a - 3f show successive steps of a third prior art method for forming

damascene wiring.

FiGs. 4a - 4d show successive steps of a fourth prior art method for forming

damascene wiring.

Figs. 5-8, 9A-9D, and 10-11 show successive steps that illustrate a first

embodiment of the process of the present invention,

FiGs. 12 - 20 show successive steps that iliustrate a second embodiment of the

process of the present invention.



pol yners, spin-on inorganic dielectrics, CVD carbon doped silicon oxide,
Xerogel, surfactant/copolymer tenplated silicon oxide, fluoropolyners,
porous silicon oxide/ polymer conposite, porous CVD carbon-doped sjlicon
oxi de, "and porous dielectrics in general. Prior to irradiation, t he % MpB s
resist is soft baked (160-200 C for between about 1 and 4 m nutes on a hot

plate). The e-beam It I bea a shaped beam or
an e-beam proj ection |}§?ﬂ0@32§h99§1y!’{3 e#?%@ﬁgm%&ﬁ resist is
sensitive to e-beamradi ati on. An exanple of such a resist is ZEP- 520 from
Ni ppon Zeon of Japan. Irradi ated areas are renoved after devel opnent in a

solvent. An exg{®ige9 Sl | e devel oper .is n-butyl acetate followed by
rinsing in Methyl Iesool?ﬁflla %r{eg%e[?rpg%sﬁr%bﬁmf‘gﬁ IGER SauBsosae striethre e

resi st i sditlB&R £d 1k tween about .90 and 120 C for between about 1
and 3 minut es)?lh?hen, ﬂ%ﬂaﬁ& eﬁ]eﬁae\wb&dg?eqti RtMEREON fiTst Hees(@fe@lpctov) beam

phot or esitsfethar SuthtABLS:; tch mask .is created. Since e-beamresi st
is not sensitive to Fhelw\?taé%%%gﬁ%mlfggﬁh tp §ich 2 vig Bolextpatsigriess thenios15

£ ) . _ . . | .
bace dover oper are RABRS Ykt Ry B BB AT dokifo apomely detrecaaont
sol uti on.0.Exp9328 Hies) vi,a patfern will al so be'cl eared
during this devel op]- %ngg?&%f%}ctggs%%gﬁ%’g?trw D%%ﬁﬁg-rgﬁ Ug Palemidlsegnelhdes

cont act / \Hianiehe t i t,be affected by aqueous base devel oper as
“tie not Sorent rgaiﬁ% @%e%\dué‘kgé‘eve&tﬁég%ﬁwr? '@”HE\P@Ft@ﬁdehﬁrﬁhﬂlmt@@iasmos‘s al so

| taneously formthe contact/via

104 O TR TR Rl ShBI 15 Ut s ot asin
trench by 68id%een used include barium strontium titanate (BST), CVD (Chemical vapor
deposition) tantalum oxide, CVD doped tantalum oxide, plasma enhanced (PE) CVD
tantalum oxide, fluorinated silicate glass, hydrogen silsesquiosxane, spin-on organic
polymers, spin-on inbrganic dielectrics, CVD carbon doped silicon oxide, Xerogel,

surfactant/copolymer templated silicon oxide, fluoropolymers, porous silicon oxide/ polymer

composite, porous CVD carbon-doped silicon oxide, and porous diefectrics in general.

Prior to irradiation, the e—bearﬁ resist is soft baked (160-200 °C for between about
1 and 4 minutes on a hot plate). The e-beam lithography tool may be a spot beam, a
shaped beam, or an e-beam projection lithography system. The electron beam resist is
sensitive o e-beam radiation. An example of such a resist is ZEP- 520 from Nippon Zeon
of Japan. Irradiated areas are removed after development in a solvent. An example of a
suitable developer is n-butyl acetate followed by rinsing in Methyl léobutyl Ketone/tsopropyl
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to é depth between about 0.2 and 0.5 microns, follow ng which all resists
are renoved and the trench and via hole are filled with netal, nbst

nmo by overfilling and then planarizing by neans of chem megh. 05
§8| i sm %g. yExarrpl es of gmst als that could be used include el ect roche%%ﬁéﬁ Izy

i i ' i i hysi cal vapor deposited (PVD)
deposi ted (ECD) copper in combination with physi« apor
Co umnitride, both PVD and
OO 1 ungst ot Preee e AT AU R HhetiFen phof Yoo S besissniaboiiie,
cvb tungsten nitride, i tant Um 'Slt Lde barrier ia ers, enhanced PVD/ CVD
ol o num sy SareSRy, Thesk $8Rg 8 0Bl entkinedtore ) BhetorenctroughbE. beam
alu : O
. - h hput conpared to opti cal
o oA BRI Y e A el e
- ’ hi gh throughput. Use of these e-beam
deovel OPIe i B Sy R AL B B DL e e, &
too!stolyvrl a to,wite t trench patterns, is therefore
OEH g?Lat Eé@sbgg%eaééi%‘%f%&ms éf%f‘é}&]?ri%H (Rteumethy! aamdomiemi kydemide)
a ' . :
. i1 e of e-beam|ithography is the
Dot o TGS ot B KNP AL e P Lol ot e o ot
! : i custom zed ‘patterning
data can: he R OrIERBbLONM P Ara R cRatia Toe Goiirs wiknat o eromiao
ata can be ; -
. . : : i tterns through
maki ng of C ving, custoni zed wiring pa
Sol ectgi veby g&g%gﬁ g‘%c?f a%:\%ltlHtDISE Ea? NS n%&pglgble in aqueous developers. The developed
photoresist is also hard baked and this mask is used to simultaneously form the contact/via
hole (by etching to a depth between about 0.5 and 1.25 microns) and the trench by etching .
to adepth between about 0.2 and 0.5 microns, following which all resists are removed and
the trench and via hole are filled with metal, most commonly by overfiling and then
. planarizing by means of chem. mech. polishing.' Examples of metals that could be used
include electrochemically deposited (ECD) copper in combination with physical vapor
deposited (PVD) or ionized PVD tantalum, tantalum nitride, titanium nitride, both PVD and
- CVD tungs'ten nitride, titanium silicon nitride, tantélum silicon nitride, copper with tungsten

sificon nitride barrier layers, enhanced PVD/CVD aluminurﬁ, cooled conductors, and

superconductors.

Note that although E-beam lithography systems currently have low throughput
compared to optical lithography systems, projection lithography tools are presently under
development which are capable of very high throughput. Use of these e-beam tools to write
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W now describe two specific enbodi nents of the process of the present
invention: First enbodinent: Referring nowto FIG 5, the process for this
ermbodi ment begins with the provision of partially conpleted integrated
circuit 51 having on its upper surface a dielectric layer 52 whoseR; maR 2005
t hi ckness is between about 0.7 and 1.75 mcrons. Dielectric layer 52 is

t hen coat on beamresist foll owed by soft
baki ng, agq%w%ggﬁgﬂglgggmﬂéWﬁﬂ?@i Mg%rai@!})b%@r@s fovidedos erchedier®], as

seen in Fs @herb f the via hole is formed in the electron
beam r esi ;st ersglr%ad;ilﬁfgﬁﬁ‘{gl Hgg‘gﬁ’a%éegh Bfe. pestisatenand effioant erfoBnamdecr ons.

The el ectg el oped in a non-aqueous solvent to formetch
e S ATRRBRH B8 Alack ot NN AR s Ao b oL tent 10 form et

devel ope 71 is then coated wi th photoresist
| ayer 81%@%%5%\/\%%% ng’? E%‘%‘.S %%P?téﬁﬁé'&e%y (@xipesarentiopal piictalithdgedpety) | i ght

82 i magedsd Al JWa?tE L9 fo rench and wiring pattern. These are
shown as 93 and gbG resprﬁﬁl Ve %”?ﬁf%w@*g@?owfﬁ@ma@w@haiesTeuquam altaav or

w der thaRe AR |§ the via hole. The trench has a width
bet ween about 0. 05 éﬁ%‘@g@egmﬁitﬁrr@ﬁg‘%ﬁ&m'ﬂﬁ% “idip Pafierds terodeiptshleofive

bet ween @?Béur@&c&ﬂgctﬂ,éh@tegrons The structure seen in FIG 9°(a) is now

subj ected- to reactive 1on etching using a chemstry that attacks both the
dielectric material 52 as well as both resist layers 71 and 81

We now describe two specific embodiments of the process of the present invention:

First embodiment:

Referring now to FIG. 5. the process for this embodiment begins with the provision
of partially completed integrated circuit 51 having on its upper surface a dielectric layer 52
whose thickness is between about 0.7 and 1.75 microns. Dielectric layer 52 is then coate-d
with layer 53 of an electron beam re_sist followed by soft baking, as described above. By
selective exposure to electron beam 61, as seen in FIG. 6, a latent image of the via hole

is formed in the electron beam resist, said via hole having a diameter less than about 0.15

microns.

The electron beam resist is developed in a non-aqueous solvent to form etch mask
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" whose thi i f 71 (shown in FIG 10 as
se thicknesses are such that a certain anount o
}M;ger 162) remains. As seen in FIG 9 (b), layer 161 shows the part of

i i -1 i 81. Layer 162 is,t g
r 71 which is protected by |[I-line resist |ayer 8: 05
:02?/? of layer 71 wﬁi ch is not protected by I-line resist |ayer 81. }DJ%%%D
RIE (reactive ion etch) of contact/via holes all of layer 162 and part o
The contact/via etch is parti al

i FIG 9 (c)). .
and s s SHERES AP T no Rtomies b dbeies geetopss miskirambons etichapg of
[ ' tops when the trench and via depths shown in
ayers a2 e bt Pfes s adiricrad wircs el uiiernedThicoxjopiiesoof
j . h are controlled by choosing the rig resi
T L e AR A e
' i st ilicon oxide. An exanple of a RIE process sui
m' “this %Fe‘i‘”é‘g?nﬁd%ggﬁﬁézée#&@@v%in RG] (a). sThs tréndH iemual%ﬁ?gioz@FﬁqaaM{&%ng\BOS
30-50 scc 10-20 sccm and 130-170 .
seem r 2ts pifélcciqgv‘?ﬁraﬁ%@eos"ﬁftaeé’ﬁﬁaﬁﬁ'@r ﬁ]ﬁ%ygucprehas alﬂiﬁtmﬁﬂw%mmlbout\r/]\q).bﬁ dﬂta Doyer of
- : cess is adjusted to have a very high etch rate
1? or 8ioloi con%o" i'ad“y??"QFRé\EP'grE’%ﬁdoat%th V\gcbqf‘é@@safsout Ore arid G 5wayronst h the trench
g(rj tshe via hole are formed at the same tine. After stripping-away all _
; ining resists, the structure has the appearance shown in FIG 11. Al
'[ﬁg? rem?fi ns i.[% t’c% f'%l | the.trench and via hole with rr.etal , th_ereby form ng
t he damascene '€ Structure seen in FIG. 9 (a) is now subjected to reactive ion etching using a

chemistry that attacks both the dielectric material 52 as well as both resist layers 71 and 81
whose thicknesses are such that a certainr‘amount of 71 (shown in FIG. 10 as layer 162)
- remains. As seenin FIG. 9 (b), layer 161 shows the part of tayer 71 which is protected by -
I-ine resist layer 81. Layer 162 is the part of layer 71 which is not protected by I-line resist
p layer 81. During RIE (reactive ion etch) of contact/via holes all of layer 162 and part of layer

~ 81is etched away (see FIG. 9 (c)). The contact/via etch is partial and is shown as layer 40.

Thus, RIE proceeds with simultaneous etching of via and tren.ch. Etching stops when

~ the trench and via depths shown' in layers 42 and 41 respectively, are achieved (FIG. 9 (d)).

.' The depths of contactivia hole and trench are controlled by'choosing the right resist

thicknesses, depending on etch selectivity between the e-beam resist, the I-line resist, and

the silicon oxide. An example of a RIE process suitable for this selective three material etch
is as follows:

CHF3, CF4 and Ar gases at flow rates of 30-50 scc:.m, 10-20 scem and 130-170
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i ri i : Referring nowto FIG 12, this enbodinent also
\tl)megrg: ﬂg W_Ssﬁo?dhgngggi/im:ingn of parti gl ly conpleted integrated circuit 51 on
whose upper surface is first layer 132 of silicon oxide. This is goated o005
with silicon nitride |ayer 131, followed by second of silicon oxide&4 X¥Br
134, The thickness of first silicon oxide |layer 132 is between about 0.5
and 1.25 g hat ,of silicon nitride 131 is between about 0.02 and
0.2 micr ogr% il %@egtﬁ]vaeﬁf 8t ALHEBIDGT BI9SSEBT SRS Migye with3RF pswhebieEmsabout
0-2 and aq’ m'T%cw ~rane Latter is then coated with layer 53 _of_an_

| ectron basm rger %tp "RMTEE PP ?@“?"ﬁ@ﬁo 88Ya a Nardugh eish date dorssilisdn eaidkirelative
eDieI ectri ,I] rs 131 and 132 are, nost conmmonly, silicon oxide other
di el ectritgtma eorliseﬁis "such as BST, CVD tantalum oxide, CVD doped tantalum
oxi de, PECVD tantal um oxide, fluorinated 11 2 4 MAR 2005 silicate gl ass,

h droben si | sesqui osxane, spin-on organic polynmers, spin-on inorganic

diyel ectrics, .carbagn doped silicon oxide, Xerogel, surfactant/copolymer
templ ated si ﬁ/&%w&ﬂ@éh ﬂ% Bt dpend therda hplerasedowidd atahe eamdeimeoAstarT
cogosit or ous CVD carbon-doped silicon oxide, and porous _d| el ectrics
in gener%ﬁr,'&gofﬁ%ﬁa}éﬁl & PAVEY HeHS 188 §trugiyreshasdibeiappearpos shawrt in RiGeat r on

in. 13, a latent image of the via hole is-forned in
P ﬁgmefé’ct‘a‘?z'ﬁag%@%%h?@gil’ g\’ thedtangh pd viRdiole Wil metpl. dheriehyritreing tee slatrdaceneabout

0.15 m C LRy The el ectron beamresist is devel oped in a non-aqueous
solvent to _

Second embodiment:

Referring now to FiG. 12, this embodiment also begins with t he provision of partiélfy
completed integrated circuit 51 on whose upper surface is first layer 132 of silicon oxide.
This is coated with silicon nitride fayer 131, followed by second of silicon oxide tayer 134,
The thickness of first silicon oxide tayer 132 is between abéut 0.5 and 1.25 microns, that
of silicon nitride 131 is between about 0.02 and 0.2 microns, and that of second silicon
oxide layer 134 is between about 0.2 and 0.5 microns. The latter is then coated with layer
53 of an electron bea.m resist which is then soft baked, as discussed earlier. Dielectric
layers 131 and 132 are, most commonly, silicon oxide other dielectric materials such as
.BST, CVD tantalum oxide, CVD doped tantalum oxide, PECVD tantalum oxide, fluorinated
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formetch mask 71 that defines the via hole pattern (see FIG 14). The
devel oped el ectron beamresist layer 71 is then coated w th photoresi st

| ayer 81 (FIG 15) which is then patterned by exposure to ultraviol et

| ight 82 imaged through mask 83, to forma trench and wiring patt@&nMAR 2005
These are shown as 93 and 96 respectively in FIG 16. The trench is equal

to or w deiicitBad)addy i €aetpe trench has a w dth between about 0.05
and 0.25 m croﬁds]a éné’?ﬂh%ﬁg%”g%?ﬁ) 'BYEES SPIEPt PTI9BIC RolVRRssA. sioon iBo@aaind 0. 5

m crons. dieciikU in,Fl.G 16 i s now subjected to reactive ion
et chi ng usi ngC a gwgmggrt%?@q{%%’ fGPR R gt eiogely strfactantisspolsier tesnate

resi st | aygesh dkgan iLch results in the sinultaneous renoval of
bet ween about 30 g’nﬂu%%iwefﬁﬁeo URAPT SLERT KXIdsT Rotvmsh casernsite.epdrsts 3WD

bet ween a@oHbn- ~30%.0of th hot gr esi st, but w thout attacking the
silicon nitr irgjg&ljeg;%'rcggﬁ'eéﬁngﬁo ¥3%8'§&§'°§@ genesalc pould slsolhaye beersosdchat

partial via hole 116 is forned. This is followed by the selective renoval
of all unprotected silicon nitride together with all or part of

unprotected elgcdd resist 71 and all or part of remaining 12 2 4 MAR
2005 phot or esi st 1%?@@%%?%%Sfefﬁo'ég%ﬁgm%@ééb@ﬁ para latant imapenafitiee 216,
as seen i hRbfe sk it is not necessary to renove all- the

unprot ected E- blgargr:r%erol\lgﬁﬁ? %Q?é;gri} E’?'flmﬂfe?'érr saidefid el hevingrediamptestasstteah

silicon nigdik @ersvi, c nces. The E-beamresist is etched during
this step and tr en(%q&#so? rhr%t%llec? rof‘%«?ﬁ"b@@i%?. depgloned &) f ngnmovees sdvent eas Of

silicon qﬁﬂn‘ﬂgtcﬁfmdsﬂﬁrtha%%éﬁne%%‘@vi%%o}ehgattle?nv(%lae(l):flG.S1l4l).l Qr?wg developed electron

beam resist layer 71 is then coated with photoresist layer 81 {(FIG. 15) which is then
patterned by exposure to uftraviolet light 82 imaged through mask 83, to form a trench and
wiring pattern. These are shown as 93 and 96 respectively in FIG. 16. The trench is equal
{ to or wider than the via hole. The trench has a width between about 0.05 and 0.25 microﬁs

and, when completed, a depth of between about 0.2 and 0.5 microns.

The structure seen in FIG. 16 is now subjected to reactive ion etching using a

- chemistry that attacks both layer 134 as well as both resist layers 71 and 81, which results
in the simultaneous removal of between about 3(_} and 80% of the unprotected electron
beam resist and between about 30 and 80% of the photoresist, but without attacking the
silicon nitride tayer 131 which thus acts as an etch stop layer, so that partial via hole 116
is formed. This is followed by the selective removal of all unprotected silicon nitride
together with all or part of unprotected electron beam resist 71 and all or part of remaining

12



nitride | ayer 131 are renoved, thereby formng the trench 33, along with
all unprotected areas of silicon oxide |ayer 132, down to the upper

surface of 51, thereby formng via hole 36 and giving the structure tﬂ? 2005
appearance illustrated in FIG 19. After stripping away all remaini na AR
resists 171, all that remains is to fill the trench and via hole with

metal 17, pigsod ther orm ng the damascene wring
structur ep Sﬁ()\/\s%@?‘ﬁ?%@%,ﬁ Vs'?%é;ereﬂ?fe‘?ﬁ"i'%h"ﬂﬁfﬁe Béeragseehiic GlGrisy

shown andnggsREd P rence to the preferred enbodi nents thereof,
it will be underis{%E)j‘c?\él\/h%&}SS Eﬁ 8 'SHPY @lﬁtnen“’iﬁﬁ@teﬁﬁeﬂ B-beam vaphatosesisthamges i n

form and @eiRbl st e. Wt t departlngfromthe spirit 'and scope of
the invention. iﬁ@%npp&ﬁg%g? r%[ ? N8 eteh CONpRrsees $hé Brbekor masings atcHal

damasceneg iUt W lectric |ayer, conprising the sequential steps
of . using anbe Iecté}onﬂat}geé'%hg [aliqn dheatbeddis- beam r esi st, etching a via hole

that is less than 0.15 mcrons w de through said dlelectric | ayer to a
first depth; 5 using ultraviolet light and a photoresist, etching a trench

that is as |eggknyas said via hole, to a second depth that is less
than said first eptl‘wb]c(i)(r?eec(flrr(%j e F9cPRSride &f layae 134, down to the level of silicon

| mtrnde layer 131 are removed, thereby forming the trench 33, along with all unprotected
areas of silicon oxide layer 132, down to the upper surface of 51, thereby forming via hole

36 and giving the structure the appearance illustrated in FIG. 19.

After stripping away all remaining resists 171, all that remains is fo fill the trench and

| via hole with metal 17, as discussed above, thereby forming the damascene wiring structure

shown in FIG. 20.

While the invention has been particularly shown and described with reference to the
| preferred embodiments thereof, it will be understood by those skilled in the art that various

| c;hanges in fqrm and details may be made without departing from the spirit and scope of the

invention.
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filling the trench and via hole with netal. 2. The process described in
claim1 wherein the first depth is between about 0.5 and 10 1.25 m crons.
3. The process described in claim1l wherein the second depth is between
about 0.2 and 0.5 mcrons. 4. The process described in claiml V\hgrmtﬁg
dielectric is selected fromthe group consisting of BST, CVD tant t

oxi de, O@f d tantal um oxi de, PECVD tantal um 15 oxi de, fluorinated
silicate glass; hydrogen sil sesqui osxane, spin-on organic polymners, spin-
on i norgani g di eég&)tpgi Cfsﬁi@CV'D carbon doped silicon oxide, Xerogel,

sur f act ant / ¢opol sg ferforming d duial dancescend efc: ' qr ous
silicon oxige-pol yner conposites, and porous w%“%?‘%%ﬁ?‘%g%éﬁcgw?%%
oxide. 14 2 35%%%/“2'@@9@.0@\ process for form ng damascene wiring in an
integrated circuit, conprising the sequential steps of. providing a
partial ly conpl é*8d aRisclprabesin aid auplecthavbanen @Bist BREMSNE AGE R WA
a diel ectrit% h@yﬁ.}r havi w a thickness; 5 coating said gi electric | ayer with
a layer of efectPdicirasnidedarygh 8id diststctrichiaer g filgedepth:ect ron beam resi st ;
by sel ective exr&g%grﬁ to a}n el ectron beam formng a latent inmage of a via
hole in ultraviolet ight and a photoresist, etching a trench that is as least as wide as

jich 1is

said via hole, to a second depth that is fess than said first depth;

removing all resists; and

filling the trench and via hole with metal.

2. The process described in claim 1 wherein the first depth is between about 0.5 and
10 1.25 microns.
¥
3.

_ Th__e process described in claim 1 wherein the second depth is between about 0.2

and 0.5 microns. -

4, The process described in claim 1 wherein the dielectric is selected from' the grdup

| ponsisting of BST, CVD tantaium oxide, CVD doped tantalum oxide, PECVD tantalum

15 oxide, fluorinated silicate glass, hydrogen silsesquiosxane, spin-on organic polymers, spin-
| on inorganic dielectrics, CVD carbon doped silicon oxide, Xerogel, surfactant/copolymer
templated silicon oxide, fluoropolymers, porous silicon oxide-polymer composites, and

porous CVD c_arbon-doped silicon oxide.

14
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the el ectron beamresist, said via hole having a dianeter |ess than about
0.15 microns; developing the electron beamresist in a non-aqueous
solvent, thereby formng a via 10 hole pattern; coating the devel oped o5
el ectron beamresist layer with a | ayer of photoresist and then nﬂlu
sai d photoresist, through exposure to ultraviol et Iight to forma trench
and w ring 5pat tlkrpmcesgtﬁ.d Hin@Re Ra S as. said via hole;
by means of reactive ion etchl:ﬁp(‘%g,rli;(rgééd[r%tg)(e/%?Jrl aﬁ E’Ihunp eéje "EYt foBPEgiRg itee down
to the 15 bewehtimttepaiod upper surface, thereby form ng the via hole while
simul taneously renoving all unprotected el ectron beamresist, thereby
exposi ng, and t eoviditgh partjallyasbeipldieite depth l.ess

t han said thickness and theryebyF:‘]orm ngﬁt%§@5ﬁ5H”&§W?ée?an r?ﬁ]
remai ni ng r & delselrialagerftiavingrgthickeessy ench and via hole with et aI t her eby
form ng the damascene wiring. 20 6. The process described in claimb5
wher ei ’ t he di elcééttﬂglséidlde‘é;}@rtrldiamrawmmIa)l@i©5§|ecthﬁ1tty¢@gnegg% Sgﬂ%ag]pﬁ h]e 75
mcrons. 15 24 MAR 2 7. The process described in claim5 wherein e step
of soft bak?Rg'4tReas eeist on beam resist further conprises using a hot
plate at a terrpﬁ) rature between about 160 and 200 C for between.about 1 and
4 minutes. 585566%@9@%&@#@ dredlettrorchesnmidmirtyes latent ke lof e hd@s a

wi dt h bet vvetﬁ i’:\ p
e efectron beam res;st said via hole having a diameter less than about 0.15 microns;
developing the electron beam resist in a non-aqueous solvent, thereby forming a via
10 hole pattern; 7.
coating the developed electron beam resist layer with @ layer of photoresist and then

patterning said photoresist, through exposure to ultraviolet light, to form a trench and wiring

- pattern, said trench being at least as wide as said via hole;

by means of reactive ion etching, removing all unprotected dielectric down to the

15 level of said upper surface, thereby forming the via hole while simultaneously removing all
unprotected electron beam resist, thereby exposing, and then etching, additional dielectric
down to a depth less than said thickness and thereby forming the trench;

stripping away all remaining resists: and
filing the trench and via hole with metal, thereby forming the damascene wiring. |
20 6.

The process described in claim 5 wherein the dielectric layer has a thickness

between about 0.7 and 1.75 microns.
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5 and 0.25 mcrons. 9. The process described in claim5 wherein the trench
has a depth between about 0.2 and 0.5 microns. 10. The process descri bed

in claimb5 wherein the step of reactive ion etching further conprises

using CHF3, CF4 and Ar gases at flow rates of 30-50 sccm 10-20 sccrd adhR18%
130- 170 sccmrespectively, at a chanber pressure of 180-220 nmtorr, wth RF

power of  600- 800e patess, devdibbg PYcISRIsA IS a.very high etch rate for
silicon oxide relative to the el ectronr%eg%]%é d S%?saﬂ'g%&e&@?mweamhe

0000 Sesoraetr ermuenighan s oSk SSRAS i 5,4ETE

selected fromthe group consisting of ECD co

tantal um tfarkeiivesn a&Buni timd denindiéd, ani um nitride, PVD tungsten nitride, CVD
tungsten nitride, titaniumsilicon nitride, tantalumsilicon nitride,
copper with tungsten silicon nitride barrier |ayers, enhanced PVD CVD

al um num cool ed conductors, and superconductors. 16 2 4 MAR 2005 12. A
process fof f or FeRoespeessabel inickinng whereatné R&REMEL §Ghidi B&\%%n abon é.% sing
the sgquential__steps of. providing a partially conpleted 1 ntegrate

ci rcui ha@f‘ﬂg'zéﬁmﬁ'ﬁﬁ%r surface on which is a first layer of silicon
oxide; 5 coating said first silicon oxide layer with a layer of_ silicon

nitride;
9, The process described in claim 5 wherein the trench has a depth between about 0.2

and 0.5 microns,

10.  The process described in claim 5 wherein the step of reactive ion etching further
comprises using CHF3, CF4 and Ar gases at flow rates of 30-50 scem, 10-20 scem and
10 130-170 sccm respectively, at a chamber pressure of 180-220 mtorr, with RF power of

; . .
- 600-800 watts, whereby said process has a very high etch rate for silicon oxide relative to

the electron beam and photo resists.
11, The process described in claim S wherein the metal used to fill the trench is selected
~ from the group consisting of ECD copper in combination with PVD tantélum, tantalum
15 " nitride, titanium nitride, PVD tungsten nitride, CVD tungsten nitride, titanium silicon nitride
tantalum siicon nitride, copper with tungsten silicon nitride barrier layers, enhanced

PVD/CVD atluminum, cooled conductors, and superconductors.
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: o i de
' | ili itride layer with a second layer of silicon oxi
ﬁg\a/lit Inggat ggcgln::ll C?Ri (r:]kness; co;ti ng said silicon oxide |ayer vml ;[1 ali)a%/sr
of electron beamresist and soft baking the el ect Iron bteaimmraez St 2 pik 205
sel ective exposure to an electron beam formng a |aten o grret [ ey
hole in the electron beamresist, said via hole having

) i beamresist in a
.15 I he. el ectron  €s
hon aauaous. sol venobeRtior (R SRS Firf T 67 BTedtsieaiohe i oambising the

i [ i | ayer of photoresist and then
oéntianstbepsn resi st layer with a _
cligvie);ﬂoggniedﬁg sai d photoresist, through exposure to ultraviolet light, to

3 ; . Y e as
: ink i i r.ench, being at | east as W
Lo G o 5 bt o oy SRR b Pred St dtat L B sy ioRg arFeamprbEaC) od

il ' - i ilicon nitride layer while
ili xiigle fichlamert & sllibeh odigvel of said si
:: lrr:Jffgngousl y r‘g?rmvi ng a first percentage of the wunprotected el ectron

. . . . esi st: 20 simultaneously
: decrtisg sad drsp eilierha@farh wih e MROLPLRS! Sk ;
Pgam)m\/ir%;l Zf I agxposed silicon nitride and all unprotected el ectron beam

in | d i | evel of
resi st; renovi ngatind thasficontrétddedysrea@ntssohd =98y d?):%higc?n 8!8c¥‘é“hatv?ngtahseeco§é’
t he siliconh_nkitride 17 2 4 MAR 2005
' ickness;

coating said silicon oxide layer with a layer of electron beam resist and soft baking

the electron beam resist;

10 by selective exposure to an electron beam, forming a latent image of a via hole in

the electron beam resist, said via hole having a diameter less than about 0.15 microns;

developing the electron beam resist in a non-aqueous solvent, thereby forming a via

hole pattern;

coating the developed electron beam resist tayer with a layer of photoresist and then
15 patterning said photoresist, through exposure to ultraviolet light, to form a trench and wiring

pattern, said trench being at least as wide as said via hole;
by means of reactive ion etching, removing all unprotected silicon oxide down to the
tevel of said silicon nitride layer while simultaneously removing a first percentage of the

unprotected electron beam resist and a second percentage of the photoresist;

20 simultaneously removing all exposed silicon nitride and all unprotected electron beam

resist;

- removing all unprotected second silicon oxide down to the ievel of the silicon nitride

17



| ayer, thereby formng the trench, and all unprotected first silicon oxide
down to the level of said upper surface, thereby formng the via hole;
stripping away all remaining resists; and filling the trench and via hole
with netal, thereby form ng the damascene wiring. 5 13. The proces?h R 2005
described in claim12 wherein the thickness said first |ayer of si ic%%

oxide is b&memmiydmrmr@tﬁemhlan%ﬁaﬂ% The process described in
claim 12 wherein the thickness said é'r"% ri'?é%lsfhg%%o’ﬁqet g Hheslepatofeen

about 0. 02 saifdipPerSsunfacy, tsebylBrmin ﬁwe%;?ﬁsags described in claim12 wherein
the thickness said second | ayer o l'icon 10 oxide is between about 0.2

and 0.5 m cron§tnpxﬁngMaummgmmﬁggyé;gd in claim1l2 wherein the first
percentage of unprotected electron beamr esi st thi ckness that is renoved

i s between abodtling@heinehcB@ndioviarhold Weh RIcRE QRS nghalm.12 wherein
the second percentage of photoresist thi ckngggét ?ﬁ}%sd AERSY B T'99-bet ween

about 30 and 80 % 15 18. The process described in claim12 wherein the step
of sof&a bakl ng the el ectron beam resist further conprises using a hot
t

pl at e a'¥enpdiedtreress desaibed irabiaitt 12 6Reradne MikkeesslSidid 1%%11? O?Q?g for
bet ween abou% and 4 mnutes. 19. The process described in alm
wher ei n t h&%% 'ér?équ%a@auw derd hebwasnnabout

14.  The process described in claim 12 wherein the thickness said layer of silicon nitride

is between about 0.02 and 0.2 microns.

15, The process described in claim 12 wherein the thickness said second layer of silicon

10 oxide is between about 0.2 and 0.5 microns.

16.  The process described in claim 12 wherein the first r.iercentage of unprotected

electron beam resist thickness that is removed is between about 30 and 80 %

17. The process described in claim 12 wherein the second percentage of photoresist

thickness that is removed is between about 30 and 80 %

1$ 18.  The process described in claim 12 wherein the step of soft baking the electron beam
resist further comprises using a hot plate at a temperature between about 160 and 200 °C

18



‘ i i i wherein the
0.25 microns. 20. The process described in claim12
gt gg gpdreacti ve ion etching further 5 conprises usbn%gHggémCM and Ar
ases at flow rates of 30-50 sccm 10-20 sccm and 13 n"RE pover 2qf
?es ectively, at a chanber pressure of 180-220 ntorr, w't ]P ?*.'(‘;”éﬁ 2005
600-p800 watté, wher eby said process has a very high etchlgate or si
oxi de r el afénbetweasn dtoet thets kpmutdieam and photo resists

19.  The process described in claim 12 wherein the trench has a width between about

0.05 and 0.25 microns.

20.  The process described in claim 12 wherein the step of reactive ion etchmg further
5 comprlses using CHF3, CF4 and Ar gases at flow rates of 30-50 scem, 10-20 secm and
130-170 scem respectively, at a chamber pressure of 180-220 mtorr, with RF power of

'600-800 watts, whereby said process has a very high etch rate for silicon oxide relative to

the electron beam and photo resists.
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