»poel3e#\ LEYDBTL@ #2 ~r J UL 2002 1 PROCESS FOR SELF- ALI I%U%
SUB- CRI TI CAL CONTACTS TO W RI NG BACKGROUND OF THE | NVENTI O\I 1. T

FI EL%HMﬁmmmtﬁmmn‘ invention relates to the fabrication of -sem-conduct or

m cr res) and nore particularly to nmethods for form ng contact
hol es i n»gdogsochi ps for establishing electrical contact between integrated
circuit wiring. 2. BACKGROUND ART Phot ol ithographic techni ques permt

certain portions of sem conductor nmatérials on a circuit chip to be
sel ectively renoved or nodified such that a |ayer of electrically connected

devices such asprbens RIPSELIRRAIGNMART 0¥ stUEceRITeAL 0B T?‘ %%]d ayer of

a circuit chip may be electrically connected 1 n a nunber e way is
to use the selective deposition and renoval of a nmetal to create | i nes of

met am\m\“ m@\\“‘“\‘\Lace of a chip to connect circuit conmponents. In such

pr oc metallic fil MACKGROENDIENE INVENTIONM Or tungsten i s
deposi t edigawer the surface of the chip A layer of photoresist is then
applied over the filmand exposed to |light of an appropriate wavel ength
using a nmask that exposes a pattern of relatively narrow lines on the
phot or esi st. TEGIENICADFOEIS | st is then devel oped and etched , [eaving netal
in the pattern exposed on the resist This pattern of netal forns the

el ectrical cofhrosestrbineenfigurelptgpdo tp F?Q'Il%thna’?@mwelﬁduwrem@mhw spyrdtréseand metehod  of

electrically, connectl nq% one |ayer of a chip is known as the damascene
process | nPFARlagRitgetbadidors ?@l’f‘é%%“aﬁ‘ }H}e&“é&‘i"?cf“es forretablighinacglectrigah FPFIdRIWERN | s
deposi ted oygratedmrcuf?un;gace of a chip A layer of

2. BACKGROUND ART

Photolithographic techniques permit certain portions of semiconductor materials on a circuit chip to be
selectively removed or modified such that a layer of electrically connected devices such as transistors and

capacitors can be formed.

A single layer of a circuit chip may be electrically connected in a number of ways One way is to use
the selective deposition and removal of a metal to create lines of metal on the surface of a chip to connect
circuit components. In such processes, a thin metallic film such as copper, aluminum or tungsten is
deposited over the surface of the chip A layer of photoresist is then applied over the film and exposed to
light of an appropriate wavelength using a mask that exposes a pattern of relatively narrow lines on the
photoresist, The photoresist is then developed and etched , leaving metal in the pattern exposed on the

resist This pattern of metal forms the electrical connections for the single layer of the chip

Another method of electrically connecting one layer of a chip is known as the damascene process In

the damascene process a dielectric such as silicon dioxide is deposited over the surface of a chip A layer of



.2 4+J'UL 2002 2 photoresist is applied to the silicon dioxide gym T?
. resist is then exposed to establish the desired pattern of int o] Ltﬁ[ﬂz
The photoresist is then devel oped and etched to produce trenches in the
silicon dioxide pattern to formthe interconnections for the layer. A netal
| ayer such as al um num copper or tungsten is deposited over the surface of
the chip to fill the trenches. The netal is then planarized so that it is
renoved fromthe surface of the chip ecept where it filled in the
trenches. The netal filled trenches forma pattern of interconnections.

Hor i zont al pH¥Rkadikt iCHRRE € thOMRordidkide Bl&T TR edisPis ABn WipbRS todblith thy Bsifedlpatéclt P

i ncl udes one | ayer of devices and nultiple |ayers of wires connected to the
devi ces. Abftihiattghectiond The @hdiorpsishRYhe€ Qv&lbRll ardfetcRedId P@tiRe treneRds inQfie silictd didkide
normal |y several layers of wiring are needed for sufficient chip function.
The | ayer spatkmao fncthoipteicpnnactionstfyrphadalet. \A se dayartsad! abalurgindm, Capperthr Qixgsehd isOr
other dielectric to prevent one layer of a chip frominterfering with the
oper at i on adposierbtvirehe sudace pf thefdhip te Bhthotepites. dihe metakis then pldverizedisoahas it dsfrehdved chi p
however, nust be electrically connected at appropriate |ocations through
the silicoffioamegidaes of the elirieseept wherait ledinthe treprhies; Thvaetdififlgdcrspehes fery apattern of
separating the wiring |l ayers nust he penetrated at the appropriate

| ocati ons {PHFeoRRgiopso F9BFraaE retal Fonasoriens prg Fafered {pes @irpsgngp typirad it ipglugies gpe layer
connect ed. e way to electrically connect, the |ayers of a chip is referred
to as the 8U§Y’°e83’>r$€§‘§’8ﬁéay%?tjﬁ”dﬁ§°°¥ﬁﬁe tegﬁ’zﬁ‘edagcr?ﬁscene method is simlar to

t he damascene process. The first step in the dual damascene process is to
create trenches in the silicon dioxide for wires as previously described
The second st @Rnoligh diRcrEdhHAS cHREIYE R ISe1d 1503 OMHnE N mSillY §6Q4 19drP3viighglaRt

| ower chip layer. The openings are nmade using a process of applying a

resi st, nasdtddor s&RPOSEMPRncHRY GhoOpyendf amidroelif ik gicalg Sepa@ed by sirech hedRionabove
The openings through a | ayer of silicon dioxide are referred to as vias.
Typi cal | y, oéendiectriviotprevent credaytrefla tHiyr fowgihtetfdniog with the operadproofiaakehet byeexTlend

bet ween trenches on adjacent |ayers The dual damascene net hod of

el ectri cal Fgmprepmrisrieds agythy lyesy of thsfchip hoyjersronyss §s eleettenlly eoanesigd atfapproptiafederaont  of
vias and trenches. The tolerances that nust be al]lowed to assure proper

al i gnnent  Grough te silicppdipyideip piass to intgract. Tpugthe sbegg diopidpiepasating the yirpg faysys Prshbe nay
D oDt o e o BRSPS TREARS, 2L BB B o
separate steps in the process. An inprovenent in creating vias and trenches
is disclosed in U S. patent 6150256 filed 10/30/98 by Furukawa et al.
entitled A VEORLyFORek{RIYIcMae Db Fy A b f@NMEDIs FEEARWRES the A& dhniiedeAVRARIAL The

enpl oys a nethod for creating self aligned vias and trenches by using two

| ayers of resdilatscer@method is itnila o tradksscedr@roaese €FHe firsngep imthe duag drofascervatocess si a
may be formed only where a trench has been forned. This nethod enpl oys two
di fferent phoatstesdhetisthp slicor diekidsrier voigs ts@ppviepsindseribrdn e secpRgsterogiercreate

phot oresi st layer (for the vias) is only exposed where the upper photori st

| ayer (for opysytiraprbihesilian digxide [ derea ehip Iayge The SpAnines ase aqg psing apsocg 9f onl y be
created where.a trenchkf' s to .bedcreat ed nd tﬁe vg 3{51 an trqgches are
theref ore SBIFBRI TS BE g FPOsiR VP PRLS PO PRI 198RS PramRRss TaHEt¥nect i ng
studs formed i he vi ild . al . . . i «t he

i hogr aphioilalel st diph s B dicR £ B SLATENS e Srof DAkl

di fficult thage bhgeldbboaarikongakigeo! |ine/ space patterns because the
optical enhancenent techniques of "off axis illum nation and alternating
phase edge reticles cannot be applied to contact hole features. These
enhancenent techni ques provide good results when they are used with tightly
nest ed feat ur @%¢ duardahstent sethat Feledidaly cpadettiag gers diawirehip rdqhiges techiniigres
provide very little enhancenent of isolated bright imges such as with

cont act holoEsgias and trenches. The tolerances that must be allowed to assure proper alignment of vias and trenches



. Previously, contacts have been scaled by printing a contact hole as the

I ntersection of two perpendi cul ar phase-edge |ine/space patt rlns.JQH_ 20}]2
photoresist filmprior to developnent, with two different reticles. ~r
J UL 2002 4 , SU ~I ARY OF THE | NVENTI ON An object of the present invention
Is to provide an inproved fabrication nmethod for formng contacts in an

I nt egr at gghd tfh@'d'bﬁsi@hhﬁ-mwJlﬁzﬁnémd)@@hﬁ&f)cﬁi?eTﬁé esBRhtibM Qg S to
provide a fabrication nmethod for formng contacts on an integrated circuit
chi p wi t Habri¢ating veasae &repelhies évta first czeats e itgngivs vod densreatesihe (viasagsorehante

obj ect of > present invention is to provide a fabrication process for
form ng c%ér?tqg%ﬁlsepéﬁ& W i nt egrated circuit chip that are self-aligned with
metal wiring patterns on the integrated circuit. A further object of the
present invention is to provide a nmethod for form ng contacts on an

i Nt egrated ci ra¥impERIpeidn pigatngypds fidelgenghed is disatosednel or petetsd 1i5A25hi ch

metal Wi rngh8oRRY S WA & SE Q¥%ld AMETHOD FOR FORMING SELF-ALIGNED
FEATURES. The improvement employs a method for creating self-aligned vias and
trenches by using two layers of resist, one of which masks the underlying layer such that a
via may be formed only where a trench has been formed. This method employs two
different photoresists layered one on top of the other. The lower photoresist layer (for the
vias) 1s only exposed where the upper photorist layer (for the trenches is alo exposed. The
result is that vias may only be created where a trench is to be created, and the vias and
trenches are therefore self-aligned, and the wires formed in the trenches and connecting

studs formed in the vias will also be self-aligned.

It is known that the lithographic scaling of contact holes in integrated circuits 1s
more difficult than the lithographic scaling of line/space patterns because the optical
enhancement techniques of off-axis illumination and alternating phase edge reticles cannot

be applied to contact hole features.

These enhancement techniques provide good results when they are used with tightly
nested features, or for isolated dark patterns. However, the techniques provide very little

enhancement of isolated bright images such as with contact holes.

Previously, contacts have been scaled by printing a contact hole as the intersection
of two perpendicular phase-edge line/space patterns on photoresist film prior to

development, with two different reticles.



i'nsulating substrate film Qher features, advantages and bengfit f the
present invention will becone apparent in the foll ow ng descrf[}lt jUT.I 2‘8@
in conjunction with the following drawings. It is to be understood that the
f oregoi ng general description and the follow ng detail ed description are
exenpl ary and explanatory but are not to be restrictive of the invention.
The acconpanyi ng draw ngs which are intorporated in and constitute a part
of this invention and, together with the description, serve to explain the
princi ples of the inventionSPPJEnEF aftift B TP ke nunerals refer to Iike
parts throughout Ph]thfgc'iCbQSt%E?areseat ~nwdnbtidn 2002 3-BRIEFPERGRLF] ON OF
THE DRAWNGS Fig. 1 is a flowdiagramillustrating the steps in the nethod
of the presanticatnivankétdnd FdrGBor@ind, cdntabts Girand ihtageatsehepdui® ahignws
showi ng steps in the fabrication process for sub-critical, self-aligned
contacts in an integrated circuit m crochip. DESCRI PTI ON OF THE | NVENTI ON
The present invention provides a nmethod that fornms contacts on an
integrated ci rcwptnotth%ﬁ cRpeFtseF fthel PghEd twitiPthen \Msr F%g’rﬁ&t%rans of the

|ntegratedr%bt rcujf. pe met hod the nmetal wiri ng gatterned first over

an insul at Lspbser lé?tebo aftr oThdY ASHIREEHrON &Y et t|e§r St 6T St ko

| ayers, on eLn Kk e n at nner |ayer at the
substrate gu gc%n%‘ﬁ%m(:% %tn%@éa{r}t Leé‘r ﬁ%lggnc%e(%og%el gtched t hrough t he

t hi nner surface layer, and if desired, partially through the | ower, thicker
| ayer. After the wiring pattern is etched, the contacts for the vviring

| ayer are printedstasilidmehspabeepatofetins prhsalt inteitsectist he pokiag a
pattern. The contact pattern is etched into the |ower, thicker layer with
an etch pr&egegsativat Pfacesel &ut ﬁvenitn@ ereach$ rimern | iamyreprathsl giraudgl ¢hirt he

only location v\/nerel contact is forned iis at the intersection of the
wiring pat t%h30F 115 E R RGBT orER I "R paird B Ptgr s on the integrated
circuit.

A further object of the present invention is to provide a method
for forming contacts on an integrated circuit chip using a modified dual
damascene process in which metal wiring is patterned first over an

insulating substrate film,

Other features, advantages and benefits of the present
invention will become apparent in the following description taken in
conjunction with the following drawings. It is to be understood that
the foregoing general description and the following detailed description
are exemplary and explanatory but are not to be restrictive of the
invention., The accompanying drawings which are incorporated in and
constitute a part of this invention and, together with the description,
serve to explain the principles of the invention in general terms. Like

numerals refer to like parts throughout the disclosure.



2 ~r. J UL 2'002 6 contact layer. The width of the contact i dat‘jtni[ﬁﬁéj by
the width of the wiring inmage and the width of the contact éﬁﬁc !

phot oresi st. Since both these features are | ong openings, rather than snall
i sol ated contact openings, the usual methods of inage enhancenent for

| i nes/ spaces can be applied, such as off-axis illum nation, phase-edge
reticles and hybrid photoresist. The contact is only forned at the
intersection point of the wiring imade with the contact inmge, therefore
the contact is self-aligned to the netal. Mdre particularly the | ower

thi cker insulating | ayer %ﬁm% Slé R‘?‘BE]{JNCO}?% B'%Awiinl;l;co” di oxi de and the
upper thinner layer is a hard mask materral such as silicon nitride. The
met hod uses a photoresist etch mask on the upper thinner |ayer of nitride
to forma hard mask. The hard mask is then used as an etch nmask to form
trench recessesri@r WiEiNG1bi NASgEeN tiheudtoWeing tthi CiRbs Sid 6O Mdhexi ske
dielectric |layer disposed on a substrate. A hybrid photoresist is used to
form a setendrgslkot amesnistonmask on the hard nask and this second phot oresi st
mask in conmbination with the hard mask is used as an etch mask to form
contact holes. The use of the hybrid photoresist permts the exposure to be
made with the use of a_phase shift mask or off-axis il|lum nation as a neans

to enhance the Fé€dl dtfor of’ thé™Pri AE8SPEPEEIT VIR hyBPY R 9pABIRSr 8ist is a

phOt Or eSit%te J%rqlég@ilont h?‘éce@g‘sforSisHy—lctr%@%aqs,l ¥%lf_b—§HJh naedpc(:)osr;t;[aic se L Ogrel and a
negative tone In respoﬁse t 0 exposure. e hy ri ﬁ%OtOFESIS §P|OWG a

singl e aehjrah,rdt80€i Qi PGicrodhip.d U L 2D02 printed as a space/line/space
conbi nation rather than a single line or space, thereby permtting higher
pattern densities. A discussion and exanple of a hybrid photoresist is
provided in U S. patent 6114082 filed 09/16/96 by Hakey et al. entitled
FREQUENCY DOUBLI NG HYBRI D PPEARBRETIGT OF THE INVENTION

The present invention provides a method that forms contacts on
an integrated circuit that are self-aligned with the wiring patterns of
the integrated circuit. In the method the metal wiring is patterned
first over an insulating substrate layer. The insulator layer is
composed of two layers, one being a thicker layer underneath a thinner
layer at the substrate surface. The wiring pattern trenches are etched
through the thinner surface layer, and if desired, partially through the

lower, thicker layer.

After the wiring pattern is etched, the contacts for the wiring
layer are printed as line/space patterns which intersect the wiring
pattern. The contact pattern is etched into the lower, thicker layer
with an etch process that is selective to the thinner layer. As a
result, the only location where a contact is formed is at the

intersection of the wiring pattern with the photoresist space of the



Referring to FIG 1, a flow diagram 100 is provi ded t hat illzsérjufz@
steps enployed in the nmethod of the present invention. In th i

| 02, a thick dielectric |ayer conposed, for exanple, of silicon dioxide, is
formed over a substrate that may be conmposed of silicon or other suitable
material. In step 104, a thinner |ayer of hard mask material such as
silicon nitride is fornmed over the thicker layer of dielectric material.
Silicon is a non-conductive dielectri® material, however a non-dielectric,
conductive material such as tungsten can be used for the hard mask

mat eri al . e , i L |_ay f ri i terjal is

di sposed oé\?gF§(% ga%%gerﬁb% Iw%?rhd O%ngk% %ﬁ?ggﬁakga%gg%lg{nggt?%rt%d‘?ldet?gp%ged and
devel oped @ J:ﬁ_él\ﬁﬁ PRIGET A0S 0 Jiken YOLRE &Sinshctd 3YBEe @M NIpAGed st be, form
of lines that will serve as a photoresist etch nask for the |ayer of hard
mask mat erdiake heneatHesel fagarenhanckm@nbpdraabn) aeBe:s tehn asua0l fi@aXbsed
illum nation and phase-edge reticles nay be used in the formation of the
first photwnésitspetiglysragie. usugd Hethdds| oR(0298 enhandrmenexforst ep 108, the
hard mask material |ayer is reactively-ion-etched through the first

phot or esi StIDRESIP2ESS FPBVRUEPPHITES Bl 88 edides*in 1tlF1‘émH‘§gH°‘]fra§Ra?P€te§ﬁ? al

| ayer to provide a r terjal etch sk inthe formaf lines for a

dostr ed wir kG Bar bR aor [ pEPESFerS6 T naPF oA g pOr D] GRESY St HE i 1ot

phot or esi %%tle_@é’e‘%&i@%%o%% | Pefls %}é@}’n@lrlﬂa@e %ﬁf%f?“&e' aYflacef i phat 0%&%%3&63

material is disposed on the recessed |ayer of hard mask material an

patterned wadcentpesers skne-stiegnakl2othe hayar. of second photoresist is

devel oped to provide a second photoresist etch nask that is | ocated over

the hard mask material etch mask. The aforesaid i mage enhancenent

techni ques of off-axis illum nation and phase-edge_reticles can be used in

exposi ng the secdABe pRSEHFESESY Ghgyrewer| phigkep FEglehiddgiayegctfit | ayer

beneath the hard .nmask . mater.ial ethX{’g%slé and the second photoresist etdch
{lorl[ e ar

. é%e ectric such a ilicon di upper thinne er. 15 a
mask is redctrvely-Ton-etched“Sel’ééfiVe e WaFd Wask mareri al °t At ough

both masks,ds@ PI1Q¥Ege hegesSesiidint R hayerm@f ndingheedds & gmkerialstt hat
wll serve as trenches for the netal lines of the integrated circuit. In

the next siteh daddk oh hheSemardtphnkor BSiest oRmGhr S koi St £ iHapeduanay
| eaving the hard mask material, and the previously etched trench recesses
in the dielectric |ayer are further reactively-ionetched selective to the
hard mask material to form deeper recesses aligned with the previousl

4 tF S [He

et ched t rencdRerEF8sBa LRHathShi 11e%587 v §5C BREACTS HBTR FEReL S5

cont act nfwfﬁing lines in the lower, thicker silicon dioxide dielectric layer
disposed on a substrate. A hybrid photoresist is used to form a second
photoresist mask on the hard mask and this second photoresist mask in
combination with the hard mask is used as an etch mask to form contact
holes. The use of the hybrid photoresist permits the exposure to be
made with the use of a phase shift mask or off-axis illumination as a

means to enhance the resolution of the printed pattern.

A hybrid photoresist is a photoresist material that has,
simultaneously, both a positive tone and a negative tone in response to

exposure. The hybrid photoresist allows a single aerial image to be



.2 ~r J UL 2002 9 In step 118 the trench recesses and contact hol e recesses

are filled with nmetal and polished to formwring lines and c a t -
are self-aligned with the wiring lines.;sReferring nowto Fi gsgn%gl‘ﬂ'gtgz

and 7, a sequence of views of a portion of an integrated circuit structure
are shown illustrating the physical changes produced by perform ng the

net hod steiptedssta shadellinelspadd @mblination rither thén a SBRLITRLE spibe, fiefebgxanpl e
silicon, is shown on which a thicker layer 12 of dielectric material such

as sil i coamditieng kisherpafiennrasasitigs. thidisaessionapd examplgfof s dwbridnbetoreaistlsi al  such
; . ; . ol o
nondi of et TR g S R BTG TR 620 oo B TR efl L BRHAPENEY The

di el ect rimOUBYLENGIZYBREB PHGTORESISTI6 of photoresist material, preferably a
hybrid photoresist, is disposed on the |layer of hard mask material 14 and
t he photoresist is nmasked, exposed and devel oped by |ithographic techni ques

in the form of Nd t rei I Eal stantially
| i near and par%??%*égﬁg{cgﬁéé?fgg c?@%ﬁ%nlsrb 0?%1’#?3\‘7‘%"%3‘1’ %1@.}5‘}%%{35 ﬁ% ion remain
on the | aygloykd.in THeanghod of ®sipsdserité@iedrion. 1t e €irstseg 142, athick dibleomisk and

the hard mask material layer 19 is reactively-ionetched to renove portions
and expod®yepEPmpesd. for cxaiaple aisHican dioxifce Isdeimedoyes g subsirate thalananbg or esi st

g‘ggg” al LfhipbSed s iRBADr oftePUlifABIe Rfethiy UCt Ure shown in Fig. 3. 2 ~J UL

In step 104, a thinner layer of hard mask material such as silicon nitride is formed
over the thicker layer of dielectric material. Silicon is a non-conductive dielectric material,
however a non-dielectric, conductive material such as tungsten can be used for the hard

mask material.

In step 106, a first layer of hybrid photoresist material is disposed over the layer of
hard mask material and is patterned, exposed and developed to leave portions of the
photoresist layer remaining in the form of lines that will serve as a photoresist etch mask for
the layer of hard mask material beneath. Image enhancement techniques such as off-axis
illumination and phase-edge reticles may be used in the formation of the first photoresist

etch mask.



10 .Next, as shown in Fig. 4, a second |ayer of hybrid photoresist 18 is
formed on the remaining portlons of hard mask material 14 andfénkﬂﬂg 2002
exposed surface of dielectric layer 12. The photoresist layer 18 is
patterned, exposed and devel oped to forma photoresist etch mask as
illustrated in Fig. 4. Using both the hard mask material 19 and the

phot oresi st 18 as masks, the dielectric layer 12 is reactively-ion-etched
selective to the hard mask material (i8e. nitride) to formtrench recesses
20 as shown in Fig. 5. In Fig. 6 the photoresist |ayer 18 has been stripped
away and the di el éetthecnéxtysted 208s Hpahard eaek imagkyidlonaedirched sel ective

to the hard mask nmaterial (i.e. nitride) to provide deeper sub-critica

cont act holréa?te‘é@é%e‘sonZ?t‘%}“teéhE*&F%Rm“teoff"ﬁ%t QB?‘T%F@él%q‘ méﬁ‘bsttor Bf¥Vif0 to be
filled mntqlne f tg serve, a h gont ctg t ench recesses ang cont act
hol e recessas® ol t heStructure® at& e ?‘?ﬂ 1§ BFRECFi 241 Eonduct or

such as mh@ke%laé@hﬁw@k i Ew fzrm |t Ehge %OL medggm'd%mneoge}ﬂt%ﬁ!g 14 of

the hard mask materi are shown still in p ace. This Is possi
hard mask portions 14 are conposed of non-conductive, dielectric naterlal.
I f conductive material such as tungsten is used for the hard mask, then the
conductive portiomns snest 11e themredninopothienstsuchureiret dhogordsistich as by
CWP. In the described process, the contact pattern for the wiring 2 43U
L 2' 002 11 laver are stripped away and a second layer of photoresist material is
disposed on the recessed layer of hard mask material and patterned and
exposed. In step 112 the layer of second photoresist is developed to
provide a second photoresist etch mask that is located over the hard
mask material etch mask. The aforesaid image enhancement techniques of

off-axis illumination and phase-edge reticles can be used in exposing

the second photoresist layer.

In step 114 the dielectric layer beneath the hard mask material
etch mask and the second photoresist etch mask is reactively-ion-etched
selective to the hard mask material through both masks to provide
recesses in the layer of dielectric material that will serve as trenches

for the metal lines of the integrated circuit.

In the next step 116, the second photoresist etch mask is
stripped away leaving the hard mask material, and the previously etched
trench recesses in the dielectric layer are further reactively-ion-
etched selective to the hard mask material to form deeper recesses
aligned with the previously etched trench recesses that will serve as

contact hole recesses for the contact metal.



pattern is etched into the lower, thicker dielectric layer 12 with an etch
process that is selective to the thinner hard nateri al Iayerillﬂ.dw_aQU[]z
result, the only | ocation where a contact is forned is at the intersection
of the wiring pattern with the resist openings of the contact |ayer. The

wi dth of the contact is determned by the width of the wiring image and the
wi dth of .the contact space. Since both of these features are |ong openings,
rat her than snmall isolated contact op®&nings, conventional mnethods of inage
enhancenment for |ines/spaces can be used such as off-axis illumnation and
phase- edge retichassteantlhythei theneii Sdcesdss phavidaitsky ndiscrssesks Srace t he
contact is only fornmed at the intersection point of the wiring image with

t he cont adtilierhgéth trfegat ommdapelishedetd fakm grigdng dinhe andr ¢angacihehet ched
openings 22 and 24 in the dielectric can be filled with metal 24 and

pol i shed, 288ctldsabisrelr {tthéhe calFringciaffcal polish) the sane as for a
conventional netallization process. Wiile the invention has been descri bed
in connection with a preferred enbodinent, it is not intended to limt the

scope of the inveptl n%onotvh@opﬁrgtsi.cé’,'?}ﬁ Lo m,5¢f, ];Og%#gﬁ,“ ML £0D; LRe ¢

contrary, it is intended to cover such alternati ves, ications an

equi val engRrasodBY Le ihhedided Wb h dethecsRier hte 3RGwSGOREsthtihe chBvention
as defined in the appended cl ai ns. 2 4J UL 2D02 12 CLAIMS 1. A net hod

for form nyysetdl ahargredpriducad dy eactesiandtheondt@etl dt@pessdtnfarth in

sem conductor substrate conprising the steps of: (A formng a | ower

di el ectri divayer over the substrate; (B) fornming an upper |ayer of hard
mask material over the lower dielectric layer; (C formng a first

phot oresi st | ayer over the upper hard mask material |ayer; (D) exposing the

first photoresist,|ayer,t hsru%gggat% hbr Séo.r”@)%ﬁplg%]ilqggr‘xe,l QR Ag..LNs, sxpased

first photoresist |ayer to produce openings In the fir'st photoresist Tayer

to form am ehcbkdtBskyer( 1) sehecidoteby iehiNg shhe APPLricbAYBlbx04e har d mask
mat eri al through the photoresist nmask to forma wiring trench in hard

mat eri al efochedask; t{iGrest ¥ayppi Ny cdwaard hesk imastriphliotwrress s& neheh mask; (H)
formng a second photoresist |ayer over the hard material etch mask;
conductive, dielectric material such as silicon nitride or a non-
dielectric, conductive material such as tungsten is formed over the

dielectric layer 12.

Next, a layer 16 of photoresist material, preferably a hybrid
photoresist, is disposed on the layer of hard mask material 14 and the
photoresist is masked, exposed and developed by lithographic techniques
in the form of a wiring pattern wherein a first plurality of
substantially linear and parallel photoresist regions 16 having a first
direction remain on the layer 14. The photoresist regions 16 are used
as an etch mask and the hard mask material layer 14 is reactively-ion-
etched to remove portions and expose portions of the surface of
dielectric layer 12. The photoresist material 16 is stripped, leaving

the structure shown in Fig. 3.



_ (1) exposing the second photoresist |ayer through a second,nmask: 2 ~r J
UL 202 13 (J) devel oping the exposed second phot oresi st Iaerlf tdw_r Q@@Qe
openings in the second photoresist layer to forma contact hole etch nask;
(K) selectively etching the |ower dielectric |layer through the hard
material wiring line etch mask and through the second photoresi st contact
hol e etch mask to formself-aligned wiring line trenches and contact hol es
inthe lower, dielectric layer. 2. Th&nethod of claim 1l wherein the upper
hard mask material is a dielectric layer. 3. The nethod of claim 1l wherein
t he upper hard masdktpaiershabn iis cogpases wicosd |lagen dfi hybhde. ghotbhesiwt hod
of claim1 wherein the upper hard mask material is conposed of tungsten. 5.
The met hod1®fiscfermadlontdreekenainéngireretins of |feydrndsk pargrdsédt ofngidn con
di oxide. 6. The nmethod of claiml wherein the first and second photoresi st

| ayers ar etedfgBeerf sPTHAAS PEH Prdeordsi Laxer ¥2. Fhe PROtRBPIGE taverntd is

wherein the ste f etchi he upper. hard mask terial l.ayer conprises
e o mi o PafteRRedy iGeSTahdp JBvEDR, R f0:M52 HrlBe e 3h s Fasi®TRe et hod
of claim1,phereip.dhg PReNyNgs in the first photoresi st

Using both the hard mask material 14 and the photoresist 18 as
masks, the dielectric layer 12 is reactively-ion-etched selective to the
hard mask material (i.e. nitride) to form trench recesses 20 as shown in

Fig. 5.

In Fig. 6 the photoresist layer 18 has been stripped away and
the dielectric layer 12 is again reactively ion etched selective to the
hard mask material (i.e. nitride) to provide deeper sub-critical contact
hole recesses 22 etched down to the surface of substrate 10 to be filled

with metal to serve as the contacts.

The trench recesses and contact hole recesses of the structure
are then filled with an electrical conductor such as metal 24 as shown
in Fig.7. 1In Fig. 7 the remaining portions 14 of the hard mask material
are shown still in place. This is possible if the hard mask portions 14
are composed of non-conductive, dielectric material. If conductive
material such as tungsten is used for the hard mask, then the conductive

portions must be removed from the structure of Fig. 7 such as by CMP.

In the described process, the contact pattern for the wiring



| ayer conprise el ongated shapes. 9. The nethod of claim1l whereyjn t S
of exposing the first and second photoresist |ayers further cog%$i§BSthBBZ

.Step-of using an alternating phase shift reticle. 10. The nmethod of claim1
wherein the step of exposing the second photoresist |ayer through a second
mask further conprises the step of using off-axis illumnation. 11. A

nmet hod for formng self-aligned wiring,trenches and contact holes in a

sem conductor substrate conprising the steps of: (A formng a | ower
dielectric |layer over the substrate; (B) form ng an upper, hard mask

materi al | ayeter@ves ddiRed QMRH, tHH ebeed,r kEidi@yedieleCrisehegdd vel wiwdt ahi ng
the upper hard mask nmaterial |ayer to produce openings in the upper, hard
mask mat er iedkh Irapeesd ahéorim aefdatdte etoc hhergdlinfiear hded imaitagial Layey tikenches;
(D) formng a hybrid photoresist |ayer over the first etch mask (E)

exposi ng afd devElbpi rife tHe Yhipratdophtess esiceptictyéf FG™pRodduék the2 4 J U L
2002 openLngs in the hybrid,Photoresist l%yeg to forma second etch nmask
for defini HQ EfﬁﬁFét?n ﬁgliﬂﬁ wiring pattern witll the resist openings of the

contact layer. The width of the contact is determined by the width of
the wiring image and the width of the contact space. Since both of
these features are long openings, rather than small isolated contact
openings, conventional methods of image enhancement for lines/spaces can
be used such as off-axis illumination and phase-edge reticles, and

hybrid resist, as previously discussed.

Since the contact is only formed at the intersection point of
the wiring image with the contact image, the contact is self-aligned to

the wiring.

The etched openings 22 and 24 in the dielectric can be filled
with metal 24 and polished, such as by CMP (chemical-mechanical polish)

the same as for a conventional metallization process.

While the invention has been described in connection with a
preferred embodiment, it is not intended to limit the scope of the
invention to the particular form set forth, but on the contrary, it is
intended to cover such alternatives, modifications and equivalence as
may be included within the spirit and scope of the invention as defined

in the appended claims.



. (F) selectively etching the |lower, dielectric layer through t fi stL,
wiring line etch mask and through the second, contact hole et llmist tQUUZ

formself-aligned wiring line trenches @nd contact holes in the | ower,
dielectric layer; (G renoving the second contact hole etch nmask and
filling the trenches and contact holes with netal. 12. The nethod of claim
11 wherein the upper, hard nask mat e QI2AIMS a non-conductive dielectric

| ayer. 13. The nethod of claim 11 wherein the upper, hard mask material is
a non-conductive dielectric |layer conposed of silicon nitride. 14. The

met hod of, cl ai Knl I conducti ve,
non- di el ect ric ayer ﬂ@rﬁkﬁé&lﬁﬁ%ﬁéd WM c%dt ﬁ}%ﬁ%l Cg)%eal%lnh seﬁ‘luapper har d
mask mat eseidondsetar aubs@ate tomprisingthedtepbect ri c | ayer conposed of tungsten.

16. The method of claim 11 wherein the |ower dielectric layer is conposed
of silicon dioxide. 2 ~r J UL 2002 16 17. The nethod of claim 11l wherein

the step (% ett%ﬂhi’ﬁg Q‘Q’S‘?‘@E‘%Tg%ﬁﬁe Kl{‘ﬂ&g’g{ré@ conprises performng a

sel ective reactive~ion- tlaim 1l wherein the step of
exposi ng the hybrl d photoresist |ayer further conprise the step of using an
alternati se shift reticl 219 The met hod of claim 11 erein the
step of e(%gom gnlglﬁ@nwpg?rﬂayeﬁﬁghg égqsgtmartgr%,owrdg@ lrer diglertiic e he step of
using off-axis illumnation. 20. Method conprising: a) providing a
substrat e;

(C)  forming a first photoresist layer over the upper hard mask material layer;

(D)  exposing the first photoresist layer through a first mask;

(E)  developing the exposed first photoresist layer to produce openings in the first

photoresist layer to form an etch mask;

(F) selectively etching the upper layer of hard mask material through the photoresist

mask to form a wiring trench in hard material etch mask;
(G)  stripping away the first photoresist etch mask;
(H)  forming a second photoresist layer over the hard material etch mask;

- D exposing the second photoresist layer through a second mask;



b) formng a first type resist |ayer on the substrate; c) foraipng S
. type resist layer on the first type resist |layer; d) definingzlal*nf'ijﬁl;t-eﬁjm!d

plurality of substantially linear and parallel regions having a first
direction on the second type resist |ayer; e) renoving the second type
resist layer and a portion of the first type resist |layer below the first
plurality of substantially linear and ?arallel regions for form ng channels
in the first and second type resi st Iay rs defined by the first plurality
of substantially linear and 2 ~r J UL 2002 17 parallel regions, the
channel s eagh eorQEbsINGhSi d@wabd Se0bnd iphstoraRdsSacoad toypeoduesi Slendhds a
bottomof first type resist; f) formng a third | ayer of resist on the
second typeirr e8¢ stecamt pbntédesist dewak | ® dndh kotbwmcofhdlreecdtanagts; Q)
defining a second plurality of substantially Linear and parallel regions
having a second direction on the third | ayer of resist and overl apping the
channel s; V\’)I‘;[)rem)wn the third resist |ayer and the first t%ge resi st

| ayer belo héelseé%b prE‘Flbﬂngt E/heoflog%éjﬁﬁh?‘itéwylaIYFﬁe‘%i’rro‘é‘?fd S
regions formaftgg{g g:l?ﬂu @?rea et@htm@%kt %]th Q%&oeuSI SEh %Xgonda goti ur fot{ m ng

openi ngs down to the subs te where st and “second rarf y of

subst anti aldahthéN@ale AMELPRIA L& crROLONS a OUBIhAR:r 184 - 11MBE mcﬁés Gl m 20,
further conprising the step of: depositing a conductor in the channels

formed by tdwmtstepmoeys amdthe lower, dielectric layer.

2. The method of claim 1 wherein the upper hard mask material is a

dielectric layer.

3. The method of claim 1 wherein the upper hard mask material is

composed of silicon nitride.

4., The method of claim 1 wherein the upper hard mask materaial is

composed of tungsten.

5. The method of claim 1 wherein the dielectric layer is composed of

silicon dioxide.

6. The method of claim 1 wherein the first and second photoresist

layers are composed of hybrid photoresists.

7. The method of claim 1 wherein the step of etching the upper hard

mask material layer comprises performing a selective reactive-ion-etch.



in.the openings forned by the step h). 22. Method of claim2 fltur\t’tﬁ;r 2002

. conprising the step of renoving the third | ayer of resist. .
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aljc<a]c(a!9)*qg,:;
Z][ 011(1(3 =| vva rrhc"Y] c] ca] ca] ca] ca] ca] ca]%:a] c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca]ca] ca] ca]ca]ca] caU] calca]ca]c(aJca]cal!l
" A#5HHE YH pRHHSr PEIPBKIDOA 8k IA&NKEe Fin RIS ober]mmf\‘f]ue]m]scaz]mbca]m] cajc
a)J ca) cal ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c(a]ca]ca]ca]ca]ca]calcal
caUl ca! ' * ( (e¥¢Y roRT)iaphy ppgabad-ehapes.5- . . .
/1/17/0010}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]c(a]c(a]ca]ca]ca]ca]ca]ca]ca]cal
ca]ca]ca]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca'10000011111222'3(3|44445<5
5566C50777777 Z] c ca] cal cal.cal ca calca cal.calcal calca] ca] ca
]ca] c(a] ca] Ca]TZhe] (?g] c%'sl]‘:]cl 4 bd] EAT A Al ]S]Q’c‘las] 015] c’J ?%3%%1%5]9&%%6‘]“&?] el
;0;d; e; 0 <$Scond photoresist layers further comprise the_step of using_an
<x<<! =F==.?n?~ ’>}pxsn| d_Z]c]]c(a]ca]ca]ca]ca]ca]ca]ca]ca]cal ca] ca)] calca]calc
a] ca] ca] cal.cadsakerd Gahsalstak€ (@kcal«eal cal cal cal cal cal ~??AAAABBSCT Cc CDDDDhE
EEBFFFGGHOHQH" HaHHHHHHM | wr mhc”Y] c] ca] ca] ca] ca] ca] ca] ca] c(aU] c(a] ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal m nl'19JIJJDKK
KKKKALPLSLLLLLMVM M MaMMWWIMNNNCUCOC} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cdPea]tg] eelbed] ¢falcéal® (ayeeda] € éé]R:&Fc%?]R?ﬁ]%‘a]t@a] E%F]Oélé] ca! 00000
+P, PDPSPTPt PuP RRTSS2TBTETTTUUUdUe Ui UUUWVE xsnid Z Hﬂ %ca] cajc
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%0%& ()-s10%&' ()-%$l 109%& ()-1010105 "109%& ()-3109& () - & F109& () -
[}'iK- KySIIEF%& iﬁmlc%ﬁduféqﬂise?s%ﬁgtioqagpf}51qg$the steps ‘of
10%& ()-"109& ()--9&10%& ()-19"109%& ()-9)cBy5! 10% &' 10%T& ()-3
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dielectric layer;

(C) selectively etching the upper hard mask material layer to produce
openings in the upper, hard mask material layer to form a first etch
mask for defining wiring trenches;

{D) forming a hybrid photoresist layer over the first etch mask;

(E) exposing and developing the hybrid photoresist layer to produce



& 109& ()-3"1099& ()- @ @109%& ()-G 109d& ()-3 109d&
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(G) removing the second contact hole etch mask and filling the trenches

and contact holes with metal.

12. The method of claim 11 wherein the upper, hard mask material is a

non-conductive dielectric layer.

13. The method of claim 11 wherein the upper, hard mask material is a

non-conductive dielectric layer composed of silicon nitride.

14. The method of clqim 11 wherein the upper, hard mask material is a

conductive, non-dielectric layer.

15. The method of claim 11 wherein the upper, hard mask material is a

conductive, non-dielectric layer composed of tungsten.

16. The method of claim 11 wherein the lower dielectric layer is

composed of silicon dicxide.
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18. The method of claim 11 wherein the step of exposing the hybrid
photoresist layer further comprise the step of using an alternating

phase shift reticle.

19. The method of claim 11 wherein the step of exposing the hybrid

photoresist layer further comprises the step of using off-axis

illumination.

20. Method comprising:

a) providing a substrate;

b) forming a first type resist layer on the substrate;

c) forming a second type resist layer on the first type resist layer;
d) defining a first plurality of substantially linear and parallel

regions having a first direction on the second type resist layer;

e) removing the second type resist layer and a portion of the first
type resist layer below the first plurality of substantially linear and
parallel regions for forming channels in the first and second type

resist layers defined by the first plurality of substantially linear and
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f) forming a third layer of resist on the second type resist and on

10,-, 2109%' () - TUi UUV* VaVdEbC3$1098&: ()-,  109%B& () -, - L0%B& (2 }1%’*@&%%

the sidewalls and bottom of the channels;

g) defining a second plurality of substantially linear and parallel
regions having a second direction on the third layer of resist and °

overlapping the channels;

h) removing the third resist layer and the first type resist layer
below the second plurality of substantially linear and pafallel regions
for forming channels in the third resist layer and for forming openings
down to the substrate where the first and second plurality of

substantially linear and parallel regions overlap.

21. Method of claim 20, further comprising the step of:

depositing a conductor in the channels formed by the step e) and

in the openings formed by the step h).

22. Method of claim 21 further comprising the step of removing the

third layer of resist.



