. ANETHOD FOR FORM NG SELF- ALI GNED FEATURES BACKGROUND L TECHNI CAL FI ELD
This i-nvention relates, in general, to the design and production of

sem conducti'ng mcrochips. Mre particularly, this invention relates to
met hods for establishing electrical contacts between conponents of a

sem conducting m CrOK%FTgbmW&mﬁ FENEHFHEA POREST ochi p has

becone a ubi quitous par crochi ps are obviously found
in conputers, but are also found in everything fromgarage door openers to
cars to children's toys. The mi crochBg GR&&HPe a vital and inportant
part of everyday life for virtually every person in the United States, and
host peopl e arQUNdTHEANPCAS, FIRtEpochi ps are constructed fromsilicon or

ot her sem conductors. By selectively introducing inpurities into particular

regions of the siligon _and. by | ectivel y.degpositing.and renoving other
materials onto thefrglfsllflx {onéFﬁgeai 1P5gef}%{'§ﬂ6%ﬁ%é%§@&8?8@%8ﬁ“%{’gﬁ licon chip.
A chip is bui kdmi¢shdiittia Mie&@ﬁﬁas.kw@p&%icﬁm?}tﬁisl ihbQfonRAM es to methods for .
Phot ol i t hogr aphy consi st's of pl'acing chenmicals upon the surface of the chip
and exposi ng ttablishingfeleatrical contctstbetveentcpmipondiity of 4 sgmicoddustingmicrothip.
sel ected wavel ength, to selectively cause chem cal reactions at particular

| ocati ons on tgje Clﬁ&tg@t@ﬁ%ﬁﬁ& eci al conpounds called "photoresists" or
sinply "resists" have been created for this purpose. Different resists have

di fferent chem cal _and physi,cal propertjes and respond to different .
wavel engt hs of | i gfe semicongdretes ’BFFT&TEL‘E h%g %@W@éﬁ’@ﬁ@é@ perh et peerydaytdifel | ed

by " maski ng" NIi‘Sro%H[P% %‘P@o@»fi?n?séfgi?xﬁg Eﬂe)géerﬂgnﬁeﬁ "ot abEE158 Fdlinf 3 Eﬁ}g@vir%fe frn%xgi "

recei ve radiation. resu em cal reactions a (

parts of the gamapadeoradpehérs tebams té chilizen’ e tays.eThe micmdhipihas bedymese giteindal | y
applying these processes a Iager _fof electrically con,neﬁt ed, dgvi ces, such as
transistors important part of everyday life for virtually every person in the United States, and

most people around the world.

Microchips are constructed from silicon or other semiconductors. By
selectively introducing impurities into particular regions of the silicon and by
selectively depositing and removing other materials onto the silicon, circuits may be
constructed on a silicon chip. A chip is built using a process known as
“photolithography”. Photolithography consists of placing chemicals upon the
surface of the chip and exposing that surface to radiation, typically light of a carefully
selected wavelength, to selectively cause chemical reactions at particular locations
on the chip’s surface. Special compounds called “photoresists™ or simply “resists”
have been created for this purpose. Different resists have different chemical and
physical properties and respond to different wavelengths of light. The location of the
chemical reactions is controlled by “masking” the surface of a chip so that only
certain portions of it receive radiation. The results of these chemical reactions allow
certain parts of the surface of the chip to be removed or modified. By sequentially

applying these processes a layer of electrically connected devices, such as transistors
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2 and capacitors can be formed. A single |layer of a chip nmay be

&l ectrically connected in a variety of ways. One nethod of electrically
connecting a chip layer is to use the selective deposition and renoval of a
metal to create lines of netal on the suyrface of a chip to connect circuit
conmponents. Agcordi.ng to .this process, thin netallic film typically

al uni num i &0 é:|3‘8§(?“t° %cad\}éer Oflﬂgd'surface of a chip. Alayer of resist is
then applied over the surface of the film The resist is next exposed to

['i ght of an appr ofsinglelayenef aohip maydiereleciricaliy lconneeteddinposaistyofpmyser n of
relatively rrow.lin on.the resist. The resi.st is then devel oped and
Ctched, | SaVohe AR GHECT L coBae e A OIHBRS (RS FURTTSE GoREoma ¢ er n
of “al um num frar ol tofdl BElal to-bate HABESL heRBod Me sufffée by &lip & chiiecehi p. A
newer method of electrically connecting one layer of a chip is known as the
"damascene" giranitaompoacntsr dicngrding tolthis paommss; e thinpnetakicdilmatypidallyon di oxi de
| ayer is gro over the surface of a_.chip. | gyer of. resi.st is led to
tha i | con APmgR i dspited st Be sdtsce otehip. BBk i itthenapahed ne
appropriate 132 ' AN eI 1e886is ndGexbesddSh 14 61*11‘?{‘1 ?déﬂ ed and
an etch is per orrr%ggg%h?{s&ef?gﬂ pro%glglzlgntzrer)f@%es Pngﬁke SI p%c nagelooxi de
patterned t owhwelengthasing henashnhsteikposes afpattemivdirelbiyaly nafowdinas on thepi cal | y

al umi num copper Qr tyngsten,, i s next deposiied over the surface of the
chip, fillin Sishd heresigiiis then deuelgnedand etth ei?awlgﬁ ipuek i dhe pafern ¢ | s

renmoved fro : | mﬁ@@rﬁﬁ ' | |
trenches. Asnbg%rg%(gﬁ Pé%rr%?g éllﬁl??P%gr!?ﬁgéltﬁ [?121:1“: es t(}héf. S{e%rigﬁgcac{n?gétﬂﬁngf o
i nt er connect thatlayetsfithe ohipal connections, are generally referred to as

"wires". A typical chip includes one |ayer of devices and nmultiple layers
of wiring connectad,d.a. G586 Qfeé{é&ﬁéally connecting one layer of a chip is known as the

“damascene” process. According to the damascene process, a silicon dioxide layer

is grown over the surface of a chip. A layer of resist is apf:lied to the silicon dioxide
layer. The resistis then exposed to establish the appropriate pattern of
interconnections. The resist is then developed and an etch is performed. This etch
produces trenches in the silicon dioxide patterned to form the interconnections for
that layer. A metal, typically aluminum, copper or tungsten, is next depbsited over
the surface of the chip, filling the trenches. The metal is then planarized so that it is
removed from the surface of the chip except where it filled in the trenches. Asa
result, metal fills the trenches to form a pattern of interconnections. Horizontal
connections, are generally referred to as “wires”. A typical chip includes one layer of

devices and multiple layers of wiring connected to.those devices.

While a microchip may consist of a single layer of wiring, as a practical
matter several layers are required to obtain sufficient chip function in today’s
technologically advanced world. The layers of the microchip are typically separated

by silicon dioxide or another dielectric to prevent one layer of a chip from interfering



VWi le,a mcrochip may consist of a single |ayer of wiring, as a practical
matter several |ayers are required to obtain sufficient chip function in
today' s technol ogi cal |y advanced worl d. The |ayers of the mcrochip are
typicallly separated by silicon dioxide gr another dielectric to prevent one

tayer of a chigylfo pér%*o%é&?ﬁ%)%gwg?é 626%%3} I?ﬁesgi?ﬁe?st&foﬂzh nRgagder |ayer.

However, these Paye S ecdtrically connected at the
appropri at e | eleakicainscdnnectsd bt ths approbtiateiocitions theoughtthesilicorediogiien

i ndi vidual |ayer would exist in isolation fromthe other |ayers, and_the
chip coul d noPtisEvisessachirsieidngl layes woykhesdst in isption Srony thergther layess, apd i con
di oxi de t hat Wl nmust be penetrated and the conponents
of the Iayersﬁgﬁgmoﬁz%%@egigﬁh%%?yi n an appropriate manner. One conmon
way to electrically connect the |ayers of a chip.is the "dual danmascene”
met hod. This net hoéOicgnm%leue@saf@ ip, thernlicoartionide that separatesswigingilayers t o t he

damascene procgess, that descri bed above.for useg i.n eatin iring to
electrically ol ecEe%Hgg@ﬁg%_ﬁ? cgmpgﬁgl P8 @F?ﬁefsaggﬁpﬁﬁfyﬁ?gnfcﬁ?ﬁn@ ep is
to create trepghepriatd niadfers  OhC@mAbRwafl€o éleétrivhllEsonnsctdRS b3 f adBRp8- The
second step is to create openings through the silicon dioxide to the | ower

chip layer. THe ‘siveldanpscened meslhig. (Bhinmethodrivkrayen af dugh damasegnabecausesit |

ki ng, ' . d | opi d et chi t t h. ab . The
opent ngs. ¢ hr obtAtilar 1 the Brbsons eets s ERe BRGNS (et i e, e
"vias". A Viaylifing dd16cHiballyl QniBA cHipBikns SHGR 18ydrTh chifOfhefitisCilep U6 1O

diffraction effects, prints a circle on the photoresist.” A square nask
i mage, such asrdate toeneblesio the silicorediokisle forswinest asglgseritisd@bbvs. Thesseconthsiep

T WIS T W R TR TN MO N
devel opi ng t h@pE@AksSire made using a process of applying a resist, masking, exposing,

" developing, and etching, as was set forth above. The openings through a layer of
silicon dioxide are commonly referred to as “vias”. A via is typically formed using a
square mask image which, due to diffraction effects, prints a circle on the photoresist.
A square mask image, such as is used to print a via, is not suitable for most image
enhancement techniques that are used in photolithography, as those techniques
require elongated images to function most effectively. After developing the resist
and etching the silicon dioxide, a conductor, typically aluminum, copper or tungsten,
is deposited over the surface of the chip, thus filling the vias and the trenches. The
conductor in the vias forms vertical structures referred to as “studs” or
“interconnects” that extend through the silicon dioxide to electrically connect the
components above the silicon dioxide to the components below the silicon dioxide.
For an interconnect to function properly, it must make an adequate contact with the
appropriate circuit element on each layer it is to connect. Typically, a via must be
created through the silicon dioxide to extend between two trenches on adjacent

layers.



and etching the silicon dioxide, a conductor, typically alum num copper or
“ungsten, is deposited over the surface of the chip, thus filling the vias
and the trenches. The conductor in the vias forns vertical structures
referred to as "studs" or "interconnects"” that extend through the silicon

-di oxide to electrically connect the caonfponents above the siljcon djioxide to
t he conponents beT]@R/\ﬂliq{ ga@pqqeg%ﬁleawg)gfgge_c ly gpnneciipg layarsafe misrachin:¢ i on

properly, i tre%iﬁ%s d%&u?ﬁi@ﬂ:%ﬁ?ﬁfﬁa&%ﬁ ﬁ‘@rﬂchlé@.t e B1RRRES Bat fhtugt gd reuit
el enent on ea ayer it 15 to connect. Typically, a via nmust be created
t hr ough t he alloweddo assubxa gropenaliptinesnt obeiusemdtrenuhes limirs tiesdemsitpthanmant

a Mo ochi p DRFIFEL OB RPRROND. AMeGRRERIoB BPBd Sh oY cumass anfhe
t ol t ' ¥ d
trenches |1 mEnrs tn SR RroRIRE RS Ria Rl RLARRc Vil AR ok e

convent i onal fabHtdtivh rbedsabEactadtepgecessasihanguirésahe bitstdps of applyingresisteat e the
trenches and then create the vias, as separate steps . in the fabrication

process. Eachaskieganhbexposiagithesuriage, developme thetssish gad drengighing g spefagest |
maski ng and exposing the surface, developing the resist, and then etching

the surface. The TReHesddx3sts dr@med piOYesP tOLIRSKS fdrampldved alifhmemaTe¥RGnd
al i gnnent of vias and trenches so that space on a chip nmay be used nore

advant ageoustrgnches se that spacel onachipameybeisedanorewdeaniagenuslyn Ain impreyed

enhancenment teghni gu o _be appl i to t rinting of via ile still
creating a cORRRoRR Bppadtione!iads cifutinty St siBentiliclo s s 1 or
a new procestheRiitingiof iak SWEile SUTOGAHIgOcoThRE riof-eldrpateddia OnaBe SHif,
trenches, to sinplity chip fabrication and to reduce fabrication costs.

DI SCLOSURE CEbeapeed alsaegistofpr a new process requiring fewer processing steps in creating

vias and trenches, to simplify chip fabrication and to reduce fabrication costs.
DISCLOSURE OF THE INVENTION

The present invention overcomes the difficulties found in the background art
by providing a method for creating self-aligned vias and trenches. The present
invention creates self-aligning vias and trenches by using two layers of resist, one of
which masks the underlying layer such that a via may be printed only where a trench

has been printed.

The vias and trenches are self-aligned by using two specially selected resists
layered on top of one other. The lower resist layer (which is used to pattern the vias)
is only exposed where the upper resist layer (which is used to pattern the trenches) is
also exposed. As a result, vias may only be created where a trench is to be created.
Because the vias and trenches are self-aligned, the wires and the studs are also self-
aligned. Because the vias and trenches are self-aligning, a lesser margin of error is

required to successfully intersect a via with a trench. This enables denser and more



The pr.esent invention overcones the difficulties found in the background
art by providing a nethod for creating self-aligned vias and trenches. The
present invention creates self-aligning vias and trenches by using two'

| ayers of resist, one of which nmasks the_underlying |ayer such that a via

b i nt | . h.h ® inted. . T ' d t h
e ool ol oftige chibdesiensds SOERNER, TR EEAee BiobiCalleni g St fop of
one ot her. Thelohged irh&ses $h tﬂe%t@dtioﬁ\e«ﬂlfiv&b, dnBbligEthe e BRIrhAeRnhilelied) S

only exposed where the upper resist layer (which is used to pattern the
trenches) is tchaiquspiaqumtingyias. Ths prasgntinventionplsoprgvides ameretafficishtre a
trench is to Qe created,.Because the.vias and trenches,are self-aligned,
the i res andPOSEOGE firchip BRacafon, F el ' SEHiE 580 Yead SreatSbp VS
trenches are agd fre@dted Sinithanéodsgsser margin of error is required to

successfully intersect a via wwth a trench. This enabl es denser and nore

5 efficient chip degsigns ta be cregted,. The self.-aligni attribute al| ows
the use of el ongat gi‘ei ﬁeefﬁ’éténY‘?Ptloﬂé‘ﬁeYvég‘fri"&ﬂeﬁf‘f*d\SIF%%t,Yq’é(r?ér%W%{Wﬂ%e Wsofof

i mge enhancepgpt e i ée%mgeéﬂlagtmnﬁhesé F%%hfs ARk ghaeéesﬂm fllicisSo

provides a nore efficient pro ure tor chip rication,-as It requires
only a singl eand off-axissilutninatioagtoerethutehthe sepsratinn betwesen ladmcentmenthasamitisduy .

The present inventio |10 for increased density by allow ng for the use
of nore eff ect"?g‘t‘—?gifﬂgsg‘gleéﬂ\é\gQMW?eW‘@E?ﬁﬁ"&lf€§§ac§u3‘ © pEesgnk ayeionsophase

shift reticl eachbfsGhladdofsity byMidiahy Bt ihd Beldt e LhiRndaRa I Hdnhueifeen

adj acent trenches wthout riski‘ng fai ue to S between W res and
contacts. The tigrfosmation ofthe viagpattairs dVias have\tgsical tyetsden priestidstisolitgd sdpladav Ng
for the use of. i mage enhancenent techniques in the formation of the via
pattern. Vias smé»gwwﬂe%ﬂ noj apeasblpq the aaplicatipn of wpags engangement techniques.

In accordance with the present invention, the vias may be printed as elongated
patterns that may be enhanced using phase shift, hybrid resist, and/or off-axis

illumination techniques.

The present invention overcomes density limitations due to concerns over
shorting because the interconnect is self-aligned to the wire. Thus, the separation
between wires may be reduced. The present invention also avoids the formation of
open circuits or reduced contact area due to the misalignment of a via and a trench

because, again, the via and the trench are self-aligned.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a method in accordance with the preferred embodiment;

FIG. 2 is a cross-sectional view of a substrate being processed in accordance



shapes, which are not anenable to the application of inmage enhancenent
trechni ques. In accordance with the present invention, the vias nay be
printed as elongated patterns that may be enhanced using phase shift,
hybrid resist, and/or off-axis illum natjion techni ques. The present
invention over.&ggesm%ensd t% | j.mitations due to concerns over shorting.
because the MAERE BrEierzed ¢rabadimenty| i yned to the wire. Thus, the separation
bet ween wires may be reduced. The present invention also avoids the
formati on of openFiGrisid topwiew ofla swldtratericany pracessedimeactardahe with the gnnent
of a via and a trepch because, again, the via and the trench are

sel f-ali gnedpfﬁﬂF‘EEerBE‘SﬁReptﬂ ON OF THE DRAWNGS FIG 1 is a nethod in
accordance with the preferred enbodinent; FIG 2 is a cross-sectional view

of a substrate beiFi@. pisacop3isv oha sratkiueiigs procésed infactdancecivith tigd
enbodinment; FIG 3 is a top view of a substrate being processed in

accor dance wipréfereembedimentd enbodi ment; FIG 4 is a top view of a
substrate being processed in accordance with the preferred enbodi nent; FIG

5 is a top view offI@. §ublopaii®n BEL BEbSMARIRSEEtobsssed inicdariaficevith thdie
preferred enbodinent; FIG 6 is a cross-sectional view of a substrate being

processed i n piefenediembediments t he preferred enbodinent; FIG 7 is a |
cross-sectional view of a substrate being processed in accordance with the

preferred enbodi MyG; 6 is a cross-sectional view of a substrate being processed in accordance

with the preferred embodiment;

FIG. 7 is a cross-sectional view of a substrate being processed in accordance

with the preferred embodiment;

FIG. 8 is a cross-sectional view of a substrate being processed in accordance

with the preferred embodiment;

FIG. 9 is a top view of a substrate being processed in accordance with a

second exemplary embodiment;

[}

FIG. 10 is a cross-sectional view of a substrate being processed in accordance

with a second exemplary enibodiment;

FIG. 11 is a cross-sectional view of a substrate being processed in accordance

with a second exemplary embodiment;

FIG. 12 is a top view of a substrate being processed in.accordance with a

second exemplary embodiment;

FIG. 13 is top view of a substrate being processed in accordance with a

second exemplary embodiment;



FIG .8 is a cross-sectional view of a substrate being processed in
accordance with the preferred enbodinent; FIG 9 is a top viewof a -
substrate being processed in accordance with a second exenplary enbodi nent;
FIG 10 is a cross-sectional view of a spybstrate being processed in _
accordance wi th apRecoida SrRIREHohaPYBAYF IRNbstrad fRind BrocBssBd B ARBdEL | onal
vi ew of a substrate ‘being processed I'n accordance w a second exenplary
enbodi ment ; witka stondsexeniplary eibodimiern; andbst rat e being processed
in.accordance with a second exenplary enbodinent; FIG 13 is top view of a
substrate being p ed 10 it odj ment ;
PG 14 15 aor DR SaRA o hReaRR RS ot ol BERE PR M e

accordance winlifh ases@ubéd hribodirggodi nent; "and FIG 15 is a
cross-sectional view of a substrate being processed in accordance with a

o esent 1 nventi on pr A SEUORE IR CRRINING AL s VENFION 2s ana
present invention pr r vias an _
trenches during mcrochip fabrication. According to the invention, the vias
and trenches are J&kpresentgneentivnmprongdesfor phimpriovedmgihagiof cypativgsiaslapd usi ng
two | ayers of specially sel ect resi stg and. expasi.ng the resists at
W or oo s thung wReoSEp ibriERpR AT InEsD D PHePPaBe AR dar | nt od
as el ongat edghaRgare WK Alnal UGMRs iR hbtb@imbsgfea Geebd Bphdhd vl Esidev e
| mage enhancenent teechni qtukgs. Thegi n\yention u@?r?gr oS by é aF,'

specially selected resists and exposing the resists at differing wavelengths. This self-

aligning enables the vias to be printed as elongated shapes, which allows for the use
of particularly effective image enhancement techniques. The invention further
provides a simplified procedure for creating vias and trenches, in that only one etch

step is required to simultaneously create both vias and trenches.

The conventional method of creating intersecting vias and lines needlessly
consumes space on the chip and can sacrifice the chip’s performance. Also, the
photolithographic processes used to create vias according to the standard fabrication
processes face grave limitations as the dimensions of microchip circuit components

continue to shrink. In the Rayleigh model,

resolution=K *(exposurewavelength)/(numericalapertureofexposuretool)

a smaller value for K provides higher resolution. K is dependent upon the quality of
the optics and the type of process being used to pattern the image. As the dimensions
of circuit components, such as vias, have diminished, the limits of the

photolithographic processes have been pushed.

The limits of photolithographic processes have been extended using image



provides a sinplified procedure for creating vias and trenches, in that
only one etch step is required to simultaneously create both vias and
trenches. The conventional nmethod of creating intersecting vias and |lines
needl essly consunes space on the chip andgcan sacrifice the chip's

erf ormance. th ofolit hi c cesses, use reate via
gccor ding to %Wﬁ’gé& &%%flgﬁ 8@‘5@%’ 148 are ypiq ﬂ}ﬁ qdﬁ*s{ngtsﬂ}ﬁfg as
}Qgel g' mﬁnfrl) 3 relﬁaﬂa‘ intHge$ %ﬂih&;rﬁit &&Hﬁéle&@rﬂﬂfé%ﬂi&esﬁﬁmﬂh@ld@né.l‘lnﬁ@éd fok viakfard he
ylerg

resol ution= K*t(yplx:pbjs emlanaed ising)titn-shifi phasei shift wpiclas wr asing aposuatesd phaisy shift
|1 | d h | ut dent

Qual iy of ¢ Mg MR eSS TovR RN s Rt GH e popal EAeR o ne

i mge. As thegdivie 'ﬂ?éyoi?é n6f zﬁcéffeﬁﬂbé eve'ﬁ?'&r? éﬁssé’élﬁ’ﬁ retht8e6%r off-

di mi ni shed, the [Tmts e phot o?lthogra hic pro es have been pushed.
The limts ofa:phdhmhlnathmgmaﬂiods: Altemetisgephdse shiftreethodxprenitiech eapabitjtyi tonge

8 enhancenent tthnl quesﬁﬁgxl\é\ggbg etcg{gfg.@]lel,se\y gﬁ%ﬁgﬁ%{)ﬁ&gl laébp{SITEt ed
usi ng square 'C e
aerial imagesy fn‘i’d’ed‘fd erdfién %}%hﬁ@k'ﬂﬁa‘%ﬁ?%ﬁﬁg 8'rﬂﬂv&1&ﬁﬁrﬁﬁﬂhﬁﬁ 9&‘ eShift

reticles or using attenuate ase s retic ese t |ques

provi de sone emablksapersatt zth‘outfjeK&elueal Offm:gaellminmitmmnaa pnb\hdysame not as
effective as alternatlnt“é nson phase shift |cles or off- axis

i || um nation FRiangeraent p?{gp ﬁagféergﬁ prawi c!l’é“b?rg\ﬂ’ﬁgn%f‘té%pablllty
to print i|mggy w%t%n?%i@éﬁ'a@ﬂ#ﬂrﬁ&%% 85 x)éﬂﬁb‘&glyki@?&&? Vecﬁéf'agﬁa'

| i t hography i s operationa out act ues, and rim
shift or att erlhnmwdtupthd 1ﬁaeﬂganctnmr\am1em¢nuamdqmasd5mk(sksa:hu@sov1ﬁ dccassite

il lumi nation can_provi de some enhancenent .of nested |jne/space, patterns,
but provides K Yalues behkeancdvand 45 Edge printing methods, such as sidewall image

transfer or hybrid resist, can also provide operation at .35 K values, but they do not
function for vias. As is apparent from the above, compact shapes, such as those used
in printing vias, are helped little by conventional image enhancement techniques.
Thus, the printing of vias has become a serious obstacle to the continued

miniaturization of microchip circuitry.

In accordance with conventional processes, to assure proper contact between
interconnects and wires, the vias and trenches must be created with a considerable
margin for error. In many chip designs, the vias aﬁd lines are designed to be
approximately the same width. To assure a proper intersection, the overlay budget is
about forty percent of the image size. Thus, for a .20 micron via and an intersecting
trench of .20 microns, an overlay tolerance of plus or minus .08 microns is required.
The image size tolerance is usually about twenty percent of the image size, which
would be plus or minus .04 microns in the present example. If the image for the line
is in the extreme range of .16 microns, the image size of the via is likewise in the

extreme range of .16 microns, and the overlay is at the extreme of .08, there must still

}
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i sol ated patterns, such as the inmages conventionally used to print vias.

Xf-axis illumnation used in conjunction with attenuated phase masks can
provi de access to K val ues between .40 and .45. Edge printing nethods, such
as si-dewal | image transfer or hybrid resbst, can al so provi de operation at

.35 K val ues, hut.they do npgt functi . Vi . ' P In@m t he
above, conp a(,?te S?Th%%‘g ,OVEﬁ%R)ééhq (Eeglsség’ qﬁ g e %'ﬁloﬁ, l?jlr%luﬁ ??%%Bl\?iaaglso?;egr éoﬁ'g? ped
little by conmiefinsOTEthe oWede BHARERITE the Eie@litwillies furldte. préfeslyP ot i ng of
Vvias has becone a serious obstacle to the continued m niaturization of

mi crochi p ci rexampley the gircgitanaydemtapen; wheredhs eonnestien was todiesses, to assure
proper contact between interconnects and wires, the vias and trenches nust
be created with a gigiipilgetheheed fRireVdht SiRUrtifg b&tiveen AdjaBY wifek Blsdemiéthe t he
vias and lines are designed to be approximately the sane width. To assure a
proper i nt er sleosityopresantly atiainableyontamipsochips Whenthe viads/large; toeenntinfiethee | nage

size. Thus, for a .20 mgcron via a an intersectLng trenc f .20 mcrons,
2N over | ay' « APRFARATRIF £ Fibris pif e Vet Sepon B RGclaaS AAPefe Wids Flmge

si ze tol eranGge {a3gdst HAbWIbIA AN ST V4 BRI thedlboldrilRel dEREAT0AT tfal . Wi Ch
woul d be plus or mnus .04 mcrons in the present exanple. If the image for

the line is imicréns. dnthisexamplagthe efirelsdparatioromgy be ket at rAlymicsonsssodhatirive vi a
is likewise in the extrene nge of..16 mcrans, and.t overlay is at the
extrenme of . CROTHNEWVR! QFGU: 'gﬁﬁg?paratnglg@t%t%;%pﬁlgﬁpa quoé’pa?}BP t he device
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layer of photoresist is preferably a chemical vapor deposition photoresist which

responds to exposure at a given wavelength, denoted herein as a second wavelength.
An accéptable resist for use as the lower resist layer is a plasma polymerized
polysilane résist as described in Microelectronic Engineering, Vol. 30, 1996, pp. 275-
78. The next step 104 of method 100 is to apply an upper layer of photoresist over

the lower layer of photoresist.

The upper and lower resist layers may each be positive tone, negative tone,
or hybrid resists. The lower resist layer and the upper resist layer should be selected
so as to avoid intermixing between the layers. In the example described in the
conjunction with preferred embodiment, the CVD polysilane resist used for the lower
resist layer is composed of a silicon network similar to polysilicon. This polysilane
resist is insoluble to the solvents commonly used for spin-applied photoresists,
thereby minimizing mixing of resist layers and degreda.tion of resolution and image
profile as the upper resist layer is spin cast over the lower layer. Other resists which

could be particularly appropriate for use as the lower resist layer are positive tone
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~wireis at the largest allowable inage size of .24 mcrons, the tol erance
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1996, pp. 2 78. The next step 104 of nethod 100 is to apply an upper
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resi st usedexmposuterwill mrerent thesn fom beieg degradedrduning dhodevalopriane ofitheaipper k
simlar to E%l5¥ ilicon. This polysilane resist is insoluble to the solvents
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be particularly propriate for use_as the lo resi.st. layer are positive
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J. M Frecheteafiyddo the upper resist, so that an image developed in the upper resist layer will

not be attacked when the lower resist is developed. For example, the polysilane resist
(described above) which may be used for the lower resist uses buffered hydrogen
flouride (HF), HF vapor, or a flourine plasma for development as a positive tone
resist, and may be developed as a negative tone resist using chlorine plasma. Ifa
DUV or I-line resist is used as the upper resist layer, the upper resist layer will not be
very sensitive to either the HF or chlorine plasma used to develop the lower resist
layer. Meanwhile, most DUV and I-line resists are developed using an aqueous based
solution, such as tetramethyl ammonium hydroxide (TMAH) at .14 to .26 N. The
polysilane resist which may be used for the lower resist layer is not affected by
aqueous developers. Further, the lower resist layer should preferably be sensitive to
an exposure wavelength at which ihe upper resist layer is opaque. For example, the
upper photoresist layer may be a deep ultra-violet (DUV) photoresist. Most DUV
photoresists are opaque at an exposure wavelength of 193 nanometers. Most I-line
resists, which may also be used as the upper resist layer, are opaque to DUV

exposures and 193 nanometer exposures. One skilled in the art will realize that



Wlson et al in SPIE, Vol. 3049, pp. 437-47, 1997. Specifically, the
-materials outlined in Schene 2 and Schene 4 in this paper would be suitable .
as |ower resist layers. These resists could be fornmulated as DUV material s
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'to be used for the upper resist layer, and their water insolubility prior
to exposure wll even hem fram bei ng degraded during.the devel opnent of
the upper resi st ﬁgmﬂ’.a}s?h’getl?ﬂjﬁé?alptﬂd’ts%%égmg'f&%& b4 cmggg%eggﬂ%igﬁ%r onal
I-1ine or DUYegitNaye ahéﬂﬁ'{iuﬂ;ﬁiﬁe%fst 1ayBe IF QYR ah BiSti-Bdflee il dating oM PRbsyriave

a differentiation’in its devel oper felative to the upper resrst, so that an
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tone resist, and el oped as a negative“tone resist usi chl orine
pl asma. |f a thtsame wavélemgth oftightt Hovevegdt kssttpoetionspd an mps-refledtiay eoatirighe

upper resist la will not be,very sensitiv o either the HF or chlorine
pl asma used t%oﬁéixsvw hefemoyggfn 9%‘%‘? tQteXP%%‘Féﬁ‘? }Wﬁéﬁ@lﬂﬁoﬁé}“ €t Duv and
I-line resists are devel oped using an aqueous based sol ution, such as
t et ranet hyl amoni Asubstateoportion QEMAk)inga loviet photordist MyeTheS @l arsuppene

resi st which be ysed for the |ower_resist |ayer., is not affected by
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opaque. For exanple e upper photoresi st eep ultra-viol et
-(DWV) phot or dayext215Nps silichly syisatrr219i SResists ethepthan thosé destribad alsaveanay be
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significantly different wavelength of light than the upper resist layer 210. In this
way, the exposure of the upper resist layer 210 will not affect the lower resist 205,
and vice-a-versa. Additionally, the upper resist layer 210 and the lower resist layer
205 should preferably use different developers, so that the development of one layer
will not affect the other layer. In accordance with the preferred embodiment, the
lower resist is a CVD _polysilane resist that can be developed with a buffered HF
solution, HF vapor or a flourine plasma. While a buffered HF solution is an
acceptable developer, a buffered HF solution has been known to cause adhesion
problems with some resists that may be used as the upper resist layer. These
problems may be avoided by using HF vapor as the developer. The upper resist
layer may be relatively opaque to light of the second wavelength, to which the lower

resist layer responds. The upper resist layer may, for instance, be a conventional



A1 different conbinations of resist |ayers may be used in accordance with
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chlorine plasma development removes the polysilane and leaves the silicon dioxide.
If oxygen cannot reach the polysilane resist, no image can form. The upper resist
layer at least partially prevents oxygen from accessing the lower resist layer. Another
factor which allows the polysilane resist to be used as the lower resist layer in
conjunction with the same exposure wavelength for both the upper and lower resist
layers is that the chlorine plasma RIE develop process for the polysilane is
directional, and even if the upper resist does not act as an optical mask, it can also act
as a physical mask during the RIE develop process. Thus, an image may not form in
the polysilane lower resist layer where the upper resist layer is intact, but may form

where the upper resist layer has been removed.

It is sometimes desirable to use the same exposure wavelength for both resist
layers, as this requirés only one exposure tool. The polysilane resist is particularly
useful because it allows the same exposure wavelength to be used for both the upper
and lower resist layers. It is to be appreciated, however, that other resists may be

used in accordance with the invention.



“problenms wth sone resists that nmay be used as the upper resist |ayer.
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-t can al soyglin accordance with the invention. Because the lower resist layer 205 does not
respond to the first wavelength, the lower resist layer 205 is unaffected by the
exposure. The next step 108 of method 100 is to develop the upper resist layer.

After development the lines exposed in the upper resist layer 210 become openings
that allow light to reach the lower resist layer 205, while the unexposed portion of the
upper resist layer 210 prevents light from reaching the lower resist layer 205. Thus,
the lower resist layer 205 may only receive light at the wavelength to which it

responds where the upper resist layer 210 was exposed.

Turning now to FIG 3, the upper surface of a substrate portion 200:after step
108 is illustrated. The surface 250 has been exposed at a first wavelength selected
for the upper resist layer 210. The first exposure pattern printed on the upper
photoresist layer 210 has been déveloped to create openings. An example exposure
pattern and the resulting openings for wafer portion 215 are shown in FIG. 3.
Exposing and déveloping the upper photoresist layer 210 has formed lines 310, 320,
330 and 340 in the upper photoresist layer 210, exposing a portion of the lower
photoresist layer 205. As shall be seen, these lines 310, 320, 330 and 340 will be



as a physical mask during the R E devel op process. Thus, an inmage nmay not
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exposure. Therepigk apbinad Svagelength Horouse 9o th the deweravsistdpyer B8 alspalependsi st
_l- ayer. upon the wavelength used for the upper resist layer 210, as these two wavelengths are

preferably sufficiently different to prevent the inadvertent exposure of the lower
resist layer 205 when the upper resist layer 210 is exposed. For example, the lower
resist layer 205 may be exposed with either a 193 nanometer exposure system (if a
248 or 365 nanometer resist was used for the upper resist layer 210) or a 248

nanometer exposure system (if a 365 nanometer resist was used for the upper resist
layer 210).

Because the lower resist layer 205 can be exposed only at the openings where
the upper resist layer 210 was exposed, the lower resist layer 205 is exposed only at
the portions corresponding to the intersection of the upper photoresist openings and
the corresponding openings in the second mask. Thus, only a portion of the exposure

pattern contained on the second mask is printed onto the lower resist layer 205.

FIG. 4 illustrates a substrate portion 200 having a lower resist layer 205 and
an upper resist layer 210 that has been exposed as described above. The surface 250

is exposed through a second mask having a second exposure pattern at a second



After. devel opnent the |lines exposed in the upper resist layer 210 becone
-openings that allow light to reach the | ower resist |ayer 205, while the
unexposed portion of the upper resist |ayer 210 prevents |light from

reaching the | ower resist layer 205. Thu the |l ower resist |ayer 205 may
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phot or esi st 1aag developed inshesupner phetorasishlayet cEie serondsexposure pattern3eay and 340
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of method 10QLevenkéh)yshasePshef eqtitteskaiailivitinaticneid i bedREsst! © Heaipbled to
expose the surface to a second wavel ength of light to which the [ower
resi st |ayer tod&upisnond exposure patiernpdi istebe asakledat|thingoins iteat thecepper rdsisyer

will be used.to defi.ne the interconnects,structure, .gh,.wi |l ext.end
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layer. Qbvi °”o*°h'1§’ in tThQ Tutersec 1%91 0 Vcell)oerﬂgrtlshwﬂesrg ?he overlaying upper resist layer 210 has

also been exposed, which is at lines 310, 320, 330 and 340, and the regions 410, 420,
430, 440, 445 and 450 of the second exposure pattern. As described in conjunction
with the preferred embodiment, the lowér resist layer may be a positive tone resist.
In this case, the intersection of the second exposure pattern and the developed lines
.of the upper resist layer will be removed during development. However, the
invention may also be practiced using a negative tone or hybrid resist for the lower
resist layer. Hybrid resist is described in a pending patent application entitled
“Frequency Doubling Hybrid Photoresist”, serial number 08/715,287, filed on
Septeinber 10, 1996 by Hakey et al. and assigned to IBM, as well as a pending
application entitled “Optimization of Space Width for Hybrid Pﬁotoresist”, serial
number 09/170,756, filed on October 13, 1998 by Chen et al. and assigned to IBM.
The use of the polysilane resist as a negative tone resist allows for the use of the same
exposure wavelength for both the upper and the lower resist layers, as was previously
described. If a negative tone resist is used as the lower resist layer, the second

exposure pattern will contain elongated opaque shapes which will intersect the lines
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before etching. FIG 6 is a cross-section of the substrate 215 shown in FIG. 5 taken

along line 6-6. The upper resist layer 210 has been exposed and developed, and
openings have been formed, in locations 630, 635, 637, 638 and 639. The lower
resist layer 205 has been exposed and developed, and openings have been formed, on

in locations 530, 535.

Referring again to FIG. 1, the next step 114 of method 100 is to etch vias and
trenches into the dielectric. According to the preferred embodiment, the depth of the
etch is determined by whether one or both layers of resist were exposed at a
particular location. If both the upper resist layer 210 and the lower resist layer 205
are exposed and developed in the same location, as is the case for a via, the etch may
immediately proceed on the dielectric. If, however, only the upper resist layer 210
has been exposed, as is the case for trenches, the etch must proceed through the lower
resist layer 205 before reaching the dielectric. Thus, in an etch of a set time period,
the dielectric will be deeply etched at the locations where both resist layers were

exposed and developed but only shallowly etched where only the upper resist layer



conprise shapes which allow i mage enhancenent techni ques, such as
-alternating (Levenson) phase shift reticles, off-axis illum nation and
hybrid resist, to be applied to the second exposure pattern. It is to be
recalled at this point that the upper r gist | ayer 210 is relatively opaque

! . 9 ! .
1o light of t wavel engt h .t e . | owe esist Jlayer 205 re ngs in
areas t hat weilz) WSSRPS aﬁ‘ﬁf%@%&%dﬁ‘ﬁ@%ﬁf’%‘éﬁ% Wéreégtb%srm?yeéq %tgﬁ?‘gyer
210 oper at es ja% singl®§tkp. COYSHEITe, 0N skille in therSwill rRYRZe tRAEpHRoressts Xies ed
only in the intersection of the portions where the overlaying upper resist

| ayer 210 hasrespond t differentetchadis mas bewsed. AYhild thissreguices ap2gditzgel eta 340,
and the regions 41 4 . 430, 440, 44 d 450, of t second _exposuy e
pattern. ae. g Hles At SRPHERS oAy ofiBE ReBa RS Be VB BB RS e
lover resist JopyedircumstdiRest sORPAtE MR st Bndyt dekiralile. h’f'ﬂeﬁet%ﬁﬁ@thé@ﬁs and

I ntersection of the second exXposure pattern and the devel oped’lines of the

upper resist thayrenches| the bemainmgphdtaesistishould\beirepovait fromidhe sueface tofi the

i nvention may al so be practiced using a negative tone or hybrid resist for
the | ower ressf"g?tr‘ftSyer. Hybrid resist is described in a pending patent
application entitled "Frequency Doubling Hybrid Photoresist”, serial nunber
08/ 715, 287, fil ed Bi. Sdiustrdtesra substrdtd Portton dfizk the atching stepdd hasbapned t o

o e aeroBo Tl o oAb R et et O
1998 by Chen gig @k g&%ﬁ?ﬁ 990 bikrd Bosdd) TN 737 M3 095y RhvPhlen! €S St
as a negative tone PRsi st a?’%’gws for the use o?l t&ﬁe sanme’ exposur e

wavel engt h f ogtcheat Wwhérb @nlypthe upperdesistdayep @2¢0 was ekpdsetl.aThe sias I30E8S extend

previously described. |f a_negative tone resist is used as_the |ower resist
| ayer, the se@’é%?‘éﬁﬁéﬂelﬁcgwp% torthe giticon l?éfﬁ‘i%wnoféﬁ%ﬁ}g‘ﬂt &M Bp stigen &3ygpes

Pt o THET B8 0, 10ty 94N TR0, TR o
an interconnection between layers of the chip.

Referring again to FIG. 1, the next step 116 of method 100 is to deposit metal
over the surface of the chip to fill in the vias-and trenches to form wires and
interconnects. Typically the metal deposited will be copper, tungsten or aluminum.
The final step 118 of method 100 is to remove the excess metal, leaving only wires

and interconnects. This can be done using a planarization process.

The results of this process are shown in FIG. 8. Interconnections 830, 835
extend through the dielectric 215 to the silicon substrate 217 to contact the wires 794,
796. Wires 837, 838, 839 have been formed in the trenches 737, 738, 739 that were
etched in the dielectric 215. Chip fabrication may now continue using any of the

various processes used in the art.

In another variation on the preferred embodiment, the upper resist layer is

patterned using image enhancement techniques that result in “looped” or “linked”



t he edges of the el ongated shapes of the second exposure pattern will be
-devel oped at the intersections with the |lines devel oped in the upper resist
layer. FIG 5 illustrates the result of devel oping the | ower resist |ayer.
The | ower resist |ayer 205 was exposed 9 'y at the intersections of regions
410, 420, 430, 435, 440, 445 .and.450,0f the,second expasur t.tern and the
openi ngs of §mcfﬂ{?5e?th&fFéwlﬁl‘§§é?3%%Ph%Sﬁ edg ga%@gkg“?s?ﬂ@ggé’%“& Bt 330,
340 and 350. BHM thebERiehhiguishave thd KWaNtap 6f BhSOVE inhdpéREsobRont it Ravethgos ed
only in areas oo fesgBshnigues havgihe giyahtao Dt MAOLGR magk Thsoriion bt RVt >° .
thi s result s disadeantegeofiresnttingeindedped inlaigg shapes. Becamsemarydeatatasaead tabe t he
vias and trenches, _thereby conservi space opn the surface 250 .Qf the chip
215. FIG 6 /pTaed dispretelya taes nsen ?@%t%ﬁweﬁmpﬁmﬁa vih sprate
phot or esi sts r@gsft > g iRabss iftdSdi SeshiefN TR RSt ate
215 shown inr‘%&& ﬁ%&%ﬁ}‘g ot?llg l?ﬁr?g 1121_&1 :§s1_|_hog ‘S‘fs)‘%tgr rgs?lgst fsa‘{?ergtlgqgﬁhgs
been exposed thatboged Eatpeslint@didcretecfeatugss th allewithese ilnagarenhancemémcat i ons ,
630, 635, 637, 638 and 639. The |ower resist |ayer 205 has been exposed and
devel oped, arlBChBRIES 188 Hisdavithouh excsrike Prasess GOMRIEd: ons 530, 535.
Referring again to FIG 1, the next step 114 of nmethod 100 is to etch vias
and trenches into Inhkisdaghtis, aipolysAaoresistig used dthe povedraesistda jarent ,
the depth of the etch is determ ned by whether one or both | ayers of resist

wer e exposed Tasistcomnatiblewish imegepnhancement fpehpiquiescis yegrbas the ypper regstdayer10

and the | ower,.resi r 5 . val |

| ocation, as (Fsg"%ﬁg{’%%g%ég]flélrﬁ%aMV| a,rg%i%gﬁ@? ﬁg%aggﬁcm%{lé%yﬁﬁ%%%e on the
diel ectric. IisedaouRMEWer REiksYlaydrdorRRfal i€8bRS. Hiay dt dakltQohaadiie aiix eposed,
as is the case for trenches, the etch nmust proceed through the | ower resist

| ayer 205 beftbe appardaysr sepist during applicefipe. Squend, the plasmadeyplopfused Ewsthe j ne

period, the d] tric.wld  be epl:- i.et che t. the.locations ere. hoth
resist |ayer &%sﬁféné; g!mg)alll é‘ﬂtas‘@g@@ﬁ’%}?e%"%‘g aginlfnf g§ Hjlal eon)? e S\I(lﬁ'egﬁ“ﬁ’er e
only the uppethe agtddiis bhss/ddveloper used for the upper resist will not substantially degrade the

polysilane resist. Fourth, the polysilane resist can function at 193 nm expose, in

which the upper resist acts as a mask (when the upper resist is DUV or I-line).

It is preferable that the polysilane resist be used in its negative tone mode,
with chlorine plasma being used to remove those areas of resist not exposed. In this
case, the polysilane could also be exposed at the same wavelength used for the upper
resist, and the chlorine plasma develop process would allow the lower layer resist to
be developed only in the regions where it was uncovered by the upper layer, even
though the lower layer was exposed in areas both covered and uncovered by the
upper layer. With a wet develop resist as the lower layer, any areas exposed with
light, even if there were covered with an upper layer of resist, would develop away,

causing adhesion failure of the upper resist.

It should be noted in the preferred embodiment, an anti-reflective coating

(ARC) is not needed between the upper resist layer and the lower polysilane resist



17 210 was exposed and devel oped. In this way, both vias and trenches may
:be etched in a single step. O course, one skilled in the art wll realize
t hat photoresists that respond to different etchants may be used. Wile
this requires an additional etch step, it, allows for independent control of

-the etch depth of the vi aaga&%fr% egé es.1gl n so circunst ances, .. rate

se
etch steps neyy¥He Ghsicony HLRRFSE AIMRLEXILY copParedia traditionad ¢ he
remai ni ng photefegi st shoul d be removed fromthe surface of the substrate.
FIG 7 illustrates a substrate portion after the etching step 114 has been
performed. Vias 730,. Yég have been et ched V\/neratgoth the | gwer resist |ayer
205 and the upper With the loweranduppergesists depesited, thy ipprresist jsexposehusingy

have been etc o) . L ESA Sk | e
Urae v50" vacsBpGTGe lndnckAEn 8o Addln, 1 Floofhll YR HRRBERT wldiE
the chip. On theeechniqueaned. ajfer SdboshrBethe npperidsist is dbvelaprtdadigain, beésaudddf 796

on the lower |ayer 690. This allows for an interconnection _between |ayers
of the chip. theAmegs aphangementitechnique, this wikresayin alogped treughrbesns fosmed oo | s
to deposit nepal ur t PRt I b . vias and
trenches to f{cl)lr%%p &ngfégﬁgﬁ&&i n?@? g%‘%gﬁlescatng?g %@’Féﬁ‘ﬁ%‘lf °t1¥1%‘ Qnrrée{%g]lsydeposi ted

wi || be copper, tungsten or alum num The final step 118 of nethod 100 is
to remove the excedbe lasveriresistdathen gxposied uging bethehmaskteticleand dhe wpperrgsistcan

be done using, a,pl anari zati rocess., .JJhe resul t f~thi.s process. are
shown i n- 1 G kel aER o BeSi B L SR Bttt RLARRRAIS
215 to the siirchffes Shapes fak Blodk poftions @ﬂ{l@QB%I%’ﬁ‘QuQH zﬁfﬂ?engéb otH&Sorti¥dsa¥ 837,
838, 839 have been formed in the trenches 737, 738, 739 that_ were etched in
the diel ectri thedoep trongly Thus, iaress obhedayerrpaistenrraspendingiorihe intgrsestionted

various pr Oceﬁ%eks)og 8ggﬂ i thg %pgerrtr'esist and non-blocking shapes in the reticle are exposed.

Portions of the lower resist blocked by either the upper resist, or a blocking shape in

the reticle are unexposed.

The lower resist is then developed using a chlorine plasma or other suitable
developer. This removes the une:acposed portions of the lower polysilane resist that
are not protected by the upper resist. Thus, only those portions of the lower resist
corresponding to the intersection of the loop trough and blocking shapes in the
second exposure mask reticle are removed. Thus, by using a masic reticle to
selectively block portions of the loop trough, discrete troughs in the lower polysilane
resist can be formed. These discrete troughs can then be used to form discrete

features on the substrate.

Turning now to FIGS. 9, 10, and 11 a looped pattern exemplary of those
formed with hybrid resist is illustrated formed over a polysilane resist layer in
accordance with this preferred embodiment. In particular, FIGS. 9, 10 and 11

illustrate a patterned hybrid resist layer 1806 and a polysilane resist layer 1804 on a



In another variation on the preferred enbodi nent, the upper resist layer is
Spatterned using i mage enhancenent techniques that result in "l ooped" or
"linked" 18 structures. These techniques include phase edge pattern
transfer and hybrid resist. Both these techni ques have the advant age of
- inproved i mage resol ution but have the,&Psadvantage of resulting in | ooped
i mage shapessubsiseta peetional$P2s whetg Q. Hoise qrossipecton ofthe snbstrpteia FG. 9 hese
| mge enhancegenkohgRAN 198 SATAG! 1 PR 4368 Wbhdh SERESAGIARHA% BIERS O
di vide the | ooped 1 rmages 1 nt’o disCrete features. IS varratron trins the

| ooped f eat uglefig lifks2MRE C ICHetrdvaRhgs @Susing Hyblidwediftésthat rogths 4808 8aebENt
techni ques to be used w thout excessive process conpl exi t{t In this
e

variation, aPpRE]ithawidtkef less then §sam nathioyerenideep ultexyistet AYY), and a

ot 1 ayer isesot by BRARs BERREFRT BbabAGTA AXARn SRR, Tl PEC )

Pol ysi | ane i gsifg tHedal by a wieK sBipeltb defify@6ughe 9808 id Bybeid resikt, Stxesral L
reasons. First, it does not readily mx with the upper |ayer resist during

appl i cat i on. disesnsion, featnres shm beraregtedshapnersadilithegraphy allowvy sThehekingef st wi | |
t substantjall ] in the. ist. Third ,th
base dever oplpuelsd08,PhTs B0 BRAR shBe aRiHRR], shittmhoiadt £F1 Ger ade t he

pol ysi | ane r egidthres,fi94 prdbleth F6r &B&ﬂ@?&s&[ﬁe&tﬁ&h,%cﬁ adgdte B6hduRbrabr WM
expose, in which the ul%eer resist acts as a mask (when the upper resist is

DUV or | -1 i nepplicationss Iordliese applicatinas thefimkingl of $youghe1 §08<taptreswdt insed in its
negative tone_nopde vm'rE.h chlorine plasnma being used to renove those areas
of resist nofmg&%@g&q P& this case, the pol ysi |l ane coul d al so be exposed
~at the same wavel ength used for the upper resist, and the chlorine plasna
devel op process winaetoaddncevwithethisembhodimgn; the substuate: portien tdhen ofpedednl y in
the regions %@e%{l?hfohgﬁl\g%agfg Fetic é, %gp(? ngt anigr?sp of thxla fiked pa%t\érennin the hybrid
resist. Turning now to FIG. 12, an exemplary secondary exposure is illustrated
where region 1910 and 1920 are exposed, and region 1915 is unexposed. Again, as
described with reference to the previous embodiments, this exposure can comprise
irradiation with UV light, or an ion implantation. In either case, those portions of
the polysilane resist 1804 that are exposed become insoluble in a chlorine plasma
developer. Thus, areas of the lower polysilane resist corresponding to the
*  intersection of the troughs 1808 and exposure regions 1910 and 1920 are exposed.
Portions of the lower polysilane resist blocked by either the upper resist, or in the
unexposed region 1915 are unexposed. The lower polysilane resist is then developed
using a chlorine plasma developer. This removes only the unexposed portions not

protected by the remaining hybrid resist 1806.

Turning now to FIGS. 13, 14 and 15, the substrate portion 1802 is illustrated
after the unexposed portions not protected by the remaining hybrid resist 1806 are

removed using a chlorine plasma developer. Again, this results in two discrete,



though the | ower | ayer was exposed in areas both covered and uncovered by

-the upper layer. Wth a wet develop resist as the |ower |ayer, any areas

exposed with light, even if there were covered with an upper |ayer of
resist, would develop away, causing adhg ion failure of the upper resist.

It should b h ferred t f t t
(ARS) 15 not RN Bebnind) Bebkifimed Slgalgwefawaiﬁaéwiiec SRS o1 | ane
resi st 19 chipdtRh beﬁbédsto%ﬂﬁ 'di?s@fe@@fe&itdr@ocbiﬁ% shtiGrafd OrESS 1 80271 GX by

conpared to traditional nethods. Wth the | ower and upper resists
deposi ted, t n@ogplped by thwise skilled m&begadhajihlhgmm@mmam@a used do deffimencemrent

t echni que. oce used wil | aon the techni gue used.

After ex posu efﬁ’b‘ﬁ%? gls%?ag‘l‘re? Jnefuding 8}5‘3‘8‘3 hﬂﬁgﬁ%nto WG jnes.ets he i mge
enhancenent ﬁ:@ﬁdﬁ&d}k'%tcth' s will result in a |ooped trough being forned in
the upper resist layer. This reveals a loop of the | ower polysilane resist.

Togi st"T0 tetine ORWICPEASBRoR hes PeoRdeserioed & st & pisteres daendiment, |
Preferably, hegtResid ﬁ%'aﬁtlvﬁll'rgﬁ 2965 AR qu&hﬁtmﬁ %ﬁho%?g%a?ﬂﬁ%r eat he

| oop trough and expose ot portions o oop troug s of

the | ower reshespitosfiths nventiony For ihktendent wxdemleqnoKﬁhammlktemytHeqmgﬂ in
t he upper reS|st and non-bl ocki ng. shapes in the reticle are expose

ed.
Portions of thalllikglihoadensw phofprssistsavibhbecdeyploped methe Bipuse thatsvidl be well 5
bl ocki ng Shaeﬁuéd‘mttﬁ; fEliEEd hﬁrlﬁvéﬁ%fip%?ﬁgent g%u? old ei(ﬁg gu} then
devel oped using a Brlne plasma or other suit B evel ope Ris renoves

t he unexposedvavelehizths stief thahehd @weiplésaliven hereig niaytesised hbikeds2, Altiple

" protected by the upper resist. Thus, only those portions of the | ower
resi st etch steps may be used, instead of the oné etch step performed in the preferred

-

embodiment. Dielectrics other than silicon dioxide may be used to separate chip
layers. While the preferred embodiment described contacting interconnects to wires
on the silicon substrate level, the present invention may be used to connect any
microchip layer to any other layer. Conductors other than aluminum, copper or
tungsten may be used for wires or interconnects. The interconnects may even be

aligned with components other than wires to electrically connect chip layers.



corrgsponding to the intersection of the |oop trough and bl ocki ng shapes in
- the second exposure.-mask reticle are renoved. Thus, by using a nask reticle
to selectively block portions of the |oop trough, discrete troughs in the
| ower polysilane resist can be forned. These discrete troughs can then be
~used to formdiscrete features on the s#8strate. Turning nowto FIGS. 9,
10, and 11 a | ooped pattern exenpl ary GEAIMSse forned with hybrid resist is
illustrated formed over a polysilane resist |ayer in accordance with this
preferred gnbodi naRbethdd fddetihig sfeatuld §25a sbstra, tetndthod Lormipridiad thed
patterned hybrid resist |ayer 1806 and a polysilane resist |layer 1804 on a
20 substrate port$teps af802, where FIG 10 is a cross section of the
substrate in FIG 9 taken along lines 19-19, and FIG 11 is a cross section

of the substrate {A) Fl @plﬁngghgwe?m&egigﬂgﬁr%%g@e_s@%ﬁaﬁgvant age in using

hybrid resist is that troughs 1808 can be printed with a width of |ess than
0.2[errImwith cuprent deep ultra violet . | ithography tool.s that are
desi gned for operg)i on® %"8\8@8[“@??]%‘\“&%}!& By ﬁf'e“l‘ﬂﬁg‘?‘”’%}%ﬂ?r‘?@tl@y@%dge of
a mask shape to define troughs 1808 in hybrid resist, smaller dinension

features can be c(@at edxpidsarg the uppdr photdrexint dpley tlabhghvesfirsThask;i nki ng of
troughs 1808, while desirable in sone applications, such as isolation

trench structuresmy{s f ; 0 : ate
conductors or wr p%jg ap%ﬁ%gbg éﬂﬁs‘ﬂipﬁgﬁﬂﬁﬂgé%ﬂg T’orr ‘%’uggltq ?éotlral)i) @1?1%53#{?%2%@?%9“
troughs 1808 can resul in the uppeepiotstesibdaydrng. | n accordance with this
enbodi nent, the substrate portion is then exposed again through a mask

reticle, exposing,porti . of i in .t h i g resist.
“Turning now to FI 12?§2§°§1@tg§r£ﬁ%ﬂﬁ ls6 gog%sﬁsggé%% r Q}(r Bg%huggecf’égha%glﬁ at ed
through the upper photoresist openings, such that the portions of the
lower photoresist layer corresponding to the intersection of the upper
photoresist openings and the corresponding openings in the second

mask are exposed;

(F)  developing the lower photoresist layer, such that openings are formed

in the lower photoresist layer; and

(G) forming the feature using the lower'phbtoresist openings.

2. . The method of claim 1 wherein the upper photoresist layer is a negative tone
photoresist.

3. The method of claim 1 wherein the upper photoresist layer is a positive tone
photoresist.

I



where, regi on 1910 and 1920 are exposed, and region 1915 is unexposed.
ZAgain, as described with reference to the previous enbodi nents, this.
exposure can conprise irradiation with UV light, or an ion inplantation. In
ei ther case, those portions of the polygélane resi st 1804 that are exposed
- becone insoluble in a chlorine plasma dével oper. Thus, areas_of .the | ower
pol ysi | ane rési st Tthermethpd pficlaim | vherein the unpsephatergsist layerds a hybrghs 1808 and
exposure regions %%&)%gg 1920 are exposed. Portions of the | ower

pol ysi | ane resi st ot “by either the upper resist, or in the unexposed
regi on 1915 are unexposed. The | ower polysilane resist is then devel oped
using a chlorine plasma devel oper. This renoves only the unexposed portions
not protected by the remaining hybrid resist 1806. Turning nowto FIGS. 13,
14 and 15, thg subpiid mtModof tlafi 1AkEeih $hd 1bl~_@ﬁpmcﬁb@§isﬁ1fagwis hpBsitivExdRsed
portions not protected by the remaining hybrid resist 1806 are renoved
usi ng a chl ori ne phheteresistevel oper. Again, this results in two discrete,

21 unlinked troughs 1950 being fornmed in the | ower polysilane resist. These

features can then be used to formdiscrete features on the substrate
portion 1802. It wll be recognized by those skilled in the art t-hat this
enbodi nent can be used to defjne ny different types of features,

i ncl udi ng but®not Hhawnelkad of clajip i wherein taslowgn poterssistilayernis 2 negativaigng e t he
i nventi on has beeqﬂgﬁﬁgﬁgped in terns of a preferred enbodi nent, one
skilled in the art"wll realize that changes may be nade wi thout departing
fromthe spirit of the invention. For instance, a w de variety of

phot oresi sts may be used. In all |ikelihood, new photoresists will be
"devel oped in the future that will be well suited to the practice of this

invention. D7ferelhe xodwrelaidl whersid tBXpO®H pRotoresist layer is a hybrid

photoresist.

8. The method of claim 1 wherein the lower photoresist layer is a polysilane

photoresist.

9. The method of claim 8 wherein the step of developing the lower photoresist
layer comprises perfofming a directional chlorine plasma etch.
10. The method of claim 9 wherein the step of exposing the upper photoresist

layer and the step of exposing the lower photoresist layer use the same

exposure tool.

g g



wavel engths other than the exanples given herein may be used. Likew se,
~~multiple etch steps may be used, instead of the one etch step perforned in
the preferred enbodinment. Dielectrics other than silicon dioxide nay be
used to separate chip layers. Wiile the preferred enbodi nent "‘descri bed

- contacting interconnects to wires on t & silicon supstrate |evel, the

present i miént i orlheayethed afelaim & wherein dhe lgwpr phetprssist laverand the gppery ot her
I ayer. Conductor h%ic{}&rxsq%@reaskﬂm&q S?B%CIRRNE&IE%gmn may be used for

W res or |nterco nec ercon cts may even igned with
conmponents other than wires to electrically connect chip |ayers. 22
CLAI M5 1. A nethod for defining a feature on a substrate, the nethod

conprising the steps of: (A applying a | ower photoresist |ayer over the

substrate; 16B)  Eidh¥thod ofBlaith REvhdEIA kR SashicehBdiofy6f the BécondWedsk
phot oresi st |ayer; (QC exposi ng the upper photoresist |ayer through a

first mask; (D) thctmghIvdpclntgletlaneemmmmfemﬁdamres;q:)qxosetchgcenpnsmﬂcbngatmit
openings are forned in the upper photoresist |ayer; (E) exposi ng the

| ower photoreS|st BS%er through a second nmask and through the upper
phot or esi st openi ngs, such that the portions of the | ower photoresist |ayer
corresponding to the intersection of the upper photoresist openings and the
correspondi ng openings in the second mask are exposed; (F) devel opi ng the

| ower phot oy 315‘5' StTﬁ@%ﬁg{hod%‘f'ﬁf&ﬂnH%twl%?éﬂ'tﬁkgﬁeﬁ@e{p%fﬁ%%é vl phb@P&st

phot or esi st 1 ayer
layer through a second mask further comprises the step of using an alternating

phase shift reticle.

14, The method of claim 12 wherein the step of exposing the lower photoresist
layer through a second mask further comprises the step of using off-axis

illumination. -

15, The method of claim 1 wherein the step of applying a lower photoresist layer
comprises applying polysilane photoresist, and where the steps of exposing
and developing the upper photoresist layer result in looped openings in the

upper photoresist layer.

a 6. The method of claim 15 wherein the upper photoresist layer comprises hybrid

resist.

* 4 L M S *



(G .formng the feature using the |ower photoresist openings. 2. The
“Trethod of claim 1l wherein the upper photoresist |ayer is a negative tone
phot oresi st. 3. The method of claim1 wherein the upper photoresi st

| ayer is a positive tone photoresist. %§ 4, The nethod of claim1
- wherein the upper .photoresist,-Jayer .is.a hybri hot.oresi st. 3. .The

net hod of cl élgm 1 %@%ﬁ?ﬁ@aﬁ%&gwhﬁm H}Cééqps%qg‘a%?g%“gpﬁ@ﬂtﬁ“\?@s‘t one
phot oresi st. 6. : ' iftpexbsurs.he | ower photoresi st

| ayer is a negati \}gﬁ%%ﬁ@ﬁ%ﬁ%ﬁlg?&gﬁ@?&{s%@ﬁ x?he met hod of claim 1 wherein
the | ower photoresist layer is a hybrid photoresist. 8. The net hod of
claim1 wherein the | ower photoresist |layer is a polysilane photoresist. 9.
The nethod of claim8 wherein the step of devel oping the | ower photoresist
| ayer conpri slés peFieanethod oficldin ¢6 whersih tiehster éfidevelbpingahelotter résist layer The
met hod of claim9 wherein the step of exposing the upper photoresist |ayer
and the step of eXpBas dscretronenings pthsdoverdeast lpyey sptresponding ta thee exposur e

tool. intersections of the looped openings in the upper photoresist layer and the

exposure pattern of the second mask.

13.  The method of claim 15 wherein the step of developing comprises developing
with a chlorine piasma and wherein the lower photoresist layer forms discrete
openings in the lower photoresist layer corresponding to the intersection of
the looped openings in the upper photoresist layer and the areas unexposed
during the step of exposing the lower photoresist layer.

20.

The method of claim 1, further comprising the step of:

(H) forming a second feature using the upper photoresist openings.

g



24 11. The nethod of claim1 wherein the | ower photoresist |ayer and the
S upper photoresist |ayer respond to light of different wavel engths. 12.
The nethod of claim1 wherein the translucent portions of the second mask
t hrough which the | ower photoresist |ayer is exposed conprise el ongated
- shapes. 13. . The met hod of claim 12 V\/r?t?rei n the step of exposing the
| ower phot otlesi stAimgthed farcaeaing srenehessad yigsionra sepreondustops substrgte, the st ep of

usi ng an al ternat&?&oﬁ%@ﬁ%ﬁﬂ{g&ﬁe%tgé\ge&}'e' 14. The nethod of claim 12
sitng e rower”

wherein the step O exp phot oresi st | ayer through a second
mask further conprises the step of using off-axis illumnation. 15. The
met hod of cl ai m 1{(Aher applyinga lewepphsttorgsipt Iayerpvar thewsubstisttest or esi st | ayer

conpri ses applying polysilane photoresist, and where the steps of exposing

and devel opi ng th@)ur)pﬂlsplg@gtaqrpg}h PlotbrRYIS! lay&@vet tHeﬂo%@ﬂEﬁﬂor_@ﬁ@ﬂW&s in the

upper photoresist l|ayer. e nmethod of claim 15 erein the Upper
phot oresi st |ayer, conprises hybrid resist. 25 17. The thod of claim .
15 wherein the step of S¥BYPESG E)“PPFéHE‘BB’é?Sl%WB%EQP%bcaﬁ%B?aS oNpri ses using

a phase shifting exposure. 18. The nethod of claim 15 wherein the step of
devel opi ng the | o(@®y r dsveldépihgyterupper pisotoicsist layer, syphrthatgspenings e formed
resist |layer corresponding to the intersections of the | ooped openings in
the upper photoresist MhEuPRePROkIesist layer; '

(E) exposing the lower photoresist layer through a second mask and
through the upper photoresist' openings, such that the portions of the
lower photoresist layer corresponding to the intersection of the upper
photoresist openings and the corresponding openings in the second

mask are exposed;

(F)  developing the lower photoresist layer, such that openings are formed

in the lower photoresist layer;
(G) forming vias using the lower photoresist openings; and

(H) forming trenches using the uppér photoresist openings.

22.  The method of claim 21 wherein the upper photoresist layer is a negative tone

photoresist.

23.  The method of claim 21 wherein the upper photoresist layer is a positive tone

photoresist.
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exposure pattern of the second mask. 19. The nethod of claim 15 wherein
‘the step of devel opi ng conprises devel oping with a chlorine plasnma and
wherein the | ower photoresist |ayer forns discrete openings in the |ower
phot oresi st |ayer corresponding to the igersection of the | ooped openi ngs

in the upper otorgesi st l.ayer .angd the areas unexposed during the step of
exposi ng t he f‘{;mr’%ﬁﬁg{eg}og#émp%e\pﬂe@@_tﬁe URIpRE pﬁgpﬁ%sbstgqye{:}s& Bybrid resgist her

conprising the step of: (H) form ng a second feature using the upper
phot or esi st openi ngs. 26 21. A method for creating trenches and vi as
on a sem conductor substrate, the nethod conprising the steps of: (A

applying a | r p j . = . | a
dpper phot or ey st oy eI T Seir GF ISR Phb R it 1458y 1y ARSI
t he upper phot oresplsitoteaiger t hrough a first mask; (D) devel opi ng t he
upper photoresist |ayer, such that openings are forned in the upper

phot oresi st | ayer; (E) exposi ng the | ower photoresist |ayer through a
second mask and t hrough the upper photoresist openings, such that the
portions of the |ower photoresist l|ayer corresponding to the intersection
of the upper #hot ofbamethadmd laigs? lawhereinghe nwas photosesisg layseisi ampgative tdne
second nask are exgﬁﬁﬁg;sfF) devel opi ng the | ower photoresist |ayer, such
t hat openings are Tor ¥ n" the | over phot oresi st |ayer; (G form ng vias
usi ng the | ower photoresist openings; and

27.  The method of claim 21 wherein the lower photoresist layer is hybrid

photoresist.

28.  The method of claim 21 wherein the lower photoresist layer is a polysilane

photoresist.

29.  The method of claim 28 wherein the step of exposing the upper photoresist
layer and the step of exposing the lower photoresist layer use the same

exposure wavelength.

30.  The method of claim 29 wherein the step of developing the lower photoresist

layer comprises performing a directional chlorine plasma etch.

31.  The method of claim 21 wherein the lower photoresist layer and the upper

W



.(H form ng trenches using the upper photoresist openings. 22. The

““method of claim21 wherein the upper photoresist layer is a negative tone
phot oresi st. 23. The nethod of claim 21 wherein the upper photoresist
| ayer is a positive tone photoresist. 27 24. The net hod of claim 21

- wherein the upper photoresist layer is &8hybrid resist. 25. The met hod of
cl aim 21 wher ei n ghbtortsisttayep Fssporictl 1ight bfigidferes vavpleagthsve tone

phot or esi st. 26. The nethod of claim 21 wherein the | ower photoresist
| ayer is a negative tone photoresist. 27. The nethod of claim 21 wherein
the | ower photoresist layer is hybrid photoresist. 28. The net hod of

claim 21 wherein the | ower photoresist |ayer is a polysilane photoresist.
29.  The ndéhod Bie methpdofelaitn 3l avhergin shestrazslusentepasensmf theccapd arask

phot or esi st | ayer and.th% LR f exposing the | ower photoresist |ayer use
t he sane exposur SRRIBF & é‘?‘ii.e P The met hod of claim29 wherein the step
of devel oping the | ower photoresist |ayer conprises performng a
directional chlorine plasnma etch. 31. The net hod of claim 21 wherein the °
| ower photoresist |ayer and the upper

33.  The method of claim 21 wherein the step of exposing the lower photoresist

layer through the second mask further comprises the step of using an

alternating phase shift reticle.

34.  The method of claim 21 wherein the step of exposing the lower photoresist
layer through the second mask further comprises the step of using off-axis

illumination.

35.  The method of claim 21 wherein the steps of forming vias using the lower
photoresist openings and of forming trenches using the upper photoresist

openings comprise a single etch.
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28 photoresist |ayer respond to light of different wavel engths. 32. The
‘method of claim21 wherein the translucent portions of the second nmask

conpri se el ongated shapes. 33. The net hod of claim 21 wherein the step of
exposi ng the | ower photoresist |ayer through the second nmask further
~conprises the step of using an alternating phase shift reticle. 34. The

met hod of claim 21 wherein the step of -exposing the | ower photoresist |ayer
t hrough the second nmask further conprised9the step of using off-axis

i I'1umination.3635. A nddiBod'Bjr T¥hing sélt-alighed Wwivdd@n@ imeicbindtiscdisa Of form ng
vias using the | ower photoresist openings and of form ng trenches using the

upper phot or esi st Sspuedndystor swhstrateethe méthed eorapriding the skps 86, A met hod for
formng self-aligned wires and interconnects on a seni conductor substrate,

the method conpri s{A)d ! fgmblEPdieRbiri1fYer ovEthEsgacd ot QbLtdte; | ayer over
the surface of the substrate; (B) applying a | ower photoresist |ayer over

the dielectric laygr;, (O . . appl ying an ypper photoresjst |ayer over the

| ower phot or esi st yer?gp(lfﬂ)‘g a?‘b‘&?rt HITeRIStiayeT Qrgrdhe gyl_ectqf:)layer; exposing the -
upper photoresist layer to light of a first wavel ength to which the upper
phot oresi st | ayer (@spoappdyihanupperphbdiorssist iyskovar thalgwer phdtsiesiskiagerr €
pattern, such that only portions of the upper photoresist |ayer

corresponding to (D) patterning the wires by:

£y exposing the upper photoresist layer to light of a first
wavelength to which the upper photoresist layer responds
through a first mask having a first exposure pattern, such that
only portions of the upper photoresist layer corresponding to
the first exposure pattern receive the light of the first

wavelength; and

(i)  developing the upper photoresist layer, such that openings are

formed in the upper photoresist layer;

(E)  patterning the interconnects by:

(1) exinosing the lower photoresist layer to light of a second
wavelength to' which the lower Iphotoresist layer responds
through a second mask having a second exposure pattern and
through the openings of the upper photoresist layer, such that
only the portions of the lower photoresist that underlay an
opening of the upper photoresist layer and correspond to the
second exposure pattern receive the light of the second

wavelength; and
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the fi,rst exposure pattern receive the light of the first wavel ength; and
i) devel opi ng the upper photoresist |ayer, such that openings are
formed in the upper photoresist |ayer; (E) patterning the interconnects
by: (i) exposing the | ower photoresist layer to |light of a second

-wavel ength 'to which the |ower photoresi 3 |ayer responds through a second
mask having a second eXﬁbsur@Vngph@rthe bovetr phetoregist layer sisbithat @pewihgs 4re upper

phot oresi st | ayer, such that.only.the portiopns of .the | owe hot or esi st
that underlay an opening of @HBG%BHBF l%j[pbf)@g?sﬁla}ygggh'}egﬁhe Eod’Yerrespond to
the second exposure pattern gieabyis 18 rédefiel 1i2ht 61Be S&OARMARNRE@NIL h; and
30 (i) devel opi ng the | ower photoresist |ayer such that openings are

formed in the | owet, photqr.esist | ayer where.the | ower photoresist. | ayer
recei ved 1 i ght of_(hale SuRg bhet b e it Pays&g@ﬁ‘ﬁ%ﬁeﬁgmmeﬁlﬁgf :
ielectric layer inlo I ; penings in the upper
Phot?resist | ayer; (§3Cﬁfg??ﬁ?%ghéﬁggﬁ#ﬁPou?EQ?Fe9g?eIﬁcEric !a¥e{ in e
ocations correspondi ng to the openings in the |ower photoresist |ayer;
overfilling the sﬁgac eetefiing Kias shrgugh %@él%@@ﬂc laypindpcations RORrERENYiRg to

trenches and vias are f'-jh%""ﬁg“nia-Stigtﬁ@ﬁ’ﬁhﬁétﬁfe@gﬁa@%nd pl anari zing the

nmetal such that the neta ns on e via

(H) overfilling the surface of the substrate with a metal, such that the

trenches and vias are filled with the metal; and

¢y planarizing the metal such that the metal remains only in the vias and

the trenches.

37.  The method of claim 36 wherein the upper photoresist layer is a negative tone
photoresist and the upper photoresist openings are formed in the portion of

the  upper photoresist layer that do not receive light of the first wavelength,

38.  The method of claim 36 wherein the upper photoresist layer is a positive tone
photoresist and the upper photoresist openings are formed in the portions of

the upper photoresist layer that receive light of the first wavelength.
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the trienches. 37. The met hod of claim 36 wherein the upper photoresist
“tayer is a negative tone photoresist and the upper photoresist openings are
formed in the portion of the upper photoresist |ayer that do not receive
light of the first wavel ength. 38. The et hod of claim36 wherein the
~upper photoresist |ayer is a positive t or phot oresi st and the upper

phot or esi st offeni n"Qbe mcﬁlddcnfle&iml% whn;ethtt UpRes Pb@tOtGIStst li’piﬁfelﬁ afdybridr esi st

| ayer that receive The hod of
clai m 36 wherein tHe grﬁ WBFBP% i‘f’ éPP?‘E“%S an/B §988 ‘g&lﬁnd
the upper photor eSp&hoﬁpsfmeaEp&*mof&ém@a@} ﬁiahﬁeceﬁeeghpéfémt ﬁ@oéleﬁgeﬁ Of

t he upper photoreS| st layer t receive I'ight of a first wavel ength

The net hod of claim 36 wherein the | ower photoresist |ayer does not respond
to light of the first wavel ength. 41. The net hod of claim 36 wherein the
upper photoresist |ayer does not respond to Iight of the second wavel engt h.
42. The net4dd oThehethod3d cidier 36 wherbim the fosver phototrasisy tayendodsinghtespand
approxi mat el y 365 na OtLers and the second wavel ength of light is
approxi mately 193 hghtoﬁgﬁ. twpeelength.  The nethod of claim 36 wherein
the first wavelength of light is apprOX| mat el y 248 nanoneters and the
second wavel ength of light is approxinmately 193 nanoneters. 44. The
met hod of claim 36 wherein the first wavel ength of light is approximtely

365 nanonet er g; andp 06, HRAANBYR Fhekh AL uﬂﬁeq QﬁlOéO?CS?SP piygf(él&@tn%{ Yesgé%d

nanonet ers.
to light of the second wavelength.

42.  The method of claim 36 wherein the first wavelength of light is
approximately 365 nanometers and the second wavelength of light is

approximately 193 nanometers.

43.  The method of claim 36 wherein the first wavelength of light is
approximately 248 nanometers and the second wavelength of light is

approximately 193 nanometers.

44.  The method of claim 36 wherein the first wavelength of light is
approximately 365 nanometers and the second wavelength of light is

approximately 248 nanometers.

45.  The method of claim 36 wherein the second exposure pattern comprises a
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- 45. , The nmethod of claim 36 wherein the second exposure pattern conprises
v a 32 plurality of elongated shapes. 46. The met hod of claim45 wherein
the step of patterning the interconnects further conprises enhancing the

i mge of the second exposure pattern using an alternating phase shift
reticle. 47. The net hod,, of cioalmg 5 wiferein the step of patterning the

i nterconnects further ‘6" tryl%f H?@ the i mage of the second exposure
pattern using off-axis illum nation. 33 48. A nmethod for defining a
feature on a substrate, the nmethod conprising the steps of: (A) app! yi ng
a |l ower photoresist |ayer over the substrate; (B) appl yi ng an upper

pper. phot or'ge) st Egesbd fr aaiels WA R &8 okp dr ftmicg the in@0BRAY | her

phot or esi st | ayerfunhemmmﬁés enhaning thedmape oSihegedind exposure pattdroapingr e
formed in the upper %ﬂgtore5|st | ayer; (E) exposi ng the | ower photoresist
| ayer through a avag phassshifistigle. | east one | oop of the upper

phot oresi st | ayer, such that only at |east one portion of the | ower

phot oresi st | ayer underlying the at | east one | oop is exposed;

47.  The method of claim 45 wherein the step of patterning the interconnects
further comprises enhancing the image of the second exposure pattern using

off-axis illumination,
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_(F) ., developing the | ower photoresist |ayer, such that openings are forned
“in the | ower photoresist |ayer; and (G formng the feature using the
| ower phot oresi st openings. 49. The net hod of cl aim 48 wherein the | ower
phot oresi st | ayer conprises a polysilane @hot oresist. 50. The net hod of

A5 4% yhgse, 4 RERRE aIRhS RSk ghiabuBl Eeh e B

phot or esi st | ayerstdpglopugh a first mask conprises using an alternating phase
shift reticle. 52. The met hod of claim 48 wherein the step of exposing

2
t he upper photoregist |layer throu first mask ,usi n i mage enhancenent
t echni que conpri 2& usiPRY 4 ¢ °§¥8@%§ﬁﬂﬁfﬁ(ﬂ%¥?tf&§“@“§‘ﬁe net hod of claim
48 wherein the step of devel opi ng conprises devel oping with a chlorine

pl asma and wher ei(B)t heapptyieg arptppieo phetosssist myer ovieo thesloves phatosisplapemgs i n
the | ower photoresist |ayer corresponding to the intersection of the | ooped

openings in the er : j ed during the
step of exposi ngl{t@E e | %‘%g%lﬁ%%t@&)&%oﬁéﬁeagﬂ Fz%ﬁhx%(x@ﬁa‘fﬂ&%ﬁ%ﬁ,
(D)  developing the upper photoresist layer, such that openings comprising

at Jeast one loop are formed in the upper photoresist layer;

(E)  exposing the lower photoresist layer through a second mask and the at
least one loop of the upper photoresist layer, such that only at least one
portion of the lower photoresist layer underlying the at least one loop

is exposed;

(F)  developing the lower photoresist layer, such that openings are formed

in the lower photoresist layer; and

(G) forming the feature using the lower photoresist openings.

49.  The method of claim 48 wherein the lower photoresist layer comprises a

polysilane photoresist.

50.  The method of claim 48 wherein the upper photoresist layer comprises a

hybrid resist.
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34
51.  The method of claim 48 wherein the step of exposing the upper photoresist

layer through a first mask comprises using an alternating phase shift reticle.

52. The method of claim 48 wherein the step of exposing the upper photoresist

layer through a first mask using an image enhancement technique comprises

using off axis illumination.

53.  The method of claim 48 wherein the step of developing comprises developing
with a chlorine plasma and wherein the lower photoresist layer forms discrete
openings in the lower photoresist layer corresponding to the intersection of
the looped openings in the upper photoresist layer and the area unexposed

during the step of exposing the lower photoresist layer.
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