, e3e$j &) 6T°0 3 J UL 2002 Y 1 A METHOD FOR FORMING SELF- ALI GNEPSFEATLREG02
\BACKGROUND | . TECHNI CAL FIELD This invention relates, in general, to the
“~desi gn and production of semiconducting microchips. Mre particularly, this

invention relates to nethods for establishing electrical contacts between

conponents of a sem conducting mcrochip. Il. BACKGROUND ART The

sem conductor m cr oQWETHOIPFORFORMPNCSECHFA DRINED FEXTUREY |ife.

M crochi ps are obviously found in conputers, but are also found in

everyt hing from garage door openers _to children's toys. The

m crochi p has becone a vital and m&%@ﬁ%{ﬁ@&l’ of everyday life for

virtually every person in the United States, and nost people around the

worl d. M crocl ps BEEECHNIOCHL: BTEED from silicon or other sem conductors. By
selectively introducing inpurities into particular regions of the silicon

and by sel ectivel y,deposi.tin nd. r enmvi of materials onto the
silicon, circui tsmﬁ/gﬁsmio%%{a?ﬁdne%&gﬁh’gggﬁ ‘#1%{%1 a@ﬂipﬁq&,&ﬁgﬂpt is built
using a procesmidonaudtirgSmicRimisl |1\H&@?J’aﬁwﬁl/d'rly_, RhioingbhtidiOel2hY nfthsdsgbs of
pl aci ng chem cal s upon the surface of the chip and exposing that surface to

radi ati on, typiabhshing eleenicalofontactsdreswenn spmponents of a werisioadeating migrochip.

sel ectively cause chem cal reactions at particular |ocations on the chip's
surface. Specjpl GPAPRUPRBTIGDIAGET " Photoresists” or sinply "resists" have
been created for this purpose. Different resists have different chem cal

and physical properties and respond to different wavel engths of light. The
| ocation of the chelsHicqdgetor Breroplip hat ‘T’CGP}ee?d“tBSl“"‘%é’%ﬂ evemdayslifer ace

of a chip so | rtal ryt:] i i hat,l :
esal ts of "t AALESCH afe BFVib AP FRBlth Shprs, byl RESISE Rl Ubiing B,
the chip to ardpe dovedpanersito diafsite dhildygn’s eoyse Mhcahicyochjyphagibegorhél @ ¥&tal and
processes a layer of electrical R{ connecf ed devices, such as transistors
vim ~a, ~* n i ~Jgiportant partf gverydar fitedPs viewallpevary prisen ipthg Upited Stateszgnd A
single | ayer L ctrically connected in a variety of ways.
One net hod ofﬂétggwkgéﬁéﬂg%ﬁﬁggti ng a chip layer is to use the selective
deposition and renmpval of a netal to create |lines of nmetal] on the surface

of a chip to connd¥icreshipiare censipisted fram sicer pPrpthgr sesniconduciorsB%s, a thin
metallic fil ' j ' : f of a chip.
A |l ayer of r?é?}eté’%w‘f'lg?’%‘h%ar‘f@{é‘ggb :ﬂ gﬂh%é\/%}o eag%r‘relg @é%ﬁ% ﬁgﬁ#l fllaﬁ?%%he resi st
i's next exposgetbctivelyidgpdsitiig @ rampvingrotia enatarvad emgttie siHtorg cicuieakiay bat
exposes a pattern of relatively narrow. lines on the resist. The resist is
then devel ope@ngtivrted emagilicpr ghipnds ehin i BrikUsine arEogsst KegW #kposed on the
resist. This« : Lupy f : L; J for that

| ayer of the %?%%E%ggéeph r rp}he?t%g% O%#agEY é@?#s?gcgﬁléélg%h?@g? ?ﬁgbgﬁgl%l ayer of a
chip i s knowsuafact bfthedaipeemdaixpbsipg timessfacAde mdiitivg, typicale lighthafsacenefully
rocess, a silicon dioxide |layer js grown over the surface of chip. A
Payer of resislected %\fﬂlqn@ﬁntt%seﬁwéwgmqaewlﬁm%la%acrla%@t PortigulpEleraiciss ¢ hen
exposed to es i > p . | T ‘CQN i e
R e
trenches in tlhwedebn createdifaxthibepuppdse e Differehtorefistsavd diffendre chamivekdridons f or
that layer. A nmetal, typically alum nu copper or, tungsten, .is next

deposi t ed oveIPhyts’r‘Fé{ RGPFHEanyt Tepppnddp;d ,erﬁlilq‘?fvf?&% of ViRl i logyon Rl | s
then pl anariz SIS ‘ ’ f i iR, except
where it fil I‘g%nlﬁgal%%g&lp lrlgelr?ccﬁggr&m%\s/ﬁ}g Iflés?eméfjpﬁe §hlrrgatcglg?? ?flllpssgﬁ h%mtn@enches to
form a patt er¢erfain portiencofinaektive nsdiatiiar. | Trenealltsadnimse chankal eaetigendval | y
referred to as "wires". typi cal chip includes one | ayer of devices and

. A \
mul ti pl e | ayefestast pPaitsrofiihe sisinse of B ahep torhssemaued eodified. By sequentially

applying these processes a layer of electrically connected devices, such as transistors

AERTIAACAR
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Whi ke a microchip may consist of a single layer of wiring, as a Br&mlUclaQUOZ
matter several |ayers are required to obtain sufficient chip function in

“t oday' s technol ogi cal |y advanced world. The layers of the mcrochip are
typically separated by silicon dioxide or another dielectric to prevent one
| ayer of a chip frominterfering 0 3?~ UL Z~ 4 3 with the operation of
anot her | ayers ayers of a chip nmust be electrically
connected a dt%ggéé%o\égé%nr%é;ﬁg&legbati ons through the silicon dioxide.

O herwi se, each individual |ayer would exist in isolation fromthe other

| ayers, and the Omifglelyprokwehipaaydicrlentismly spnnagded whwsicty el Wa%s. of a
chip, the shlj | QX . t tes.: Wi b rat ed
and e congBh Rt RTralRoonRBRE hilbb b BCHE S g B LT
manner . Onearfiieiidval\efa fnetat tEerehtedich ¥f e 6f thd fiefab@yed shipfto odhed i s the
“dual damascene" nethod. This nethod is known as dual damascene because it
is simlar tiscuiteomponestse fecprdiegtosthisipmocesns thimswetaBisdilab dxpicdllyr use in

ti iring to electrjcall t t | f hi p.
The First stUpRun, s depasied wpnienedaseoiadiney | oldratiiaeharrlisd s as
described agay8ne dittrce B¢ ARTRE EPhd resitt kst SFoSePRAPNPEBart Aot he

silicon dioxide to the |lower chip layer. The openings are nmade using a
process of wppélyngth usingashadk thateesdposey,a tposefitglatively ahopwripes andheet chi ng,
as was set forth, above., Th%égeeeni n(gs%& hr ou a. layer, of si hi con dioxide are
Comronl y r eT@isk-cEpegsists thnAsvelopeqpad plchied lneding Romisa the PR squar
mask | mage WHGsBd off e segisg'fﬁig g&&érﬂ%fﬁfuﬁlﬁﬁﬁxﬁfoﬂﬁé Rl EdfheBiiods ¥r

phot oresi st. A square mask 1 nmage, such as 1s used to print a via, IS not
suj t abl e f othanteyer ofthgehgnhancenent techni ques that are used in

phot ol i t hogr aphy, as those techniques require elongated images to function
nost effectively. r LG i Lng: {; Bl 1

di oxi de, a condué ‘g&&&%ﬁéﬁf@%ﬁﬁﬁwﬁ%ﬁ%ﬁ%& pir{rEQSfér? Ehgg%‘%‘ﬁ%?g’hégg’%3| ted
over the sufiansscefic’tprocesbi poconding thithd damgaschree proasss andiliche dioxédeclagaer.  The

conductor in the vias forns vertical structures . referred to._as "studs" or
"i nt er conneds FOWDIRYET BigrsBHace ok behjR Arlayeiofresty! isarplicd 0 ths siicondipnde | v
connect the id A Xy onents bel ow
the 111 con RS TAEsR BAUFekitRedid KEAMARRR A ARBRIPINET ° lot “make
an adequat e imtertbandctions. "Thdeesapj3rthed datekoped nadiah eshdsiperforarede dtiis dtalyer it
is to connect. Typically, a via nust %S created thrqugh the si|icqn dioxide

to extend b&FBERS troRehes BnbgsEIcoR dikideRaiternedyta form thegnigrepnpectionsfpfe dual
damascene f [0 I I fi i sal qui res
a careful gﬁ%ﬁ%’ggt Aglf.@@;égﬁ gzgi atl‘?ﬁelnc e’tsc'.OB %{éﬁl %{‘gfgétreghlgglgg%% t(a E‘?udg(%‘;ege

al | owed to alsssurfaca of thepehip, dillingtherttenohesv iTe maetdl is teangiamrizediso that itas

density that may obt ai ned on_a ni.crochi The _.convent i onal t hod of
fabri cat i ng '¢Rg¥ehamtpe§ r}éhecg:‘f’ie?‘%eﬁ’t g’b&%’éﬁﬁﬁ(g"’c sﬁeﬂégcsa % hen

create the viam nft)$HRIEEEnHERS IR d BRHEO AL ARRIRC ERBraoALh St o
necessarily requires the substeps of applying resist, nmasking and exposing
the surf ace codractiongiang geresaltyerefated tand “tvires’. eA ¢ypice) chipansludésame. lagidreofneed
exists for a new process .to allow for inproved alignnment of vias and
trenches so qenlgpsglgfgg@?tgﬂegaygfﬁquﬁlygs ?&%ﬁ?@eiﬂ\’/‘&?&ageously. An

i nproved nmet hod should all ow conventi onal inage enhancenent techniques to
be applied to thewhileatmiegpohip mapsonsihiof e ssigld layarefatiting, a8 aquagtaat |

non-el ongated via on the chip. The need al sgo exists for a new process
requiring fdngierseusaldaysrs as reguirgditoqbgain spidicians shigfungtiogdp Y s o sinplify

chip fabricatj r+ I ts.

VENT! N THe IR A B IRD TS @0 PR iR Bl sghifateg, o
background ajytsilddondioxiddiof @nétheedibeetricas pedveat drntdagelof azhipohed inicaferiagd
trenches. The present invention creates self aligning vias and trenches by
using two | ayers of resist, one of which masks the underlying |ayer 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 -

| ayered 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 enabl es denser
and nore

(



s
0 3*J UL 20~ ~~' -s efficient chip designs to be created. The sﬂgﬂf JUL 2004’-
aligning attribute allows the use of elongated inages in the creation vias,
“enabl i ng the use of image enhancenent techniques in printing vias. The
present invention also provide a nore efficient procedure for chip
fabrication, as it requires only a single etch step to create both vias and

{renches. si myiiafiegshion foRicP46RE HBNERK BB GUSE { Bipiia GaSed densi ty

by~ al | owi ng € use of nore ective I mage enhhancene ni ques,
such as alt eeleatrically phraeted fat fie apptdpriatsloeatmns tHroaghi the silicamdivatideon, to

reduced the separation hetween adj acent trenches w thout risking fails due
to shorts bePHRSEWISE ¢ach l'éﬁmld@w}éﬁft‘@“kfﬁ@“pmé%‘gﬁtmmgﬁ%ﬁ‘?“l HRCLIRYE S i eves

greater densiﬁ&@ﬂ?%@léﬁé\{%Jﬂ?lrpr{w%}wse of i mage enhancenent techniques in

the formation o ter as have typically been printed as
i sol ated square shapes, which are not anenable to the application of inage
enhancenent t echnilqsesnedt lnysescfraddii dhesitipon ¢lexide &hws aeparatoewiringrlayarhe vi as

may be printed el o ted . patterns tha be enhanced using.phase
ottt hybri Gusbly Senengt s O oraghnenid R Wt e CPERRN ForBA AR T csen
i nvention ovgpsapRste 4Bkl YOhd Sdrh@bh Y t6 dRclrRalP BEfIBSthe Y ersSITH dhip s
because the interconnect is self aligned to the wire. Thus, the separation
bet ween wi r etherfapabdamasdersBdnetiivb Phie seathiod inkaown ahdudl lemasesnd becauee it
formati on of .og.en circuifs or reduced, cont agt a.{‘egf due_.to the m salignnment
of a via andSSHHERRT gene pragess thapwag fereubeft 3h0Xe fordise in grealing) 1

al i gned, ACC%tha) électgcér%yré&meare%ﬁgﬁgént& Bﬁohé‘}[éﬁgﬂdnfgbﬁ%%hﬁﬁ@ﬁ}sfﬁs@ ioded a

nmet hod for definfng a feature on a strate, conprising the
ét eps of: ( Arreafetigtiches im thesiticopiokidedor wires asydascrbeerabbhe Thebsicoad step ( B)

QAR N M N RN )

foﬂgt (‘;ngir thﬁg%ﬁéé stk maA¥ hingDYhodsE BF afpfiRk B9SR! RadkMgTeLpdsihg he upper
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.



a ~y~—~~ ", - Sa (E) exposing the | ower photoresist |ayer throu qj@éc&@@{

. mask, and t hrough the upper photoresist openings, such that the gortions of
“the | ower photoresist |ayer corresponding to the intersection of the upper
phot or esi st openi ngs and the correspondi ng openings in the second mask are
exposed; (F) devel oping the | ower photzgesist | ayer, such that openings are

formed inthe |o or esi st the eature I ng
the Tover phot or 2 dhasaerge meEiEpERRIRe S corRiElakdt of §hibioEnit®

i nvention, tdires h%aﬂ%!ﬁﬂ\ahgmeﬁt JTRAdxQmdftRhckdse T GoleFABES St ik bei as on a
seni conduct or - subst rat e he nmet hod conprising the steps of (A) applying a

| ower phot ordewed td zspene mepertahgnmamfr\msemd(tgpchqsdlrmtm@eaieugb'ethat may
photoresi st | ayer over the | owe hot or esi C) .exposing the upper
Phot or esi ot bp SYined G ieracti The fersentiots] g b bl i et

phot or esi St yLauek.is ﬁ)”tzljgt #rgﬁ’tfet SHcRESarf t‘ﬁe{n efeﬂ%Cth Qials] s\:'ﬁz&@tres Qtu?f 5' St

| ayer; (E) exposing t ower otoreS|st ayer t rough a secon

t hr ough thefalnmatxombtﬁcessesﬁaseh smpmbengmlysctpjresmmsnﬂ)bteppoﬁappdmsg m‘s,xst he Iovver
phot or esi st er carresponding to the intersection of the up

phot or esi st %Emgﬁgé eéﬁ@ﬁ“@ﬂw@eébﬁf?@s develompg Bisdrsistgand thep ﬁ@hg&tbﬁ urfALek are
exposed; (F) developing the | ower photoresist |ayer, such that openings are
formed in the | ovighe mb@b%ﬁ&bﬁé névpegcess tohaltoor fisk igproved aligrinngnt bieiab ander

phot or esi st openi ngs; and formng trenches using the upper photoresist
openi ngs.  trenches so that space on a chip may%e used more advantageously. improved

method should allow conventional image enhancement techniques to be applied to
[ the printing of vias, while still creating a compact, non-elongated via on the chip.

The need also exists for 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

S~ 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



&3]
6 ~ JJUL ~~;. -Sb According to yet another aspect of the invdhequJLIBQEé,
I's provided a nmethod for formng self aligned wires and i nterconnects on a
Sem conductor substrate, the nethod conprising the steps of: (A formng a
dielectric layer over the surface of the substrate; (B) applying a | ower
photoresi st |ayer over the dielectric Layer; (C applying an upper
phot oresi st | ayer over the | ower photoresist layer; (D) patterning the

Wi res b%ffhc(i%% c\?\iﬂfgﬁél ol &@Qt%ﬁ.opﬂ%t &ﬁt@?ﬁl%?xgrigegtyr%uté b9 fle Qe ﬁf él%%?aﬁt%q

wavel eng e upper photoresis responds throug

mask having a first exposure pattern uch that onl ortions, of, the upper
phot or e<Pages/in st reaonaas, Reige cBF ¥k ipas ibeptrhang SehplaleyinRsinting & 4h e
light of the first wavelength; and (ii) deyelopin% t he upper ghotpresist

| ayer, JbEHPreseat iByREHPA s pEvids de@oren etficéent ppesedpreofasr eup sfabriepfien; ag Y
patterning the interconnects by: (i) exposing the |ower photoresist |ayer

t o | i ghtreqiires oslycormiloatehIstapdo kreate bolth eias hinktrérmhes siptudthogoasiyst | ayer
responds through a second nask having a second exposure pattern and through

the openi ngs ofhd hiesdtP RSenlBPLRERS st inkRYKK, depbieN by habwal fortthe uiobt iR of
the | ower photoresist that underlay an opening of the upper photoresist

layer a’éf‘fg&%e\r/ i né&%ﬁ%&gﬁ%ﬁ% Fe?&ﬁggese?xﬁ’&?&br & tfng\r,glragtﬁﬁlﬁhvr%ﬁ&lgg aﬁcil gL,

t he secon ( evel opl ng t e otoresi st layer such

(0t PR o RUERS RSB SRY ShobPSs! B oo
shorts between wires and contacts. The present invention also achieves greater density by
allowing for the use of image enhancement techniques in the formation of the via pattern. Vias
have typically been printed as isolated square shapes, which are not amenable to the
application of image enhancement 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.

According to a first aspect of the invention, there is provided a method for defining a

feature on a substrate, the method comprising the steps of:

(A) applying a lower photoresist layer over the substrate;

(B) applying an upper photoresist layer over the lower photoresist layer;

© exposing the upper photoresist layer through a first mask;

D) developing the upper photoresist layer, such that openings are formed in the

upper photoresist layer;



UJd VWVe oy
-Sc (F) etching trenches in the dielectric layer in |ocations correspondi ng
to the openings in the upper photoresist |ayer; (G etching vias through
the dielectric layer in locations corresponding to the openings in the
| ower photoresist layer; (H) overfilling the surface of the substrate with
a nmetal, such that the trenches and viag,are filled with the netal; and (1)
pl anarizing the netal such that the netal remains only in the vias and the
trenches. Accondi : t - Lnvent | ' ifded a
et hod 1 or  dervi Ao 4B Gt BRAGIEL sClayky BrbMER dcPih HASK ol anRRY, HE
steps of: (A), appl.ying a | ower phatoresi st r over the substrate; (B
ool yi Rt MRl omes LEh By Bie Tovarinoiahy Bt ot ore et cpaapmdint,
exposi ng the upper photoresist |ayer through a first mask; (D) devel oping
t he uppde thhortenseatiostof] thy aippeis pladiorepiat opgpergsnasl the rortespanging opeaings iprfbe
| oop are fornmed in the upper photoresist |ayer; (E) exposing the |ower
phot or esksdnd myskrarté bxppsgdy a second nmask and the at | east one | oop of the
upper photoresist |ayer, such that only a portion of the | ower photoresist

llayer underlyi@® thedadeldBasiheQbRel SRoreSistO¥RAs&@h thdtlopdivigd ORI BEméd B thewer
phot oresi st |ayer, such that openings are fornmed in the | ower photoresist

| ayer; +$194; 50 1 feature using the | ower photoresist openings.
BRI EF DE%%EI(@PI d%glgﬁ%r WNGS FIG 1 is a nethod in accordance with the
preferred enbo 'nent% .0 @§j g L ZCI% -gp Fiﬂ.t 2 i§ a Ccross-sectional view
of a substrat e Pei ng PPERELELEATT USMEShgfoRves pHotoresist openings.

According to another aspect of the invention, there is provided a method for creating

trenches and vias on a semiconductor substrate, the method comprising the steps of:

(A) applying a lower photoresist layer over the substrate;

(B) applying a upper photoresist layer over the lower photoresist layer;

©) exposing the upper photoresist layer through a first mask;

(D) developing the upper photoresist layer, such that openings are formed in the

upper photoresist 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;

®) developing the lower photoresist layer, such that openings are formed in the
lower photoresist layer;

(€)] forming vias using the lower photoresist openings; and

(H) forming trenches using the upper photoresist openings.



Tt e
t 03J UL 20Qwith the preferred enbodinent; 6 FIG 3 is a togaidulofm‘
substrate being processed in accordance with the preferred enbodi nent; FIG
4 is atop view of a substrate being processed in accordance with the
preferred enbodinent; FIG 5 is a top view of a substrate being processed
I n accordance with the preferred enbodiggent; FIG 6 is a cross-sectional
view of a substrate being processed in accordance with the preferred

enbodi ment; i | Tl = ' L Vi . r '
rocessed | n aesrigde' T AnOHRE AREF f MFinkhi, theld, SRR 3 BEIHE fo
cross-sectional .view of a substrate being progessed,in accordance w t he
o of or r daB ot aaried e §08 B eu o o SEMEGBUor SuibeRy B bebeta
in accordance with a second exenplary enbodinent; FIG 10 is a

cr oss- seempsNEIE the #epoIf: a substrate being processed in accordance with a
second exenpl ary enbodinent; FIG 11 is a cross-sectional view of a

substrat e bei n@)pr océseeng & dieketor ldgeroyenihe sudaccaddhelsubsatp] ary enbodi nent ;
FIG 12 is a top view of a substrate being processed in accordance with a

second exenpl aB) enbaghipBBlalowbphotctesist 1hpR oveehe afel@usdgés at e bei ng
processed in accordance wth a second exenpl ary enbodi nent;

© applying an upper photoresist layer over the lower photoresist layer;

D) patterning the wires by:

@ 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) exposing the lower photoresist layer to light of a second wavelength
to which the lower photoresist 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

(it)  developing the lower photoresist layer such that openings are formed
in the lower photoresist layer where the lower photoresist layer received light of the

second wavelength;



03 JUL~i~~, FIG 14 is a cross-sectional view of a substrate b gJULg[]
processed in accordance with a second exenpl ary enbodi nent; IG 1

a cross-sectional view of a substrate being processed in accordance with a
second exenpl ary enbodi nent. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The
present invention provides for an inprosed nethod of creating vias and
trenches during mcrochip fabrication. According to the invention, the vias
and trenches agr«g sel Ecﬂid g?éﬁhgyiﬂﬁ% Hi%f‘ec&ibol bt S OSLABY Bty Gﬁ&nghqﬁé ng
two | ayers of eci aI § ected resists and Xposing the res

differing wave s self aligning enables the vias to be printed as
el ongat e egwgf)égr}%vagﬁp%t?%%t Lf’%ef'r the use i i ~ of particularly effective
i mge enhancengnt techn| qgues. The .inve t| on further provides a sinplified
procedure for eati A hipgagas, faoughetherfliglectrig IE‘YFétlndﬁ‘I’%}mBﬁéO@F%H‘?né‘Péﬁo the
required to sinultaneously create both vias and trenches. The conventi onal
met hod ofpeningaiti thg lowerehetosesisidayei;as and | i nes needl essly consunes space on
the chip and can sacrifice the chip's performance. Al so, the

phot ol i t hogr apfH)c pr ocasfitlasy theedrfic of thatsgbstiadswith eomdialguth thidiehes tramhas d
fabrication processes face grave limtations as the dinensions of mcrochip
circuit &gm%@ﬁﬁe@%hltwﬁe&p aafrink. I'n the Rayleigh nodel,

resol uti on=K*(exposur ewavel ength)l(nunerlcalapertureofexposuretool) a

smal | er value Vld I es i i

quality of thelgpticgf ?g gﬁo?ﬁb&%ggés @%Fﬁ&aﬂ ggé? &mp

i mage. Qe dlnen5|ons of CIrCUIt conponents, such as V|as have
dlmnlsﬁé"ﬂ’c %he limts of the photolithographic processes have been pushed.
The limts of photolithographic processes have been extended using inmge

0 3 ~ ~. ~ ~. ~According to apotheashedt v the inseriangthers is asovifed a methaddfar Hefiningi as
are typically printed using square nmask i nmages which print as circles on

t he photofeattireson a Sitstrater thalmathabeasnrsingtheakteps ef:t ypi cal | y enhanced usi ng
rimshift phase shift reticles or using attenuated phase shift reticles.

Wil e these tegni quagplPm@\ 16 cSpHBRoRARARGR RAL thebubshateaer i al i mage of the
via, they are not as ef ectlve as alternating (Levenson) phase shift

reticles or offgyaxis r met hods
provi de a capa{)l)l ity ft)é)wl? g%?gq%éha‘i%ltg@g pﬁ fo}évgﬁjes

wher eas convenii.onal Iltho a ion at about .6 K
factor val ues, { nd nﬁ?‘EH}g?‘E’ gpﬁ/eétpflgﬁ%eg{sg yﬁ%@&"%ﬁé’gﬁfgt%ﬁ ate at about .5
K values. Of axis |IIum nati on can provi de some enhancenent of nested

| i ne/ space pat &k ns, dBYRIORPS IR BROY| Rhor%e%ﬁhlamrem theh opewpes eermpasipgdhs,
such as the inmages conventionally used to print vias. Of axis illum nation
used in leashpontoopere formbd it the npperedofomessst layasks can provi de access to K
val ues between .40 and .45. Edge printing nmethods, such as sidewall inage
transfer or hy(j‘i)i dr eslbdsing tthaﬂoﬁérqmon)“résiétd@e@}ﬂﬁbﬁg}i pBedihd n3dsk Kind ahdistdeasput
they do not function for vias. As is apparent fromthe above, conpact

shapes, &iqBoRsf ihRApBetfiRFAoreBistaldt sl tHAtashly 8pertital dafe ldvidrl phoR¥esist layer
conventional inmage enhancement techni ques. Thus, the printing of vias has

becone %ﬁ@{lkﬁg%heogééa%%ﬁe fo?%ﬁc GoAt i nued mini aturization of mcrochip

circuitr ccoraance w venfl onal processes, to assure proper

cont act bet Weea: ) 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.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a method in accordance with the preferred embodiment;



i nterconnects and wires, the vias and trenches nust be created with a
considerable margin for error. In many chip designs, the vias eg]g U'U‘Essz
designed to be approximately the same width. To assure a proper

i ntersection, the overlay budget is about forty percent of the inage size.
Thus, for a .20 mcron via and an intergpecting trench of .20 mcrons, an
overlay tolerance of plus or mnus .08 mcrons is required. The i mge size
tol erance is uguyal b t [ ' [ l.d be
pl us or m nus uﬁg4 zlmysc%ogts&? %%ﬁgmppgs%% ae%gbrr%{bg? I ; k: Rgdcfz;%ggyﬁf ggoﬁa}eﬁcﬁgi ne
is in the extreme range of .16 mcrons, the inmage size of the via is

| i kewise in the extrene range of .16 mcrons, and the overlay is at the

extrene of .08, there nust still t 03J."~ ~~~", 9 be sufficient
overlap for the device to function, in this exanple an overlap of .C8
mcrons. If the overlap is inadequate, the circuit will not function

properly. For exanple, the circuit may be "open" where the connection was

to be. Simlarly, the need to prevent shorting between adjacent wires al so
limts the density presently attainable on a mcrochip. Wwen the via is

| arge, to continue~the above exanple .24 mcrons, and the overlay is, say,
.08 mcrons, and the wire is at the | argest allowable inmge size of .24

m crons, the tolerance deviations total .16 mcrons. In this exanple, the

W re separation may be set at .20 microns so that no shorting will occur.
This separation limts the density attainable on a chip. Refernng now to
FIG 1, a flowdiagramillustrating a nmethod 100 in ' , accordance with the

preferred enbodi nent is shown. The first step 102 of nethod 100 is to apply
a | ower photoresist |ayer over the surface of the substrate. The | ower

| ayer of photoresist is preferably a chem cal vapor deposition photoresist
whi ch responds to exposure at a given wavel ength, denoted herein as a
second wavel ength. An acceptable resist for use as the | ower resist |ayer
is a plasma polynerized polysilane resist as described in Mcroelectronic
Engi neering, Vol. 30, 1996, pp. 27578. The next step 104 of nethod 100 is
to apply an upper |ayer of photoresist over the |lower |ayer of photoresist.
The upper and | ower resist |ayers nay each be positive tone, negative tone,
or hybrid resists. The |ower resist |ayer and the upper resist |ayer should
be selected so as to avoid interm xi ng between the layers. In the exanple
described in the conjunction with preferred enbodi nent, the CVD pol ysil ane
resist used for the |ower resist layer is conposed of a silicon network
simlar to polysilicon. This polysilane resist is insoluble to the solvents
commonly used for spin-applied photoresists, thereby mnimzing mxing of
resist |layers and degredation of resolution and inage profile as the upper
resist layer is spin cast over the |ower layer. Qher resists which could
be particularly appropriate for use as the lower resist |ayer are positive
t one 03J UL 20(i" ,0 water soluble resists such as those described by
J.M Havard, J.M Frechet, CG WIson 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 DITV materials and used with an I-line upper resist |ayer.
These resists are particularly attractive for use in conjunction with the
present invention. Their cross-linking after a post-application bake will
inhibit mxing. The water process used to develop themw ||l not alter an
image in nost resists likely to be used for the upper resist |layer, and

their water insolubility prior to exposure wll prevent them from being
degraded during the devel opnent of the upper resist |ayer. The upper
phot oresi st | ayer nay be a conventional I-line or DUV single |layer 1

resist. The |lower resist should preferably have a differentiation inits
devel oper relative to the upper resist, so that an i nage devel oped in the
upper resist layer will not be attacked when the lower resist is

iievel oped. For exanple, the polysilane resist (described above) which may
be used for the |l ower resist uses buffered hydrogen flouride (I~"), HF
vapor, or a flourine plasma for devel opnent as a positive tone resist, and
may be devel oped as a negative tone resist using chlorine plasma. If a DLJV

or I-line resist is used as the upper resist |ayer, the upper resist |ayer
will not be very sensitive to either the HF or chlorine plasma used to
devel op the lower resist layer. Meanwhile, nost DLJV and |I-line resists are

devel oped usi ng an aqgueous based sol ution, such as tetranethyl amoni um
hydroxide (TMAIT) at .14 to .26 N. The polysilane resist which my be used
for the lower resist layer is not affected by aqueous devel opers. Further,

M o o, . Y ' S " o v o



0 ~\v~ W2002 different conbinations of resist |ayers may be used in
,accordance with the present invention. It may al so be beneficial to use an
*anti-reflective coating between the | ower resist |ayer and the p i

| ayer. If used, an anti-reflective coating would absorb |ight éggsﬂgéLGZEB?
through the upper photoresist |ayer, prgventing the exposure of the | ower
photoresi st layer. The pse of an anti-reflective coating is one way to

al | ow t he |m§rtﬁﬁﬁé¥w‘3§%¥m{w@r’ and the upper photoresist layer to be
selected to respond to the same wavel ength of |ight. However, at | east
portions of an afiG-3 &fd wetviare of @ atbstigtalmmihgipivaessed i dveordanoeywithitle or der to
expose the |lo r(fho oresist layer. A substrate portion 200 having a | ower
photoresistiﬁégﬁﬁ eMBodifeNnEn upper photoresist layer 210 is illustrated in
FIG 2. Asilicon dioxide |ayer 215 or simlar dielectric |layer underlies
the | ower phot or @3Gs4 id £ioplvicdl of a Bebwtatdbdilgpoictdsedin gbicordates Waliekie 215 is a
silicon substrate 217. Resists other than those described above nmay be used
i n accor dan®ecfoiredembedimentint i on, but if no anti-reflective coating is used
the resists used nay be selected so that the | ower resist |ayer 205
responds to a si @GH 5 eBdpwibliviof 8IsBRtrat@NGhe Pcbssed i ABidahbawithige upper
resist layer 210. In this way, the exposure of the upper resist |ayer 210
wi || not af fpeeferredhembodimrent,esi st 205, and vice-a-versa. Additionally, the
upper resist layer 210 and the | ower resist |ayer 205 should preferably use
di fferent devel ogggse is'sé’cxg@?—Ee&i'BﬁalQ%ﬁ'o?Q@ﬁl’iﬁtra@g bé?ﬂg?ngx'o%é’s%éd W ddcoRtRincdf f ect
the other layer. In accordance wth the preferred enbodi nent, the | ower

resi st is avathpgrsferredambodisneit; t hat can be devel oped with a buffered HF
solution, HF vapor or a flourine plasma. Wile a buffered HF solution is an
acceptable devel GRe! 7 ica BRI SEAnal ViR ot b!s BB MSLARE ProtBRVA id RcbRtiRge
adhesi on problens wth sone resists that may be used as the upper resist

| ayer. Thesewig thelpeeferred¢mbedineitded by using HF vapor as the devel oper.
The upper resist layer may be relatively opaque to |light of the second
wavel ength, to ke ot i I ISt
| ayer may, for :,\Ar}gﬁ aﬁégjg ctogx\-'gé%@%\ﬁ/gﬁ%}vgﬁaﬁﬁﬁb&g@@g&gg Br%gﬁegg‘gg‘%"i@rc gsi st
that nmay be Wity tHegRefdmédichbodiin@gueous base sol ution, such as tetranethyl
ammoni um hydroxi de (for exanple, .26 N), potassium hydroxi de, or sodium

ot “devel op | n-a Bot o i el AR SESEAER e LR BR b FHRE L

devel op i n aRcadl@@uiplhgembolitgemhl ori ne pl asma develop is a directional
RIE, and this relaxes the need for the upper resist to act as an opti cal

mask. As shal | beppeqp.c NANRYSLdigl Akt ol BEard 603 brdcBY8l 2R oRthol e

upper resist |ayer preferably respon sane etching process

and cheni cal with A stésidWxeplay emlboditgerithe pol ysilane resist to be used as
the I ower resist layer in conjuntion wth the sanme exposure wavel ength for

Peact with® t moopish ] i sie b BAF iRyt MRk SaRE ridHn @ AR B S

reacts w th @ilaeBcdnd dxehiplary lehibdbiémxi de. The chlorine plasma devel oprment
renoves the polysilane and | eaves the silicon dioxide. If oxygen cannot
reach the polysil resist. no i can,form Th (. Lesist..layer at

| east partially pﬁggelﬁtlg az%/ﬁlgﬁv ?frrgg%\%ét %8?8‘?‘%5 e eésengﬁggcorrg%r}cgﬁ lfhaﬂg;er.

Anot her fact @coMibgdmbhyodbddifcRQ! ysil ane resist to be used as the | ower
resist layer in conjunction with the sane exposure wavel ength for both the
upper and | ower resist |ayers is.that the chlorine .plasma,R E degvel op
process for the pgfq'/sllt?’l léﬁé) Ylgwoqsfr"’éé‘ﬁf’t{ﬂ%g,e’ngr%ocg\s/sgﬂ 1} ?c%%‘éaqfﬁﬁf‘é&‘ % esi st
does not act i i.t can also act as a physical mask during
the RIE deveﬁ%%nggggg]?Bﬂ#ﬁggﬁﬁgﬁtinage may not formin the polysilane

| ower resist |ayer where the upper resist layer is intact, but may form
where the upper resist |ayer has been renoved. It is sonetines desirable to
use the same exposure wavel ength for both resist |layers, as this requires
only one exposure tool. The polysilane resist is particularly useful
because it allows the same exposure wavel ength to be used for both the
upper and |l ower resist layers. It is to be appreciated, however, that other
resists may be used in accordance with the invention. 0 3J U~ 2002 13
Returning nowto FIG 1, the next step 106 of nethod 100 is to mask and
expose the surface through a first mask having a first exposure pattern
using a first wavel ength that does not affect the |lower resist layer. This
first exposure pattern will define the wires which will be fornmed in the
dielectric. According to the preferred enbodi nent, the exposure is done
usi ng conventional I-line or DWexposure tools. These exposure tools

o ~ AN o ~NsA—- e o T



conprises a polysilane resist. O course, other exposure tools, ihahJiiL 200
» X-rays, may be used in accordance with the invention. Because the | ower
Yresist layer 205 does not respond to the first wavel ength, the | ower resist
| ayer 205 is unaffected by the exposure. The next step 108 of nethod 100 is
to devel op the upper resist |ayer. After devel opnent the |ines exposed in

t he upper resi st VEL € 9{:&,@ I l{blg@.;t R bdedbtdd ihQck&ia t he

| ower resist Iayglg@?g{sl,szdﬁ?ﬁggé&t leauﬁgeg%g%zs porfi orill%\(l)&{ t%e ulppgr rgﬁsliest

| ayer 210 pmathensctohd ghémplagrenisaiirentyatdie | ower resist |ayer 205. Thus,
the lower resist |ayer 205 may only receive light at the wavelength to
which it respond t U hesl . ed.. T i.,ng now
fo F1G 3 the ussdr TSBS SRRt FRrbeq B it R e didhitsE Y o

i |1 ustrat edwithhesezbhd agen@al dhitfoddaent. exposed at a first wavel ength
selected for the upper resist layer 210. The first exposure pattern printed

on the upper photoregy g W e openi ngs.
An exanpl e exposureﬁgg?Fghﬁxgig%&ggﬂﬁiggﬁﬁgh %ﬁgt gﬁﬁ§ﬁ¥er portion
215 are shown in FIG 3. Exposing and devel opi ng the upper photoresi st

| ayer 210 has f orhegresentinveiinn [BooideSf® annupsyed imethdrtbofigrpaingphat andesi st

| ayer 210, exposing a partion .the I ower photoresist .layer 205. As shal
be seen, th&&achss §‘néf@?r°§gﬁ’,fg%§@t‘é’ﬁd ‘AS’&B"‘*%?& fo tégmvebtx%n, b vips aho 14 used

to define c j - [ ' i hya J ¢ ch
Wres w1 BSp Rl RA e U oG RE bt Y s P A O 100
is to use aspedaliysebasdd feaigisrnd @xpesingthe eagisis atr diffprng eanclengths gbisie stlifie
surface to a,second vel ength of |ight to which the |o resi st |ayer
responds. TRESNRESBYES theadpsdn b@wgnregwéreﬁfmgawsrs apest WL&@IOW or the Used to
define the TPERRAMG RN Hd leShattiehdelt Wbhiigedt el ihfirRisd fuding
dielectric layer. l'e an 1 nterconnect 1s typically a square structure,

t he second erpvdesesipplified proveyuredoperestingviangat techchbsy e that aslytone etamer
phot oresi st | ayer can be exposed fnly a% HPE i ntersections of the second
exposure patStePris regyered e simylaaeoysiygreate bath Hias HHEChEt or esi st | ayer .

Qobvi ously, the second wavel ength used to expose the | ower resist |ayer 20S
wi || depend upon THecoprentional methol of beatiagsrterseingtviasTdng 101t naadlessbyv el engt h
for use with the |ower resist |ayer 208 glso depends _upon the wayel ength

used for the&onpHBes sPaey e thephin anshean saerifieethe chines DRIfEMBAER: ndlsay e

Phe Towar " r aoll fibgihorks fiolReE i RRR AR accBRipERIME S AT TARIRUES °F.,

exanpl e, therbeasess fagsgrate limyratiods thayinbmsexp of pucretlip caictilh eompod&ids
nanonet er exposure s s%§n1(if a %48 or .36S nanoneter resist was used for
t he upper r&Sngpug ink1 &y thsRayleyplymodely et er exposure system (if a 36S

nanonet er resist was used for the upper resist |layer 210). Because the

o e o & SR SRR et DB BIRPDRS S LS,

oy at the portions corresponding to the intersection of the upper
phot or esi st openi ngs and the correspondi ng openings in the second nask.
Thus, only a portion of the exposure pattern contained on the second mask
is printed ohimaliesyalugferKipseyides highesresobutions | Kais dependans tpen the qnalityndt r at e
portion 200 havi a J r.resist resh. Sty 210
Phat has bedhc orpexd BERpecE breer 5k wedin B nE BR Gl YOS hish BEins

through a sesfy@uiiRshpdamitdiGush seeiedhaex didstisbedakd Bmits at tik second ,. 0 3
J UL 2002 15 wavelength to which the | ower resist |ayer 205 responds. An

exanpl e secopivtelithegraphic peacessen hpve baeaviteshad. FI G 4. The surface 2S0 is
exposed only in regions 410, 420, 430, 43S, 440, 445, and 4S0. As is shown
in FIG 4, the expRsRAhit89bRoIithbErapfrGrodedbes 1heSbedfibkterttitd 1aing ihade ar e
shaped as el ongated rectangles. This shape hel ps assure an adequate
intersection with the 310, 320, 330 and 340 previously exposed and

devel oped in the upper photoresist |ayer. The second exposure pattern may
conpri se 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 resist layer 210 is relatively opaque
to light of the wavelength to which the lower resist - - |ayer 20S responds
in areas that were previously unexposed. Accordingly, the upper resist

| ayer 210 operates as a nask, causing the |ower resist |layer 20S to be
exposed only in the intersection of the portions where the overlaying upper
resist layer 210 has al so 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

. . Y I Y



, 083 J UL 2002 . 16 developed in the upper resist layer. If a hybrid
.resist is used for the lower resist |layer, the edges of the elg)gggﬂtL@E NS
*shapes of the second exposure pattern will be devel oped at the =
i ntersections with the lines developed in the upper resist layer. FIG 5
illustrates the result of devel oping thegl ower resist |layer. The | ower

130, 435, i GERIGRS, O vulle sfed LB SRIVERRNy Pl ARSaE, Toc

430, 435, 4 he second exposure e ‘openi ngs

of the uppetnasksinages! vilyich Pﬁﬂi@as diftldsiunsthe phetotdsize S TRA Rerial 2MagedIOr vidd@reand
3S0. This results in the [ower photoresist |ayer 205 being exposed only in
areas 510, %aucallg3mhanad usioim3hEt phase Shift refigles or usingatienvated@hags: shifii s

| [ ' f.ali b h .0of th [
fna o r enche tetdtisl WhE e Bebhished HRVER saiE i Ethehits 8ok SR Rack AP , 12
FIG 6 illuskd ﬁh?ﬁe?aﬁa”tﬂﬁtaﬁ @ff@ct%lrg{si&ﬁ%ﬂﬁﬁﬁ@(L@%Mﬁn@BﬁE‘@tshﬂf rétidRs or off-

phot oresi sts but betore etching. IS a cross-section of the substrate

215 shown i mxililuminatiakencthodsn Altdrnating-fhaseTshaft mpgshodsrrevide alcapahility 10 has
been exposed and devel . .and_openi ngs haye been forned, . .in |qcations
530, 635, GPAA HaEeA Al BIgIG K Br der Sierety epndsRa it bAP B osed and
devel oped, afih@nGRpRETiRAY SRR WK REBPalyel) ahd rinPORRIR AGeRAd piASe
Referring again to FIG 1, the next step 114 of nmethod 100 is to etch vias

and trenchesnasks opé¢hate atiabbwtc b Ki valuehc ddfif@xisgllumiration pae peorvidadsoandbodi nent ,

t he depth of nghe etch 1Ls determned b V\,hgther one_.or both | ayers of resist
were exposedPArncsment of pestedlinefpacs patterns butgpravidgs lift AR 1q gyer 210

and the lo [ Y., 5“3(% : [ > Siane
Jlocation, ggg(l)lét%g gﬂ%rlgg’e&F l(l)rgggle\e/}fng,g t g@g@%ﬁﬂ%&?gﬁﬁﬁgy eﬁ@yﬂgfé’g‘ged on the
di‘el ectri c. illmiranioavsed inodunyurickion withedttenested phdseyeask? téh prsideaenessxposed,

as is the case for trenches, the etch nust pr cged t hrough the | ower resist

| ayer 205 bdryres betwieen ot and .47 cFdes prigtingpReifods, suchhastideyvalk imagget i me
period, the (dj L1Ce: Y : . t [ bot h
resist | ayertgdn\%%‘r?g} éi%éds\l}eéélsgi%gn gg@@#%ﬁ@%ﬁ%& on?tyggﬁaﬁqgéva %P%@%ﬁ%er e
only the uppfahcticsfos vidsayaris 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 and 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

}



0 3y~ a ~ 200z P 210 was exposed and devel oped. In this way, both vias and
.trenches may be etched in a single step. O course, one skillzﬂ in bhe\qrt
*Will realize that photoresists that respond to different etch 3 Vs ple.

used. Wile this requires an additional etch step, it allows for

i ndependent control of the etch depth ofythe vias and trenches. In sone

Ci CUTS ancas, o AR AL ALE. Bk ABICTRY RBiolE 3h LAPLE AL LR EARN Pilgt he Vi as

and the trenc ining p resrs Fémove romthe
surface of trhitr@xtbbslfﬂfbt@vcrlﬁbﬁ inddéqulates theadireait avil wos fingtien peupetignFaf t er t he
etching step 114 has been perfornmed. Vias 730, 735 have been etched where
both the | ovixampiaithe cirenibmay b “apen”twhere fisconpeationwasdpde. 210 wer e
exposed. Trenches 737, 73 8, 739 have been etched where only the upper
resist layer 210 Sﬁ%lf&l&pﬂ%ed-mﬁre\(/bﬁtsshZQth beBReddpatdnt Wirey'8Bo 1iffts the
dielectric 215 to the Silicon layer 217 of the chip. On the silicon |ayer
217 the vi asdensty pk3snttyoattaantblevon esmlemhlp?%h@nthtama {sdewse, ﬂowpatmlﬁegthc Thi s

allows for an interco ti.on bet er.s of e.chi Ref errlng agaln
fo BIG 5 AhOVReREBIEast migtoss AnTROOVaI D it s O HEGENE andFia Wi 652 e
surface of tyg lé}gésﬁ ailefabfe mia%EEE@ of 1DaSnRAshs! he @&Q&%c& BeViRNidAsWblabS 62N

i nt erconnects. pically the deposited wi Il be copper, tungsten or

al um num Theaidromsal Inshrsmxaﬂ:@leothermlrhmbammnlmayclm seb D26 rmlhmmxoelm noet al ,

l eaving only wires and interconnects. This n be dane using

pl anar i zat i oHopRgwHsocqur. %#wesep%@nm lime T, coisily aitainablgop Hn in FIG s
| nt er connecti ons 830, 835 extend through the dielectric 215 to the silicon
substrate 217 to Refurdng noWweo MG.ek afBxy didffam H‘lﬁnsestxx@imeﬂﬁﬂ, 10838 have been
formed in the trenches 737, 738, 739 that were etched in the dielectric
215. Chip fathcPrdancewithehe pesferEeshembediment isghowy dhe fing steari0gef mpthedsses
used in the t

upper 1 esi st 1 apar @B REr KRRty L B LR SR et
result in "l pepestphatoresistik peferably dctidmlcdl vapdUpodiios phmtdsrses«hlcﬁhese
techni ques include phase edge pattern transfer and hybrid resist. Both
these t echni tsBendsdo exporairaehagivepavilengiprdsnetgdibreia ay 2 sesond ivvelsngthhay e
e 1 oo A AAYCC IS Ml ehserhs LB ROy P AN EGAYREARNY | eat uf e

need to be forne SET et these 1 mage en ARCE i'ques cannot be

used with Sep@l&ﬁlz&xeﬁ@ﬁkﬂd@@ie%rﬁﬁa 1ﬁMdtdéled&omeEdgﬁfd@ﬁdg,IWgB($ 19960psli2gsr et e
features. This variation trins the | ooped features into discrete features

to allow thedd Ihﬁg@xt@tnmwe@@mthﬂéé%isqeégpw@nmes@aewftm@mw%s@@é@s| ve
process corrp{ ﬁb%%rla&@rd&ghﬁ)té’r@gl tatl on, a polysilane resist is used as the
| ower re5|st resi s conpatlble wi th i mage enhancenent

techni ques is used as the upper resjist |ayer conventional, I-1ine or

W resist, hybrid TBgupper agddoyer @@F?@Wréﬁélyl%c}bg%f’%?lﬁﬁ (NG sRegatEe 1oRe: | ower
resi st Iayer I F h t he
Upper | ayer P%@ﬁgﬁfygéﬁhgﬁgqgﬁ@Pﬁ?m{ﬁ§&§%§3ﬁ%8ﬁ$ﬁ?8$?léggmgxbgkégﬁgég for
the pol ysi| apgad ®sdwwid ititdrmiRidl betilasehahé lagkdsy 16l dgrexdtpbaddsoribed inrthé he upper
resist. Third, the aqueous base devel oper used faor the upper resist wll
not subst ant Fampgctipagwih erefamed empediment theSVH polyslane resist Hecdior jhe losiss
resi st can f t n As a
mask (when t %%Eg)ggr ?srcé)é? @se%?é%@%gr} n‘i]:tgblowg . laF tPoe P‘g@%ﬁé e a%?? Bﬁ % he
pol ysi | ane r esistis eoluBRAoithe idlfenicgRhmualytigadforsgim-applicd phblogdsistg pl asma
bei ng used to renove those areas of resist not exposed. In this case, the
pol ysi | ane cﬁtﬂr%b}’amﬁbmb@né%pé@éd) sesist fyersand deatrdptior phreselation ard thageupper
resist, and { h é@g: lr%ﬁsq&ygxelsgﬁ caglr&}\é?ﬁ%v\ﬁw& 91|y?11 l@t\f\{e} pe%xsks%ﬁ hI ayer

resist to E pr regli ons was cuncover ed

the upper | a)é&lild bé\&médlmsg&pﬁrbﬁndt@\f&rusb ay te 08T RXRBOBGEr 4rb pasi€ias tdmet h
covered and uncovered by the upper layer. Wth a wet devel op resist as the
| oner | ayer, any areas exposed with light, even if there were covered with
an upper |layer of resist, would devel op away, causing adhesion failure of
t he upper resist.



It should be noted in the preferred enbodi nent, an anti-reflective coating
. (ARG) is not needed between the upper resist layer and the |<ﬂh9»~ﬁgLyggggne
‘resi st 0 3 UUL 200 19 layer. This considerably reduces the pt~ocess
conplexity conpared to traditional nethods. Wth the | ower and upper

resi sts deposited, the upper resist is posed using a suitable inmage
enhancenent I . i, r r an t he

t echni que J@%ﬁﬁgﬁ?gggwgﬁgggﬁﬁéﬁﬂﬁﬁgeﬁggéyb?é??s a%%h’éggfg%gggeﬁgain,
because of Wilsor ¢dén SPIRNCNE0N9, ppCcABT4d 99T.hBpecifiddllyf theuhdtetislsa | ooped
trough being formed in the upper resist layer. This reveals a | oop of the

| oner pol ySutligd ipSsheme 2and Schome 4riadhis paper woidd be gpitablelalomegrasitth a mask

reticle an r._r.esist, ta define . th of, . the | gwer, resji.st that
ire exposed™E of BREIPHE bRl R RbiipRale DY Riftafls MfusdRin AT RS ci
portions ofygpheresRPRyks, ONtee Mkt EXR P RUABY atRtivieTOBusfin (cBRjunB@Gh (iBugh.
Thus, areas of the |ower resist corresponding to the intersection of the

| oop t r ougtthe prasemt inygnsionr ddieterensdinking aftes @giosyapmlispieen baketwidl inbibitcl e are
exposed. Portions_of the |ower resigt blocked i t.her the upper resist,
or 5 bl oc ki RSN aPE® PHEE RS ef &0 Sristor BXBouttr ol piE" e BERSE s ¢ hen
devel oped ugkiBq 1keRoWe! Used RirABEIRp ST rédifthyes Undahtie wikyY BhsBRMility PHot tb EMOVes
t he unexposed portions of the | ower polysilane resist that are”not

prot ect ed bsxpohere wigreveasilem frdmusingpddgyadedabeingdhe devebopofent bftheaypper
resi st corresponding to the intersection of the |oop trough and bl ocki ng
shapes in t18568¥Ind exposure mask reticle are removed. Thus, by using a
mask reticle to selectively block portions of the | oop trough, discrete
troughs in the | Oheappelphsidresivt layes nmly bearconeeritimmabBlind eBEWsiagledier

t foughs can then_be used to form diécr te features on the substrate.

Tur ni ng nowegist: Filaglower regist shanldipreterably have paiftersntiation Mty elaPet hose
formed with i i | St | dnliHST r i -@Si st

| ayor i n aceli o it ey soub bl HEIGTka Hq SRSl IBREWIER 2
10 and 11 i hétstattatiedawhat therower feyisr isdevelopast Homgsampl@Otheqollysilapotesst | ane
resist layer, 1804 on a e 03 J UL 2002 substrate porti 802, where
FIG 10 is Wessrihed abayg)ivichmayhe %E@k‘?rrtﬁ? Eoweﬁ R U565 Hudleel erdrlsﬂ%eq i nes
19-19, and : s](%IF. S L: j | € aken
along i nesﬁé‘g}%o. &E@ggégr?]tﬁ égg%}lhﬂﬂggéraaE(grb%&gf%&)g%}lg%g Elpg&tlt&%éett%tn %oughs
1808 can berepist, ahddnay b develuipdd s ahegatse toiaresist Wingeotife plasmenif deep

ultra viol et L{J\{ dit hographé tQol s that, a{e desi gned for opergLi on at

?. 35~ﬁm ) ES? _ Pf*i)s\r t};‘ﬁﬁiﬁbﬁ, Iipe §FH§EQP§‘ Eageayer, glerfﬁ@l?t) I ERishlRYEOW, wtrl%et |
roughs . : . eate

t han nor nal ?Hly'? ﬁograép yerlgllé{- ght\fcxsk.nsgﬁ% lﬁllrﬁﬂﬂﬁgk %arto%%%%ngegl?’aﬁgﬁsgﬁ

desi r abl e i laysnndeamphile aoso DTV sod hlias réssstd @eidovelopahusingsdr aquteonebaseds a

probl em for qther types of features, ,such. as. duct or r W ring

Bppli cati onsolufieh. sufbastelppefiEhamenichoyaxidtg AT poigie 26a8e 1ban Tesul

or 1 on 1 o PR e B L o e ane. of

the |inked paqudoasdevalopdie Fuyttdrerdthe dswatresidilrysrnshould\préferablythe sdsitiaa to

exenpl ary secondar%/P ex ?sure S illgstrat ed . where. region 1910 an?l 920 are
exposed, ~an8t FERASYFE Wavelengthy af which she upPeRgesist 1ay5E ispnags: ey expiRls dier ence
to the prevj, i ' QS AAMDE APPSHoRSedile AdbAt@Y Wi th WV
light, or anﬁﬁﬁ%ﬁﬁﬁﬁ?%&%ﬂ gel%?her gésef‘( t hose po?tllgbns ofm?ﬂe

pol ysi | ane phstosdsisiBdié ophdquic #rad exppase drabeeongth of 19D haingetern. Mahll-bimene

pl asma devel oper. Thus, areas of .the | ower p,ol%si | ane resist_correspondi ng

to the i nteF&tsVaHChmay pisothegiighas BEORPERIFSEX YLt WGIORCYI10 and 1920
are exposed gy fogirdiln :1%@frﬁfei£mué?eJqS’A%FesP@&éSskh?eB‘?n'it?esdﬂzuﬂe%%@%a?y ei ther

t he upper resist, or



unexposed regi on 1915 are unexposed. The | ower polysilane resist is then
«devel-oped using a chlorine plasma devel oper. This renoves onl yUt@%gL 2002
*unexposed portions not protected by the remaining hybrid resist 1 .
Turning now to FIGS. 13, 14 and 15, the substrate portion 1802 is
illustrated after the unexposed portiong, not protected by the remaining
hybrid resisg; . i Q. e ain,
(hi's resul t soirneit SBBilaARY BFrelSt lrd oy Ui ARG Y B st 1
- __invention. _ _ - Q~J _ _,,
unl i nked troughs 1950 being formed in the | ower polysilane resist. These

features can then [ Serete. f ] tr

porti on 1802, 1t taney BES P Berstel i B BRI e g OtuRUP IR 1
enbodi ment caRisbRyesal the ugpdr rogist TRy, U st@raanintitréflegtivelcohdd Woakl absorb
including but not limted to, wiring lines, gate conductors, etc. Wile the

i nvent i on' habiggmassing Suoughetie uppergrhotoresist daysr.aireventing thesxgosusa of thene
skilled in the art will reali t hat. change be.made wit hout departing
From the opi MVE BRoResist ban: TBnuskRs o RUTER e SORiMRl: on Pidyo gHow the

phot or esi st s]gyRy PRStERE -1ayepa§d1aaeldgb@xl pHORAEsistNBYr ROBE QIEGbBloSre¥pdrld Be
devel oped in the future that wll be well suited to the practice of this

i nvent i on. Dilfefssmenwavelgngtuefdight oHeowavet, atdpass portionsiobdreangi-redleotiveecoatingn t he
exanpl es given rein be used., Likew se |tiple etch steps may be
taed! | nst eatioul e to BE Yoy dR giresad PrRE e e EHEHAEH Enbod mont
Dielectrics other than silicon dioxide nay be used to separate chip | ayers.

Whi | e t he pref err @dsubstratdiporitin 208@dmvirgedossnplattoiesigt laptr0Sandentuppeio Wi r es
on the silicon substrate | evel, the present iqyent i.on may be used to
k

connect any RPMUPESHE ByPRGE) isillusirateddp FG. 4 of sticopdinrida sy Jdrasuntam

al um num co 1 i i - The
"t or connect SELSe! T L iRIeBfks TRY 100 BROrcoRl a0l 25, iR e ADGS i

el ectrical | ylaen2isis acdiligon sippsteste 217.0 Residtslotid@an tha ddséyihdd abbve maydichod

for defining a feature on a substrate, the.nethod conprising.the steps of:
(A) appl yi ngUsed iBvasrorgareorish fherinyenjion, Bidfne ﬁél-gqﬁsgweaw,tmg B usgAhs/i ng an

upper  phot or skl udedfly R Eleddifso tif¥he M?és‘?s?il £.b8Y Rlspordoho 6XPOSI Ng  the
upper photoresist laye rough a tirst mask; (D) devel oping the upper
phot or esi st kanificantdy diffdrérettwaveknpthgst 1hethho theadbpenrdsiselayepzi0. dhahisr esi st
| ayer; (E) exposing the | opwer photoresist |ayer throu second sk and
through the uf¥ethefHBoFeef ) uaa%rﬁpﬁasl?yegaéﬁ Wit %ﬁ@gﬂ&a@w&h?% 26%e 1 over
photoresi st gy ¢lceCRHdES p&ﬂcﬂ{igﬂalﬁptﬂehﬁ) Exnxte%tsﬁgér'ﬂ@ R0 tBd WP P&Sst layer

& 4 Tesk are

™~

phot or esi st openi ngs and the corréspondi ng opehings 1n the second

exposed; 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

{ 3 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



(F) sdevel oping the | ower photoresist |ayer, such that openings are forned
.in the |l ower photoresist layer; and (G formng the feature using the | ower
* phot oresi st openings. 2. The nmethod of claim1l wherein the upp§r3 JUL 2@,02
photoresi st |layer is a negative tone photoresist. 3. The method of clai
wherein the upper photoresist |ayer is positive tone photoresist. 4. The

met hod of claim,1 wherein the er photoresi st |l ayer is a hybri.d
phot or esi st Fesit thPhE‘%FH’SHBIBPe‘ﬁ'FSE‘?% aq}dﬁ%‘t‘it?aﬁe F?llé‘“g’bv%‘?h %@E%W@Q})@t | ayer

s a positi kSt ‘dal od of claim
1 wherein t%‘gﬂlog\{/}glrl B{?ﬁ!‘gg gcgzg?%seﬁa?lg%é}?26}][%#3&3%8%??%%0?%%% Bgﬁ%at%%[?esi st. 7.
The met hod ofetasiliiate, amohg othiers. tThehis exwenplptht appari retist layerrwillsoa déwebop th
photoresist. 8, The nmethod of claim1l wheregin ‘tc‘re | ower photoresist_|ayer
is a polysi PhHHersAdl solution, and thefpwentssisbyiibpotdexelopan amaqusons base- skhep” of

devel opi ng . I | Skl & ' ' ' | onal
chi or i ne. o1 Sghg R ALES £l @i 1E0TRA RES Bl fdTal of, b fpls
exposi ng t hessippedict b ah @peedl shask 2ayAY shall belsben, Hbapvat batipislow@r kddgst| ower
photoresi st | ayer use the sane exposure tool. 11. The nethod of claim1l

wher ei n t heldysiR05 pbtherppersresibtdgyar 24 A avill ipeeferabbr repirandde &g spmed efgling r espond
to light of differ nth wavel engths. 12. The nethod of claim 1 wherein the

t ransl ucent pbo&gﬁa S Sfm?ﬁse second mask through which the | ower photoresi st
| ayer is exposed conprise el ongated shapes. 13. The nethod of claim 12
wher ei n t he st ep Aofactorpducingllawsetbe pobysilpteaesisigeibstusedgscihe lowerugsistdagascond

mask Turther, conprl sesat e, St o0l s A0 AN Al AR B ER IO s

) layers is that the polysilane resist must react with atmospheric oxygen to form an

7

image. The exposed polysilane reacts with oxygen to form silicon dioxide. The
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 requires 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.



14. \The nmethod of claim 12 wherein the step of exposing the | ower
photoreS| st layer through a second mask further conprises the \éﬁfaoh!)u\-\.lgpﬂg

‘of f 'axis illumnation. 03J UL 2002 -241S. The method of claiml
wherein the step of applying a | ower photoresist |ayer conprises applying
pol ysi | ane photoresist, and where the steps of exposing and devel oping the
upper photoresist layer result in | ooped openings in the upper photoresist
layer. 16. The nRttuntinghowitaiFiiih thhm)eisnptlﬁéoﬂpp&todrll(?ﬁﬁmoanasktaddayer

[ h b d 17. . Th of 15 wh th f
Zig‘ééiﬁgsth Rt St HERIEda e Bk GRS SOt BNy C PRSI RIS g
h

CXPOSUT €. 10 T Bl 3ot L Thd TP L b oTIS B Ol dlEHab AR e

| ower reS|s scre € openi ngs | the T ower

cor r espondi d¢firieahé dres mihdstowill b@fdﬁm@ﬂ it ﬂne dicdeyteel Apm&imgso the gréferregper
photoresi st |ayer and the exposure pattern of the second mask. 19. The
met hod of cembediment,pheexpasurgds denedisyig @@V@}t@pﬂr{dlm@ exporaetaddi.ng wit h

a chlorine an rete
openi ngs i n? SeP‘B%@? %@t%@%ﬁ%?ﬂ I%V%?vegg‘%hg %%”n% t'gmf’{{%{erﬁt@r"g%ct i on
of the | oopgd @B@ﬂhﬁ&lﬁ\dt&eélglﬁlsHQWth@W&&éﬁdtﬁ et MREordRAkel Wigh Becas
unexposed during the step of exposing the Iomer photoresist |ayer. 20. The

met hod of cprgferred enfhodirnent lsdnginW§cngtlvm 2§8 @pntzmetel(sl—t; if appnoagatel s econd
feature usi the upper phot or 21. A net hod f reating
trenches an e%ﬁg‘é( rstg‘ ﬁ@tﬁ)’f"sgﬁ‘ éhos? ﬂ?tmlt?Sd‘S%Agﬁsptf’Fsi ng the

steps of: O@p&%ksx 14)8r. SBLANES oPﬂB&tlﬁ{ves‘éhs?ﬁwbﬁXﬁExﬁ&éﬁfe ke Sppesbdsite; 0 3

layer at 248 nanometers will not substantially degrade the lower resist layer when it

comprises a polysilane resist. Of course, other exposure tools, such as x-rays, may be
used in 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 developed to create openings. An example exposure
pattern and the resulting openings for wafer portion 215 are shown in FIG. 3.
Exposing and developing 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



- 25 (B) applying a upper photoresist |layer over the |ower ﬁgfiﬂaiiQGUB)

. layer; (C exposing the upper photoresist |ayer through a fi
" devel opi ng the upper photoresist |ayer, such that openings are forned in

t he upper photoresist layer; (E) exposing the | ower photoresist |ayer
t hrough a second nmask and through t he Lﬁper photoresi st openings, such that

the portions qf th ower t or esi, st spopgi 0.the

| ntersect | ofiegto dREns GEsoRRBnE ees infhHelERHE FRRT AL, a8 rhunsites wil
openi ngs inbéhﬁnégpond mask are exposed; (F) devel oping the | ower

phot oresi st | ayer, such that openings are forned in the | ower photoresist

| (G f i i th i St
form hg t1 enches REGTEE{hEGdpthe T5HOHSP 458 8F Mo 19gas oiee briseSHERHEM of
| ai m 21 wh
O 2 SnREGhEa W BRRE RO BHAFES] Spok Sl BotaNBE Gl of | |
i s a posi ti ightttoRehigithedower hist laﬁer ra'dp@ndset’hmmﬁge(plrmtdm &ﬂxhwrlmai n the

upper photoresist layer is a hybrid resist. 25. The nmethod of claim 21 )
wher ei n theth}W@ﬁlstt:bW‘éL‘b%@SCﬂé‘yé@ﬁﬁ%tha upié@pmﬁés ytoistphvhish agliextend 0 3

UL 2002 -2 2 h 0 | h t or.esi | ayer
s a nogat i DECUESRIARR LG Whe e RORRER M AT RSAACRERGTR Bice

| ower phot og&pha expenes pdtﬁ:nmﬂﬁfr cBmPhss SloRgdted shag8s, ad Bie: 16RePpiEbtefesst ai m 21
wherein the | ower photoresist [ayer is a polysi ane

layer can be exposed only at the intersections of the second exposure pattern and the

lines printed in the upper photoresist layer. Obviously, the second wavelength used

to expose the lower resist layer 205 will depend upon the properties of the lower

resist. The optimal wavelength for use with the lower resist layer 208 also depends

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



phatoresist. 29. The nethod of claim 28 wherein the step of exposi
.upper photoresist |ayer and the step of exposing the | ower phggr\égﬁe?hﬁz
"layer use the sanme exposure wavel ength. 30. The nethod of claim 29 wherein
the step of devel oping the | ower photoresist |ayer conprises performng a
directional chlorine plasma etch. 31. Theg nethod of claim 21 wherein the

| ower phot or gsi e ' I o light of
di fferent Wa% eg%%éﬁgo &Q%Hq%@%ﬁgpﬁgs?ﬂlagp P%%ll%ﬁé%sm%%x?n%?ﬁ%@g?%nsl ucent
portions of &lwsergatemiBskovwiomFIGse. dhesagdiced 5oliapgsoseddnly theedidisd wid), of
claim 21 wherein the step of exposing the | ower photoresist |ayer through

the second n#dk 480439 A4Q0Mdr a0 s is shoyviyin K16 AgthgrexpesedragionydlGhase

shift reticl 1 t fgl al L3t . 0si hg the
oL et el 20, 380, RS gRlof AL B A o BERbED Fhis SRS e
of using of f a@iesan ddeliidtd Aitéra€ttion vAtiBthe 3W0 3200820 ard 38 PprevivRsRikpOsEdof
claim21 wherein the steps of form ng vias using the Lower photoresist

openi ngs andans dévstaped gn theappercphoteresist layes. dppescopd expesuss pattesparayngs
conprise a single etch. 36. met hod for formng,self aligned, wires and

i nt er connect SOTBRTY H‘?Sc‘?ﬂl?fﬁlﬁlétl%"?" l@ﬁ%es?’ﬁ’ﬁfl%e,mﬁirﬁée%nﬁ{ql‘f% sﬁﬂﬁ%aﬁgﬁnﬁ’ém@he st eps
of : (A) formmgeRso §h£setsmfpreha\é§,romé§rs ii1h@iroh 368 hPbrid RRis8 YHBE bpbiged (B)
applying a | ower photoresist [ayer over the dielectric layer; (C)  applying
an upper phototheseaindleapesuropatert.hE i ovierrepdizdat 685 point tpethe upPyr wsist er ni ng

A T N T RN N TR N ORI AR
.mask having 8t} 564 responds in areas that were previously unexposed. Accordingly, the upper

/ resist layer 210 operates as a mask, causing the lower resist layer 205 to be exposed
only in the intersection of the portions where the 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 lower 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
September 10, 1996 by Hakey et al. and assigned to IBM, as well as a pending
application entitled “Optimization of Space Width for Hybrid Photoresist”, 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



exposure pattern, such that only portions of the upper photor@zﬁ slulazggz
.corresponding to the first exposure pattern receive the light of the first
“wavel ength; and (ii) devel oping the upper photoresist |ayer, such that
openings are fornmed in the upper photoresist |ayer; (E) patterning the

I nterconnects by: (i) exposing the Iomeé photoresist layer to light of a
second wavelength t.o which the | ower aresi.st. la esponds t hrough a
second naskdﬁ‘é%f’?f'dl if RS HRRSE TRSISh GF'epr y%)gpﬁes&sids P??ﬁ%b{beﬁﬁ‘é(%f?ém {‘i‘é!ggof
the upper DRt RS bffhe!eforpatedSHaks i Mle RBbNA SRRsHR HattORSwill bd 8&elPiaTat
phot oresi st that” underlay "an openi ng of the upper $1otore5| st layer and
correspond tle inkesecdonnwith tixoknesalepelopet in the apperaedistdayerght of the second
wavel engt h; and p3Ja~ ~uu~ -28 (ii) developing the | ower photoresist
| ayer such t hat Nk € ' : | St I ere
t he | oner phot orcepzle's% nﬁ%{/rg{egrﬂ{eeg%lg@g%fﬁvgﬁﬁ n{(%} “ﬁ"e‘%s};}[&’%%ﬁﬁ@vgthgﬁg‘{"ﬁﬁm( F)
et chi ng trenedigtdayen 205 vadegp@ed bhly dt dycintrsectionsd s regions 410,6:200430,7g5 0 t he
openings in the upper photoresist |layer; (G etching vias through the

di el ectric 1440et ﬁp and H0afitmseccend P&%Eﬁcﬂﬂg@m@dtthéOﬁﬁéﬁgﬁ@fsthPNPPWéeﬂét\/\er

phot or esi st | Lo (H). overfilli h rha e trate wwth a
mecal . suoh EREE 1R Bis B e NGNS AR TBRME RB M)

pl anari zi ng ghldoresétddycs gcbbéihgtexp&@d BRlyah a8 B 055207530, 93 5L B40,\543%ang@nd t he
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chip 215.

FIG. 6 illustrates a substrate portion after development of the photoresists but
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
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of the secongcledpolssre engahé apper wesistdayef L 1@wias ex;tdsaam Thé viag 730, 735 extend
through the dielectric 215 to the silicon layer 217 of the chip. On the silicon layer
217 the vias 730, 735 contact wires 794, 796 on the lower layer 690. This allows for

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”
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the upper layer resist during application. Second, the plasma develop used for the
polysilane resist will not substantially degrade an image in the upper resist. Third,
the aqueous base developer 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
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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
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substrate portion 1802, 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 in FIG. 9 taken
along lines 20-20. One advantage in using hybrid resist is that troughs 1808 can be
printed with a width of less than 0.2.m with current deep ultra violet (DUV)
lithography tools that are designed for operation at 0.35.sm resolution. Thus, by
using the edge of a mask shape to define troughs 1808 in hybrid resist, smaller
dimension features can be created than normal lithography allows. The linking of
troughs 1808, while desirable in some applications, such as isolation trench
structures, is a problem for other types of features, such as gate conductors or wiring
applications. For these applications the linking of troughs 1808 can result in

unwanted shorting.

In accordance with this embodiment, the substrate portion is then exposed
again through a mask reticle, exposing portions of the linked pattern in 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 correspondinvg 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,
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While the invention has been described in terms of a preferred embodiment,
one skilled in the art will realize that changes may be made without departing from
the spirit of the invention. For instance, a wide variety of photoresists may be used.
In all likelihood, new photoresists will be developed in the future that will be well
suited to the practice of this invention. Different exposure tools and exposure
wavelengths other than the examples given herein may be used. Likewise, multiple
etch steps may be used, instead of the one 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.
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(A) applying a lower photoresist layer over the substrate;

(B) applying an upper photoresist layer over the lower photoresist layer;
©) exposing the upper photoresist layer through a first mask;
D) developing the upper photoresist layer, such that openings are formed in the

upper photoresist 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;

® developing the lower photoresist layer, such that openings are formed in the

lower photoresist layer; and

Q) forming the feature using the lower photoresist 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.
4. The method of claim 1 wherein the upper photoresist layer is a hybrid photoresist.
5. The method of claim 1 wherein the lower photoresist layer is a positive tone

photoresist.
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6. The method of claim 1 wherein the lower photoresist layer is a negative tone
photoresist.

7. The method of claim 1 wherein the lower photoresist 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 performing 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.

11. The method of claim 1 wherein the lower photoresist layer and the upper photoresist

layer respond to light of different wavelengths.

12. The method of claim 1 wherein the translucent portions of the second mask through

which the lower photoresist layer is exposed comprise elongated shapes.

13. The method of claim 12 wherein the step of exposing the lower photoresist 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.
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17. The method of claim 15 wherein the step of exposing the upper photoresist layer

comprises using a phase shifting exposure.

18. The method of claim 15 wherein the step of developing the lower resist layer forms
discrete openings in the lower resist layer corresponding to the intersections of the looped

openings in the upper photoresist layer and the exposure pattern of the second mask.

19. The method of claim 15 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 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.
21. A method for creating trenches and vias on a semiconductor substrate, the method

comprising the steps of:

(A) applying a lower photoresist layer over the substrate;
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upper photoresist layer;

(B) 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;

Q) forming vias using the lower photoresist openings; and

H forming trenches using the upper 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.
24, The method of claim 21 wherein the upper photoresist layer is a hybrid resist.
25. The method of claim 21 wherein the lower photoresist layer is a positive tone

photoresist.
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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 photoresist

layer respond to light of different wavelengths.

32. The method of claim 21 wherein the translucent portions of the second mask

comprise elongated shapes.

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.
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36. A method for forming self-aligned wires and interconnects on a Semiconductor

substrate, the method comprising the steps of:

(A) forming a dielectric layer over the surface of the substrate;
(B) applying a lower photoresist layer over the dielectric layer;
© applying an upper photoresist layer over the lower photoresist layer;

(D) patterning the wires by:

(1) 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

(ii))  developing the upper photoresist layer, such that openings are
formed in the upper photoresist layer;

(E) patterning the interconnects by:

(i) exposing the lower photoresist layer to light of a second wavelength
to which the lower photoresist 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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openings in the lower photoresist layer;

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

and vias are filled with the metal; and

D 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.

39. The method of claim 36 wherein the upper photoresist layer is a hybrid photoresist

and the upper photoresist openings are formed at the edges of the portions of the upper

photoresist layer that receive light of a first wavelength.
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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 plurality of

elongated shapes.

46. The method of claim 45 wherein the step of patterning the interconnects further
comprises enhancing the image of the second exposure pattern using an alternating phase shift

reticle.

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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© exposing the upper photoresist layer through a first mask;
(D) developing the upper photoresist layer, such that openings comprising at
least one loop are formed in the upper photoresist layer;
(BE) exposing the lower photoresist layer through a second mask and the at least
one loop of the upper photoresist layer, such that only a portion of the lower photoresist layer
underlying the at least one loop is exposed;

@® developing the lower photoresist layer, such that openings are formed in the

lower photoresist layer; and

(€)) 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.
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.



