ONE. STEP DUAL DAMASCENE PATTERNI NG BY GRAY TONE MASK.  BACKGROUND OF THE

I NVENTION (1) Field of the Invention The invention relates to the

fahri cation of integrated circuit devices, and nore particularly, to a
method of creating a dual damascene structure using one processi {§9 ePoef
patterning this structure. (2) Description of the Prior Art The

manuf act ur i ngNaf seeri condusAMISCRN CRSTERGELE 65y tdiey aBRki gakkon of

mul tiple diverse technical disciplines that collectively enable the
continuing advancenents of device performance that has been acconplished
ever since the initiation of the sem conductor device. These various

di sci plines address various aspertsop idie rlleviGe@r s i on  wher eby
typically a plurality of active circuits is created in .a sem conductor

substrate. To create a collection of circuits, comonly referred to as
‘Integrated Circuits (1ICs), the individual circuits are interconnected

with netal leadsridd dJurdhenniagregse device density, nultiple layers of

interconnect netal can be created. These multiple |ayers of interconnect

metal are separBéethwhiiayerslotedi €begld i cB¥ion of integrated
circuit devices, and more particularly, to a method of creating-

a dual damascene structure using one processing step of

patterning this structure.

(2) Description of the Prior Art-

The manufacturing of semiconductor deviées fequires the
application of multiple diverse technical disciplines that
collectively enable the continuing advanﬁeménts of device
performance that has been accomplished ever since the
initiation of the'semigonductor device. These various
disciplines address various aspeéts of the device creation

'E 7 wheréby typically a plurality of active circuité is created in
. a semiéonducfor substrate. To create a collection of circuits,
commonly referred to as Integrated Circﬁits (IC's), the
individual circuits afe intercoﬁnectéd with metal leads. Té
further increase deviqe density, multiple layers of
interconﬁect metal can‘ﬁe created. These multiple layers of

interconnect metal are separated by layers of dieiectric or by




1+ insulating layers. Adjacent layers of nmetal lines are interconnected
by..neams of nmetal contact plugs or vias. The sem conductor industry has,
over_the |l ast several decades, been driven by a continued strivi n@Baﬁ‘UG 280
i nmpr ‘ove device per f or mance, whi ch requires a continued decrease of

sem conductor device feature size. In present day sem conductor devi ces,

it is not uncomon to encounter feature size in the deep sub-mcron range.
Wth this dé@P¥dsEirg 4aveee Asbianedt 4py8rsseb-MRelodiREEaf T nt er connect s
become increasingly nore inportant. A nunber of different approaches are
used in the J&rtterFSPnFﬁEe?o‘?Bfré‘ﬁad’r? Of Fateér ARNBICY MIFGEoRACELFi nes, nost

of these approaches start with the deposition of a patterned |ayer of
dielectric where the pattern in the dielectric fornms contact openings
between overlying netal and underlying points of electrical contact. A

| ayer of netal ghﬂeﬁ%@%‘f@dﬂ%@r fiRgustayehads @] dberlashndeyREalerned in
accordance with the required pattern of interconnect |ines whereby the

i nt er connecteCPPAgs, PapRrE equitved, cant ghued t e ngnder IPPrge ot dete
openi ngs. The patterning of -the layer of metal requires the deposition of a
| ayer of phﬁﬁéf@ﬂ%’t’c%«/é'fmt% Hegipérest angppfinued decrease of :

semiconductor device feature size. In present day semiconductor
‘devices, it is not uncommon to encounter feature size in the

deep sub-micron range. With this decrease in device feature

[
(—

size, sub-micron metal interconnects become increasingly more

important. A number of different approaches afe used in the art

for the %Qrmation.of pratterns of interconnect liﬁes, most of

these approaches_start with the deposition of a patterned layer

Qf dielectric where the pattern in the dielectric forms contact
- openings between overiying metai and underlying points of

electrical contact. A layer of metal is deposited over the

layer of dielectric and patterned in accordance with the

—

required pattern of interéonnect lines whereby thé interconnect
lines, Where'requifed, align with thé underlying contaét
openings.'Thé patterning of the layer of metal requires the
deposition of a layer of photoresist over the layer of metal,
the photoresist is exposed typically using éhotolithographic‘_-
teéhniques and etched, typically using a dry etch procesé.,The

patterned layer of photoresist is removed after the




t he photoresist is exposed typically using photolithographic techniques
and etched, typically using a dry etch process. The patterned Iayar%giJ
Y. L

photgresist is renoved after the 2 AUG 2004 interconnect netal |in
has* been created | eaving the interconnect line pattern in place. For
sub-mcron netal line sizes, these highlighted processing steps encounter

a nunber of , probl ens that e typical of device sub-mniaturization. These
probl ens ar elrgtreorbqoélr?ﬁc fm55?a):[ ]s]t%eg RASVEFBgBadfPeHe FEFGEFL 282 VHRY aFPe he
met al shoul d, he evenly deposited and should fill the profile for the netal
line with equa err%’t“&lec&eﬁg?‘fﬁ%“pﬁrdbllérrﬁ’lat%fl-e‘f%i%&*{f&ﬁ’ﬁ@ geyast thieg but
nmetal such as, copp old are difficult to plasm etch) and probl ens

d
of step covet ‘a [E‘e%% Bﬂ%lﬁlr:'z%ﬂtieﬁjn FOFePRANDVEYIRA RGP ICHFELTof BFBPRELSS C.

In the formati of m conductor integrated circuits, it 1is conmmon
practice to chﬂ%m?“ﬁt %F‘éﬁnﬁ’é%tt%‘%ﬂl CfnEe¥t Foct i @i ndRtarAaRbépn of These
different levels within the structure and interconnecting the various
level s of Wiy %t AXEoRTARtem Qfi ROBBeAFARsCOVIIATS Pt tg? fepesitedvel of
i nterconnect wires ,is t%/%ivcally formed as a first step in the process

after which ™4 ¥edbha Brtal ctiqHly eegErndy denasidanesd whpedd| §iklepdm ted

over the first level. The first | evel of interconnect wires is - :
profile for the metal line with equal metal density), problems

of etching (using dry etching but metal such as copper and gold
'} are difficult to plasma etch) and problems of step coverage and

planarization for the overlying layer of dielectric.

In the formatiqn of semiconductor integrated circuits, it
is common practice to form interconnect metal linerstructurés
on a number of different levels within ﬁhe structure and
interconnectipg the various levels-of wiring with contact or
via openings. The first or lowest level of interconnect wires

is typically formed as a first step in the process after which

p—

a second or overlying level of interconnect wirés is depoéited
- over the firét level. The first level of interconnect wireé is
typically in contact with active regioné'in a semiconductor
substrate but is not-limited té suchrcontaéts. The first 1ével
cf interconnect can for instance also be in contact with a
_conductof that leads to other devices that form part of a

larger, multi-chip structure. The two levels of métal wires are




typically in contact with active regions in a sem conductor substrate but
is-not<limted to such contacts. The first level of interconnect can for
instance also be in contact with a conductor that |eads to other dé@lﬁ@@zmg
that formpart of a larger, nulti-chip structure. The two | evels of neta
wires are 3 0~ 19 AUG 2004 connected by openi ngs between the two | ayers,

t hese openln%s are filled with netal | whereby the openings between the two
metal | ayer §CAPECFFR Y WP ST SaREa CHBEER hE ROt 26T At TR DIRPSH P86t h of
the levels of netal lines. The brief description of the process of

met al i zat i oA*EhEtTHas Tﬁﬁﬁ1ﬂﬁ§ﬁ%nw8869gyh%%eh%%ﬁ”ﬂ@§cP?E¥ﬁF%uﬁq? r&Per ence to
t he danascene and dual damascene processes which formtwo wi dely used
approaches fi ﬁ?eefY?ﬁfrﬁﬁ%ﬂlﬁnﬁFePEloE%t%Pd'ﬂﬂ?CQpEPPE%f?oRP%ﬁt%I%? one
damascene process continues gain wi der. acceptance, nost notably in the
process of 86p5%?hd%fdﬂF2§FW8ﬁs Oﬁu@etiﬂttkﬁ%ﬁfflculty of copper dry etch
where the danmascene plug penetrates deep in very small, sub-half mcron,
Utra Large Scale Integrated (ULSI) devices. Recent applications‘have

successful ly used c ¢onducting netal line, nost notably in the
construct of %%ﬁﬁ'q@&ﬁﬁéPtﬁ%?a?fd§Vié&?ceﬁftﬂleﬁﬁ%%kﬁQﬁjq@eﬁpéé

densities, he area that .is
as been given above has been described with reference to the

- damascene and dual damascene processes which form two w1dely
used approaches in creating metal interconnects. The
application of the damascene process continues to gain wider
acceptance, most notably in the process of copper metalization
due to the difficulty of copper dry etch where tne damascene
plug penetrates deep in very small, sub-half micron, Ultra
lLarge Scale integrated (ULSI) devices. Recent applications have
successfully used copper as a eonducting metal line, most

notably in the construct of CMOS 6-layer copper metal devices.

With increasing device densities, the area tnat is
available for circnit wiring becomee-relatively mere important
as a potential limiting factor in device'performance. This has
led to the development of multi-layer wiring where the dual

damascene structure has found wide use.




avail abl.e for circuit wring becones relatively nore inportant as a
potentital limting factor in device perfornmance. This has led to th31 AUG 20
development of nulti-layer wiring where the dual damascene structuré-ﬁa

found wi de use. 19 AUG 4 For the creation of the single damascene

structure, vias only are created. For the creation of the dual damascene,

vias are creategogndneofebiet Qs A @ hel 83hgte aboya dhe Uikd§cchPs, they s dual
damascene, special etch procedures can be used to form both the vias and

the conduct QjniRakt-er Bsekfed herdli airﬁectc&leatlbﬁy@f Hef gt BQmQ@B&%t 'xpfasof
nmetal and the nmetal CMP. A thin etch stop layer can be used for th

purpose bet ween twarkbayshs MndislHet %k% &Q&QAN&%M%@GE%G mpr SS a

metal via plug is first formed in a surface, typically the surface o

seni -conductPizy sdRsEEELE; 4hdaNAr efefchdb%sgmecs (d9r vk nﬁg@a% kSR 'S

deposited over the surface (using f i nstance PECVD technol ogy
trenches. (fRknMehel vihdesdy ank fc%rn%@tw %Q@teﬁq‘lsel i8ChLCat Ush J*f@r

i nstance RIE technology). Metal is deposited to fill the trenches;

excess netal 4 ert Persyefage de%orsqw%ﬁdofﬁn%@ gg qStt'}lléC}ngEgloéM ntﬁrtg&r}ﬁect

lines with nefal inlays in the (intra-l ectric 1s achieve
.th's MNN€letch stop layer can be used for this purpose between two layers -

of dielectric Si0s.

e

Wiﬁh the damascene process a metal via plug is firstr
formed in a surface, typically the surface of a semi-conductor
substrate. A layer of dielectric (for instance SiOz) is
deposited over the surface (using for instance PECVD
technology); trenches (for metal lines) ére formed in the

. dielectric ({using for instance RIE technology). Metal is
deposited to fill the trenches: the excess metal on the surface
is removed. A planar structure of interconnect lines Qith metal

. E ' iﬁlays in the {intra-level) dielectric is achieved in this

manner.

For the dual damascene process, the processing steps can

follow three approaches.




For the.dual danmascene process, the processing steps can follow three
approaches. 5 j AUG Approach 1, the via is created first. The vias A G AUG ot
forned by resist patterning after which an etch through the triple™ layer
dielectric stack is performed. This is followed by patterning the

conductor in the top layer of Si02 thereby using the SiN as an etch stop

l'ayer. Approach Zn,,IBgcgoNduGlor, it k8t cPLOCESSE: rERE SRDAVLT OT r DHIGIRS 1S
formed by resist patterning. and by etching the conductor patterns into

the first SiQ2.Layet therehy: H5ia29ethen;Sh Nl aneh %ﬁraegﬁgﬁl}egﬁét layer.

This is followed by via resi st patterning and etching e thin

Layer of Siond hieiocerand S92 LayeEccPr 230D 3o ELEMLSLOR aver

first. The tirst SI02 layer 1s deposited, | I owed e thin- ayer of
SIN as etch, stPR,niL0! 1?3‘9\:@ La i erni jng..of the
SiN |ayer. PThi sr?é ‘?o'% oweén%fttggpysli %llrl%;ﬁt é%tq?tg% g?ogg?%%ee%;%} tr‘]l%é}%gt he

conductor p eghhn Ny hi t pnductor pattern in the top Si02
| ayer, the g%%h?% %sr o%:esegéﬁ ls{%@geﬁlg %pbed by the SiN | ayer except where

the via holes are already opened in the SiN layer thereby conpleting the
via holes etching in the '

Approach 2. The conductor first process. The‘conductor
patterns is formed by resist patterning and by etching the
conductor patterns into the first SiO; layer thereby using the
SiN layer as an etch stop layer. This is follqwed-by via resiét
patterning and etching through the thin laver of‘SiN and the

second Si02 layer.

. Approach 3. Etch stop layer first. The first Si0O; layer is
. deposited, followed by the thin layer of SiN as etch stop,

followed by the via resist patterniﬁg_and etching ¢f the SiN

layer. This is followed by depositing the top'5102 layer ahd

then the conductor patterning. In etching the conductor pattern

gt

in the top 8102 layer, the etching process will be stopped by
the SiN layef except where the via holes are already opened in
the SiN layer thereby completing the via holes etching in the

first Si02 layer simultaneously.

Figs. la and 1b further detail the above.



finst Si,.02 layer sinultaneously. Figs. la and | b further detail the above.
AUG 2QQ Fig. la gives and overview of the sequence of steps required of
forming a Prior Art dual Damascene structure. The nunbers referre@_ﬂ@,ui;r'gggz‘
t hesfol |l owi ng description of the formation of the dual Damascene-structure
relate to the cross section of the conpleted dual Damascene structure that
is showmm in Fig._ Ib. Fig, la, 21 shows the creation of the bottom part of
the dual Danmscén€-stfugtfe B FICHVAEYaCTi i RaeRCc2206nSBePSur f ace 24,
this surface 24 can be a sem conductor wafer but is not limted to such.
The via pat t&%iFedi sfcferretl in Frherphahedudt Ramgissleaet sreurhyes - Zthand
forms the lower part of the dual Damascene structure. Si02 can be used for
this di el ecty¥FPerp gefpared X sHanwdheh&odepvsiq i aF FiPhilANpPANERB0 (Fig. | b)
of a layer of non-netallic material such as poly-silicon on top of the
first diel edOFM@t20"afd Hee kvl Rempsasne2stygiyneg refatevia Bperirrss 22.
Fig. la, 23 shows the formation of the top section 41 of the dual Damascene
structure byeFEARNNGT atpat Tt eAednfift nDescylaars roftuke hbat net athidun

| ayer 30. This pattern 41 mates with the pattern of the previously forned
vias 22 (Figr Fag-231%- but :

Fig. la, 21 shows the creation of the bottom part of the

dual Damascene structure by forming a via pattern 22 on a

e

surface 24, this surface 24 can be a semiconductor wafer but is
not limited to such. The via pattern 22 is created in the plane
of a dielectric layer 20 and forms the 1ower'part of the dual

Damascene structure. Si02 can be used for this dielectric.

Fig. la, 22 shows the deposition within plane 30 (Fig. 1b}
of a layer of non-metallic material such as poly-silicon on top
of the first dielectric 20 and across the vias 22, filling the

via openings 22.

k)
A

‘Fig. la, 23 shows the formation of £he top section 41 of
the dual Damascene structupe by forming a pattern 41 withinrthé
- plane of the non-metallic layer 30. This pattern 41 mates with
the_pattérn of the previously formed wvias 22 (Fig. la, 21) but

it will be noted that the cross section of the pattern openings




it will be noted that the cross section of the pattern openings 7 Jac200L
41 within the plane 30 of the non-netallic layer is considerably |arger
than the cross section of the via openings 22 (Fig. la, 21). Aftﬁrg PG toern
41 has been created and as part of this pattern creation step, thé

remai nder of the non- netallic layer 30 is renoved, the pattern 41 remains
at this time. Fig. la, 24 shows the deposition and planarization (down to
the top surfidceivhipathemdant) 36f chnthatnen-dmerelldrel ®driics (I1LD) 50, a
poly-silicon can be used for this dielectric. Fig. la, 25 shows the
creation of cansbgeninyy byergemovhay thdhecpolsy-ssickiooncf riom the paehéngs4l
and the vias 22. It is  apparent that this opening now has the shape of a T
and that thRe s$Fidewald,s 23f) .t REtepepangear el Indizssbean ghteddd shhawaa papt
section that is larger than the bottom section. Fig. la, 26 shows the
cross-secti of- ofiis heattheadn damastenestspr udteuremaheder acobHartrd eron?0 has been
formed on the sides of the created opening. The openi ng, which has

previ ously beeallis catyed BY denbemoged hethpolpptsekhcoh femmbrishatpahiern 41
and the vial 22, has been filled with a netal. Metal such as tungsten or
copper can bemeised for this latter processing step.

Fig. la, 24 shows the deposition and planarization (down

to the top surface of pattern 41) of an intra level dielectric

S

(ILD) 50, a poly-silicon can be used for this dielectric.

Fig. ;a, 25 showé the creation of an opening by removing
the poly—éiliéon from the pattern 41 and the vias 22. It is
apparent that this opening now has the shape of a T and that

- the sidewalls of the opening are not straight but show a top

section that is larger than the bottom section.

R  _ Fig. la, 26 shows the cross-section 'of the duélrdamascene
structure where a bérrier 70 has beeﬁ formed on the sides of
‘the created opening. The opening, which has previously been
created by removing the.poly—silicon from the pattern 41 and
the vias 22, has been filled with a metal. Metal such as

- tungstenor copper can be used for this latter processing step.




] AUG 2004 The dual danmascene process is being inplenmented as a standard
back-end-of -1ine (BEOL) process in many manufacturing processes. The
typi cal process involves two masking steps and is achieved using different
apprbaches. in the first approach, a wire mask/etch is performed fi A5k AUG 2004
while a via mask/etch is performed second. The second approach enpl oys a
via mask/etch first while a wire nmask/etch is applied second. After
patterning the vite Wiudd geopprene neiedess désbging dbofpraenisiongs a CWP
process. The second approach (via first, wire second) has the advantage of
per f or mi ng thenqand fdacdi-epdseepl bie vikGhskirngesovir eyl awan fdicsheteyi c
surface. The disadvantages of the present dual damascene process that has
: been hi ghl PEPRIEHboVERakEPical pircgodayolives atwonatkimoprserssarfiat i s
expensive and tinme consuming - the process is prone to misalignment
bet ween t hel$id®imved peingngliffersrita gpirygachene Fendwalfiofstr epbspaand et ch
residue fromdeep trenches in the substrate during the second masking and
devel oprenta siigife ee kg chet® nee 1 driniesl Ift. v 6 r whilky | alesi sofmasikgritEhcant | y
reduced device dinensions. It is therefore desirable to provide a process
of creatingenfiginedamascade Bhe utammes appabats emplqyore via thekdbbuk
first while a wire mask/etch is applied second. After
patterning the via/wire profile, metal wires are defined using
3 a CMP process. The second approach (via first, wire second) has
the advantage of performing the (difficult) step of via masking
over a planar dielectric surface. The disadvantages of the
present dual damascene process:that haégbeen highlighted above are;
~ the process is a two step process that is expensive and time
consuming
- the process is prone to misalignment between the wire profile
and the via plug
- the removal of resist and etch residue from deep trenches in
b - the substrate during the second masking and deveiopment
sequence may become difficult fof'devides of significantly .
reduced device dimensions. 7
It is therefore desirable to pro#ide a prbcess'of creating
'dual damascene structures that is not prone to the above

indicated problems or potential problems. The invention

provides such a process by making this process a one step




i ndi cated problens or potential problens. The invention provides such a
process-by meking this process a one step 9 process whereby no
m sal-i gnment (between via plug and the wire profile) occurs and wkBeslUfo ZiDk

deep trenches are formed in the substrate. US 5,821,169 (Nguyen et al.)
show a dual damascene process wusing a nmulti-level resist profile exposed

USING 2 OPLpeBLes ISy orlled, RALEM ol fX! [IRILACL2 L1, L 1Kok Lan.

This. novel "paten escri‘bes a net I's used

phot or es! St p2beP1Pf AfdeB-d AnfdN HAET 41 A SURRLIALS - o 0 or'n?ev “t' ¥ 2

concentrate probl ens of the etch proc transfers
profile. USg §bg§§aé%{ (Urich) shows a one PR nethod for fornlng a Dual
Danmascene openi ng rich uses 2 optical masks to formthe multi-Ievel
resist layer in contrasts to the invention's 1 optical nmask. Urich cited a
gray tone mask in the "Qther references" section. Overall, this patent is

masking - SystemTor iy ARATH YEva- " SbPEs < P B SRR
using a multi-level resist profile exposed using 2 optical
masks. This patent is extremely close to the invention. This
novel patentldescribes a8 method that is used to transfer a
photoresist step profile to an underlying substrate. The

invention concentrates on problems of the etch process that

transfers the step profile.

us 5,753,417 {Ulrich) shows a one PR method for forming a
Dual Damascene opening. Ulrich uses 2 optical masks to form the
multi-level resist layer in contrasts to the invention’s 1
optical mask. Ulrich cited a gray tone mask in ﬁhe “Other
réferences” section. Overall, this patent is very close to the
Yo ' invention. The. invention uées a multiple éxposure'ﬁasking
system for forming.é multi-level resiét profile. The invention
‘also describes a double exposure method, that it is uses two

masks that have different transmission values.

- US 5,535,253 (Park et zl.) discloses a Dual damascene

shaped photoresist layer 12 (See Fig. 1C) forméd using the same

10




al so describes a doubl e exposure nethod, that it is uses two masks that
have different transm ssion values. US 5,535,253 (Park et al.) discl %fﬁﬂﬁimi-
Dual damascene shaped photoresist |layer 12 (See Fig. 1C) forned usiH@‘ e W
same 10 i 4.9 optical mask as the invention. However, Park forns a T-shaped
gate, not a DD opening. US 5,877,075 (Dai et al.) shows a dual danmascene
process usjing. l_-phat i | aver., .The dual da cene process of this
_invention u%@gl%alsP%@q%%%hg{l%rlells{?%l%tlporndcglg‘s”?vi"ﬁé ?ﬁ%rﬁ(ﬁ%‘}? _adgst?[lf"ﬁﬁg a
doubl e exposure t i que fhat uses two masks. US 5,869,395 (Yin) shows a
dual danasé%négpfgﬁgg%qﬁgP%aghﬂ%toresist | ayer. SUMVARY OF THE | NVENTI ON
The principle objective of the invention is to provide a one step process
for the creation of a dual damascene structure. Another objective of the
invention is to _avQi r ens_of ,pattern msalignment in creating a dual
danmascene strucﬁ%?%f%qngQEO?ﬁ%ﬁ %ﬁn%§c9i€B°8F ?h%ﬁ%%nﬂﬁﬂﬁ%ﬁ?nﬁspf8cﬁ$%vent
potential'prableq; %f resi due renoval fromthe surface of a

, Tusing photoresist layer. The dual damascene process of this

invention uses a single photoresist process. The invention

describes a double exposure technigue that uses two masks.

US 5,869,395 (Yim} shows a dual damascene process using

)
photoresist layer.
SUMMARY OF THE INVENTION
The principle objective of the invention is to prbvide a
one step process for the creation of a dwual damascene
structure.
3 Another objective of the invention is to avoid problems of

pattern misalignment in creating a dual damascene structure.
Yet another objective of the invention is to prevent -

potential problems of residue removal from the surface of a

substrate in which a dual damascene structure has'been created‘

i1




substrate in which a dual damascene structure has been created 11 J-9 AUG
2004 by-avoiding the need for deep trenches in the surface of the substrate
for the creation of dual damascene structures. A still further objective of
the'invention is to reduce the time that is required to forma dual 48 AUG 2004
damascene structure. In accordance with the objectives of the invention a

new nethod by provasded f1 dhe ¢heahloy ofefrdudlndenBseene styucture. The

met hod of the invention uses a gray tone mask to form dual damascerne

trenches insQR8tshPg! £oBSHH RGRAEL P o5t CRamiRGHL aYr L0086, sk

technol ogy allows for a photoresist patterning process. after which the
phot oresi st profile can be transferred into the underlying substrate by a
plasma etch or ion mlling process. By naking the photoresist profile

equal to the prgfi f I e r.uct. he dual danmascene
profile can be cr e%%%dloifr‘l&ttﬁlgésa??g%gﬁg oaéétulés%#g%éﬁ?n BRI %9 BESERPPTI ON

OF THE DRAWNGS Fid- 0 : ematic presentation of the processing
st eps t hat arergggﬂ?L ?%rw%ﬁglgggdg?&#ugfaa%gg%v%%T?%ﬁEFEéﬁﬁﬁcgaéﬁascene
structure. 12 1.-9 AUG 2004 ‘

In accordance with the objectives of the invehtion a new
‘method is pfovided for the creation of a dual damascene
structure. The method of the invention uses a gray tone mask to
form dual damascene trenches in one single masking and etch
step. The gray tone maék technology allows for a‘photoresist
patterning process_affer which the photoresist pfofile can be
transferfed into the underlying substrate by a plasma etch or
ion milling process. By making the photoresist profile equal to
the profile of a dual damascene structure, the dual-damaséene

profile can be created in the surface of a substrate.

. 'BRIEF DESCRIPTION OF THE DRAWINGS

R

Fig. 1a'shows_a schematic presentatibn of the processing
s5teps that are required for the creation of a conventional dual

damascene structure.

12




Fig. I b.shows a cross section of a conventional dual damascene structure.
Fig.. 2a gives a top view of a gray tone nmask with a particular pattern
that is to be created in a |ayer of photoresist. Fig. 2b gives a tq@ Vﬂﬁﬁ”um
of a pattern of light passing and |ight blocking areas that is creat 8 in %
gray tone mask. Figs. 3a through 3e show cross sections of the application
of a gray tone mask in a sem conductor environnent, as follows: Fig. 3a
shows a cross seftPoniBfshPwyt & arese AESkien t®f ardooysniégnabsdwil | i ght
passi ng capabilities enbedded therein. Fig. 3b shows another cross-section
of a gray tOAB2REER® HF¥YCRES-ous degrees of |ight passing capabilities
enbedded therein. Fig. 3c shows a cross section of a substrate on which a
| ayer of photoresist has been deposited, the photoresist is being exposed
via the gray tone mask of Fig. 3a. 13 J 9 AU G 2004 Fig. 3d shows a cross
section of the SutistPat 8le@el a Heop tHemweofer deppstdred raajkewieh ghot or esi st
after the layer' of photoresist has been devel oped. Fig. 3e shows a cross
section of PREt&EBEIY Ratteimmethbheis to be created in a layer of

photoresist.

Fig. 2b gives a top view of a pattern of light passing and

-f; light blocking areas that is created in a gray tone mask.

Figs. 3a_through 3e show cross sections of the application of

a gray tone mask in a semiconductor environment, as follows:

Fig. 3a shows a cross section of a gray tone mask with

various degrees of light passing capabilities embedded therein.

Fig. 3b shows another cross-section of a gray tone maék
with various degrees of light passing capabilities embedded

therein.

Fig. 3¢ shows a cross section of a substrate on which a
layer of photoresist has been deposited, the photoresist is

being exposed via the gray tone mask of Fig. 3a.
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profile.of the photoresist has been transferred into the surface of the
suhstrate. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The process of the
i nvention specifically addresses problens that are typically encount egrﬁﬂ
when using the conventional processes of creating three-di nensional 3 G 2004
structures as part of a sem conductor device. These problens, are problens
of ani sotropic etchi Sa of silicon that is limted by the crystall ographic

[

orientation of th8-sPti TN ThStPste SeEhE R dhes sVRPEF2HAasKRS 8t mul ti pl e
etching procedures, alignnment _accuracy that limts deposition or growth
steps of subBTFatEr deRperisednd2¥ehedim Mt w§1eRat Tt er ddte déstererfect i ve
for present day manufacturing environnents. The process of the invention
makes use ofPQrARTicite higskeen( €FKRFLIPehat have been devel oped with the
objective of creating 14 three dinmensional shapes using conventi onal
sem conduct or equi pnent and requiring only one step of exposure. J$ AUG
2064 Using GIM s involves the steps of first creating the GIM itself,
second the expoBige ¥ ghwonaf eross seheion ightthesenbstiaes aa®ase yheusi ng
the GIM as a nedi um through which the |[|ight passes before striking the

t ar get - sur fRcaf ided offi flkl phoberesist has been transferred into the

surface of the substrate.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

~ The process of the invention specifically addresses
problems that are typically encountered when using the
conventional processes of creating three-dimensional structures
as part of a semicondugtor device. These-problems,are problems
~of anisotropic etching of silicon tﬁat is limited by the
crystallographic'orientation of the silicon substrate, the use
of several masks for multiple etchihg procedures, aliénment
aﬁcuracy that limits deposition or growth steps of substrate
layers and e-beam writing that is not cost effective for

bresent day manufacturing environments.

The process of the invention makes use of gray~tome-masks

.(GTM'S) that have been developed with the objective of creating

14



nodul ati.on of the light intensity by the gray-tome areas of the nmask while
the. light passes through the mask. The gray tone area of the mask is the
area through which the passage of light is nodulated or controlled and

where |ight *stransm ssion can vary fromno |light. passing through the_ﬁmﬁszu
to all light passing through the nask. After the light sensitive surface,

s by HHAE A5 R AT Bl RA, |

exposed by I as passe throug e~ exposed

devel oped t e a three ructure in this surface.
This three- %%%§%§|§%a s ructar gggytﬂ%? 31 r&l? “BE°PFAfsferred into an

underl'ying substrate. Gay levels in a GIM can be created using one of two
nmet hods, that is the surface area of the openings through which the |ight
passes can be vahie reby. the di stance between these areas remains the

sane (pul se-wi dt |Son’)nv8ﬁvf9ﬁet5% B LarPicEraREN Gt &Y

openi ngs thtgug? mhich %gg | i ght passes_remains constant but the distance

bet ween t hed&35FEasSFeP rHQﬁjexPBEP§% efnte yafsdurat PERFT Tidltthese two

nmet hods, the pulse- width nethod is the preferred method since it is easier
to create tRENPAFLBE AFHS (He USpBAI S G tafe aGFRKium through which the

light passes before striking the target surface and finally the
‘modulation of the light intensity by the gray-tome areas of the
mask while the light passes through'the mask. The gray tone
area of the mask is the area through which the passage cf light
is modulated or controlled and where light transmission can
‘vary from no 11ght passing through the mask to all light
paSSlnglthrough the mask. After the light sensitive surface,
most typiéally containing positive or negative photoresist, has
been exposed by light that has éassed through the GTM, the
exposed surface is developgd thereby‘creating a three
dimensional structure in this surface. This threemdimensioﬁal

structure can then further be transferred into an underlying

R

substrate.

Gray levels in a GTM can be created using one of two
methods, that is the surface area of the openings threough which
the light passes can be varied whereby the distance between

these areas remains the same (pulse-width modulation) or the'

15




The nunber of differently graded exposures that can be nade using the GIM
is-determ ned by such design paraneters as the di nensions of the openings

that are created in the mask and the pitch between the openings. The
resolution of the light source that is used with the GTM al so has & SiAPEJE0

i nfluence on the patterns that can be created using this approach. E-beam

and | aser beasrfial tAldh genenat psnhaye ﬁﬁ%%ggggﬁféﬁf%ﬂ%]éiiﬁgfgﬁggést hi s

application whereby the e-beam pattern gene rirs t t ool due

to its flexidididy dtaasobyti Ofe dﬁHfS't%%cet hi.g,appraach, &%{e@éségg%gﬁ}%?_ Lt

i npossible to create up to el ght erent areas of (ra

phot or 651 St W TTC VORI T APt o THEOD ogHont ooF EKG BHOIPes oF PLRes thr oo

phot or esi st ‘Wi result; ter devel oprent 0

i i of. spgnifi t | exi.t a sStructure that can
Ceadi |y equidith HetiBaOh <D LRE LRI O IR Yine SrdocBnehr ofi | o The

‘structure that..is.i LS _manner. created in the hotoresist can be .
transferre (?ﬂﬁlﬁgguﬁégr?§?ngoﬁwﬁaﬁ FFPARET e Uﬁﬂéﬁﬁ&lng surface using

plasma 16 9 AUG 9Wetching or ion mlling technol ogies. Were the created
profile has to be transferred to a silicon substrate, the etch can be

performed usi ngTﬁleEn{ze g%oéf ngpfgge%%agzngrggggdexcpho%ngr?etsr %hat ca'n be
made using the GTM is determined by such design parameters as
the dimensions of the openings that are created in the mask and
the pitch between the openings. The resolution of the light
source that is used with the GTM also has a direct influence on
the patterns that can be created using this eppreach. E-beam
~ and laser beam pattein generators have been successfully used
for this application whereby the e-beam eattern_generator is
- the preferred tool due to its flexibility and resolution. Using
this approaeh, it'is-not impossible to create up to eight
different areas of gradated exposﬁre, It is ciear that these
¥ giadated areas of exposure of foi instance a 1ayer of
photoresist will result, after development of tﬁe photoresist,
in a three dimensiocnal structure of significant complexity, a
structure that can readily eqﬁai the structure of a |
‘conventional dual damascene profile. The structure that is in
this manner created in the photoresist can be transferred to

the underlying wafer or another underlying surface-using'plasme

le




Referring now specifically to Fig. 2a, there is shown a top view of a gray
tone mask that is typically used in other applications, nost notably NEMS,
wher e slanting profiles are created in a |ayer of photoresist and%kyﬁgg b
there are transferred into an underlying substrate. The abbreviati Iwgm
stands for Mcro Electro Mechanical Systens and is part of a new

t echnol ogy ni aturjzatian,. enplo ing notors of extrenely small size
havi ng a cr8§§H}§%c?Foﬁp?ﬁméﬂ}ﬁﬂ9 566 éﬂ%é%%eﬁ s FhgEenble fFreaddy paedideat ed,
characterisklc of the ray tone mark that incident light is transmtted

t hrough t he™®fmkR P# EF%% e LPnérehkHiel SRsRERteThike ig-qah gve Ban be
conpletely transmtted (100%|ight transmission), it can be conpletely

bl ocked (0% FFERTMER arEtRS HIdnyesetpr whih b'feluotrliaﬁshﬁw@cphéﬁﬂp@ft@efnt age t hat
is between the 0% and the 100% I|ight transm ssion. This is further
illustrated in Figs. 2a and 2b. 17 J-9 AUG Fig. 2a shows a top view of a
mask 10, in the mask a pattern has been created that allows for the above-

|nd|cated gr adeGkdfiedhti nlyf 2B&MspELOR: IS fﬁﬁf %%aoﬂjﬁﬂ% UL A0 55 a

surface mhere no light will pass through t

top view of a gray tone mask that is typically uged in other

applications, most notably MEMS, where slanting profiles are
created in a layer of photoresist and from there are

i f Cransferred into an underlying substrate.

The abbreviation MEMS stands for Micro Electro Mechanical |
Systems and is part of a new technology of miniaturization,

employing motors of extremely small size having a cross

section of about 500 um.

It is, as has already been stated, characteristic of the
gray tone mark that incident light is transmitted through the .
mask in a graded or incremental manner. That is light can be
completely transmitted (100% light transmission), it can be
completely blocked (0% light transmission) or it can be
transmitted a percentage that is between the 0% and the 100%

light transmission. This is further illustrated in Figs. 2a

.. and 2b.
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mask 1Q meking this a surface of 0% Ilight transm ssion. Surface 14 of the
mask 10 is a surface where all the light wll pass through the mask maki ng
this a surface of 100% |ight transmission. Surface 16 of the mask}$AULE 7@
surface where the light that passes through the nask is graded between 0%
and 100% i ght transm ssion. The anount of light that is required to pass
t hrough the surface area 16 is dependent. on the photoresist that is being
exposed by the IPPght2t ARPWHA P tHESuGh enresiardh 4 the Bask.2A so shown
in Fig. 2ais a profile 18, this is the profile that needs .to be created
in a IayerF?Gt@anHBFOP%%?s??eaﬂﬁﬁ-&W@ﬁeﬁgﬁﬁwsef%&éﬁﬁbﬁ?oﬁﬁ"the profile 18
in the photoresist are related to the various surface areas of the mask 10
t hrough whild®iceked pgheeq thghsitrapegisréonay®ie slugfiaceoréspit fhpasses.

It is clear that the light 22 is conpletely bl ocked by the gray nmask 10
and wil | tFésdf ePeler answriagr wearegyot dight wikllk frese 6hreneh| Byer 20 of
-photoresist. The etch of the |ayer of photoresist 20 will therefore not
renove anymgisk fRempkorgridvista isunfhgeapr&alt ebighti nganamansuonodi fied
profile in that part of the |layer 20 of photoresist. The 18 J-9 AUG 244

|l ight 24 tRarfpasséé ehrigmaste 1§r ay tonerfaen wi@ne kL1 the light

will pass through the mask making this a surface of 100%
light transmission. Surface 16 of the maék 10 is a surface
where the light that passes through the mask is gradea
between-O% and 100% light transmission. The amount of lighf
that is required to pass through.the surface area 16 is
dependent on the photoresist that is being exposed by the
| 'light that passes through this area of the mask. Also shown
in Fig. 2a is a profilg 18, this is the profilerthat needs
.to be created in a layer 20 of photéresist. fhe different
elevations of the profi;e 18 in the photoresist are related
to the various surface areas of the mask 10 through which
2 ' the light (that sﬁrikes the layer of photoresist) passes.
It is clear that the light 22 is completely bloéked by the
gray mask 10 and will theréfore transmit no energy‘to the
surface of the laver 20 of photo?esist. The etch of the
‘layer of photoresist 20 will therefore not remove any of
'the photoresist in the area resulting in an unmodified

profile in that part of the layer 20 of photoresist. The
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partially penetrate the mask and will strike the surface of the |layer 20
of ."photoresist resulting in (sone of) the photoresist being renoved
during photoresi st devel opnment process. Even nore |ight wll passisﬁwghawLE
the surface area 14 of the mask resulting in a higher |ight energy
striking the surface of the layer 20 of photoresist resulting in even

nmor e phot or £5i;5t Ztheit'ﬁ%]g:r Eﬁg%@g ghrro%nagthhl%thlea ]ef%]a’g’g?l?% F?a{g‘}‘?h' rgigst during the

etch of the layer 20 oresi’s i dation in the

l'i ght passi capability of the mask results_in the profile 18- in the
surface of é%%§ﬁ%¥? rpfﬁegfa%%o{hﬁeﬂﬁs apfabits SHowie ithe ppgfagg. offhe
gradi ng or g@d%]atiogoof the light that inpacts the surface of the, |ayer
of photoresist ¢4 ,a8ﬁi%@%"d”‘%§ﬁls§i FREPLpLNE el Rty tpal se density
schenes. This is fur&her,highlighted in the exanple shown in Fig. 2b. Fig.
2b shows arf"SLIRSretoPeiRe TR adbsurapgarhateresisg, devglopmendf a mask
that can be used for creating a_ particular profile such as profile 18 that
has previo&ﬁ?fesﬁeeﬁvgﬁoﬂﬁr%%ﬂﬁ¥“FW@;128§théh¥9HQHahﬁﬁ Shadpceegions 32 of

the mask provide 100% transni ssion of the incident light, 19 AUB 200
14 of the mask resulting in a higher light energy striking ’

the surface of the layer 20 of photoresist resulting in
‘even more photoresist being removed from the iayer 20-of
photoresist_during the etch of the layer 20 of photoresist.
It is clear that the gradétion in the light passing
capability of the masklresults in the profile 18.in the
surface of the layer 20 of photoresist that is sﬁown in

Fig. 2a.

The grading or modulation of the light that impacts'
the surface of the layer of photoresist can be achieved by
either pulse width or by pulse density schemes. This is

further highlighted in the example shown in Fig. 25.

Fig. 2b shows and example of the gray tone area (area
16, Fig. 2a) of a mask that can be used for creating-a
pa;ticular profile such as profile 18 that has previously
'been shown under Fig. 2a. The white or clear regions 32 of

the mask provide 100% transmission of the incidént light,
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the chrpnme or black regions 30 of the mask bl ock all incident |ight.

Regi on* 28 is an area where the chrone region 30 of the mask overl A‘U'Gezdoq
white area (14, Fig. 2a) and where therefore no white franme is required

i medi ately adjacent and to the left of the area 28. On the ot her side of
the gray tone area of the mask, that is area 29, the outer clear or white
area over | ag}ge\@grla,mrehgrdgigc]@r@@gl(&?g gOFI G- ﬁﬁé)mé’ x e gesk, The essence of
the top view of the gray tone area 1 £t maa,h prowdes thﬁ foIIovv![ngf
i nsi ghts: by, [ e l.ack yersu ite ar the anount o
| i ght t hat pacgs%gﬁt Egghgh 1{{%%1& g ?an%Beagﬁ?nghedre t%t'f E‘ﬁ%‘ ||ng thedt y.
surface ar fort S h whi.ch e light can p ul se wi

t he. energyela‘ihc‘;c')L @% ??aﬁ%%n 4 ¥ HRES %EFa%Ié Hdtr S5 (gﬁpo%g‘é‘lhc%\% be
changed h n ing. the |tch of .the fareas t hrough which |ight can pass
(pul ge-denm 4 s %ul gP?ﬁ% I HE é’ﬂ’é‘Ttﬁy fABE 1% "E"T%H'srrﬁdt tBReHOAEREY sur f ace

that i ' e n profl can be nmai ntai ned using :
th?s Lisngng%%ggﬁggka eca%aggea%eeszé’ |@re"’2b29's Folrbetr PRARFUEE#R than al |

h th Thi i nst runent in helping to .define the edge of
Ehg gr ofelrl %rfe?%ﬁegf‘la?sﬁi%%n%fa’ier?e OﬁthSr@EF%t W%ésss arear @8ui ¥e”l to define a

- sharp cut- OEEer clear or white area overlaps with the dark area (12

Fig. 2a) of the mask. The essence of the top view of the

gray tone area 16 of the mask provides the following

Nezzer”

insights:

~ by changing the ratio of black versus white areas, the
amount of light that passes through the mask can be changed
~ by changing the surface area of the mask through which
the light can pass (pulsé width), the enefgy that is
transmitted to the surface that is ekposed can be changed

- by changiﬁg the pitch of the areas through which light
can pass (pulse-density modulation}, the energy that is

;} ' trénsmitted to the surface that is exposed can be changed.

A sharp profile can bé maintained using this kind of a
mask because area 29 in Fig. 2b is more translucent than
‘all the other areas. This is instrumental in helping to

- define the edge of the profile, fine tuning of the

photoresist process is required to define a sharp cutfoff.
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20-$ AUG 2094.. In region 29, the width of the light is adjusted to be

equal to or less than 1/3 of the incident wavel ength since in this regyonU#
the outer white frane overlaps with the dark area of the mask of Fi3$ &¥6 2004
All" the areas of the black strips 34 of mask 32 have the same area surface
'size. The design of the mask requires that the white pattern area 36 be

cal cul ated so asrd ordiiien LR whet i @fn tdye dilagkqareas ﬁﬁé&ﬂ%b bg or less

.
than the incident wavel ength/3. In the case where DU |l1g I's used for

the incidentqhdghic o thsa waugl epgtdy Oéhezi%cﬁgle‘g{hﬁa@é e %as 34 nust be

nce .
equal to or less than 80 rim Depending on t esignr &lnen5|ons)

Ol b anpuLh othgamasaene cabr BELUE Sun e ANy O Lie Wi Syleaiop 39 and

the black regions 34 may have to be reduced unti

e el o b BB R 2 1

is shown a cross section of a gray tone nas the mask

10 00 L ataitdds B9 LransBlt 4oLl gD LOE TBSK 40 cadd 12 ARER 22 the

| ight that can pass through e mask can e grade W amount s
of 110Nt t oyl &° ehk nd0R% b L% 1t (RE' 08 PRRRL LT QU hhe mask.
be calculated so as to have thelwidth of the black areas 34
.equal to or less than the incident wavelength/3. In the
case where DUV light is used for the incident light, with a
wavelength‘of 248 nm, the black areas 34 must be equal to
or less than 80 nm. Depending on the design‘ruler
(dimensions) of the réquired damascene struéture; the width
of the white reéion 36 and the biack regions 34 may have to

be reduced until the length equals about the wavelength

 "divided by 6.

Referring now specifically to Fig. 3a, there is shown

. @ cross section of a gray tone mask 40. In areas 46 of the

R

maék 40 no light will be transmitted through the mask 40.
In the area 42 the light tﬁat'can pass through the mask can
be graded from very low émounts of light to complete or
100% of the light being paésed through the mask. This is
further highlighted under Fig. 3b. The incident light that

is aimed at the mask 40 has been highlighted as 44.
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further-highlighted under Fig. 3b. The incident light that is ainmed at the
mask 40 -has been highlighted as 44. 21 J-0 AUG The cross section that is
shown in Fig. 3b shows the various percentages of incident |ight th&AUEaH
pass through the nmask 40, as follows: for area 48, 100% of the incident

| i ght passes through the mask for area 50, 50% of the incident |ight

passes through ttree emsis fsectavearhdy Wonfowrheni rehdend drHght passes
through the mask. Fig. 3c shows a cross section of a substrate 50 over

whi ch a | ayesr b ofpqrhainepgekshthascheant dapesi tadr i SHadA%eko9hn
photoresist is the target of the light that passes through the gray tone

mask 40 of €he.mak 4he aFetrhodswef depositing this layer 52 of photoresist
are well known and -understood in the art and will therefore not be further

detail ed at- thbs LL8E. sdheidd¥ Jeess 9fot &l .of hotoresi st is of
inportance in that this thickness has a. %?g#e?t/l herggtsgce)% }Qlﬁreo'f%h be created
dual damascengnstgysture in the substrate 50. The cross section of .the

dual
- for area 50, 50% of the incident light passes through the -

mask
- for area 54, 0% of the incident light passes through the

mask.

Fig. 3¢ shows a cross section éf a substrate 50 over
which a layer 52 of photoresist has been depoéited. This
"layer of photoresist is the target of the light that passes
through the gray tone mask 40 of Fig. 3a.-The methods of
depositing this layer 52 of photoresist are well known and
understood in the art aﬁd will therefore not be further

detailed at this time. The thickness of the léyer of

photoresist is of importance in that this thickneés has a

p—

direct impact on the to be created dual damascene structure
in the substrate 50. The cross section of the dual
damascene structure that is created in the subStrate 50

will be essentially identical to the cross section of-ther
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danmascene structure that is created in the substrate 50 w |l be ,
essentially identical to the cross section of the W22 19 AUG 2004 profile

that is created in the layer 52 of photoresist. The dinmensions of iB%ﬁ
profile that is created in the photoresist 52 must therefore be - AUG 2004
established such that the desired dual damascene structure can be created

in the substrgte %3& The thickness of the |ayer of photoresist nust
t heref ore bBE3btt® t'J'&cdomTbaared t He tepdRYSKF PRecH ot arasasEendhst r uct ure

that is to be created. Fig. 3d shows a cross section of the dual damascene
profile tha?lﬁ%%sﬁﬁE%‘H?égﬁerPﬁl¥%éﬂF§yéﬁ 5zepted phottdreesi st. The

phot oresi st can, after the exposure of the photoresist has been conpl eted,
be renpved BRYHFeToHy &t Makl thetdiotse o gshphyishedrsB2 thasmahéol | oned
by washing off the undevel oped photoresist by a native oxide dip for 90
sec. in a. 20v5¥ref |dned Sgrasfrere oftivatuatkl genike ewdakedrhins thbeocess can, if
desired, be followed by plasnma etching to clean out the areas where the

phot or esi stSHRErrafee P nashedtigknesthefphbeotesestot hrtotiosessed i s rendered

soluble by the |ight exposure (positive working) and forns
must therefore be able to accommodate the depth - of the dual

damascene structure that is to be created.

Fig. 3d shows a cross section of the dual damascene
profile fhat has been created in the layer 52 of
photoresist. The photoresist can, after the exposure of the
photoresist has been completed, be removed using
conventional methods éf ashipg in an Oz plasma followed by
washing off the undeveloped photoresist b? a native oxide
dip‘for 90 sec. in & 200:1 dilqte soiution of hydrofluoric
acid. This proces; can, if desired; be followed by plasma
etching t& clean out the areas where the rhotoresist hés
\ - been washed away. The photoresist that is used is rendered
soluble by the light exposure (positiﬁé working)rand forms
the pattern 54 of the dual‘daméscene structure that is

shown in Fig. 3d.

Frequently used photoresist stripping agents contain

~sulfuric acid {H2804) or mixtures of H2S04 with other
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the patiern 54 of the dual damascene structure that is shown in Fig. 3d.
"Frequently used photoresist stripping agents contain sulfuric acid (H2SO)
or mxtures of H2SO4 with other 23 i 9 AUG 2004 oxi di zi ng agents Sﬁ'ghmj’(,s "
for instante hydrogen peroxide (H202). A frequently used m xture TS sevgw
parts H2SO4 to three parts of 30% H202 or a m xture of 88% sulfuric acid

and 12% ni t.tig.acld. fers to be stripped can.be imersed .in the
i ndi cat ed Er?l&;%tgﬁrgghgtavg?tesnﬁélrcglt SF‘e§8]ét %‘harécbeo&y%f%enc%ﬁoe’%‘{]ec and 150
degrees C. (Lgélz}be% en _abo 5 and 10 mnutes after which they are

0

subj ected t thor 60gR" T ea ST WeHUBE hat ¥V hdedFret2ifyi kg dry

nitrogen. Lnorganic resist strippers, such as the sulfuric acid mxtures,
are very ef‘-358?i PRrh 9%210&”51[2@% %&e % BABYRF off H%hsplpBEt Baket r esi st .
They are rmrgngg%ecti ve than organi c_stripping agents while an extended

i mer sion 2 ST 8718 - cFeaREF BRdPeoTiE iPesHdarn fredmmemsed sur f ace.

Fig. 3e shows, the dual damascene structure after the profile 54 (Fig. 3d)
has been tFAnEPRr1R G0 ShEILERFacRt oF LYIRSIQHIZEr BE BT ARPUOLOS t he

pattern 56 of the dual R : '
degrees C. and 150 degrees C. for between about 5 and 10

minutes after which they are subjected to a thorough
cleaning with DI water and dried using dry nitrogen.
Inorganic resist strippers, such as the gulfuric acid
mixtures, dre very effective in residual-free removal
of highly postbaked resist. They are more effective than
organic stripping agenfs while an extended imﬁersion
time results in é cleaner and more residue-free wafer

surface.

Fig. 3e shows the dual damascene structure after the
profile 54 (Fig. 3d) has been transferred to the surface of

the substrate 50 and forms‘the pattern 56 of the duél

damascene structure in the surface of the substrate 50,
This transfer of profile 54 in the layer of photoresist
into the surface of the substrate 50 where it forms profile

56 can be achieved by plasma etching or by ion milling.
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damascene structure in the surface of the substrate 50. This transfer of
profile 54 in the |ayer of photoresist into the surface of the substrate
50 where it forms profile 56 can be achieved by plasma etching ord HPUHosits
miling. 24 19 AUG 2094 It is clear fromthe cross section that is shown in
Fig. 3e and fromthe above provided description of the processing steps
that are required to create the dual damascene % ofile that is shown in
Fg. 3 that thotpiBCEseaT GiEoMmEREnGERES oif GTeels SPRAL L OLTEATT Vs of ¢ he
invention, that is: - it provides a one step process for the creation of a
dual dama$é@ne38t et trdm &ihvcePeNEyPERE FREIESSETEBEHF ot F tHE creation of
t he dual damascene structure - problens of pattern m salignnment in creating
a dual daRESEEREIRY YR dMRdyv 8T BRI AR USP CreRECNERY ¥4 deep trenches
in the surface of the substrate for the creation of dual danmascene '
struct ur esdaRASCHRR PR Hihdhéd, 1andhewe 1 F8I-hae FRat cEhf rRIPIF S orm a
dual damascene structure has been significantly reduced due to the

si mpl i fi edo8egenteveitispemgeitenshehadbiectioqs pédthe invention, '

that is:
- 1t provides a one step process for the creation of a dual
damascene structure since only one mask is used for the

creation of the dual damascene structure

pe—

-~ problems of pattern misalignment in creating a dual
damascene structure have been avoided

- the need for deep trenches in the surface of the
substrate for the creation of dual damascene structures
has been eliminated, and

- the time that is required torform.a dual damascene
structure has beén-significantly reduced due to the
simplified sequencé of operatioﬁs that is required to

3 created the dual damascene structure.

Although the invention has been described and illustrated
with reference to specific illustrative embodiments
thereof, it is not intended that the invention be limited

‘to those illustrative embodiments. Those skilled in the art

will recognize that variations and modifications can be
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created the dual damascene structure. Although the invention has been

described and illustrated with reference to specific illustrative
enbodi nents thereof, it is not intended that the invention be IglglAlwlzBmo
those illustrative enbodlnents Those skilled in the art wll recognlze

that variations and modi fications can be 25 made without departing from
the spirit mefdet Wéthawendémrting firsmt haeetpre i nirended i hochpebaderwi t hin
the invention all such variations and nodifications which fall wthin the

scope of tlHe appeadede clmisriaand cquicvabentsclhensefl ingbnc il 1. A
met hod of form ng a dual damascene pattern enploying a single layer of

phot or esi stsuchomprist hend rh&l(ﬁﬁr%@if@f:at@{)@é('ﬂiﬂgl Fa38M,cORIHCLQL substrate
“said substrate having a surface; providing a |ight source; providing a

gray tone meslke 68 thgraypdmRa %@%KmQaXhﬁgbévaﬁﬂéb@Q phelLght passing
capability such that |ight passes through said nmask in varying degrees,
sai d degrees varying between 0% or no light passing to 100% or all 1ight
passi ng through said gray tone mask, whereby furthernore gradation of.

| i ght passing capability of said gray tone :

- :
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mask being such that light that strikes an underlying | ayer of photoresist
inparts energy to said |ayer of photoresist in a pattern across a surface
of said |layer of photoresist and wth a variation in a | evel of energy
inparted and distributed across said | ayer of photoresist such thL @ \
pattern of a dual damascene structure is created in said |ayer ofl.9 AU 24
phot oresi st after devel oping said | ayer of photoresist, said gradation of

| i ght passing capability of said gray tone nask being achi eved by keeping
surface areas of openings through Whiiglh |ight can pass through said nask
constant while varying pitch between said openings; depositing a |ayer of
phot oresi st over the surface of said substrate; positioning said gray tone
mask between said substrate and said source of light such that a plane of

said gray tone. mask mahedssforfingtaqiual @in@Bene batters YpRe Ol sithdd Hydrayer of
photoresist; 27 9 AUG directing light provided by said Iight source to said

| ayer of oppRiteresist, SdmpiSddink k@pd of: passi ng through said gray tone mask
before striking a surface of said | ayer of photoresist; renoving said gray

tone mask; deyglaRhPPsERbohdERe §lﬁgtr£t@)éﬁg S\%strgt}é%ta?i'hgﬁisﬁgfacer enovi ng exposed

photoresist, "creating a pattern in sal ayer o hotoresist; transferring

said pattern | i : I . photoresist into the surface of said
substrat e; angﬂ?gﬁgg?hg%ggwgaphotoresist fromthe surface of said

substrate. 2. The..nethod of cl ai wher ei n i d depgsiti | ayer of
phot or esi st O\{?Eorwdmg a gray tone mask, &Tidl gray tone masl% %a\gmg glra)lgation or}%gﬁlt passing

capability such that light passes through said mask in varying degrees, said degrees
varying between 0% or no light passing to 100% or all light passing through said gray
tone mask, whereby furthermore gradation of light passing capability of said gray tone
mask being such that light that strikes an underlying layer of photoresist imparts energy
to said layer of photoresist in a pattern across a surface of said layer of photoresist and
with a variation in a level of energy imparted and distributed across said layer of
photoresist such that a pattern of a dual damascene structure is created in said layer of
photoresist after developing said layer of photoresist, said gradation of light passing
capability of said gray tone mask being achieved by keeping surface areas of openings
through which light can pass through said mask constant while varying pitch between
said openings;

depositing a layer of photoresist over the surface of said substrate;

positioning said gray tone mask between said substrate and said source of light
such that a plane of said gray tone mask is parallel to a plane of a surface of said layer of

photoresist;
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the surface of said substrate is a process of spin coating and baki ng
whereby said | ayer of photoresist is deposited to a thickness of between
about 8000 and 20,000 Angstromform ng a | ayer of positive phot0(§hgg S
material. 3. The method of claiml| wherein said light is, in cor;&‘natl on
wi th and dependent on |ight passing capabilities of said gray nask,

nodul ated in either anplitude or frequency or phase or a conbination
thereof with as objective of adjusting intensity and pattern of I|ight

ener gy that i direetipgiigbtiprouidsdbylsdidiight sofircp hotant legirsif pidteresisly sddiightl i ght
furthernore strikes a surface of said photoresist |ayer under an angl e of
essent i alphysiRlhrodglysaé graydonehhisskitetdre strikingl sai e \whianSjen oSptiotbredight

nodul ation is uniformacross a surface of said gray mask. 28 1$ AUG 2004 5.
The et hod of réhaig shidbay edne ngakd | i ght nodul ation is not uniformacross a
surface of said gray mask. 6. The nethod of claim1 wherein said |ight

source is an W dipifds SidVedpodlitia i@k gl?oéo%sist?_&?nc{g?&g%ﬁgoé%ﬁ gﬁ!)t%&ég}sg; wher ei n

said transferring said pattern in s ayer toresist into the

surface %iﬁﬁﬁég@ﬁf“&ﬁﬁ&%&&?ﬂ'ﬁ% 3 ;et ching or an ion mlling process.

8. The met 0 alm erefn sal d’devel opi ng sai d exposed | ayer of
phot oresi st is_a process of ashing in an 02 plasnma, foll.owed by washi ng off
undevel oped fgrﬁlas(fgrpgg is%lﬁ p%@”ﬁnh%?f‘?\%erégiplﬂ%mm%ﬁ??ﬁorth%urgaé?ﬁ .‘)g?arlu‘ya 200: 1
dilute solution odf hydr of | uori c

substrate; an

removing said photoresist from the surface of said substrate.

2. ‘The method of claim 1 wherein said depositing a layer of photoresist over
the surface of said substrate is a process of spin coating and baking whereby said layer of
photoresist is deposited to a thickness of between about 8000 and 20,000 Angstrom

forming a layer of positive photoresist material.

3. The method of claim 1 wherein said light is, in combination with and
dependent on light passing capabilities of said gray mask, modulated in either amplitude
or frequency or phase or a combination thereof with as objective of adjusting intensity
and pattern of light energy that is imparted to said layer of photoresist whereby said light
furthermore strikes a surface of said photoresist layer under an angle of essentially 90

degrees.

4. The method of claim 3 wherein said light modulation is uniform across a

surface of said gray mask.
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acid. 9. The nethod of claim8 with an additional processing step of plasna
et ching thereby cl eaning out areas where photoresist has been washed away.
10. A method of form ng a dual danascene pattern enploying a singl ¢glgyEnri:
of photoresist, conprising the steps of. providing a seni conductor
substrate said substrate having a surface; . providing a gray tone mask,
said gray tone mask having gradation of |ight passing capability such that
| i ght passes through said nask in varying degrees said degrees 29 varying
bet ween 0% or 5no | ifghmepmd oif niging 3 wieIh eaid BElt nhddghtiop assit ngiférhrawugh sai d
gray tone mask whereby furthernore a gradation of |ight passing capability
of said grsapadearf@aideskmask. such that |ight that strikes an underlying |ayer
of photoresist inparts electrical energy to said |layer of photoresist in a
pattern across a surface of said | ayer of photoresist and with a variation
in level of energy inparted and distributed across said | ayer of
phot oresi st sych t hat nReRAlE S OfwiRrdiydlid HATRSGEDR ALUWSE MDYV B! eated in
said | ayer of photoresist after said [ayer of photoresist Is devel oped,
sai d gra@g&%gn of light passing capability of said gray tone nask being
achi eved by keeping surface areas of openings through which |light can pass
t hrough said mask constant while varying pitch between said openings;
providing a UV or DUV |ight source whereby said |ight source can provide
un- nodul ated_or applituyd rofr ency Qr phase or .a conbjnatjon thereof
modul ated |ight i AR misthor o Flatm TeieERR FAld BRRRGFARREHS BRERBRY HLERE ace. of
said gray tone nask;

of photoresist into the surface of said substrate is a plasma etching or an ion milling

process.

8. The method of claim 1 wherein said developing said exposed layer of
photoresist is a process of ashing in an O plasma followed by washing off undeveloped
photoresist by a native oxide dip for 90 sec. in a 200:1 dilute solution of hydrofluoric

acid.

9. The method of claim 8 with an additional processing step of plasma

etching thereby cleaning out areas where photoresist has been washed away.

10. A method of forming a dual damascene pattern employing a single layer
of photoresist, comprising the steps of:

providing a semiconductor substrate said substrate having a surface; .

providing a gray tone mask, said gray tone mask having gradation of light passing

capability such that light passes through said mask in varying degrees said degrees
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depositing a |layer of photoresist over the surface of said substrate to a
t hi ckness of between about 8,000 and 20,000 Angstromform ng a | ayer of
positive photoresist material; positioning said gray tone nmask {gtaveenis
said substrate and said source of light such that a plane of said gray
tone mask is parallel to a plane of a surface of said | ayer of

photoresist; directing light provided by said |ight source to said | ayer of
photoresist, said |ight passing through said gray tone mask before

st ri ki ng varysng eggeendo sunallighd pessingfto pAdkeer el light, passrg dhrdvighsaidfigeayt her nor e
striking a surface of said photoresist |ayer under an angle of essentially
90 degr edsie BBk IviRrobyEnibrmersovgradptivaioflligle\patsiipecapats Kty of @yve lgegitarg: sai d
exposed | ayer of photoresist, renoving exposed photoresist, developing a

pattern inuskaisich aieigifhap beikey eﬁﬁﬁrﬁi@ﬁlyih% #ysf e phof@essRibpRRtlRfRal N sai d
| ayer of photoresist into the surface of said substrate using plasm

et ching Qherg2ftd &M By of ?Hotﬁfe@ﬁ?ﬁlsa; paBtBS AcRITDY 5iehcs BF Chi®@ LS SRbBtesist OM t he
surface of said substrate. 31
and with a variation in level of energy imparted and distributed across said layer of
photoresist such that a pattern of a dual damascene structure is created in said layer of
photoresist after said layer of photoresist is developed, said gradation of light passing
capability of said gray tone mask being achieved by keeping surface areas of openings
through which light can pass through said mask constant while varying pitch between
said openings;
providing a UV or DUV light source whereby said light source can provide un-
modulated or amplitude or frequency or phase or a combination thercof modulated light
in a uniform or none-uniform manner across a surface 6f said gray tone mask;
depositing a layer of photoresist over the surface of said substrate to a thickness of
between about 8,000 and 20,000 Angstrom forming a layer of positive photoresist
material;
positioning said gray tone mask between said substrate and said source of light
such that a plane of said gray tone mask is parallel to a plane of a surface of said layer of
photoresist;
directing light provided by said light source to said layer of photoresist, said light
passing through said gray tone mask before striking a surface of said layer of photoresist,

said lght furthermore striking a surface of said photoresist layer under an angle of

essentially 90 degrees;
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3.5 AUG 20y

removing said gray tone mask;

developing said exposed layer of photoresist, removing exposed photoresist,
developing a pattern in said layer of photoresist;

transferring said pattern in said layer of photoresist into the surface of said
substrate using plasma etching or an ion milling process; and

removing said photoresist from the surface of said substrate.
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