A Sem conduct or Device Having A Second Level O Metallization Fornmed Over
A First Level Wth M ninmal Danage To The First Level And Method This
application clains the benefit of U.S. Provisional plication No.

60/ 547, 697 SCIRPINANCHY Piee KayinsA Sgend leevel Ofdd eir]SeatiaxoRotmeed OvBevi ce
Havi ng a SecdhffistleveloWNithNuiminal Dxrege ForTredremdreve] Bindhdieye! Wth

M ni mal Damage to the First Level and Method, which application is hereby

i ncor por at ed hefgi f T FlELD Thi.s .inyenij el at es
general ly to se?nﬁ(%gpr{]%act{ogr‘ﬁ%? %@ggg}eﬁé 0¥ g’%@%ﬂﬁlﬁ@n ffpé’i'“‘caﬁl%ﬁ%yéd/g‘&ag%t hod of
form ng el of netalljzation that- ntacts a first |evel of

met al | i g‘#@fﬁ% H mb%oﬁh%%ﬁ‘gﬁééﬁn%oéag‘f%%qw& ayggarer@d ersled from

openi ng ;3. '.galt%ctgri C ﬁed Ej? attern the second |evel. 'BACKGROUND As is
wel | known By PROTES T 28t freyeh Vit Minimaldymaen td e Fgdievelanddvrtiadet ur i ng
and prao uc&iog af sglirﬁiﬁ conductors is a reduction in size of conponents and
ci rcui t s7rtAPPEFECD 5 SRRy meprpotaied ipteingty taferdnesr ease i n the nunber of
circuits and/or circuit elenments such as transistors, capacitors, etc., on

a single sem conductor device. This relentless and successful. reduction
in size THCHNIEAT FIELUDt el enents has al so required reduction in the size of
the conductive |Ilines.connecting devices and circuits. In the past,

al um num was usgd as the netal interconnect lines and silicon oxide as the
di el ectric. Howel&verioRaEslatanermeraly tr semdcondustmipmressingpmdmoepatioplpdy as t he
netal faor . . o ,
to a method of forming a second level of metallization that.contacts a first level of metallization

with minimal damage to the first level resulting from opening a dielectric used to pattern the

second level,

“BACKGROUND

As is well known by those skilled in the art, a continuing goal in manufacturing and
production of semiconductors is a reduction in size of components and circuits with the
. concurrent result of an increase in the nurﬁber éf circuits a.p.d/or circuit elements such as
ﬁ'ansistors, capacitors, etc., on a single samiconduc’;or device. This relentless and successful

reduction in size of the circuit elements has also required reduction in the size of the conductive

lines connecting devices and circuits.

In the past, aluminum was used as the meta] interconnect lines and silicon oxide as
the dielectric. However, newer manufacturing techniques now favor copper as the metal for
interconnect lines and various low X materials (organic and inorganic) are favored as the

dielectric material. Not surprisingly, these material changes have required changes in the
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i nterconnect lines and various low K materials (organic and inorganic) are
favored as the dielectric material. Not surprisingly, these materi al
changes have required changes in the -1 processing nmethods. In particular,
because of the difficulty of etching copper w thout also causing :
unaccept abl e damage to the copper and/or dielectric material, the techni que
of formng the netal interconnect |ines has experienced significant
changeBtocsing gthodh einpasicalat) bease dMiediFRANE6L et fithal ARG DY
depositing a | ayer of alum num and then using photoresist, [|ithography,

and et ehisig unactpdledanage s the Goppet i dd dfiectlcmiaMid B8Riqub Bfrolpp et i on of
copper interconnect lines are typically fornmed by a process now tomonly

r ef er r te natal isterao DB OARMEENS exfUTRERA Signiitant PRARSE ML N i fmi@lost the
reverse of etching, and si rrpllﬂii/@stategéua tre%,' ca é%glr%gsvaila isicut,

et chedintsrcaibRs sdusEhd f@frﬁ%cbyid%%%sﬂ%ag%lgﬁi Ly élﬂ[gmq{nea!rﬁ%;eﬁ'uglflfgﬁg%' ssdhen filled

with metal (i.e., copper), nmascene process has Fe&ren furt her

reduct imogtaphyl et Al 0fiah B4 BLGRONRELL LEART BT E SPRCE DL et

i nterconnect Tines. Unfortunately;, as ht PRt inect i ng

l'i nes c fAseH: bae-10-11 ne capaci tance has .increased. As stated
albove, iilt@éri;edilig‘%gnge i ntyhfé?l : r#ogﬁsébg'nadf’rﬁ?egﬁg‘g“é Fcl?f@mg'ﬁﬁﬁgerf:?gléo PASIBsERIEn 2 new

set of f HL hal | enges. For exanp] e, .patterni ng and etching the
di el eclt)ﬂrgig%y'l g@ée]rg%%g?n% pg%cﬁﬁdg%?oétﬁge ’?HPIF%E&F@%, PSRy stated Aeedhi ng an
upper | l.ization |ayer to a |ower netallization |evel, and
t hen réela?rloafﬁ%ﬁ[gﬁ? ﬁlgt?%tg%eldé)f © W%Frfgéﬂeéis% theynnderdying digleqtric angdmihay fillesh wite s s

of ten &@t%i’%as in r§onsi derabl e damage to the top surface of the copper of
the | ower wer &4 ™ation at

The Damascene process has allowed even further reduction in the size of
interconmect lines and the space between interconnect lines. Unfortunately, as the space between

interconnecting lines has decreased, the line-to-line capacitance has increased,

As stated above, the change in materials and processing steps has resulted in a new
set of manufacturing challenges. For examplé, patterning and etching the dielectric layer that
supports and surrounds a via interconnecting an upper or second metallization layer to a lower
metallization level, and then removing the resist or hard mﬁsk by the typical “ashing” process
often results in considerable daniage to the top surface of the copper of the lower metallization at
the point of the interconnection. This damage may result in décreased yields, and therefore,

etching techniques and the method of removal of resist needs some adjustments.

2-



the point of the interconnection. This danage may result in decreased
yields, and therefore, etching techniques and the nethod of renoval of
resi st needs sone adjustnents. SUMVARY OF THE | NVENTI ON These and ot her
probl ens ol ved or circunvented, -and technical advantages
are geneﬁW@ﬁ%WMi ments of the present invention, which
provi de sem conductor devices and net hods of nmanufacturing the

serm conduct or  deftegemd BAV 58b1a8s ad RRGS 1lEXRkd jf&?% | Zald Qs

i nterconnected to a | ower 1f}gl\jlel of I%rnat%Hersi zat ?{)cn. %%L[‘{gég% tg&]f)]ﬁ'a})r art

pr ocess esdvahtigss AFeOBRS SIBSacAicvd i tion.provide.for th

i nt er connecti on bacegtéweeg}s%chgvt e%fbg)@e stsoﬁﬁn&résfﬂilgvgp?%wcgﬁrw&? nal

d t gents ' ' I . d .t h mbodi t
of The. pr meom s ler e B Bl s Bl eSS RoRGREr etk Ui o 1 op.

surface f fol d surrounds.the | ower |evel of netal|ization, which
is typica I{'/Ieg% gﬂlgéugg%oﬁé?t?mﬂnqcﬁﬁeﬂ%q %]393’13},\%’ el@? Bstafizatian dinliks thepsigr art
deposite oQé/s %n%esui t abl f met hod such as CVD (Chem cal Vapor Deposition),
PVD (Pl afF8 VapoF PBEPEEof fhskyesemkipyention spvide fo fherintexsprmsttiqndiefweendhd o Beam
Depositi an. &s %aﬁd herein, the term"thin" is defined to include |ayers
of about ‘4UDX HFfaliPaior with minimal damagk feths lower Sic@llizsiion levsl. Car bi de) has been
found to be particularly effective- O her suitable materials include SiCN,
SiCO SiN, SiO 1a8stord@h&SHm U L op, Mt eri al |
conprise two or more | ayers of H%Jia?{mecrn{eﬁfmoﬁ%%%ﬁ%@ﬁ%qg% @81&? qf%?i als. A
| ayer Ofsdb&@téhmxﬁgr-t el [ I s t-hep deposited over the thin stop
| ayer and a | ayer of Hifgelgfag?ﬂh?ds& éesna('El 5%%%@?%%82%%1'%5%%% P WHEL | ayer

of AVID {sevdehiRe 2 | ayer of IMD.i.s.etched- using the patterned
resi st asngrrag k sugﬂ&? ﬁearft A-gg%rl%yﬁ?{%fsﬁ%ﬁ}gﬁteﬁﬁ i€'theh depostied by any suitable

method such as CVD (Chemical Vapor Deposition), PVD (Plasma Vapor Deposition), ALD
(Atomic Layer Deposition) and Ion Beam Deposition. Asused herein, the term "“thin" is defined |
to include layers of about 3004 and less. A 1004 thickness Qf SiC (Silicon Carbide) has been
found to be pa;l‘ticularly effective. Other suitable materials 'mclucb SiCN, SiCO, SiN, Si0, and
SiOCH. Further, the layer of stop material may comprise two or more layers of different ones of
the suitable materials. A layer of IMD (inter-metal dielectric) is then deposited over the thin stop
layer and a layer of resist is then deposited and patterned over the layer of IMD to define a mask.
The layer of IMD is etched-psing the patterned résist as a mask such that apertures such as
trenches and vias are etched into the IMD. The etched apertures will include at least one via that
is etched completely through the IMD layer and exposes the thin stop layer. The patterned resist
is then removed by an “ashing” process. However, unlike prior art methods, removing the thin

stop layer capping the lower level of copper can be accomplished without causing excess damage



trenches and vias are etched into the IMD. The etched apertures wl|
include at |least one via that is etched conpletely through the AVID | ayer
and exposes the thin stop layer. The patterned resist is then renoved by
an "ashi ng" process. However, unlike prior art nethods, renoving the thin
stop layer capping the |ower |evel of copper can be acconplished w thout
causi n? excess damage -3 to the copper. A |ayer of copper or other netal
conduc fothe ceppeh e layepdsopred of sthermectalicandunitdr Btthardep@pet itlieeda oy otthe t ypi cal
Danascene process step. The foregoing has outlined rather broadly the

f eat ur epertinet bydlehimpical [Daadvaent pgess ofp. t he present invention in order that
the detailed description of the invention that follows nmay be better
under stood. Additdional f{eatute d.advant ages of the invention will be
descri bed her g'?ﬁneaff”feé?m T5CH rﬁﬁ Fﬁafgl?ﬁé’r%aég’jté%%a@*‘”? e%ﬂﬁ]rﬁﬂvﬁﬁagﬁﬁ%f

i nvent %h%}resiett.s‘peogl d. beda reciated by .those skilled in the art that the
concept| on and" SPaTt oiE Jetatleddesyintion ot thaipventiop Sgifallyws mey bs zed as a

basis for nodifying or.designing other structures or processes for carrying
out th °t£e§é‘wger%%"p§§dé§waﬁl fﬁﬁgeb%%@ﬁ@nt@aweﬁ#m syentiop vélhbedagcrifiedo be real i zed
by thoEe skilled in the art that such equivalent constructions do not
depar t 2FEBAT A form thegubicd of fhe clfims pithé imventionok shanldetapbrciated by n t he
appended cl aj ns. BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conplete
under s thoseiskibedsn therpet that skssqonceptive md sprgifiaerdbddiern diseinded ges be tdaditeof |
reference is now nmade to the.follow ng descriptions taken in conjunction

wi t h t HBlizedae o hpsifpr mgdifyingwmigsighing whiecstructures or processes for carrying out the

- same purposes of the present invention. It should also be realized by those skilled in the art that

such equivalent constructions do not depart from the spirit and scope of the invention as set forth

in the appended claims.



FIG 1 Aillustrates a prior art nethod of providing a thick capping |ayer
over a lower |evel of copper followed by an I MD | ayer and a patterned
resist layer; FIG 113 illustrates the damaged | ower | evel copper |ayer of

met al | i zgti H;Ereléom rior art nethods of etching the I MD | ayer
and rerm%il%‘g #ﬁéﬁ{ﬁ?@h@% Ré¢ San " aski ng" process; FIGs. 2A -- 2F
illustrate the formati on of a second | evel of netallization over a first

level netal | i zaFoo mort campRRIvGAREHEdRY ofdRYhESnAREANiGE Ndd iR JifRediRL hods t hat
reduce danage to the |ower |level as taught by the present 1 nvention; and -

FI Gs. 3AheresBresdiéise & o | | . s 0f the
present i nvgfﬁii on. ETWEE%D%%%}W%@@E{MWE%%P%S The
maki ng agdoMsd he: ntly preferred enbodi nents are discussed in
detail bel ol\?vd.ns)iﬂgqsaho ’g%}gagppreci ated, however, that the present :

i nvention provides many applicable inventive concepts that can be enbodi ed
in a wide vari efyG.0fA dipseiet 2 pricoart mxthed offreviding e itifiticcapping Roen®n s Ielvgcussed
are nmerely illustrative of specific ways to make and use the invention,

and do nlsveliof erippertfhidoveddpen MIDt Iager i £ piricard resisRRE&r ri ng now to FIG 1A,
there is shown a typical prior art sem conductor structure including a
substrate 10 haw first | ayer. of non-conductjve or dielectric materi al
12 and at |eas ﬁ@'ﬁlﬁ%ﬁ@%ﬁﬁe\?&ém@gedi lﬁwgﬂﬁﬁﬁﬁ‘ﬁﬁ’f’r Loy pbmetpliizatiopcihatagsube pper
metal lization or lines. It should be appreciated that the termsubstrate
10 as 'usgamﬁgPreW“ﬁE‘ifFSPéﬁF@%%WF Tblaygr apdreanqvingdhapagpmed resist by an

“ashing” process;

FIGs. 2A - 2F illustrate the formation of a second level of metallization over a first
level metallization on a semiconductor device according to the methods that reduce démage to -

the lower level as taught by -the present invention; and

FIGs. 3A — 3B show a flow chart iltustrating the process steps of the present

invention. -
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vari ous sem conductor devices including interconnecting netallization

| ayers. Thus, the term substrate is intended to be broadly interpreted.
Further, according to the prior art, it is typical to include a thick
capping layer 16 wused as etch stop. or diffusion over the conductive
regions 14 of a material such as silicon nitride if still another |ayer of
netallization Is to be forned over the first |layer of dielectric nmaterial

tallization 14. Capping layer 16 is typically deposited to
a th|cgﬁgggiégﬁ§$gﬂp?5Kﬁ9OFdLbESERAEHQhEREEﬂNNEkﬂ@Econd | ayer of dlelectrlc
18, commonly referred to as an ILD (InterLayer D electric), or
(I'nterMetal Di eheghitih %ﬁhé over t he thlcgﬁﬁ Iayer 16.
A layer of resist de suc ggﬁggﬁﬁ&®g>é%?s m¢?dT%@ﬁ E?@gﬂ%@@%r t he

| MD | ayglowl i n per tur es such . as trenches for
i nter conn‘gc?t ﬁ?ﬂg?@gﬁ% Qﬂl’ ?V% gt %eg es?fltf:hvtgnté"é‘éﬁ%v P FpEY apphcabiavD | ayer

18 t hatg i) r . le of netallization. The
pafterﬁg%hrégﬁggB&f%ﬁ &n% “Heh u§g81%§E§ AR ﬁﬂ%%gfﬁxﬁﬁﬁhT@ﬁﬁmﬁ@Ptern or

| ayout evel of netallization in -6 the HAD | ayer 18,

i ncl udf“‘lﬁ‘g"‘?@‘?‘l gg‘%g & MWEYGB’QHFW&?V‘? of speciffrevess Snprksaar ysa the isugtion.he

di el ec as indicated by the shaded cross-hatch portion 24
of theaé#&ﬁﬁﬁﬁé9é¢ﬁT§pe¢ﬂB mﬁﬁ?@érned resist layer 20 and the thick capping
layer 16 at the bottomof via 22 is then typically renoved by an oxi dation
process ‘at- a hRgbrringaPRIAFNMY, § Cﬁ%@éﬁwﬁ%ft k&t (;r%rtas%mﬁonduc dr s Fuﬁeapr ocess

as is well known by those skil in the a e apertures I ng via

22 def kpairign subdrMD Hapirgt b ,la}@mnﬁgvgvg@mﬁe o8 oD ﬁaa‘f%@?%t ve metal

such as copper. However, referring | so be

appr ecieaét@de BondubRRSr ﬁiférl:clnﬁgct lré‘glcynhﬁl &lchas 88 p%@rl afarh %rh i hhould

be appreciated that the term substrate 10 as used herein may represent one or more layers of
various semiconductor devices including interconnecting metallization layers. Thus, the term

substrate is intended to be broadly interpreted.

i Further, according to the prior art, it is typical to include a thick capping layer 16
:used as etch stop or diffusion over the conductive regions 14 of a material such as silicon nitride
if still aﬁother layer of metallization is to be formed over the first layer of dielectric material 12
@d first metallization 14. Capping layer 16 is typically deposited fo a thickness substantially -
greater than 300 A. A second layer of dielectric 18, commonly referred to as an ILD (InterLayer
Dielectric), or IMD (InterMetal Dielectric) i;s then deposited over the thick capping layer 16. A
layer of resist 20, such as a photoresist, is then deposited over the IMD layer 18 and patterned to
define apertures such as uencheé for interconnect lines and at least one via in the second layer or
IMD layer 18 that will comprise the second or upper level of metallization. The patterned resist

20 is then vsed as a hard mask to etch the pattern or layout of the second level of metallization in



dielectric layer 18 and the asking process steps di scussed above often
result in substantial damge to the top surface 26 of the copper first

| evel of tallizati.o 4 as shown. This danage to top surface 26 may
result i tr?@@dﬁ%%ﬁ%?‘i‘t“’ﬁl%rfyr TP Tia £4 thet issisbed compplesely Snpeabithe deleeicby vi a
22 fill |$19 3 tw%en_the first or |lower |level of netallization 14 and a
second oYY ge"rrl |28 {rdicaigd by Fasshadet erass-lepich mReticar24iof thedb tayerllBGThe 2A - 2F and
FIG. 3A and 3B, there is illustrated a process for elimnating or

subst ant PAETGA Festitieyes g0 suskthe thigkengppinglaytrel Gianthe bottom eftia b2 fstbentypisalispper and
a lower level of netallization.. Elenments of FIG. 2A - 2F that are the
sane as EMmoMehsan oridati@sprocetvatamighiBnpantuye dofencalyreterred & AREEaddiEber s. As
is well known by those skilled in the art, and as was di scussed above, the

use of tPecEaas velénprgehsseakiled ahdise Te Mehats isliathgadss EORMIBEA iAS t he
I nterconnecting |ayers has created vari ous new probl ens not experienced

wi th. t hethold®riayeet & hexthed KSR DicABRSSe riefal fdh B Appd. MRiANLI ZaL1ign | ayer.
For exanple, still another problem experienced when the conducting or

i nt er conmee toi FIG. 18,408 asl#ill AdobeiPhleciftd GORRE! skilfed ﬁgﬂg% %’%ﬁ%k %1(::] Qticl%gg the

materials, is that the copper nmay diffuse into t surr

non- condgielettv€ layeh 1! H8 teiaChi t LI steps are not taken to
prevent such diatyfglJ usi on. Bﬁhdggplgg&g%{[%nﬁslcn Sg%%%gﬁg?nﬁeﬁlgfﬁsﬁ%@%o be

I ncl udedgandakd e fop! | tops .or. hjnders the diffusion of -7 the
copper i o-nsé%f@r om Eoﬁesa%:f%ggér%flfh\é?gfEB%&Q@Y?I%%{&&ZEP%J% s meﬁaﬁiﬁﬁdi ng -

non- cond | | tLEG porti or regions 12 of the substrate 10.
Sui t abl eééggé %‘ll?femr: ?%%&sesuétr%an ﬁagi}ﬁ%vﬁéic Wg‘ftﬁ%a CORPET 3i5EPoRRet (Rg@ed Pyiiaexanpl e

only, Ta Nt al TaN (tantal u itride), Ti (titaniunm)-and Ti N
y Zi Iﬁﬁﬂé %et%/gzrf the g:st cgr lower leve ofn metallization 14 and a second orrgpper level of

metallization.

Referﬁng.now to FIGs. 2A — 2F and FIGs. 5A and 3B, there is illustrated a process
for eliminating or substantially reducing such damage fo the intérconnect between an upper and a’
lower level of metallization. Elements of FIGs. 2A — 2F that are the same as elements in FIGé-
1A and 1B carry the same reference numbers. As is well known by thclyse sk:ﬂled in the art, aﬁd
as was discussed above, the use of the Damascene process and the use of metals such as copp;er

' .as.thé Interconnecting layers has created various new problems not experieﬁced with the oldér

etched aluminum process for fomﬁng a metallization layer. For example, still another problem
experienced when the conducting or _interconnecting lines 14.are made of copper or copper
containing materials, is that the copper may diffuse info the surrounding non-conductive |
dielectric or substrate areas 12 if steps are not taken to prevent such diffusion. Thus, as shown in

FIG. 2A, there may also be included a barrier layer 28, which stops or hinders the diffusion of
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(titaniumnitride) and various conbinations of these and other materials.
Thus, when this barrier layer 28 is provided, diffusion of the copper 14
into the surrounding materials is slowed if not substantially elimn nated.
_ Further, it is often advantageous to include at |east one netal seed
| ayer 30. Although a single seed |layer maybe sufficient, a preferable
technique is to deposit a first netal seed |layer 30a, which may be -
subst aMq @PPY iensritosoiht orppet intecconhesting etrip he $nts tRRGEUhdIg: AR &ndddive Vet al  seed
| ayer 30a is then followed by a second seed | ayer 30b that provides
subst asiglesfrioportime ot tegius thekiBe subbirdts 101 BuitayIe BarRBCE Rk Y well RMRUSE et hat
bot h of 'fagéa s;aed | ayers be made of the sane material. As an exarrpr e,
ei t her atnped tichidetfbr ohmphensees (thayams, TR hggdes pgaterials
as Cu (Copper), A (A um n%?r) , (Ag (gfél?l ver()#&kﬁn?(Gol_ g?‘&{?v nggtrrglr?ln)51 and TaN
( Tant aKtitamiMntnitride))and bbk@WicsAbin f .ayers may be
deposited by the ) sane deposi tigkggr?groriéﬁﬁsgdah%rahgﬁg%ﬁ%é;gﬁtqs’ﬁ%ﬁg : B
appr opidyas 28 is priivicRl B8 eds. d apor. osi.tion), CVD
( Chem cal VapglrtU Deg’osifgiﬁ%n) ALéDOlﬁ% Jfbr\tq g%mg@asygr&%?%%ﬁ%ﬁﬁ %ﬁ%&%POtECP
( El ect eghsthgmycaimifi@pess) . The apertures, trenches and vias are then
filled with the nmetallization (such as copper for exanple). Then according
to the present_invention, instead of a .thick capping |ayer (greater than
300A) as ‘was uSwther, it it hienpdyvantagents to dnclitient Iehs? 85 thitdlRecU0BAY 361 Op | ayer 32
Is deposited as an etch stop or diffusion stop. Preferably, stop |ayer 32
i s depdédteesh asingle seoil Hlyremaybe ufiibiett, 2 pRERuble TEhiidi o UAHRH 5 HRRYeRE OF gani ¢
or inorganic and suitable nmaterials for use as stop |layer 32 may be netal
or non Sf_fﬁéﬂ@ier 3leg winivh Imegebe stbstamtiatly sintdo@HeRal t6 MR Ache LAY PGB ARE(LT4, hydr ogen .
contal nl ng

Metal seed layer 30a is then followed by a second seed layer 30b that provides substantially

smooth surfaces. It is not even necessary, however, that both of the seed layers be made of the
same material. As an example, either ore or both of the seed layers may be selected from such
. materials as Cu (Copper), Al (Aluminum), Ag (Silver), Au (Gold), W (Tungsten) and TaN
(Tantalum Nitride). Likewise, both the first and second seed layers may be deposited by the
same deposition method or a different meﬁmd,’ as ap‘pro.priate. Suitable methods include PVD.
7 (Plasnia Vapor Deposition), CVD (Chemical Vapor Depositioﬁ) ALD (Atomic Layér Deposition)
and/or ECP (Electro Chemical Process). The apertures, trenches and vias are then filled with the

metallization (such as copper for eﬁample).

| Then according to the present invention, instead of a thick capping layer (greater
than 300A) as was used in the prigr art, a thin (Iéss than 3004) stop layer 32 is deposited as an
etch stop or ‘diﬁus_ion stop. Preferably, stop layer 32 is deposited to a thickness of about 1004,
The stop layers may be organic or inorganic and sujtable materials for use as stop layer 32 may

be metal or non-metal and include silicon, nitrogen, carbon, oxygen and/or hydrogen cdﬁtaining
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-8 materials such as SIC, SICN, SiCO SiN SiO SiOCH and ot her carbon-1like
materials. Further, as will be appreciated by those skilled in the art,
the thin stop layer 32 may be nultilayered and deposited in nore than one
st ep, an&laﬁﬁﬁ’glsxﬁa?h 25 3:C, P S8 PR, iy, IS600H add bther @rton itk halkkalismatekdal s.
Sui tabl e nethods for depositing a single or nulti thin |ayer of selected

sui t abl e Wity 4paregiaionby thdes ilRdn (HPlASIRLMAREY 12 RRBO T4/ RMIIPLAGES S @ CVD
(Chem cal Vapor Deposition) process, and ALD (Atomi c Layer  Deposition)

process &fRpsied ihorrdBbanobeen Siditery 4o OCRE BilayEl kD 8k of EiRErd N faiayer is
preferably deposited at a tenperature of betyweenIS}abgut1 Zﬁoméﬁalg%d 500 C

Ref er ri ngpatepialst SuidbE mellbds thiQlepddithoSlspi1d @Weli laSer the
deposition of a dielectric | ai)/er Jgf8 Sa t erﬁ?c ita gog%'éel?éé%[dsﬁl%blf ayer 18 is

cover ed mpteaiatseisdlisle a PWD @lhsing f] rtures such as
trenches and vias in the(tPI ND I@%ﬁﬁéfggg@%é%cgghéao Smécéfi@’toéd Danascene

provess, @) sl WEALLA AT, GURLLRST 0L L LSy STy, Uk a5 1V
ayer of "resrat 3aa T papFE R eY il Gl s coberpenneka9s Cand 33
on the tggy gfpe IMD I'ayer 18b. It should be noted that trench 38 is |ocated

directly above copper line 14. The trenches 36 and 38 are then etched
through dielectric |ayer 18b down to etch stop layer 19 and the first |ayer

of resist 34a i ReftrinppwedtodIGSIBMWHe thih dtdf3aye 92 i3 BBwe AGEAE dbiilQ oPhe

enbodi ment of the invention, a second Iéf/igjr! of . reg\:veét 3§Eq!fﬂs?}glélé)§8§?ted

over  t hediclBricager 18ller witloh efe didibdute b8 1855086k HERGARS +AG4ANY,38;.4The
.deﬁne apertures such as trenches and vias in the IMD Iéyer 18. Depending on the selected

Damascene process, dielectric layer 18 may be comprised of a ﬂrstlléyer, such as IMD (inter-

metal dielectric) layer 18a, an etch stop layer 19 and a second dielecﬁic layer 18b.

| For example only, refem'ng again to FIG. 2B,_a first layer of resist 34a is pattemed to
define ap?rtu-res or trenches 36 and 38 on the top of IMD layer 18b. It should be nofed that
.n'ench 38 is Jocated directly above coppef line 14. 'i‘ﬁe trenches 36 and 38 are then etciled
through di.elech'ic layer 18b down to eich stop layer 19 and the first layer of resist é4a is stripped |
as shown in FIG. 2C. Then, according to onerembodiment of the iﬁveﬁtion, a second layer of |
resist 34‘0 is deposited over the IMD layer 18b, Which fills the etched trenches 36 and 38. The
second layer of resist 34b is then péttemed to‘ define the location of at least oﬁe mmterconnect via
as shown in FIG. 2D. Layer 18a is then further etched such that via 38a extends completely
througl‘l the IMD layer 18b and dielectric layer 18a. After the etbhjng is complete, the resist

layer 34b and the exposed portion 40 of the thin stop layer or capping layer 32 is stripped and/or

9.



second | ayer of resist 34b is then patterned to define the |ocation of at

| east one interconnect via as shown in FIG 2D. Layer 18a is then further
etched such that via 38a extends conpletely through the INMD |ayer 18b and
dielectric layer 18a. After the etching is conplete, the resist |ayer 34b
and the exposed portion 40 of the thin stop |ayer or capping |layer 32 is
stripped and/or -9 renoved. Renoval of the resist and exposed stop |ayer is
typi caF¢moysg. Rewoeal bf thg rsisbaeiszpdsed stpp Deferdetypluallyshy e isui@ psdiesio i N FI G 2E.
It is inportant to note at this point that the top surface 26 of copper

| ayer Droduse thostrubturagedmds FIE.CBI Teg itporiabeo RbieQf thdoinPfHaC8s BB Surrbhe
trenches 36 and 38 and the via 3 8a are then filléd with a metal such as

copper 240f eappor ldyad4 isnol Bandedhs oORTIRSIE MU RE A Beestd. L tructure
of FIG 2F. Referring to FI%@ 3A there is illugtr?ft ed@??%g\?scﬂagagam of

‘the prGeesdtheivid 382 apy BEEMled Wi\EALhIQRRS: i shown,
substrate 10 having a di eleectlri C Iaye(r: 12693%%:4?1?%3@?%28%0&%%& or

et al | isatabie bRYAS tdhobiRe QbR oRFGNUN DY Process step 42, Then.
according to the present invention, a stop |layer 32 having a thickness of
| ess than 300A is deposited over the conbination dielectric 12 and

netal | i zat i on RefemngtaFKs 3dhtware ibillupracisiiovs tiegahbf drgrovetslof $RfpvEentas a
stop layer. The IMD or ILD layer 18 is then deposited according to process
step 4&veniigy gshigsussed/atione Aeghosint substraantl ipatrioerdidisgichyea 12 e&finsdg thayer 20,
as shown at step 48. The IIMD layer 18 is then etched (step 50) and the
resi st ceimgr espesléidatipardyieotvsis fovides at ionHyQRodedet 432 TRGE acchRIMME theDY t he
aski ng process indicated at step 52. Finally, the trenches and Vvias are
fill edpwistdt iventiimk stop laybr ¥2sha@idp RakickiSs SHNQMhaA BOGL BRlefdbited over the

combination dielectric 12 and metallization layer 14 as shown by process step 44 and will serve
as a stop layer. The BMD or ILD layer 18 is then deposited according to process step 46,
followed by the deposition and patterning of a resist layer 20, as shown at step 48, The IMD
layer 18 is then etched (step 50) and the resist and exposed portions of the thin stop layer 32 are

removed by the ashing process indicated at step 52. Finally, the trenches and vias are filled with

a metal, such as copper, as shown at step 54.

FIG. 3B illustrates details comprising the steps for providing the substrate 10 shown
at step 42 of FIG. 3A. As shown, 2 first dielectric layer is deposited over the substrate as shown
at step 56. ‘Then, in a manner well know by those skilled in the art, a trench for the metallization
layer is formed as indicated at step 58, A barrier layef 28, such as tantalum nitride, is then
deposited over the sides and bottom of the trench as indicated at step 60. The bmﬁer layer 28 is
then followed by a seed layer 30, which may be comprised of a first seed layer and a second seed
layer as indicated by step 62. Finally, a suitable metal,.such as copper, aluﬂﬁuﬁ, gold, s;ilver,

tungsten or tantalum nitride, is deposited in the trenches to form the first level of metallization.

-10-



FIG 3B illustrates details conprising the steps for providing the
substrate 10 shown at step 42 of FIG 3A: As shown, a first dielectric

| ayer is deposit over. the sybstrate as.shown at step 56. Then, in a
manner wel | k novl\\/ﬁ (grﬁo‘feﬁé}éces C%Ifeaq%l CPI?SﬁmtaH%h‘:&E?’? 15 404 ?@ﬂ%ﬁ tp g‘? I“FHQ&O the
metal i zaf i I r is rmed as indicated at step 58. A barrier |ayer 28,
such as ? %rhﬁgﬁr&ﬁ%%ﬁ%fnrﬁfﬂa 8{ tgf“ BIOCFRE B RGP ARIPCHTR COPPRSION 98 B2l Fg 5815 om of
the trench.a igd'ca@ﬁd.aé_s ep 60. The barrier |ayer 28 is then followed
by a s eealthﬁésearn St5PS Q5pitbg Pa‘i‘ﬁépeé’@ﬁﬁfqns éd 09¢ oforfinpryskidldn thejaghyat! readilya
second seed .layer as_indicated by step 62. Finally, a suitable netal, such
as coppe FPPI%HIQE‘?%WH e Ggstogure of the present inyerjimeproessses anachingsnmentifotes, i s
deposited in the trenches to formthe first level of netallization. -10

Mor eover COEPRSMNSBamaifer, misanspmetheds, ongiqps) radehibyexiising ot latentoshtdtiedelbpedye
limted to the particular enbodi nents of the process, nachine,

manuf act reéperonpdstantialy tof sametfiretion seghi®ye subekdting tanams teps adescri bed in
the specification. As one of ordinary skill in the art will readily

appr eci aterdspandingleembdiiaehte devcabaif hetddemby BS@iizel RVERILAP theRfr QRS HEStion.
machi nes, manufacture, conpositions of matter, neans, nethods, or steps,

pr esent | Acextiiagly @ @fpeh®H @laithOark tSRAVEIARGHde |t 1R kIpE TGURSiANL] al 1y the
sanme function or achieve substantially the sane result "as the

cor 1 es pondiHigese AR SndRHk Bl Bl TRMDE ditlhl 2ed according to the
present invention. Accordingly, the appended clains are intended to
include wthin their scope such processes, nmachines, manufacture,
conpositions of matter, neans, nmethods, or steps. WHAT IS CLAIMED IS : 1. A
sem conduct or devi ce conpri sing: : '
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a first dielectric layer defining a copper containing feature; and a thin
stop layer forned on said first diel'ectric |ayer, said copper containing
feature substantially free of damage resulting fromform ng an openi ng
through said thin stop layer and a dielectric |ayer covering said thin
stop layer. 2. The sem conductor device of claim1l wherein said thin stop

| ayer has a thickness |less than 300A. 3. The sem conductor device of claim
1, wher eyBSRISCEAAINES PP | ayer has a thickness of about 100A. 4. The.
sem conductor device of claim1l wherein damage to said copper containing
feature js I|imted to a recess of |ess than about 150A in the copper at
the at vira bdh eseonductarvisvice poropuiingst or device of claim | wherein said thin
stop layer is nultilayered. 0. The sem conductor device of claim1l wherein
sai d thin st gfirbtaljeectxdayr defesngin cappganhininPlegtisesdnd 7. The semi conduct or
device of claim 1l wherein said thin stop layer contains a netal. -12 8. The
seni conduct ora thisstopdayef forhed on daidvier GéisctS@iagerd idtopP Bokt@WRE fdafipd Udes at

| east one of the materials selected fromthe group consisting of SiC,

. Si CN, SisG@tarfbiaNy {8 63 dafagdGidsul fro:ﬁ%fﬁﬁﬂ)glaéni id Hrin ' uctor
devi ce conprising an uppgzrjgl evel of neta Iid%gﬁ?%@g%gw%énﬁb@g%%%?evel
of net aldiéleatié DRl Gthglsaid MiRSIBMyLal | v free of damage, said device

conpri si ng:

2. The semiconductor device of claim 1 wherein said thin stop layer has a thickness less

than 300A.

3. The semiconductor device of claim 1, wherein said thin stop layer has a thickness of

about 100A.

4. The semiconductor device of claim 1 wherein damage to said copper containing feature is

limited to a recess of less than about 1504 in the copper at the at via bottom.

5. The semiconductor device of claim I wherein said thin stop layer is multilayered.
6. The semiconductor device of claim 1 wherein said thin stop layer comprises an organic
material. l
7. ‘The semiconductor device of claim 1 wherein said thin stop layer contains a metal,
A12-



a substrate having a top surface, said top surface defining said | ower

| evel of netallization; an etch stop | ayer having a thickness of |ess than
3 00A depo%iDt edﬂ{)n top of said lower level of netallization;, a patterned

| ayer of | KD (i meeFmicardictopiemesof elain | sdowsin saigl thindstapiayeointluades abdezbt cmiod
etch stop_layer, said patterned |ayer of IMD defining a |layout for said
upper | ayefie atﬁi‘f’élséFlF‘it%gﬁ?f@ﬁlﬁ graymicansisiing of SHy SITErSiCAcSiNGSiny SECHeadt one
area, where said Ia)t/ler of AVID and said etch stop |ayer are conpletely

et ched t hr 6UEHnaignsfheronder | evel of metallization substantially damage free;
and a netal layer filling said |ayout etched in said IMD | ayer form ng said
upper layer of netallization and in contact wth said | ower |evel of

netal | i zat pon. : i ] vice.of .claim.9 ,wherein said etch
stop |ayer 9'has %Qiﬁgi%ﬁgﬁgﬁegggggﬁé%uﬁ%n PRETe! § ﬂgfhﬁu.on?ﬁ‘ée@g ﬁ'lﬁ%%?fduct or

devi ce of i el n.sal d.efc t l.aver has,thickness of about
100A. 12, %@I%@gﬁ%‘%&%ﬁ g‘\l/’?*;%’&g%fy 2 gt HeBhep St Spaeng ot 0‘5 | ayer

is multil ayeredasu;b Sat%‘%. . Thef\ ‘sem conag‘gct or devjice of claim9 wherein said
etch stop Iayer® 1ncludes &i %%‘gﬁ?%s topsppee defining widlogpderdmduct or  devi ce
of claim?9 \A?aﬁ%cei.n‘sai d etch stop |ayer contains a netal. 15. The

sem conducf& &% e of claim 9 wherein said | ayer of etch stop |ayer
conpri ses at : i :
an etch stop layer having a thickness of less than 300A deposited on top of said lower

level of metallization;
apatterned layer of IMD (inter-metal dielectric) covering and in éontact with said etch
stop layer, said patterned layer of IMD defining a layout for said upper layer of metallization,
said layout further including at least one area, where said layer of IMD and said etch stop layer
are completelﬂy etched through said lower lev.el of metallization substantially damage free; and
a meta] layer filling said layout etched in said IMD layer foﬁm'ng sai& upper layer of a

metallization_and in contact with said lower level of metallization.

10.  The semiconductor device of claim 9-wherein said etch stop layer has a thiclc-nessr ‘of less

tham about 300A.

11" The semiconductor device of claim 9 wherein said etch stop layer has thickness of about

1004.

12. The semiconductor device of claim 9 wherein said etch stop layer is multilayered.
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| east one of the materials selected fromthe group consisting of SiC, SiCN,
SICO SIN, SiOand SiOCH 16. The sem conductor device of claim9 wherein
said | ower level of metallization conprises copper. 17. The sem conduct or
device of claim9 wherein said netal layer filling said |ayout etched in
said | MD | ayer conprises copper. 18. The sem conductor device of claim?9
wherein said substrate includes a dielectric |ayer and wherein said | ower
| evel of lhet alhd semicondncios deiedd afebhirhy wehetcirenahetiirstapahybr tickklecdnrokganicayer and
further conprising a first nmetal seed |ayer on the bottom and side walls of

sai d tremeteriasland a netal filling said trench. 19. The seni conductor device
of claim 18 conprising a second netal seed | ayer between said first netal
seed layer and said netal filling said trench. 20. The sem conductor device

of claimgd8 wher fLL St tal, _se i S selectedfrom t he group
consi sti n% of cosgff)ﬁekro ﬁ(ﬂcﬁ) cr%e%ﬁen%fc jot ,Wsr‘s?feﬂl}/sél?é/&?htfﬁ‘ﬁ’éﬁ%‘:’ﬁ COHnT MR um

nitride. -14 21. The sem conductor device of claim 18 wherein at |east one
of said fi rst and second netal seed |ayers are selected fromthe group
consi sti Ky of Theogmésenduston devieant clpith @ whstdiveid layarnfsttiestop et coapdish bm
nitride. 22. The sem conductor device of claim18 wherein said first and
second nisesilong eftle tnatpaals seeoted fromothe fotampctingsting 6ES;CRSEIN, SiCO, SiN, SiO and

SiOCH.

16.  The semiconductor device of claim 9 wherein said lower level of metallization comprises

copper.

17. The semiconductor device of claim 9 wherein said metal layer filling said layout etched

in said IMD layer comprises copper.

13.  The semiconductor device of claim 9 wherein said substrate includes a dielectric layer
and wherein said lower level of metallization is defined by a trench in said dielectric layer and

further comprising a first metal seed layer on the bottom and side walls of said trench.and a

metal filling said trench.

19.  The semiconductor device of claim 18 comprising a second metal seed layer between

said first metal seed layer and said metal filling said trench.

20.  The semiconductor device of claim 18 wherein said first metal seed layer is selected from

the group consisting of copper, aluminum, gold, silver, tungsten and tantalum nitride.
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23. The sem conductor device of claim 17 wherein said netal filling said
trench conprises copper. 24. A nethod for processing a sem conductor
structure ?efi ning a nmetallization |ayer which results in said

met al | i zat fon | Hfépmisendugiosdayice vh claiat 1§ whereln ablead anmefsaid Gng i saegnd hetast eps
of :  capping a top surface of said sem conductor structure that defines

sai d met al $5°8 {AYPTS Are salpeted frovntilte mouphronsistingppf bapper, xlufruum, roldasitvay eingstbn
dielectric over said |ayer of thin stop, said |ayer of dielectric defining
at | east offd taptelamwitdde said thin stop |ayer is exposed; and renoving said
exposed thin stop layer to expose a top surface of said netallization |ayer
which is substantially free of damage. 25. The nethod of claim 24 wherein

said ste f 1.00: ielectric comprises, formng a tterned
ayer ot arel consBslcBud SPe 8 oHL TSR bhirefi SRR S5 sopid i S frert e

patterned _l Lelectric defining a | ayout for an upper |ayer of
metal i zat fnoﬁé,lﬁg%gjessgélgmgﬁép of renoving further conprises renoving said

patterned | ayer of resist, -15 26. The nethod of claim 24 wherein said thin
stop layer is deposited to a thickness of |ess than about 300k 27. The

met hod of @&}-ai rTiR4emivendictur daviict of blaiin $7 ofclelyelt théalSBRAShISAEOcAdibg kness
of about 100th. 28. The nethod of claim 25 further conprising the step of
filling sarebpemyout etched in said '

24. A method for processing a semiconductor structure defining a metallization layer which
results in said metallization layer being substantially free of dafnage con:-1lprising the stéps of:

capping a top surface of said semicondqctqr structure that defines said metallization layer
with a thin stop layer; |

forming a layer of dielectric over said layer of thin stop, said layer of dielectric deﬁﬁng
at least one area where said thin stop layer is exposed; and

removing said exposed thin stop layer to expose a top surface of said metallization layer

which is substantially free of damage.

25.  The method of claim 24 wherein said step of forming a layer of dielectric comprises
forming a patterned layer qf dielectric according to a patterned layer of resist, said patterned

layer of dielectric defining a layout for an upper layer of metallization, and said step of removing

further comprises removing said patterned layer of resist,
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dielectric layer with a conductive netal, such as copper. 29. The nethod of
claim24 wherein said thin stop layer is an organic material. 30. The

met hod of claim 24 wherein said thin stop |ayer contains a netal. 31. The
met hod of claim 24 wherein said thin stop | ayer conprises at | east one of
the materials selected fromthe group consisting of SIC, SiCN, SiCO SiN,
SiO SiOCH, and conbinations thereof. 32. The method of claim24 wherein
sai d t hi A®-st oph¢ B§tbed ofelaim) 2¢iwheyesr witl thidGtopTtyer iatehaitedio adhislnesbd lashier ei n
said thin stop layer is deposited by at | east one of the processes

sel ect edttrrpeheutA804r oup consisting of PVD (Plasma Vapor Deposition), CVD
(Chem cal Vapor Deposition), ALD (Atom c Layer Deposition), and |on Beam
Deposition. 34. The nethod of claim 24 wherein said thin stop |ayer is
deposi t egy at : f : bout n ouf. 500C.. - 16 35.
Tho. met hod of a1 Brme i 2 R R B 1 R oo P Ol SR bR g
said seppgpnductor substrate: depositing a dielectric layer; formng a
trench in said dielectric layer; formng a netal seed | ayer over the
dielectric layer with said trenches; and depositing a netal in said
trench. 36. The nmethod of claim35 further conprising formng a barrier

| ayer ové$- t h&hemethedel aim 25 further comprising the step of filling said layout etched in said

dielectric layer with a conductive metal, such as copper.
29.  The method of claim 24 wherein said thin stop layer is an organic material.
30.  The method of claim 24 wherein said thin stop layer contains a metal.

31. . The method of claim 24 wherein said thin stop layer comprises at least one of the

materials selected from the group consisting of SiC, SiCN, SiCO, SiN, SiO, SiOCH, and

combinations thereof.
32.  Themethod of claim 24 wherein said thin stop layer is multilayered.

33.  The method of claim 24 wherein said thin stop layer is deposited by at least one of the
-processes selected from the group consisting of PVD (Plasma Vapor Deposition), CVD

(Chemical Vapor Deposition), ALD (Atomic Layer Deposition), and Ton Beam Deposition.

34.  The method of claim 24 wherein said thin stop layer is deposited at a temperature of

between about 200°C and about 500°C.
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said trench prior to formng said seed |layer. 37. The nethod of claim 36
wherein said barrier |ayer includes at | east one of the materials selected
fromthe_group consisting of Ta, TaN, Ti, TiN, and conbinations thereof. _
38. -The net hod"oRelrhefivlagm 2atietter rorspisihgsthe follofvinatapt fog femiimt @id seed | ayer
conprises the step of formng a first netal seed |layer and then formng a
second nEfCOnRdBElgr substeste: over said first seed |ayer. 39. The method of
claim3 8 wherein the surface of said second netal seed | ayer has a snooth
surface. 40. depesitieg hdiclegfic tdyai;m 37 wherein at |east one of said first and
second netal seed |ayers are selected fromthe group consisting of copper,
-al um num gol ﬂ)msjgla\t&hchihuﬂﬂﬂle%%uﬁrlg{g@nt alum nitride. -17 41. The nethod
of claim40 wherein said netal seed 1ayers are deposited by a process

sel ect ed fronfdeAReGHRD S&gqgékt%@zeo{idgé{gc %géf%{%gi\p@g?%ﬁlegﬁ%%g tion), CVD

(Chemi cal Vapor posi tion)’ Atomc yer and ECP

(Electro mem%gitﬁégﬁ%%.saiﬁ%ené nmet hod of formng the |layout for an upper
| evel of netall'ization 1n a semconductor wth reduced damage to a | ower

| evel of netallization conprising the steps of: providing a substrate
having a_surface, said surface including a top surface of said | ower |[evel

of net al PPzat Termetbednfictaim Saifurtieo venprishyeformihg aBkele} lag@tdverthWiidmhea oft Op
| ayer deposited to a thickness of |ess
said trench prior to forming said seed layer.

37.  The method of claim 36 wherein said barrier layer includes at leﬁst one of the materials

selected from the group consisting of Ta, TaN, Ti, TiN, and combinations thereof. |

38.  The method of claim 37 wherein said step of forming a metal seed layer comprises the

step of forming a first metal seed layer and then forming a second mefal seed layer over said first

seed layer.

39. - The method of claim 38 wherein the surface of said second métal seed layer has a smooth

surface.

40.  The method of claim 37 wherein at least one of said first and second metal seed layers are

selected from the group consisting of copper, aluminum, gold, silver, fungsten and tantalum

nifride.
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t han 300A over said surface; formng a patterned | ayer of dielectric over
said etch.stop |layer according to a patterned |ayer of resist on said
dielectric layer, said patterned dielectric |layer defining said |ayout for
an upper level of netallization, and said | ayout including at |east one
area where said etch stop layer is exposed; and renoving said patterned
resi st and sai d exposed etch stop |ayer to expose, substantially damage

free, @lpor Themetibd satlaint Apwhdteihaga nofal SeddayeRWRE ddpsiieh b9h pRREG! | i zati on.
43. A nmethod of form ng an upper level of nmetallization in a sem conductor

devi ce sledtbd fro@dbe@euriesmBgiadoF Py %fna!\pdégg D%osi@%%ﬁé%}al?%gf I sing

the steps of. providing a substrate havin top s surface

def i ni mgpsatich)l AMBY, : [ QN ' id | ower |evel of
netalIizgtion)mﬁth(%&§¥§%m$%§gﬁ&%é€%§§?§g93%b§@¥ﬁ%%%ﬁg?§m8¥9Iess t han 300A
over said top surface; depositing a |layer of inter-nmetal dielectric (1MD)
over s%'gd storg. | ayer; -18 depositing and patterning a | ayer of resist to
defi ne*& pat'testhedotfamming thelayent for pmymner Isvelof oivtaigatian id alsemizondikior MD t 0
renove material according to said mask, said rempved material defining the
| ayout Withrediped dpasselte ¢ diweptevalptfahdtilimtim oqmyristhgshd degsagout i ncl udi ng” at

| east one area where said |ayer of |MDis conpletely etched through to

- expose sai dpswvoling aspbstrate kaving arfaed, shid atrf2es HRMJIME2itsH sudRek Sahid 18wRosed
stop layer; and
level of metallization,

capping said lower level of metallization with a stop layer deposited to a thickness of less
than 3004 over said surface;

forming a patterned layer of dielectric over said etch stop layer according to a patterned
layer of resist on said dielectric layer, said patterned dielectric layer defining said layout for an
upper levgl of metallization, and said layout including at least one area where said etch stop layer
is exposed; and

removing said patterned resist and said exposed etch stop layer to expose, substantially

damage free, a portion of said top surface of said lower level of metallization.

43. A method of forming an upper level of metallization in a semiconductor device with

reduced damage to a lower level of metallization comprising the steps of:

providing a substrate having a top surface, said top surface defining said lower level of

metallization;

capping said lower level of metallization with a stop layer deposited to a thickness of less

than 300A over said top surface;

depositing a layer of inter-metal dielectric (IMD) over said stop.layer;
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filling said |layout etched in said M layer with netal to form said upper
| ayer of netallization.

depositing and }::)atteming a layer of resist to define a pattemed mask over said layer of
v
etching said layer of IMD to remove material according to said mask, said removed
material defining the layout for an upper level of metallization, and said layout including at least
one area where said layer of IMD is completely etched through to expose said stop layer;
removing said pafterned resist and said exposed stop layer; and

filling said layout etched in said IMD layer with metal to form said upper layer of

metallization.
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