A"Seﬁ'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 Application No.

60/ 547, RNomichl riyary 25,2004, entitled A Sem conductor Device
Havi ng a é%nnﬁgﬁggeggggﬁgggéfégl|§§FPB Leyehiod Mytadlization Borhed €vel t h

M ni nal Danéﬁfst Ve VL BabPagmagenEe Abd, Firstfiievial Zop] Mhob@n i S her eby
i ncorporated herein by reference. TECHNI CAL FI ELD This invention rel ates

general ly to Shiviapplivdtie! QiR HIRORSSHING e.particul arl 0 _a net hod
of fornming a second | evel of netall ngt'?gﬂo‘gﬁé?ﬂg‘gﬂ]fc glpgﬁfg %@fﬁ‘i%ﬁ?%vel of

et al | filzébth Bebruash 24) 2000 kReq 32EBLE he first .level resulting from
openi ng a diel e%qt[ri c used toggatte?%&fﬁéﬁegg%%ﬁﬂng %gg%@déﬁm@%wm As is

vel | Kiemni-bionthaser ki in_t rt. a.continuing goal in manufacturing
and product i on gfﬁgds%‘%%g% uﬂéepglrwmﬂ?@@&@ﬁg%ﬁql 5t Levelfand diglamient s and

Ci I CUI S -4H38 ; current result of an increase in the nunber of .
circuits and/ or cilsr}%gﬁ%ymecf’?r?% LGB RY Hferengeansi st or s, capacitors, etc.,

on a single sem conductor device. This relentless and successf ul
reduction in size of the circuit elenents has al so required reduction in
the siZERNIGHeFIESBAJuctive |ines connecting devices and ci.rcuits. In the
past, alumi num was used as the netal interconnect |ines and silicon oxide

as the diel egific,. However, newer manufacturing techniques now favor
copper as the mgk.tgflent?og\rﬁglates Eeﬂﬁfayl\ﬁ’ to semiconductor processing, and more particularly

0 a method of forming a second level of metallization tﬁat-contéi:ts a first level of metallization

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

second level,

“BACKGROUND

As 1s well known by those skilled in the art, a continuing goal in manufacturing and
production qf semiconductors is a reduction.in size of components and circuits with the
- concurrent result of an increase in the nun-1ber c;f cﬁcuits and/or circuit elements sﬁch as
fransistors, eapacitgrs, efc., ona single-ssmjconduc‘ggr device. This relentless -and‘ succes#ﬁﬂ |
reduction in size of the circuit elements has also Iﬁéuired réductiou in the size; of the conduétive

lines connecting devices and circuits.

In the past, aluminum was used as the metal interconnect lines and silicon oxide as:
the dielectric. However, newer manufacturing techniques now favor copper as the metal for
interconnect lines and various Jow K materials {organic and morgaﬁc) are favored as the
dielectric material. Not surprisingly, these material changes have required changes in the
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interconnect 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 nethods. 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
technique of formng the netal interconnect |ines has experienced

si gnidrb&ash w.wher e |um num jnterconnects coul d be

f or rre% by d%?ggﬁg‘? fllapg a%rbecoafus%?ﬁﬁ?ﬁ U @1 pRkinE cenpagridivot diesi st

lith teching.to | eave a desired pattern of alumnumlines, the
f.or naqtﬁl{%ﬁgg?mg 'p%)zer gax?aﬁg é?@’t‘?ﬁ?@?f anq/prediclggie mpiptielathe (echoquead finnig pr ocess
now Ctﬁén}ﬁﬁ‘l%xtér@cﬁ err@% to as a Danascene process. The Danascene process is
al most the T everssdfeshas srpmioneadsianifignt changes el amelyr witetns alveanal or Vi a
i's C'*L{we %tch d odbrc%?erwi se.fornmed in the underlying dielectric and is
then TiTleg T pared(ty depositegpplaryr. of TheriDanasoeae:pREE6RBAS al | oned
even . further reduction in the size of interconnect lines and the space
bet weBCS Y sk fideng tpilspae 2 deited prierabehlymims; lides, tﬁepﬁﬁﬁad@,gb\ﬂ@@%er
interconnecting |ines has decreased, the line-to-line capacitanhce has

i ncr dAsqnnestlings srepipiatliviormedisy chmbge nbw cﬂﬁhﬁﬁﬁfr%ﬁn&ﬂg ELEE PLEsslng steps
has resulted in a new set of manufacturing chall enges. For exanpl e, '
pat t &Fofiesiy Theddamnastrinn grooks islhielogahe kéveksd¥ EEicHifAbng ﬁt&Bf}%EaEe% and surrounds a
Vi a ig};&gr connecting an upper or second netallization"layer to ﬁh’l ower

met alchiet gt viens ¢wveedhed ancthties fHoeRENV LA $ieSiiSt. QL har k,by the
typi cal . "ashi ng" process often resul%é&%aﬁﬂ%g%gl?%%@ggﬁgwghe df’%ht he top
. sur f agéeldf.c.;doppeppper of the lower netallization at :

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

Interconnecting lines has.decreased, the line-to-line capacitance hés increased,

As stated above, the change in materials and processing steps has resulted in a new
set of manufacturing challenges, For exampie, patterning ami etching the dielectric layer that
supports and surrounds a via interconnecting an upper or second metallization iéyer to a lower
metailization level, and then removing the resist or hard xﬁask by the typical .“;shing” process
) often results in considerable dazﬁage to the tdp 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 somme adjustments.



the point of the interconnection. This danage may result in decreased
yields, and therefore, etching techniques and the nethod of renoval of
resi st nédddMs'dhe OkdiHIs IMEENSION 2 SUMVARY OF THE | NVENTI ON These and ot her
probl ens are generally solved or circunvented, and technical advantages

are general ly achy enbodi nents _of .th resent invention I ch
provi de senicongh%%ggdg%@f%@gg%ﬁaﬁﬁﬁPﬁB@%mﬁ$gwﬁﬁﬁﬁﬁyﬁﬁ%§dﬁﬁﬁﬁ@ngg

sem conduct or devi ces ving an. upper. level of netallization i

i ntercon ,?@X?%%Eeﬁ 81'6&6}1?55@* a hg‘?)’é'?l bBFI%B@‘.ﬂé‘FFt? Phthe fresenbapverion, wbigharerder ¢
processes, the processes of the present invention provide for the

P nt er conremicoBdioE diEess axanetliess of Bpenicimngbe pmicoadicion desiees having aml
damage to the lower netallization level. In a first aspect, there is
provi ded w@pHdetebal metallisrigandsisregnestesidnn dorrtdercbe! metallizationeUnldefthayprivg ast
metal | ization | ayer which results in said netallization |ayer being
subst ant ingbdesses, itlaeeprodessed afithggrasentpmiestiorgprotide &t épSnwefconeatign Rgwadhnake two

- surface of said sem conductor structure that defines said netallization

| ayer wi tléweds dfinietalitatipn hathaninined dm@bge tb e Ibvermset0patioadercl.i s mul ti | ayer ed;
formng a layer of dielectric over said |layer of thin stop, said |ayer of

di el ectric defnifg adbect RS is PRI SRRBELL eésgngakam%ﬁaab%ﬁtg%s

exposed; and renoving said exposed thin stop |layer to expose

surface dffisiag smeilahiidzlagd: omidhaysls Waiid metglizamlgirpbdial dupsthiias, g famge.
In a second aspect, there is provided a nethod of formng a |ayout for an
upper | evamagesbmprsing the steps oh cippim asemsucfocedi etidsemidontiucios ncemek thadefest 0 a
| ower level of metallization conprising the steps of. providing a

subst r at 4 giiaflgatondayer witha thinssiop layer mhesin the tingiondayar is spltilayered;
forming a layer of diclectric over said layer of thin stop, said layer of dielectric defining at least
onc arca 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.

In a second aspect, there is provided a method of forming a layout for an upper level
of metallization in a semiconductor with reduced damage to a lower level of metallization
comprising the steps of: providing a substrate having a surface, said surface including a top
surface of 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 surface, wherein the stop layer
is multilayered; 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 level 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.
In a third aspect, there is provided a method of forming an upper level of metallization
in a semiconductor device with reduced damage to a Jower level of metallization comprising
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surface of said |lower level of netallization; capping said |ower |evel of
netallization wwth a stop | ayer deposited to a thickness of |ess than
300A over said surface, wherein the stop layer is multilayered; formng a
patterned | ayer of dielectric over said etch stop |layer according to a
patterned | ayer of resist on said dielectric layer, said patterned

di el ect r ithe $eRF: providmevysubairate hpgipe attop surfacs, sabtop suefeed degining said

metal | i zation, and said | ayout including at |east one area where said

et ch st ogowerdeyeliof meigdbentign; camgingesaisMowgr Eatlofpactalizatin wigsa stopaadr sai d
exposed etch _stop |ayer to expose, substantially damage free, a portion
of said tdsposigd tae thiekncsupfdes 300daivensaid roptsatfaie atheoin tHerstap lapérr d
aspect, there is provided a nethod of form ng an upper |evel of

met al | i zas imgHilayeredh depositiaraliageror! ievetal widlévtrie diyde)oadassd stopdayr] ower

| evel of netallization conprising -3 the steps of. providing a substrate
havi ng a deppsitsng dnalgeftenangia laypr afiesiside debhé apaitersad wask owesail ¢éavet oOf

nmetal | i zation; capping said | ower level of netallization with a stop |ayer
deposi t edIMB; etching skiddeer of IMPste rethave Ba@riAl averdimaiodalidopaskysdidegnovatier ei n
the stop layer is nultilayered; depositing a |layer of inter-netal

di el ect r i maietiMBDiefioingra lapoud fat apupiperyleve! of degtadkizdtion gargindiddaydug imilwngat ayer
of resist to define a patterned nask over said |ayer of |MD;, etching said
| ayer of leMDohearce e suidt kyerdf [MID v cinngetely aetied theih tsaipdsd QD
material defining a | ayout for an upper level of netallization, and said

| ayout i najerdiragoeihg shidpatterna@raiseanddutd ex@aedistbpyser; ahd [N §ai@%33i@hﬁt ely
etched through to expose said stop |ayer; renoving said patterned resi st
and sai d exlpdiadaidtivD lagyewith avtalfto Fdrir@idaprbr 1:3¥Ob metallization.

In accordance with an embodiment disclosed herein, the method provides a substrate
having a top surface that defines and surrounds the lower level of metallization, which is
typically made of copper. A thin layer of stop material is then deposited by any suitable
method such as CVD (Chemical Vapor Deposition), PVD (Plasma Vapor Deposition), ALD

- (Atomic Layer Deposition) and lon Beam Deposition. As used herein, the term "thin" is
defined to include layers of about 300A and less. A 100A thickness of SiC (Silicon Carbide)
has been found to be particularly effectivé. Other suitable materials include SiCN, SiCOQ, SiN,
Si0, and SiOCH. Further, the layer of stop material may comprise two or more layers of
diﬂ'erent 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 using the patterned resist 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 paiterned 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

-3~



etched in said | MD | ayer with nmetal to formsaid upper |ayer of

metal lization. In accordance with an enbodi nent discl osed herein, the

nmet hod provides a substrate having a top surface that defines and
surrounds the | ower |evel of netallization, which is typically made of
copper. A thin layer of stop material is then deposited by any suitable
nmet hod such as CVD (Chemcal Vapor Deposition), PVD (Pl asnma Vapor

Deposid @R) L m c Layer Deposition), and |on Beam Deposition. As
used herein.r’ e?h‘g 1?’&?%9“%?%“ ofer “&Ea? FW@]HG%ISit]i‘@ldﬁléi@ﬁ?fb@ﬂéhfs‘fl@ﬁndaiﬂmt 300A
and Igﬁ@%bjyechtthi ness of SIC (Silicon Carbide) has been found to be
parti cul ar Iy erf eBtPvEnBCHGPIewst $8-e material s include SiCN, SiCO SiN,
SiO and SiOCH Further, the |ayer of stop material may conprise two or
more | ayers oThe thdebBipnt c@Nas] Rfhet BRaBY iRl b S adk ayer.. of 1 MD
(inter-netal dielectric) is then depgs?te o%gwdﬁédhﬁklglnad&%ﬁ%?%@er and a
| ayer thofprésestistentisn ih@aeA8R96d dagi-aNgpat d.over the . |ayer of IM to
define a nmask. The layer of IMDIs etccﬁ1 (gfl;&sfl}ﬁ%mﬁ@%g}af@}lﬂ‘g%m%@? st as a

mask b&teg BnddddboE - he nd vi.as e etched into the
| MD. The et chedoﬁgg%ﬁ%gfeémﬁf% aﬁlé ﬁ%{aﬁ{dlléesacfsfﬁeelﬁgﬁnu%@% ®fedi s et ched

conpl Bdr8inNad I - and exposes the thin stop layer. The
patterned rersikg%tglfagEl ?%e%%egﬁ%ﬁfel%c é’ﬁl%]'edgﬁ“ﬂ@n' Loshoulbes apprsciefodby unl i ke

pri or rat. S ving the thin stop_ |ayer capping the | ower |evel
of co%lgg{ §1%12% '%g% %C%%:%? ?‘?%@?P‘%aflﬂ&ﬂc‘é&a?&%hoﬁﬁne@k@%%@eélmgerea@w to the

COpPPeL5Ay ! r.of copper or other netal conductor is then deposited in
t he S{i alzéﬁég %E%Sésrffm 5’6@&{’%& 85 dgs{guingothes siractireparmetsese foycargssos tiep.
- same purposes of the present invention. It should also be realiged 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;



the for egoi ng has outlined rather broadly the features and techni cal
advant ages of the present invention in order that the detailed
description of the invention that follows may be better understood.
Addi ti onal features and advantages of the invention will be described
herein Ich. ubject of the clains of the invention. It
shoul d%@gﬁggﬁigﬁéqﬁ%&%ﬁqﬁ ed in the art that the conception.
and specific enbodi nent disclosed nay be readily wutilized as a basis for
modi fying or  dBsiagni o B undtbUELiHE SSMObreRl? [Qmsallylng out the
same purposes of the present inventi%n. I#res@o%%%ﬁﬂg’?‘s%n%ﬁge?@éﬁaﬁ by
those shdrtdig@feteicd R mddb el the FURREIMLYal.ent constructions do not depart
fromthe spirit and scépbae of Fh@@r{ﬁv@%ﬂ%ﬁf’a S o8NP Rctqn e appended
cl ai ms.acccn ; d@%ﬁ%%‘ﬁic N\ OF THE DRAW NGS For a nore conpl ete
~under st anding of the“presént invention, and the advantages thereof
reference is now made to the follow ng descriptions taken in conjunction
with the accofipansiifighaicaniprior art membi 6HprotitiSe aliick kalp?ﬁig{l@%e‘?%v@r PLLYL art
met hod of providing a thick capping |ayer over a | owe evel of ‘copper
foll omé@’ebﬁ;fcappetMﬁom&ayamndbaamhﬁ@gmn{egﬁsﬁla gyer; FIG IBillustrates
t he damaged | ower |evel copper layer of netallization that results from
prior art ret f..etching.the IMD |l ayer.and renoving the patterned
resist by an hﬁg};ﬂngﬁ%“mﬂ%@@@a@d@mdwd capet layasf natadlization fior retion of
a seco%%ml evel of netallization over a first _

: prior art methqd_s Of etching the IMD Iayer and removing the patterned resist by an

“ashing” process;

FIGs. 2A —2F illustrate the formation of a second level of meta]ﬂizatilon over a first
level metallization on a semiconductor device ac.cord;ing to ﬁle methods that reduce dﬁmage o -
the lower level as taught by ﬂ_le present invention; and

PIGs. 3A — 3B show a flow chart lustrating the process steps of the present

nvention. -



Level netallization on a seniconductor device according to the nethods
that reduce danage to the |lower |evel as taught by the present invention;
and FIGS. 3A - 3B show a flow chart illustrating the process steps of the
present invention. _5 DETAILED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS
The making and using of the presently preferred enbodi ments are discussed
in detail below. It should be appreciated, however, that the present

i nvention provides many applicable inventive concepts that can be

mbodDEUAI ' ' ts. Th i fi mbodi nent
enbo Eﬁmmmmq$9§t¢%p§@§3gﬂ§gw@s e specific enbodinents

di scussed are nerely I S to make and use the
“invention, and do not limt the scope of the invention. Referring nowto

FI G | A~ t herldcimnkiizgnnd vaing ppilearospitlyqretairéd SEIHIGARANEL Al ldiye fyLe
i nclyding a substrate 10 having a first |ayer of non-conéuctive or

~ di el SIPY-cli geaudd badppi@ismidhawevet, 8 theQRGeRQRAMEL %li%a,ﬁg%gngﬁgeargggcgﬁgct r egi on
e dppfe

14, such as copper netallization or lines. It sho ted that

the tBYFHizebetcrpts thal Cnas enfRdic ek £t SPLES: Of, more. | ayers of
vari ous semi conductor devices including ?%te#%%ﬁﬁ%gﬁgﬁﬁqﬁ%?g?$ﬁ%ation

| ay eresabodinusits diftfisde b0 m&HRSIEAaBvd 5f shil; o_be broadly interpreted.
Furt her; according to tnﬁe %?i or gﬁéﬁ%&?&;&%&& 813*2{3 fulf{‘fsﬁ CHgEnlEe hi ck

cappiang dbayelimit &e sBbe A8y {ﬁﬁph_s;op'or_diffusion over the conductive
regions 14 of a material such as silicon.nitride '
Referring now to FIG. 1A, there is shown 2 typical prior art semiconductor structure
3 3o including a substrate 10 having a first layer of non-conductive or diclectric material 12 and at
least one conductive or interconnect region 14, such as copper metallization or lines. It should
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.

-/}~ Further; according to the pﬁor 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 lay?er of metallization is to be formed over the first layer of dielectric material 12
- @d first -metalhzation"14. Capping layer 16 is typically deposited to 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) ié then deposited 6ver 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 trencheé for interconnéct lines and at least one via in the second l.ayer or
IMD layer 18 that will comprise the second or upper level of metallization. The patterned resist

20 is then used as a hard mask to etch the pattern or layout of the second level of metallization in
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i.f-stitl another layer of netallization is to be fornmed over the first

| ayer of dielectric material 12 and first netallization 14. Capping | ayer

16 is typically deposited to a thickness substantially greater than 300

A As l.ayer,of .dielectric 18, commonly referred to as an ILD

(I nter E%%?D : eélrlgeélﬁhf ,ng?XaFWE?’ Ve Paet eftedicemaletaly fiyough thewdisledsposi t ed
over tt’ig étr%ck ca intg &éer 16. A layer of resist 20, such as a

~ phot or e &S 174 35 [diralaL by diesherieg wrss-hafeh povbon 24 efftha BMBridyesd6t baed t o

-defi ne %ﬁert%res such as trenches for interconnect lines and at |east one
via i n FHEDSSEEHHaY Ry addhe tish Brpiagdaven 8 atiee botioti ofotal isskertthgicsgcond or -
upper |evel of netallization. The patterned resist 20 is then used as a
hard ne€ROYE bt aetpxidadonrapdess o advigh mypputitund cdnbeord e ednesd 8\ hn Ofshing”
metallization in the |lviD layer 18, including for exanple, via 52 that is
et ched REepmst astieyil kivvoulgtthtdealidicd ket EiC The @eﬁﬁpes,liﬁdmﬁﬁgvﬁ%zi‘d&ﬂhg@ﬁed by

t he shatgegbégrloss-hg;ctg@pogdi@%n 24 of tv|he | MD l.ayer 18. The patterned

resi st thaidp 1a@r afdretthe fllbdoktCagmidRdive Y g 22 1is
then typically renoved by an oxidation pr oc%%sﬁg?ﬁdgﬁh?g%?éeph%%%’?%re
comoninow ©fREGr B8 ahOasBgillalo Rk ki il |__known by .those
skilled in the ?t. The apertﬁ%gﬂsé,giatieﬁgpggﬁﬁg Vi aﬁ%@éfopﬁx%g?ﬁg%&ﬁAD

| Yieloati . i S Y 3R | h pper.. Ho )
| By MBeleanelihon s kSt e SOACHELKS IR ncBl 35 oROBRE, o101V e"

ski | | ediaidaed RBHAK, ! qr._etching th i.el ectric |l ayer 18 and the
aski ng prO(g:ess st°28‘ér ?g%ggtgg G@Sg\g%st%fvfﬂeoﬁch@ﬁﬁa‘go? b %%ﬁ%"t“ﬁ‘nt'ﬁ'h&ﬂdaﬂwﬂﬁage
to the a8 6 _0of .the co r. first | evel of metallization 14 as
- shown. tTﬁci&’sﬁg%%rage %’trg té%agﬁ?ﬁaﬁ 9g REPClR & GPRPET teprunssHomesdtnt Ga y

“eont actyst@a er. interconnect forned by via 22 filling between the
first of l o%&ewge\]}e E%Ft ?‘ﬁ‘?rﬁ?‘?é‘é’ Braizationd 4nd @ senead o upppydevel efvel  of
metal | itﬁ&ﬁlijga ion : : C :

Referﬁng. now to FIGs. 2A — 2F and FIGs. 5A and 3B, tﬁae is ﬂlustraxed a process
for eliminating or sﬁbstantia]ly reducing such daﬁ:age to the intércpnnect i)etwecn an uf)per and a’
lower level of métalliza-tioxlx.. Elemenfs of FIGs. ZA — OF that are the same as elements in FIG#. |
1A and 1B carry the same reference numbers. As is well known by thc.;se sicilled i the m, and
as was discussed above, the use of the ngasccné process and the use of metais su&i as'coppér

' .as'thé nterconmecting layers has created various new proﬁléiﬁs not expcn'er-xcedl with the olde-r.

etched_ alpminum process for formiug a metaliiiatioﬁ llayer. Fof example, still another problem |
experienced when the conducting orAinterconnecting lines 14.are %nadé of 00ppér orf copper
containing materials, is that the copper may diffuse into the surrounding non-conductive |
dielectric or substrate areas 12 if steps are not taken to prevent such diffusion. Thus, as shown in

FIG. ZA, there may also be included a barrier layer 28, which stops or hinders the diffusion of

o



Referring nowto FIGs. 2A - 2F and FIGs. 3A and 3B, there is illustrated a

process for elimnating. or substantially reducing such damage to the

i nt erconnect between an upper and a |ower level of netallization.

El ements of FIGs. 2A - 2F that are the sane as elenments in FIGS. 1A and

1B carry the same reference nunbers. As is well known by those skilled in

the art, and as was discussed above, the use of the Damascene process and
as the interconnecting | ayers has

the yge : s _such as .copper . ) _

creat edq%%?]ir%%gh% \?\C#ep?oé’B?ré “RECCERG P dh dale theistrountisg oblesnduetiehed

al um g rocess for formng a netallization |ayer. For exanple, stil

anot r?gérfgg&?%%?rg‘ﬁ?s %f%?%é@%lwwaﬁ%@- o%ﬁfdbﬂeﬁ)hmér loyers art erclidnowstd g | i nes
14. are d f ' copper or copper containing materials, is that the copper
may ﬁf@gg%"%i‘d%‘t fr eranrlg Plﬁlbjﬂﬁcﬁ@i@lmh -Tebr(thatAiany eitridt), &l egitiiin) Sid sMbst r at e
areas.12 if | s are not taken to prevent such diffusion. Thus, as shown

ste :
in @Wﬁ}%g?@ Yesipuatospitpgionnief thekednd othar mitefiald, apRk, Widn B b&HeSt OPS or
hi nders the diffusion of 7 the copper ions fromthe copper interconnecting

stri pAYPB2E msotifed, diffusiourdihegopen-1¢ autd det sumBundetisehR61ald 16 sBRLA iﬁp? or
regions 12 of the substrate 10. Suitable barrier layers are well known in
the sehstangindy elivolne@d, for exanple only, Ta (tantalum), TaN (tantal um
nitride), Ti (titanium) and TiN (titaniumnitride) and various
conbi nat i onngltthet hlfse and. other materjals. Thus, when this barrier |ayer
28 i's provided, @i PR ATGREErRYS o Biskide aislepstpre metal ssastlrpuddi ng materi al s
IS S'A?M@Q i f .nglt SLibSt antially elimnated. Further, it is often
advahtsy ueh asinple seed laver maybg lery rreptgferabile etmitue dnte de@Bit a fdttdhaagh a
“8i ng| e@eedﬁa% maybe sufficient, a preferable technique is to deposit a
fir st CRadEf 30a, which may be substantiaily non-conformal to the trenches suppotting metal 14. .

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

smooth surfaces. It is not even necessary, however, that bofh of the seed layers be made of the

same material. As an example, either one or both of the seed layers may be selected from such

materials as Cu (Copper), Al (Aluminum), Ag (Silver), Au (Gold), W (T ungsten) and 'I‘aN

(Tantalom Nitride). Likewise, both the first and second seed layers may be deposited by the

same depositioh method or & different method. as apinropﬁate. Suitable methods include PVD.
. (Plasma Vapor Deposifion), CVD (Chemical Vapor Deposition) ALD (Atomic Layc;,r Depositionj
S and/or ECP (Electro Chemical Pmcess). The apertures, trenches and vias are then filled with the

metallization (such as copper for eﬁamﬁle).

_ Then according to the present invention, instead of a thick capping layer (greatér
than 300A) as was used in fhe prigr art, a thin (Iéss than SOOA) stop layer 32 is deposited as an
etch stop or ‘di_ﬁilg_ion s_top. Preferably, stop layer 32 is dgposjted fo a thickness of about 1004,
The stop layers may be organic or inorganic and suitable materials for use as stop layer 32 may

be metal or non-metal and include silicon, nitrogen, carbon, oxygen and/or hydro geﬁ containi ¢ N
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seed | ayer 30a, which may be substantially non-conformal to the trenches
supporting netal 14. Metal seed layer 30a is then followed by a second
seed | ayer 30b that provides substantially snooth surfaces. It is not
even necessary, however, that both of the seed layers be made of the same

mat er | afPAeHals 5prheas S ISECNSHIORe KN 1860 BiOt Mmdafind b
Hp i BHSRAL: ﬂl%)éﬁ&%gﬁ?%bﬁrv er).

selected fromsuch materials as Cu (Copper), A (Alumnu

Au (Gol 8 Wilhke(apamgetee hy thaselsidiaN in (EaiRt flouih Mo bﬁéﬁf«‘%]z mlag %g%gq%yo dt h the

first and second seed | ayers may be deposited by t

met hod @positadiif frerethin oretshplindabe ARPLORRAL met hods i ncl ude
PVD. (Pl.asma Vapor Deposition), CVD ( uem%ﬁé@apeo%d%%(g i ALD

(At om cmbtEyds. DEpbRirkdia) & o = Chem c Process The
‘apertures, trenches and vias gée théﬁ;lgﬁ%ﬁg%]a%lﬂayteﬁ selrsied pyifablg i on. (such

as coppmateﬁﬂkugmggb@)) (PERSA in o the pr ent_invention, instead
of a thick capping Iayer (grea poﬁl 1k {Chegaigal Mapehe pri or

art, a b&ideitich §Ccrsg1 32 |s dep05|ted as an etch stop
or di ffuipl on s)ﬁgp P er a@IAtO §F“8¥er 8?“1%@Hr%ceﬁfea@d@tl@ld%m@epdmmdmess

of aboui, 0 be organic or inorganic and suitable
nat er i ;JII; géeggﬁ%fggpglg %lP 36737 é%ergggl’ﬁ!ﬁ}}"m Alrpdemperaurafibetveteabbandopne! ude
silicong, rggéer(%g carbon, oxygen and/or hydrogen containing 8 materials
such as g CN SicO SiN, SO SiOCH and other carbon-1ike materials.
Further, as will be appreciated by those skilled in the art, the thin

stop Iayer 32 mfenﬁ}%ﬂmtblm@yﬁqge@,ﬂfﬁ t.e t han _one st ep,
and the various nultilayers nmay be f%?‘gé}?ézrﬁgoyﬁwtﬁggp’gl ‘{gfﬁ?sé‘ilqlaq)fsﬂ

_'Sui t abldeclemttidnes 1 1080 i I i thin | ayer of sel ected
"‘Sw tabl e de: 18R optrke! d%"%cslhyfg 18 i covered v a resist, whi\c/:h 15 pattcmed to

deﬁne apertures such as trenches and vias in the IMD 1aycr 18 Dependmg on the selected
Damascene process, dielectric layer 18 may be compnsed ofa fn‘st 1ayer such as IMD (inter-

metal dielectric) layer 18a, an etch stop layer 19 and a second dlelectnc layer 18h.

For example only, refcmng again to FIG. ZB a first layer of resist 343; 18 pattemcd to
define apertures or trenches 36 and 38 on the t0p of IMD layer 18b. It should be noted that
| trench 38 is located d]:ecﬂy above copper hne 14. The trenches 36 and 38 are then etched
through dwlectnc layer 18b down to etch stop layer 19 and the first layer of resist 34a Is stnp;)ed
as shown m FIG. 2C 'I‘hf:n, accordmg fo one embodmlcnt of the mvention, a second layer of
resist 34b is deposned over the TMD 1aycr 18b, Whmh ﬁlls the etched trenches 36 and 38. The
second layer of resist 34b 1s then patterned to deﬁne the Iocanon of at Ieast one mterconnect via
as shown in FIG. 2D. Layer 18a is then further etched such that via 38a exiends completely |
through the IMD layer 18b and dlelectnc Iayer 18a After the etchmg 1s complete, the resist

layer 34b and thc exposed portion 40 of the thin stop layer or capping layer 32 is stnpped and/or
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materials include a PVD (Pl asma Vapor Deposition) process, a CvD (Chem cal
Vapor Deposition) process, and ALD (Atom c Layer Deposition) process and
an |l on Beam Deposition process. Further, the thin layer is preferably
deposited at a tenperature of between about 200 C and 500 C. Referring
nowto FIG 2B, the thin stop layer 32 is followed by the deposition of a
dielectric layer 18 after which the dielectric layer 18 is covered by a

r esi stmoWi. ey 2 PR E t.0 define apertures such as trenches and vias

in the ]MD Iayera18 d%%gn Fﬁﬁp%%dfwgl W%Eﬂ@ﬁﬁyﬁﬁﬁ§§@@ﬁ@@pﬁ®e§ss,

di el egbdicE ul 8.may.b rised of a first |ayer, such as IMD (inter-
net alqﬁdi el ec?'?s)r&?ll é Sg%'%{ Higrz&?(%gﬁ Tk dRpataghtongjet thigpairtdhat twdopndfack el ectri c

| ayerg example only, referring again to FIG 2B, a first |ayer of
resi st ]%E{a{pﬂlé gia gt f‘%?ﬁ%fwge%sr PaFeTehiathairios ag pracreac MBS tR6chanss ag on t he

top af | a 18h. It should be noted that trench 38 is |ocated
dir e?’tg 1%‘@560‘{}%?%%%51@@1%%@.& mrpfal suplersciopperd asndliBBtoahedidnen et ched

through dielectric |ayer 18b down to etch stop layer 19 and the first
| ayer” ‘Gt RE PEICes4q praslueg the spedureas FEh@Bn in FIG 2C. Then, according to
one enbodi nent of the invention, a second |ayer of resist 34bis

X

38. The second |ayer of resrst _ )

o0 ol s S o ARl L B RS a8 ptnhtionh { he-
b BB A S 1 L e S L L ot

¢ appb%eﬂt%ﬁtiér% ais%piag)[air By ggvigg g/th?cr:knesgs of less than 3004 is deposited over the

combination dielectric 12 and Fnetallization layer 14 as shown by process step 44 and will serve

as a stop layer. The IMD or ILD layer 18 is then depoéiﬁed according to process step 46,

followed by the depositidn and patterning of a resist layér 20, as shown at step 48. The IMD

.Iayer 18 is then etched (step 50) and thé 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 showﬁ
) at step 42 of FIG. 3A. As-A'shoWn, a first dielectric layer is depc-)sit.ed over.the substrate as shown |
‘at step 56. ‘Then, ina maﬁner well know by thbse skilled in the art, a trench for the metallization
layer is formed as indicated at step 58. A bartier layef 28, such as tantz;lum nitride, is ﬂllen
deposited over the sidéé and bottom.o'f the t;ench as indicated at stép 60. The barﬁer layer 28 is
then followed bya se;ed layer 30, which may be comprised ofa ﬁrst.seed layer and a second seed
- layer as indicated by step 62. Finally, ﬁ suitable metaL.sﬁch as copp.ex, alumix—m.m,. gold, sﬁver,

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

-10-



removed. Removal of the resist and exposed stop layer is typically by the
asking process to produce the structure . shown in FIG 2E It is inportant
to note at this point that the top surface 26 of copper layer 14 is not

damaged as occdMaredber, thetsbepepifitias praseht pHOEAREOSnot Thdbd BNESitfand 38
and the via 38a are then filled with a netal such as copper 40 according

to the pharadular EhMmﬂeom@pﬁ@@ss;@a&ﬁ@%ﬁ&lﬁaﬁresr;om%hﬂaﬁo%a@rQﬁeeﬁ]'s:-
i thé ptocess

Referring to FIG 3A there is illustrated a flow di agramo

of the pr@s@nhd stepy@BIIHOM; ' d i pubstrate 10
havi ng a di el ec?r?éé I aygdrﬂnﬁtge %ee?{lﬁr%?%gl t%&%iggﬁ%&%&%éﬁﬁfﬁﬁfwﬁyayer
14 is pRYicAedy@s 1SR .42. Then, accordin o the

present ﬁpi(?)n\(/:ent i%ﬁ@a st%pgnglg%?%%nE‘gv\%gtﬁ%%gr%ﬁﬁsgﬁt%@%“% &Clfian 300A is

deposi t t nmhination.dielectric 12 and nmetallization |ayer 14
as shown%éﬂ bﬁ;é/} Igé%scogg%aﬁgfgﬁm}fﬂmgﬁ‘adﬁmoﬁ ‘ftcp§e?li7§3n%¥§mﬁtm§t%}5atﬁaf9élz devihepedAD or -
| LD | ay is then.deposited according to process step 46, followed by
t he depglétl p'ge?fgrﬁn %“%a*aﬁ%ﬁty@}erﬁ%%mcﬂan praghigve slipteptiglly theysamegvest astthst ep 48.
The | MD Ial}/er, 18 is.then _etched (step 50) and the resist and exposed
~ port i on&TSTPORHEE ERpatineypdssaad teteimmay be fibaed dotoydingi the hicagt prentias
i ndi cated a tep 52. Finally, the trenches and vias are filled with a
met al , SHEHARY: dapirernded slagpown infended tapinslde witign 18R scbpeusith proesssaet ai | s
conprising.the steps for providing the substrate 10 showmn at .step 42 of
FI G 3Amagges wofachrd, corgpositioab efiattar, eyt methoddpasipked over the
substrate as shown at step 56. Then, in a manner well know by those
skilled in the art, a trench for the netallization |layer is formed as
~indicated at step 58. A barrier layer 28, such as tantalumnitride, is
t‘'hen deposited over the sides and bottomof the trench as indicated at
step 60. The barrier layer 28 is ‘
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then followed by a seed | ayer 30, which may be conprised of a first seed
| ayer and a second seed |ayer as indicated by step 62. Finally, a
suitable nmetal, such as copper, alum num gold, silver, tungsten or
tantalumnitride, is deposited in the trenches to formthe first |evel of
met VAT 48 CBAIMBDNBY eover, the scope of the present application is not
‘intended to be |limted to the particular enbodi nents of the process;
macHi ne, Avenethadtfor procesamsi s¢nigonducknit steiciurensiefising aredtallimtian daystreps
described ip the specification. As one of ordinary skill in the art wll

r eadfly reéHE? JBiS%eMElAliRRloN: [y ps beiBg $HbsiaRtialn dregr & stamagerspstrising, the
pro%feg)geo?, machi nes, manufacture, conpositions of matter, neans, nethods,
or steps, presently existing or later to be devel oped, that perform
subst anti t SRS i} ' s : esul t
as the ‘c%plrp g}gp%%gi ng g%ﬂ%%l%%@ogggg?f%@ﬂg?@f}n@eﬁ%é %aei& Hﬁ@ﬁ%@ﬂﬁ

acc tayar mith tathinhtoplagsrewhereivibatthia Btop |4¥i0s fiuttlysredt he appended cl ainms are
intended to include within their scope such processes, nachines,

manuf act Upening oarprysr taf aligiedfic myvet erid fayansf thietdtom) ssaid layst e sdielddtritVHAT | S
CLAIMED IS; 1. A nmethod for processing a sem conductor structure defining
a mEEHINY AhlershPneAres whellsi S HWssIPp SYPhisexPesaseead | i zati on | ayer being

substantir%l_nlS free, of d the .,ste

. g £ : "
surf ace dPMEKY SERPIRSRN L0 4t Pt Grerprae Beflitec cLidl instalidront i on
-l ay flyelivhizhds SidstartibRPrddYBiamiieer ein the thin stop layer is mul ti. | ayer ed;

2. the method of claim 1 wherein said step pf forming a léyer of dielectric comprises
forming a patterned layer of dielectric according to a patterned layer of resist, said pattemed
layer of dielectric defining a layout for an upper layer of metalization, and said step of

removing further comprises removing said patterned layer of resist.
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formng a layer of dielectric over said |layer of thin stop, said |ayer of
dielectric defining at | east one area where said thin stop layer is
exposed; and renoving said exposed thin stop | ayer to expose a top surface
of said netallization [|ayer which is substantially free of damage. 2. the
met hod of claim1 wherein said step of formng a | ayer of dielectric
conprises formng a patterned |ayer of dielectric according to a
patterned | ayer of resist, said patterned |ayer of dielectric defining a
| ayout for an upper |ayer of netallization, and said step of renoving
further conprises renmoving said patterned Iayer of resist. -12 3. The

method ofg.claim 1 whgilfod 8t dafisihRhOR ShEMAh &@@g@ﬁghé&%ugg 192 ng t he

t hi ckness of about 100% e net hod o arm

step of fthlbﬂdeggoﬁéﬁcﬁjthébﬂ?m etched in said dielectric layer with a
conductive nmetal, such as copper. 5. The method of claim1 wherein said
thin stop layer is an organic material. 6. The nethod of claiml wherein
said thin stop layer contains a netal. 7. The nmethod of claim1l wherein

idthi p | jal I d
From the 5 oup conareranear seg 7 Efer PR M B TG 2o Tt
conbi nat ig gfﬁ%dtnp%lﬁﬂ[?iecg%c A6 B D eshbesd AL, SudSE Ebphepdi d thin stop

| ayer is oslted

5. . The method of claim 1 wherein said thin stop layer is an organic
matierial.

6. The method of claim 1 wherein said thin stop layer contains a metal.

7. The method of claim 1 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.

W

-8 The method of claim 1 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

lon Beam Deposition.

9. The method of claim 1 wherein said thin stop layer is deposited at a

temperature of between about 200°C and about 5007
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| east one of the processes selected fromthe group consisting of PVD
(Pl asma Vapor Deposition), CVD (Chem cal Vapor Deposition), ALD (Atomc

- Layer Depggition), 18BhethSioR9aM PeGsIIcoRPrisiAg t@f%n&ﬁhg%% QkorG f’?\jﬂagel
I tenp 8 o? et ween

wherein said thin stop layer 1s deposited at a eratur

about ZOQQE%nﬁJSH?Hhct?PQ%ctﬁréP’ 10. The nmethod of claim 1l further conprising
the followng steps for formng said seniconductor structure: depositing

a dielectric |layer; o in said dielectric layer; formng a
netal seed | ayer oggé&{ltﬂﬂgr%fl%'etg{cr?%ﬁ ayer with said trenches; and

depositing a netal fdrﬂ%@raé {?‘eﬁérﬁﬂ%@id ddiectlib thod of claim10 further
r

conprising formng a Irer layer over "the'surface of said trench prior
to formng said se . i _ Al . r.ein_said
barrier layer incl ﬁ%ﬁé@fﬁ\%%é?e%%ge@ebt e(%rrfg ég?iléiegavgﬁkﬁ]%gg@acqersom t he

group consisting o T o Tl . conbi nati ons thereof. 13. The
nmet hod of claim 12%\%@?%‘%&%‘}» Al ’&’Etsa}Tygéaé‘?ﬂg%?hm ng a netal seed |ayer

conprises the step of formng a first netal seed |ayer and then form ng a
second netal seed |ayer over said first seed | ayer.

11. The method of claim 10 further comprising forming a barrier layer over

the surface of said trench prior to forming said seed layer.

12, The rhethod of claim 11 wherein said barrier layer includes at least one
of the materials selected from the group consisting of Ta, TaN, Ti, TiN, and

 combinations thereof.

13. The method of claim 12 wherein said step of forming a metal seed layer
comprises the step of forming a first metal seed layer and then forming a second metél

seed layer over said first seed layer.

14. , " The method of claim 13 wherein the surface of said second metal seéd

layer has a smooth surface.
15. The method of claim 12 wherein at least one of said first and second
metal seed layers are selected from the group consisting of copper, aluminum, gold,

silver, tungsien and tantalum nitride.

16. The method of claim 15 wherein said metal seed layers are deposited

by a process selected from the group consisting of PVD (Plasma Vapor Deposition),

“ha-



w 14. The method of claim 13 wherein the surface of said second netal seed

| ayer has a snmooth surface. 15. The nethod of claim 12 wherein at | east
one of s&@\D {CherhicanthpdeDepekition}] ALD $arthit ByRF Depbsiticy! a¢f EdPiERBIS he

group consi sting of copper, alumnum gold, silver, tungsten and tantal um
nitride. CHemiddieromisbpd of claim 15 wherein said netal seed |layers are
deposited by a process selected fromthe group consisting of PVD (Pl asna
Vapor Deposition), A4 CVD (Chenical Vapor Deposition), ALD (Atom c Layer
Deposition), and ECP (Electro Chemi cal Process). 17. A nethod of formng

a layout for an uppemdiedebr @mire al thjdathbean itppsr 1e58NbCARANCERSA W LD
reduced damage to a lower level of netallization conprising the steps of:

provi di ngemiconliaétopivih hedicas dansald /L8, lohé Rva Wi masIizathUdnisihgl B
surface of said |ower level of netallization; capping said | ower | evel of
metal | i zatdpgiwi th a stop |ayer deposited to a thickness of |ess than
300A over said surface, wherein the stop layer is nultilayered; formng a

patterned | ayer of pehv@dif e bGbsBues hadind SliRasd Aid %Mﬁécc?aﬁﬁfzﬁfdﬂ'j ng 4P 2
patterned | ayer of resist on said dielectric |layer, said patte nedt

~di el ect r sGrfadedf@bidiewvbiteind of AicthilizYient for an upper |evel of
nmetal lization, and said | ayout including at
capping said lower level of metallization with a stop fayer deposited to a
thickness of less than 300A over said surface, whérein the stop Iayér is multilayered;
‘forming a patterned layer of dielectric over said etch stop layer
according to a patterned fayer of resist on said dielectric layer, said patterned dielectric
Iayer.deﬁning said Iayoﬁt for an upper level of metaliization, 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.

18. A method of forming an upper level of metallization in a semiconductor

device with reduced damage to a lower level of metaliization comprising the éteps 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 300 A over said fop surface, wherein the stop layer is
mutilayered;

depositing a layer of inter-metal dieleciric (IMD) over said stop layer;

depositing and patterning a layer of resist to define a patterned mask over said layer of

A5—



| east one area where said etch stop |layer is exposed; and renoving said
patterned resist and said exposed etch stop |layer to expose,

subst ant IMD| gtchiagraaje ldyee of IMD proreniaya rodieral adcardipg $o sdid eeasif saidi d | ower

| evel of netallization. 18. A nethod of form ng an upper. |evel of

met al | i zatrmoredimeateria eefitiog duayamit for dewipper lavel bf methllization amdgaid leyaut] ower

| evel of netallization conprising the steps of: providing a substrate
havi ng airchplirguat leestonesaned wiagpe said flayee otMD isicogpisield etdheddhrougivid  of
metal | i zation; capping said | ower level of netallization with a stop |ayer
deposi t edxpaexaiddivxleparss of | ess than 300 A over said top surface,
wherein the stop layer is nultilayered;, depositing a |ayer of inter-netal
dielectric (IM) oreoviray shidpatterhey essist ade pad iekpospdasiop [aget, @ndi ng a | ayer
of resist to define a patterned nmask over said |ayer of -15 |IMD;, etching
said |layer of | M fiing sdivVeyourbéehedin sagCiddiaper with seta toiesk sagbuper r enoved
mat eri.al defining a |l ayout for an upper |level of netallization, and said

| ayout iayet ofdhetgliisdticheast one area where said layer of IMDis conpletely -
etched through to expose said stop layer; renoving said patterned resi st
and sai d exposed stop layer; and filling said |layout etched in said | MD

| ayer with netal to form said upper : _
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| ayer of netallization. 16 A Sem conductor Device Having .A Second Level
O Metallization Formed Over A First Level Wth Mniml Damage To The _
First Level And Method ABSTRACT OF THE Dt SCLOSURE A sem conductor device
havi ng an upper level of netallization interconnected with a |ower |evel
of rretallization and a rrethod of form' ng the devi ce is provided.

Accor diNgleyn; &ucth PRSSS: ?511123[?&!1 E (x Qvo¥\er
l evel of ne é? i@y an n_'s Oﬁ. ﬁée% Qr(ig Fof less
than 300A° e &% B¢ 1 O hiak FirR odhshi ng
processes of rermw ng photoresist and internedi ate portions of etch stop

| ayer is acconplished wthout danage to the |ower |evel netallization,
(FIG mSTRACT OF THE DISCLOSURE

A semiconductor device having an upper level of metallization %ntsrconnected with a
Jower level of metallization and a method of forming the dévi_ce is provided. Accordingly, the
process of the invention imludes capping the lower level of meta'llization_with an thin stop layer -
 having a thickness of less than 3004 and preferably about 100A such that he etching and ashing
jg)rocesses of removing phqtotesist and intermediate portions of eich stop layer is accomplished

without dam‘age to the lower level metallization,

' (FIG. 2A)
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